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Chuong 9
TINH CHONG CHANH

9.1. KHAI NIEM CHUNG

Chong chanh la chuyén dong tudn hodn cia tau, thuc hién khi tau chay trén song hoac
trong nudc yén finh. Chong chanh duge xédc dinh bing su dich chuyén trong tam cla tau
doc theo ba truc vuong géc vdi nhau (0, &, n, §) trong khong gian va su quay cla tau xung
guanh ba truc quéin tinh khéi lugng cla tau (G, x, y, z). Truc Gx hudng vé mii, truc Gy
sang man phai, truc Gz hudng thing dimg xudng dudi, tau & tr the can bang hai hé truc nay
tring nhau: Truc Gx vdi 0F; truc Gy véi On; truc Gz véi 0C.
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Phan biét sdu dang chuyén dong chong chanh theo sdu bic ty do cua tau (hinh 9.1}, ba
dang chdng chanh doc truc va ba dang chong chanh quanh truc.

Cic thuat ngir lién quan dén tén goi hién nay van chua dugce thong nhat. Tén goi chung
bing tiéng Viét diing cho mot s6 trudng hgp cu thé:

1. Chong chanh ditng: Chuyén dong tinh tién doc theo truc Of (Heaving)

2. Chong chanh ngang: Chuyén déng tinh ti€n doc theo truc On (Swaying)

3. Chong chanh doc: Chuyén dong tinh tién doc theo OF (Surging)

4. Chong chanh quanh truc Gx: (Rolling)

5. Chong chanh quanh truc Gy: (Pitching)

6. Chong chanh quanh truc Gz: (Yawing)

9.2. ANH HUGNG CUA CHONG CHANH
POI VOI TINH HANG HAI VA SUC BEN VO TAU

Cic chuyén déng chong chanh anh hudng x4u dén tinh nang hang héi va do bén v tau,
cu thé 1a:

1. Bién do chong chanh ngang 16n ¢ thé gy ra lat tau

2. Gia toc 16n 12 nguén goc tai trong dong doi v6i két cau vo tau va may méce 1ap trén
tau; hang hod bi dich chuyén, hang hod hong, con ngudi khé chiu, 6m.

3. Nudc tran 1én boong trude mili va sau lai.

4. T6c do cha tau bi giam vi sic can tang, ché do lam viéc clla chong chdng thay déi.

5.0n dinh hudng cla thu bi kém, mét phén do banh Idi bt nho 1én khéi mat nude theo
chu ky.

6. C6 kha nang lam héng mdy chinh va truc chong chéng, do chong chéng c6 thé nho
lén mat nudc.

7. Trén cdc tau chién, ban khoéng chinh x4c; trén tau chd mdy bay, mdy bay ha canh
khé khan v.v...

Tat ¢4 tau thuy déu bi chdong chanh. Vi vay nhiém vu ngudi thiét ké la phai lua chon
céc thong s& clia vo tau cho hgp 1y, sao cho bién d6 chdng chianh va gia t6c chong chanh
nho nhiat.

9.3. CAC THONG SO PAC TRUNG CHO CHUYEN PONG CHONG CHANH

Néi dung nhitng chuyén dong chong chanh ¢l tiu 12 nhimg chuyén dong diéu hoa
hoac két qua triing hgp chia mot va nhiéu chuyénateng diéu hoad. Cic thong s dac trung
cho chuyén déng chong chanh la:

a/ Bién do chong chanh;
b/ Chu k¥ chong chanh hoic tan s6 goc;
¢/ Géce 1éch pha so véi song.
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Chuyén dong lic dugc biéu dién bing cong thiic chung dudi day:
S=3§,_sin {0l +B) (9.1)
hoac
S=S§,cos(wt+B) 9.2)
trong dé:
S: su chénh léch thdi diém cia tau tir vi tri can bang;
S.: Bién do chong chanh tic 1a o chénh 1¢ch 16n nhat clia thu so véi vi tri ¢an bang;
o Tén s& goc lien quan dén chu k¥ theo cong thite:
_

@y,
T

1

(9.3)

B.: Géc pha & thdi didm t = 0. Néu & cing mot thai diém, vi dut = 0, géc pha cia séng
1a B,, g6c pha clia chdng chanh ngang 1a §8, thi géc léch pha cua chuyén dong chong chanh
so voi séng 1a B, - B,.

9.4. LUC TAC DUNG LEN TAU KHI CHONG CHANH

Co ciu cha luc tdc dung lén tau thuy khi chong chanh rat phic tap so véi lic tau chay
thang bang trén nude tinh. Ap suit tic dung [én mét don vi dién tich cta vo tau trong nude
khong nhiing phu thudc vao mdn nudc, ma con phu thude vao bién do, van t0c va gia 16¢c
chong chanh cha tau. Trong khi chdng chanh, xuat hién cdc lyc nhu lyc quén tinh, luc ma
sat do do nhét clia moi truong. Luc tdc dung trong lic chong chanh ¢ thé chia ra nhur sau:

1 - Luc hidt cua qua dat (trong luc)

2 - Luc quéan tinh ban than cia con tau

3 - Luc dp suat nudc

4 - Luc ma sat

Ngoai ra con xudt hién luc do gié gay ra, nhung tir tru6e tdi nay khi tinh todn déu bo
qua luc nay; gin day lyc nay méi duge dua vao nghién ciu ing dung d€ nang cao tinh ning
hang hai cua tau.

Khi nghién ciu vé chong chanh ngudi ta cdn dung nguyén tac phan loai luc khdc, c6
loi hon vé mit lap phuong trinh chuyén dong, cu thé ¢6 thé chia ra nhu sau: '

1 - Luc quan tinh

2 - Luc tiéu lic

3 - Luc phuc héi

4 - Lyc cudng bic
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Tir 1y thuyét dao dong trong ca hoc chat ran, cong thitc chuyén dong ctia vat thé ¢6 dang:

d’s ds

M + N2 +B.s=F(t 9.4)
dt? dt © (

trong dé:
M - Khéi lugng téng quét;
N - Hé s6 can tdng quat;
B - He s6 mémen hoi phuc tong quat;
s - Do dich chuyén.

Khi tau thuc hién chuyén dong chong chanh trong nudc, ngoai khoi lugng thin tau cung
hang ho4 tham gia chuyén dong, cdn ¢6 mot phdn nudc nam sat mit udt cla than tau clng
tham gia vio thanh phdn lc qudn tinh. Khdc véi cong thic trén, khi miéu 4 cic chuyén déng
clia tiu, ngodi M con phai ké dén lugng bé sung M tir phia nude goi 1a khéi nude kem.

Cong thiic clia chuyén dong (9.4) c¢6 dang:

(M+6M)dZS+N§+Bs—F(t) (9.5)
dr? dt ' '

Phan biét bon luc tham gia phuong trinh:

2
- Luc quan tinh: (M + 8M) 3—25

t
- Lyccan: N ds

dt

- Luc phuc héi: B.s

- Luc cudng buc: F(t)

Néu F(t) = 0, ching ta gap trudng hgp tau chong chanh ty do trén nude. Tan s6, chu ky
chong chanh clia tau tinh cho F(t) = 0 dugc goi 12 tdn s6 riéng, chu k¥ riéng.

9.5. TAU CHONG CHANH TRONG NUGC TINH

9.5.1. Tav chong chanh khéng dé ¥ sitc can ciia nude

Phuong trinh vi phan clia thu chdng chanh trong nude tinh khi khong dé y dén siic can
cua nudc ¢b dang sau:
Tix cong thitc (9.5) ta ¢d:

(M +8M) &g+ 78,56 =0

mM-2
g
SM=K,.M
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e Chong chanh diing:

D N
— (1+Kk,) Ca +¥8,66=0

g
hoac:

Lo +0°C =0
trong dé:

5! = 8BS,

“{1+k,)D

L Tung do trong tam (do tir goc cua hé truc O);

¢ o Gia téc trong tam;

S,: Dién tich dudmg nudc;

k: Hé 56 khdi lugng nude kém;

o: Tdn s6 géc lac ding.
e Chong chianh quay ngang goi tit 1a chong chanh ngang:
Giéng nhu cach phén tich & trén, ta cé:

{ (1+k ) é + Dhyg = 0

hodc:

d+o’y.¢=0
trong do:

ol = Dh, I
’ " (k)

@: G6c nghiéng gia toc;
 : Gia t6¢ géc chong chanh;
L: Mé men qudn tinh khéi lugng cia tau véi truc Ox;
k.. Hé s6 moé men quan tinh khéi lugng nudc kém déi vai true Gx;
h,: Chiéu cao tdm nghiéng ngang;
©y: Tan s6 gbc lic ngang.
* Ldc doc:

Phuong trinh lac doc ¢6 dang:

I (1+k,)  + DH,y = 0

(9.6)

9.7

(9.8)

(9.9)

(9.10)
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hoac:

J+oiy=0 (9.11)
trong doé:
DH
U)Zw - i}
(I+k, )L

y:  Géc chi;

y:  Gia t6c géc chiii;

[,; M6 men qudn tinh khéi lugng clia tu déi véi truc Gy;

Hé¢ s6 momen quén tinh khéi lugng nude kém ddi véi truc Gy;
H,: Chiéu cao tam chuii;
®y: Tan s6 géc chii.

Tat ca ba dang chuyén déng duoc néu trén 1a quan trong nhat va dugc xdc dinh ciing
mot ki€u phuong trinh. D6 khong phai hoan toan 1a phuong trinh vi phin tuyén tinh cling
béc hai.

Néu & thoi diém t = 0, tir vi tri can bang tau nghiéng thi diéu kién ban dau: ¢ = Ea, s
P =00 V=Y,

Va toc do:

£=0;¢0=0;1y=0

tich phan phuong trinh chuyén dong cé dang:

=g, cos 0t (9.12)
P = @, COS O,1 (9.13)
W =y, COS @t (9.14)

Thoi gian ma tau thuc hién di mét chu ky chuyén dong tic 1a thoi gian gitta hai géc
nghiéng t5i da, goi la chu ky chong chanh. Chu ky lac biéu dién bing cong thic dugc tinh
bing giay (s):

T =L 9.15)
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Chong chanh ditng:

1+k,}D
T, =21 ———
Vg-YSn

Tinh gin ding ¢é thé dung cong thic:

T?, = 2’8\/f

hogc:
T, = 2,44T
trong doé:
6 - ~ d -
y = — - Hé sd béo dimg
o
T - Chiéu chim trung binh ciia tau, m.
Chong chanh ngang:
1+k, )1
T, =2= arkl,
D ' hu
C6 thé 14y gan ding:
T, = cB
h(\
trong dé:

B - Chiéu rong cua tau;

c - He s6, cho & bang dudi day, phu thudc vao loai tau.

(9.16)

(9.17)

(9.18)

(9.19)

(9.20)

Néu chiéu cao tam nghiéng di biét, hé s6 ¢ d6i véi loai tau ndo c6 thé xdc dinh sau khi
do chu k¥ chong chanh T, clia tau d6. Hé s6 ¢ tinh theo cong thic (9.20) cho céc loal tau:

Bing 9.1
sé Loai tau Hé s& chang chanh
01 Tau chuyén tuyén 074
02 Tau chién 0,78
03 Tau khach 0,77
04 Tau hang ¢6 hang 0,78
05 Tau hang kbdng cd hang 0,81
06 Tau danh ca 078
07 Tau kéo 0,76
08 Tau danh ca loai nha 0,80
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Néu chiéu cao tam nghiéng qud nhd, cong thic (9.19) mat gia tri. Vi viy khi h, < 0,05,
phai dp dung cong thic:

4 I (1+k
Tq:» =_"i|-E ”-(I:) xx) (921)
(pn * rn

trong do:
¢, - Bién do lac tinh theo radian;
1, - Bdn kinh tam nghiéng.
Néu tri s6 h, dao dong trong khodng 0,05 + 0,15m, bdy gid& 1dy tri s6 trung binh tinh tu
cdc cong thiae (9.19); (9.20); (9.21).

Chong chanh doc:
1+ k)1
T, =2n |————= {9.22)
¥ D b HU

hodc gin ding:

T, =28 T, (9.23)
hoac:
T, =24~T (9.24)

So sanh cong thiic (9.18) va céng thic (9.19) thdy rang chu ky chong chanh ding va
chong chanh doc bing nhau. Trong thuc t& c6 khdc nhau, nhung khong dang ké. Néu néi vé
phuong dién tinh hang hai t6t thi tu phdi ¢ chu k¥ chong canh 16n bdi vi by gid toc do va
gia téc xuat hién sé nhd. Trong trudng hop chong chanh ngang dé Ty, I6n thi chiéu cao tam
nghiéng s& nhd, titc 12 én dinh thu kém. Diéu d6 mau thuin véi tiéu chudn én dinh, vi vay
khi chon chidu cao tam nghiéng phai 1ay gid tri hop 1y dam bdo tinh dn dinh cha tau ma
khong lam xau tinh chong chanh.

9.5.2. Tau chong chanh c6 dé ¥ sifc can cua nuée

Néu gia thiét ring, stic can lac i 1é thuan véi téc do, bdy gidy phuang trinh vi phin ¢6 dang:

Chong chanh ding:
D . .
(1 +k,)E, +2N, &, +7S,6, =0 (9.25)
g
Chong chanh ngang:
I,A+k, )§+2N, ¢ + Dhe=0 (9.26)
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Chong chanh doc:
I, (1+k, )@ + 2N y+ Dhyy =0 9.27)
trong do;
N,; N, ; N, la nhitg hé s6 luc can tdng quat.

Dat nhiing diéu kién ban ddu giéng nhu trude, cdc tich phan cia cdc phuong trinh
(9.25), (9.26), (9.27) c6 dang:

Lo =Cm-€ ™ cos (0,t - B,) (9.28)
=0, . e "' cos (@, — By) (9.29)
y=y,.e ¥ cos (@, - B,) (9.30)

Heé s tit ddn h, xdc dinh bang cic cong thic:

N.g

h, = ———— 9.31
*TU+k,)D ©-31)
N
h, = ——*—— (9.32)
I+ k)1,
N
h, = - v (9.33)
d+k )1,
Bien d6 chong chanh &, ¢,,, v, duge biéu thi bang cong thifc chung:
h?
S =8, |1+ [—2] (9.34)
@;
trong dé:
s - Toa d6 chung;
®, - Tdn s6 géc chia chong chanh cé dé ¥ gidm chong chinh bi€u thi dang:
@, = v: - b 9.35)
trong do:

o, - Tdn s6 géc cha chong chanh chua xét dén luc cdn. Géc pha B; ¢6 dang chung

cos SR — (9.36)
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Phuong trinh (9.25), (9.26), (9.27) biéu dién chuyén dong tudn hoan tat dan vdi chu k¥
¢6 dinh T, v bién 46 giam ddns, . e ™.

Chu k¥ chong chanh biéu dién bang céng thitc:

T.
, Zx = ! (9.37)
o, Jvi-n: v, J} (h] J1- gl

v
trong do:
T, - Bugc biéu dién bing cong thitc (9.15);

u, =~ - He s gidm lac khong thi nguyén, d6i v6i méi loai lic ¢6 dang nhu sau:
v

by
-
G
— —_— t.——
%
T P/w /,’ i
Ay
|
Hinh 9.2. D6 thi bien do lic tét dan
h, N,
n, =t = — (9.38)
\ \/Sn (+k,)
g
h N
B, == = 0 (9.39)
Vo (1+k, )1 Dh,
h N
m, = —" = (9.40)

v, J+k,)I Dh,
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Bdi vi céc he s6 nay khéng thit nguyén 18y gan ding p, = p, = 0,20 va p, = 0,10, ¢6 thé
bo qua anh hudng giam chong chanh & chu ky.

Ti‘ =T,

He so6 giam chong chanh ngang ¢6 thé xdc dinh khi thir thu chéng chanh, do chu k¥
chong chanh va bién d6. Ti s4 giita hai bién do chong chanh bing:

hoTy
P _ 72 (9.41)
Pm+n
Do d6: h, = 2ln—2= (9.42)
T (P(m + 1)

Néu néi dén hé s6 |, - hé s6 giam chdng chanh ngang mudn tang thi:
1. Tang hé s6 luc can N
2. Giam moémen qudn tinh (1 + k) I,
3. Giam chiéu cao tAm nghiéng h,
Giam momen quan tinh 1a khong c6 loi vi gay giam chu ky chdng chanh ngang ban
than cla tau, tang hé s6 g ¢6 theé c6 1oi nhat bang cdch gidm chiu cao tam nghiéng h,,
dong thot tang duge T,,. Nhung sy gidm h, phii nhé dén van dé én dinh cla tau.

9.6. CAC CONG THUC GAN PUNG
TINH MOMEN QUAN TINH KHOI LUGNG CUA TAU

Trong cic phuong trinh chuyén dong xuat hién cdc moémen quan tinh khdi lugng cia
tau déi véi truc Gx, Gy.

9.6.1. Xdc dinh moémen quin tinh khéi luong cua tau déi véi truc doc Gx

Momen quén tinh kKhdi lugng ctia tau d6i véi truc doc Gx xéc dinh véi dang tdng quat:

L = fly? +2*Jam (9.43)

M
trong d6 y va z - Toa do cia phdn tir khéi lvong dM
Boi vi tinh chinh xd4c momen quén tinh 14 t6n rat nhiéu cong va doi hodi hé so cla tau
d6. Vay dé khai quat tinh todn chong chanh chiing ta dung cdc cong thitc gn dving.
Cong thitc chia J.A Szymanski:
D [Bz a? H

J— + _
g\ 1148 12

trong do: o - He s6 béo dudng nude, & - He s béo thé tich.

X

J [Tmsec?] (9.44)
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Cong thitc cia G.J.Pavlenko:

I, = = (B? + H?) (9.45)
16g
Cong thitc cia Doyere:
I, == (B +422) (9.46)
12g

Trong d6: Z;: Chiéu cao trong tdim

I, = D (0,38 BY (9.47)
g

C6 dé ¥ dén khéi lugng nudc kem:

[ {l+k,)=—p (9.48)

oe |

Ban kinh quén tinh p dugc tinh theo cong thic:

b= cg (9.49)

Tri s6 cla hé s ¢ & bang (9.1).
9.6.2. X4c dinh mémen qudn tinh khdi luong ciia tau déi véi truc ngang Gy

Momen nay déi véi truc ngang di qua trong tim tiu x4c dinh bin g dang téng quat

I, = [{x* +2*)am (9.50)

¥
trong dé:
dM - Phan tir khéi lugng cta thu;
x vaz - Toa dé doc vi thing dimg.
BGi vi chiu cao cia tau it khi vuot 0,1 chiéu dii ciia thu, c6 thé ding cong thic gin diing;

I, = 101 [x* dM (9.51)
M

Tich phan nay dé giai, néu biét dudng cong phan bé trong luong doc theo chiéu dai tau.
Thi€u dudng cong nay, c6 thé ding dudng cong dién tich sudn theo him chiéu dai tau, gia
thi€t rang tung d¢ cha né 1y 1¢ v6i tung do dudng cong phan b trong lugng. Bay gir ¢6 thé
dung cong thitc cha Krylov:

1 DL’

I <I, +-—
¢ 60 g

(9.52)
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trong do:
I, - Momen quén tinh duge tinh tir dudng cong dién tich sudn theo cong thic:

Li2
I =1 [x*.5.dx (9.53)
g

=L72
S - Dién tich sudn
Biéu thiic % DL? 1a tri s6 hiéu chinh sai s6 t6i da khi thay dudng cong phan b trong

lugng sang dudng cong dién tich suon:
Tinh so bo 1, ¢6 thé ding cong thitc:

I, = 0,07=DL? - (9.54)
g
S D 2
hoac: I, =—(0241) (9.55)
g

9.7. CAC CONG THUC GAN PUNG
TINH KHOI LUGNG VA MOMEN KHOI LUONG NUGC KEM

X4c dinh khéi luong nudc kém, cling nhu moémen quén tinh cia nd déi véi truc Gx va
Gy, dén nay ciing chua thé dat dugc bing phuong phép 1i thuyét chat che. Tat ca déu ding
cdc cong thitc xdc dinh anh hudng nudc kém dén tinh chong chanh bang cdc cong thic kinh
nghiém.

9.7.1. X4c dinh khéi lugng nuéc kém

Khéi lugng nude kém khi chong chanh ding ¢ thé xac dinh bang cong thiic:
m, = 0,160¢, .y . [§,y%dx (9.56)

trong do:
y - Tung d¢ dudng nuédc

g, = f[% B]

Tri 6 &, cho trén hinh (9.3)

(9.57)
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2 . p=iao_|_ — -+
20 —_ -

' _,_.—-—"".-‘---_‘1. 2 ﬂ:f‘BU

(5 — - /_/-",-- =045

] A=090
‘o z p=085
: A=07s A080
B=ges Lot
= ﬂ&iqn_
05 . T
g 05 1,0 L5 2a 25 30 35 49 45 S B
Hinh 9.3. Hé s6 khéi lugng nuéc kém
Z;
e ]
I el
z 7
/“
1 |
5 g 15

L
8

Hinh 9.4. He s6 khdi luong nudc kém va mémen quan tinh khéi lugng nuée kém

Khi gia thi€t mén nudc c6 dang parabol thi cong thifc (9.56) cé dang:

aZ

m, = 0,080, yLB? o (9.58)

Ciing ¢6 thé dp dung cong thiic clia Haskind:

az

F14
m, =6,¢, &~ ZLB? 9.59)
g4

l+a
trong do:

&, - Xéc dinh theo cong thirc (9.57), &, = f{%} tir hinh 9.4, &, - hé s6 phu thudc géc
vat day f.
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BU
=1 9.60
b, 180° : (-60)

Ciing c6 thé diing cong thiic Pavlenko:
B D

m, =0375— — (9.61)
: T g
9.7.2. Xic dinh momen quén tinh nuée kém daéi véi truc doc

Momen quén tinh khéi Iugng nude kem dai véi truc Gx c6 thé x4c dinh tir cOng thiic:

« ==~ LLBT(B? + 4T?) (9.62)
382 g

trong d6:

L, B, T 14 cdc kich thuée chinh cda tiu

B, = f(%} xdac dinh tir hinh 9.5

2

0.4

0,3

A
e

20 25 30 35

] Ll

40 8
C

Hinh 9.5. Hé s6 momen quan tinh khéi luong nuée kém déi véi khoi quay hinh elip

Cong thitc nay ¢ gid tri d6i v6i khéi quay hinh e lip. DSi véi khéi hop c6 thé dung
cong thic:

o = MY LB*
81,5 g

Trong d6é tri s6 i, xdc dinh tir hinh 9.6.
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Hinh 9.6. H¢ s6 m6émen quan tinh khéi lugng nude kém daéi vdi khoi hop
Pai véi tau thue phdi 1y tri s6 gitra hai cong thite (9.62) va (9.63)
C6 thé 14y I, = (0,20 + 0,40) I,

D6i véi tau khéng cb vay gidm chong chanh 6 thé 18y tri s6 dudi, tau cé vay gidm
chong chanh thi 18y tri s6 trén.

9.7.3. Xac dinh mémen quan tinh khéi lirgng nuée kém ddi v6i truc ngang
Khéi lugng nude kém:
m, = 0,160,y [£,y” dx (9.63)
L
Moémen quén tinh khéi lugng nudc kém c6 thé xac dinh:

I, =0,160 &7 [¢,x*y? dx (9.64)
L

trong dé:
x - Hoanh d6; y - Tung d6, cdn céc dai lugng khac nhur & cong thitc (9.56)
Néu dudng nuée c6 dang dudng cong parabol, ¢6 thé:

2
I =00066C, .v.B% L% x o 9.65
& S (3-2a)(3 ~ o) (5:69)
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Theo Haskind:

b Y 2 3 a3
- s T B - L 966
Ly =886y " (o206 - ) 00

Cic ky hiéu nhu trong cong thirc (9.59)
Ciing c6 thé 4p dung cong thic gdn diing cia Pavlenko

I, = 0,325% I, 9.67)

¢ Vidu tinh toan:
Vidu 9.1. Van dung cdc cong thifc gin diing dé tinh cho tau van tai ¢6 hang, xac dinh
chy k¥y: chong chanh ngang, chong chanh doc, chong chanh ding.

Chobiét: L =100,0m y= 1,025 T/m’
B=135m 7..=6,70m
T=60m Z,=5,50m
§=072 H,=105m
o = 0,80

Bai gidi: Ching ta tinh chu ky chdong chanh ngang theo cong thiic (9.20) hé s6 c tra tir
bang 9.1 cho gid tri ¢ =0.78.

b, =7, - Z, = 6,70 - 5,50 = 1,20m

T, =B _o78. 2 _ggs
h, V120

Chu k¥ lic ding va lic doc bang nhau, ding cong thic (9.17):

’ . 0,72
T, =T, =28JT .y =28 To =28 6.07 = 6,5s¢ec
' o 0,80

Vidy 9.2: D61 véi tau ¢ bai 9.1, xdc dinh chinh xac chu ky chong chanh ditng.

Bai gidi: Chu ky nay thé hién bing cong thic (9.16):

1+k)D
T, =2=n g_zzn
V&S,

Tinh tir dai lugng trong cong thic trén:

D=y3LBT=1,625.0,72.100.13,5.6=5980T.
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Khéi lugng nudc keém tinh theo cong thirc (9.58):

m, = 0,080 .,y LB® .

1+«
trong dé:
1 1
Ql = =
1+0,8.E 1+0,8.1-3’—8
L 100
, 0,807 )
m, = 0,080.0,904.1,025.100.13,5 = 478ts* /m
1+ 0,80

Dién tich dudng nuée: Sn = al.B=0,80.100.13,5=1080 m*

T =2n 5980/9,81 + 478 _ 6238
i 1,025 . 1080

xdc dinh chinh xdc chu ky chong chanh ngang va

Vi du 9.3: D61 v6i thu & bai 9.1:
chong chanh doc:
Bai gidi: Chu ky chong chanh ngang biéu dién bing cong thic: (9.19).

T, = 2 ’___4(1 ;kg)‘]*

Momen quén tinh khéi lugng cha tau, chiing ta tinh theo cong thiic (9.46)

L= D (g4 az)- 5980 (135 4 4.5,5%)=15350tms’
128 12,981

Déi v6i kh6i quay hinh elip, momen qudn tinh khoi luong nude keém biéu thi bang cong

thic (9.62):
=B Y ppT (B +4T?)
382 g
- B - 2 =1 -
Héso u, = [-'f) doc tir 46 thi & hinh 9.5:
Khi [E] = 135 2,25 thi u, = 0,008
T 6

0,008 1,025
I, =—L.L 100.135.6(13,5% +4.6%) = 58 tms>
382 9,81
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Doi véi khéi quay hinh hop, 1, tinh theo cong thiic (9.63):

=“_2 I.LB“
Y815 g

Tir d6 thi 9.6 khi B/T = 2,25 thi u, = 1,05

105 1,025

2 = .100 .13,5" = 4450 tms?
815 981

boi voi tau 1y gid tri trung binh:

_ Lt Ly, 58 +4454

= 2254 tms?
X 2 2

|

Chu ky chong chanh ngang:

T, =g 233042254 o
° 5980 . 1,20

Chu ky chong chanh doc (cong thic 9.22):

I+k )1
T =2n (__ﬁ-)_)’
¥ D.H,

Momen quan tinh khgi lugng tau I, chiing ta tinh theo cong thitc (9.54)

1, =007%D2= 007220 5980 .100% = 341000 Tras?

g 9,81
Momen qudn tinh khai lugng nudc kém c6 thé xac dinh bing cong thic (9.65)

2
o

I, =00066¢yB*L® —— =
vy o (3-20)(3-a)

0,80°

= 0,0066.0,904.1,025.13,5.100°
(3-2.0,80)(3-0,80)

= 232000 Tms’

Cac ket qua dat duge khdc nhau nhiéu so véi két qua ap dung céc cong thic (9.20) va (9.17)

T =21 341000+232000 ~ 605
M 5980.105

Vidu 9.4: Xac dinh t6c d¢ t5i da va gia t6c khi tu ¢hong chanh ding trong nuéce tinh,

khong dé ¥ stc can nudc, néu bién do ban diu Go = 0,4m, chiéu chim tau T = 6,5m, heé 5§
béo ding y = 0,85.
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Bai gidi: Phuong trinh chong chanh dimg, khong dé ¥ sic can nudc c6 dang (cong
thitc 9.12)

L =g €08 WL
Toc do lac ding: £ =-w,5g,5i00,t
Gia t6c lac ding: g = —Cgumi cosm,t

Chu ky léc diing ¢6 thé xédc dinh tir cong thic 9.17)

T, = 28T.y = 28,/6,5.085 = 6,65

Giita tan s6 v chu k¥ ¢6 quan hé (9.15)

w, = gﬁ:——-—OQSl;’s
T, 606

Téc do 81 da xuat hién, khi:

sinwt=*1,nghiala ®,t = E, Et—, EE,
' 2 2 2
do d6 toc do t61 da la:
Eman = G0 @] = 0.4 . 095 =038 m/s

Gia t6c 16 da xust hién khi cos @ = 1, nghia 1 @t =0, 7, 21t ... do d6 gia tdc 15i da 1
E e = [0 02| = 040957 = 0361 m/s”

Vi dy 9.5: Xdc dinh t6c 40 161 da va gia 8¢ goc cua tau khach chong chanh trong nudc
finh véi bién do ¢, = 15° (khong dé ¥ stic can cua nudc). Chiéu cao tam nghiéng cla tau
h, = 0,75m, chicu réng B = 12,0m. Thé hién do thi bi€n déi bien do, toc do va gia 16¢.

Bai gidgi: Phuong trinh lac ngang (cong thic (9.13), diéu kién ban dau t =0, ¢ = ¢q va
¢ = 0 céd dang:

¢ = @, COs Wyt

< 2n
trong do: Oy = —
T,

Tée do: G =-9, 2n sin 2n t

T, T,
o . n’ 2n
Gia toc: H=-¢,— CO8 T t
LY p
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cB _ 0,77.12

Chu ky lac: Tq':\/h-_ o7
o *

(He s6 c ldy tit bang 9.1) - Téc do t6i da xudt hién, khi: sin i—n t ==+ 1 tdc 1a, khi

L

=10,7s

T,ET

007 le

T'I'
4!

F

1 =

¢ A
a,12] 8,15 4]

0,05

trs]
~0,05
o201

-0,1 -39
E:M‘,?S

Hinh 9.7. D6 thi bién déi bién do, téc d6 va gia toc

Bdi vi @, biéu thi bing do, phai ddi ra radian
15°.0,0175 = 0,262 radian

= 2™ 0262 =01541/s
10,7

max
L)

. e .y e . 2n P Ttp 2
Gia toc 161 da xudt hién, khi cos — ==x1,ticlakhi t =0,—, T,, — T, -
T, 2 3
2
Bows = X 0262 = 0,0907 /5
10,7

9.8. CAC CONG THUC GAN PUNG TiNH SUC CAN LAC

P& xdc dinh chinh xdc anh huéng tit ddn (giam lic) doi v6i méi chuyén dong tuan
hoan cla tau, ta phai thi nghiém mé hinh d6i v6i hinh déng than tau nao do. Tat ca cic
phuong phip khéc chi 12 nhitng phuong phdp gan ding.

Sitc can nay s& khac phu thudc vao loai chuyén dong clia tau.
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9.8.1. Xac dinh lre tit dan khi chong chanh dimg

Néu gia thiét ring, luc can trong chuyén dong nay 1a ty Ié v6i binh phuong tdc do thing
dimg, vay luc cén:

R, =0,038S,.42 (9.68)

Ngugc lai khi phu thuée tuyén tinh:

R,=k, .S, .¢ (9.69)
trong d6:
k, =0,025 ¢, (9.70)
£, - Toc do t6i da cla lac ding;
S, - Dién tich dudng nudc.
Theo Bubnov:
k, = 0,18 tsec/m’ (9.71)
Theo Pavienko:
K, =2.p, |2 9.72)
g3,

trong d6: p, - He s6 tét ddn khéng thit nguyén, khi bién do nhd p, = 0,100; khi bién do 16n
b, = 0,225

Néu tau chay vdi t6c d6 v (m/sec), cé thé 1y
k, =004 v (9.73)
9.8.2. Xidc dinh luc tit dan khi chong chanh ngang
Mémen luc cin d6i véi chdng chanh ¢6 thé xac dinh gan ding trén co s& kinh nghiém
clia cong thitc Bertin v4i gia thiét ring mémen ti 1& binh phuong véi téc do gac:
M, =k, .L.B*. ¢’ (9.74)
trong dé:
ko, - Hé s6 kinh nghiém ¢é dé ¢ hinh dang tau;
ko, - 0,001 ddi véi tau ¢6 hinh ddng gén vat thé quay véi nhimg phdn nhé nhd;
ky - 0,002 d6i véi tau ¢6 hinh ding binh thudng ¢6 phén nhé;
k, - 0,003 d6i véi tau ¢6 hong nhon.
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Néu quan hé tuyén tinh giita 16¢ d6 va mémen lyc can thi:
M, =0,85k,L.B". 0o .¢ (9.75)
trong d6: @ - Tén s6 lac v6i bien d6 @,

So sénh céng thitc ndy v6i phuong trinh (9.26), trong d6 thanh phian 2Ny¢ ciing thé
hién moémen luc can, ¢6 thé viét thanh he 6 tat dén:

2N, = 0,85k, LB'. 0w, (9.76)
He s6 nay ciing c6 thé xdc dinh dua vao cong thiic Pavlenko:
2N, =2p,+ Dh, (+k ) L, 9.77)
trong do: 2p = 0,05 + 0,10 - tau khong c6 vay giam lac

2p=0,11 + 0,14 - thu c6 vay gidm lac
Ciing trén co s& cong thic gén ding, cé thé x4c dinh h¢ s khong thit nguyén:
h

i, = — . Theo Nikolaijev:
Vo
2N 4
20, = ? =k LZB — O, (9.78)
I(+ky)v,  D(B?+H?)
trong d6: k - He s6 d6i véi tau bién bang 0,055 + 0,060;
@, - Bién o ldc tinh bing radian, c6 thé 14y bang 0.5 + 0,6;
D, L, B, H - Luong chiém nudc va kich thuéc ciia tau.
Tinh so bd c6 thé ding cong thiic:
Nyo =Ny (1 + 6 F) (9.79)

Trong d6: N, - He 56 lyc can chong chanh ngang khi ¢6 t6¢ d6 v;
N,, - He s& luc can chong chanh ngang khi téc do v =0;

F=—"

T \/g_L

9.8.3. Xac dinh luc tit ddn khi chong chanh doc

- 85 Froude

Momen Iuc cin khi chong chanh ditng ¢6 thé xac dinh trén co sg cong thic gan ding:

3

M, = o8 1072BL* 2 _ (9.80)
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hoéc tuyén tinh véi tdc d6 géc, theo cong thiic:

M, = kw . ]G!,r Ly (9.81)
4

trong dé: kw = 0,002 BL \L'u (9.82)
Gy

L;, - La momen quan tinh bé mat dudng nudc dai véi truc ngang di qua trong tam
dudng nudc;
Y, - Téc do géc t6i da cha lic ding.
He s5 ky, méi tac gid cho mot tri s6 khac nhau. Dén nay chura khang dinh trj s6 nao cho
két qua 16t nhat. Chang han Szymansky cho biét:
ky =0,15 (t.s/m’)
Nguoc lai Bubnov:
k, =k, =0,18 (t.s/m")
Neéu tau chay véi téc d¢ v (m/s) thi c6 thé 1ay:
ky,=0,03v (9.83)
Vi dy 9.6 Tinh mémen qudn tinh khéi luong cia tau d6i véi truc ngang, di qua trong
tam tau, néu biét dién tich sudn dén dudng nudc da cho. Tri s6 dién tich cho & bang dudi
day. Cic thong s6 cha tau: L=120m, B= 16,2 m, T = 7,0m = 0,779. X =-2,46m.
K¢t qua di tinh so v6i tri s6 dugc tinh bing cdc cong thic gan ding sau;
Bai gidi.

Momen quén tinh khéi lugng clia thu, tinh theo cong thifc cta Krylov.

2
I, <I, + L . b
Y 60 ¢
trong dé: I, = 14 IXZSdX
B

Chiing ta giai tich phan nay bang phuong phdp Simpson gan dung (bang 9.2).

2 2
=1 3 Yy, = %15 -3 (12.0). 65752 = 793.000 tms?
g ,

I,
Tri s6 trén 1a momen qudn tinh khéi luong clia tiu d6i véi sudm gitta. Momen ndy phai
tinh d6i véi truc di qua trong tam cda tau theo cong thifc:
1 D 2
Iu =Iu _'_'Xg
g
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Bang 9.2

Tshu%:.f Ds'sgntlg:‘ c, Tich C_S, Tay don x x? o T(':csh s,
G 0 0,313 0 -5,25 27,6 0,00
172 243 1,25 30,4 -4,625 21,4 650,56
1 50 0,813 40,65 -4 16 650,4
2 87.3 2 174,60 ° -3 9 1570
3 108.2 1 108,2 -2 4 432.8
4 1101 p 220,2 -1 1 2202
5 110.1 1 110,1 0 0 0,0
6 1101 2 220,2 1 1 220,2
7 105,5 1 105,5 2 4 4220
8 87,8 4 175,86 3 9 1580.0
9 39,5 0,75 29,8 4 16 4740
9;— 17,6 1 17.6 45 203 356
10 0 0,25 0 5 25 0.0

24 =1232,65 2, =65752

Luong chiém nudc cha tau:
D=x2 % d.>, =1,025.1005 . % .12.1232,65 = 102001
€ - 1a hé s6 dé ¥ t6n bao

2
I, = 793000 - %3019 (2, 46) = 786.800 tms’

Dé ¥ hiéu chinh sai s& 16n nhat, chiing ta tinh mémen quén tinh khéi lugng cha tau:
1 DL* _ , 1 10200.120°
60 g 60 938l

Momen quan tinh theo cdc cong thirc khdc:

= 1035800 tms>

()1, =

07.0,779. 120° )
1, =007 % pr2 = 20017 10209-120" _ ¢15000 tms’
o 9,81
va - D024y - %% (0,24.120)> = 862000 tms’
g ,

So sdnh két qua chia cdc cong thifc, thay ring cong thic (*) cho tri 56 qud lon so véi cdc
cong thirc khic, bdi vi cong thic (*) ¢6 dé ¥ higu chinh tap trung khoi lugng & hai dau tau.

Vidu 9.7: Cang v6i tau & vi du trén, xdc dinh khéi luong nude kém va mémen quan
tinh ciia né di véi true ngang. Cho biét cdc trung dé dudng nudc. Két qua thu duge so sanh
véi cac cong thitc gan ding.

Bai gidi:
Khéi luong nudc kem xdc dinh tir cong thie:
m, = 0,160 &,y . ¢, .y dx
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va moémen quan tinh tir cong thiic:
I,, = 01608, .7 [ y2x? . dx
&= 1 5= 1 T = 0,903
1+08— 1+08——
L 120

m, = 0,160.0,903.1,025 [C,y’dx = 0,148 {L,y’dx = 0,148 [oy?dx
L L

do dé:
2 I,, = 0,148 [¢,x*y’dx
L
Tich phéan nay, ching ta giai theo phuong phép Simpson gin ding 6 bang 9.3.
D36i véi méi sudn chiing ta tinh hé s6 béo B va ti s6 % va nhd céc gia tri ndy tra do thi
& hinh 9.3 ¢6 dugc hé s6 &,
Chiing ta thu dugc cac két qua tiép theo:

m, = 1180 ts*/m
1, = 678860 tms’

X4c dinh m, theo cong thic:
2

m, = 0,080¢,y.L.B? ;L =

+a
2
= 0,080.0,903.1,025.120.16,2% . 0775 _ 795t /m
140,779
va theo cong thiic:
m, =0.375§.2=0,375 162 10200 _ o4 (2 /m
' T g 7 981
Chiing ta xac dinh'I”, theo cong thic:
az

I.. =0,0066¢,.y.B’L) ——— =
¥y Cr¥ (3-20)(3—w)

2 3 2
_ 0,0066.0,903.1,025(16,2)° (120)” (0,779) — 525000 tms?
(3-2.0,779)(3-0,779)

va theo cong thic:

I, =0325 % 1,

Yy

néu [, = 862000 tms? thi:
16,2 )
I,y = 0325 == 862000 = 648000 tms
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9.9. LY THUYET PHAT SINH SONG BIEN

9.9.1. Khai niém m¢ dau

Nguyén nhan chi yéu tao thanh séng bién la gié. Dudi tic dung cha gié cac phan tir
nudc chuyén dong chong chanh trong mat phing thing ding. Nhu khao st chi 1 quy
dao céc phan tir nudc gin nhrr dudng tron. Chuyén dong nay gay cho céc phan tr lan
can cling dao dong chong chanh nhung khdc pha. Trong thuc t€ séng lan truyén bé mat
nudc chi thay déi chu k¥ hinh dang bé mit theo huéng nhat dinh. Cic phan tlr nudc
chuyén dong tinh tién, nhung ching tao nén quy dao dudng tron quanh tam cia chiing.

Ly thuyét phat sinh séng trochoid nhu sau;

I . Chuyén dong clia phan tir nuc ndm trong mat phing song song véi hudng chuyén
dong clia séng va vuong géc v6i mat bién.

2. Mbi phan tir nuéc trong song chuyén dong véi quy dao dudng tron tam khong déi.

3. T6c do goc cha chuyén dong phan tir nudc 13 khong ddi (@ = const)

4. Ban kinh dudng tron ndm trén dudng thing nim ngang déu nhau nhung vi tri cha cédc
phan t trén qu¥ dzo khic nhau mét géc khong déi la pha.

5. Ban kinh quy dao ma tam nim trén mot dudng thing dimg, bdn kinh giam din theo
do sau va cdc phan tif trén cdc quy dao niy c6 cing pha.

Neéu & thdi diém nao dé khi phdt sinh séng ching ta n6i cdc phéan tir thinh dudng
cong ma khi & trong trang thdi tinh ching 1a nhimg dudng thing ndm ngang va thing
ding (nhu a, b, ¢, d). Chang ta ¢é (hinh 9.8) thanh 6 vudng twong g bay gio Ia cac diém
a', b, ¢, d' bang nhing dudng cong.

Ban d4u 14 nhitng dudng nidm ngang bay gid 1a nhimg dudng cong goi la séng trochoid
(nhiimg dudng cycloid nit ngén). Chiing ta c6 nhitng dudmg cong nay bdi su lan troén ¢6 ban

kinh R trén mot dudng thing (Hinh 9.9).
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Hinh 9.8

- Huz;ng chuyén déng cua sdng
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Hinh 9.9

Piém A nim trong dudng tron cich tam lan khoang cich r bay gid 1a dudng troéhoid,
khoang cdch r bang ban kinh quy dao cla phéan tif nuéc ma chiing ta dang quan sét; dat cic
k¥ hiéu:

r - Ban kinh qu¥ dac phéan tir nuée (m);

R - Bdn kinh vong tron lan (m);

H - Chiéu cao séng (m);

1 - Chiéu dai séng (khoang cdch giita hai dinh hoac hai ddy séng) (m);
v - Van t6¢ chuyén dong clia séng (m/s);
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® -Tocdo gée cia chuyén dong phan tir nudc 1/s;
T; - Chuky song (thdi gian cin thid A8 hai dinh hoac hai diy séng tring mot diém);
g - Gia téc trong truong g = 9,81 (m/s).
Nhu trén hinh 9.9 sau khi 1an mot vong tron 360 do diém A lai nim & ddy song vi vay:
Chiéu dai séng: 1 =2nR
Chiéu caoséng:  H=2r
Chiéu cao séng thudng trong khoang 1/20 - 1/25 chiéu dai séng nhan hé truc vudng gbc
Oxy & hinh 9.9. Déng thdi xem géc quay ¢ 1a thong s, ching ta c6 thé biéu dién phuong
trinh trochoid & dang gidi tich sau day:
x = R¢ + rsind (9.84a)

y =R +rcos¢ (9.84b)

Tir céc phuong trinh trén ¢ thé ching minh ring phip tuyén véi dudmg trochoid tai
diém A’ bét k¥ di qua C ti€p xic vdi vong tron lan v6i dudmg lan (hinh 9.9).

Khi xust hién séng, méi phan tif nudc chiu ¢

e —

hai luc tic dung: luc trong trudng mg va luc ly
tam mro? (trong d6 m 1a khoi lugng cia cic
phan tir, g 1a gia gdc trong trudng). Luc tong
clia hai luc nay phai vudng géc vdi trochoid tai
céc diém tuong g clia cdc phan tir da biét,
bdi vi chi bay gity diéu kién can bang tifc thoi
méi giit dugc. Huéng luc tdng hop ciing chiéu Tri chi-it
véi phép tuyén trochoid nhu chiing ta thay trén —b
hinh 9.11.

Tau trén séng ciing chiu téc dong cia hai
luc ndy, luc trong trudng va luc ly tam. Ca hai
luc niy tao thanh lyc trong lugng tau biéu Hinh 9.10
kién. Tuong tmg luc ndi cla tau bang luc trong
lugng biéu kién, bang vé tri s6 nhung khic chiéu téc dung. Su thay ddi hudng tic dung ciia
Iyc 1y tam phy thudc vao vi tri clia cdc phan tir nu6c trén quy dao clia ching kéo theo sy
thay déi hudng va tri s6 lyc trong lugng bidu kién ciing nhu lyc ndi biéu kién clia tau. Sy
thay déi tri s6 trong lugng bi€u kién xudt hién tai dinh séng manh nhat réi dén ddy song.
Tai dinh séng huéng lyc ly tam ngugc lai, noi ma hai luc cung chiéu luc trong lugng biéu
kién cla tau tang.

PbK

Dé ¢ su thay ddi hudng ciing nhu sy thay a6 tri 56, hién tugng luc ndi biéu kién c6 anh
hudng co ban dén su gilf gin con tau trén song. Tau chay trong nuée tinh khong nghiéng
ludn ludn cho ta khdi niém tau trén séng ma vi tri clia tau & tu thé mat phang d6i xing cung
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chiéu véi luc tic dung clia luc ndi biéu kién, bi vi chi thod man di€u kién dé méi 6 trang
thdi can bang tic thai (hinh 9.11). Tau s& nghiéng tic thdi theo hudng tic dung cha lyc ndi
biéu kién.

Hinh 9.11

Hudng tac dung cia luc trong lugng biéu kién vudng géc v6i séng trochoid cho phép
tim quan hé xu4t hién giita chu ki séng T,, chiéu dai séng | va 16¢ do chuyén dong v nhu
hinh 9.10, chiing ta thay:

Tu hinh 9.10 ta c6:

R mg g

r 1'111(02 rc02

Do dé t6c do géc ciia chuyén dong phan tir:
|

R=—
21

o [2em _a8s

C

Chu k¥ séng phai bang thdi gian cin thiét dé phan tit chuyén dong di mét vong tuong
ung va gbc quay 360° = 2n do do:

T, -2 ’21—“ =08,L (9.86)
g

o

Vay (9.85)
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Dong thdi chu ki séng bang ti 86 giira chiéu dai séng va t&c do:

Do dé:

T, ’@ V 2n
g

9.87)

Quan hé giita chiéu dai s6ng va t6c do clia né thé hién bang cong thikc:

l=—v

27
g

Il

2 = 0,64v?

(9.88)

Cic yéu 16 clia séng da duoe quan sdt trén mot s6 bi€u va dai lugng cho biét & bang 9 4.

Bang 9.4. Tri sé trung binh cta cic yéu to séng

Tén bigu hojc dai lugng

Soéng trung binh

Chidu dai 1 (m)

Chidu cao H {cm)

Chu ky T, (A)

M.hé M.déng M.hé M.dong M.hé M.déng
Bia Trung Hai 74 4.5 7
Bién Bic 85 5 7.4
Bai Tay Duong
An Dé Duong 160 270 8 12 10 13
Thai Binh Dugng

T nhitng céng thic trén, cho ching ta thiy rang t6c do chuyén dong cia séng va toc

d6 goc chuyén dong phan tir chi phu thude chiéu dai séng, chiéu cao khong anh huéng.

Chu ky séng, do tir tau chuyén dong tat nhién s& khong phit hop vé6i chu ky thic i€ clia

song bién, do vec-to tdng t6c dg séng va tdc do tau khi do chu k¥ biéu kién nho hon thuc t&

khi tau chay ngugc séng, khi tau chay ciing chiéu vdi séng thi nguoc lai. Chu ky biéu ki¢én

cla séng s€ khac thuc t€ ciing trong trudmg hop tau chay chéo séng. Khi thay déi huéng cua

tau sy gilr gin tau trén song cling dnh hudng bdt vi nd phu thude vao chu ky bidu kién cha

séng.

Quan h¢ gilta cac duong kinh quy dao cua cdc phdn tr nude va cic khoang cach tir mat

nude cta ching biéu dién bing céng thic:
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trong dé: r - Ban kinh quy dao clia phan 1 nuéc & do sau h (m);
r - Ban kinh qu¥ dao phén tir nuéc & mat bién;
h - Khoang céch tir tam qu§ dao v6i bén kinh r' dén mat bién lang;
¢ = 2,72 (co s0 logarit ty nhién).

Ban kinh quy dao giam khi téng khodng cich cla cdc phan tir tir mit nudc dén do sau
bang chiéu dai séng (h = 1) ban kinh qu¥ dao s& 13: r' = re?™ ~ 0,0019r.

O nuéc cang ling chiéu dai sdng cla phan tir nudc di chuyén khong phai quy dao tron
ma 1a qu¥ dao e lip do profil séng ¢6 hinh dang hoi khic. Cling nhu t6¢ do di chuyén ciia
séng phu thudc vao chiéu sau cia nuée khong phu thuoc vio chiéu dai song, trudng hop khi
chi€u sau so véi chiéu dai khong khéc nhiéu t6c do séng chi phu thude vao chidu siu va
biéu dién bang cong thitc:

v=.gh (9.89)

trong dé: h 1a do sau cia nude
9.9.2. Tau chong chanh trén séng diéu hoa

Tau trén séng chiu sy tdc dong bi€n ddi c6 tinh chét chu ky, duéi anh hudng Iuc ddy
cla séng tau chuyén dong lac goi 1a chong chanh cudng bitc.

D€ don gian viec phan tich chiing ta gia thiét ring: kich thuéc ciia tau (chiéu rong va
chiéu chim) khéng ¢6 ¥ nghia so véi kich thudc clia séng (chiéu cao va chiéu dai cta séng)
va gi thi€t ring mat phing d6i xing clia tau vuong géc véi hudng chuyén déng clia séng.
Tau chuyén dong cing v6i chuyén déng cia phan tir nudc theo qu¥ dao cua chiing, viy
cling chiu lyc trong trudng va luc ly tam; tdng hai luc nay tdc dung & méi vi tri cha séng
phédp tuy€n v6i bé mat cha nd, ching ta goi 1 trong hrong biéu kién ciia tau. Huéng nguoc
lai v6i luc trong lugng bi€u kién I3 lyc ndi biéu kign. Tic dung chia ca hai luc nay khong
thay d6i vé chiéu tdc dung va tri s6 phu thude vao vi tri clia tau trén séng va tao moment téc
dong tau 0 vi trf sao cho mit phang d6i xing s€ 12 phap tuyén véi profil clia séng.

Néu tau d3 nghiéng géc 6 nhu & tu the phan nghiéng clia séng vuong géc véi profil
séng tao v6i truc ditng mot géc o, khi a > 0, xuat hi¢én moment nghiéng biéu dién bing
cong thic:

Mn = PGM sin{o — 8)

Nguge lai n€u géc nghiéng clia tau (o < 8) thi tic dung clia séng s€ tao nén moment
phuc hoi, la ham géc nghiéng so huéng phép tuyén véi profil séng nhung nguoe lai so véi
truc dimg, nhu khi nuéce tinh.

Sy thay déi c6 tinh chét chu k¥ huéng téc dung clia moment do luc ddy cia séng vao
tau gay tau chong chanh cudng bifc ma chu k¥ ciia né bin g chu ky cha séng T,.
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Phap tuyén voi song

A 3 > ra rs
Vet cua mét pﬁa‘hq déi xuing

Hinh 9.12

Du6i dnh hudng cba cdc xung dong tudn hozn bén ngodi do tic dung cha lyc ddy cla
nude, tu cé xu hudng lic ma chu k¥ lic bang chu ky lic tr do trong nudc lang, ngugc lai

bién d6 phu thudc vao tri s8 xung dong bén ngoai.

Tau trén séng ciyu tic dong téng hop cla hai loai lac: Cudng bitc va tu do. Tinh chat
chia hién tugng nay dugc thdy 13 trén hinh 9.13.
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Hinh 9.13

46



Ngudi ta cho biéu dién chong chanh khong dé ¢ anh huéng siic can cha nudc trén truc
hoinh, thdi gian lic t, truc tung, goc nghiéng do lic tw do (dudng cong I) va lac cudng bic
(duong cong IT); dudng cong III 1 su bién d8i géc nghiéng theo ham thoi gian d6i véi lac
chung, téng ciia hai dang lic. Hinh 9.13 1a ket qua déng thdi cha ldc tu do va lac cudng
buxc.

Chu ky séng bién cling nhu chu k¥ lic ty do cla tau déu anh hudng dén sy giilt gin con
tau trén séng. Dac biét tri s6 bien do géc phu thude trude hét phén nghiéng clia séng va ty
s gilta chu k¥ lac tu do cha tau va clia séng bién. Géc nghiéng 16n nhat cla tau Om khong
dé ¥ luc tit dan chiing ta c6 thé biéu dién bang cong thic:

1
0, =0, ———5 (9.90)
| L
Te
trong do: Uy = " géc 16n nhdt ti€p tuyén vdi profil song;

T - Chu k¥ lic tr do ctia tau (s);

T, - Chu k¥ clia séng bién (s).
Chiing ta khéo sit tinh chat chong chanh ngang cla tau trén s6ng phu thuoe ty s6 T/T.
Khi so sanh chu k¥ séng bién T, va chu k¥ lic tr do cla tau ma qud ngdn, c6 thé coi:

T/T, = O

T cong thitc 9.90 ta cé:

0 =

Géc nghiéng 16n nhat cha thu s& gdn bing géc 16n nhét do d6 nghiéng clia séng, tir géc
nghiéng 16n nhat & man bén nay dén géc nghiéng 16n nh4t & man bén kia (d6i dién) thoi
gian bang 1/2 chu k¥ song bién. Trong truong hop nay tau lic nhu cdi be va cot s€ lubn
luon vuong gée véi mat bién (hinh 9.14).

Hinh 9.14
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O bién Atlantic, chidu dai séng khi bio t§ trung binh dén 200m, chu k¥ ldc clia séng tir
10 - 12 s nguoc lai d6 nghiéng 16n nhat clia séng khodng 9° so v6i mét phing nam ngang.
Tau gip séng nhur thé cé thé dat bién do chong chanh dén 18° wrong thdi gian tit 5 - 6 5. Tri
s& géc nghiéng ciing dnh hudng manh rit khong 10i cho mai lién két vo tau va rdt khé chiu
vGi thuyén vién va hanh khich.
Chu ky lic ty do ngén la két qua nguy hiém do tau c6 chiéu cao tam nghiéng qua 1dn.
Tau 16n mac di chiéu cao tam nghiéng 16n, néi chung ¢6 chu k¥ lic ngang dai. Do ban
kinh qudn tinh cha nhiing tu dé 1dm, chiéu réng tau 1dn va nhimg tau c6 dat hai bén man
thiing tiéu lac, cdch truc lic khoang cich 16n.
Trudong hop thit hai, chu k¥ chong chanh ngang tu do rét 1én so v6i chu ky song:
T
— > ®
T
Nguge lai, géc nghiéng 16n nhat chatau 6, — O
Trong trudng hop ndy, khi tau 16n ma chiéu cao tam nghiéng nho, tau trén séng co

chiéu dai séng rdt ngin. Trudng hop ndy séng khong gay lic tau, thu hdu nhu chay thing
dimg (hinh 9.15).

27 !

Hinh 9.15

Trong thyc t€ tau lic v6i chu k¥ dai hon chu k¥ cia séng rit nhiéu, tau nghiéng cham
dudi anh hudng clha moment nghiéng cla séng trude khi dat dén goc nghiéng tuvong ting, do
nghiéng 16n nhat cia séng & phia bén kia cta dinh séng. Bay gi¥ xuét hién moment lam
nghiéng tiu vé€ phia man ddi dién sau d6 géc nghiéng nay dat gée 16n nhit réi lai tiép tuc
ddi chiéu tic dung moment. Huéng tic dung moment nghiéng thay d6i nhanh hon béang 172
chu ky lac ngang clia thu, tic 12 thdi gian tir man ndy sang man kia. Tau nghiéng khong
nhiéu va cham phil hop cho khéich hang va thuyén vién cling nhw két cdu than tau.

Chu ky lic ngang cha tau dai thudng lén do chiéu cao tdm nghiéng nhd nhung néu
giam chiéu cao tim nghiéng qui miic gay giam moment hoi phuc tit nhién sé& de doa su an
toan cla tau.
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Trong thyc € gii thu trén séng giita hai truong
hop trén.

Khi hudng tau chay khong vudng géc voi hudng
chuyén dong ctia séng, séng tic dung khong phu
thuoc chu ky thuc t& ma phu thude chu ky biéu kién
ctia séng ducc do so vdi chuyén dong clia tau. Do
vay, sut gilt gin tau phu thudc vao ty s6 chu k¥ lac
ngang tu do clia tu vdi chu ky lac biéu kién clia
s6ng. Chu ky biéu kién cha séng phu thuge vao
huéng va toc do cla tau, Toc do tuong doi cha song
so véi thu 1a v, véi géc d so vGi hudng di chuyén
cha séng biéu dién bing cong thic:

Hinh 9.16

Vi=v-v,co8d

Tir d6 chu k¥ biéu kién cha séng:

pooll ¥ Yok

v v v v v

v

Tic 1a:
T.
T, = ! 9.91
: v, C0sd ©:91)
v

Tir cong thitic 9.91 khi tau chay ciing song géc S tang hodc giam toc do cla tau v, giy
giam chu k¥ bi€u kién cia séng "dudi" thu nhanh hon. Khi thu chay "dudi séng” géc 8 1én
hon 90°. Vay cos 8 nho hon 0.

Vay Yo cosd > 1
: v

Trong trudng hop nay su giam chu ky biéu kién clia séng c6 thé dat dugc bdi sy tang
t6¢ d0 v, hoic hudng di cua tau "thang" so véi hudng chuyén dong ctia séng. Tinh chat trén
c6 thé dat duge chu k¥ biéu kién cha song T’ thich hop khi thay déi huéng di hoac toc do
cua tau.

Lic ngang rat nguy hiém cho tau. Khi chu ky lic ngang tu do ctia thu bing chu k¥ lac
biéu ki¢n ctia séng. '

L
T
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Hién tugng d6 mang tén goi la cong hudng ciia hai loai chdng chanh. Nhu tir cong thic
(9.90) géc nghiéng 16n nhat cla tau (khong dé ¥ luc can clia nuée) bay gio tang khong gici
han. Gil gin tau trong truong hgp cong hudng, gid thiét rang nudc khong nhdt, thé hién &
hinh 9.17.

Hinh 9.17

Chiing ta gia thiét ring tau d ddy song, vi tri a khong ¢6 nghiéng khi tau gan dinh séng,
moment nghiéng ciia séng lam tau nghiéng sang man. Su nghiéng nay khi chu k¥ lic wr do
chia tau va cha séng bing nhau dat tri s6 16n nhat & dinh s6ng (vi tri b). Phia nguge lai cua
dinh séng (vi tri c). Moment nghiéng tc dung cling chiéu thu nghiéng gay tang toc do goc,
do d6 géc nghiéng & vi tri ¢ rat 1on, hon vi tri b, tiép theo tau & dinh séng hudng tau
nghiéng ciing nhu huéng tac dung moment nghiéng clia séng thay déi. Su phi hop tic dung
lam cho tau ti€p tuc nghiéng mot géc nghiéng 16n nhat (vi tri d).

Tau tiép tuc lac gée nghiéng sé lém c6 thé de doa sy an toan, thim chi gay lat tau.

Trong thuc t& su mat an toan lat tau khi c6 cong hudng la rat it, béi vi do thay doi
chiéu cao tam nghiéng cla tau khi & géc nghiéng i6n, thay déi chu k¥ lac tu do, cling nhu
ty 56 T/T', ciing phéi thay d8i. Géc nghiéng 1én nhat ciing s& khong tang mai duge vi nd ¢
luc tidu lic do anh hudng luc can cha nudc. Mac du, su cong hudng nay xuit hién trong vai
chu k¥ ngén nhung 1am tau nghiéng nhicu, gay mat an toan tau.

Khi xudt hién cong hudng chu ky lic e do I6n it xdy ra; bién do néi chung la nhd hon
khi chu k¥ lic ngén, bdi vi trong trudng hop nay chiéu dai séng gy gidm goc ti€p tuyén so
véi bé miit clia song.

Bién d6 chong chanh ngang c6 thé xdc dinh tlr céc cong thic dd cho trong Quy pham
cling nhu tri s6 quy udc trong tinh todn 6n dinh.

9.10. CHONG CHANH CUA TAU TEN SONG PIEU HOA

Ngoai nhiing gia thiét dé don gidn hoa da n6i & tiet 9.1 khi khao sdt chong chanh ngang
va chong chanh diing cdn dua thém gia thiét ring mat phang doc than tau 1a song song vdi
dinh séng. Trong trudng hgp dé chi xudt hién chong chanh ding va chong chanh ngang,
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nguoc lai chong chanh doc khéng cé. Gia thiét thém nita 12 chong chanh ngang va chong
chanh ditng khong phu thuoc 1an nhau. Su khdc nhau gilfa phuong trinh vi phan chong
chanh ngang cla thu trén séng vdi khi trong nudc tinh ia céc luc ti I¢ wrong Gmg voi do dich
chuyén tuong ddi clia thu so v&i mat song, t6¢ do tuong doi va gia toc cua ching.

9.10.1. Chong chanh ngang

Khi c¢6 dé ¥ luc tit ddn clia nude, phuong trinh vi phén chong chanh ngang cha tau trén

song c¢6 dang:

bat: B=¢-a V32 =76,0,sN0t = o, sinct (9. 93)
Trong d6: o - Géc nghiéng tic thai cua song;
76,, - He s6 diéu chinh;
o, - Géc nghiéng hiru hi¢u cia séng.
Sau khi thay va bién déi phuong trinh (9.92) dua
dén phuong trinh:
6+2h,B+vi0=(1-g,) a8’ sinat  (9.94)

trong dé:

Ixx — kxx
qq = STTN (9.95) Hinh 9.18

Ciéc dai luong con lai nhu trong phuong trinh chdng chanh ngang trong nudc tinh.
Giai phuong trinh nay cé dang:
9 =e (C,cosw,t + C,sinw,t) + 6, sin(ct—3,) (9.96)
Nhu tir cach gidi, chong chanh ngang cta tau trén séng gdm c6 hai loai chuyén dong:
Chong chanh ty do va chong chanh cudng bic:
0 =0_.sin (G, - 8y) ' (9.97)
Tir két qua dé tau lac trén séng diéu hoa vai tin s6 gée cua song.
Bién do chong chanh ngang cudng biic bi€u thi bing cong thiic:
o, (1-q o ) xi

\[(l~xfp)+4p3,,.xﬁ,

6 (9.98)

. 6 T, . PR .
Trong d6: x, =— = ?{“ va p,=he /vy - Hé 56 tat dian khong thu nguyén.
v
Q
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Do dich chuyén pha 8, d6i véi géc nghiéng 0 tir lyrc cuding bic biéu thi bang cong thiic:

(9.99)

Phuong trinh chong chanh ngang cula tau trén séng ciling ¢ thé bi€u dién trong hé tuyet

dai. Bay gits phuong trinh c6 dang:

G+2h,prv2 @=0, V2 (1=q, X3)7 + 4 X sin(0t-By) (9.100)

Trong dé: B, - d6 léch pha clia tat ca cdc luc cudng biic xac dinh biang cong thic:
= e (9.101)

Céch giai phuong trinh nay giéng nhu trudng hop trudc, gém c6 chong chanh tr do va
chong chanh cudng biic. Boi vi chong chanh tu do tat chi con chong chanh cudng bic dugc
biéu dién bang biéu thuc:

@ = Qusin{ot + By - dy) (9.102)
trong do:

¢, - Bién do chong chanh cudng buc tinh bing biéu thifc:

(9.103)

Khao sdt chdong chinh ngang cua tau theo h¢ tuyét doi dung dé tinh nhiing tai trong
dong co khi & trén tau, nguge lai Khao st theo h¢ tuong d3i khi xem x€t an toan cua tau va
cdc diéu kién hit nude 1én boong.

Néu khong dé ¥ luc cdn nudc, tic 1a: p, = 0, bay gid cong thic (9.103) ¢6 dang:

l-q,.x
P = G —qq‘_gﬂ (9.104)
l-xg

C6 thé phan biét & day ba dac tinh

1/ Néu x, — 0. Trudng hop nay khi A — o, tic 14 séng rat dai hoac Te — 0 tuong
tng chidu cao tam nghiéng rat 1n. Bay gidy bién do lic ngang:

P = U
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Hinh 9.19. C4c trudng hop chong chanh ngang clia thu trén song

Nghia 12 tau & tu th€ vubng géc v4i lung song.

2/ Néu x, - . Nghia 12 & — 0, chiéu dai song rit nhd, hodc T, — o, tuong ling voi
chiéu cao tam nghiéng rdt nhd. Néu bd qua anh hudng cha moment qudn tinh khéi luong
nuée keém, trong trudng hop nay bién dg lic ngang s& ia: ¢, =0.

3/ Néu: x, = 1. Truong hop nay chu ky chong chanh ngang clia tau bang chu k¥ song,
titc 1a: T, = 1. D6 1a hién tuong cong hudng khi bién do chong chanh ngang ¢, = -

T4t nhién trudng hop d6 khong dé ¥ dén lyc can cta nuéce. Dé ¥ luc cén clia nude, bién
d6 chong chanh khi cong huong xdc dinh theo biéu thiic:

J-ag)t g

Prax = (9105)
2u,
Hoac gan ding:
1—
Perax = - o) (9.106)
21k,

S6ng bién khong diéu hoa, d¢ nghiéng clia tau thuc t&€ luon ludén nhé hon do nghiéng
tinh todn theo cdc cong thic (9.105) va (9.106).

9.10.2. Chong chanh ding

Phuong trinh vi phan chong chanh ding coa tau trén séng c6 dang:

E-CG +m, Eg-D+2N, Eg-0+78, G -6 =0 (9.107)
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Dt 2=4;-Cva

& =76, . Hf2 cos ot =1, cos Gt (9.108)
trong do:
¢ - Tung d6 tifc thi cla profil song
76, - He s6 diéu chinh anh hudng kich thude clia tau:
r._ - Ban kinh quy dao hiwu hiéu, sau khi bién déi dé dua dén phuong trinh trong hé

tuong doi.
 Z42h,.Z+v2.Z=r1,(1-q,)0" cosat (9.109)
trong do:
m, k,
q":_D_er?:Hk, (9.110)
g
Chong chanh cudng bic duge xéc dinh bing cong thic:
Z=17,cos(ct-9,) (9.111)
trong dé bién dé:
z (1-g)m %, (9.112)

" Ja=xB? e ap? X

_2p,.x%,

2
1-x;

do léch pha: tgd

(9.113)

I

Thé hién chong chanh diing cla tau trén song trong hé tuyét d6i, dan dén cdc cong thic
sau day:
* Phuong trinh chuyén dong:

Eo42h, . &g +viCg=T1,v2 .y (1- q,x2)" +4ulx] cos(at+B,) (9.114)

Chong chanh dimg cudng biic:

Lo =Encos (ot +PB,-8) (9.115)
Bién do lic ding cudng biic:
_ o a=gx))+Augx,
Cm = Fm ((l—x?)z vl 2 (9.116)
D¢ léch pha:
21, X,
tgB, = I—“QT 9.117)
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9.11. ANH HUGNG CAC KICH THUGC CUA TAU PEN CHONG CHANH NGANG

Cong thic (9.93) va
(9.108) ngudi ta da dua hé s6
hiéu chinh dé y dén cdc kich
thu6c cia tau. Khi chong
chanh ngang hé s6 76, biéu
dién bing cong thic:

P, = Hr, . 76B,

trong d6: - He 6 76, d€ ¥
anh hudng chiéu chim cla
tau nghia 13 sy thay ddi
phan bS dp suit thuy dong
hoc trén séng. Xéc dinh nd
phu thugc vao ti s6 T/A va
hé 36 béo tuong ing 70.

Hé sG hiéu chinh 76 g,
dé v anh hudng chiéu rong
tau tic Ia sy thay déi dudng
cong bé mat ciia séng. Xac
dinh no6 trén hinh (9.21) phu
thuoc ty s6 B/ va hé so béo
duong nudc a.

Khi chong chanh doc hé
s6¢ diéu chinh 76, xdc dinh
theo cong thic:

9.12. PUONG NUGC
TRAQ LEN BOONG

Dudng nudc trao lén
boong goi 1a dé thi cha céc
bien dé chuyén dong céc
phin tlr nude déi véi vo tau
khi tau chong chanh doc.
Dudng ay tinh va v€ trén
hinh chi€u ding cla tau véi
muc dich danh gia tinh nang
hang héi cia né, tic 1a xem
mat boong hodc kién trdc
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Hinh 9.20. Anh hudng chiéu chim cia tau
dén su giam bién do chong chanh ngang
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Hinh 9.21. Anh huong chiéu rong tau
dén sur giam bién do chong chanh ngang
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thuong tang trong qua trinh chong chanh doc ¢é bi nudce trao phi 1én khong, chong chéng
va banh 1di ¢6 nho 1én khoi mat nudc khong, va cudi cing c6 thé xay ra nguy cd va dap cha
séng vao mili tau khong.
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Hinh 9.22. Anh hudng chiéu chim ca tau ~ Hinh 9.23. Anh hudng chiéu chim cia tau
dén sy gidm bién do chdng chanh doc dén su giam bién do chong chanh doc
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Hinh 9.24. Anh hudng chiéu rong tau dén sy giam bién dé chdng chanh doc
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Tung d6 ctia dudng nudc trao lén boong tinh theo cong thiic:

2 2
2, (X) :i\j(A+ax—rcos2—;~{]"+(B+Bx$ rsinz—;X-J (9.120)

g day dau "+" & biéu thic thit hai dudi can dugc dung cho séng di nguge chiéu, va diu "-"
cho s6ng cling chiéu véi tau. Trén hinh 9.25 biéu dién hai trudng hop cta tau trén song doc,
trudng hop a/ 12 tt va trudng hop b/ 1a xdu.

Hinh 9.25. Buong nudc trao lén boong

9.13. ANH HUGNG TOC PO VA HUGNG BI CUA TAU SO VOI SONG KHI
CHONG CHANH NGANG

Néu tau chay véi téc do v va so véi s6ng mot
goc @, 16c do cla tau so v6i séng biu dién bing
cong thirc:

Vg = ¢ £ vcos @ 9.121) Dink song /

Dau "+" khi tdu chay ngugc véi phuong

truyén s6ng. Dau "-" khi tau chay cling chiéu véi uT /
phuong truyén séng. 4'&

Chu ky hitu hiéu cha séng 1a thoi gian séng /[ & /
. R I &

di doc tau, xdc dinh bdi ngudi quan sét & trén tau, b

bi¢u dién bing cong thic:

T, =t * 9.122) /

Vijg  €+VCosd

Chu ky luc cudng bic phy thude chi yéu vao Hinh 9.26
toc do tau va géc tau chay so véi song. Bién do
chong chanh ngang c6 tri s6 khic biét trong khoang goi la cdng huong, nghia l1a khi chu ky
bi€u hién cta séng bing chu ky chong chanh ngang clia tau trong nudc finh.
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Cong hudng chong chinh ngang khi géc huéng tau chay @ = 0 va = 180° xuat hién, khi
T. = T, va cong hudng chong chinh doc va chong chanh dim gxuathiénkhiT, = T, = T,.
Trong thye t&€ bién do tang trong gidi han rong. Khoang khong c6 loi khi:

T,
0,7 < —Te— <13 (9.123)

Gdce nghiéng biéu hién cla séng c6 thé xdc dinh gin ding theo cong thic

U = Ty . O sind (9.124)

He s6 76, biéu dién bing cong thic (9.119). Khi xéc dinh hé s6 76 -, dé ¥ chidu dai
thuc clia séng A, va khi xac dinh hé s6 76, phai lay chiéu dai hitu hiéu clia s6ng:
A
sing

A, =

=4

(9.125)

Vidu tinh todn:

Vi du 9.8: Xdc dinh t6c d6 chia tau hang khi c6 cong hudng chong chanh ngang néu
chiéu dai séng A = 60 m, hudng tau chay @, = 150", Séng di vé huéng tay (D, = 90°) chiéu
rong tau B = 12,0 m, chiéu cao tam nghiéng h, = 1,0 m.

Bai gidi: D€ xuat hién cong hudng chu ky chong chanh ngang cta tau trong nudc finh
phdi bang chu ky hitu hiéu cira séng; T, =T, chu ky chong chanh tu do cla tu:

T, =B _ 078 12 _ 9354

*Jh, V1.0
Chu ky hitu hiéu coa séng:

T =M

[

-

tid
trong dé:
Vg =C-VCos ¢
Téc do truyén séng:
C=125vA = 125460 =9,67m/s
Géc tau chay so vdi séng:
¢=9 -¢,=150-90 =60
Do d6 16c d6 clia tau so véi séng:

Vg =C-VCos ¢ =c - vcos 60°=9,76 - v/2
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Thay vao cong thiic (9.122) ¢6 thé tinh t6¢ do tau v:

9,35=—60—V v=2[9,674—%~)=6,5mls
967 -~ 9.35

*

Tiic 12 khi téc do v = 6,5 m/s tau cong hudng chong chanh ngang.

Thi du 9.9: Xéc dinh bién d¢ chong chanh ngang cla tau (khong dé ¥ Iuc can cha nudc)
tau chay véi géc @ = 30° so v0i séng O t6c do 16i da v = 10 hl/h. Chu k¥ chong chanh
ngang & nudc tinh T, = 12,5 s, chiéu dai séng A = 100m, chiéu cao séng H; = 5,3 m, h¢ s6
moment quédn tinh khéi lugng nuée kem k,, = 0,2. Chiéu chim T = 6,5m, chi€u rong
B =13,5m, hé s& béo dudng nudc o = 0,790, hé s6 béo dung 6/c = 0,85.

Bai gidi:

Chiing ta xdc dinh bién d6 tir cong thitc (9.104), céc yéu t8 trong cong thic chu ky him
hiéu cha séng (cong thirc 9.122) duoc tinh:

A A 100

T, = = = =1l4s
c-veosd  125+A-vcos  1,25+/100 -12 . 0,515¢0s30°

T, 1

—o 125 _ 4804

T, 14

He s& c6 dé ¢ khoi lugng nude kém (cong thitc 9.95)

ok, 02
1+k,, 1+02

a, = 0,167

Géce nghiéng 16n nhat cia séng (cong thic 9.89)

~mHy  n53

= (,166 radian
A 100

%o
Géce nghiéng hitu hiéu cia séng (cong thic 9.124)

Oy = F0rg . Zogo O SIN G

T &
F61p= | —, —
e [x a]
T_65 _go6s; 2085
A 100 o

Tir d6 thi (9.20) chiing ta c6 76, = 0,8

B/A
76]?,“'1: f[-ﬁ'——! a]
sin ¢

59



Tir d6 thi (9.21)

B/ 13,5
Ao /100 _ 00675« = 0,740
sind 0,5

76, = 0,995

o =0,8x 0,995 x 0,166 x 0,5 = 0,066 radian

Bién do chong chinh ngang (cong thic 9.104)
1-q, .x2 _ 2
P =0y __qiﬂ_ill = 0,066 . L 0’1670’894

> > = (0,28 radian = 16°
1-x 1-0,894

9.14. CHONG CHANH TAU TREN SONG TU NHIEN

Séng bién ty nhién thuc t& 12 ham 3 chiéu, nhung viéc nghien ctu ly thuyét, thuc
nghiém va ‘mg dung vao tinh todn hién tai con gap nhiéu khé khan ma chi han ché 0 séng
hai chiéu. Thyc thé ciing cho thdy séng bién do gi6 gay ra khi da phdt trién dén miic do 6n
dinh thi ¢4 thé coi nhu nhiing qud trinh ngau nhién dimg va ecgodic, ¢6 nghia la chi can do
muc nude tai mot diém dién bién theo thoi gian sau mét thoi gian dai {(vidu 1/2h, lhv. v...}
thi ¢6 thé cho phép ta tim dugc cdc dac trung co ban cua ham ngau nhién ma khong can xét
dén yéu t6 khong gian. Trén hinh 9.27 12 biéu d6 ghi duge myc nude bién (tung do séng)
tai mot diém trén bién.

Tung d6 cha séng tr nhién hai chiéu ¢6 thé biéu dién dudi dang téng clia nhiéu con

séng diéu hoa ¢6 cdc bién do va tan s6 khac nhau:

LED =Y 1. cos(KE -, +g,) (9.126)

=1
o day: £ - Hoanh do;
r. - Bién do ngiu nhién clia séng & tdn s o; va gia thiét rang ching khong lién
quan v&i nhau.
Céc thong s6 dac trung clia séng diéu hod da duge néu & phan trude.

Tren hinh (9.27) cho ta thay biéu dé cha muc nuée tung do song ghi duoc tai mot diém

trén miét bién.
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L+l

JAYEN
L T
1I_'/2_ 7

Hinh 9.27. So d6 dién bién myc nudc bidn tai mot diém

Y
\ hi-r[
L

.

Ta ¢6 thé chiing minh bing 1y thuyét va thuc nghiem ring:
a)toa dé &, cla séng bién (mat nude) dim bio su phan b6 chudn:

b) bién d6 cia séng r hodc chidu cao séng (hai lan bién do (h. 9.27)) tuan theo phan
phéi Rayleigh.

Bang 9.5
F Chiéu cao séng 3% Chiéu cao ‘ -
Cap Cap gi6 Toc dé gio hy,m . Chiéu cao Tinh chat
séng | theo Bufort mis gidi han | Gigi han trulgI:mh hy, m séng
dudi trén '
| | 06-07 0 0,25 0,12 0,19 Yé&u
Il -1V 18-74 0,25 0,75 0,36 0,57 Vita
T v 7,5-98 0,75 1,25 0,59 0,95 Manh
W VI 8,9-12,4 1,25 2 0,94 1,52 Manh
v VI VNI 12,5- 15,5 2,00 3,5 1,66 2,65 Ldn
VI VI - 1X 155-21,5 3,50 6 2,84 4,55 Lan
VIl X 21,6 - 25,1 6,00 8,5 4,02 6,44 Rat Ian
Vil X! 25,2 -29 8,50 11 52 8,33 R4t I6n
| X Xl | 20 11 >11 - - Ngoaiis |

Trong bang 9.5 cho ta thay méi quan h
chiéu cao séng & mot trang thdi séng nhat
lodn ngudi ta quy ude céc dai luon
3%, 1% v.v... Chiéu cao song (2 1
trén né, xdc sudt xuat hién clia cic chidu

cdch khac:

an bien do) véi ky hieu h

P(h>h)=0,03
P (h <h,,)=0,03

¢ gilta mikc do gi6 va cap s6ng cling nhu cac loai
dinh. D€ dé dang cho viéc trao déi thong tin, tinh
g trong ung vdi cac xdc suit nhat dinh nhr x4c suat 1/3,
s 12 chiéu cao ma dusi né hoac
cao nh6 hon hoac 16n hon chi con 0,03 hay viét
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hoac chiéu cao séng vdi k¥ hiéu h, 12 gid tri trung binh ctia 1/3 cdc chiéu cao 16n nhat coa
séng hay néi cach khéc:

o

hy; = [P(h)hdh & day [P(hydh = 0,14
hy, h

Déi v6i timg ving bién viéc thong ke «dc sudt xut hien clia hudng song va cac cip
séng 1a diéu rat cdn thiét doi v6i tinh nang hang hai va cd hoc két cau thu, bai vi biet duoc
xéc suat xudt hién cba ching s& gidp ta quyét dinh mot cach chéc chin cho cdc chuyén van
tai dot xust hoac thi€t k& hop 1y k&t cdu va tinh nang than tau, chon hudng di hop 1y cho tau
ciing nhu tiét kiem nguyén vat liéu.

a + 1 X 1 =
Nang lugng clia moi song thanh phan trong cong thitc (9.126) ti 1€ vo1 3 &, 2. Téng

[ . l " - 1 - Fa > -y > i o . . T
gia trl > (C_,i)2 cla 14t ca cdc séng nam trong mién tr d&n @ + Ao bing tich sé cua Aw

véi mot dai luong duoc biéu thi bang S; (®) va dugc goi la phé nang lugng ciia song theo
tin sO o.

n 1 1 1
E:ZEng? =Epgz Sq(m).Am (9.127)
i=l i=1
hoac
E = %pg (S (w).do . (9.128)

& day: E - nang luong tdng the cla song.

Néu s6 lugng séng thanh phan rét 1on, n — o, cong thic (9.128) c6 dang

E = %pgwj\'sC (w).dw (9.129)

Trong tinh todn tau thuy Iy thuyét phé séng c6 mét ¥ nghia thue t€ hon. Déi v6i qud
trinh ngu nhién dimg nhu s6ng bién, bién 4o dao dong 12 cdc dai lugng ngéu nhién. Pho
séng sé biéu dién sy phan phéi phuong sai cia tung d9 séng & cac tan s6 khic nhau, tuong
{mg v6i nang lugng séng va doi khi ngudi ta goi 1a phd nang lugng song.

Pudng biéu dién lién tuc sy phan phéi cha phuong sai tung do séng & cdc tan s6 khac
nhau goi 13 hm mat do pho séng voi ky hieu S¢ (w).

Tich phan dudng cong mat do phd s6ng cho ta phuong sai cua qud trinh séng.

D, = [S; (0)do (9.130)

o
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Mat do phd séng lién quan tryc ti€p véi ham tuong quan K.(t) thong qua bi¢n déi Fourier:

S () =% [K, (x)coswrdt (9.131)

1

K. (1) = [S,(@)cosorde (9.132)

& day: T biéu thi thoi gian.

Tir cong thitc trén ta thdy ring véi 1= 0, ta cé:

Dy, = K(0) (9.133)

D6i v6i séng da phat trién 6n dinh, thi lic d6 ¢6 thé xem nhu 1a qué trinh ngdu nhién
dimg, ecgodic va ta c6 thé tinh duge ham Ke(t) tir mét thye hién (mét ddu ghi) tai mot diém
clia mit bién, sau mot thai gian dai tuong dot.

Mat do pho song hai chiéu

Nhiéu téc gis di dua ra nhiéu cong thic dé xdc dinh mat do phd cia sng hai chiéu
Z(x,t). Trong cong tac nghién ci, tinh todn thiét k€& ngudi ta thudng dung phd cha séng hai
chiéu, wic 1a phé mot chidu. Dudi day néu tén hai cong thic phé ma hién nay thudng ding
trong nganh déng tau.

a) Cong thitc phé ciia Hoi nghi quéc 1€ lan thi 11 vé bé thi nghiém mé hinh (1969
tai Rém):

2
143

2
. 4
Sg(u)) = 8,10.10_3g2m_5 exp[—3’1-1—'10— m_“} (9.134)
& day: g =981 cms”
Se(w), cm’s

b) Cong thitc phd ctia Hoi nghi qudc té ldn thit IT vé sicc bén tau.

S¢(®) = h3, Ty, S, . (@) (9.135)
: -5 -4
3 ga = m ®
g day S| (w) = 0,01(—} exp|—0,44 (-—-} (9.136)
W LTS

27 . . s
T, = ——, dugc xdc dinh trén hinh 12 - 20, phy thugce vao chiéu cao hsg;
W,

o,, ¢6 thé tinh theo cong thic:

392 + 0383hyg .. ..
o, = 224038 Me 45 i 0> o, (9.137)
hyg + 1,43
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Se(w) =0 khi o = @,
_ 0,1125h,y + 2,25

o, = (9.138)
hyg + 2,50
Trong ham phd nay, gid tri cyc dai ctia phd tuong ting véi tin s6:
O e = 077 O, (9.139)

Qua nhiéu cong trinh nghién cliu, 1y thuyét va thuc t€, dgi véi mot trang thai séng, sy
phan phdi xdc suit tung do séng thuc € 1a theo quy luat phan phéi chudn hay 1a phan phoi
Gauss v6i trung binh ton hoc bang khong, tic 1a:

1 ¢t
GC\/—Z_‘I; exp [— E&E] (9.140)
Sday:  p(G) - mat do xdc suat cla C;
G, = \/_D—q - d6 léch ctia tung 46 séng.

p&) =

Bien do cha séng (ké ca chiéu cao) d6i v6i mot trang thdi bién cd sy phan phdi xdc suat
nhu quy luat Rayleigh vai dang:

r r’
p(l’) =— eXp| —T = (9141)
>0 o ?_GC
h h®
h) = exn| —— (9142
p(h) 4D, p[ SDJ ( )

Vi su phan phoi Rayleigh ta 6 céc dic tnmg thong s6 sau day:
Chiéu cao trung binh todn hoc cua song h (hai lan bién do):
b =25 = 25D (4 dimbiods%) |
D, = 0143(05hs)’

h 1,5% = 6,50 4 i D 4

hyy = 608/D;

r (9.143)
hay = 525D¢
hy,, =400/D, (14% dimbio)
hayg = 211h = 132h ;5
hy3 =huy J
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Hinh 9.28. Phin bd chuan Gauss Hinh 9.29. Phan bé Rayleigh
vOi gid tri trung binh { =0

Trén hinh 9.30 biéu dién ham phd khong thi nguyén S, (w),,
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Hinh 9.30. Ham pho song Hinh 9.31. Quan hé giifa chiéu cao song
khong thir nguyén cta Hoi nghi quéc t€ 3% va chu k¥ trung binh
vé siic bén tau, lan thi II 1. Séng tat dan; 2. Séng da phat tricn

3. Séng phit trién da on dinh (song gi6)
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Xéc dinh mat do phd cha cdc chuyén dong lac va céc thong s6 ngau nhién ciia chiing.

Ham ngéu nhién cha céc chuyén dong lac, vi du khi lic ngang, ¢ (t) gin lién véi ham
ngau nhién dimg ctia moment cudng biic lac M (1) trong phuong trinh vi phén (9.94) véi céc
h¢ s6 khong thay déi. Trén hinh 9.32 con thu dugc xem 13 mot hé co hoc tuyén tinh, ddu
vao la séng bién dugc biéu dién bang ham phd nang lugng Sc(w), con ddu ra 1a cdc chuyén
dong chong chanh nhu gée lac ngang, géc lic doc, chong chanh ding v.v... ching s& duoc
biéu thi bing cdc ham phd Si(®) (j - 6 dang chong chanh) clia cdc qud trinh ngdu nhién
dimg.

Si (W) Sau chuyén dong

So.’q_g € () chong chanh (15 )
/\/‘\/_/\\ Tau thiy \A/V\M\/\’
Diu vdo Diu ra
S¢ (w) P(E), V(...
Hinh 9.32

Dué6i day chiing ta chi xem xét qué trinh chong chanh ngang ¢ (t) 1am vi du.
Theo phuong phdp giai tich phé thi ham phé nang lugng cta lic ngang (qua trinh & ddu
ra} dugc xic dinh theo cong thic:
Sy (®) = [ay (@)) S¢ (») (9.144)

trong dé: &, (@) - dugc goi 1a ham chuyén cha hé théng tau thuy, hay con goi la ham
bién do tan s6 lic ngang clia v tau; né duge xdc dinh theo cong thic:

a, (@) = 2o (9.145)
r

o day: @, T la bién do lic ngang va bién do séng hinh sin diéu hoa tuong tng cho
moét ® nao dé;
a¢ (©) - duge xdc dinh bang thuc nghiém mo hinh, do dac thuce t& hoac bang
tinh todn ly thuyét;
S¢(®) - ham phé nang luong cila séng bién & mét trang thai nao dé.
Trong khi tinh todn ham chuyén a, (w) chiing ta phai hét sic luu ¥ dén dnh hudng ciha
i(i(fh 11}1(1;(% tau, dac biét B, T ciing nhu dp luc dong clia séng nhd ddn theo chiéu sau theo
uat e .
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Thong thudng ham a, () ¢6 dang nhu sau:

1-qoA2 ) + 4l
2,(®) = Xpy- Xpg- ( qf 2 2“;" (9.146)
(1-A%) + 4, Ay

& day: Xpp VA Xpe - hé 56 diéu chinh chiéu sau va rong cla tau;

] - - ~ - s e * o -~ e
Ay = xX__ _hé s6 tham gia vao moment quan tinh con tau ctia khoi nude kem I
o+ T«
(D hd ar > ar - > - - - - - e * -
Ay,=—-uso tan s6 g6c cla song so vol lan s gbc lac ngang cua tau.
®
@

Két qua thyc nghi¢m cho th&y, su phan bd cia géc lic ngang 12 theo quy luat Gauss Vi
su phan b6 cda bien do lac ¢, (hodc 2 1an bién do lac) theo quy luat Rayleigh:
_ %

o)=L e 0 (9.147)

Dtp

& day binh phuong sai gbc lac De.

D, = [S,(@dw (9.148)

Nhiing thong s& théng ke clia lic ngang thu duge x4c dinh bing nhiing cong thic sau day:

1- Gi4 trj tuyét d6i clia géc lac nghiéng trung binh

2
- 12D 149
|(P' e (9.149)

2- Phuong sai cha gié tri tuyét ddi gde lac

Dle| = D, [1 - 3] (9.150)
n

3. Bién do trung binh ctia goc lic
¢, =125/D, 9.151)

4- Binh phuong sai cua bién do gdc lac ngang

T
D, =D, (2 - 5} (9.152)

5- Hé s6 thay déi bién do lac ngang

' m
0 - — - - L]
¢

1,25

Pe (9.153)
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Tém lai viéc tinh todn nhimg thong s6 ngau nhi¢p cia lic trén séng tr nhién (trong d6
hudng di cha séng thang géc gdi man tau) ti€n hanh theo thir tu sau:

1 - Xac dinh cdc tri s§ clta cdc dal lugng e, ®g, Yo (%) = Yop - Yor 401 Vi cdc tri s @
ta chon nhén;

2 - Tinh ham phé nang lugng clia séng S theo cong thic (9.134), (9.135) va binh
phuong sai cha séng Dy theo cong thic (9.130). Trén co s& d6 ta v€ duge ham phé nang
luong S; (0}

3 - X4c dinh binh phuong ham chuyén [a, (®)]’ theo cong thiic (9.145);

4 - Tinh ham phé nang lugng clia géc lac S, (o) theo cong thiic (9.144) va vé dutmg
biéu dién ctia ham do;

5 - Tinh binh phuong sai Dy, theo cong thic (9.148) theo mot trong nhimg phuong phip
da biét,;

6 - Nhitng thong s6 théng ké goéc nghiéng va bien do 1i¢c dugc tinh theo cdc cong thitc
(9.149) + (9.152).

Trong tinh todn ching ta cling quan tam nhiéu dén tin s6 lac va chu k¥ lac. Day ciing
[4 nhiing dai lugng ngdu nhién d6i v6i tau chiu tic dung clia song tu nhién. Tan s6 trung
binh va chu k¥ trung binh dugc xdc dinh theo cong thic sau:

—_ D.
0, = .| — (9.154)
Dm
T, = 2% (9.155)
Dy
o day:
D, = [0’S,(»do (9.156)

8]

déi véi Tac trén séng tu nhién ta thiy ring cong hudng s&€ xudt hién khi dinh cao nhat cia
ham phé nang luong séng tring véi dinh cao nhat cla ham chuyén, hay néi cich khéc 1
hai dinh nay twong tng vi cung mot tan so.

Dai v6i ngudi thiét k€, phai 1am sao tao duge mot hinh déng than tau ciing nhu khi thiét
ké nhitng trang bi giam lic, dé cho gid tri trung binh tuyét d6i clia géc lac (chu ky) va binh
phuong sai clia ching nho nhat. Chu ky lac thudng dugc tinh todn trong thiét k&. Do nhiing
diéu kién dac biét clia séng ty nhién va dic tinh co hoc ciia tau thuy nhitng thi nghiém thyc
t trén bién cho thdy ring chu ky lic ngang trén séng bién déi xung quanh gid tri lic
nghiéng clia tau.
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Anh liedng ciia goc di va 16¢ d¢ cia tut so vOi sORg
Khi tau chay véi toc do v va tao thanh v&i hudng séng mot géc B, thi tau s& gap song
véi tdn s& dugc xdc dinh theo cong thuic:
o2
w, = o ——— vcosP, (9.157)
g
Lic 4y ham phd nang lugng cta song dugc biéu dién dudi dang:
S(w, ) = S(w)sin® B, (9.158)
va trong cong thitc xac dinh ham chuyén ¢ (w,) dugc tinh cho tan sO gap o,

K&t hop cac cong thife trén (9.157), (9. 158) ¢6 thé viét nhu sau:

4 24,4 in?
W, @l yo" sin B,

S, (w) (9.159)

=

Sq,(u)k) gz[(mi —&Ji) R 4u(p&)il

Léic cha tau trén séng dong déu gém cd hai dang lic: ban than va cudng bic. Lac ban
than phu thudc vao diéu kién ban diu vi voi thai gian né s€ 1t va chi con lai 1a lic diéu hoa
ctia tau. Nhung thuc t€ séng bién rat khic xa v6i mé hinh di nhan 12 hinh sin va tinh chat
lic cta tau khong con déng déu nifa. Trong thuc 1€ lic tu do ban than cla tau khong tat va
trong nhiing thoi diém nhat dinh bi¢n 4o lic tu do con 16n hon cudng bifc. Nhung diéu d6
xdy ra & ving xa céng huéng. Theo tinh todn cla Krulov thi trong ving cong hudng tinh
chat khong déng déu cha séng lam nho di bién do Hc so véi trén séng dong déu. Vi nhu dd
dé cap O trén, trén séng ty nhién chu k¥ lic cla tau chénh léch xung quanh chu ky lac ban
than ciia né. Mic do giam bién do lac bao nhiéu trén séng tu nhién khong thé xdc dinh
bing 1y thuyét dugc.

9.15. GIAM CHONG CHANH CUA TAU

9.15.1. Chon thong so vé tau

Viéc lua chon hop 1y cdc thong s§ clia vo thu s& ngan nglra su xuat hién tinh chong
chanh x&u, ngudi ta khing dinh rang khi chiéu dai hiru hiéu chia séng nho hon A/2 chiéu dai
con tiu, thi lyc cudng bic chong chanh nhd va khi ML = 1, luc nay tuong déi 16n. Khi AL = o
(o - hé s6 béo trong nudc) thi luc cudng biic bang khong. Nhung néu 1,0 <A/L < 1,5 thi
moment chiii M, s& nhan gid tri 16n nhat.

V¢ phuong dién chong chanh ngang, chiéu cao tam nghiéng ket hop vdi man khod 16n 1a
¢6 oi, tuy vay can tuyét doi trinh gid tri GM am. Pé giam bién do chong chanh doc, nguol
ta thiét k& vo sao cho trong tam mat dudng nudc & dudmg nudc thiét ke dich vé phia trude
miii mot chit so véi sudn gitra.
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D¢ tranh va dap chia nude vao viing mili thu (slamming) nén vat mii va thi€t ke dudng
nude 161, Sy va dap &y anh huéng khong 16t dén sic bén vo tau, cling nhu dicu kién sinh
hoat ctia khdch va thuyén vién, nhit 13 1dc s6ng 16n. Vi vay nén luon luén tranh dudng nude
16m & vung ddy. '

9.15.2. Ung dung bo phan giam chong chanh

Ung dung bo phan giam chdng chinh nhim gidm bién d6 lic va gia t0c tong ing.
Kinh nghiém thuc t&€ cho thdy néu gia t3c tuyén tinh chong chanh khong lén hon 0,1 gia toc
trong trudng thi khéng xuat hién nhiing triéu chimg 16n v€ say séng. Vi vay géc nghiéng
16n nhat la:

2
TY 2
m =0Mgl—| = (9.160)
¢ g(2n] B

trong do:
g - Gia té¢ trong truong;
T - Chu k¥ lac (gén bing chu ky lac tu do);
B - Chiéu rong cia tau.
Trong thuc t& tng dung hién nay bo phan giam chong chanh gém cé hai phan co ban:
Bo phan tao moment gidam chong chanh va bo phan kiém tra do 16n bién do clia momentt
gidm chong chanh va gée léch pha clia né so v6i luc cudng bic.
9.15.3. Cac loai thiét bi giam lac
a) Ki hong:
Ki hong 13 bo phan giam lic dugc dng dung rdng rii nhat. Déi véi séng tu nhién, ki
kong luon ludn 13m giam bién 46 1ac. Moment gidm lic cla tau biéu hién bang cong thic:
Moy =M, + M; 9.161)
trong do:
M, - Mement giam lic chung;
M, - Moment giam lac cha tau khong ¢6 ki;
M, - Moment gidm [ac cta ki hong.
Su hoat dong cha ki phu thuge vao ty 1¢:
M, M,

— L=y (9.162)
M{J M(

Moment gidm Iac cda ki duge tinh theo cong thiic:

2

M, =CD.Ss.d.p.% (9.163)
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trong do:
C, - Hé s6 can khong thit nguyén cla Ki;
S, - Dién tich ki, m?;
d - Khoang cdch tir trong tam cta ki dén
truc lic (c6 thé xem truc di qua trong tam
cua tau) m;

p - Khai lugng riéng clia nude, KGm'™s;
p=d %‘F , van toc tuyén tinh cta ki, m/s.

Heé s6 can C, & t6c do v = 0, phu thudc vao chiéu
dai I va chiéu rong b ctia ki. Néu I/b = 1; C, = 1,2; néu
1/b=50; Cy,=1,9 val/b= oo thi C; = 2.

Cho dén nay, chiéu rong cua Ki chua vuot qua
1.2 m va chiéu dai 16n nhat vao khoang 40% chiéu
dai tau (trung binh 1/4 + 1/3)L. Déi 16i tau hang,
nén thiét k& véi chiéu dai vira phai dé khoi nho lén
mat nudc khi tau chay khong tai.

DPuodng chay cua ki phai song song véi dudng
dong chay dé han ch€ sic can gia tang do ki trong

L
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Hinh 9.33. Dién tich ki giam lac

hu thudc hé s6 B
pham vi sitc can ma sat. phv )C NE

1
| ‘ '
i iiJle - \
| iR 1]

1 | A

A-A

Hinh 9.34. Két cdu cua ki khong lién tuc
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Ki gidm lic con anh hudng dén tinh ning chong chanh théng qua vige gia tang moment
khai lugng nude kem J s va ¢6 thé tinh theo cong thic sau:
Jous = mpb’ld® (9.164)
trong do:
b - Chiéu rong cua ki;
1 - Chi¢u dai cua ki;
d - Khoang céch tir tam dén tam truc lac.
Néu chay véi t6¢ do v nao dé thi hé s6 Cpy ¢6 thé tinh duge trén co s i thuyét tam dat
dudi dong chay, va tdc d tinh toan la:

o' =u + v (9.165)
va Cy=C_cos o + C, sin o (9.166)
G day C_ va Cp 12 hé s6 luc nang va luc can cba ki doi véi:
2
p=o
S

G6c vao nude o trong cong thikc (9.166) s€ la:

o = artg ufv (9.167)
Dé gidm lac dugc ting nhiéu trong trudng hop hé s6:

2,0

v\
1+ (—J
u
b) Bdanh lii hong
Nguyén tac hoat dong cua bénh 1ai nhur ki gidn doan. N6 ¢6 thé dua ra xa hodc dua gin vao
trong vo tau thy trudng hop mic do séng
gi6, chiéu day tuong d6i cha banh 14i 0,12
+0,22: A =22+ 24. Trén hinh 9.35 cho
ta thady bo trf cia hé thdng banh ldi hong
giam lic.

Cy > (9.168)

Loai thiét bi giam Iic nay c¢6 khdi
luong nhd gdn bang 0,5 + 0,75% luong
chiém nude, chi€m it dung tich, kha nang
gidm lic 16t nén duoc (mg dung rong rai
trén tau khach chay nhanh va tau chién
(hoat dong t6t véi v 2 15 hai lifh). Hinh 9.35. Banh l4i gidm lac & hong thu
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¢) Thitng kin thu déong Frahm

Thung kin thu dong Frahm, gém ¢6 hai thung man dugc chifa nuéc khong day va mot
kénh ndi thong v6i nhau phia dudi ddy, phia trén la kénh khong khi duge trang bi van, nhéy
d6 ¢6 thé thay doi dién tich lam viéc cia dudng ong, tic la thay déi sic can doi véi dong
nuGe chay tir binh nudéce nay sang binh nuée kia. Van d6 ciing 1am nhiém vu déng hoan toan
h¢ théng (hinh 9.36).

D¢ dim bao giam lac riéng cho tau thuy, chu ky ldc cha céc binh phai thay bang chu ky
lac clia tau. Liic &y vdi su téc dong cha séng dong déu len tau, s& xuit hién hién tugng cong
huong kép c6 nghia la vira xuat hién cong hudng giiia séng va vo tau, dong thoi ¢6 su cong
hudng lic giira tu va khéi nudc trong hai binh. Trong khi cong hudng chong chanh cha tau
cham di so v6i mo men cudng bifc ctia séng mot gée m/2 (khong xét dén sic can).

U
.

3
L
|
L.

b

Hinh 9.36. Thung thu dong Frahm
a. kin: b. ha
1 - Cdc kénh man; 2 - Kénh khong khi; 3- Van: 4 - Kénh ddy

Léc clia kh6i nude trong cic binh ciing cham di so véi lic cla tau mot géc m/2. Vi viy
goc léch clia chuyén dong nuéce so véi moment cudng birc chong chanh déi vé6i tau 1a , tic
la xudt hién moment tic dung nguoc chiéu moment cudng birc, nhd dé, chong chanh cha
tau dugce giam di.

Loai binh nay chi gidm lic cudng biic cho tau, do dé né chi hoat déng hitu hiéu trong
viing cong huong va trén séng déng déu. O viing khéac xa cong huomg né 1am cho bién do
lic Ion, do d6 phai déng hé thong.

Nhuge di€m cta loai binh nay 1a sy hifu hi¢u phu thugc vao trang thdi ché hang cua
tau. Hon nifa, khong thé sir dung né khi tau nghiéng vé mot phia.

d) Thing ho thu dong Frahm: Thing hd thy dong frahm khic vdi thiing kin frahm 1a
khong c6 duong 6ng nuéc théng nhau & dudi ma né néi lién nuée ngoai man tau (hinh 9.29)
khong can dudng 6ng khong khi.

Moment giam lic xuét hién khi tau lic, nudc ngoai man binh & phia chim va chay ra &
phia noi lén. Géc léch pha chu ky lac clia nudc trong binh va d6 16n clia moment giam lic
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6 thé xac dinh phi hop théng qua viéc chon céc 16 trong vo tau va dung tich cic binh, khot
lugng nudc trong cdc binh bang khoang 1,3 + 1,5 % luong chi€ém nudc cua tau.

Hiéu suat clia loai binh nay bang loai thing kin va anh hudng dén én dinh clia tau it
hon. Cé thé sir dung né vdi chu k¥ léc ri¢ng cha tau tuong d5i nho. Nhuoc diém cia né la
lam tang thém chut it stic can cla vd thu, cé tiéng 6n do su van dong cla khong khi va khi
chong chanh véi bién d6 1dn, ¢6 kha nang va dap nudc v6i thanh trén cta binh.

e) Thang kin chid dong Frahm

Thing kin chi dong Frahm khic v6i loai thu dong, né cé bo phan kiém tra, cho phép tu
dong didu chinh bién do va do lech pha ciia moment giam lic dugc tao ra trén nguyén tac
nhu trong thung hd.

Su hoat dong hitu hiéu ctia h¢ thdng nay phy thude rat nhiéu vao bo phan kiém tra. So
v6i loai thu dong thi loai nay c6 phidu wu diém hon va ¢6 thé chon hop 1y nhing tinh chét
ctia moment giam lic phi hop véi cdc ty s& chu ky song va chu ky lic rieng cla tau, no ¢
thé hoat dong t6t trén séng ty nhién cling nhu khi tau chay nghiéng vé mat phia.

Nhugc diém co ban cha nd 1a két ciu phic tap, gid thanh cao va tiéu hao nang luong.
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Chuong 10
TINH QUAY TRG VA ON PINH HUONG

10.1. KHAI NIEM CHUNG

Tinh an 14 ctia tau 12 kha ning chuyén dong ctia 1au theo ¥ muén clia ngudi 1di. biéu
d6 c6 nghia 1 con tau phai c6 kha nang chuyén dong theo huéng thang, cling nhu phai ¢6
kha nang thuc hién cdc loai quay trd can thiét. Vi vay tinh dn ldi bao gém hai linh vuc
chinh, lién hé¢ mat thiét véi nhau 1a tinh én dinh hudng va tinh quay trd.

Tinh 6n dinh hudng 1a kha nang gif huong di clia tau di chon, ngugc véi tic dong cla
ngoai luc (nhu gié vi séng) c6 the 1am thay d6i hudng di. N6i mot cach khac tinh 6n dinh
hudng 13 kha nang giif hudng di clia tau trong moi diéu kién thdi tiét.

Pay 1a dac tinh clia 1at ¢a cic tau, thi€u dn dinh hudng thu ty 1éch hudng di va khé giir
huéng, gay ting sic can clia tau boi banh l4i phai nghiéng, téc do trung binh gidm va tang
lugng tiéu thy nhién li¢u.

Tinkh quay tr¢ 13 kha nang thay déi huéng di vé mot phia bat ky cla tau.

Qua dinh nghia trén, ta thdy tinh 6n dinh hudng va tinh quay trd 1a hai khai niém wong
phan. Mot con tau ¢6 tinh én dinh hudng t6t thi ¢6 tinh quay trd 161 va ngugc lai, tau cé tinh
quay tr& t8t thi tinh én dinh hudng s& kém di. Do d6 khi thiét k€ phai biét dung hoa mau
thufin, phai uu tién dic tinh ndo cdn thi€t hon déi véi con tau cn thit ké.

Tinh an 14 phu thudc rit nhiéu vao hinh ddng than tau nhat la phan dudi; phu thudc rat
nhiéu vao nhitng bo phan én dinh ¢6 dinh nhu ki hong, ki duoi ..., vao do 16n va s6 luong
chong chéng cling nhu vi tri dat chiing trén than tau. Tinh an lai thé hién trong qud trinh
thiét k€ 12 sy xdc dinh kich thudc, s6 lugng va vi tri banh lai sao cho pht hop véi hinh ding
con tau dé dat duoc nhimg tinh nang hang hai.

10.1.1. Tinh quay tré

Gia thiét ring con tau dang chuyén dong tinh tién theo duong thing, banh 1di dat & mat
phing dai xting duge quay vé man phdi clia tau mot géc nao do6 va dugc giit tai vi tri dé.
Dusi tac dung clia cac lyc xuat hién khi bdnh 1di nghiéng, tdu quay vong, trong tam cua tau
tao nén dudng cong, goi 12 dudng cong luon vong. N6i mét cich khdc, quy dao chuyén
dong clia trong tam tau, khi quay béanh ldi di mét géc o va gilf nguyén binh ldi O vi tri dé
goi 1a dudng quay vong clia tau.
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Thude do tinh lugn vong cha tau la tri s6 duong kinh lwon vong khi banh ldi & goc
nghiéng 16n nhat, khi t6c do tau |6n nhat.

Thude do thy hai 12 khoang céch giita huéng di chia tau ban ddu va vi tr trong tam clia nod
khi tau da thay d6i 180", khoang cich nay chiing ta goi ia dudng kinh quay vong di xdc lap.

L

Khi tau lvon vdng, mat phing déi xing clia tau khong con tiép tuyén véi duong cong
luon vong, nhung tao v6i n6 mot gée goi la gée dat cia tau ¢. Gée nay thuong tir 5 dén l6n
hon 10". Mii tau khi lugn vong luon ludn hudng vao bén trong dudng cong luon vong,
nguge lai dudi tau ndm ngoai dudng cong dad.

Tdc d6 cua tau khi lugn vong thay déi, phu thudge vio vi tri cha tau trén dudng cong luon
vong. Téc d6 nay bat ddu gidm khi mit phing d6i Ximg cia tu tiép tuyen véi dutmg cong lugn
vong, gidm t6c d6 nhicu trude khi vao giai doan Il va & giai doan 11, toc do giam it hon. Téc do
on dinh khi vao giai doan III. No6i chung sy gidm toc do phu thuée vao vio dudng kinh luon
vong véi chitu dai tau, tri s6 cha ti s6 ndy cang nhd thi do giam t6c d cang 1n.

{_ Dudng kinh xot lip guay vong

Hinh 10.1
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Chia dudng cong quay vong ra lam ba giai doan khong phéi vi hinh ddng dudng cong
nhung vi su phan bé va bién d6i céc lyc tic dung lén tau & moi giai doan khic nhau. Luc
tdc dung lén tau ching ta ¢ thé phan tich nhu sau: Trong giai doan thi nhat sau khi banh
lai nghiéng su phan bé cic luc tic dung lén tau va banh 14i, gy giam téc d6 va tau dat
ngang, nguge v6i chiéu quay l4i.

Trong giai doan thit hai dic biét xuat hién céc luc mdi cung chiéu va nguge chiéu
chuyén dong, nhimg luc ndy gay gidm tiép téc o va tau quay vong theo chiéu banh l4i.

Giai doan thit 3 céc luc phan bd nhu thé nio dé can bang, t6c do tau bay gid méi 6n
dinh.

Ching ta khao sdt cdc lyc xudt hién & mdi giai doan chuyén dong cta tau nhu sau:

Giai doan 1: Tir vi tri 0 gita (mat phing déi xumg) banh ldi nghieng mét géc a, cic
luc tac dung 1én tau nhu sau: Lyc ddy ciia chong chéng, luc can cla tau, luc nén cla nudc
[¢n bdnh ldi. (Hinh 10.2).

Hinh 10.2

D¢ don gian viéc phan tich, chiing ta gia thi€t diém lyc nén clia nuéc 1én banh 1di tring
v&i tam truc l4i tai diém B vd hudng clia luc nay Pg phdp tuyén voi mat phang béanh 14i.

Luc P, ¢6 hai thanh phan: Luc nang N, tic dung vuéng goc voi mat phing déi xing cta
thu va luc can R nim trong mat phang ddi xitng. Luc can cha banh 14i cung v6i luc can clia
tau R 1am giam toc do ctia tau. Lyc nang N 1am nghiéng mat phang déi xing cua tau so
véi hudng chuyén déng ban dau clia tau.

O vi tri trong tam cé hai lyc W' vd W" cling tri s6 nhung ngugc chiéu tac dung va bang
tri s6 luc nang Ng vuong géc mat phing doi ximg ctia tau.

Duéi anh hudng tac dung cla luc nang N giit thu sao cho Khi tic dung dong thoi luc
W" va Ny (chiing ta ki hiéu r 12 khoang céch tir trong taim G dén luc nang Ny), ngiu luc W"
va N tao ra mo men Ngr quay tau quanh tryc thang ding va di qua gan diing trong tam tau.
Luc W' c6 chiéu huéng lam tau dich chuyén ngang ngugc véi chiéu nghiéng cua banh lai,
do d6 c6 luc can ngang clia nudc. Tac dung cia luc Py va W' cling nhu mo men Ngr lam
giam toc do tau.
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Giai doan 2: Tau quay quanh tryc thang dimg va di qua trong tam tau G bai tac dung
ctia mé men Ngr va 1am thay d6i sy phan bd dp sust clia nude én than tau. Do quay, dp
sust phia trong miii tdu ting, nguoc lai 4p sudt phia trong dudi tau giam. Pong thai do tau
tién va sang ngang do luc ddy T va W', 4p suéit nuéc phia ngoai than tau tr mdi ve lai tang.
Vung tang ip suit mang dau (+) ving gidm mang dau (-), (Hinh 10.3).

Téng hop luc nudc tic dung Ién tau, ki hiéu R nghiéng so v6i mat phing ddi xing cia
tau mot géc o, chiing ta cé thé coi diém tic dung cha R 1a C.

{ r l k —m]
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Hinh 10.3

Chiing ta phan tich lyc R thanh hai thanh phén: lyc R, ndm trong mat phing ddi xing
va luc R, vudng géc vdi mat phang déi xing. Luc R, coi nhu lyc can nguoc véi luc T con
luc R, 1a luc can ngang.

Luc R, s& 16n hon luc cén truée khi quay (luc nay ki hiéu R trén hinh giai doan 1
hinh 10.2), luc nay ciing v6i lyc cdn banh 1di R, gay toc do tau ti€p tuc gidm.

Tai trong tam tau G ¢6 hai luc: U' va U" nguge chiéu tdc dung va cé tri 56 bang luc R,.
Bay gid c6 thé thay R, 1a U’ va ngiu Iuc R, va U" tao moment R, k cé tay don k. Luc U tac
dung ngugc véi luc W' ¢ xu hudng 1am thu dich chuyén ngang vao tam cia dudng cong
luon vong. Géc dat ¢ tang va luc R, tang bing véi luc U'; lyc nay thing lyc W' dén khi
dudng quay vong ddn ddn thanh hinh xoén &c.

T4c dung cha hai lyc R, va U" duge bi€u thi bang moment R,.k, phy thu¢c vao vi tri
diém C, cling chiéu hoic nguge chiéu véi su quay cla tu.

Piém C cang dich vé phia miii so vdi trong tam tau G, bay gio moment R .k cung tic
dung v4i moment N_.r 1am cho tau quay nhanh quanh truc thang ding. Trudng hop nay ta
néi tau an l4i t61. Néu diém C xa trong tam vé phia dusi, ciing phia moment R,k ngugc véi
chiéu quay lam cho tau khé quay vong.

Khi thiét k& tau khéng thé biét thuc t& diém C ndm & dau, tuy nhién trong thuc hanh chi
ré ring phdn 16n & cdc tau diém nay Khi bat dadu théi ky 11 cba lugn vong, ndm gifta mdi va
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trong tam tau G. Cang tang géc ¢ trong khi Iugn vong, diém C cing dich vé dudi sau trong
tam, diém C &n dinh trong chéc 14t, tau di vao giai doan III clia lugn vong.

Vay nhimg luc tac dyng trong giai doan II la: luc nudc tdc dung 1én banh 1ai P, luc can
R va lyc diy T, trong méi thdi di€ém chuyén dong cén bing vdi cdc luc quan tinh khéi
lugng cia tau (dinh luat d' Alambert). Nhimg luc quén tinh c6 thé duge biéu dién dudi ba
dang luc sau day:

1./ Nhitng luc ngugce tic dung lam giam t6¢ do ciia tau, tac dung theo dudng tiép tuyén
véi dudng cong luon vong cua tau.

2./ Luc ly tam, tidc dung nguge véi ban kinh gia tdc, tic dung theo phuong phdp tuyén
véi dudng cong lugn vong cia tau.

3./ Moment tdc dung nguge 1lam nhanh hoidc cham géc quay cha tau quanh truc thang
diing di qua trong tam G cha tau.

Giai doan 3: Lyc ddy cla chong chéng thuc t€ khong thay ddi trong qué trinh luon
vong. Luc can R, bit ddu tang dén thdi diém bét ddu lugn vong, gay gidm dan téc do tau dén
hic ma hue R, + R, lai can bing luc ddy T.

Nhu ching ta 33 biét, ¢ thoi diém, diém C diém dat cla luc can R dich vé duéi, do
moment R,.k (xem hinh 10.3) nguoc téc dung v6i moment N,.r. Khi tri s6 hai moment bang
nhau, di€ém C ngimg dich vé dusi va déng thdi xdc dinh duge gée dat ¢. Thai diém d6 cac
lye ciling nhu cadc moment tic dung lén tau bang nhau, tau bt diu chuyén dong vong tron
vé6i van téc khong ddi.

10.1.2. Ly thuyét banh lai

Chiing ta khao séat hién tuong dong nudc chdy vaoe banh 14di ma banh 14i duoc ché tao &
dang tdm c6 profil d6i xing nhw & hinh 10.4.

K1 hiéu trong hinh vé:

1 - Tdm khat trién = chiéu cao banh lai;

b - Chiéu dai tdm = chiéu dai banh 14i;

g - Chiéu ddy tdm = chiéu ddy banh l4i.

Néu tdm duge kéo dai that xa (khéng
gidi han tdm khai trién 1), dat dudi mot géc
o so véi hudng dong chdy cha chit 1ong li
tudng, hinh dang ddng chay nhu hinh 10.5.
Géc o gilta huéng tdc d6 dong chit long
chay vao véi truc déi xing cha tam, duge

goi la géc tan, mép A - mép dap; mép
B - mép thodt.

Hinh 10.4
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Hinh 10.5

Do doan dudng ma cédc phan tir nuée chdy qua tadm tir dau trén 1a dai hon doan dudng
ma cac phan tlr nudc chdy qua tdm tr ddu dudi, nén téc do dong dau trén 16n hon téc do
dong ddu dudi. Vi nguyén nhan dé, phan trén xudt hién viing dp sudt cao, phin dudi xuit
hién viing 4p suit thap. Hiéu s§ 4p sudt gy ra luc goi la luc nang tam, luc ndy vudng goc

v6i hudng t6c d6 cua dong chay dén.

Trudng hop tdm khai trién c6 gidi
han véi tri 86 1, hién tugng dé xuit hién
& dang hai khdc. Do hiéu s6 dp suit cua
mdt hdt va mat dap tdm, chat 1ong chay
tr ving 4p sudt cao sang ving ap sudt
thap, gay dong xody chat long & dau va
cudl tdm (hinh 10.6).

Dong chit long xung quanh diu tim
lam can bang 4p sudt ciing nhu lam giam
luc ning trén mot don vi chiéu dai so véi
tdm khong gi6i han. Déng thoi, dong chay
& dau tdm gay xudt hién téc do vudng goc
v6i toc do dong chay vao. Téc do tong
hop clia dong chay qua tdm c¢é gidi han,
gom téc do dong chay khong 161 V va toc
do vudng goc véi né la t6c d6 cam (ng
V,. Téc do téng hop V' nghiéng so véi toc
do V mot géc ¢, nguoc lai luc thuy dong
t6ng hop P s& vudng géc véi t6c do 16ng
hop (Hinh 10.7).

Téng hop luc P ¢6 thé chia thanh 2
luc thanh phan: lyc nang va luc can R,
goi 1a luc cdm tng.
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Thuc t€ luc P, tdc dong lén tam
trong chit léng thyc, khong vuong
goc vii hudng toc do, nhung nghiéng
do anh hudng luc nhét cha chat long.
Sau khi phan luc nay thanh har luc
thanh phdn: vuéng gdc véi hudng t6¢
do dong chay qua khong réi va song
song v6i nd, ching ta ¢6 lyc nang L

N a T -
va luc can thyc R (hinh 10.8).
- ~t L b -
Trudng hgp tdm gidi han, lyc can nay
e 1 Py il kd - - -
s& bang tong Iuc can cam Umg va lyc
can profil do sic can ma sat va suc
.

can 4p suat, do su tach 16p gidi han va
do hiéu ap sudt phdn trudc va sau cha

Hinh 10.8

profil.

Luc thuy dong P ciing ¢6 thé phan ra hai huéng khéc: Phap tuyén va ti€p tuyén vdi truc
déi xing cia profil.

Bay gi® ching ta c6 luc thinh phan: luc phdp tuyén N va ti€p tuyén T (hinh 10.9), tri 6
luc T thuémg khong 16n so véi luc N.

Giiia tri 56 luc thuy dong P va tri s§ cdc luc thanh phéan c6 hé thic sau day:

P=L2+R? = N2 +T? (10.1)
va _ N = Lcosa + Rsina (10.2)
T = - Lsinot + Reosa (10.3)

Tri s6 luc thuy dong P phu thudc vao kich thude tim, géc tan o, hinh ddng tam, 16c do

dong chiy dén V va dac tinh chat 1ong, lyc nang ciing giéng nhu luc thanh phdn cua nd,
chiing ta thuong biéu dién & dang khong thi nguyén, chia né cho ap suit dong % VZova

dién tich bé mat F (dién tich hinh chi€u tdm vao mat phang doi xtimg). Vdi cdch dé, ching
ta ¢6 hang loat cac hé s& khong thit nguyen, dugc goi la céc he s0 tuong \ing cac luc va biéu
dién bing cdc cong thic
X , P
1 - Hé s& luc thuy déng: Cp = (10.4)
2 v?F
2
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2 - He 56 lyc nang: C, = (10.5)
£ v
2
C , R
3 - Hé s6 lye can: Cp = (10.6)
P v
2
» . " N
4 - He 56 e phdp tuyén: Cy = (10.7)
- P v F
2
. . . T
S - He 6 luc tiép tuyén: Cr = (10.8)
g .V2F

M=Na=N—z—b | (10.9)

Cong thiic (10.9) thay luc phdp tuyén N tir cong thiic (10.7) va dat:

Cy = CNE (10.10)
Chiing ta c6 hé s6 moment Ci
Cp=™M (10.11)
P v

2

Gifra cdc hé s6 cling xuat hién nhing hé thirc luong dng véi cic luc:
Cr =y/CL +C} =C2 + c? (10.12)
Cyv=Clcosa + Cysing (10.13)

Cr=-Csina + Creosa (10.14)

Dé dat duoc diy di céc tinh chat cta tdm, cdn phai biét ba h¢ s6, thudng 1a ¢, Ce. Cy.

Tri $6 cdc he 56 phy thude vao profil tam, 1 va géc tén .
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Truong hop banh 14i thodt nudc
lam v6i dang tdm, bat budc tinh
theo cac cong thie, cach giai nhu
dd cho. Géc nghiéng banh l4i bing
vai géc 161 cua tdm, dién tich banh
ldi bang dién tich tdm. Téng hop
luc thuy dong P goi 13 luc nén 1én
banh I4i va ky hiéu 1a P,; Luc nang
L déi khi goi 12 lyc néi thuy déng
cua bdnh 14j.

Trudng hop banh ldi dang thodt
nude, ludn ludn ching fa cé thé
nhan duge luc nang 16n nhat L.

Hinh 10.9

Khi siic cin R nho nhat, tri s6 luc nang quyét dinh dén tinh quay ro clia tau, ngugc lat

lyc cén banh 141 lam tang sic can cha tau. C4c hé s6 C, va C, phu thudc vao profil banh I4i,

goc nghiéng va chiéu cao banh l4i.

5 20 25 30 35
Goc xoay banh Jai o (°)

Hinh 10.10

bai v6i profil banh 141 di chon véi chiéu cao di xdc dinh, nhimg hé sé d6 thay déi theo

gdc nghiéng banh [4i. Vi du dutmg biéu dién su thay déi he s6 C, va C,, déi véi profil banh
la1 nao d6 cé ty s6 b/l = 1 nhu hinh 10.10.
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Hinh 10.11

thi ndy mang tén la dé thi doc cuc.

xudt hién dong xody (hinh 10.12).
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M6t cich thé hién dac tinh profil nhu hinh 10.11. & hinh nay hé s6 C, va C,, 12 ham
ctia hé s6 C;, géc nghiéng bénh l4i tuong tng vdi tri s6 da danh dau trén dudng cong. Dé

Gdce nghiéng banh l4i tang, he s6 C, tang, suic can cla tau tang, nguoc lai hé sé C, tang
dén t0i da va sau d6 giam. D6 thi bién déi h¢ s6 C,_ nhu thé 12 do dong réi xuat hién sau khi
vugt qua géc tdn nao d6 (géc nghiéng banh l4i) dan dén su tach dong nudc khoi profil vi

Hinh 10.12



Cic he s6 C_, Ci, Cy, 1a nhilmg dai luong khong thit nguyén cho phép ta tinh cic luc va

moment thich hop d6i véi toc do nuéc bat ky va céc tri s& banh 14i theo diéu kién duy nhat
. . ... .b
14 gift dong dang hinh ddng tam va ty s6 —.

Truong hop khi ty so 1—2 cua banh li thiét k€ khic so va1 ty s0 ~1—'~ Chiing ta c6 the
2 |

c6 cic hé s6 theo banh 14i thiét k€ véi cdc cong thic sau day:

C, (b, b
Cy, = Cyy +—L—£—2———'1 (10.15)
n \1l, 1
C, (b b
o, =0, + 573 == —E - — (10.16)
T\l
C,=C,=C (10.17)
Cyz = Gy = G (10.18)

Khi thay déi chiéu cao banh ldi gay thay ddi tri 56 stc can cim Ung va tri s6 6c 6 cam
tng, tdc Ia thay d&i t&m phang khai trién 1.

Thi nghi¢m mot ty s6 n khdc nhau cho ta thdy ring: & géc nghiéng banh ldi nao do ma

tang chiéu cao bdnh 14i va giam chiéu dai banh 14i, nic 13 1am tang hé s6 C; hay tang luc

nang N, trong lic dién tich binh 14i khong thay doi.

10.1.3. Tinh toan banh 14i

a - Anh hudng hinh ddng banh ldi dén cong quay

Hinh bao tam banh i ¢6 dnh hudng khong nhiéu dén hoat dong cua banh lii, d6i véi
d6 giang da dinh. Khi goc tién t6i han thi hinh déng banh li dnh huong dén tam dp suat.
Hinh 10.13 thé hién anh hudng hinh ddng tdm banh lai dén tri s6 luc nang C,. Chiing ta goi
gdc 161 han o, 1a goc khi xuat hién su tach dong khoi profil.

C4 thé phan loai banh l4i theo:

- Hinh déng tdm tiic 12 hinh bao banh ldi;

- Ti&t dién vuong gée vdi chiéu cao wic 1a profil;

- Céch 1ap dat banh ldi vét tau va vi uri tryc Ldi.
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[/} 5 1;:' 5 2‘11 25 30 3:5 o o
Gat nghiéng banh lar [°]

Hinh 10.13

1 - Banh 14i mot tam ¢6 hinh chit nhat, thudmg thuong 12 banh ldi treo khong céan bang,
thudng 4p dung vdi tau song (sa lan).

5 - Bénh l4i treo thoat nudc hoic ¢6 g6i tua 1ap vao song dudi hodc than tau. Loai banh
141 nay can bang 1/3 hodc 1/4 chiéu dai tdim hodc ¢6 thé khong can bang (hinh 10.9).

3 - Bdnh l4i c6 hai phin, dang bénh l4i thodt nuéc, gém phén linh déng va phin co
dinh, goi la phan dan hudng.

Trong nhém nay ching ta cé thé k€ cic loai banh 1di nhu sau:

- Bdnh lai Oertz (hinh 10.14)
- Banh 14i Secbeck (hinh 10.15)
- Banh 14i k&t hgp Oertz - Secbeck (hinh 10.16)
- Bdnh lai Fletner (hinh 10.17)

Hinh 10.14 Hinh 10.15
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Hinh 10.16 Hinh 10.17

Binh lai Fletner dac biet 4p dung cho cdc tau & ving hay c6 bio. Tac dung clia séng
lam cho tam & bdnh l4i cir dong nhu thiét bi tang tinh 6n dinh (stabilizator). Banh l4i
Fletner ¢6 thé quay 180", ¢6 loi cho viéc chay lui.

b - Chon dién tich banh ldi

Tr1 s6 dién tich banh 14 1a tri s6 dac tnimg cho banh 14di cla mot con tau nao dé. Xic
dinh dién tich banh ldi bang cach so sdnh védi cdc tau déng dang c6 tinh quay trd t6t. Tri s
dién tich 14y ¢ bang 10.1, nhu 1a s6 phan tram dién tich tiét dién doc tiu cta phdn ngam
nude % LT doi véi timg loai tau.

Dién tich banh li tinh % LT

Bang 10.1
Tau bién Tau séng
Loai tau % LT Loai tau % LT
Tau mét chong chéng 1.6+19 Tau khach 40-+80
Tau hai chong chéng 1.5+21 Tau hang 30+7,0
Tau hai chong chiéng, hai banh lai 2.1 Tau kéo 6,5+ 13,0
Tau dau 1,3+1.9 Salan 45+70
Tau khach chay nhanh (Vién Duang} 12+17 Ponton 8,0 hoac hon
Tau khach chay nhanh {nhd) 1,8+2,0 Xudng may 40+5,0
Tau ven bign 23-33 Tau kéo 3.0-:60
Tau co tinh quay trd dac biét 20+4,0 Thuyén buém 20+30
Tau danh ca 25+55 Tau hoa tiéu 2,5+-40
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Trong bang trén, tri s6 gidi han dudi tuong (ing véi nhimg tau 16n chay nhanh, gidi han
trén 4p dung cho nhing tau nho va chay cham hon. Banh 1di ¢6 profil thoit nudc co dién
tich nhé hon banh 1ai tam phéng.

¢ - Chon d¢ giang banh ldi A= hil (R/A)

Trong tinh todn banh 14i vin dé thiét thuc la chon do giang A ciia banh 14 vi d6 giang
c6 anh huong dén hiéu qua hoat dong cia bdnh ldi. N6i chung, bénh 14i ¢6 thé cao va ngin
ma dién tich cling nhu géc nghiéng khong déi.

Do giang A phu thudc vie luc nang va dac biét 1a luc can R nhung khong phu thude vao
vi tri tam ap sudt (khoang cdch tir mép trude banh 1di dén tam dp suat e).

Khi ting géc tan o tr O dén «, luc nang L tang ty 1€, khi dat o, luc nang gidm rat
nhanh. Ngugc lai, luc can R, khi dén o, tang cham vi khi dat o, R tang nhanh. Con tam 4p
suit sau khi dat o, dich nhanh vé phia sau, dén tri s6 e = 0,41 khi « = 90°, d6i véi profil
NACA.

d - Chon profil
Hi¢n nay dung banh di ¢6 ty s6 % trung binh (ty s§ gifta chiéu rong va chiéu ddy binh

lai) 1a 0,012 - 0,018, thong thudmg nhat 13 profil déi xing, séri NACA hoac Gottingen 539.
D¢ day trung binh ctia profil, tri s6 ctia hé s luc nang C, va luc can C; 1A cao nhal (trong
ki hi¢u NACA 0012 - 0018, hai chi s6 ddu bang khong 1a profil déi ximg TT =0 va % =0

nhung % = 06 dén 18 bi€u thi do thodt nudc cha profil Ivc nang banh Mi & géc nghiéng
ndo dé cang 16n khi ti s6 chiéu cao 1 va chiéu rong ciing I6n. Vi vay ching ta c¢6 thé dung
banh ldi ¢6 chiéu cao cao va chiéu rong 16n.

Luc nang thay d6i theo géc nghiéng banh 14i v ti & nghich khi thay d6i dudng kinh
lugn vong. Luc ndng thudng dat tri s6 max khi banh 131 & 30 + 35", phu thude profil banh
la1, khi géce bianh 141 16n hon tri s6 d6, lyc nang giam, gidm tri s6 C,. Vi vay thudng ngudi ta
coi gbc 16n nhat 1a 35"

Moment lii, thudng duge chon sao cho sau 13" ¢6 thé dat géc l4i o, hodc trong thoi

gian 30" bdnh ldi quay tir man nay sang man kia.
10.1.4. Tinh lue va moment tac dung coa banh lai

Dé xdc dinh cong suat mdy 14i, ching ta phai biét tri s6 moment cin thiét dé quay banh
ld1. Moment nay, ching ta tinh ddi véi tam truc 14i, 1ir vi tri truc 14i so véi diém dat luc thuy

dong (tam 4p luc).
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My = M - Ne; (10.19)
trong d6: M,, - Moment truc 1di (kGmy);

M - Moment barh 141 do1 véi mép dap (kGm)

N - Luc phdp tuyén lén banh lai (kG);

¢ - Khoang cich tir truc quay bdnh ldi dén mép dap (m).

DéE giam tri s6 moment noi truc 14i, phai chon khoang céch 1 thich hop. Phu thude vio
truc 1di, ngudi ta chia ra:

Hinh 10.18

1 - Bénh lai khong can bang hoac can bang (hinh 10.18a) khi truc 1di & gitta mép trudc
voi tdm dp luc nuGe A trén banh l4i,

2 - Banh lat can bang (hinh 10. 18b) khi tam dp luc nudc A tring tai truc 14i, moment
N.1 trong truong hop nay bing moment banh 14i M, vay M, = 0.

3 - Banh lai can bing (hinh 10.18c) khi tam &p luc nuéc A & gidta truc quay 0 vd mép
trude, moment N s& 16n hon moment binh 1di M, do d6 moment truc l4i M,, < 0. Bay gid
banh 1di c6 xu huéng cudp ldi (su nghiéng) va phai giif banh 14i & gifta dé ¢6 moment ngugc
lai, loai banh 14i (hinh 19.18c¢) rat it d4p dung.

Can luu y, tam dp lyc nude khong c8 dinh, né thay déi, dich vé mép khi goc banh ldi
Ién. Khoang cédch ¢ tir truc dén mép trude thudng khong qud 25 - 30 % chiéu cao banh 14i.

Tinh todn banh lai theo cdch sau day:

L. Di¢n tich bdnh ldi duoc chon phu thude vao céc dai luong cla tau, ding h¢ s6 cho &
bang 10.1.
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2. Chon cdc kich thudc binh lai theo nhimg diéu kién ving tau chay, banh 14i cao va
ngan cho lyc nang 16n khi cing géc nghiéng banh 14i.
3. Chon profil banh 14i, dung bang profil miu Gotingen hodc NACA.

4. Khi da chon profil, ching ta dugc cac hé s6 C., Cy, Cy d0i vdi timg géc nghiéng
banh lai.

5. Khi ty so L:— ciia banh i thi€t k& khdc vdi ty s6 da cho ching ta tinh chuyén tri 50
C,, v a theo cdc cong thic (10.15) va (10.16) déi vai m6i goc nghiéng banh laL

6. Tinh tuc nén cla nudc ién binh lai bing cong thire (10.4)

Trong d6 phi hop véi cong thic (10.12)

Cp = Ci +Ci

Thuc hién phép tinh khia =0 dén géc oo ma khi d6 C, dattri 6 161 da.

7. Tinh moment banh 14i déi véi mép dap theo cong thac (10.11).
M=C, 2 Vv'F.b
2
8. Moment d6i v&i truc quay banh ldi dugc tinh theo cong thitc ((10.19).

M=M-N.e

Trong d6 luc ti€p tuyén N da ¢6 trong cong thitc (10.17).
N=Cy 2 ViF
2

Ngugc lai h¢ s6 C,_ tinh tir cong thuc (10.13).
Cy = C cosa + Cpsina

Tinh moment M, véi nhitng tri s6 ¢ khdc nhau M, = f(e) 1y trong gidi han (0.25 - 0,3)l.
chiing ta x4c dinh vi tri tryc 1di phu thudc vao nhiing diéu kién dat ra:
a. Dat moment banh nhoé nhat hoac,

b. Dat cong quay banh li tir man nay sang man kia nho nhat.
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+ Mg

Hinh 10.19

Truong hop b, chiing ta can vé do thi moment Mg 12 ham cia g6c nghiéng banh 14i
M; = f(e) lan lugt céc tri s§ ¢, va tinh duge dién tich bé mit gidi han bai dudng cong, truc
hodnh va truc tung ma C_ dat tri s6 t6i da (diém bét ddu tich dong khai profil). Chiing ta
xac dinh v tri truc [4i sao cho khoang cach tir truc [di d€n cho mép dap dién tich tinh todn
¢d s6 nho nhat.

10.1.5. Tinh lii tay

Vin dé tinh todn 14i tay it thiét thuc vi rat it phuong tién thuy dung l4i tay. Khi tinh 14i tay,
gia sir luc tay tac dung lén vong tay i (vo lang) thong thudng nhat [ 15 - 20 ke.

. rF o

= 10.20
180.n.R, ( )

L1

F; -Luc tay (kG);
r, - Ban kinh secteur ldi;
F, - Luc kéo day lai (kG);
" n - 56 vong quay vo lang lai;
R, - Ban kinh v6 lang l4i.
Néu néi ca hé 14i, chuyén dong giifa vong tay I4i (v6 ling 14i) vdi vong cudn xich thi

hi¢u sufit h = 0,95 trén méi cap banh rang. S& vong quay vong tay ldi dé banh 14i tir vi tri
khong sang man thi phdi 8 - 12 vong.

10.1.6. Tinh dudng kinh truc l4i
Tinh dudng kinh truc 14i phu thudc viio nhitng yéu cdu cta Dang kiém, néi chung di c6

trong Quy pham. D6i v6i tau bién chiing ta c6 thé tinh dudng kinh theo cong thifc:
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d, = 0.46 i/ S.i.v, (1021)

trong dé: S - Dién tich banh 141 (m®);
i - Khoang céch tir tam dp luc nudc dén tam truc Idi (e - a) {cm);
v, - Téc do tinh bang hai li/h;

d, - Pudng kinh truc 1d1 (cm).

Bang 10.2
L 40 60 80 105 130 155
A 10 10,5 11 11,5 12 12,5

10.1.7. Anh hudng ma sat trong cac goi doi véi moment may lai
Moment mdy lai phai thing moment thuy déng trén binh li va moment luc ma sat
trong hé banh i treo. Moment lyc ma sit ty 1& v6i phan luc cla gdi ciing nhur bdn kinh tryc

14i, chang ta c6 thé viet:

M. = f T (10.22)

f - Hé so ma sat = 0,15;
r, - Bén kinh truc 141 trong cdc goi, (m);
Q. - Phin luc cua goi (kG).
Cé thé tinh phan lc theo so dd hé 141, ¢6 thé xem tryc 14i nhu thanh ciing hoac dan hoi.

Luc tic dung 1én thanh (truc 14i) 12 tong hop luc

P=%VZS.JC£+C,2{ ¢10.23)

Vay trong thuc 1€ mdy ldi phai thing moment:

M..=M +M,, (10.24)

Dau cua moment M__ 14y dau (+) khi quay tir mat phang doi xtng sang man, va diu (-)
khi quay tir man vé mat phang déi xing (hinh 10.19).
D61 v6i banh 14i can bang, véi géc nghiéng banh lai o nho, tam ap luc dat trudc truc lal

(hinh 10.18).
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A I
+ My M|
Mg
My
“ =, o

M x |
- Mw‘

— Mg Hinh 10.20 Hinh 20.21

Khi o tang dén o, thi Mg = 0 vh sau d6 khi o > a, thi Mg > 0. Khi khong ¢6 ma sét
nghia 12 banh 14i tr do dat trong dong chay goc a,. Vi c6 ma sdt trong céc goi do vay goc
ndy sé trong gi6i han o', dén «”, (Hinh 10.22).

Daéi véi chuyén dong 10i trong tinh todn giam téc do

(Ms + Mms) max i < (M\ + Mms) max Hén “025)

C6 nhiing cong thic kinh nghiém dé xdc dinh moment mdy 14i nhung do chinh xdc kém.

Hinh 10.22




Vi du tinh toan:
Vidu 10.1.
Tinh luc phép tuyén va moment banh lai d6i véi dién tich banh ldi F = 5,67 m va chieu

cao banh 14 h = 3,24m. Profil banh 14i NACA 0015 géc nghiéng banh ldi o = 16", Toc do
cua tau v =987 7 m/s.

Bai giai:

D6 giang cha banh lai:

trong dé: b - Chiéu rong banh l4i,
| - Chiéu cao banh l4i
Khi o = 16°, hé 56 luc nang C; = 1,19
Chiing ta tinh chuyén o va Cy theo diéu kién thuc t€ theo cong thiic (10.115) va (10.16).

o, = o= 16"

o, =a,+573 =% N
n \hy, A

al—a2+57,3c—" 11
T \Ay A

o, = 8" khi d¢ giang A, =6

dodoé: C,=0061; C,, =0,15; C;, =0,037
Cp, = 0,081

Theo cong thitc (10.13) chiing ta tinh hé s6 khong thit nguyén luc phép tuyen:
C, = C cosa + Csina

= Cy=0,61.091+0,081.0,276

= Cy = 0,6084
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Luc phép tuyén theo cong thie (10.17)

N=Cy2vF
2

p = 104 kGs*/m*

N = 0,6084 . 97,5 .52 .5,67 =17500 kG.
Moment banh 14i theo cong thic (10.11)

M=C, -‘23 v’F.b

F

Chiéu rong banh ldi b = T

Vidu10.2

Tinh moment bénh 14i nhé nhét khéng dé ¥ huc ma sat & cic goi dd. Do giang A

M=0,15.97,5.52.567.1,75=7550kGm

5.67

=__—=175m
3,24

2

2o,
F

dién tich banh 1ai F = 2,6 m?, profil NACA 0015, géc nghiéng bdnh lai tlr 0° dén 30", t6c do

cua tau v = 3my/s.
Bai gidi:
Dién tich banh lai

Ta c6:

F=26m’

2
A=
F

Vay kich thuée banh Jai:

Chiing ta tinh lyc phdp tuyén trong khodng cic géc o = &

1=2,28m

b=1,14m

=20-512=28=52m"

'~ 22,5°vado giang A =2

Bang 10.3
o’ C, CR| CR2 o’ Cu Cu N elb
8° 0,61 0,037 0,078 11,70° 0,15 06124 2070 0,245
12° 0,51 0,059 0,147 17.51° 0,225 09142 3080 0,246
16° 1,19 0,088 0,248 23,22° 0,30 1,192 4030 0,251
20° 1,40 0,140 0,348 28,50° 0,38 1,402 4740 0,254
22.5° 1,53 0,200 0,448 31,78° 0,38 1,535 5180 0,2475
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Theo cong thitc (10.13)

C, = Ccosa + Gpsinct

Luc phép tuyén theo cong thiic (10.7)
P
N=Cxs v’F

Khoang cach tinh tit mép trude cla banh l4i dén tam ap luc nude:

Vi trf truc 141 tinh tir mép trudc banh lai
a/b ching ta gia thi€t 1an luot trong gi6i han tir 0 - 0,35 ciéch nhau 0,05
Moment truc 14i theo cong thic:

M, = Nfe - a)
Bang 10.4
LM, 460 342 223,8 105.,6 12,44 -130,5 2485 o° j
A 0,057 0,114 0,171 0,228 0,285 0,342 0,399 11,7°
e-a 0,222 0,165 0,108 0,051 -0,0086 -0,063 -0,120
M, 691 514 338 +162,5 -13,9 -190 -366 17,51°
e-a 0,2235 0,1865 0,1095 0,0525 -0,0045 -0,0615 -0,1185

M, 924 693 483 2335 40,3 -2255 -456 23.22°
e-a 0,229 0,172 0,115 0,058 +0,001 -0,056 -0,113
My 1100 830 560 289 19 -251 -522 28,50°
r e-a 0,232 0,175 0,118 0,061 0,004 -0,0583 -0,110
\7 My 1165 870 575 280 -15,15 3 606 31,78°
| e-8 0,225 0,168 0,111 0,054 -0,003 -0,060 -0,117 B

K&t qua dua lén dé thi hinh (10.23). Tir dé thi cho thdy céc luc thuy dong can bang
hoan toan khi banh ldi cé a = 0,25 | tinh tlr mép trudc cta banh l4i.

Vidu 10.3:

Tinh cong nho nhat tic dung kén banh 14i, diang céc s6 lien & vidu 10.2.

Bai giai:

Gia thi€t a/b = 0,15 dén 0,30

Tinh moment trén banh 1ai M,

96



Ké&t quéa dua lén dé thi (hinh 10.23) ching ta do dién tich mét phang gidi han boi duong
cong moment, truc hoanh va truc tung tai diém o tGi han.

Tri s6 dién tich dua lén dd thi ham cua a (hinh 10.24). Cyc tidu cla dudng cong xdc
dinh vi tri truc 14i ma tai d6 c6 gid tri cong nho nhat.

Bang 10.5
a® N M Na M, Na My Na My Na M,
14,7¢ 2070 578 354 224 472 106 580 -12 708 -130
27.51° 3080 866 528 338 705 101 880 -14 1057 -191
23,22° 4030 1162 690 472 920 242 1150 12 1380 -218
28,507 4740 1370 810 560 1080 250 1350 20 1620 -250
31.78° 5180 1464 886 578 1182 282 1470 -14 1770 -306
a=0171 a=0,228 a=0,285 a=0,342

foriloms —— | B
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Vidu 104

Trén co sd nhimg thong s6 da cho va cich 1ap rdp banh l4i vio thu nhu & (hinh 10.22)
xdc dinh phan ltc tai cdc g6i va cong sudt may lai.

Cho biét: Chiéu dai giita hai dudng vudng géc Ly, = 92.65 m. chiéu réng B = 14,25m,
chicu chim T = 6,12 m, hé s& béo thé tich & = 0,713, luong chiém nude D = 5980 T, t3¢ do tau
v = 15,8 hai li/giv, v = 8,14 m/s, cong suat N, = 1750 cv, dudng kinh chong chéng D, = 4,35 m,
luc day cha chong chéng T = 15200 kG.

Bai giai

1. Chiing ta chon mét banh 141 ¢6 dudng bao la hinh chit nhat

2. Dién tich banh l41 1ay theo bang 10.1: (1.6 - 1,9% LT

Ching 1a lay: S=18LT=1025m’

S=1b=5.2,05

12
Do giang binh it % = — = % = 2,44

3. Profil banh 14i NACA 0015, chiéu diy t6i da:
g ={,15b = 307 mm
4. Hé s6 luc thuy dong tinh chuyén nh cdc cong thiic (10.15) va (10.16)

Bang 10.6
@’ Co Cry Cro ay’ Cu Cw
8¢ 0.61 0,037 0,0658 10,70° 0,15 0,612
12¢ 0,81 0,059 0,1231 16,04 0225 0,913
16° 1,19 0,098 0,2076 21,28"° 0,30 1,192
20° 1,40 0,140 0,2915 26,22° 0,36 . 1.402
22.5° 1,53 0,200 0,3810 29,28° 0,38 1,534
24° 1,2 0,279 0,3904 29,32 0,36 1,237
5. Vi tri truc 1di (bdnh ldi can bang). Moment l4i c¢6 thé nho nhat
Bang 10.7
o 8° 12° 167 20° 22.5° 29°
e/b 0,245 0,247 0,252 0,257 0,248 0,282
af 0,25 0,20 0,25 0,25 0,25 0,25
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Do tam 4p suit xoay quanh méc du khong anh hudng nhiéu dén o, = 22,5°, trong diéu
kicn thuc 1€ o, = 29,22°, vi vay ching ta thita nhin a<e, a = 0,25b = 0.,512m
6. Moment truc l4i, t6c do déng nudc qua bénh 14i hoi khac hon tde dé tau.

a) Hé s6 dong theo:

v

W= 0165.5.,]— =0,24
D

b) Toc do dong nude dén chong chong
v, =v(l - w)=15,8.0,515.0,76 = 6,18 m/s
¢) He s6 tai trong cta chong chong:

AT 2.4.15200
104.38,2.18,9

p= = 0975

Evanz_
) P [dy

d) Toc do dong theo sau chong chong:

Vo = VYp Jl+p - Vo

v, = 6,18. 1+0,975 - 6,18 =252m/s
e) Toc do téng hop cia dong nude qua binh lai:

V=V, tV,

Vy =V, 1/1+p =6,1%8.1,406 =8,7m/s
Moment truc 1ai dGi véi a = 24"
Moment déi véi mép trudc cia banh lai:

M = C,, 2v?E.b

2

Moment truc Jai tir cong thite (10.19):

M, = N(e-a)

N=Cy2viFb
2

Luc phép tuyén: N =C,.5275,6.10,25=C, . 40302 = 4980 kG
M = C,, . 4030 . 2,05 = C, . 8250 = 2970 kGm
M, =N. 0,086 = 428 kGm
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7. Phan luc g6i d& lip banh 14i nhu & hinh 10. 25.
a) Khoang cdch tam 4p suat noi banh 14i tinh tir mép trén bdnh 141, ching ta col nhu
trong tam cua bé mat.
m=25m
Gia thiét ring tai day luc phdp tuyén N tap trung, chiing ta tinh phan tuc gol.
b) Phéan luc goi d&:

Q, =N.33’—15-=4480kG

¥

Q, =N.%5-=96001<G

7

¢) Moment cia huc ma sét theo cong thac (10.22):

M, =f(Q, 1)
trong do: r,=d/2
T
Ban kinh truc lai & gbc theo cong thic (10.21)
sy
d=02.38.i.v? "‘[
L
ﬂ‘d 205 _] "=
d=02.3102586.860 =02.422 1 gt
la.512 Y
d =844 cm |
ol g
M, = 0.15 . 14080 . 0,0422 = 892 kGm =]
M, = 892 kGm ' 1
8. Moment mady lai c6 dé ¥ lyc ma sat: =k
Mm:iy = Ml! + me . QI
M., = 428 + 892 = 1320 kGm -, 0
9. Cong suat mdy lai: Q2 o | I
MI"I'I u’ma‘n 2
Nmei)«'}:ii = — L max :':'
: 75.180.1m,,b
- |
N
1320.30.
Mméyl:ii = 0.7 = 9976CV
75.180.0,46.2,05
Hinh 10.25
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1 - Hiéu suét chung clia mdy 14i lién két ca he 11
n = 0,46 + 0,50
Vidul0S5

Tinh moment truc 14i ¢6 dé ¥ dén phan luc cdc g6i; Banh l4i c6 profil NACA 0015, géc
nghiéng banh 14i o = 41°, 16¢ do tau v, = 30 héi 1{/gid, kich thudc banh 14i & hinh 10.26.

Bai gidi:

Dién tich banh lai: F=(b, +b,).1=9825m’
a ar = Fl
Hg s0 cin bang k = T = 0,246

b6 giang khidong hoc A =1,21
Moment banh l4i:

|
T -3
M =CM%VZ.F.b

2,60
2,60

Cy=0,38 1 §
M=C,.52.237,77.9,825.2,85 N

=C,,.346217,85 3,00
M = 131562 kGm

Khoéang cdch tir tim 4p sudt nudc [ [
dén mép trudc cua banh 14 e O, —

110
|

345

e=%~—'—.b=0,708m \
L Hinh 10.26
Luc phép tuyén N = 186500 kG
Moment truc 1di M = N(e - a)
M =N.0,008 = 1494 kGm

Phén luc tai cdc goi: Khodng cdch tir tam 4p luc nuGc dén mép trén cha banh lai m.

Chiing ta 1y trong tam cua bé mat banh l4i.
__1b+2b, 345 84

= .—=1695m
3 b, +b, 3 57

n=26+11+m=539m

Gia thi€t rang, & di€ém dé6 tap trung luc phdp tuyén N, tinh phan luc cic goi:
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n—(1,1+m)

Q, = NI 186500.2,795KG
L1+m
Q, = N.——— = 360000 kG
27 Ll4m

Moment luc ma st M, =1(Q, 1)

r.=

1

=0,1.5.1.v*=103cm

0|

r,=0,103m

M. = 0,15 . (173500 + 360000) . 0,103 = 8240 kGm
Toan bo moment tic dung 1én banh l4i

Mméy = M+ M,

M,y = 1494 + 8240 = 9734 kGm

Néu muén biét moment trong khoang géc nghiéng o, chiing ta tinh moment cho timg
géc nghiéng va mang két qua lén d6 thi nhu & muc 9.3.8.

10.1.8. C4c yéu t6 anh hudng dén tinh quay vong

Cic yé&u t8 quan trong nhat anh huong dén tinh quay vong cua tau la:

- Thoi gian banh 14i quay tir vi tri gilta sang man;

- Ty s6 4p lyc nuée 1én banh 14i;

- Hinh ddng phin ngam nudc cia than tau;

- Moment quén tinh cda tau d6i véi truc quay thang dimg di qua trong tam tau.

Lan luot phan tich cdc y€u t6 d6:

1. Khi tinh todn cong suat may l4i, thudng ching ta dat: Théi gian quay ldi tir man nay
qua man kia 1 30". Bdnh l4i tir gita quay sang man 15" va tic thi tau bit ddu quay. Banh
14 tir giita quay sang man cham la mdy l4i tay, 4nh hudng dén dudng kinh quay vong xéc
lap 16n.

2. Ap luc nuéc 1én bénh l4i phu thude vao bé mat va hinh ddng banh l4i, géc nghiéng
banh 14i so véi vi trf 0, ca téc do ddng nude chdy trén banh 14i.

3. Hinh ding phan dudi nuéc cla tau anh huéng dén su phan bé dp luc nudc 1én vO tau
téc 12 vi tri diém C (hinh 10.3). Hinh dédng ¢4 4nh hudng co ban dén kha nang quay tr¢ cia
. Du6i vét va sudn dudi luon tron, déng thdi miii nhon lam diém C dich vé miii. Dang
tau nay nhu tau chién va tau phéng ngu 1oi.
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4. Tri s6 momet quin tinh cia vat thé quyét dinh kha nang chuyén dong quay cla
vit thé.

Tau c6é moment qudn tinh 1én d6i véi tryc ding di qua trong tdm G rat khé quay quanh
truc hon 13 moment quan tinh nhd. Vi vay khi thiét k€ tau khong nén dt trong lugng ning
ra 2 déu, bdi vi luon luon gay ting thoi gian quay trd. Tau quay tré nhanh ¢6 moment quédn
tinh nhé nhu tau kéo.

10.1.9. Tinh duéng kinh quay vong tau

Tinh toén luon vong dua trén sy x4c dinh tri s6 dudng kinh quay vong. C6 nhiéu yéu 16
anh huéng dén tri s6 dudng kinh quay vong, khong thé phan tich, tinh todn chinh xdc duge.
Do dé khi tau duge déng xong, dudng kinh luon vong duge xdc dinh thong qua viée thur
tau.

Diing cong thic sau day d€ xac dinh gén ding dudmg kinh huon vong tau van tai:
D=2.—.— (10.26)

D - Duong kinh lugn vong (m);

V - Thé tich ngam nudc (m’);

F - Dién tich banh 14i (m?);

k, - Hé sd 14y tir do thi trén hinh 10.6;
k, - He s6 14y tix d6 thi trén hinh 10.7.

He 56 k, 12 ham ca V/oL.

o - Dién tich ngam trong nudc clia mat phang d6i ximg. Hé sd k, Ja ham cha géc
nghiéng banh 141 o, khoang bién déi va tri s6 ciia 2 he s6 dugc xdc dinh trén co sG cic tau
di thir.

Cong thic trén chua ké dén sy anh hudng clia tdc do dén dudng kinh lugn vong. Nhung
vi khi t6c 46 ting thi dudng kinh tang it, do d6 d6i véi tau chay tri s6 dudng kinh tinh theo
cong thifc trén 12 hoi nho.

Tri s6 g6c dat @ gan ding:
D L
— . ¢ =— 10.27
> o 2 ( )
Do dé: »~ L
D
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Ky
1,25

100

Kz

125

\ o

075 \ /
aso ¥ 0,50 /
0,25 0,25
i} 0
685 0075 010 u.rzsvo,:u 0 10 20 3 40
GL a{°3
Hinh 10.27

Vidu 10.6

Tinh dudng kinh quay vong ctia tau hang roi, cho biét thé tich ngam nude V = 15500 m’,
chiéu dai L = 142m, chiéu chim T = 8,34 m, dién tich banh l4i F = 24 m?, géc nghiéng 16n
nhat cla banh 14i « = 35°.

Bai gidi

Dién tich mat udt ciia phan mat phing ddi xing

6~09LT=09.142.8,34=1067 m’

He s6 V/o.L = 15500/1067 . 142 = 0,109
He s6 k, tir do thi & (hinh 9.27) k, = 0,44
He s6 k, tir d6 thi & (hinh 9.27) k, = 1,03
Pudng kinh quay vong D = 2 . k//k, . V/F=2.0,44/1,03 . 15500/24 = 553m

Puong kinh quay

vong thudng gap nhiéu lan chiéu dai tau, thudng théy cdc tri s6 sau

day doi v&i mot s6 tau khdc nhau:
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Bang 10.8

S6 Cac joai tau bDa.
1 Tau khach chay nhanh 5+65
2 Tau hang 35+8
3 Tau déu 35+6
4 Tau kéo 1,5+3
5 Tau chuyén tuyén 3+4
6 Tau chién, khu true ham , 3:4
7 Tau phdng ngu 18i 6+75

10.1.10. Tau nghiéng khi lugn vong

Bénh ldi tir mat phéng di xing ma nghiéng thi khong nhiing 1am cho tau quay vong
ma gdy tau nghiéng va chii. Hién tuong nay xudt hién lam cho diém dat luc nén lén bénh
14i P, ciing nhv lyc can R & nhilmg mit phing ngang khac nhau.

Tau chii khi quay vong thudng 1a nhé, dac biét d6i v6i nhimg tau 16n, khéng c6 ¥
nghia thuc t€. Nguoc lai, thu nghiéng khi Iuon vong c6 thé dat dén tri s nguy hai, tham chi
khéng an toan cho tau.

Chiing ta phén tich lc nén 1én banh 14i P, ra 2 thanh phén:

Luc can R, tic dung trong mat phang d6i xing chia tau vi lyc N, vuong géc v6i mit
phéng dé, luc ndng N, lam dich chuyén tau sang ngang ngugc vdi luc can R cha nude
(Hinh 10.3).

Trong nhi€u trudng hop diém dat lyc nén lén bdnh lai P, nim dudi diém dat luc céan
téng hop cia nuée R. Do d6 sau khi banh 14 nghiéng, 14p tic xudt hiér ngiu lyc N, va R,
lam tau nghiéng theo huéng banh 14i (Hinh 10.3). Tau nghiéng nhu vay thudng déi véi
nhiing tau chay nhanh, tau phéng ngu 16i, khu truc ham loai nhe, néi chung 13 khong 16n.

Khi tau vao giai doan II, xu4t hién them luc ly tam ma diém dat Iuc tai trong tam G, luc
ly tdm gdy nén moment nghiéng bing moment hoi phuc cta tan. Dudi 4nh hudng cda
moment tau nghiéng phia ngoai clia dudng cong luogn vong (Hinh 10.1).

Khi dutng cong quay vong gén dudng tron, luc ly tam tang len, géc nghiéng tau ting,
khi dat tri s6 khang ddi 12 thoi di€m tau vao giai doan III.

Moment do luc néng clia banh l4i tic dung nguge véi s nghiéng clia tau & giai doan
luon vong II va I Truomg hop banh 14i vé khong nhanh, moment nay mét dot ngot, gay
tang goc nghiéng, cong them tic dong cha séng hoac chong chanh, g6c nghiéng nay ting
déng k€, thu c6 thé bj 1at, mat an toan 1at tau cang nhiéu khi tinh én dinh cta tu cang nhé.
Dé gidm sy nghieng qu4 mitc dac biét d6i v6i tau nhanh, nén quay vong tix tir.
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10.1.11. Thir quay vong

Muc dich xem xét kh nang quay (ré¥ ctia tu, chiing ta thir quay vong trudc khi tau di
khai thac. Viéc thit nay cho phép vé duong cong luon vong va xé4c dinh tri 50 lugn vong.
D6i vl thu van tai chiing ta thudng thir khi tau khong c6 hang (c6 nudc din) va ddy tai vGi
mot s6 téc do va khi banh 18i & vi tri géc nghiéng 16n nhat.

Trong nhiéu cach ti€n hanh thit quay vong, tim hiéu 2 phuong phép sau day:

Cich b bién thodng chi€c tau kéo hosic phuong tién khac phu trg va neo & nudc sau co
cot cao d€ 1am diém ngam (tiéu). Tau thit lugn vong tién gén tau neo véi huéng di chuyén
khong déi va cach tau kéo mot khoang cdch bing dudng kinh lugn vong cho phép. O mii
va l4i ¢6 2 ngudi quan sit cd thiét bi do, ngdm, khodng céch gilta 2 ngudi phai duge xic
dinh va khong thay d6i trong thoi gian thit. Khi tau tién gdn phuong tién neo, ching ta cho
banh 14i nghiéng véi géc yéu céu, do d6 tu quay quanh phuong tién neo (Hinh 10.30).
Trong nhig khoang thdi gian bang nhau (ching han 30") cic quan sét vién nhin tiéu diém
& cot ctia phuong tién neo, cac tiéu diém nay cho phép xac dinh géc chét (dinh) cia tam
gidc ma ddy clia tam giac 12 doan thing ndi vi tri cha 2 ngudi quan st con chot dinh 1a
diém c6 dinh déng thdi gilta 2 ngudi quan st c6 ngudi thit 3 1y tieu diém &' 1 diém c8 dinh
& xa vi du nhu hai dang, sao, hodc dau trén dat lién.

Trén co s& quan sat va ldn lugt ghi hudng di cla tau, ching ta c6 thé vé duong quay
vong cling nhu xdc dinh géc nghiéng clia thn, t&c d6 va cdc dai luong khéc trong moi gial

doan quay vong.

\m

B =
3T

Wwo padt) ]

) W

Ry T N |

—_— - BI —_— g
\_ s
Hinh 10.28

Cich khac, xdc dinh dudng kinh quay vong dua vao cic tiéu diém hai diém trén dat
lidn A va B (Hinh 10.30) cdch nhau 1 khoang cich khong d8i (vi du 1 hai 1i).

Bat muyc tiéu khi ngudi quan sit vudng géc vét doan thing n6i giifa 2 di€m A va B, muc
tiéu ndy diing xdc dinh céc goc o, va 0,,. Pudng kinh quay vong dugc tinh theo cong thuc:
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D =NB-MB=AB. cotga, - ABcotge, = AB (coiga, - cotg o)

DE c6 két qua chinh x4c, khoang cdch NB tir ber dén tau khong duge qua 16n so véi
khodng cich AB giita 2 tiéu diém.

Khaang cach give cac guan sit vién Biém ngd

Hinh 10.29

Khi thuc hién thir quay vong phai dé y ring, dudng cong quay vong duge xay dumg cé
the b anh huong boi gié va dong chdy téc dung len tau. DE gidm sy anh hudng d6 phai thi
tau vao nhitng ngay lang gi6, bién lang séng, dong nudc noi yen lang ¢6 dt 46 sau.

L+]

A 8

AN

chy

N

Hinh 10.30
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Bién bén thir quay vong phai bao gdm:

1. Tén tau

2. Dia diém tién hanh thir

3. Ngay va thoi gian thir

4. Huéng va luc gié

5. Tinh trang cia bién

6. Trong lugng riéng clia nudc

7. Chiéu chim miii, 14i va chiéu chim trung binh

8. Lugng chi€m nude twong iing chiéu chim khi thir (14y tri s6 tir duomg cong thuy luc)

9. Trang thdi c6 tai ciia thu khi thir

10. Tém tat phuong phdp 4p dung khi thit

11. Két qua do dac

12. Két qua tinh to4n

13. D4 thi dudng cong quay vdng

14. Cic ngudi thue hién thirky tén.

Vidu 10.6

Tinh dudng kinh quay vong ciia thu néu khi thir ngudi ta da do géc vy, = 32,5° va
¥, = 21,6°. So' dd do thé hién & hinh 10.30, khodng cich giifa hai di€m A va B 1a: a = 321.0 m,
chiéu dai tau L = 75,4 m.

Bai gidi
Tir ham lugng gidc chiing ta tinh khoéng cich BD =bva CD = d
Ta c6: tg}'1=—a——>d=i—>d= 312 = 312 = 488,0m
d tgy, 1g32,5° 0,638
gy, == >b=—2 5b=—2__312 _eeom
b tgy, tg21,6° 0,396

Dudng kinh quay vong: D, =BD-BC=b-d
D, =300m
D, =389L

Vidu 10.7

Xac dinh dudng kinh quay vdng tau bing bao nhiéu 1in chiéu dii tiu, néa géc dat tai
trong tam tau ¢, = 5° va tai mat phing déi xing, cich tam G vé phia ldi 1 = 25 m, géc dat
@, =9°. Chiéu dai tau L = 82,75 m.
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Bai gidi:
Go6c dat nhu & hinh 10.31. Tir biéu thic
lugng gidc ching ta xdc dinh duoc OK va GK.

GK = 0OK . 1go,
OKtgy, = OK tgp, +1

OK(tgo, -tgo,) =1 N AN N K

OK (0,1585-0,873) =25

Ry \R
25 / \

K= =35]
0.0712 m L

GK =351.0,0873 =30,65m

GK _ 30,65

- = =35l m
sing,  0,0873

Ban kinh quay vong: R, =

Buong kinh quay vong: D, =2R, =702 m
D.=848 . L

10.2. TENH ON PINH HUGNG CUA TAU

Tau chay trén bién chiv luc tdc dung cdc ngoai luc gid va séng, cdc luc ndy tang rat
nhanh, khi th&i ti¢t xau lam léch huéng di ctia tau. Pic tinh chong lai cdc ngoai luc, giit
duge hudng di duge goi 1a tinh 6n dinh hudng cua tau.

Nhimg nguyén nhan lam tau l&ch hudng di trong thdi gian séng gid 1én la:

- Ap lyc gi6 lén phén trén dudng nudc van hanh, dic biét 1 phan thuong ting va ldu.

- Ap lyc nue 1én man tau ¢6 bin chat chu ki do séng bién va dong chay.

- Ap luc khong déu cua chong chong khi tau chong chanh ngang va doc.

Sau day khao sdt hé luc tic dung lén tau khi gi6 théi vao miii thu, thu chay chéch huéng
di véi goc 6.

Banh 141 duoc dat & vi trf giira, tau chiu tdc dung céc luc (Hinh 10.31):

Luc gié W c6 diém dit tai U va tao v6i mat phang déi xdng mot gic a.

Luc ¢én nude R, ¢6 diém dat tai C va tao v6i mat phing déi ximg mot gée P.

Luc ddy clia chong chéng T.

Phan tich ra cic lyc thanh phan trong miit phdng déi xting vd mat phing ma chiing tdc
dung vuéng gdéc véi né, chiing ta ¢6 (Hinh 10.31):

109



Moment lam 1éch huéng di clia tau da chon:

M = Rsinp . UC : (10. 28)
Luc tac dung theo huéng chuyén dong lam tau dich chuyén

P, =T - (Wcosa + RcosP) (10. 29)
Luc ngang lam dat 1au

P = Wsino - Rsinp (10. 30)
So vdi mat phang doc tam mot g6c ¢

W.sina — R.sinp

. (10. 31
T — (W.cosa + R. cosP)

tge =

Pé can bang moment M cin thiét banh l4i tao nén moment nguoc lai. Khi tam gi6 U va

tam stic can ngang C trang nhau thi moment M = 0, tau khong di léch hudng; khi diém C

rude diém U (vé phia mili) bay gid tiu ¢ khuynh huéng quay theo gié va banh 141 phai

nghiéng ngugc gi6. Néu diém C sau diém U (vé phia 1ai) tau c6 khuynh hudng xé gié va
banh 14i nghiéng sang phia gid.

Tam U thutmg di chuyén vé ldi, khi hudng g16 théi tir miii su thay déi nay khong 16n.
Tam can ngang C thay déi trong glm han rong phu thudc pée dat. Hinh dang phan dudi
nudc c6 anh hudng ahidu dén tinh én dinh hudng hon 12 phan trén duong nudc. DE 1am 16t
tinh én dinh hudng, tam gi¢ U va 1am sttc can ngang C & gan vadi nhau.

Hinh 10.31
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Thuong tang mii cao va thugng tang dudi thap, diém U & gén miii, d¢ c6 tinh on dinh
hudng 16t phii 1am mat do chiii duoi va mili thu nén vat nhidu. Khé giit én dinh hudng doi
véi tau ddu, khi khong hing, khi thoi tiét xau, cting nhu tau ddnh cd khi chay ra ngu truong.
Tau dédnh c4 c6 budm thi nén dé budm 14i, dé tam U dich vé lai.

Nhimg tau dai vi thuén cd tinh én dinh t6t. Trudng hgp tinh &n dinh hudng xiu néu
tang dién tich bdnh 14i thudmg khong dem lai hiéu qui ma nén diéu chinh tam gi6 U bang

céch dé budm 141 (néu thu buém) hodc tang dién tich chia phin thugng ting duoi.
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Chuong 11
SUC CAN CUA TAU

Khi chuyén dong tau gap hai dong gay cin cho tau la: nudc va khong khi. Sttic can do
nuée tao nén Ia rat 16n, 16n hon rat nhiéu so véi siic can cia khong khi, do vay nguoi thiét
k& tau thuy phai dic biét quan tam dén vin dé nay.

Khi nghién ciru vé stic can trong finh vyc tau thuy, nguoi ta thudmg duya trén nhitng thi
nghiém, kinh nghiém va 1y thuyét lam co s cho viéc nghién ciu.

11.1. NHUNG MO HINH THUC NGHIEM

Nam 1721, nha triét hoc Swenddborg di ¢6 nhiing dé nghi quan trong vé viéc thir mé
hinh tau. Ong ding mot cdi mang, mot diu diat mot cdl rong roc cé ddy chay qua. Mot dau
day budc vao ¢ot ciia mé hinh con diu kia budc mot trong luong, nhd trong lyc lam mo
hinh chay doc theo bé thir. Téc do ctia mo hinh chay trong nude s& bang khoang cich da
xdc dinh chia cho thdi gian ma mo hinh da chay. Tir d6 ¢6 thé so sdnh cdc mé hinh khic
vdi cung trong luong.

Phan 1én cdc mo hinh thuc nghiém xudt hién tir Phap. Mot trong nhitng nguol thuc
nghiém diu tién 1a Bouger.cha de clia nganh tau thuy. Cong trinh clha Bouger dugc ghi lai
trong phén bd sung cua cudn sich in lan tha hai (nam 1765) ctia Mungo Murray, nha dong
1du cua Deptfrd.

Vo nhitng thap nién cudi cha thé ky 18, Federic Chapman (nguoi Thuy Pién) da tim
ra phuong phap tinh stc can clia tau tif tuyén hinh va tim nhitg phuong phap thuc nghi¢m
nham cing & phin 1¢ thuyét cha 6ng va phuong phip trong luc dé mo hinh chay da duge
4p dung. Day chay qua rong roc dai 100 ft va day dugc budc vao mo hinh dang miii va lai
dé dam bao cho mo hinh chay theo mot dudng thdng. Hai cd dé treo vao day kéo cich nhau
74 {t. Nhing mo6 hinh dai 28 inches (1,0112 m) lam bang gb va c6 dan. Tu thuc nghiém,
Chapman két luan rang: D¢ cho sic ¢an 101 thidu thi vi tri thue t€ coa tiét dién ngang 16n
nhit phu thugc vao tdc do chuyén dong.

O Anh, Hot M§ thuat cua nha vua, nam 1758 dat giai thudng cho nhiing mé hinh thu
dé tim ra mot thu ¢é dic tinh 16t nhat. Trong thu nghiem, véi viée thuc hién 6 mo hinh ¢
Peerless Pool, Ludn Pon, nam 1761, nguoi ta dac bi¢t dé ¥ dén sifc can clia nude va siic can
khi chong chanh. Ba muoi nam sau, vao nam 1791, Héi hoan thién kién tric tau duge thanh
lap & Luan Don v Hoi nay da dat giai thuong cho seri ndo tot nhat trong thi nghiém, ding
juat vé sic can. Phan 16n cong trinh do Mark Beaufroy hoan chinh phuong phdp trong
luong roi vai thiét bi 1a déng ho tu dong ghi téc do ciia mo hinh. Thiét bi nay dugc dat o
Greenland Dock (Luan Pon; va ¢é thé thit nhiing mo hinh chay dai 400 ft. Tuy nhién Ho
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nay som bi gidi tén vi thi€u sy ddu . Cling trong thdi gian nay, nhimg cong trinh ly thuyét
cing nhiing cong trinh thyc nghiém déu chiu chung s6 phan bi nghi ngd va bd do. Tinh
trang &y kéo dai cho dén giita thé ky thit 19.

Vao nam 1870, Bo Hai Quén Anh tin tudng va ting ho nhiing thr nghiém mé hinh ctia
William Froude. Dya vao s6 tién 2.000 dollars ciia B Hai Quan cap, Froude bat ddu thir
nghiém dé xdc dinh siic cdn cia tau, do sic can cia mé hinh chay trong bé thir. Cong trinh
cta Froude c6 tinh chét khoa hoc di vang déi trén ca the 2161 va gid tri cia né & ché nhimg
nguyén tac do 6ng dé ra dén nay vin cdn dugc cong nhan,

B& thir chia Froude dat gdn Torquay. Chiéu dai bé 1a 250 ft, chiéu sau 10 ft, chiéu rong
trén mat 26 ft, chiu rong ddy 1a 6 fi.

Trong t& bao & Brighton clia Hoi nhing ngudti Anh vi sy ti€n b6 cla khoa hoc trong
nim 1872, Froude di mo6 td mot s§ thyc nghiém clia minh vé bé mit ma sit (surface
friction). Ong chia c6ng trinh ra ba phan:

1 - Luat cla sy bién déi stc can theo tc dé.

2 - Sy khdc nhau v€ stic can do su khéc nhau vé tinh chét bé mat.

3 - Sy khéc nhau vé sifc can trén moét don vi dién tich, do su khéc nhau vé chiéu daj bé
mit,

BE thir cha Froude 12 bé thir diu tién dugc trang bi mdy kéo mo hinh trén bé mat nudc.

Tit d6 tén William Froude va ngudi con trai cha ong 1a R.E.Froude dugc gin chat véi
cOng trinh nghién cifu trén.

Sau bé thir clia Froude ¢6 nhiéu bé thi khic trén the g16i xudt hién véi chiéu dai tir 80 fi
dén 3.000 ft nhu & Caderock Marylaand, USA. BE thir rong nhat Chau Au 13 1.300 ft &
Felthan (Anh). Day 1a b€ thix 16n c6 thiét bi tao céc loai séng bat ky lién tuc.

Ong Felthan cling ¢6 bé thir vudng, ¢6 vo tuyén kiém tra mo hinh khi quay trd va kiém
tra cic tinh ndng cia mo hinh trén séng. BE thir dai, ¢6 nhiéu phong tao gia t6c va cham
dan cho mé hinh, ¢6 thé cho phép thir mé hinh dai tren 40 ft.

Bang 11.1. Kich thuéc nhitng bé thir thue nghiem Ion

88 thir céc nude Chidudai | Chidurdng | Chidu sau V,.x Cila Xe chay

(m) (m}) (m) (mis)

Wageningen - Ha Lan 160 105 5,50 8,5

Teddington - Anh 207 6,1 5.80 9,5

Haslar - Anh 259 12,1 5,50 12,0

Goteborg - Thuy Pién 260 10,0 5,00 14,0

Rzym - Y 275 12,5 6.80 18,0

Hamburg -Lién bang Bic 449 16,0 7.25 16,0

Leningrad - Lién bang Nga 552 12,0 7,00 20,0

Caderock - My 845 15,5 6,70 21,0
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Hinh 11.1

11.2. NHUNG NGUYEN NHAN XUAT HIEN SUC CAN

Dé xéc dinh cong suat may phit hop theo yéu cau t6c d¢ cia tau, chiing ta phéi biét sitc
can khi tiu chay. N6i chung sic can cha nuée la thach phén sic can chii yéu. Sic can nay
phu thuéc vao tri s6 hinh déng va 16¢ do cha tau.

Mic dit da bd nhiéu cong nghién citu, nhung den nay van dé sic can clia nuéc van chua
gidi thich mot cdch 16 rang va chét che, vi qu4 trinh dién bi€n cha hién twong qua phic tap.
Pa c6 nhitg cong thifc kinh nghiém dya trén hang loat 14n thir va khao sat cho phép xdc
dinh sitc can ndy nhung d¢ chinh xac chua cao. Vi vay hién nay, khi xic dinh sic can
thudng c6 su so sdnh giita nhitg tau da déng véi nhimg mo hinh thin tau thi nghiém dugc
kéo trong cdc bé thi.

Trén co s& nhitng thi nghiém nay, khong chi xdc dinh stc can than tau véi do chinh xdc
16n hon ma con ¢6 thé hiéu chinh hinh ddng véi cdch ndo d6 d€ sic can nay nho nhat.

Trén hinh 11.2 ta kéo than tau khong c6 thiét bi ddy véi t6c do v trong nudc finh ma
chiéu rong va chiéu sau khong han ché, Luc Z, lyc cing day s€ bing toan bd siic can than
tau R khi kéo v6i t6¢c d6 cho trude.

)

%

Hinh 11.2
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Stic can cha nuéc can tau khi tau
chuyén d¢ng 1a do su nhiu cta khdi
nudc. Co 3 loai nhiéu:

1. Tau chuyén dong lam xudt hién
su chénh léch 4p sudt giita hai ddu (mii
va ldi) va & gilfa tau. Sy chénh léch ap
sudlt nay 12 nguyén nhan xuat hién trén
bé mat nudc he théng séng trai tir mii

vé duéi,

D¢ tao ra he soéng khong ddi, can
thi€t cho b sung nang luong khong déi
khi tiu chay. Nang lugng tiéu hao dé tao
s6ng twong Ung véi cong cha luc can
song. Lyc cén ti 1¢ v6i nang lugng nay,
chiing ta goi 1a sic cin séng R
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Hinh 11.3

2. Do d9 nhét clia nudce, céc phan tir nuéc & gin than tiu nhat chuyén déng ciing than
tau, xudt hién Iyc ma sdt clta phan tir nuéc véi v cing nhu luc ma sit giia cac phan tir
nude, xudt hién luc ma sdt r, ti€p tuyén véi vo va nguoc chiéu chuyén dong cta tau. Tng

hinh chiéu cia cdc lyc ma sét (tdc dung lén ca phén tau trong nuéc) len phuong chuyén
dong cia tau, ching ta goi 1 siic can ma sit. K{ hieu R,

Hinh 11.4

3. Dong nudc tach khoi than tau [i nguyén nhan xudt hién ving dp suat thap phia sau
dudi tau va tao xody sau duéi tau, Xust hién vung &p suét thap 1a nguyén nhan xust hién
sitc can duge goi 1a sic can 4p sudt va ki hiéu R.. Vi ¢6 xody nén sitc can nay ciing duoc

goi la sic can xody.

Ngoai nuéc, khong khi ciing cin su chuyén dong cha tau, ching ta goi 1a sic can

khong khi, ki'hiéu R,,.

Sic can toan bo clia tau bao gém:

R=R,+R_,+R . +R,

Sidc cin séng va siic cdn 4p sust thudng trong tinh todn, duoc goi 1a stic ¢an hinh dang

hodc sic cén du, ki hiéu R_ (Residuary resistance).

(11.1)
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Cic thanh phén sdc can va i 1¢ gilta chiing thay d8i theo toc do tuong d6i Fr cla tau. Fr

tang (Fr -
JeL

]sﬁ'c can ma sdt gidm, nhung sic can séng R, tang.

11.3. SUC CAN SONG

11.3.1. Hé song so cip

Nguyén nhan xuat hién s6ng, khi tau chay gay hi¢u s6 dp sufit nu6c & quanh ving mili
va 14i ciing nhu @ giita tau. ' '

D¢ khao sat hién tugng do, ta coi tau dang néi, chay tai noi dau, nudc tinh, khong gidi han
chiéu rong, chiéu sau véi t6c do v 80 véi nuée. Khi tau ding yén khong chuyén dong, nudc
chuyén dong so véi thu véi toc 4o W =-v (nguoc chiéu, cling tri 56 t6c do tuyét d6i); thita nhan
gia thiét nhu vay cho phép ta dé phan tich hién tugng. Loai bd anh hudng luc ma sat gilla cac
phén t&r nude, ching ta gia thiét ring chat 1ong chay qua 1A chat 1ong 1§ tudng (khong nhdt).

Chiing ta khao sét sy phan bg 4p sudt va toc do cha dong chat 16ng If wong chay qua
véi 16¢ do W. Hinh bao t&m c6 dang dudng nude chia tau (hinh 11.5); dé loai bd dnh hudng
ngang, chiing ta thira nhéan d6 sau va chiéu rong chét 1ong khong gidi han va xem xét céc
diéu kien dong chay qua tam trong Idp, tuong d6i xa bé mat chat long. Ludng nudc tao
cc phan tit nuéc chuyén dong goi la nhimg dutmg dong chdy, mot s6 nhiing duong nay thé
hién & hinh 11.5. Chum duong chay tao cdc tia chat 1ong.

Hinh 11.5
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M&bi dudng cha dong cich tim mot khodng nao do, chay song song gan dén diém A bat
dau ré, khoang céch giita chiing bat dau ting. Khi chdy qua tdm, nhiing dudng dong gan
nhau (diém B); khi qua cudi tdm, giifa ching cch xa (diém C). Cich sau tim mét khodng
céch nao d6, dong roi khong con nita va dudng dong tiép tuc chay song song. Hién tuong
trén xuat hién rd nhat & gén 1am (14u) va giam khi xa tam.

D6i véi tia nuée bat ky, phuong trinh lién tuc cha tia nudc, qua mdi tiét dién cua tia
cing mot lugng nude chay qua trong mot don vi thoi gian (vi du: lién tuc mot giay). Déi
vdi chat 16ng li tudng (¥ = const) phuong trinh cd dang sau day:

G=f .W, =f . W, =const.
trong dé: G - Luong chét long chdy qua (kg/s);
f - Dien tich tiét dién cha tia trong ving dong khong roi (m’);
f_ - Dién tich tiét dién nao d6 (m?);
W, - Toc do cha dong chat 1ong trong ving khong o1 (m/s);
W, - Téc do clia dong chat long & ti€t dién cho trudc (m/s).

Do dé, néu dién tich cha tiét dién tia f, giam lién quan khoang gan nhau ciia cic duong
dong, né gay tang 16¢ do dong chay & vi tri da bi¢t. Tang khoang céch gifra cic dudmg dong
giy giam toc do dong chay. Qud trinh bién déi téc do cha céc tia gilta trong 10p chat long,
ndm sau dudi bé mat clia né thé hién & hinh 11.5, t6c d9 clia cdc tia nay di qua difm AvaC
tat nhién phai bang khong.

Thay déi toc d6 chit 1ong dan dén thay déi 4p sudt tinh clia chat 1ong. Hé thiic gifta t6c
46 dong chay va dp suat tinh trong su chuyén dong cha chat 1ong 1i tudng, goi 1a phuong
trinh Bernouilli, déi véi I6p chat long dat & do sau Z = const, chiing ta c6 thé biu dién
bang cong thic:

W, w?
P +y— =P, +y-- = const
2g 2g

trong do:

P, - Ap sudt finh ctia chat long trong ving dong khong roi (kG/m?),

p, - Ap suit tinh ciia chat long & tiét dién bat ky cua tia (kG/m?);

W_ - Toc do cha dong chat 1ong trong viung khong 161 (m/s);

W, - T6c do ciia dong chat long & ti€t dién cho trudc (m/s);

v - Trong lugng riéng cia chat long (kg/m’);

g - Gia t6c trong trudng = 9,81 (m/s®).

Tir phuong trinh trén, tang t6c do dong chay gin lién véi giam 4p suat tinh, nguoc lai

gidm t6c do gay tang dp suat. Qud trinh bién d6i 4p sudt finh cha nhing tia trung tam thé
hién trén hinh 11.5.
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Tir nhiing phén tich trén, chiing ta thdy rang trong cdc tia tryc ti€p trudc hodc sau tim
xudt hién su gidm tdc do chat 16ng va su tang 4p sudt tinh, & hai bén tdm ¢ hién tugng
nguoc lai; tang t6c do chat 1ong va giam &p sudt. Ap suat tinh 16n nhat tai A va C, béi vi &
cac diém do6, t6¢ do chil 16ng bing khong.

Su thay déi dp sudt va téc do dong chdy & 16p sau ciing phdi nhu trén mat chat long,
nhung su thay déi nay lam xuat hién hién tugng phu d6i vdi hai moéi truong ti€p xic 46 la
cht 16ng vi khong khi.

Béi vi dp suat khong khi tic dung déu trén ca bé mat chét long, do d6 tang hoac gidm
ap suat chat 16ng din dén sy nang 1én hodc ha xudng bé mat cla né so véi mic ngang khi &
trang thdi tinh. Dinh séng xuat hién & vang dp sudl cao, nguge lai ddy séng & vung dp sudt
thap hon.

Trong trudng hop tau dang chuyén dong, ching ta quan sat hién tuong dang séng di
chuyén ciing véi tau ma dinh séng & mii va dubi tau, ddy séng & man (hinh 11.6). Hién
tugng nay duge xdc dinh 14 séng so cdp.

Hinh 11.6

Dinh séng & miil, myc nude thap & hai bén man tau xudt hién thuong rit r6; dinh séng
0 duoi thudng thap hon vi ¢é dnh hudng phu la nude xody sau dudi tau va do anh huong su
lam viéc cha chong chéng.

Hiéu s6 dp suat khi dong chay quanh tau xuét hién dic biét rd ¢ vung nudc han ché
chiéu rong hoéac chiéu sau. Nhu da biét, hién tugng kho diéu dong (ma-no) tau trong kénh:
do sut ap xuat hién, khi tang t6¢ d¢ dong nudc 1lam co tiét di¢n dong chay giita tau va bo,
1au bi kéo vao by, gdn man cua tau gidng nhu hién tuong hit khi hai tau chay qua gan.
Trong hai trudng hgp, phai kip thdi quay bdnh 14 sang man déi dién dé khong co sdt vio ba
heodc va nhau,

11.3.2. Hé séng thit cap

Heé séng so cdp di chuyén ciing véi tiu, ta né khong thé gay siic can cho thu. Tuy nhién
ving 4p suit cao d mili va dudi tau déu déng thoi 1a nguyén nhin xuat hién su lan truyén
séng mii va dudi, dugc goi 1a song thit cap (hinh 11.7). Dé tao hé séng thi cap, cin thiét
cung cip nang lugng khong déi ma tau chuyén dong nhén 1ay. Siic can (i Ié véi nang luong
thu duge, chiing ta goi 1a sic can séng.
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Hinh 11.7

D¢ giai thich su xuat hién hé séng thit cap, chiing ta hinh dung ring, viing 4p sudt cao
¢6 kich thude nho, khong gidi han, titc 1a xudt hién & dang diém, di chuyén vdi t6c do, nhu
nha vat 1i Kelvin (Anh) di chimg minh, chuyén dong cta diém lam xuat hién hé séng gém
hai nhém séng: séng chéo va séng ngang (hinh 11.7). Séng chéo lan truyén khong phu
thugc t6c do v clia diém trong ving, giSi han bdi hai dudng thing kéo daj dudi mét gée
19°28' so véi hudng chuyén dong cla diém. Séng ngang, hoi cong, xudt hién trong nhimg
khodng cdch déu nhau; khodng cich 1 giita hai dinh séng goi 1a chiéu dai séng ngang.

Maic di, ving dp suit cao di chuyén cling véi tau, trong thuc € khong phai cdc diém
nhung séng duge tao nén hdu nhu khong giéng nhu da néi & wrén. Béi vi nguyén nhan xuit
hién hé séng thit cdp 1a viing dp suat cao di chuyén véi t6¢ do cha tau; do d6 téc do chuyén
dong cla séng ngang phai bang toc do clia tdu. Séng tao nén do tiu ¢6 dang trochoid, giéng
nhu séng do gid; di v6i séng nhu vay quan heé gilta chiéu dai va téc do bicu thi bing cong
thie (11.2), (xem muc 9.9).

1=20 2 0,64v? = 0169v2 (11.2)

g
trong do:
1 - Chieu dai séng (m);
g - Gia tdc trong trudng = 9,81 (m/s?);
v - T6c do di chuyén cta séng (m/s);
v, - Téc d6 di chuyén cha séng (hai ly/h).
Tix cong thie (11.2) ching ta thay ring, chiéu dai séng ngang khong phu thuéc chidu
dai tao séng cua tau, chi phy thudc té¢ dé trong déi clia nuée.
Hai vung dp sudt cao, & miii vi dudi thu xuat hién hai hé séng c6 cling cau tric, séng miii
thuong cao hon. Khi t6c d6 thap, séng chéo xuat hién manh, dac biét & miii khi téc do cao hon,
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nguoc lai - song ngang. Séng duoi thudng thip hon séng mili va anh hudng phu cia viing dp
suat thip & giita tau, nuéc xody gan dudi tau vi do tic ddng huc hiit clia chong chéng.

Séng ngang mii va ldi tdc dong 14n nhau tao he song ngang chung (hinh 11.8). Dinh
s6ng ngang & miii thudng & sau séng miii.

Dink 5039 mui
~_ Dink song_oudi

Hinh 11.8

Song duéi thudng & quanh viing cong clia vo tau, noi 14i. Khoang céch gida tam phat
song tir miii dén duéi tau goi 1a chiéu daj tao séng L. Chiéu dai nay thuong khdc nhiéu
chiéu dai thi€t ké clia tau. '

Phu thudc vao t sé gita chiéu dai song 1 va chiéu dai tao séng L, séng mili v dusi
hoac ¢6 thé giao thoa, hoac cong hudng, hoac léch pha nhau. Cong hudng xay ra khi dinh
song miii tring dinh séng duéi, giao thoa khi day séng thi nhat tring véi ddy séng thi hai.
Truong hop thit nhat (cong hudng) s& gay séng 16n, sic can song cla tau tang. Trudng hop
giao thoa séng nho, sic can ciing nho. .

Khi tang 16c do ciia tau chiéu dai séng | tang nhung chiéu dai tao séng L, hdu nhu
khong doi. Néu chiing ta thiva nhan chiéu dai song 1 1a boi s nao dé ciia chiéu dai tao séng
L,, biéu dién bang cong thic:

= 2L (11.3)
Khi n giam chiéu dai séng tang vi téc do ciia thu tang, hi¢én tuong cong hudng xuit
hién d6i véi nhiing s6 1 n.
Khin=1thil=2L,
KMn=3ﬁﬁ1=§Lf

KMn=Sﬂﬁl=§Lf
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"“—l=%ll_] —t

Ls%Lr—

Ly

Hinh 11.9

Chiéu dai tao séng L, quan h¢ véi chiéu dai tau, chiing ta ¢6 thé viét:

L, = mL

2L . . .
Thay cong thitc nay vio 1 = =%, déng thai trude day ching ta c6:
I

l= 2n v?
g
Do dé: 2n vi= 2ml.
g n
v m * R
Hoac: — = — ldy cin ca 2 v€ cha phuong trinh:

gl.  mn

.Jg—]_, mn

(11.4)

Bén trdi cha phuong trinh chinh 12 s6 Froude, ki hiéu Fr phu thuéc vao t6¢ do va chiéu

dai cta tu. Bén phéi phuong trinh phu thudc trude hét vao tri s6 clia hé s6 n, trong khi hé
s6 bién doi m khéng ¢6 ¥ nghia d6i véi tae da cho.

o nhimng tri s& Froude ndo d6 van = 1, 3, 5... xu4t hién séng cong hudng va siic can

s6ng tang.
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Phuong trinh siic can séng biéu hién & dang:
R.zc,_%v?.s (11.5)

trong do:
R_: Sic can séng (kG);
C.: Hé s6 suc can séng (khong thi nguyén);
P: Mat d6 clia nuée (kG. sec’/m*);
v: Toc 46 tuong ddi cia tau so véi nude (m/sec).
S: Dién tich mat uét (dién tich bé mat clia phdn ngam nudc cha than tau), m’.

Su tang siic can séng & nhilmg tri s6 Froude nao d6; hé s6 sitc can séng 1a ham cua cic
Froude dé (hinh vé 11.10). Su thay d8i cia C, phu thuoc vao Fr thé hién trén hinh. Hién
tuong cong huong va giao thoa séng anh hudng dén hé s§ C,. Hé s6 C, tang khong déu véi
tri s& Froude tang. Nhu & hinh 11.10 cho thay khi thi€t k€ tau phai chon chiéu dai tau L, véi
t6¢c do yéu cdu phai loai bd s& Fr gifta 0,23 va 0,30; giita 0,35 va 0,50; boi vi trong khoang
nay xuét hién su tang manh siic can séng va cling khong ty 1¢ véi tdc do ma can ting cong
sudt va ting tiéu hao chat dot.

O t6c do thép, stic can séng khong nhidu tir 20 + 30% stic cin toan phan. Sic can song
tang nhanh khi tang t6c do. 3 16¢ do cao stc can séng chiém 60 + 70% siic can toan phdn.
Dic biét d6i véi tau chay nhanh phai dic biét luu ¥ dén viéc chon chiéu dai tdu lién quan
dén t6c do ctia né d€ loai bo sy cong hudng séng ngang.

Cs *
0.04- "
[y
0.03 " -
fouy o
002 -

G.01 1 ./

0 a1 az2 0.3 04 0.5 a6 - v

Hinh 11.10

Anh hudng nhiéu dén tri s6 sic can séng 1a hinh ddng than tiu nhat 1a cdc hé s6 8, a,

%/6 ty s6 B/T, vi tri tim ndi B. Nhiéu y&u t§ anh huong dén viéc tinh stc can séng.
Chiing ta khong thé dung tryc tiép cong thiic trén, boi vi khong thé x4c dinh don gian hé s6
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C, theo Froude. Vi 1y do d6 nén sic can ndy thudng dugc tinh theo nhiing sifc can khdc
bang phuong phip gan ding hodc ching ta xdc dinh trén co sd thi nghiém moé hinh cung
véi stic can 4p suat 8 dang stic can hinh dang.

Nhimng chd 16i trén dudng cong hé s6 sttc can séng (hinh 11.10) xudt hi¢én khi dinh
séng mii trang vdi dinh séng dudi (cong hudng). Trong truong hop d6, ching ta c6 biéu
thiic:

mL+-;~=nl {11.6)

trong do:
m - Hé s@ ti I¢ giita chiéu dai tao séng L, va chiéu dai tau L;
1 - Chiéu dai sdng (m);
n -S6tunhiénl,2,3..)
Nhifng ché 16m cha dudng cong hé so siic can song xudt hién khi dinh séng mii tring
véi ddy séng dudi (giao thoa), trudng hop do ta cé:
mL = nl

Sau khi bién déi chiing ta cé:

Trudng hop 16i:
mL + l = nl
2
1
2mL = [nl - —] 2
2
2mL=12n-1)
2 1
= 11.7
2n—-1 mL ( )
Trudng hop 16m:
2mL = 2nl
2_1 (11.8)
2n  mL '
B&i vi chiéu dai séng ngoai ham téc do cha nd va c6 dang:
1= 2 ve
£
Do dé6 cong thic: (11.7), (11.8) ¢6 dang:
== n(2n-1) (11.9)

Fr
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- n.2n (11.10)
Fr
Theo Horn 18y tri s6 m = 0,72
Vi dy 11.1: Tinh khoang t3¢ do ¢6 loi va khong ¢6 loi déi véi sdc can séng, néu chiéu dai
L =632m '
Bai gidi: Néu dé ¥ chi stic can song, ching ta sif dung cdc cong thic sau:
a) D€ xdc dinh t6c do ¢6 Igi (chd 16m cua dudng cong sttc can tir hinh 11.10), cong
thitc (11.10).

iz =m.2n
Fr
b) Dé x4c dinh 16c d6 khong 1oi (chd 16i clia dudng cong sdc can tr hinh 11.10, cong
thaic (11.9)).
2 = n@n-1)
Fr

Cic cong thiic trén, so Froude duge xdc dinh:

Fr =

v
Jo

Tiép theo chiing ta xac dinh s6 Froude tir cic cong thdc & muc a vab

Bl | M
nz2n

* Diém b Fr = ﬁ—(—zr-“—l)
v n-—

So sanh nhimg cong thiic tinh Froude tir dinh nghia vdi nhiing s& Froude ¢6 a va b,
chiing ta xdc dinh ¢ d6. Vay chiing ta c6:

* Diém a:

+ Pai véi t6c do b ot

v = mgL

5
n2n m/

Tinh téc do bang hai ly/h:

1 L
v = mgl [ jmel ! hai 1y/h
0514 \{ m2n 0,514 % 42n
+ Dai vai tée do khéng cd 19i:
mgL

v= | ————— m/s
1(2n-1)
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Tinh td¢ 4 bing hai 1y:

L 1 . g
v = 1 mgL _ 1 mgL héi Iy/h
0,514 ¥ n(2n-1) 0,514 n ,/2n—»1
Theo Horn, m = 0,72. Sau khi tinh céc dai lugng khong déi
1 ’mgL _ 1 0,72.9,81.63,2 _ 232
0,514 T 0,514 3,14
* PGl véi diém a
23,2
V=
J2n
* D31 véi diém b
23,2
V=
V2n—1
Gia thiét s6 tr nhién n = 1, 2, 3, 4, chiing ta lap bang tinh
Bang 11.2
1 n 1 2 3 4
Téc 66 ¢b lgi
2 2n 2 4 6 8
3 J2n 1,41 2,00 2,45 2,83
) v—az— 16,45 11,60 9,87 8,20
5 v
Fr = 0,340 0,239 0,204 0,169
1!gL
Tdc dd khdng Idi
6 2n-1 1 3 5 7
7 -1 1,00 1,73 2,24 2,65
8 23,2
y = 23,20 13,40 10,36 8,76
2n-1
g v
Fr = 0,478 0,276 0,214 0,181
q]gL
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Tri s6 Froude dat dugc so sanh v6i d6 thi dudng cong hé s& sic can song.

Vi du 11.2: Tinh chiéu dai 61 uu clia tau hang rdi, ¢6 toc do v = 16 hai ly/h c6 dé ¥ stic
can séong nho nhit.

Bai gidi: Stc can song nho nhat (chd 16m clia dudng cong ¢ hinh 11.10) xudt hié

thoa man biéu thic 11.10.

n khi

m
— =7m2n
Fr?

vio cong thifc trén, chiing ta

Theo Horn, 14y m = 0,72, dong thoi thay s6 Froude: \/XE
b4
6 biéu thiic xdc dinh chiéu dai t6i vu ma stc can séng 1a nho nhéit:

m

> =T72n
v
JeL
vt
tir d94: L= X 2n
mg

x4c dinh t6c do bang m/s
v =16 hli/h = 8,231 m/s

v chiing ta c6 chiéu dai tau véi gid thiét s6 ty phién

n=1
2
_ 82317 5 60.23m
0,72.9,81
n=2
82312
L8231 5o 12047m
0,72.9.81

11.3.3. C4c bién phap lam giam siic cin song

C6 thé 1am gidm stic can séng bang nhimg bién phdp sau:
- Chon ding chiéu dai va t6c o cna tau dé tau chay trong gi6i han s6 Froude phi hop

nho (Fr < 0,10 + 0,20) hodc 16n (Fr > 0,50) hoac dam bao cac hé séng giao thoa c6 lgi khi

L
I (_l_f + %) =(2n+Dm ; (n=1,23...).
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- Chon diing cdc kich thudc va

hinh dang than tau: |
- Ap dung cic thiét bi dac biet ‘ : /
giam chiéu cao séng nhw: miii qua le, ; v ' vd
hodc tdim mii (xem hinh 11.11). |« - |
- Ap dung céc loai tau nhu tau }%—-/\“““ =4
hai than, ba than, tdu miii chim, fan 4 Hinh 11.11 b
canh ngam, tau dém khong khi.

Dé ¢6 1gi vé stic can séng c6 thé thigt k& than tau thuon nhung trude hét phai luu ¥ tinh
én dinh ciia tau (b4n kinh tam nghiéng i I¢ v6i binh phuong chiéu rong cia tau).

Bén canh viéc chon ding chiéu dai va t6c do ciing nhu hinh ddng tau con ¢6 thé dp
dung céc thi¢t bi gidm sic can séng nhu miii qua Ie. Trudng hop tau chay véi t6c d¢ trung
binh (8 = 0,55 + 0,60). (Fr = 0,26 + 0,32) 4p dung miii qua 1€ hogc tdm mii dé thu tao hé
sOng nguoc pha vdi hé séng miii clha thu khong qua le. Thudng phu thudée vao hinh dang,
kich thuéc va vi tri qua 1¢ dé thu dugc mitc d6 giam vai phan tram sic can toan bo. Qua lé &
miii cdng dp dung trong trudng hop tau chay cham (Fr < 0,20) v 0,75 < § < 0,82. Su giam
sttc can khong thé chi gidi thich bing sy giao thoa c¢6 loi cla hé séng ma con béi sir loai
tdm 4p suét & phdn mii ma né gay hién tuong phan ré séng miii.

Sitc can séng dugc han ché bing céch dp dung tau hai than, ba than dua trén sy tang ty
1¢ cira 1 than va céu tao quan hé gitta cdc than d€ sau khi dat dén t6c d% ma sir giao thoa
séng 6 loi. Nhuge di€m cla giai phap nay 13 tang bé mét udt tiic 1a tang slic can ma sét.

____________ - i___—\v

< DY

Hinh 11.12

Ngoai ra con c6 gidi phdp khéc gidm siic can séng [ thu nita chim (hinh 11.12). Cac
tau dya trén cdc nguyén ly thuy khi dong hoc nhu tau cdnh ngam, tau dém khong khi cé
sitc can séng nho nhat trong trang théi thist k&,

11.4. SUC CAN MA SAT

Sic can ma sit dugc tao nén béi thc dung luc nhét cta nude. Nude 1a chat Iéng ¢6 do
nhdt twong d6i nho va nhiét do + 20°C, he s6 nhoét dong ctia nude v = 1.10° (m?/s). Trong
khi d6, he¢ s nhét déng cia glicerin v = 6,8.10 (m*/s). Vi vay ving nuéc cich xa than tau
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c6 thé coi la chit 1éng 1§ tuéng. Khi thu chuyén dong trong nudc, do dd nhét ciia nudc gay
ra nhitng thay déi ap suat va t6c do clia nude bén than tau. Dong chay quanh than tau c6 thé
phén ra ba vung:

- Viing 16p lat (layer):
- Ving vét thuy dong, kéo dai vung 16p "
L
14t sau tau; whiy déng

_ Viing ngoai so véi hai ving trude, &
d6 nude cé thé xem nhu chat 1ong 1y tudng
(hinh 11.13).

Hinh 11.13

11.4.1. Thi nghiém ctiia Froude
Ngudi ddu tién thi nghi¢m va duara ly thuyét khao sit mo hinh 12 William Froude.
Ong dua vao nhimg thi nghiém ¢é dién bing nhitng mo hinh tau, dua ra quy luat dong
dang va sau ndy mang tén ong (Xem muc 11.1). Trén co s& thi nghiém voi Greyhound tau
chién va nhimg mo hinh ctia 6ng, dau tién la nhing tdm phing mong c6 chiéu dai Khac
nhau trén 50 ft, chiéu rong 19 in va duge kéo dudi mat nude 1,5 in dé tranh tao séng. Qua
nhimg thi nghiém d6, Froude ket ludn ring sic can ma sat phu thudc:
1 - Dién tich clia bé mat;
2 - Tinh trang clia bé mat;
3 - Chiéu dai cla bé mat;
4 - Ti trong cia nudc,
5 - S6 mil cia téc do.
Va stc can ma sat biéu dién & dang:
R, =C,.S.V (11.11)
Trong d6: R, - Tong siic can ma sat;
S - Dién tich mat w6t (ft’);
v - Tac d6 (hai 1y/h);
C,, - Hé 6 phu thudc chiéu dai bé mat.
n - Phu thuéc vao tinh trang bé mat. \
R.E.Froude - con trai cia W_Froude xem xét lai két qua va cic thi nghiém khdc, dua ra
cong thirc:
R =C,.S.v'*¥ (11.12)
trong 6 hé s& ma st C,, thay ddi tir 0,0092 khi L. = 100 ft dén 0,0086 khi L = 900 ft.
Vi trong phrong phdp clia Froude, hé s& ma st c6 khdc so v&i da s& tri s8 st dung, dé
tranh su khdc biét trong két qua thir mé hinh, nam 1935 tai cudc hop cla cac nguoi dimg
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diu cdc bé thir (Paris) déng ¥ sit dung hang <6 chudn cia Froude. He s6 ma st dugc tinh
theo cong thilc:

Cos = 0,00871 + iqi?i doi voi nudc man.
’ 88+ L

Tri s6 C,, cha Froude di xdc dinh d3i véi tau c6 do nhin vo tau binh thudng va d6i véi
mo hinh cho & bang (11.3) phu thuge vao chiéu dai va mo hinh.

He s stic can ma sdt Cs cia tau theo Froude

Bang 11.3

| chisu dai tau Hé s& | chisu dai tau Hé s& Chiéu dai tau Hg s&
{m) Cres (m) Come {m) Crms
10 0,1590 80 0,1430 170 0,1399
15 0,1537 90 0,1426 180 0,1396
20 0,1508 100 0,1422 190 0,1394
25 0,1488 110 0,1418 200 0,1391
30 0,1474 120 0,1415 220 0,1386
40 0,1457 130 0,1412 240 0,1381
50 0,1446 140 0,1408 260 0,1376
60 0,1439 150 0,1405 280 0,1372

r 70 0,1434 160 1,1402 300 0,1367 |

Hé s6 stic can ma sit ciia mo hinh theo Froude dugc cho trong bang 11.4.

Bang 11.4
[ Chléu daimo | Hé so masat | Chiéudaimd | Hé <& ma sat | Chidu daimé | Héso masat
hinh L, (m) Cre hinh L,, (m) Chne hinh L, {m) Crs
0,5 0,2280 3.5 0,1817 6,5 08,1671
1,0 0,2132 4,0 0,1782 7.0 0,1658
15 0,2033 4,5 0,1757 75 0,1645
2,0 0,1960 5,0 0,1727 8,0 0,1634
| 25 0,1903 5,5 0,1708 8,5 0,1624
3,0 0,1856 6,0 0,1687 9.0 0,1615

Hé 56 C,, & bang 11.3 cho bigt két qua tinh todn phit hop khi toc do va chiéu dai khong
vuot nhiéu tri s& & bang nhu sau thoi ky Froude. Déi v6i tau hién dai ma so Froude (11 50
toc do va chiéu dai) vugt nhiéu so v6i thoi ky Froude thi nghiém, cong thirc (11.12) cho tr1
s stic can qua nho. Nguyén nhan phai ndi dén 1a dong r6i ctia nudc tang khi tang téc do
tuong di (Fr) va tang sic cAn ma sat. Vi 18 d6, khi 4p dung cong thic (11.12) dé x4c dinh
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stic can ma sat ctia nhimg tau hién dai phai tang tuong iing hé s6 ma sit C,, 1ay tir bang
11.3. Phan tram tang hé s6 C_. phu thuoc chiéu dai thu va s6 Froude cho & dé thi 11.14.

20

&Cms
(%)

i

i
(

L

LN

w
b=
in

0

-

180 150 L (m) 200

Hinh 11.14

Dién tich mat uét xuat hién trong phuong trinh (11.12) ching ta c6 thé tinh truc ti€p tir
tuyén hinh 1y thuyét hodc nhd mét trong nhiing cong thiic gan ding; coi tri s6 cdc tung do
la chiéu dai clia cAc mat cat sudn cla phdn ngam nude, do truc ti€p trén ban v& dudng hinh
than tau.

Tinh dién tich bé mat uét nh mét trong nhimg cong thic gan ding 12 nhanh hon nhi¢u
va cho két qua di chinh xdc thiét ké.

Cong thitc Mumford

S=(1,7T+38B)L (11.13)
Cong thiic Muragin |
S=(1,36T+ 1,13 6B) L (11.14)
Cong thuc Taylor
S=k VL (11.15)
trong do: S - Dién tich mat uét (m?);

L - Chiéu dai thiét k& cta tau (m);
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B - Chiéu rong thiét ké cia tau (m),

T - Chiéu chim thi€t k€ cia tau (m);

V - Thé tich ngam nudc (m);

& - Hé s6 béo thé tich;

k - Hé s6 phu thuoc B va B/T doc tir d6 thi & hinh 11.15.

2 T T
I I o Py [T
Zams IR b N E
] v/ i AN [
095 —- / (4 NSRS I
I /' AW AIE T
LAY Y SRS
FIrRIEnaa ¥ RSANEN
RIiaeivn X X -
Gs0 H/ YRR Y
' 3
: h RN
qgsu‘- AT ‘!‘\\
LAV '
1 \ \\
G80 NN\ A N h Y \a:,_
R A \\ \u’.:"\{ i / y
N ~ ’ )
b N Y o “'\—" pAD4 / 4
075 NN Neg 2 e i »
NN Y Sl -
LN & e e wl - 1 ]
n i My . W wll P
20 25 30 35 40 45 BfT
Hé si k

Hinh 11.15

D¢ tinh dién tich mat u6t clia tau noi dia, ching ta c6 thé dung cong thic ciia Richm.

S=09L Q2T+ a B) (11.16)
trong d6: o - Hé sé béo dudmg nudc thiét ké

Vidu 11.3: Tinh siic can ma sat clia thu hang theo cong thiic Froude:

Cho biét L = 89,5m, B=13,5, T=5,56m,3=0,73,  =0,94, v=12,5 hli/h

Bai gidi:

Sitc can ma sdt cua tau xac dinh tir phuong trinh (11.12):
R_=C_.7.S v

1 - He s6 sitc can ma sat lay tr bang 11.3, d6i v6i L = 89,5m, ndi suy tri sO & bang.

C,, = 0,430 - 0.1430 ]'0 01426 45~ 0,1430 — 0,00038 = 0,1426
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Diéu chinh h¢ 6 C,_ theo dé thi 11.14. Muén vay ta phai tinh 6 Fr clia thu d3 cho.
Téc 46 tau theo m/s:

v=125 1852 =12,5.0,514 = 6,43m/s
3600

S8 Froude:

v 643 _ 643 o0

JiL /981895 879

Doc s6 phéan trim tang khi L = 89,5 m va Fr=0.217

AC./C..=11%
Do d6 tri s6 cia hé s6 d3 diéu chinh:
(Crdee = L11.C, = 1,11.0,1426 = 0,1583
2 - Trong lugng riéng cla nuéc bién: y = 1,025 kG/dm’
3 - Tinh dién tich mat w6t theo cong thitc Mumford.
S=(17T+8B)L =(1,7.5,56 + 0,73 . 13,5) 89,5 = 1 727 m?
4 - Toc do cia tau:
v = Nlog [1,825 logv]
1,825 logv = 1,825 log 6,43 = 1,825 . 0,8082 = 1 474
v =6,43.1,825= Nlog 1,4749 = 29,95
5 - Stic sdn ma sdt clia tau;
Ry =Ch 7. S . v¥ 20,1583 . 1,025 . 1727 . 29,95
=8393 kG

11.4.2. Ly thuyét sitc cAn ma sat

Ly thuyét stic cin ma sét dua trén nhilg céng trinh cha hai nha nghién ciu Reynolds
va Prandtl.

Trén co so khao sit dong chdy ciia chat long trong 6ng, Reynolds xdc dinh dong chay
wung khong xuat hién su thay déi cdc phéan tir chat 16ng gitra timg dudng chay nhung trong
dong chay r6i thi ¢é su thay déi. Reynolds da ching minh tinh chat dong chdy trong ong dé
xdc dinh nhitng théng s6 khong thi nguyén dugc goi Ia s6 Reynolds.
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trong dé:

R, -2
v

e

v - Téc do trung binh clia ddng chat 1ong (m/s);
d - DBudng kinh ng (m);
v - Hé s6 nhét dong cha chét 1ong (m?/s).

(11.17)

Tang tri s6 Re dén mot gid tn ndo 46 duoc goi la tri s6 tGi han thi dong chay tang bi€n
thanh déng chay réi. D& xac dinh loai dong chiy nay phai so sanh tri s6 Re & 16c do dong cho
trudc véi tri s6 téi han. Néu Re < Rey, thi d6 1a dong chdy ting, n€u Re > Re,, xuét hién dong

chay roi. Téc do t6i han Rey, khong phai tri s6 khong d6i ma phu thudc vao tinh chat long va

nhiing diéu kién hinh hoc clia chuyén dong va thudng dugc xéc dinh bang thuc nghiém.

Tri s6 cGa hé s6 nhét dong cho & bang 11.5.

Déi véi nude ngot:

Péi véi nude man:

p = 102,0 kGs’.m".
p = 104,5 kGs’/m* c6 y = 1025 kG/m’.

Bang 11.5
Nudc nget Nhiét do Nuédc mén Nurdc ngot Nhigt dé Nude man

v. 10 ;e v.10% v, 10° ce v.10°
1,792 0 1,141 15 1,191
1,732 1 1,112 16 1,162
1,674 2 1,084 17 1,134
1,619 3 1,057 18 1,107

L 1.567 4 1.031 19 1,081
1,519 5 1,565 1,007 2Q 1,056
1,473 6 1,519 0,983 21 1,033
1,427 7. 1,476 0,960 22 1,010
1,386 8 1,434 0,938 23 0,988
1,346 9 1,394 0917 24 0,967
1,308 10 1,356 0,896 25 0,946
1,272 11 1,230 0,876 26 0,926
1,237 12 1,286 0,858 27 0,506
1,204 13 1,253 0,839 28 0.889
1.171 14 1,220 0,821 29 0,870
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Vit thé chuyén dong trong chét long 1a 1f thuy€t nhitng 16p gi6i han duge cong bS nam
1904 clia Prandtl, ching minh rdng khi vat thé chuyén dong trong chat 16ng thyc trén thanh
ctia vat thé c6 mot I6p mong cla chat l6ng goi 1a 16p gidi han. Xudt hién 16p gidi han phai
nghi dé 12 d6 nhdt cha chat 1ong trong dong chay ting cling nhu dong chay roi.

Dac tinh ctia dong thé hién trén so d6 véan t6c trong 16p gi6i han trong dong chay roi
tang manh hon (hinh 11.16a) trong dong chay tang (Hinh 11.16b).

4

_,,‘___5,__..1
\LH\LL {4

-:"

I J—

v

a) Cba’y i by Chay fé;:g

Hinh 11.16

Su bign ddi van téc bén thanh cfia vat thé xufit hién nang luc ti€p xic tic dong trén mdi
phén ti&r clia bé mat vat the.

Téng cha céc nang luc tiép xic trén cd bé mat cha vét thé chiing ta c6 siic can ma sat.

11.4.3. Tinh siic can ma sat

Do d6 nhét ciia nuéc céc phan ti & gdn v thu nhét bim vao bé mét v va cing chuyén
dong theo thu 1am thanh mot 16p. Téc do cita 16p nude ban diu so vdi tau bang khong, toc
do ciia 16p sau tang va khi tau chay duoc moét quéng dudng nao do thi té¢c do ® = -v (hinh
dudi day).

Sy tang t6¢ do clia nudce so voi tau tir 0 dén o bay gid xudt hién mot 16p goi 1a 16p gidi
han. Chiéu ddy ciia I6p ndty tang vA kéo dai dén duoi tau. Khi vo tau hoan toan nhan va o
trong chat long 1i tudng khong nhét, bfiy gid khong xuat hién Idp gidi han va sitc cdn ma sit

s& bing khong, su phan bé téc 46 tuong d6i clia nude so véi tau nhu hinh vé duci day.
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Chit Jang ly fdc;‘n_g

Chat long thue - Toc d’g: fub:{:_g d57 cuds nufde

50 vor )‘au.

Hinh 11.17
Dé tinh stc can ma sdt clia tu chiing ta ditng cong thic:
Rm‘ = Cms B vzs
' 2

Vi t6n bao vo6 tau khong nhén, phing 1f tuéng cho nén khi xdc dinh hé s6 stc cdn ma
sat C,, ¢6 d€ y diéu chinh d¢ nhin vé tau; D6 diy khong déu clia céc tam ton, céc diu dinh
tin cdc mo6i han, cdc phin nho ngoai bé mat ton bao, d6 16m bé mat... s& lam tang sic can
ma sat tr 30 - 50% hoac 16n hon, do d6 nén ¢6 ging lam sach nhin bé mit ton bao.

Trong cong thice tinh siic can ma sét trén:

R, - Sitc can ma sit (kG);
Cus - He s06 stc can ma sit (khong thit nguyén);
p - Matdé cha nude (kGs¥/m*):
Nuéc bién: p = 104,8 kGs¥/m* :
Nudc ngot: p = 102,0 kGs*/m*;
v: Toc do cua tau (m/s);
S: Dién tich bé mat uét.
H¢ s6 siic can ma sat phu thudc (hinh 11.18)
1 - $&6 Reynolds:

v: Van toc tau (m/s)
L: Chiéu dai tiu
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v: D6 nhét dong clia nudc (m/s”) phu thude theo nhiét do

t=0C , v =178 . 10° (m%/s);
t=10°C , v=1,31.10° (m%s);
t=30°C , v = 1,01 . 10 (m?%s).

2 - P6 nhin twong d6i K¢/ L:

- L: Chiéu dai thiét ké;

- Kg: Do nhin tuyét d6i, doi véi

* Xudng thé thao, van trugt, tau phéng ngu 16i: K, =0,10 10* (m);
* Tau trong kénh, thuyén budm, tau chuyén tuyén:  Kg=0.15 107 (m);
* Tau chd buu kién, tau khach chuyén tuyén: K= 0,20 10™ (m).

Phin tram stfc can ma sat trong sc can todn bd cla tau 1a khong ¢ dinh, ma thay déi

theo téc do, su thay déi ¢6 thé biéu dién theo ham Froude. Déi v6i tau c6 Fr nhé (10-12 hii 1y/h,
khi L khoang 100 m stic can ma sat la thanh phén stc can chll y€u chi€m 70 - 80% stc can
toan phén, té¢ do tang thi sifc can ma sat giam dén khoang 30%.

Vi du 11.4: Tinh stic cdn ma sdt cla tau hang, cho biét: L = 141,6m; B = 19,6m;

T =8,34m, 8 =0,68; B=0,98; v= 18 hai ly.

Bai gidi: Tinh sitc cin ma sat theo cong thic:
R_=C_ 2vis
2
1. He sd siic can ma sat c6 duge tir d6 thi 10.8
- D6 g6 ghé tuyét d6i K =0,2 . 10° = 2.10%m.

- Do nhét déng cha nude & nhiét do trung binh 10°C: v = 1. 31 . 10° (m’/s)
- Toc do v =18.0,514 =9,252 m/s.

Tir dé:
C s .. K 107
- D06 gb ghé tuong ddi: — = 2.10 =1,41.10"°
L 141,6
- Tri s6 Reynolds: Re = AL 9251416 _ 1.10°
v 131107

Hé s6 masat C,, =2,3. 107
2. Mat d6 nudc bién p = 104,8 kGs*/m*
3. Toc do tau: v=9,252 m/s.
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4. Dién tich bé mat udt duge tinh theo cong thitc Taylor:

S=k,/vL

Hé sé k doc tir hinh 11.18

10340
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Hinh 11.18

Khi B/T = %} =223 vapB=098k=272

v=8LBT =0,68 . 141,6 . 19,4 . 8,34 = 15580m’

Dodé: S =2,72,/15.585.141,6 = 2,72.1485 = 4040m’

5. Sifc cin ma sdt clia thu: R =2,3.107 . %ﬁ .9,252% . 4040 = 41380kG

11.4.4. Anh huéng dé 16i 16m ctia bé mat vé tau dén sifc cAn ma sat

Do nhdm, 16i 16m bé mit vo tau anh hudng dén sic can. C6 thé phan ra hai trang théi:
D¢ 16i 16m chung va cuc bd. Trang thdi 16i 1dm chung gidn nhu bao gdm toan bd bé mat
phdn ngam nwdc do nhitng nguyén nhan:

- Bé mit ton bao khéng phing va phii 16p son khong déu, do y&u t& vat liéu.

- Tén bao gon séng do cong nghé déng va sira chira tau.

Trang thdi 161 16m cuc b nhwr tinh todn, dudmg han, 15 khoét...

Ciéc thong s6 dac trung cho d6 16i 16m chung.

- Cin cif tng binh phuong trung binh d6 cao clia cdc phan khong bang phéng:

ny kszi
k, =y —2— (11.18)
n
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- Chiéu dai trung binh gon s6éng ca tdm t6n:

>
% = 2l (11.19)
n

- Chiéu cao va chidu dai 16i 1om thé hién & hinh 11.19.
- Chiéu day 16p son uét cia t6n bao:

k, = (30 + 40) . 10" (m)

% = (20 + 40).107° (m)

*si_j—:/\.\jl\/\/\/\/\/kf\/
Y o

Hinh 11.19

* n - o~ - E - - k a . -
Anh huéng ciia bé mit si si dang hat dGi véi sic can phu thude ti s6 —* véi tri 56 Re,
L
trong d6 3, 1a d6 day cla 16p 1t co ban. Néu néi dén sy khic nhau nhiéu k, < §,_ va tri 56
Re nho, thi d6 si si d6 khong dnh hudng dén sitc cin ma sat - bé mat vat thé 1a nhén. Khi
£} - - ,r - - . . - ” * . A T - k -~ - - =+
bat ddu s6 Re tdi han nao d6 ma tri s6 d6 nho hon cung vo1 ti 86 :Si ting thi hé s sic can
L

ma sdt bt ddu tang.

Dic trung cha t6n bao gon séng 12 bién d6 va chiéu dai séng A. Gon séng gay tang sitc
c&n 4p sudt va cling lam cho dong chay téch nhanh. Gia s6 ciia hé s& stic can 4p sudt do ton
bao gon séng c6 thé tinh theo cong thic:

2
2a\" S;
ACp=02|— | — 11.20
P [ A ) 5 (129
Trong d6: S, - Phan bé mat bi gon séng clia dién tich mat uét than tau S. Néu thod man
diéu kién: :
2 < J—+_1—) (11.21)
Iy 200 250

thi sife cn phu do gon séng 12 nhd, c6 thé bo qua.

Do 161 16m cuc bo duge tao nén, trude hét 1a dudng han, cic 16 khoét, cdc chd hom
{viing) cua thin tau.
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Stic can cdc duong han trude hét 12 ste can dp suat. Trung binh dudng han ngang tang
3 + 7%, dudng han doc 0,5 + 2% sic can tuong duong véi tam phang. Siic can cha cic
viing, cdc 16 khoét gan lién véi dac diém cla dong chay (hinh 11.20).

] — - V—- : v =
Vi Y 1 7, " 7 o —_—
i 1) S =
U " Diém cudn 4 2
__L___/ 4 - il
(s 166 %4

=
Hinh 11.20

Stic can dé bao gém:

_ Sitc can do ma st giffa nuée véi nudc quanh viing, cA gia tang dp suat ¢ thanh sau cua
viing gin di€ém xody (cudn).

- Thay d6i slic cin ma st & viing ngoai viing gay gidm anh hudng 16p gidi han.

- Tang sic can ap sust do dnh hudng dong chay bén ngoai tir phia chia hdm c6 xody.

Sitc can clia viing va cdc 16 khoét ¢6 thé 1am gidm bang cich c4u tao hinh ddng mép
sau ctia hom (hinh 11.20).

11.4.5. Céc bién phap lam giam sirc can ma sit

Trong cic cach giam sifc can nhét (ma sdt) phan biét nhu sau:

- Dam bao bé mat nhan;

- Lam cho dong chiy chay tdng trong 16p lat;

- Lam tét dao dong clia cdc phan tlr chat 1ong trong 16p Jat;

- Hiit chat long ra tix 16p bien;

- Dan khi vao 1dp lat.

Anh hudng d6 g6 ghé dén sic can nhét ¢ nghia 1a 1am sao dat dugc bé mat than thu
nhin bing cach 4p dung cong ngh¢ dong tau chinh x4c, son thich hop va bao vé duge 16p
son d6. Giam do go ghé bé mat tau tic 1a dinh k¥ lam sach va bdo dudng céc phan dudi
nude Khi tau 1én da hoac ngay lic tau dang khai thdc, nam dudi nude.

Lam cho dong chay chiy tang trong I6p 14t 12 lam giam stc can nhét. Dé dat diéu dé
phai tao hinh déng thodt nudc cla tau dé grad ap suat am (dp/dx < 0). Thyc t€ 1am dong
chéy chay tang trong 16p 14t thudng ap dung dsi véi tau co s8 Reynolds cao.
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Lam tit dao dong cha cdc phan it chét long trong 16p 14t véi muc dich lam giam XOdy
dong. DE dat dugc muyc dich, ngudi ta pha trén bé mat than tau chat dan hoi.

Su hiit ra chat 1éng tir 16p 1at, trude hét 1a loai hién tuong téch dong. Trudng hop tau cé
hinh ddng dic biét (phifc tap) khong dp dung bién phap nay.

Dan khi vao 16p l4t, gidm g suat tiép trén bé mat vo tau, cling nhu giam sdc can ma
sit ctia tau. Thuc t€ 4p dung vao mdt s6 tau chay nhanh va tau nhoé nhu tau quan sy, tudn
tra, cho khi xa dong co xudng duéi diy tau.

11.5. SOUC CAN AP SUAT

Sttc can dp suat 1a két qua hiéu s6 4p sudl phdn mii va dubi tau. Hiéu & ndy ton tai la
do su giam 4p sudt ving dudi tau so ving miii. Sy giam 4p sudt sau dudi tau la nguyén nhan
truc tiép clia hién tuong tich dong chay khoi vo bao. Bé ngoai phin hién tugng nay ta thay
xuét hién dong xody manh va diém tdch nim vao vi tri ma 4p suat & d6 tang rdt nhanh va
diéu d6 phu thudc vao bin kinh luon clia vo bao theo chiéu doc tic 1a hinh déng con tau. Vi
vAy mot vat hoan toin chim trong méi trrdng chat 16ng, stic can dp suat cling duge goi la
stic can hinh dang hodc sic can xo04y.

D6i v6i nhimg vat thé ¢6 hinh déng thuy dong hoc nhu tau thuy binh thudng thi di€m
tach dong chay nim gan sau lai va sic can ip sudt khong Ién 1am thuong khong vuot qua
vai phdn tram sic can toan bo. DOi v6i nhimg vat khong c6 hinh ddng thuy dong hoc nhu
ponton, xalan... Stc can 4p sudt rat 1on c6 khi lén dén 50% hoic cao hon so Véi sic can
toan bd. '

Viéc xac dinh chinh x4c stic can
ap suat 1a mot vén dé rdt khé va dén
ngy nay chua c6 10i giai. Khi khao
s4t mo hinh tau, ching ta chi c6 thé
do sitc can toan bo ciia mo hinh, sau
khi trir stic can ma sat dugc tinh theo

cong thic & trén, con lai chiing ta ¢6
téng sttc cin séng va siic can dp sudt,
nhung khong xdc dinh dwge chinh

xdc siic can 4p sudt la bao nhieu.

Hinh déng tau quyét dinh hai loai sic
can dé, vi vay goi hai loai sitc can d6
4 sidc can hinh ding hodc sic cin Hinh 11.21
du.
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Tri s6 sic can dp sudt c6 thé tinh gin diing theo cong thic:
R, =C,.p/2V.8 (11.22)
trong dé:
R, : Sifc cdn ép suat (kG);
C, : He sg sic can ap suat (khong thit nguyén);
p :Matdo nude (kGs*/m*);
v :Toc d6 thu (m/s);
S : Dién tich mat u6t (m®).
He s6 stic can p suét ¢6 thé tinh theo cong thic kinh nghiém cda Papmel:

JF
C. =009 Fy £ (11.23)

F, : Dién tich suon gifia;

S : Dién tich bé mat udt;

© : Chiéu dai doan thon duoi (Tinh tir tiét dién cusi doan than dng dén miut dudi,
truc sau).

1L.6. SUC CAN KHONG KHI VA GIO

Tau di trén bién lang va trong khong khi finh, phai chiu sitc can do chuyén dong cua
ph4n trén nudc di vao khong khi. Siic can nay phu thudc téc do tau va dién tich, hinh ddng
clia phin trén dudng nudc.

Khi gi6 théi, sic can cing phu thudc t6c do, hudng gié tuong doi chia n6 cong thém gid
gay nén séng ma o thé 1am tang stc can. Anh hudng clia séng da trinh bay & chuong 9.

Thuong ting ¢ nhiéu chic nang phéi thoa min, ching khéng dn thodt Khi va trudng
hgp nio d6, gi6 chi cé ich 1a gié gan xudi (khong nguoc - dead ahead). Su gidm sic can
toan bd chi ¢6 thé thyc hién bing bién phép nao d6 chi tuong déi nho. Phin phiéu sirc cdn
ciia thugng ting thay déi theo binh phuong t6c do va anh hudng s6 Reynolds thay dodi c6
thé bd qua. Tau chuyén dong trong khong khi tinh, stc can khong Khi ¢6 thé viet:

1 2
R, =heéso 3 pA, v’ (11.24)

trong dé:
A, Dién tich phan trén duding nude chigu vao mat cit ngang,
v - Téc 46 cha tau

va hé s6 ¢6 tri s6 phu thuoc hinh déng tau va thuong tdng lau.
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Taylor d¢ nghi siic can khong

khi cua nhiing tau binh thudng khi P~ tim lye gid

, b
tim phang phdp tuyén véi huéng ¥ p@&

gi6 ngugc cé thé thita nhin bing

! C ia 16t d gio
chuyén dong va ¢d chiéu rong B - Q\;‘;{?ﬁ:}
bang chiu rong tau va chiéu cao F —bdpfytgfﬁ\\

bang B/2. Tir nhitng thi nghiém
trong khong khi, ong dua ra hé s8 Hinh 11.22

sirc can 1,28. Vay:

R, =1,28. 2. A, v

(k!

=1,28. 1 0,00238 . g vl
2 2

- 0,00152. L B . v}
2

trong do; v, - Téc do gié "thuc” hodc t6¢ do twong déi so véi thu tinh bang fps (feet per
second), B tinh bang feet va Ry tinh bing 1b (pounds), khi khong khi tinh v, = v

Vdi v tinh bing hai 1¥/h:

R, =0,00435. % B’ v} (11.25)

Taylor 18y tron hé s6 bang 0,004.

Nghién ciru md rong vé stic can clia thuong ting do Hughes tién hanh, mé hinh cdu tao
phin trén dudng nudc va thuong tdng 14u va cho kéo vita xuéi vira nguge nude & nhiéu téc
d¢ khdc nhau, gi6 théi & nhimg géc do khdc nhau, stic gié va huéng gié ciing khic nhau. Ba
mé hinh duge s dung 1 thu diu, tau hang va tau chuyén tuyén Atlantic, khong dé ¢ lan
can, day chang... |

Té6c do tuong d6i cla gié v, duge x4c dinh (hinh 11.22) va luc téng F tic dung lén mo
hinh dugc do, cling v6i huéng gié va tam chiu gi6. O géc 6 khong déi chia gi wong d6i

thdi bén mii, tri s6 ciia F/ vZ, duoc tim g véi cic t6c do.

142



Nhu dudng cong F/vfd va o
duoc chi ré trén hinh 11.23, trong
d6 a 1a goc gilta dudng tam tau va
lue téng hop cua gi6. Tri s6 F/ v
t5i da khi gié thdi ngang (on the
beam) vdi dién tich chiu gié 131 da.
Né khong tuong iing véi sic can
gié t6i da khi tau chuyén dong
nguge véi gié. Sic can gié 161 da
xudt hién khi gi6 thdi bén mii 30°.

Tam cha lyc gi6 gan sat mii khi
gi6 thdi gdn doi dién tau, tim dich
chuyén vé sau vé6i 0 tang dén diém
gén 14i khi gi6 théi gan dang 14i.

Khi gié théi ngang, dién tich
chiu gi6 16n nhat, ca than chinh va
thuong tang, phdp tuyén véi gié va
¢6 cung gid tri sifc can, nhu vay dién
tich hitu hiéu gin bang dién tich
hinh chicu doc A, (hinh 11.24).

bai véi truomg hop nguoge gid,
than chinh tau dudi boong thai tiét
co sdc can riéng thap nhiéu hon
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Hinh 11.23. Luc tdng cda gid va tam 4p sudt

dién tich doi dién clia thugng ting. Hughes dé tim ra ti s6 nay 0,31; 0,27 va 0,26 doi vdi tau
diu, tau hing va tau chuyén tuyén tuong dng. PE dp dung trong thuc t€, dién tich tuong
duong c6 thé tim bing cdch thém vao 0,3 cla dién tich hinh chi€u than chinh c¢ong véi dién
tich hinh chiéu thuong tang cho ta dién tich hinh chi€u ngang A; (hinh 11.24).

Hughes dua thém hé s6 K, do vay:

F = Kp'vld

, (A_sin’ 0 + AL cos’ 8)

trong dé:
F - Tinh bing pounds;
v, - Tinh bang feet/s;

p - Mat d6 khong khi =

A, va A; tinh bing (ft*)

0,077

¥

cos (o ~0)

= (0,00238

K c6 tri s& gin diing 0,6 cho tat ca gid tri 0, thay déi giita 0,5 va 0,65.

(11

26)
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Véi v, hai ly/h, bifu thic trén trd nén:
F = K.0,00238(1,689v2 )’ (A_sin® 0+ A, cos” 8)/ cos(a - 06))
= K.0,0068v} (A _sin® 8+ A, cos® 8)/cos (o —6)

Khi nguoc gié 0 = o = 0 va sifc can gio s& la:

R« = F=KpA_ vl ; v, tinh bing feet/s , (11.27)
Vay K= F — ; K khong thid nguyén trong 1 don vi
PATVY
bat K =0,6; Ry =0,0041A, v},

D6i véi géc nhd cha gié bén miii hoac 14i, lyc gié trén dudng chuyén dong clia thu sé
gin ding Fcosa. Tri s6 cia Feosa /pA¢/ vZ, hoac Kcosa khi 6 thay déi nhu hinh 11.25
chi rd d6i véi tau diu, tau hing, tau chuyén tuyén c6 thugng tang binh thudng. Nhimg
dudng cong nay chi ring, di cosa gidm khi tang géc gié thuc bén mii hodc dudi, thi
nghiém da xac dinh tri s& F tang ciing nhanh, vi sy tang nhanh cta dién tich chiu gié, 8 bat
dau tir 0° dén 180°.

Vay tich Feosa tang cling § v stc can t5i da khi tau di nguge gié xuat hién trén ca 3
loai tau, khi gi6 thdi khoang 30" bén miii. '

. .

Dién 1ith hivh chidis che 4,  Dén lch hinh chidy ngang
Ar=03. A4,

Hinh 11.24. Dién tich chiu gi6 trong sitc can khong khi.

Stic can ngugc gio:

Ry = F cosa = KpA, v, cosa (11.28)
V6i Ry tinh bang 1b, v,, bing hai Iy/h va p = 0,00238

R, = 0,0068A,v: .Kcosa (11.29)

Trong d6: Keosa 1a tung d¢ trén hinh & gid tri tinh todn.

Khi ngugc gié o = 0 va K tir hinh 11.23 vao khoang 0,6, vy thi:
R, = 0,0068.A,.0,6.v}

= 0,0041 A, V2,
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Heé so SUG can gio chinh mii hogc lai
13} cd mb hinh vai th/fing bink thudng

Svz can tink pounds = 0,0068 (K cos o) pAr ij.
Trong o’ A‘f ?:rm‘!fr iV finh h.lifh
(Kecoso) ldy 17 dudng cong

Hinh 11.25

P6i v6i tdm phang ¢6 dién tich A; phédp tuyén véi gid, Stanton tim gid tri R/ AV
biang 0,0040 phi hop véi tri s6 cia Hughes dua ra tir mo hinh thu trong nudc.

11.7. SUC CAN PHU

11.7.1. Sitc can nhimg phan nho

Cic phin nho c6 anh hudng dang ké dén stic can toan bo cua tau. D6 1a ki tau, gid dd truc
chan vit, banh l4i, vay giam lic v.v... Stc can phin nho khong xdc dinh bing khéo sdt mé hinh,
bdi vi mo. hinh nho, s6 Re cla cac phan nho qua bé, do dé két qua dé sai. Vi vay siic can phan
nho6 coi nhu thanh phéan riéng va thém vao stic can toan bo. N6i chung, thanh phan luc nay
khong 16n, tuy nhién trong mot s6 trudng hgp, dac biét tau chay nhanh va khi cdc phan nho
thiét ké khong diing, sic can phan nho c6 thé 1én t6i 25%. Nguge lai, ¢6 trudng hop phan nho
lam gidm sic can nhu dat banh 14i thot nudc cta nhiing tau 8 16n, banh ldi coi nhu tang chiéu
dai than tau, lam t6t dong chay va ddy diém roi dong chay hudng vé dudi tau.

Stic can phan nho thong thudong biéu thi bing phén tram stic can toan bo. Dé xdc dinh loai
stic can dé, cé thé sir dung bang 11.6. Stc can phin nho theo phén tram stic can toan bo.

Bang 11.6
Loai tau v,/ \/E
0,7 1,0 1,6

Tau I16n, chay nhanh, 4 chan vit 10 + 16 10 + 16
Tau nho, tau chay nhanh, 2 chéan vit 20 + 30 17 + 25 10 + 15
Tau nho, 2 chan vit, téc do trung binh 12 =+ 30 10+ 23
Tau 16n 2 chan vit, té¢ dé trung binh 8+14 8+14
Tau 1 chong chéng 2+5 1+5
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Timg phan nho tao nén siic can phu cé thé ddnh gi theo bang 11.7 (theo Baker)

Bang 11.7
. Tau hang va tau hang-khach Tau chay nhanh
Cac phan nho tau khach !
1 chan vit 2 chan vit au khac
Gia dad truc : 0 25 4.0
vay giam lic 3 25 2.5
Banh lai 4.5 2.0 1,5
Téng cong 75 7.0 8,0

11.7.2. Sirc can tang do do nhidm cua vo tau

D6 nham cta vo tau anh hudng rdt 16n dén sy gia tang sic can cla tau. Sau khi tau go
ri, son, ha thuy, cir mét ngdy sifc can ting 0,2 + 0,5% stic can toan bo cla tiu.

11.7.3. Anh huéng s6ng bién va thoi tiét dén siic can cia tau

Xdc dinh stc can bang thi nghiém trong bé thir hofic nha cic phuong phdp gan ding
vl gid thiét bé mat nude phang 1y tudng. Vi vay, toc do cha tau duoc x4c dinh nhé céc tinh
todn d6 chi cé thé trong nhitng diéu kién thoi tiét thuy van thuan lgi, khong gié, séng.

Khi mat bién ¢6 séng, néu tau chay theo hudng duong thing phai thuce hién thém nhing
chuyén dong chu ky phic tap gém ¢6 chong chanh doc, ngang va thing dimg. Cic chuyén
déng phu nay 1am tang stc can cla tau; khi chiéu cao séng va t6¢ do tu cang cao thi sic
can ting cang nhiéu.

D¢ thing sic cén phu do séng bién va dé giit t5c do khong d6i phai tang cong sudt mdy
tuong ung.

Tuy nhié¢n, dac biét trudng hop tau nhanh di hét ¢ do khi bién dong manh, tham chi
¢6 du phong cong sual ciing khong thé thod min, vi hién tuong qué phitc tap nhu nudc tat
lén boong, séng va dap, xudt hién gia tdc 16n qud v.v.. V€ phuong dién kinh t& cla tau ciing
khoéng dat duoc.

Qua nhiéu nam khéo sit anh hudng séng dén stic can cha tau va khao sat do siic can
m6 hinh vdi séng nhén tao trong bé thr cling nhu khao sat phan tich nhitng tau thuc trén
bién dong mot cdch cé he thang, cho thay trong bé thir thi nghiém, ngudi ta chi c6 thé thuc
hién séng ¢ mili hoac & dudi tau va khong thé do sic can d6i v6i nhitng huéng di cia tau
khdc nhau so v6i séng. Ngoai ra, song tao nén trong bé thir 1a séng luon tuon didu hoa
khong thay déi profil, boi vay né khong giong séng bién thudng khong diéu hod nhat 1a
song cua bio.

Két qua khao sdt chi ra riang, trong céc chuyén dong cta tau trén séng, chong chinh
doc gay tang sitc can nhiéu nhat. D6 gia tang nay dat cuc dai khi ma chu ky séng tau gap
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phai tring véi chu ky chong chanh doc cua tiu, bay gid nude tat lén boong manh hon va gia
16c it 16n, ¢6 thé xudt hién tinh huéng khong an toan cho tau. Chong chanh thang dimg ¢6
anh hudng it dén su tang stic can, anh hudng it nhét 1a chong chanh ngang, ké ca khi bién
do cua né 16n.

Két qua khao sat mo hinh mot cach hé théng cho phép rit ra két luan quan trong ve tri
«8 sifc can phu R, do séng bién, hodc luong giam téc do.
Déi v6i loai stic can ndy, Havelock dua ra cong thirc nhu sau:

2
P h L2
R, :Eg.B[E] sin” 1g (11.30)

trong do: h - Chiéu cao song;
- Nita géc vao nude § dudng nude van hanh & mai.

Hinh 11.26 cho biét két qua khao sat hé thong mo hinh ¢é hé s6 béo thé tich d va chiéu
cao séng khac nhau do Kempf nghién ciu va xay dung d6 thi.

Av 50 r - : .
%] r \ Chiu cap song [m]6

40

ig

20

060 65 0.70 075 080 S
Hinh 11.26. Anh hudng chiéu cao séng dén t6c do

Hinh 11.27 cho biét két qua phan tich nhiéu chuyén di cla tau Haven-stein. Sy phéan
tich dua vao viéc do téc do cla thu, trang trai cla bién, siic gié, vong quay cua may v.v...;
Két luan sttc cin phu do séng, gidé phu thude viio t6c do chia thu va tinh trang thai tiel.
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3 /. Sue con do song bién
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St gio (cip Beaufort)

Hinh 11.27. Stc can phu do séng, gié phu thude téc do tau

Téc¢ A6 clia gié xdc dinh theo cong
thitc sau day cho két qua tot:

trong doé:

v, - Toc dé clha gié tinh bang hai 1¥;

h - Chiéu cao séng tinh bang feet.

Hinh 11.28 cho biét quan hé giifa
chiéu cao song h, 16¢c do gid v, chiéu dai
séng ca suc gio theo cap Beaufort.
Pudng cong trén hinh duge xay dung doi
val toc do gié trong khoang 12m/s va
chiéu cao séng:

h = 0,08v)?
bai vai toe do gid 16n hon:

h =0,0105v*
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Khi bién dong stic cdn tau s& tang lam giam téc do tau. Khi thi&t k€ tau, sic can cla tau
duge xdc dinh trong nudc tinh, do vay phai taing mot s6 phan tram nao day clia sifc can, tuc
Ia phai ting cong sudt mady thich hop. Su tang cong sudt la can thiét, néu trong dicu kién
thsi 1iét trung binh chiém nhiéu trong chuyén di ma mudn dat t6c do nhu gia thiét thiét ke.
Tang siic can vdi he s6 thich hgp goi 1a h¢ s6 thoi tict K, phy thudc vio tuyén dudng va
mia. He s6 6 thé 14y tir 1,15 dén 1,20, doi khi c6 thé dén 1.30.

11.8. ANH HUONG NUGC CAN

11.8.1. Sitc can trong nudée can

Siic can cia tau thay déi rat nhanh do anh hudng clia nude can, trong do diém ddu tién
Ia su thay ddi déng k& vé dong thé quanh than tau. Néu tau dang xem xét & tu the thang
trong dong chay cé chiéu sau gidi han nhung chiéu rong khong gidi han, nudc chay qua véi
t6c do nhanh hon trong nudc sau, do |
giam &p sudt nhicu va tau ting do
ngap, do chii va sic can. Néu thém
sy han ché chiéu ngang nhu trong
song, kénh lach, nhing anh huong
niy cang nhiéu.

Anh hudng th hai 1a sy thay ddi
16p song xudt hi¢n khi tau di qua tu
nude siu vio nudc can. Sy thay doi
naty duge Havelock nghién cliu diém
dp suat kich thich di chuyén trén mt
thodng cua nudc.

Khi nudc rt sau, dii séng gébm
s6ng ngang va song chéo. Nhu da
néi & tiét 11.3.2 chiéu sau nude h,
to6c 30 séng bé mat duge bidu dién
bing cong thic:

v? = (gL, /2n) tanh2nh /L, (11.31)
trong dé: Ly - Chiéu dai s6ng tinh (i
dinh ndy dén dinh kia.

Khi h/L, tang, tanh 2mh/Ls gan
bing 1, déi véi nude sau, cong thifc

thuong dung:

v; =gl /2In Hinh 11.29. Anh hudng nudc can dén dai song
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Chiéu sau h gidm, ti s& h/Lg trd nén nho, tanh 2nth/L gin bing 2nh/Lg va nudc can, t6¢
d6 séng gan bang:
v, =gh (11.33)
Khi téc d6 nhd hon v = 4/gh hé séng gém ¢d séng ngang va song chéo nhu & nudc sau.
Khi t8c dd v = 4fgh , hé séng khong con song chéo.

Khi t6c do nhd hon khoang 0',4Jg_h . hé séng dugc khép kin bdi dudmg thing 1am thanh
g6c o = 19°28' v6i dudng tim tau nhu khi nude sau.

Khi v tang trén gid tri ndy, géc tang va gén 90°, v gin bang \/gfh duge goi 1a toc do téi han
(critical velocity).

Piém 4p suait bay gi¢r gdy dong 161 va di chuyén cling t6c do nhu clia né va tat ca anh
hudng séng tap trung trong mot dinh qua diém tai géc vuong, thing géc véi hudng chuyén
dong cha né. Dang séng ndy phit hgp véi su quan sit mo hinh va tau khi chay & t16c d6 16i
han trong nuéc can. Toan bé nang lugng dugc chuyén qua séng va séng d6 duge goi la
s6ng chuyén vi.

Khi t5¢ do vugt qua ~/gh , géc giam ti€p, he séng chita dudng thing sin’c = gh/v?, hinh
11.29. Bay gio chi con song chéo khong c6 séng ngang hoiic dinh.

Anh huéng tdc dong dén sic can do nhimg thay ddi ndy trong dong nuéc can duge
Havelock nghién ctu, 4p suét r5i trén doan thang | vd & d6 sau h. Mdi duong cong ghi gid
tri clia ti s6 chiu sau nudc h va chiéu dai dac tnmg | doan r6i, k¥ hiéu o 13 & nude sau. Khi
h/% = 0,75 c6 chép wong g t6c do v = /gh = 0,86. Vay |/ h/1 = 0,866, wong tng
v = \/g_h = 1, chép tuong ting téc do séng chuyén vi déi v6i do sau riéng biét, hodc téc do
t6i han. O t6¢ do d6, siic can rdt 16n hon & nude sau nhung cudi cling téc do di cao, stc can
trd lai nhd hon & nude siu twong dwuong. DO sau nay ¢ gid tri quan trong & céc toc do thir
vi ¢6 thé gay sai két qua trong quan hé giita cong sudt va toc do.

0.4

T T
Gig tricuz by ghi irén
¢ dua
03 ik ng cong

i
o
& 0.2 ;X\ 1.43
o) // e \\ Z.{i
AL TS
ol
0.4 0.6 [+

g 10 1.2 7,

i

2
Vgh

Hinh 11.30. Anh hudng nude can dén sitc can sdng.
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Cic toc do dudi va trén v = \/g-h phit hgp dudi va trén 161 han, tuong ltng gdn nhu
cdc tau khai thac & viing dudi t6i han, trir nhitng tau phong ngu 161, tau qua kénh, cic
kiéu tau twong tu. Tir phuong trinh 11.31 thay ring do sdu cla nuée lam giam t6c do
cha séng, d8i v6i chiéu dii séng di chon cling gidm. Tau chay trong nuéc can thap
hon & nuéc sau, chd 16i va chd 16m rén dudng cong st can xudt hién & toc do thap
hon vi nudc can hon.

Schlichting phan tich anh hudng nudc can nam 1934. Cong trinh chi 1d su ting sic can
trong nudec can & téc d6 dudi 161 han (subcritical speeds), khong gidm & 16¢ do trén téi han
(supercritical speeds) va trong nudc can khong gi6i han chiéu ngang. Su phan tich duoc dua
trén su xem xét 1y thuyét va mo hinh thi nghiém & bé thit Hamburg va Vienne.

Vi du dudng cong stic can ma sdt va stic cn toan bo ¢ nude sau chi 1o trén hinh 11.31.
3 16c do rieng biét ndo dé v., trong nudc sau tuong dng Ry va Ry O 1dc do nay, séng duge
gy nén do tau ¢ chiéu dai séng Ls.

vl =gl /2n
Trong nudc sdu h cung chiéu dai

séng Lg duge gay nén & toc do thap hon .
hoac t6c d¢ gilra v, A o
; : -l nupe c3n
2 R, - sdccantodnbi B L8, s R o
vi ={gL¢/2m)tanh2mth/ Ly r - SuCca 0 AN
i e i ’?F — syt can ma sat ' nvde sau |
va ti s@ gilia hai toc do la: Ru - $0% can song -
w | "‘.o
v . ' L.
—L = (tanh 2nh/Ly)""” . 3
v, - twer | g
= (tanh.gh/v2)'"? R
Vi _ 25102
— = (tanh .gh/v_) -
v, Co
R . |
Pudng cong v, / Ve trén hinh 11.32 n AT g
o ?E E Vi . : ]_ _y, P Tac 89
13 ham cGa v_ /.fgh. Luong giam toc = v, o
dé duge tinh: - - Vg om e —

Voo = Vi + AC
Trong hinh 11.31, Schlichting gia
thiét rang siic can song trong nudc can
& t6c do v, nhu 8¢ dd v., nude siu. Sic _
can toan bo, tai t6c do v, bing sic can séng R vai sic can ma sat nude can R,, d6 1a diém
B. Doan thiang AB thuc su song song vdi EF.

Hinh 11.31. Xéc dinh stfc can nudc can
bing phuong phap Schlichting

C6 sy mat t6c do Av, vi sy tang dich chuyén dong chay quanh than tau, do su han ché
dien tich ving gin ddy, cudi cing 16c dQ v, = v, - AV, Schiichting xem xét lugng giam t6¢
d6 nay bang mo hinh thir trong nudc sdu va nude can. Ong da tim thong s6 chinh kiém tra
Av latiss A, /h.
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trong dé: A, - Dién tich tiét dién ngang 16n nhat cua than tau:

h - Do sau cha nudc.

1,00
—= T " '
e o
| T&;-‘. i . ; ! 3
\ ! N ,\’Rz *_ Bung cong U, fur, hom cve L-ﬂ/ﬁ
036 | AN ot ; - i
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Hinh 11.32. Pudng cong ti 53 t6c d¢ dé tinh sic can trong nudc can (Schlichting)

Hinh 11.32 chi 15 dudng cong v, / v, ham cua mf h do Schlichting thiét 1ap tr md
hinh thif clia éng ciing nhu quan hé gilia v, va v, cho nhitng d6 sau h khac nhau clia nudc.
Nén chii ¥ rang ti s6 v, / V. gn bang 1 d6i véi gid tri v,/ gh nho hon 0,1, vi thé trong
viing nay, anh hudng siic can séng khong quan trong. Trong hinh 11.31, néu khoang Av,
dat nam ngang tir diém B, cho ta BC, diém C s& ndm trén dudng cong stfc can toan b trong

nude can, tuong tng véi téc do v,. Cich xay dung nay cho ta mot s6 diém, ndi cac diém d6
lai chiing ta dugc dudng cong.

Nén luu ¥ rang tai diém C, téng suc can trong nudc can & t6¢ do v, la nhé hon trong
nurde sau tai toc do Vo, - diém A. Néu mudn tim téc d¢ tau trong nude can ¢ cling tong siic
can, ¢6 thé tinh gan ding tai diém H.

Lugng mat téc do toan bo la:

Av=AC+ Av,
C6 thé biéu dién phan tram nhur:
AV, . 100 = (v - v ) [ Ve . 100
Tinh phan trim nay thé hién dang cdc dudng cong trong hinh 11.33.
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Hinh 11.33. D6 thi Schlichting dé tinh d¢ giam t6c do trong nude can
Ton thdt chung i16c dg cho Av theo cde didng cong

tink phdan irdm 16¢ doé Aviv . 160

Vidu 11.5. Ap dung nhimg duong cong (hinh 11.32). Tau chd quéang cé cdc kich thude
370 ft x 641t x 17,5ft. Lugng chiém nuéc 8850LT (Longtons). Tau chay nuéc sau ¢é toc do
13 hli/h, khi chay trong nudc can h = 24 ft, khong han ché chiéu ngang. Cho biét:

A, = 11113107 JA, = 3334
va JA,/h=3334/24 = 1,389
v, /\Jgh = (13.1,689)/(32,2.24)"% = 0,790

va vi /gh =(0,79)" = 0,624

Tir céc dudng cong trong hinh 11.33, luogng mat t6c do Av/u,. = 20,3% va t6¢ do cla
tau bang 10,35 hi/h.

Khi nude can ¢6 gioi han chiéu ngang nhu cia song, song hodc kénh rach su ting sic
can hodc gidm toc do lai cing tang. Nam 1939, Landweber cong b6 két qua thi nghié¢m siic
can cua mo hinh tau van tai trong mot s6 kich thude khac nhau vé kénh chit nhat, & cic to¢
do dudi téc do tdi han. _

Phan tich cdc thong ke khao sdt cha Landweber, dong thai ¢6 mé rong phuong phdp
cta Landweber néi trén vé sic cin nudc can, trong trudng hop c¢6 gisi han chiéu ngang.
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Trong nuéc can khong gidi han chiéu ngang, sy gidm toc d6 1a ham cua JA,/h, va
Landweber tim ki¢m mot thong s6 tuong tu khi dua chiéu rong b clia kénh. Ong goi thong
s3 nay 1a "ban kinh thuy luc” cha kénh, Ry; va dugc dinh nghia:

dién tich tiét dién ngang cha kénh

R, = (11.34)
chu vi uét
Pai voi kénh hinh chit nhat ¢6 chiéu rong b va chiéu sau h:
R, =bh / (b + 2h) (11.35)

Khi b rdt 16n, R, = h, diéu ndy tuong tng trudng hop nudc can khong gidi han chicu rong.
Khi tau hoac mé hinh trong kénh hinh chi nhat, bdn kinh thuy luc:

A Dién tich tiét dién ngang 1on nhat cua tau

(11.36)
trong do:
p - Chu vi uét clia tau tai ti€t dién do.
Tir két qua mo hinh, Landweber c¢6 thé vach lai mot dudng cong ti 56 v,/U, 1a ham coa
m dé dung cho nudc han ché trong kénh.
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Hinh 11.34. Dudng cong ti s6 t6¢ d¢ d¢ tinh siic can trong nude can (Landweber)

Pudng cong dé chi rd & hinh 11.34 ciing c6 dang gidng véi dudng cong & hinh 11.32
nhung hoin toin khac bdi vi Schlichting bo qua anh hudng chicu rong trong thi nghi¢m.
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Saunders thich ding duong cong cha Landweber vi ca trong nudc can va han ché nhu
chinh tri s6 \/A /h hoac A /R, cang cin thiét.

Dé hoan thién va tién lgi trong sir dung, vi viy v, / v, ham cha v f\/g_h dugc lap lai
trong hinh 11.34.

Tinh stic can trong kénh ciing vi du trén tinh cho trudng hop tau chay trong kénh han
ché (hinh 11.35).

Dién tich tiét dién ngang ctia kénh:

A =[(250.35) + (35)°/2 + (60,6 . 35/2)] = 10423 ft°
Va chu vi uét cia kénh;

= [250 + 35c0545" + 35¢c0s30°] = 369,5ft

Hinh 11.35
Dién tich ti¢t dién ngang 16n nhat clia tau 13 111,3 ft® v chu vi u6t cua tu 98 ft. Tir day:
R, = (10423 - 1111) /(369,5 + 98) = 9312/ 467.5 = 19,92 ft
va ti 86 JA /R, =3334/1992=1,67
Chiéu sau twong duong cla kénh da tinh téc do 16t han clia séng:

Diéntichti€tdiénngang _ 10423
Chiéuréngtaimitaude 3456

= 30,1611

Tinh t6c d chia tau trong kénh, khi sitc can bang & nudce sau, v = 8 hlih
v, = 8 hli/h = 13,51 fps (feet per second)
va v, /+fgh =13,51/(32,2.30,16)"* = 0,43

Tir hinh 11.32, ti s6 vi/ve, = 1, v, = v,,, nhu vay khong c6 anh hudng siic can séng va
tinh ca su gidm t6c do la do thé dong thay déi.
Tir hinh 11.34

VAR, =167, vi/fv,=0,783
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TU v, = v
v, =0.783 . v..= 0,783 . 13,51 = 10,6 fps = 6.28 hli/h
hoic toc do giam 22%

Ngiu nhié¢n, néu dudng cong cta Landweber duge dp dung khi mude can vi han ché
nhu Saunders dé nghi thay bang Schiichting thi tdc do giam trong nude can 18,6% thay vi
20.3%% di tim trude day, 16c do 10,50 hli/h thay vi 10,35 hli/h.

Vi dy 11.6: Tinh t6c do 161 han cta tau khich trong nude finh ¢6 d¢ sau h = 2,0m va
trong kénh c6 ti€t dién hinh chir nhat cling do sau va chiéu rong b = 16,0m. Cho biét tau dai
L = 62.00m: B = 8,5m; T = 1,30m; ban kinh héng tau R, = 0.30.

Bai gidi: '

Téc t6i han trong nude tinh, ching ta tinh tir cong thuc:

Yin = '\/_gE

Sau khi thay nhimg dai luong da biét, chiing 1a ¢

v, =9.81.20 =4,43m/s =1595km/h

Toc do tdi han trong kénh:

=

Trong d6 dién tich tiét dién ngang clia kénh:
A,=bh=160.20=320m’

Dién tich tiét dién ngang 1on nhdt cua tau man thiing vuong géc véi nude, biét chicu
chim, chiéu rong B, bdn kinh hong R,
1 m(2R;
A,=B(T-R,) +(B-2R,).R,+—. -“(—4"—)

=8.,5(1,30-0,30)+(8,5-2.0,30)0,30 + = = 11.0im?

1 7(2.030)°
4

Chu vi clia kénh va chu vi ctia swon 1én nhat:
p=(b+20)+2(T-R)+(B-2R)+ R, =

= (16,0 +2.2,0)+ (1,30 - 0.30) + (8,5-2.0,30) + © . 0,30 = 10,84m
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Sau khi thay cic s6 lieu da tinh vao cong thifc, tdc d téi han trong kénh:

981 [220ILOT 4 36m/s = 15,68km/h

Y., =
t 10,84

v = 15,68 km/h

11.8.2. Hién twgng dong chay va sife can cda tau khi chuyén dong trong kénh

Hién wong xudt hién khi thu chuyén dong trong kénh co ban khong khac hién tuong
xudt hién khi tau chuyén déng trong nudc finh, tuy nhién tit ca dac tinh dong chay c6 do
sau han ché, anh hudng dén dang dong chay va siic can xudt hién manh hon.

Hién tuong quan trong nhat xuat hién khi tau chuyén dong trong kénh 1 xudt hién
dong chiy nguoc va tao ra séng don giong nhu khi tau chuyén dong trong nudc tinh. Ca hai
hién tuong va dac biét hién tugng thit nhat xuat hién manh hon khi thu chay trong kénh.

Dong chay nguge (Ihi) xuat hién trong kénh do tiél dién dong nudc nhd noi ¢6 tau.
Nudc trong kénh trudc va sau u & dang tinh. Hai bén man tau, nude bao quanh tau. Do téc
do nho c6 téc do nhat dinh nguge hudng chuyén déng cia tau. Chiing ta goi d6 la dong
chay ngugc.

Dong chiy nguge xuat hién gay ha thip mat nudc 2 bén man tau, Ja két qua ha ap suit
do tang tdc do dong chdy. Bé mat nudc ha thap gay tiét dién dong nude gidm, lam tang t6c
dd dong ngugc.

Toc do 161 han trong kénh khong chi

phu thudoc do sau cua nudc ma con phu
) a . R h=35m
thudc chicu rong cua kénh: [+ b=tom "
T:a i
’ S
Vi =48 -L-]‘— = 4egR, (11.37) '
' 8

trong d6: R, - Bdn kinh thuy luc cta kénh

————
o
)
8

S, - Dién tich tiét dién cua kénh

tai Vi tri c6 thu, khong tinh dién ) ! e
tich sudn gilia cua tau. /
U, - Téng dudmg bao ngip nudc ) //
cua kénh va cua tau. /V
Khi ¢ dudi t6c do 161 han. chiéu cao 0
s6ng don truGe mili nang miii 1én, dudi va s i”___ v kming 20
giita tau ha thip do mép nuéce thip xudng
va tau chui dudi. Khi trén téc do toi han, do Hinh 11.36. Anh hudng d¢ sau va chiéu
chii giam rat nhiéu. rong cua kénh dén dudng cong stic can.
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Hinh 11.36 biéu dién dutmg cong sic can cia tau trong kénh va trong nudc sau.

Tir hinh v& cho thay sifc can 18i da cuc bo trén dudng cong xudt hién khi toc dé ghn toc
do 161 han. Sitc can tSi da cang 16n, kénh cang hep. Khi trén t6c do t61 han suc can giam
nhanh nhu khi tau chuyén dong trong nuéc tinh, nhing lugng gidm 16n hon, thap hon sirc
can trong nuodc sau.

Ngoai ra ¢6 su thay ddi co ban trong sic can song, do két qua thay déi vung séng
quanh tu, khi thu chuyén dong trong kénh sifc can séng ldn hon nhiéu stic can ma sdt, sic
can dp suit va ciing nhu xuat hién thanh phén séc can phu - sifc cin d6 doc.

Tang sific cin ma st cla tau dua trén sur tang 16c do tuong doi cua dong do ¢d dong
nguoc (1ui). Téc do trung binh cua dong gin diing bang tong tdc do ddng nguoc va toc do
thu. Su thay déi sitc can 4p suat do song chéng tang téc dong vao tau. Tau tic dong tuong ty
piston trong xy lanh, gay tang 4p suat trudc mii, ha thap ap suat & duoi.

Khi téc do tau trén t6¢ do t6i han, sitc can séng gidm do giam chiéu cao séng cling nhu
do san bang muc nudc, 1am giam hoac mat di siic can déc.

Trong thyc t& clia kenh, tau dat t8c¢ do trén téc do 161 han. can cong sudl 1ap dat 16n
nhiéu trong mot s6 it trudng hop tau cé chic nang dac bi¢t. Tau hang thong thudng, tau
khich hoiic thu kéo do mdy khong di cong sudt nén khong dat dugc t6¢ d§ trén t6i han, vé
phuong dién kinh t& van tai ciing khong phai muc dich, béi vi ting tdc do trén téc do gidi
han nao dé, phu thuéc hinh dang profil kénh, va kich thudc cha né. yéu cau tang cong suit
lap dat do stic can tang qua nhanh.

Ciing phai chi ¥ ring, khi 16¢ d¢ gidm dudi toc do t6i han, do tao song cao lam hong
bd kénh va quy dinh clia co quan qudn 1y dudng thuy nén khong cho phép tau chay trong
kénh véi téc d6 16n hon v = 0,55 vy,

Thong $6 co ban dic trung cho chuyén dong cua tau trong kénh 1a t6c do dong chay
nguoc ¢6 thé dé dang tinh trén co s6 phuong trinh lién e va dinh ludt Bernouilll. Néu
chiing ta ky hiéu v - t6c d¢ tau so véi bo, v, - t16c do dong chay ngugc, theo dinh ludt
Bernouilli, do giam bé mat nude Ah = h, - h, ¢6 thé tinh tir hé thic:

T v+ v)
h,+"—=h2+(—u (11.38)
2g 2g
. P (me + V)2 - VZ
Tu do: Ah = (11.39)
2g
Sau khi don gian:
L
S 1+2—g‘::3‘~rl (11.40)
v Vo
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Néu chiing ta ky hicu A, - Dién tich tiét dién nudc trong kénh:

A, - Dién tich tiét dién nuéc trong kénh noi ¢6 tau.

A=A -A by A -A, (11.41)
Bay gid phi hop phuong phap tinh lién tuc:
A VvEA(VHV) (11.42)
Ve A —A b, ,Ah + A
Va do dé: o=l L= _tb : (11.43)
v A Al

So sénh v€ bén phai cua phuong trinh (11.40) va (11.43) chiing ta 6 phuong trinh:

2
bt-'h'Ah+Ax=_l+ 14 gAh

A v?

T

Lugng giam mut nvdc Ah [m3J

Hinh 11.37. Luong gidm muc nuéc phu thuge vio t6c do thu va dong chay nguoc

Tir d6 c6 thé tinh Ah va sau d6 thay Ah vio phuong trinh (11.40) hoic (11.43) tinh vpy,.
D¢ dé tinh, thiét lap dé thi (hinh 11.37) phu thudc Ah va v /v vdi nhing t6¢ do v khic
nhau. Néu dr phuong trinh (11.41) xdc dinh Ah, chiing ta cé:
2v oV + vi“_

2g
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hoc Ah = vi=C,. v’ (11.45)

Gia tri ctia hé s6 C, dbang 11.8

Bang 11.8

U, 0 c, UpelU C,

0.05 0,00522 0,40 0,04893
¢.10 0,01070 0,50 0,06371
0.16 0,01644 0,60 0,07951
0.20 0,02243 0,70 0,09633
0.25 0,02867 0,80 0,11417
0.30 0,03517 0,90 0,13303

Stc can déc 6 thé tinh tir cong thic:
Ro=v.V.J (11.46)

trong d6: J 1a do doc thuy luc. Do de thuy lue J phu thudce vio tée do dong chay nguoc va
¢6 thé xdc dinh cong thic kinh nghiém cia Hessla:

v,, =C. {1405R,, ) JR,T (11.47)
trong dé C, 13 hé s6 phu thudc vio loai ddy kénh va ban kinh thuy tuc R;;. He s6 C, ¢6 the
xic dinh tir bang 11.9.

Tir cic cong thuc & trén c6 thé tinh t6¢ d6 cta dong chdy nguoe, gay nén mit nude thip
va tir dé 1am tang siic can ma sat va siic cdn ddéc. D6 1a co sd d€ tinh sirc can cda tiu trong
kénh. Phuong phép tinh s& gidi thiéu & vi du dudi day:

Tri 50 cua he sa C, trong cong thie 11.47

Bang 11.9

‘, Ban kinh thuy lue Ry, (m)

Loai day kénh T
0,10 0,30 0,60 1,0 3,0 6,0
Gb ho4c bé tong 71,8 77.9 79,7 80,4 81,2 81,4
Da cuc 1an 55,6 65,6 68,7 701 71.7 72.1
Ba dam 34,5 47,7 54,2 577 62,0 63,2
pat 16,3 26,3 340 29,5 50,2 54,4
Véi gach va 11,6 19,1 25,3 30,2 39,7 44,6
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Vi du 11.6: Tinh t6c do dong chay nguge va do gidm mat nudc cua xa lan ty hanh
chay trong kénh véi td¢ do v = 9,0 km/h. Cho biét, chiéu dai xa lan L = 56,0m; chiéu rong
B = 7.20m; chiéu chim T = 1,15m; & = 0,873; B = 0,947. Cic thong s6 cho biét cha kénh:
chiéu rong mat nude cha kénh b = 32,0m; do sau 2,8; do nghiéng cua bd kénh 1:2,5; ddy
kénh d4a dam.
Bai gidi:
Péi véi téc do di cho biéu dién bang m/s:
v=9,0km/h=2,5m/s

Gia thiét 1an luot v, /v, van dung tr cong thic (11.45):
Ah=C, .V
Ah=C,.2,50°=525.C,

Tri s6 C, dugc xdc dinh tir bang (11.8), chiing ta tinh tri s6 Ah. Phép tinh thé hién &
bang 11.10

Bang 11.10
U, /L 0,10 0,15 0,20 0,25 0,30 0,40
C, 0,01070 0,01644 0,02243 0.02867 0,03517 0,04893
Ah({m) 0,0668 0,1028 0,1403 0,1793 0,2197 0,3060
Nhér cong thite:

Vow A, +b,, .Ah
v A

r

Trong d6: A, - dién tich con lai cGla kénh
Gi4 thiét 1dn lugt Ah, chiing ta tinh v, /v, va 1an lugt céc yéu (5 trong cong thic trén:
A,=pBT=0,947.7,20. 1,15 = 7,84m’
b,=b-i.Ah
=32,0-2,5. Ah
Dién tich tiét dién con lai cia kénh:

A=A, -A,-b,.Ah

h
A,=(b+b-2hi)= = (32,0+32,0—2.2,8.2,5)%§ = 70,0m?

A =70,0-7284-(32,0-2,5 Ah) Ah=
=62,16-32,0. Al +2,5 AW’
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Cudi cling hé thitc duge biéu dién bang cong thic ¢6 dang:

Voo _ 7,84+(32,0-2,5Ah)Ah 7,84432,0Ah~2,5Ah’

v 6216-32,0.Ah+2,5Ah?

T 62,16—32,0Ah +2,5 Ah?

Phép tinh thé hién bing cong thiic cudi vdi gia thiét tri s6 Ah, ching ta [ap bang 11.11.
Gid tri Ah phy thuoc v, /v tir bang 11.10 va 11.11 dua lén d6 thi hinh 11.38 dang céc
dudng cong. Diém giuo nhau giifa 2 dudng cong, chiing ta doc tri s can trén, trong do:

Vo
o =0,227
v

Vo 20,227 . v= 0,227 .2,5=0,568 m/s
Ah=0.262m

Bang 11.11

1 | ah 0,05 0,10 0,15 0,26 0,25
2 1 AR? 0,0025 0,0100 0,0225 0,0400 0,0600
3 |320.(1) 1,60 3,20 4,80 6,40 8,00
4 | 25.(207 0,00625 0,250 0,05625 0,10000 0,15000
5 | 7,84-(3)-(4) 9,4341 11,015 12,584 14,140 15,690
6 | 62,16-(3)+(4) 60,566 58,985 57,416 55,860 54,310
7 Vo 0,1557 0,1868 0,2190 0,2530 0,2890
v
Ah
{m]
V
0,30 //
I ///
/
0,20 ; Ve
-4 |
// '
010 “ !
/ l
S i
Fd /F’ :
0,00 |
000 oo 0.20 430 %@0 050
o Uns
v

Hinh 11.38
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Hinh 11.36 cho biét
dudng cong siic can cua tau
trong kénh c¢6 chiéu rong,
chiéu sau khic nhau, ti€t
dién kénh hinh chit nhat. T
hinh vé& thdy rang, khi cing
do sau, stic can trong kénh
hep 16n hon rdt nhicu khi
trong kénh réng. Duéng
cong sfic cén tdc do xuat
hién trong kénh hep khi 16¢
do hoi nho hon va xudt hi¢n
stfc can nhé hon nhiéu khi
toc do trén téi han.

Hinh 11.39, 11.40 thé
hién anh hudng hinh dang
profil kénh dén cong suat
cé ich. Hinh nay dua trén
két qud hé thong cdc lan
khdo sit mé hinh, Khi thir
nghiém 10 mo hinh tau &
hai chiéu chim 2,58m va
3,9. Khao sit trong 4 dang
kénh khic nhau vé hinh
dang tiét dién kénh nhung
tri 56 dién tich tiét dién nhu
nhau. Khéo st gi6i han dén
t6c do6 trén té1  han
(supercritical speed). K&t
qua chitng 16 rang, dudng
cong cong sudt cé ich (kéo)
hodc siic cdn cia mé hinh
déu phu thudc hinh déng
tict dién kénh va ¢4 loi nhat
luén luén 13 kénh cé bdn
kinh thuy lyc 16n nhdt -
profil chit nhat chi 3 ¢6 loi
nhat.

No

1-_—45.!:11- [cv]

300

200

l 04

[~

/ 0
07 08 ptheo %, Vg,

02 03 04 05 06

F

Hinh 11.39. Anh huéng hinh dang profil kénh dén
dudmg cong cong suit kéo, phu thude % t6c d6 t&i han V,

Mo
£v]
} 400
Sk canst~ 153 m?
e | m
e
Z5im £ ==
42m — -
i i
5 74m =g
4 51m e

100

== )
A

5 5 7 & 9§ 1w 1 12 8
T Lhkmfh]
Hinh 11.40. Anh hudng hinh ddng profil kénh
dén dudng cong cong suat kéo
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Hinh 11.41 thé hien két
qua do sic can khi tau chay \ h:T=3
léch tam cda kénh. Duong Cr M\
cong I hé s6 sic can du khi \ ‘
thu chay ding tam cua \ ‘

I

kénh, dudng cong II, hé s6

sttc can du khi thu chay gin :
mot bén than kénh. Truéng f\ \
hop thit hai, stic can lén rat _ ( \ i

nhiéu.
N
Néu tau chuyén dong / ) \

trong nudc rit sdu nhung \
kénh hep, stc can thay doi // \h
do su thay déi sitc can séng P/ I
tir nhilng thay déi h¢ séng ]
quanh tau (séng giao thoa o1 62 03 04 05 08  fr
do séng dap vao thanh Hinh 11.41. Pudng cong hé s stic can du
kénh) ciing nhu su thay déi khi tau chay ding va léch tam kénh

stic can ma sdt do tiét dién

hep va xuat hién dong 20

_

ngugc khi chiéu sau cha 19
kénh kha 16n nhung khong
xudt hién séng don va ciing \ \
khong ¢6 toc do gidi han.
Tuy nhién su thay déi sic L6 \
can ¢6 thé cong hoic triy, 15 \ \
nghia la siic can cla tau L4

trong kénh hep ciing c6 thé
16n hon va ciing ¢6 thé nho T z
hon sitc can & nudc khong
han ché.

A
~n

0

3

/‘
S
oy

Jo

W

4

L\ I/

Anh hudng giéi han chi R
chiéu réng kénh nhu hinh o
11.42. & dé6 thi nay, cho ti 08
0 sic can R, cua tau trong 07 /| J
xénh cé chiéu rong b véi 456189 0T ub:; H {5 16 1718 19 20
stc can trong nudc khong /o

han ch€ R, phu thuée ti s& Hinh 11.42. Anh hudng gidi han chiéu réng kénh
b/B (B chiéu rong tdu), & dén siic can khi d6 séu kha 16n

L)

LA

o
AN
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nhiing s6 Fr khdc nhau. D6 thi dugc thiét 1ap véi nhitng tau ¢6 ti s6 L/B > 9 khi do sau kénh
16n hoan 16T (T chiéu chim tau).

11.8.3. Siic can cta tan trong soéng

Hién tugng stic can xuat hién khi thu chuyén dong trong nudc chdy (séng) khéc hon khi
chuyén dong trong nuéc dimg yén. Su khic nhau diu tién va co ban tat nhién dua trén téc
do cha tau so v6i b 12 tdng dai s6 téc do cha tiu so véi nudc va t6c d6 dong chdy, do dé:

V=V F v, (11.48)

Dau (+) twong dng tau chay xuéi
dong, dau (-) tau chay nguge dong.

Siic can tau song, tau chay vdi toc
dé v, nudc bao quanh né khéng bing
slic can clla tau dd trong nude ditng yén
& t6c do v, ca khi dé ¥ do sau vi chidu
rong cla séng. Két qua nr diém d6, bé
mat cia nudc chdy khong phai nam
ngang ma ludén ludn ¢é d§ nghiéng so
v&i muc ngang, vé tri s6 phu thude chinh
vao tdc do cia dong chay. Do d6 khi tau
chay trong song, siic can tau phai cong
thém sic can doc, R, song song véi bé
mat nudc, bang thanh phan lyc trong
luong cha tau ma c¢6 thé am hodc duong,
phu thudc khi tau chay xuoi dong hay
ngugc dong.

Hinh 11.43. Luc tic dung lén tau
khi chuyén dong
a) Xuoi dong sdng; by Nguoc dong song

Stic can doc duge tinh theo cong thie:

Ry=yA.J (11.49)
trong do:
J - D6 déc thuy luc cia song;
J =tgo.
Khi tau chay xudi dong ¢é cic luc tdc dung nhu sau: luc cdn clia nudc R, luc can dée
R, va lyc ddy cha thiét bi ddy Ty. Céc luc niy phai can bang. Luc can doc R, khong phu
thude vao t6c do clia tau, luc day va luc can R thay di phu thude vao tdc do. Pudng cong
sic can cua fau trong song khi tau chuyén dong xudi déng, c6 thé 1ay tung do cfia dudng
cong sic can trong nudc yén trir di tung do sic can déc R,. Khi thu chay ngugc dong, phai
thém tung do siic can doc vao tung do sic can nude yén (Hinh 11.44).
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Hinh 11.44. Xéc dinh t6c do cha tau khi chay xuéi dong va nguge dong

Diém giao nhau cdc dudng cong niy véi dudng cong lyc ddy, ching ta ¢6 téc 4o cha
tiu so v&i nudc khi thu xuéi dong hodc nguoc dong. Tdc do clia tau so véi b ¢6 the xéc -
dinh:

Ve = Vi F Vg =V F Vo, T Vg
trong d6 vy, goi 12 téc do trugt. Khi tau chay xudi dong, tdc do s& 1on hon téng clia tau

trong nudc yén cong véi t6c do dong chay; khi tau chay ngugc dong, téc do s& nho hon
hiéu s6 t6c do nudc yén trlr téc do dong chay.

v, =V, + Vg (11.51)

Néu don gian gia thiét rang luc ddy khong phu thuge vao téc do (truong hop tau khong
ty hanh, gia thi€t d6 chat ché) vi by gid dong tyc 1a sic cdn doc v6i dau trir, by gid toc 40
trugt c6 thé tinh theo cong thiic:

P
R, =CR~2—V2 S (11.52)

vate dé:

v= gL Pyt 2 (11.53)
C, S C, S
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Cong thifc trén ciing c6 the viét & dang khéc:

2
v, = | DV, (11.54)
R

trong dé R la siic can cha tau khi t6c do bang t6¢ do dong chay.
chkgvfs (11.55)

Cong thide trén chi 16 rang, tc do truot ti 1€ v6i do déc thuy lyc J, ti 1€ nghich véi hé s§
stc can va ti 1¢ véi ti s6 D/S. Tir thuc t€ dd biét, giai thich hién trong d6 1a thu chd cang
nang, tau chay xuoi dong cang nhanh, tdt nhién khi d6 lam tang ti s6 D/S.

C6 thé thira nhan gan diing rang, téc do truot cha tau khi xui dong ciing nhu khi nguogc
dong chi khic dau. Tuy nhién khi khdo sit chinh xdc hon (xem hinh 11.44) nhimg toc do
nay khong bang nhau va ciing phu thude tri s6 tuyét déi clia téc do tau, chi ¥ hé 6 siic can
thay déi.

Ve phuong dién vat [y tau khong thiét bi ddy chuyén dong theo dong chdy nhanh hon
dong chay, c6 thé giai thich theo cdch sau day:

Do c6 do doc ddy song, méi thé tich nudc trong song tic dong song song vdi bé mit
nuéc mét lye nhat dinh, giéng nhu khi tau chiu thanh phén trong luc. Luc nay gay chuyén
dong khdi nudc xudng phia thap. Khi khong xuat hién luc cén chuyén dong, su chuyén
dong cna nudc xudng phia thap 1a chuyén dong nhanh dan déu. Nhamg luc can xudt hién &
cdc bién cua viing nudc (bd, day).

Néu tai chd thu ding, thé tich nuée ndo d6 bay gid chju siic cang tiép va phdp giita than
tau va nudc ft hon sic cang xody gitta cdc phdn tir nude bén trong thé tich cta né. Chinh
diéu d6 tao khd niing tang t6c do tau so véi nudc bao quanh né.

Vidy 11.7: Tinh 16c d6 xa lan so v6i b song, xa lan khéng tu hanh. Cho biét D = 680t
va sic can khi té¢ d6 bang toc do dong chdy v, = 1,23m/s, sic cin R = 230kg. Do doc
thuy lyc clia séng I, = 1,95 . 10™.

Bai giai:

Toc do cua xa lan so véi bo:

V= Vg + V,

trong dé t6c do trugt cia xa lan duge ta x4c dinh:

v = ,i].y.V.vfm
i R

Thé tich ngam nude cha tiu:

V=B=@O——OQ=683m3
Y 1010
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Chiing ta tinh t6c d6 truot:

y _\jl,95.10“‘1000.680.1,232

=0,932m/s
230

do d6 t5¢ do cuia Xa lan so véi bo:
v,=1,23+0932 = 2.162m/s = 7,80km/h
v, = 7,80km/h

11.9. CAC PHUGNG PHAP XAC DINH SUC CAN CUA TAU

Sitc can chia tau c6 thé x4c dinh bing nhiéu phuong phap khic nhau, d¢ chinh x4c ciing
khic nhau va kha nang thuc t€ thuc hién ciia timg phuong phip khac nhau.

11.9.1. X4c dinh sitc can béng cich phan tich

Phuong phap nay dua trén nhimg 1y thuyét dong hoc va xdc dinh thanh phén sifc can
rieng. C6 nhiéu phép tinh slic can ma sat voi t6c do chinh xdc cao, con cic thanh phdn sic
can khéc viéc tinh todn ddi hoi nhiéu cong sic. Trong thuc t€ phuong phdp nay chua cé kha
nang ap dung.

11.9.2. X4c dinh sitc can trén co s6 khao sdt mo hinh

Phuong phdp nay hién nay cho két qua chinh xdc nhat va 4p dung rong rai nhimg két qua
do duge trong diéu kién thi nghiém stic cin mo hinh sau do tinh chuyén véi ty 1& thuc €.

11.9.3. Xac dinh siic can trén co s khao st tir nhitng tau thyc

Phuong phip ndy dic biét 4p dung voi muc dich kiém nghiém va danh gid hiéu qua cic
phuong phép khéc nhau, nhét 1a phuong phdp xdc dinh stc can & myc 11.9.2. Phuong phép
nay doi héi nhiéu cong sic va phi tdn va trong thyc t€ khé ap dung.

11.9.4. X4c dinh sitc can nh& cic cong thitc gan ding

Phuong phap niy dya trén két qua khdo sit mo hinh ¢d thay ddi mot cich hé thong
hinh déng va phan tich hiéu qua cdc tau thyc. Thiét 1ap d6 thi va cdc cong thitc kinh nghiém
cho phép x4c dinh nhanh chéng sic can gan ding vai sai s6 it hoac nhiéu. Phuong phép
nay 4p dung rong rdi, dac biét trong budc thiét k& ban déu, trong nhiing trudng hop khi ma
khong thé thuc hién thi nghiém mo hinh va trong nhiéu trudng hop khi khong phai xédc dinh
stfc can v6i do chinh xéc 16n.

11.9.5. X4c dinh sitc can trén co s& phan tich cic ké qua thi trén doan duong do dac

Trong phuong phép nay mac dii thu duge két qua khong chinh xdc va co sy tac dong

tuong hd giita than tau va chong chéng, nhung phén tich két qua thir cho ta céc s6 liéu d€ so
sanh.
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11.10. XAC PINH SUC CAN NHO THI NGHIEM MO HINH

Khi thiét k& tu cdn thiét ddm bao t6c do theo yéu cdu, ngudi thigt k& phii xdc dinh
cong suat may cling nhu sic can ciia tau trong giai doan thiét k& ban dau. Trong s6 nhimg
phuong phép hién duoc dp dung dé xdc dinh sitc cén sdt nhat véi thuc t€ 1a phuong phap
dua vao phuong phdp do sic can cfia mo hinh déng dang vé hinh hoc v0i tau cdn khao sat
réi tinh chuyén céc tri s6 dat duge. Vi 1€ dé phuong phip nay hién nay thuding duing trong
céc trudng hop khong phu thuge vao phuong phép thudn tuy tinh todn van dung vio vi€c
xéc dinh stic can ban dau.

Thi nghiém mo hinh ciing dugc van dung vao cic cong trinh nghién ciu lién quan dén
v&n dé stic can va luc ddy ciing nhu tinh ning khéc clia con tau trén bién.

11.10.1. Pinh luat dong dang co hoc

Nguyén tic xdc dinh sic can ctia tau nho khao sat mé hinh 13 dua vao 1y thuyét dong
dang co hoc, xudt phat tir sy chuyén dong cla tau va cia mo hinh. Dé hién tugng nay dién
ra theo phuong phap déng dang cg hoc phai thod man cac didu kién sau day:

1. Déng dang hinh hoc giia tau va mo hinh,

2. Déng dang dong nang vé dong chay cla tau va clia md hinh,

3. Béng dang céc luc dong luc tdc dung lén tau v mo hinh.

Déng dang hinh hoc giifa thu v mo hinh tic 12 khi ti s6 kich thuéc va hé so béo gilia md
hinh va tau thyc 13 nhu nhau. Néu kich thudc ca y&u cha tau 16n hon clia mod hinh 1a a lan:

L L L' B_B

= =a; —=; ;
L B B T T

l

=l #|w

=1

2l 414

o
al

Ty s6 dién tich bé mit cta tau va mo hinh (dién tich bé mat udt).
S
—_ az
Sl
Ty s6 thé tich ngam nudc:
v
—_— = 33
v

Ty s6 L/L> =a - duge goi laty 1€ chiéu dai clia mo hinh.

Déng dang dong ning dong chay ctia tu v cha mo hinh khi hinh dang dong chiy cia
thu dong dang vdi hinh dang dong chdy cia m6 hinh. Pé diéu kien nay dudc thod man, toc
do dong chay tuong ing gilia cic diém cha thu va ciia mé hinh va tuong (ng véi khoang
thoi gian song song, ty s giifa cdc t6c 46 nay phai 12 tri s khong doi.

169



Diéu kién nay dua dén viéc can thiét khao sdt mo hinh trong céc bé ¢é cung chiéu rong
va chiéu sau, dé hinh dang dong chdy va h¢ song dugc gy nén b&i su chuyén dong ciia mo
hinh khong bi anh huéng do thanh bé va déy bé thi.

Déng dang cac luc dong khi ty 6 cdc luc, cdc phan 1t nude tic dung lén tau va mo
hinh khong déi. Diéu kién tong quat dam bio déng dang dong hoc phu thude cic loai luc
sau;

1. Trong luc nguyén nhan xuat hién sifc can song,

2. Lyc nhdt gay nén sfc can ma sit va stic can dp suat.

Néu trong khi thir mo hinh, nhimg diéu kién dugc thod mén thi bio dam dong dang
dong hoc cia trong lyc. Vay déng dang séng do tau chuyén dong va mo hinh chuyén dong
ciing dam bao. Bay gids sic can song cha thu va cha mo hinh khong déi. Dat duge dong
dang dong luc nhét, dim béo ti s6 khong déi gifia stic cin ma sdt va stc can 4p sudt cla tau
va cha mo hinh.

Quan hé giita téc 4o v tau va chiéu dai L c6 thé biéu dién bang cong thic:

\/g_L- n

m: Tiso giita chiéu dai tao séng Ly va chiéu daitau L,

- Ty s0 gilta chiéu dai tao séng L, va chiéu dai song 1.
Khi clng tri s6 m Khong déi v6i tau va mo hinh, hinh dang s6ng giéng nhau, ching ta
cé trj s& n bing nhau din dén v€ bén tréi ctia phuong trinh clia tau bing cua mo hinh:

v v

JeL el

= Fr = Const (11.56)

trong do:
- g : Gia toc trong trudng & do cao vugt mat bién (m/s’);
_ g’ : Gia t6c trong trudng & do cao mat nudc trong bé thir (m/s”);
-v :Van tdc cla tau (m/fs);
-v' : Téc do cha md hinh (m/s);
-L : Chiéu dai tau;
-L' : Chiéu dai mo hinh.
v

Phuong trinh trén goi 1 luat déng dang Froude va =
g

goi 1a s6 Froude, ki hi¢u Fr.

Giir cing tri s6 Fr giita thu va mo hinh thir, dam bao déng dang dong hoc trong luc va
déng dang hinh dang song.
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Tir diéu kién bjing nhau s Fr chiing ta ¢6 thé xdc dinh ti s t6c do tau va mo hinh tat
nhién s& dat dong dang sitc can séng.

Dat g = g' chiing ta c6 tit phuong trinh 11.56

X:J_f.:JE (11.57)
V' L'

Bi€t dugce t&c do mo hinh do khi kéo thix, trén co s& cong thiic trén, chiing ta c6 thé xac
dinh t6¢ d6 va tinh sitc can séng.

Ti 56 sifc can s6ng gilta tau v mo hinh khi cing chi s& Fr

2. DPéng dang hinh hoc: S a’ va A a’
S \'%A
VZ
3. Cing tri s& Froude: — =a vaC =C,
vl
R, v
Dods: 2=t 3% Y (11.58)
R‘s Yl TI VI

Phuong trinh trén cho phép xdc dinh siic can song cha tau Rg khi dd biét sic can séng
clia mé hinh R’ trong két qua thit mé hinh.

Sitc can ma sat va sic can 4p suat khong phu thude dinh luat déng dang Froude bdi vi
luc quyét dinh la luc nhét. Hién tugng do lye nhét tic dong 1a luc déng dang Reynolds. Do
dé dicu kién ddm bdo déng dang ¢ hoc vé siic can ma sat vi dp sudt cia tau vd md hinh
khi dong dang hinh hoc vi dong nang cta tau va moé hinh c6 cung s& Reynolds.

E=£=Re=€onst

v LY
trong dé:
v: He sd nhét clia nude bién (m?/s?),
v': He s6 nhét dong ciia nude trong bé thir (m%/s?),
Tir di€u ki¢n bang nhau vé sG Re, chiing ta ¢6 thé x4c dinh duge ti s8 t6c d6 tau va mo
hinh cin dé dat ddng dang stic can ma sdt vi stc can ap suat.

Dit v ~ v' chiing 1a c6:

v L

1
v a
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Tir cong thite diéu kién dam bao luat Reynolds 12 mo hinh duge kéo véi téc do 16n hon
t6c do a lan cna Ay '

Diéu kién thoa min dong thoi luat dong dang Fr va Re 1a ¢é thé dat duge chi moét khi
L =L', tic 12 mo hinh 6 tri s6 nhu tauw.

Mo hinh thu nhé thod man luat déng dang Re 1a rat khé vi muén vay toc dg kéo mo
hinh phai 16n hon t6c d¢ cua tau ding bing s6 lan ma kich thudc tau lén hon mo hinh,
trong ldc tri 6 cac luc tic dung lén mé hinh ciing phéi tuong duong nhu so véi tau. Trong
thuc t& thi nghiém mo hinh khong dua viio luat déng dang Re ma chi dya vao Fr.

11.10.2. Phuong phap khao sat mé hinh

Pé dat dugc déng dang hién tugng siic cAn séng sic cAn ma sdt va slic can ap suét cua
u v6i mo binh, cdn thiét dong thoi thoa mén luat dong dang Fr va Re, nhu da ndi o ti€t
11.10.1 12 khong thé dugc.

Phuong phap Rroude dya trén viéc chia siic can kéo mo hinh ra sic can ma sit va slc
can du (sdc can hinh déng) va gia thiét ring toan bo stic can du dya vao luﬁl dong dang
Froude.

Trong khi khdo sit mo hinh theo luét déng dang Fr, mé hinh dugc kéo véi van toc

:\jngg

Nho d6 dat duge déng dang hinh dang séng cling nhut sic can séng mo hinh va tau. Vi

tuong Ung t6c do clia tau:

cac diéu kién bao dam luat dong dang Reynold khong thoa mén, do vay chiing ta khong thu
duogc déng dang dong hoc luc nhét cling nhu sitc cAn ma st va sifc can 4p sudt. Stic can ma
sit mo hinh x4c dinh da chinh xéc theo két qua khéo st stc cin cia tim phang & muc
11.4.2 va 11.4.3. Nguoc lai sic can 4p suat khong duoc xdc dinh chinh x4c, bdi vi siic can
4p sudt trong sifc ¢an toan bo thuong khong 16n, tri s6 cha né phu thude nhiéu hinh dang
than tau. Chiing ta coi siic cdn dp suft cung voi siic cAn séng a sic can du hoac stic can
hinh déng. Tinh chuyén stic can cia mo hinh vira 4p dung luat déng dang Froulde.

R, v s

———a =

Rl Tl ’Yr Vl
Tinh sifc can cla tau trén cd s& do stfc cén kéo mo hinh nhu sau:

Sitc can kéo mo hinh R trir sifc can ma sdt ctia mo hinh R's tinh tir cong thire (11.11)
d6i vl v'. Tir d6 ching ta ¢6 stic can cha m6 hinh R, =R'-R'.
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V2 tir d6 tinh sic cin du ctia tau phid hop v6i cong thiic (11.58)
R =R, L.a%=1 a® R-R,)
¥ ¥
DE ¢6 stic can toan b clia tau, chiing ta phai tinh stic can du tit cong thifc trén cong véi

stic can ma s4t ctia tau R, theo cong thirc (11.11) véi téc d6 tuong ing:

v=+a.v (11.59)
Cubi cung sic cin ciia tau biu dién bang cong thic:

R=T 2’ (R =Ry )+Ry (11.60)

Y

Chiing ta viét 1ai cong thitc stc cin ma sdt cha mo hinh:

R, =C Sty

Bai vi: p=C'.—Y—I; S=a’.§; vv=a.v?
Y

Chiing ta thay cong thic (11.39) dang khac bing céc cong thic siic can ma sit cia mo

hinh va cta tau dong thoi dua —Y— _a° ra truéc méc vuong, ta co:
Y

R=Lad [R' S (C .~ Cp) V2 5'} (11.61)
¥ 2

Cong thic (11.61) cho phép tryc ti€p tinh chuyén stic can kéo mo hinh ra siic can toan
bd cla tau v4i van toc tinh todn & cong thic (11.59) hé & siic can ma sat mé hinh C' va
cua tau C_, 1dy 6 muc 11.4.2,

Khao sdt m6 hinh stic can d6i véi tau van tai thudng thyc hién trong khoing t6c do gan
véi téc do khai thac. D61 véi tau quan sy va tau hang chay nhanh thi 14y khodng toc do lon
hon dé cé thé xdc dinh téc do kinh &€ va téc do 161 da.
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Keét qua khao sét tinh chuyén ra stic can cua tau hoac cong sudt kéo cha né xay dung do
thi theo ham t6¢ d¢ tau (hinh 11.45). Trén d6 thi nay, thudng ching ta vé riéng dudtmg cong
sifc can ma sat, siic cin du vi stc cin kéo toan b. Nhin duong cong sitc can du ¢6 doan 16
do cong hudng song mii va duodi lam tang nhanh sitc can hinh dang.

R 200

[o* xg] /
175 /
150 /

//
100 . / /

Y
S bi/
15 Ve &
o
50 | 02 531/

fau

can cua

7

=
v
5
N

Sik
iy
4,

I 4 ioal
2 - —
0 j
5 10 5 20 25 w das(h )qa
Téc dé (h/k'
Hinh 11.45 /

Vi du 11.8; Tim quan h¢ gitta cdc s6 Reynolds ciia md hinh va tau dé thod min luat
déng dang Froude. Ti 1&¢ mo hinh Ia a.
Bai gidi: $6 Reynolds cla tau dugc biéu dién:

vL
Re = -
v
. o s v'L
va ctia mo hinh: Re' = ——
v

quan hé téc do gilta tau va m6 hinh phit hop luat dong dang Froude dugc biéu dién bang
cong thic: v=via
Tir luat déng dang hinh hoc cla tau va mé hinh chiing ta c6 hé thic giita chiéu dai cua
ching:
L=L.a
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Cu6i cung thay hai he thitc vao cong thiic tinh Re cua tau, ching ta co:
Re = vja.L'a _ v'L'a\G
v v
Tit cong thic tinh Re ciia mo hinh chiing ta ¢é tich:
v..L'=Re' .V
Va sau khi thay viio cong thifc tinh Re chia @y, chiing ta ¢6 hé thifc cén tm:

Re'. v a\/E

Re =
L%
o ai s Re V'
bién cai & dang: Fyciabe a’’?
e v

Néu ti trong va nhiét do nudc trong bé thir va moi trudng nhu nhau nghia 1a v = V', thi
hé thic:

Re 342

Re'

Vi du 11.9: Cho biét cdc kich thudc clia tau ch& hang roi L = 125,0m; B =16,2m;
T =79m; &=0,680; dién tich mat uét S = 3850m’. Tinh phai thém bao nhi¢u trong luong
din vao moé hinh dé thoa man diéu kién dong dang hinh hoc véi tau, néu trong luong clia
mo hinh  p' = 16,48 kG va dién tich mat uét m6 hinh § = 0,648 m’.

Bai giai:
Trong luong mé hinh theo ti€t 11.10 s€ la:

V.y ,
Pz?—:p + Ap

trong d6 Ap la trong lugng dan cin tim, y = 1000 kG/m’ d6i véi nude ngot.
Thé tich ngam nudc ciha tau: v=3.L.B.T

Ti 1& déng dang theo dién tich mit uét gilfa tau va mod hinh:

a2=§ do dé: a:\]E
S S

Sau khi thay vao phuong trinh ddu, trong luong dan:

V.y ., OLBT.y ,12501627906801000

— P == P =
a JE [3850
s 0,684

Ap =

= 8,32kG
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Vi du 11.10: Tinh s6 Reynolds cia mo hinh va tau, néu s¢ Froude = 0,28 tuong g toc
do tau v = 14,8 hiy/h. Ti 1¢ mo hinh a = 35, nhiét d¢ nudc trong bé thir t'=18°C, nhiét do
nurde man t = 15°C.

Bai gidi:
Téc d6 tau tinh bang m/s

v =14,8 hli/h = 7,614 m/s

Té¢ dd md hinh: v=vda
Do dé: = =IO g7y
va 35
S6 Reynold ciia mo hinh:
Re' = &
\Y

rong d6:  v' = 1,057 . 10° m%s theo bang 11.5

L' duoc tinh tir cong thitc:  Fr' = v
gL’
12
téc La: L= ——
g.Fr
13 3
Do dé: Re' = — - = 1,287 -10° = 2,16 . 10°
vi.g.Fr 1,057.9,81.0,28°
Re =2,16 . 10°

S8 Reynold ctia thu, chiing ta tinh ciing véi cdch d6, ¢6 dé ¥ tri s6 v = 1,191 . 10° m*/s
theo bang 11.5.

v 7,614°
v.g.Rr?  1191.9,81.0,28°

Re = .10° = 482.10°

Vi du 11.11: Cho biét céc thong s6 cua tau mau: L = 400 ft, B = 50 ft, T = 23 f,
D = 9550t, v = 14 hly/h, dién tich mat uét S = 29600 ft?, Z. = 12,15 ft; Z,, = 20,85 it.

Tau déng dang c6 chiéu dai L = 450 ft. Tinh cdc y€u 16 wong ung.

Bai gidi:

Céc yéu t& tinh todn dugce thé hién & bang dudi day:
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Tau mau Tau dong dang hinh hoc
Chiéu dai L = 400 ft L, = 450 ft. He s6 déng dang L/L = 450/400 = 1,125
Chiéu rong B =50 fi B, = 50x1,125 = 56,25 ft
Chiéu chim T=23"ft T, =23x],125=259 ft
Luogng chiém nude D = 9550t D, =9550x (1,125) = 13570t
T6c do v=I4hlilh |y - 14x 1125 = 14,85 hli/h
Dién tich mat uét S = 29600 fi* S, =29600x 1,125 = 37470 ft?
Chiéu cao tam néi Ze=12,151t Zey = 12,15%x (25,923) = 13,7 fi
Bin kinh tam nghiéng r=28,70 ft Y, =8,7x 1,125=978 1t
Cao d6 tam nghiéng Zy=2085ft |Z,; =2348ft

Vidy 11.12: Cho biét chiéu dai clia m6 hinh L' = 17 ft, chiéu dai thu L = 430 ft. Sic
can cua mo hinh R’ = 151b, mo hinh duge kéo trong nudc ngot vdi téc do v' = 3,5 hli/h.
Di¢n tich mat w6t ciia mé hinh §' = 46 f*. X4c dinh sdc cén cla tau dang hinh hoc véi t6¢

do tuong Ung.

Bai gidi:

Tinh hé s6 sifc can ma sét theo cong thic:

C,., = 0,00871 + 80'05 &

do6i véi nudc min
8+L

C,, cha mo hinh 0,01076 ; C__ ciia thu = 0,00883

R, =C.S.v"*™ =0,01076. 46 .3,5"* o1

624 _ 4,751b

Thira s6 62,4/64 1a dicu chinh ti trong cha nudc.

Stic can du ctia mé hinh:

R =R -R,. =150-475=10251b

- Do1 véi tau: tée do

v=35 (@] =17,6hli/h

2
- Dién tich mat uét cta tau; 46 [%) = 29440 ft*
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- Sifc can ma sét clia tau:
Rr= 0,00883 . 29440 . 17,65 = 48770 1b

- Siic can du cla tau:

3
R, =10,25. [@) % 1702001
17 )6

- Téng sic can cua tau:
R, = 48770 + 170200 = 218970 1b

1111 CAC PHUONG PHAP GAN BUNG XAC PINH SUC CAN

Céc phuong phdp gin ding xéc dinh sic can thong thuong nhat thé hién quan h¢ gida
hé s6 stc can du hoiic sic can don vi R/D hoic sic can toan tau R/D véi tdc d§. Céc thong
s3 d6 biéu thi ham ctia cac kich thude, hinh dang than tiu va t6c do twong d6i hodc s6
Fronde. Cic ham s6 nay cho & dang tap hop cdc d6 thi tuong dng hoac tap hop cic biéu
thic gidi tich tuong Ung (thudng nhiéu bién s6). Néu phuong phip xé4c dinh stic can du, cdc
cong thic phit hgp véi nd, xac dinh hé s& stic can ma sat (Schoenher, ITTC) ca hg so phu
thém sic can ma sét dé y dén do g6 ghé b¢ mat.

Nguén cung cip cho cdc phuong phap gén diing, trudc hét 1a cc ket qua khéo sdt mo hinh
stic cén chia hang loat mo hinh ca loai tau da xdc dinh, thay déi c6 hé théng cdc thong so hinh
dang, néi chung phit hop véi timg phuong phép. Mot s6 phuong phdp gan ding c6 duge tir két
qué khdo st mo hinh riéng biét, mo hinh 6 kich thudc va hinh déng khac nhau, khao sat nhiéu
giai doan khéc nhau, tham chi ¢ nhing pé thir mo hinh khic nhau.

Phuong phdp gin ding thuong dé cap chat ché loai hinh déng dé xac dinh, két qua
khao sat hinh dang mo hinh rit ra tir d6, loai hinh it hon, dé chinh xac clia phuong phdp
cang ting, nhung khodng dp dung clia né ciing hep. Do chinh xéc 1dn nhat thu duge tu
phuong phdp dua vao hang loat mo hinh b€ thir, mac dd khoang dp dung cla ching thuong
hep. Su chinh xdc & day la do6 chinh xdc chudn - phuong phdp khio sat mé hinh sic can.
Néu phuong phdp nao d6 ép dung d6i véi hinh ddng khéng hoan toan phit hop voi loai hinh
Khao st (vi du: phit hop kich thudc chinh nhung hinh déng miii hoac duoi khdc) do chinh
xdc cha phuong phap giam. Phuong phap gin diing dua trén két qua khao sat mo hinh c6
hinh déng khac nhau dugc chon khong nhiéu, it chinh xéc, dic biét néu dya vao sy khdo sat
dugc thuc hién trong nhimg bé thit mé hinh khéc nhau, bdi vi trong trudng hop dé thi€u sot
cha phuong phdp cong véi thi€u s6t tir k§ thuat do khac nhau. N6i chung phuong phip kho
4p dung hon néu thi€u su thay doi hé thong cic thong s6 hinh ddng va phai 4p dung céc
phuong phép todn thong ke. Thudng hé s§ stic can phu thugc vao cic thong s6 hinh déng da

chon v t6c do biéu dién & dang haim mU ma cdc hé 56 x4c dinh bang phuong phap hoi quy.
Viéc chon ham mii phit hop l1a rét kh6. Tinh sic can bang phuong phép nay phu thudc

nhiéu thong s6 hinh dang.
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Se-ri ¢6 hé théng duoc bigt nhiéu nhat ding xdc dinh stc cdn gan ding:

- 8é-ri Taylor-Gertler ‘

- 8é-ri 60 Tood

- 3¢-1i. BSRA (British Shipbuilding Research association)

- Sé-ri Nhat

- Se-ri SSPA (Statens Skeppsprovning Sanstalt) - Thuy Dién

Céc sé-ri nay c6 trong cic bang 11.6.

C6 rat nhi€u phuong phdp gin ding khdc nhau x4c dinh siic can tir trude hodc gan day
déu dya vao két qua khéo sit mé hinh va két qua do & cdc tau thue. Cic phuong phip nay
gidng nhu cdc phuong phép dua vao két qua khio sdt cdc se-ri vi he théng cho phép xic
dinh h¢ s6 sitc can du hodc sifc can toan b0, hodc siic can du don vi hoic toan bo (R /D,
R+/D). Cic phuong phép cii thé hién céc thong s6 duge xdc dinh & dang ham ctia cac thong
s6 hinh ddng va t6c do, & dang chon dé thi tuong ung. Cic phuong phip méi hon thé hién &
dang cac cong thiic, thudng nhat 1 ham mii hoic t6 hop him mii va ham co ban ma cic hé
s6 dugc xdc dinh bang phuong phap héi quy.

Cac phuong phdp duoc biét nhiéu nhat:

- Papmiel, Ayre, Lapa-Keller, Kabaczynski, Holtrop - Mennen cho tiu vén tai 1 hoac 2
chong chéng,

- Doust va Oertsmersen - tiu danh c4:

- Taggart - tau kéo;

- Kafali va Henschke - tau van tai ¢d nhd;

- De Groot - can6 chay nhanh;

- Sawitzki - cand luét;

- Grafa - Schlichiting - Landweler, Karpov, Apuchtin - tau chay trong nudc lang.

- Riéng bién dang cla cdc phuong phap gan diing tinh sitc can thu 13 trén co s& di bidt
siic can cla tau miu khic it so véi tau thiet k& Trong phuong phap nay tinh he s& siic cin
du theo cong thife:

C, C,
Cp=Cy <k, =y, Tfk"’B Kyp K ... (11.62)
trong dé: Cr, - He s6 sifc can dur clia tau méu,

k, - He s6 hiéu chinh ¢6 dé ¥ anh huong su thay déi céc thong s6 hinh dédng
p clia tau thi€t k€ so véi tau mau.

X, L B L . .. s
k, =X =X 5 8,5, Fr | dugc thé hién dudi dang céc dé thi.
X o B T D
S
V2f3
Phuong phép tinh sifc can ciia tau trén co s§ biét sic can cla tau mau dp dung cho méi
loai nhur thu van tai, thu dénh c4, thu kéo, tau noi dia.

Cs - hé s6 bé mat uét cla tau: C, =
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11.11.1. Phuong phap Taylor

Thé hién két qua ctia nhitg lan khéo st hang loat mo hinh (120 mo hinh) bi¢n déi c6
hé théng hinh ddng, mo hinh c6 dang thu chién. M&i mé hinh ¢6 hai chiéu chim tuong tng
chc ti s6 BT =2.25va B/T=3,75.

Két qua khao sat thu dugc tri sO sic can du. Taylor thiét 1ap do thi stc can du don vi tifc 1a
ti s8 stc can du va lugng chi€m nude. Nhitng do thi duoc xay dung cho 2 seri B/T = 2.25 va
B/T = 3.75. Méi dudng cong tuang (ng s& Fr nhat dinh. Heé truc clia d6 thi Taylor ldy h¢ s6
than tau & dang D/ (0,011 & trye tung va he s6 héo doc @ & truc hoanh, s6 Fr trong khoang
0.1785 - 0,2678 (da chuyén sang h¢ mét do Kranz).

Trén o & d thi ching ta c6 thé x4c dinh sic can cla tau dong dang hinh hoc gin
ding nao d6 khi hinh ding ¢6 hoi khic mot chiit nhung vin giit s6 Fr h¢ s6 méanh, he s6
béo doc ¢ va ti s6 B/T. Siic can nay doc dé thi sic can du don vi r; va nhan véi luong chi¢m

nudc D.

R, =r1.D (kG (11.63)

r i

Khi ti s6 B/T cua tau tinh toan khac v6i B/T chuan cua Taylor thi tri $6 r; phai noi
suy hoiic ngoai suy tuy¢n tinh riéng gifra 2 gid tri B/T = 2,25 va B/T = 3,75. Stic can ma
st tinh rieng nhe cong thic ¢ diém 11.4.3 hoac ding dé thi ctua Taylor ciing theo suc
can ma sat don vi (r,.), phu thuéc vao D/(0,01L)" vd Froude. Déi véi tau ¢ chiéu dai
chudn L, = 152,4m va dé xdc dinh sdc cin ma st phai dua tri s6 1, doc tir do thi 11.48,
dé hiéu chinh:

1 - Do 16m bé mat vé nhan r,, véi K, doc ti do thi 11.47.

2 - He s6 bé mat ut K - nhan r,, véi ti s6 k/k, ma k, = 2,571 (dd thi hinh 11.48).

3 - Chiéu dai thue clia tau L, nhén r,, véi k, lay tr (dé thi hinh 11.46).

Siic can ma sat tinh nho dé thi 11.48 duge biéu dién bang cong thiic:

R.=r .k K

=1, .kg——K_.D (kG 11.64
5577 (kG) ( )

Sic can du v ma sdt tinh theo 2 cong thite (11.63), (11,64) cho vo nhian khong ¢é phian

nho k, clia gid d& truc chong chong.

182



5 F
S \ 22698
L 82529
S— 0.2300
113
S— 02231 5
R — 0.2053.\\

RS L
O 108 B |
5 g0 159 gfﬁ? LYY 100 150 L 3 2
Hinh 11.46

Hinh 11.47

‘,1 [\l \ \ = \ ]io::)a
AL I

| .

| 7103
l‘t ' \ \ \ \

RUANA
\ \ \ \'\ \ \

\ .

N \4-103
VN NN

Hinh 11.48

183



Vidu 11.13:

Tinh sitc ¢an toan phan cda tau hang véi téc do v = 11 hai 1y¥/gio. Cho biét: L = 75,6m;
B=115m; T=525m; D=3125T; 8§ =0,662; B =0977; 9o = 0,678; o« = 0,843; S =
1334m’; F =78,80m’.

Bai gidi:

Chiing ta tinh siic can theo phuong phdp Taylor

1 - Nhitng tri s& dd cho:

v 0,514 .11

Fr= = = 0,2075
JeL  J9.81.756
B/T =2 _ 219
5,25
D 3125

= 7230 = 723.10°

00IL)  (0,01.756)°
2 - Siic can ma sat
- Tir d6 thi & hinh 11.48 d6i v6i Fr = 0,2075 va D/(0,01L) = 7,23.10%
-Tacér,=1,32
- Tir d6 thi 11.47 hiéu chinh do gd ghé ta ¢é:

ko= 1,118

- Tirdé thi 11.15 hiéu chinh hé s& bé mat ust:

ﬁ = 5237% = 1,07
- Tt d6 thi 11.46 hiéu chinh chiéu dai:
k., =1,10
Sitc can ma sat:
Rus =t .kks.i:? k. .D =132.1118.1,07.1,1.3125 = 5420kG

3 - Stic can du déi véi Fr = 0,2075

- Gia tri trung gian giita cdc s6 Fr, dung phuong phdp ndi suy cédc gid tri clia hai dudng
~ong cua hai tri s6 Froude gin nhat.

- Tir o thi 1T (Fr = 0,2083) khi DA0,01LY = 7,23 . 10* vi ¢ = 0,678
Khi B/T = 2,25 r,, = 0,56
Khi B/T = 3,75 r, = 0,785
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Khi B/T = 2,19

A% 006=056- 0.225 406 = 0,560,009 = 0,551
A(B/T) 1,50

Iy = Ty

- Tir d6 thi 1T (Fr = 0,1934) khi D/(0,01LY =723 . 10" va ¢ = 0,678

Khi BT = 2,25 r, =045
Khi B/T = 3,75 I = 0,595
Khi B/T = 2,19
b=, — k0,06 = 0,45 - 0145 0,06 = 0,45 - 0,006 = 0,444
A(B/T) 1,50 |

Noi suy giita cac gid tri s VA 1, khi Fr = 0,2075 ching ta cé:

1
L= L+ As, L 0,0141 = 0,444 + 0,107
AFr

.0,014]1 = 0,444 + 0,101 = 0,545

Sitc can du
R, =1,.D=0,545.3125 = 1705 kG
4 - Téng sitc cAn ma sdt va sifc can du
R =R, +R, = 5420 + 1705 = 7125 kG
5 - Sitc can phu
- Vay giam lic 0,05R
- Banh lai thoat nuge 0,01R

0,06R

AR =0,06R =0,06 . 7125 =427 kG
6 - Sitc can khong khi

-
_ KK 2
Ry = Cxx - 5 Vi -Fy

Ching ta nhan Ce = 1,05 &gk = 0,125 kGs?/m*
Tac dotau v =0,514.11 = 5,65m/s

5,20

Tée do khong khi —
10,85 m/s
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0,125

Do dé: Ryx =10. == 10,85% . 78,8 = 579kG
Stc cin toan phin

Sttc can nudc R = 7125 kG

Sitc can phu cua nuéc AR =427 kG

Sitc can khong khi Ryw = 579 kG

Sic can toan bo 8131 kG

11.11.2. Phuong phap Ayre
Phuong phdp Ayre dua vao viéc van dung hang loat dé thi dugc xdy dung trén co s&
khao sdt mé hinh cha nhiéu tau van tai. Uu diém clta phuong phap nay don gian va dé
thu ket qua, diing it d6 thj va khong tdch ra sitc can ma sat, sitc can du. Tri s6 thu duoc
can tang 8% siic can cha phan nho 1a du.
Cong suat kéo
Dl),ﬁd \-"3

N. - 1165
0 C ( }

C: H¢ s0 duoc xdc dinh theo d6 thi cia Ayre
Vay siic can kéo: ‘
550D 2

NU C

(kG) (11.66)

v2: Téc do (m/sec)

Nhiing d6 thi clia Ayre gém 01 dé thi chinh va 05 d6 thi phu. D6 thi chinh thé hién méi
quan h¢ he s6 C, vdi Fr va ting tri $6 cta hé s6 manh biéu dién ¢ dang L /D'". D6 thi nay
dugc thiét 1ap v6i nhitng tri s6 chudn.

1. Hé s6 béo thé tich §,

2. Ty 56 (B/T), = 2

3. Vi tri tam noi clia tau so véi sudn giita X,

4. Chiéu dai dudmg nude L, = 10251

Céc d6 thi phu dung dé diéu chinh hé s6 C, tir d6 thi chinh, truong hop tau tinh todn
khac tri s6 chuan.

Tri 6 C da diéu chinh dua vao cong thitc 11.65 va 11.66, chiing ta ¢ cong sudt hoac
suc can kéo.

Qua trinh tinh todn sifc can theo phuong phdp Ayre nhu sau:

1. Tu tau cn tinh todn chiing ta ¢é:

S6 Froude Fr = (v = m/fsec)

v
N
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He s6 manh: L, = D' va d6 thi chinh doc duge tri s6 G,
2. Diéu chinh & doc'dé thi 8, B cua thu 1 hodc 2 chong chéng. Tuong tng véi Froude
ciia thu tinh todn tra 8, chudn rdi so véi & thuc t€ cha tau tinh todn.

a. Néu 8 < §, s6 phan trim tang tri s§ C, ching ta dua vao dé thi phu.
b. Néu & > §; s6 phan traim giam tri s6 C,
8,- 8

1]

A C, =3006. [%] (11.67)

Thuce hién diéu chinh nay, khi né 16n hon tri s6 diéu chinh ¢ diém 4.
3. Diéu chinh ti s6 B/T chi khi 1én hon (B/T), =2

Phan tram giam hé 36 C; chiing ta xé4c dinh tir cong thitc:
B .
A,C, =10.6.[2—,—r-} (%] (11.68)

4. Diéu chinh tam ndi cdch sudn gilta X chuin, doc & dé thi phan tram gidm C, doc tir
do thi X, < X, hoic X, > Fy, tuong tng véi Fr cia tau tinh todn.

Thuc hién diéu chinh chi khi 16n hon tri $6 diéu chinh muc 2b.

5. Piéu chinh chiéu dai dudng nudc so véi chiéu dai chudn L,

Phén tram tang hoac giam tri s6 C, chiing ta xdc dinh bang cong thic:

L-L,

A,Co =100 . [%] (11.69)

0
Cong céc diéu chinh chiing ta ¢6 G, da diéu chinh réi dura vao cong thiic 11.65 hoac 11.66.
Phuong phap Ayre cho phép xdc dinh cong suit hodc sitc can kéo va vdi do chinh xédc

chdp nhan duoc, théng dung d€ tinh sitc cn déi véi tau dai 1én hon 30m. Tau ¢é chiéu dai
nho hon 30m khong dp dung duoc.
Vidu 11.14: Tinh sitic can k€o cua tau van tai hai chong chéng véi t6¢c d6 v = 17,5 cho
biet L = 146,8m; L, = 149,0m; B = 18,1m; T =7,42m; D = 14370T; § = 0,71; x,= 0,15
Bai gidi.
Ap dung phuong phdp Ayre dé tinh sitc kéo cla tau:
1. Céc thong s6 can tinh:
v 17,5.0,541

a. Tri s6 Froude Fr = = ={(,237
JeL  J9,81.1468
L
b. Hé s6 manh e _ 1468 ¢ 04

b

D3 140703
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c. Téc dé v=17.5.0,541 =9 m/s

Tir dé thi & hinh vdi céc tri s6 da biét ta duge G, =428

2. Hiéu chinh &

Hé s& 8 chudn d6i véi thu hai chong chdng (tir d6 thi ¢ hinh 11.51)
8y =0,68 + 0,01 = 0,69

s = 0,71
60 = 6 = '0,02
Boi vi 8 > &, phan tram giam C; chiing ta xac dinh cong thic:
- ~0,02
ACpy= 300.5.207% _ 300.0,71. 002 _ -6,17%
0 0,69
3. Hiéu chinh ti s6 B/T
Ti s6 B/T thuc cia tau B = 181 =244 > B 0
T 7,42 T

Phan trim giam G, chiing ta xdc dinh tr cong thic 11.65
A,Cy = 10.5.[2—%} =10.0,71(2-2,44) = -3,12%

4. Hiéu chinh vi tri tam néi

X chudn cla tdu 2 chong chéng (tir hinh 11.52)

X =-0,5% L, (tr sudn gita vé l41)

X, thue cla tau x; = +0,15m = O.I5 100 = +0,1%L ,, (tr sudn giira vé mili).

B&i vi thu ndi thuc ndm trude tAm ndi chudn, vay tri s6 diéu chinh ching ta doc dé thi &
hinh 11.38. '

AC, = -3%. Gia tri diéu chinh nay nhé hon A,C, nén ching ta khong dé ¥ A,C,.

5. Diéu chinh chiéu dai

Chiéu dai chuin L, = 1,025. 146,8 = 150,57m

Chiéu dai dudng nudc thuc L, = 149,00

L,-L,=-1,57m
Tri s6 diéu chinh tinh tir cong thic:

L _
Lulo _ 100 L37 _ -1,04%

L, 150,57

Tri s6 diéu chinh mang d4u trir nén ching ta giam tri s6 C
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6. Téng céac diéu chinh

AC, = -6,1%
AC, = -3,12%
AC, = -1,04%
AC, =-10,33%
7. Tri s6 C da diéu chinh
C, - 428
AC, = % (=1033) = — 44
C= 384

8. Sitc can kéo cua tan

_550.D%%v?  550.14370"%* .9  550.4578.81

R = 53120kG
C 384 384

Co - Co
scof

- = — 500
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11.11.3. Phuong phap Papmel

Nhu céc phuong phép trén da ndi, phuong phap Papme! dya vao rat nhiéu ket qua thi
nghiém cha mo hinh va thong ke da c6 chon trong s6 nhitng tau thuc 1€ thir. Phuong phdp

nay rat don gian va dé sir dung bdi vi chi cin mot d6 thi.
Cong suét kéo cha tau v6i nhimg phan nho, thong thudng chiing ta cé tir cong thic:
D v, %
N,=—.—.>. 11.70
=T (11.70)
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trong dé:
D: Lugng chiém nudc chia tau (tan);
L: Chiéu dai tau (m);
v,. T6c do (hai li/h);
«: He s6 dé y dén phdn nho, tri s3 14y & bang sau day:

—

S8 chong chang 1 2 3 4

X 1,00 1,05 1,075 1,10

A: Hé s6 phu thuéc chiéu dai thu

Khi L > = 100m thi lay » = 1,00

Khi L < 100m thi ldy A = 0,7 + 0,03+/L

y: Hé 56 mdnh than tau biéu dién bing céng thic:

B
1035
YT

trong dé:
B: Chiéu réng clia tau (m);
8: Hé s6 béo thé tich:

C: Hé s6 xdc dinh theo dé thi theo ham tdc doé tuong doi.

v, = v, %

va h¢ 6 manh y theo Papmel do thi sir dung c6 gid tri trong céc khodng
Y =035+ 1,50; BT =1+ 3,50; B/L = 0,09 + 0,25;8=0,35 + 0,80

Phuong phdp Papmel cho két qua kém chinh xdc hom cic phuong phap & trén nhung
don gian hon nhiéu. Déi véi téc do binh thuong cdc tau van tai ching ta thu duge tri s§
cong suat kéo hoi cao hon thuc t& vi Papmel du tri céng suat trong diéu kién khai théc binh
thudng nhi’rng 0 t6c d¢ cao thi thap hon so véi thuc t&.
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=y V& . Beziy ] L]
Hinh 11.57
Vi du 11.15: Tinh cong suat kéo ciia thu hang hai chong chéng véi t6¢ do v = 17,5 hai 1y/h,
cho biét :

L=149m; B=18,1m; T=742m; D = 14370T; &=0,71
Bai giai
Ching ta tinh cong suat kéo theo phuong phép Papmel
1. Heé s6 cdc phan nho: x = 1,05
2. Hé so chiéu dai: A= 1,00

3. Hé s6 manh: W:m.Es:lo.ﬂo,ﬂ:o,ssz
L 149

v, = VJE = 17,51, -0—’86—2 =133
L 149

4. T6c do tuong doi ;
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5. Tir hinh 126 v6i w va v, da biét, ta cé C= 72

6. Cong suat kéo .

~

N. =

U

b
o

>

V}
C.

14370.175° 105
N, = — 2= J0862 = 6985mi
0 149.72 1,00

Cong suét kéo tinh theo phuong phap Ayre cho két qua thap hon 8,5%

11.12. SUC CAN TAU HAI THAN

Loai tau hai than (thudng goi ta Catamaran) ngay cang duoc (ing dung rong rii, nhat 1a
tau khédch, tau cong trinh, bénh vién, tau chd container v.v... Nhey nhiing vu diém dac biét
cia né la on dinh rat cao, mat boong chuyén chd va cong tic rét réng rai, téc do cao véi
viéc déu tu cong suét vira phai, séng do tiu gay ra ¢ toc do cao khong 16n nhu tiu mét than
do d6 it anh hudng dén sat 1& b séng va &nh huong bat loi ddi véi tau thuyén nhd xung
quanh.

Ciing nhu tau mot than binh thudng, stic cAn tiu hai than gom sic can ma sat va sitc
can du. Stic can ma sit duoc tinh cho toan bo di¢n tich ngdm nude clia hai than, cdn stc can

du thi ¢ thé tinh theo phuong phap 1§ thuyét hodc thuc nghiém. Stic can du clia fu hai

thian phu thudc chii yéu vao khodng cich giita hai than va ty & %, B - chi¢u rong mot than,

S T G L <
L - chi¢u dai cia tau (cling ctia mot than). Doi véi nhitng tau hai than cé B 2 18 thi sic

can du rat bé mac du tdc do tweng doi khd cao Fr > 0,4 (hinh 11.59). Trén hinh 11.58 cho ta
thdy su so sdnh stc can du cla thu mot than, mot than cla tau hai than va toan bo tau hai

than phu thugc vao khodng cédch gitta hai than véi nhau.

Trén co s& thi nghiém ¢6 hé théng nhimg mé hinh ciia tiu hai than, ngudi ta dd dua ra
cdc do thi dé€ tinh todn sitc can du clia tau hai than trén nguyén tac chung clia thu mot than
c6 dién.

Trén cic d6 thi d6 bi€u dién hoidc he s6 sitc can du Cy, hoac hé s6 sitc can du don vi C
cta cdc nhém tau hai than, duge ding d¢ tinh sitc can du cta tau hai than theo cic cong

thic & phan dudét.
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Hinh 11.58. Dac tinh clia dudng stc can du Hinh 11.59. DBudng cong stic cin du

ho tau 1 than va tau 2 than \ . Lo
¢ - ctia c4c tau 2 than c6 ty sO B khac nhau

Sic can tau hai than ciing nhu sic can thu mot than duge tinh theo cong thitc:

R=R_+Ry+Ru+Ry+ Ry (11.71)
oday: R - Sitc can toan bo tau hai than;
R - Sic cn ma sét (duoc tinh cho d6 nham bé mat tieu chuan);
R, - Siic can du (bao gém stc can song, sic can hinh déng vi téc dong twong ho
hai than);

Ry - Sic can khong khi d6i véi cdc ket cau trén mt nudc cha tau;
Ry - Sic cin ma sét bd sung do bé mat vo tau c6 d¢ nhim qud tiéu chudn;

R, - Stc can do tic dong clia moi truding, vi du song bién, su han ché vé ludng lach,
do déc cua ludng v. v...

Sitc can du dugc biéu dién bang cong thic:

1
Rp=7 pS.CL B KyrKsV? (11.72)

2

& day: p - Mat do nude,

L]

m
S - Dién tich ngam nudc ciia hai than, m*
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C],;'rB - He 56 sic can du duge 18y tir do thi. Néu B cua tdu thiét k€ khac vé1 B tau
PO PR o .o Lo
miu trén dé thi thi phai nél suy giita 2 nhém co Ey gan nhau;
s AR AR By e s ubite ot B i
Ky, - He s6 diéu chinh khi T cua tau thiét ké khac vol T nhém tau méu, cing
N ) . . L are o B
bing cdch noi suy gilta 2 nhém dé thi co T gan nhau;

K; - Hé s6 diéu chinh khi & cha tau thiét k€ khac véi & nhém tau mau, cling bang
cdch noi suy giifa 2 nhém do thi ¢ 8 gén nhaw;
v - Téc d6 tau, m/s.
Sitc can du ciing c6 thé biéu thi bang cong thiic:
Rp=Cp5". D.xyr X (11.73)

& day: CIL‘)’JB - hé s& stic can du don vi 1y tir do thi. Néu — cla tau thi¢t k& khic vor —
B B
- - - = - + . [ 4 -t - - - L .
ciia nhém thu mau trén d6 thi thi phéi noi suy gitra 2 nhdém ¢o B gan nhau;
D - Luong chiém nudc clia tau hai than;
B, e B e Gl
Xg - hé s6 diéu chinh khi — cua tau thiét k€& khac v6i — cla nhoém tau mau, cung
T T
: . . o o aa e . B
bing cdch noi suy gitta 2 nhom do thi Cyco T gan nhau;
x5 - he s6 diéu chinh khi 8 chia thu thiét k& khic véi & cha nhém thu mau, cling bang
cach noi suy gitia 2 nhém dé thi ¢6 & gin nhau hoac twong g véi 2 gid tri 8 khdc

nhau.
Cac hé s6 kg Ks» Xgr 12 thuong 0 cla gid tri tau thiét k€ va thu mau, vi du:

B »
(2}
Xpir = B (11.74)
(3]
o BY .. ... . e (BY
aday: Cp T - hé s6 stic can du don vi d61 vo1 tau thi€t k¢ T ;
Cop (%) - hé s6 sitc can du don vi 61 véi tau mau c6 trong d6 thi.

- > - Pt C > ~ - . ' - . a .
Trén cic d6 thi, he so C = B & day C - la khoang cédch giira 2 vo tau tinh 0 gida tau,

trén dudng nude thiét ké; B - chidu rong clia mot than tau cha tau hai than.
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11.13. SUC CAN CUA TAU CHAY NHANH

11.13.1. Hién tuong chung cia dong chay va sifc can ciia tau toc do cao

Tau nhé téc do cao ¢high speed craft) cé 3 loai khac nhau: tau ddy tron, tau ludt hinh
sudm gdy va thu cinh ngam. Loai thi nhdt la tau r& nudc (displacement boats), loai thi ha,
phin 16n trong lugng béang luc nang dong & dudi ddy tau hon luc noéi; trong luc loai thi ba,
than tau hoan toan trén nudc, trong lugng bang lyc ndng dong bdi cdc cdnh ngam trong
nudc.

Thanh phén thing dimg cta toan bo luc thuy dong mang tén 1a luc ndi dong. Luc néi
tinh thém vao luc ndi dong bing trong luong tiu. Béi vi trong lugng khong doi nhung luc
ndi dong ting cling téc do, do d6 luc ndi tinh giam khi t6c d6 tang va tit nhién the tich
ngam nudc giam do tau ndi.

Khi téc do khd Ién, luc néi tinh tham gia trong toan bo lyc ndi trd nén nhoé va hau nhu
¢4 trong luong thu can bing véi luc ndi dong, tau dat trang thai ludt. D6 6 thé 1a 1y thuyét
d6i v6i méi méot tau. Tuy nhién, d6i véi nhimg tau ¢6 hinh ddng binh thudng, khi dat toc do
tuong ddi 16n, dé di vao trang thdi lu6t ddi hoéi cong suat 1ap dat rat 16n va thuc t€ khong thé
dat dugc. Ngoai ra, tu khi luét ¢6 thé mat 6n dinh ngang va lat tau. Vi vay, ¢é duge trang
théi ludt hoan toan (thudn tuy) thuc t& cé thé ¢d, chi khi tau nhd, ¢6 hinh dédng dac biét dé
dat trang thai luét va ddm bao di 6n dinh, quay trd v. v. D6i v6i nhitng tau I6n hon thudng
chi dat luét timg phan, nhu thé xuat hién luc néi tfinh twong déi 16n.

Théng s6 dic trumg hién tugng dong chay va sic can cfia nhiing tau chay toc d¢ cao la
s6 Froude. Nhung s6 Fr khong biéu dién qua chiéu dai tau, trong trudng hop nay, Froude
biéu dién qua can bac ba cilia thé tich ngam nudc khi § trang thai finh (khong chuyén dong,
at-rest). Diéu kién tau bat ddu & trang thai ludt 1a:

>3 (11.75)

v tu thudn tuy ludt kht Fr> 5 (11.76)

Nhimg tau luét nhd ¢6 thé dat Fr, dén 13 va tham chi [6n hon.

bi vao trang théi ludt, tau gidm nhiéu sitc can, cho phép tiép tuc tang t6c dé. Nhung
chiing ta cin nhd rang tau chi cé thé dat trang thai ludt nhu dd néu & trén khi 4p dung hinh
ddng than thu dac biét. Cdc loai hinh ddng tau ludt hodc nira luét nhu hinh 11.76.

Khi tau dugc tao ddng ddy dac biét, v6i thoi diém nhdt dinh van téc tau dat duge dé
16m, tau chii dudi, duge xem nhu tém phang dat dudi mot géc o so v6i dong chay vio.
Phan day tao luc ndi dong (luc nang, ti 1€ véi binh phuong t6c d6 va 1am cho tdu ngang dén
1én, gidm luc ndi finh).
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4)

e) f)

Hinh 11.76. Cic loai co ban than tau luét va nia lugt
a. Hinh tron; b. Hinh chir V; ¢. Hinh bic;
%Y 4. Hinh nhiéu bac; e. Hinh u gdy gée; f. Hinh 3 diém

{ ;
+
0
2
| :
L
v
R
‘ :
2
3
b

N . L =T
Hinh 11.77. C4c dudng cong
a) B¢ chiii; b) Sdc can clia mot so kide thu nhanh

1. Thén tau tron; 2. Than tau "V™; 3. Than thu ¢é bac
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Khi tang luc ndi dong gin trang thdi ludt, luc cén tang manh gay géc chii 1n, gay
s6éng manh va tao céc tia nudc. Nhung khi cong suat 1ap dat twong d6i 16n, thang sic can
dé, va tiép tuc tang t6c d6, bay gid s6 Froude > 3, luc ndi dong di 16n can béang véi trong
lugng tau, tau di vao trang thai luét.

Giai doan luét dau tién, tau c6 do chii dudi 1én dé cé géc tan 16n, tao luc ndi cdn thiét,
nhung khi tiép tuc tang téc do doi hoi lyc néi dong, géc tdn nhod dan nghia 1a do chii gidm.
Tiép tuc tang téc do, sttc can thu ludt thay déi nhiéu véi thdi diém ndo dé tiu vio trang thai
luét. Sie can tiu luét bit ddu tang cing véi toc do ting cham hon rdi dimg, trong mot 56
trudng hop stfc can ¢6 theé giam. Khi vao trang thi luét siic cdn séng giam; siic cdn ma st
giam nhiéu do giam bé mat u6t. Nhung thanh phin sic cdn méi xudt hién, sftc can céc tia
nudc ma cong bang ning lugng cin thiét tao ra tia nude vé phia trude va hai bén man. Tang
t6c do thi sdc can khong khi tang.

Stic can tau luét phu thude rdt nhiéu viéc chon ding géc tan, titc 12 do chdi. Vi vay loai
phuong tién nay, su xdc dinh vi tri trong tdm cé ¥ nghia co bin. Dé ¢6 luc néi dong 1én khi
stic can nho, ddy tau phing dudi hét nhon dé dam bao tich ddng va giam sitc can.

e o Hub:ng cﬁuyér; dong
ap 1T Cug AUTC

Séng dudi mili tau nang Than tau nang timg phan;  Tu thé chii hon trude, hgp  Tu thé trd lai binh thudng;
mili; hgp luc chuyén v& hop Iyc di qua CG; tip tuc  Iuc chuyén vé sau CG hop liee d trude CG. Chu
trude chuyén vé sau ky chii lai tiép tuc,

Hinh 11.78. Su lién ti€p trong chu ky chii du6i

Thuong day c6 bac (khop), méi bac dong chay qua kéo theo sy gidm dién tich mat uét,
gidm sitc can ma sat. Hinh 11.77 chi r6 dudng cong sitc can clia 2 kiéu tau nhanh: Kiéu "V"
{dudng cong 2) va ¢6 khép (dudng cong 3). D€ so sdnh ngudi ta vé& dudng cong siic can
dang sudn tron (dudng cong 1). Sttc cin cha tau dang sudn chit "V" tang déu cling vdi ting
téc do, nhung & thoi diém dat do ngdng 16, sic can bt ddu tang cham v trd nén nhé hon
tau sudn tron. Tau ddy khdp & téc do nhod siic can 16n hon nhimg thu c¢é dang suon khéc;
sau khi tau vao trang thdi luét, néi chung sitc can ngimg tang, tham chi d6i khi giam nhu di
chi 13 & hinh v&; khi tau dat tdc do rt 16n siic can lai bat ddu ting.

Ve phuong dién sic can c6 loi nhat 1 tao ddy tau ludt hoin toan phéng.

11.13.2. Co s¢ 1y thuyét ludt

Phan tich 1i thuyét hién tugng xuat hién trong chuyén déng cha nhitng tau chay nhanh
phai bat dau tir trudng hop don gién nhat 1a chuyén dong clia tim phing nghiéng mot géc
so v6i mat nudc. TAm phang rong khong han dinh va bd qua trong luc va luc nhét cha nudc.

205



Hinh 11.79. Tam phang luét bo qua lyc trong lugng

10
N x=. P
08 ] Tev’ bl
0614 :
Tl P D
el T
-3
0,2 ==
l
& 10° 280 30* o 40°

Hinh 11.80. D6 thi xdc dinh hé s6 x

Hinh 11.79 chi 15 hinh ddng bé mat tu do va phan b& 4p suét tic dung lén mat dudi cia
bé mat tam, chuyén dong duéi nhimg géc o khac nhau. Céc tia nudc ban vé phia trudc co
toc do 16n gidn gip hai 1dn t6c do cua tdm.

Luc téng hop tac dung 1én tAm vudng géc vSi bé mat tim. Tri s6 lyc nay:

P = xnp,v’ogbh (11.77)
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trong d6 x la hé s& doc tir 6 thi ¢ hinh 11.80 va « - goc tdn hiru higu.
Pé thing siic can ¢ tri s06:
' R = Psin o - (11.78)
Phii cung c&p cho tim phang nang lugng i bén ngodi. TAm phang chuyén déng trén mat
nuéc khong con nang luong. Vay toan b nang lugng dé thing stc can chuyén déi thanh dong
ning clia cic tia nude. Trong trudng hop nay chi mdt loai sic can, siic can tia nudc.
Theo hinh 11.79 luc ndi dong bing:

L =Pcos o (11.79)

Ap sudt 16n nhat xuat hién tai diém C, tai d6 dong chdy 1€ ra. Ap suat tai diém d6 bang
dp sudt dong, vi téc do bing khong:

Pe, =§ v (11.80)

Giita chuyén dong luét cia tdm trong nudc va chuyén dong cla tdm trong moi trudng
c6 thé tim bang cdch twong ty, goi 1a co s& viée gidi ddp tiép theo. Do d6, trudng hop tam
luét trong nudc, ¢6 thé 4p dung nhimg két qua tir 1§ thuyét tém. Tuong tu chuyén dong cia
tdim nang, luc nang xuat hién & mat luét bén dudi cha tdm. Mat trén khong ti€p xic véi
nudc chi ¢é khong khi.

Ciing nhu khi tdm ¢6 dd giang han dinh, chiéu rong han dinh, luc can cdm tng xuat
hién. Siic can cam tng:

4P’
R, = — (11.81)
npvb

Strc can s& bang:

R = Psin o, + R, (11.82)

Khi tdm ¢6 chiéu rong rat nho so vdi chiéu dai phai chd ¥ thém su udn cong dong chay,
gy tang thém stic can cla céc tia nude. Trudng hop d6 phéi d4p dung thém hiéu chinh, bay
gid slic néi dong tinh theo cong thitc:

s
L=— —pvba 11.83
R 2P E ( )

trong d6, tr1 6 cua ti s6 R/R doc & do6 thi hinh 11.81.
Néu dé y trong trudng, tAm Iuét trén mat nudc s& khéng con phang ma cé séng. Chiéu

dai song:

B 27y’

g

A

(11.84)
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Hinh 11.81. Thanh phén sit¢ can cam g (R,) va siftc can tia nudc (R,)
trong sitc can toan bo phu thuge L/B cha tdm

11.13.3. Khao sat tinh chat thuy dong clia tdm va than tau lugt

Két qua khao sit mo hinh tdm va than tdu luét trong bé thir thi nghiém da c¢6 cho phép
rit ra két luan quan trong vé hién tugng xudt hién ludt véi 16¢ do 16n trong nude. Cac két
ludn ¢6 ¥ nghia dgi vdi viéc thiét ké tau ludt.

a)

Hinh 11.82. Phan b6 luc trén tdm phing luét
a. Khong dé ¢ lyc ma sdt; b. C6 dé v luc ma sét,

Khi luét mat dudi tdm phing c6 nhiing luc phép tuy&n va tiép tuyén tic dong, trong khi
dé mat trén chi ¢6 dp suat khi quyén tic dung khong ddi. Hinh 11.82a, phan luc bd qua luc
ma sat cliia tdm.

R =Liga (11.85)

Khi dé ¥ luc ma sat:

R =Ltga +

=R,+R_, (11.86)
COsSC

trong do: R, - nhir khi d6i véi tau 13 -sic can du
Luc ma sdt theo huéng song song véi bé mit tam:

F=R,, .cosa (11.87)

208



trong d6 sifc can ma sat:

_ P2
R, =Cp.5 V'S (11.88)
trong d6: S - Dién tich mit u6t thay ddi va phu thuoc géc tin va toc do.

Xac dinh t6c do wong d6i v cia dong chay it khé va c6 thé thyc hién nho do su phén
bd Ap suat.

]
K&t qua thir mo hinh tdm 11 \1 ! 1l ﬁ] II \ 11 '. c
- - = & - 0 5 B
ludt c6 thé chu?*en san\g i 1¢ i BEGNER ] 008
thuc chimg t6 rang, diéu kien . || lge \\ L
déng dang theo dinh luat 8 " N \| 007
Froude ¢6 thé thod min, néu gy o NN
‘3 o . ' \ | 1 N YN 0,06
chiéu rong tuyét doi cua tam \ 5 \\l\\\ﬂ\
phéng khong qud nhé. Khi mo "Iy NR A\ 603
. . " ) ™ T
hinh tau nhiéu kiéu dong dang 8 \\ ANAN |\-,.\\\\‘~\-—\~— - 004
~ kd —~ . o by - - - -—
ciing duge thoa man, nhung khi 615 Y\ 4 ] ST 003
chuyén cdc két qua tir mé hinh R 391 | T | e el T
. 501\‘\\ L1 T .
sang ti 1& thuc c6 kho khan vi sy AUV = T N O gy 002
x4c dinh tri s& bé mat udt .. 5eTV L NAN — [ 1501
khong chic chén AR NNN U= ,
ne - ZANNNAGEEE 0
Céc thong s6 co ban ¢6 anh \:t\\\\\b\ S;DL 516 31' 8 5? IIJJ
7 - s T 30 \ o
huo‘ng dac tmlz th\uy d@ng\ hoc 005 N -: |
clia tam hoac cha tiu luét 12 goc MTTIRN L \]:17:___“&“---...
” o P " » ; __"“*--.. ' iy G T B e o
tan va ti s6 L/B tirc 1a thong so 1°IIL\ O N i s
tuong t: do giang dong hoc Nl T 1 e o B
—] 1
cha tdm. S6 Froude cla tam khi o L ti ] : { : A 1 9' =
thay d6i chiéu dai ngm nudc o 1 2 3 ! Lig —=

doi véi chieu rong: Hinh 11.83. Cg phu thudc L/B cia tdm ludt

Fr, = \4 (11.89) & cac g6ce tan khéc nhau.

JgB _
Hinh 11.84 thé hién dac tinh dong cia tim phing & nhiing gdc tdn khdc nhau va cic do
giang khac nhau. D4 thi cho biét tri s& clia h¢ 4 tai:

L
C, = = (11.90)
2 _RB?
P 2

va phu thuge do giang L/B.
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Gidng nhu d6 thi 11.84 cho biét tri 36 cia hé s& lyc néi dong C, clia tim phéng:

C,=—— ' (11.91)
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Hinh 11.85. C; phu thudéc L/B cia tdm luét & cdc gée t4n khac nhau

Heé s6 C, phu thudc vao géc tdn va 4o giang. Trén hinh 11.85 cho biét tri s6 hé s sic
can du, duge xdc dinh biang phuong trinh:
R
Cp =—
pv

2

(11.92)

S

Khido sit thuc nghiém t&m phéng chi rd rang khi tinh sitc can ma sat phai thay v trong
cong thirc (11.88) tdc do nhd hon, bang tdc dé trung binh twong déi hitu hiéu clia dong phia
dudi cGa tam. Téc do ndy bang:

v.=v{(l-¢&) (11.93)

Heé s§ trong cong thic (11.93) ¢6 thé x4c dinh nhd d6 thi & hinh 11.86 phu thudce vao
s0 L/B va gbc tan.

Tir két qua clia nhitng chi dén trén dong thoi tir sy phin bé luc & hinh 11.81, stic cin
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todn bo chia tdm luét gém ca 2 thinh phén: sitc cin du R, v6i siic can ma sat: Ti s6 siic can
du véi lyc nang bing tgo, nhumg ti s6 sic cén toan phan v6i lyc nang duoc dat la:
e=X_R (11.94)
L D
trong d6: D 12 lugng chiém nudc cha tau. Tri s6 € d6i voi tdm phéng truot khi C; khong ddéi
& nhitng géc tdn khdc nhau cho & hinh 11.87.

a1s /' =
Anrd
R Q'M‘ m" ‘go / o ™ 13
013 VRNt
’ AVARD=dl
012 4 A T m—— =
9 4 L~
on i aARy.aREE
010 [/ y // - aF
' et H
[ITATAW. - Q
009 / ;/ 7 “ 50 33
T AT T 3
oo II[ // Vi 4° QP‘J\
a6 |1 ] %
’ i/ ¥ ! _ 5
005 WAL L& 3° _ 1
' J!/ / // - 1|
1/ 29 ld
¥ || f/ 1/ ,’.f"-—_
04D %
QDZ 2T A i : ie 1
001 | o T
O ”
g 1 2 3 4 5 6§ 1 8 § u
L/ —
Hinh 11.86

T4t ca nhing d6 thi trén cho téng hop t8m phang. Hinh 11.88 cho biét anh hudng cla
do cong luon mép dudi (ddy tau) dén dic tinh sitc can va luc nang. Trén d6 thi cho thdy do
cong lam gidm lyc nang va tang sic can tau ludt.
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Day cong B ——=

Hinh 11.88. Anh hudng ddy cong

a} luc nang; b) stc cdn bé mat lud
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11.13.4. Luc nang va luc can ciia tau canh ngam

Tau dac biét khi chuyén dong véi t6c do 16n goi 1a tau canh ngdm. Tau nay khi dat dugc
toc do kha 16n, ddy trén mat nudc chi cdn canh trong nudc, tao ra lyc nang (luc ndi dong) can
bang véi trong luong tau. Luc ndi tinh trong trudng hop nay khong déng vai tro thiét thyc nao.

Tau cau tric dac biet dé gidm siic can dang ké & thoi diém ca than tau nho 1én va do do
cong sudt may phai di dé tang t5c do khé 16n. Dicu ndy thdy rd & hinh 11.89, trong d6 ngudi ta
thiét lap dudng cong stc cin don vi R/D phu thudc s6 Froude dai vol mot s loai tau.

R_g200

‘ 0,175

o150

0125

0,100

0,075

0,050

0,025

i .

6
—— Fr=___——

VgL
Hinh 11.89. So sanh siic can cla tau canh ngdm vdi sifc can cha loai tau nhanh khac

1 - dudmg cong siic cdn tau canh ngdm; 2 - dumg cong st can than 1au c6 bic:
3 - dudng cong sitc can tau chif "V 4 - duémg cong sic ¢An 1au sudn ron.

Ciach c4u tao canh va lap ghép véi than tau thé hién & hinh 11.90 tir a-f. Tir quan diém
siic can va lyc nang ¢6 loi nhat chon hé canh hoan toan ngap. Tuy nhién trong thuc 1é
thudng dung hé khdc. Nguyén nhan chinh ciing 12 vin dé co ban ndi chung trong két cau
cénh, dé 1a van dé én dinh ngang doc. Ching ta gi6i han & day la van dé luc nang va lyc
cAn clia tau canh ngim, khong dé cap dén 6n dinh ngang doc.

Khi thu chay & trang thdi ndi, trong luong P clia thu can bing véi luc nang cua cic
canh L, do dé:

P=L=CL%VZS (11.95)

trong dé: S - B mit hoat dong ctia canh; p - Mat d6 nuéc; C; - Hé s6 lyc nang.

Tri s6 chia he s6 luc nang phu thuge hinh déng profil cénh, géc tan va do ngap- Chon
profil v6i quan diém dat hé s6 hoan chinh cao, sic bén canh, giam sii bot khi t6c do cao va
tach dong & t&c 4o khoi hanh. Yéu t6 quan trong & day ciing 1a cich lam cho tau én dinh
cling trang théi bién khi tau chay.
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Hinh 11.90. Cic kiéu tau cdnh ngam

a) Hé cénh hinh cdi thang, b) Heé Tjetjens (TV); <) He Schertel Sachsenberg (VV);

dy Hé Grunberg (TL); e) Hé canh ngap (1T); f) He Mg (VV)

S5 o0

Heé s6 luc ndng C_ khong thé chon truc ti€p tit nhitng do dac trong cdc vom khi dong
hoc véi hiéu chinh theo do gidn dai. Can thi€t dp dyng nhimg higu chinh ¢6 dé ¥ dén anh

hudng mat thodng cia nudc.

Tri s6 luc nang trén mot don vi chiéu dai tim ngdp & do sau h dudi mat nude phai xédc

dinh trén co s& cong thitc ciia Koczin:

2 I L3
L'=pvl"—gr LI .F[zth

4rh v’ V2

trong dé: T - Toc d¢ vong
Cong thiic trén ¢6 thé viét & dang:
L'=pvI[+¢(v,h)

trong d6: L' - Luc nang trén mot don vi chiéu dai cdnh ¢6 cung khéng ddi b;

pvI™ - D€ ¥ anh hudng mat thodng clia nudc;

© (v, h) - O t6c do nhd mang ddu duong khi v//gh =157, (h)=0.

(11.96)

(11.97)
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Khi téc do 16n mang tri s6 am. Trong thuc (&, h¢ s6 luc nang C, luén ludn nho hon hé
sG xdc dinh trong vom khi dong hoc. Thyc ¢, khi thiét ke ban dau ¢6 thé lay C_ = 0,25 khi
hé s6 chiéu day cdnh khoang 6 = 0,10.

Toan bo stic can cia thu canh ngdm c6 bon thanh phan:

R,=R,+R,+R, +Rg (11.98)

Chuing ta cfing c6 thé viét:

R
C,=—1—=C+C+C, +C, (11.99)
LR
2
trong do: R, - Sifc can 4p sudt trong truong hop nay la sic can profil;

R, - Sifc can cam dng;
R - Sttc can song;
R - Sitc can khong lgi.
Timng thanh phdn sic can duge tinh nhur sau:
Stic can profil khi tinh diing nhimg sé liéu do trong vom khi dong hoc v6i cong thifc tinh:
sz'CR-g— viS (11.100)
trong dé hé s& Cg, giong nhu hé s6 luc nang
phu thuéc hinh ddng va d6 day profil v6i goc
tan di biet. He s6 C, va C,_ ldy & d6 thi & hinh ¢ |ce

11.91. 120 /1’
Sttc can séng theo cong thic cia Koczirr. 1100

w7
_2gh 0,80

r ;
R, =8 ¢ (11.101) / /j/
M ' 00—~ y
sau khi bién déi ¢6 dang: ' » /
2 \ ' /
CL "Fn \ P
c,=05—-L¢eF?" (11.102) 20

-72 -8 f6-3 3 6 § 21

Vv
trong do: Fr, = ;
Ajgb
-
Fr = .__.V_
" Jeh Hinh 11.91. D4 thi dac tinh profin
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Nhu ta thdy, hé s stic can séng phu thuge vao hai s6 Froude: Fr, va Fr, tuong ing day
cung cdnh b va do san h dudi mat trudc. Nhung trong thuc t&, vi do ngap cdnh bi gidi han
va thay déi trong gidi han hep, c6 thé coi nhu hé s6 stic can séng phu thude Fr,. D6 thi hinh
11.92 chi 6.

CS 4 ——
7
|

0 2 § 8 1 12 14 16 18 20
v
F = —e———
b Ygb

Hinh 11.92. Duong cong hé s& siic can séng Cg phy thude Fr,

Tir hinh vé cho thay, hé s6 siic can séng ban dau tang nhanh dat t3i da khi Fr, =2 va
san d6 giam.

Stic can khong loi 12 sifc cdn cta tat ca nhimg chi ti€t cia canh khong dem lai luc ning.
Céc thanh phdn cia ching:

1 - Sitc can khong khi;

2 - Sifc can cla gid dg, cdc phan nhod v.v...;

3 - Siic can do giao thoa cba céc gia d& cénh;

4 - Sfic ¢an cua tia nude.

Tri s6 chia mdi thanh phdn sitc can khong loi phu thude vao mitc do giai quyét két cau
cha céc chi tiét cha tiu cdnh ngdm. Sitc can khong khi xdc dinh hoan toan giong nhu nhimg

thu khdc. Séic can céc gid 4§ va phan nho ngap trong nude cé thé xdc dinh trén co s hé 50
stic can profil.
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Sitc can ctia tia nudc xdc dinh theo cong thic:

.%.vz.e‘2 (11.103)

82, Csz,,

trong d6: e- do day gia dd, hé s6 Cg,, c6 thé 14y gan diing bing 0,2 khi Fry, > 10. Do1 véi
nhiig tri s6 Froude nhé hon, hé s6 ny 14y gid tri 16n hon va ti 1¢ v6i ti s e/b.

Sitc can toin bd tau cnh ngdm phu thudc nhiéu vé cich chon hé canh nang. Dudng
cong hé s& stc can luén ludn tang tir khong dén tri s6 161 da nao d6, sau dé giam va tiép tuc
déu (hé s& siic cin khong thay déi).

He s6 siic can gidm xuat hién thudng & téc do khdi hanh, tic la & thoi diém tau trén

mat nudc.

Cahhcughé TT

Toc d6
khor hanh
Conk cua hEVV

—_—

Hinh 11.93. Dudng cong hé s6 sitc cin cta thu canh ngdm kiéu V
va cdc canh hoan toan ngap

Mic dd méi dudng cong hé s6 stic can chia tau cdnh ngdm chi 8 déc tinh & trén,
tuy nhién, phu thuéc vao cdch chon hé cdnh nang, giita chiing khac nhau rit nhiéu,
hinh 11.93.
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11.14. SUQUAN HE HINH DANG TAU VO1 SUC CAN

11.14.1 Chon kich thude

D&i v6i 1au van tai (tau budn) t6c do it khi chiém wu thé trong viéc xem xét vé 1i 80
kich thudc va hinh ddng, nhung khong thé chon riéng 1¢ d€ dat dugc sic can nho nhat. Tuy
nhién, cong suét thap, chi phi nhién liéu thap c6 anh hudng quan trong dén loi nhuan ma
tau ¢6 thé mang lai.

Téc do khong quan trong vi da ¢6 mot s6 thu chay toc do trung binh nhung khoi hang
van chuyén rat J6n va chi phi | t4n-dam thap nhat.

Ngy nay, c6 thu véi trong i cao hon 190.000t, 6 do 18 hli/h, v/~/L chi 0,60. Mot
s3 tau chuyén tuyén & Bac Dai Tay Duong ¢6 16¢ d6 cao hon 24hli/h. Mét khac, mot 56 tau
vi han ché chiéu chim, ti s6 B/T tang va he s6 béo thé tich co thé gan 0,85.

Chiéu dai ciing bi gidi han, khi tau vio u, bén va quay vong. Chiéu dai t6n kém trong
chi phf ban dau. Kh tang chiéu dai trong lugng két cdu ting, trang thiét bi ciing tang. Tu
quan diém sic can, chiéu dai dai hon véi luong chiém nuce da xac dinh thi lam giam sic
can séng nhung téng suc can ma sat. Chiéu dai dai hon ¢ joi khi tau chay vl v/JL cao
hon va nguac lai.

Tang chiu chim thudng loi vé stic can, tuy nhién bi giéi han boi chiéu sau bén cang,
kénh dao, song lach va clra u.

Chiéu rong 12 mot yéu 16 ddm béo tinh én dinh, tri s6 t6i thiéu B/T thuong cén thiét
phai tinh todn. Tang chiéu rong sé tang sdc can, giam hé s6 manh thon wong ing.
Nhung trong nhiéu truong hop, giam it chiéu dai, bu tang chiéu rong. két qua dién tich
mat ut ¢6 thé 1ang mot it hodc khong tang sttc can. Tang chiéu rong, cn thiét tang on
dinh véi thugng tang rong, két qua tau khong dét gid. Thuc t&€ d6, duge van dung vao
mot s& tau dau cd 1on.

Nhimg tau chay véi v/ JL thdp, siic can ma sat 16m, dé phit hgp, dién tich mat uét phat
nho. Khi v/+/L cao, sic can song tang dang ké. Dién tich mat udt i thiéu véi lugng
chiém nudc da cho cling quan hé mat thiét vé6i ti s6 B/T. Gia tri 161 wu khoang 2,25 khi
C, = 0,80 va B/T khoang bang 3,00 khi C; = 0,50. Anh huémg su thay déi B/T dén sitc can
séng phai nghién citu tir ket qué md hinh thér nghiém.

Thong thudng, su can nhac vé én dinh d6i véi chiéu chim gidi han.

P&i véi tau kéo, thong dung B/T < 2,25; d61 voi tau manh thon t6c do cao hon
B/T = 2,50. Tau mét chan vit B/T thuong nam trong giéi han 2,4; tau hai chan vit B/T hoi
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cao hon, trung binh 2,6. Thay déi tri s6 B/T ma gilf nguyen L, anh hudng khong déng ké
dén stic can. Nguoc lai khi L/B va D khéng déi ma tang B/T rdt cd lgi siic can. Theo quan
diém sic can, tri s6 B/T gift & khoang 2,5.

11.14.2. Chon cac hé sé hinh dang

Tau véi toc do v/ JL thap, tau s& ngdn va béo. Tau ¢6 v/+/L cao, tau dai va thon
manh. Quan hé¢ gin ding gifta h¢ s6 béo thé tich C, va v/ JL dugc bidu dién bang cong
thitc goc chia F.H.Alexander:

Y _2(108-C,) V- t6cdo thi (hdi 1/h)
LPP

L{feet)
v

=2(1,05-Cy) v - toc do khai thdc; (hai 1i/h)

L

Tau qua béo cling lam tang nguy co déy bi séng va dap (slamming). Dién tich phang
ctia déy dang trude c6 thé trdnh duge va dap. Da ngang ddy bat ddu nang ién ¢ hai ddu cudi
clia doan thin éng tao dang sudn chix V, nhu thé nude ¢6 thé hat vao tau khi tau chong
chanh doc.

L,, - chiéu dai giifa hai dudng vuong gée (feet)

Heé s6 béo sudm giita C,, thay déi theo do béo clia tau. Tau buon (van tai) hé s8 béo the
tich C, gan bing 0,80 thi C,, = 0,995. Giam do béo va chiéu dai doan than 6ng dé cic
dudmg nudc gdn ddy khong 16i. Theo TMB seéri 60 quan he gitra Cg: Cyy; Cp nhur saw:

G 0,800 0,750 0,700 0,650 0,600
Cy 0,995 0,990 0,986 0,982 - 0,978
G 0,805 0,758 0,710 0,661 0,614

V6i tau manh hon, C,, nhé hon, vao khoang 0,93, d6i véi tau chay nhanh chuyén tuyén,
tau ddnh c4 vA tau kéo, tu chay qua kénh dao Cy =0,90.

Su quyét dinh cudi ciing vé chiéu dai va cic he s6 béo khong thé khong xem xét cic
tinh nang cta tau bién. Tau ngan va béo chiu thigt vé t6c do khi thdi tiét xdu, ciing nhu doi
vGi thu dai, manh qué t6n kém. Su lua chon wy thuge nhiéu van dé, ké ca cac diéu kién cla
bién khi hanh trinh nhu chiéu dai séng va tan s6 séng xudt hién.

Khi céc kich thudc chinh va cdc hé s6 béo da chon, sifc can phu thudc chi yéu vao cic
yéu to sau day: '

(*) Seri 60 1a séri mé rong cdc md hinh chay & bé thir Taylor tau mgt chong chéng, phét hi¢n anh hudng

i s6 kich thudc, hinh ddng va tam néi theo chiéu dai LCB doi véi sitc cdn va thiét bi ddy.
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1 - Su phan b6 lugng chiém nudc theo chiéu dai, dac tnmg la dutsmg cong dién tich tiét
dién sudn va vi tr tam ndi theo chiéu dai;

2 - Hinh déng cfia dudng nudc thiét k€, dac biét phin phia trude;

3 - Heé s0 béo sudn gilta;

4 - Hinh ddng dudi tau.

Viéc chon hinh déng clia dudng cong dién tich sudn va dudng nudc phu thude vao gid
tri v/+/L vaC,, c6 anh huéng dén én dinh.

Ngudi thiét k€ tau dya vio kinh nghiém ban than va dua vao nhing tau mdu, trong dé
c¢6 nhidu thong tin vdi gid tri t6t nhat hoac hinh déng cha nhimg loai tau khéc nhau. Néi
chung trong linh vuc nay khi lya chon hinh déng va dudng cong dién tich sudn, dudng nudc
¢6 hudng din cla Taylor, Lindblad, Todd... Loi khuyén cha Lindblad va Todd tém tit &

bang 11.13. Cic kiéu tau dugc sip x&p thit w tir C; = 0,80 cho tau hang tdc d6 cham dén
Cy = 0,52 cho tau di qua kénh.

Tau thon manh, C,, ciing giam tuong ¢ng, C, dat dén gid tri trdn 0,59. Thyc 1€ tau ¢ t6c
do cao nhat v/ JL, C, tang c6 loi nhu Taylor da dé ra; khu truc ham c6 C, > 0,65. Cic
diém nay duge thé hlcn trén d6 thi do Saunders chi r3 méi quan hé gitia ti 6 toc do - chiéu
dai, he s6 C, va i so lugng chi€m nuéc - chiéu dai (hinh 11.94). Cic dudng cong ndy dua
vho su thong ké tir nhiéu nguén khdc nhau va cho két qua thanh 2 cap dudng cong kinh
nghiém goi 1a "dudng lan thiét k&", 4p dung cho thu vén tai, tau chién nhung khong dung
cho tau danh c4, tau kéo.
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Hinh 11.95. Khodng sudn doc chiéu dai L, = 400 F.P
Seri 60 - cdc diong cong hé 56 dién tich tiét dién cia ho mé hinh

Péi véi tau béo, doan than 6ng ¢6 loi chd hang, doan thon mili ¢ thé ngén va doan
thon dudi dai vd manh dé gidm 16i thiéu sic can hinh ddng. Ciing nhu hé s6 C, gidm, ciing
c6 doan than 6ng, doan thon mii dai hon dé giam stc can séng, vi th€ hoanh do tam ndi
dich vé duoi. Phdn nhiéu sy gidm C, d€ thod mén viéc 1am méanh doan thon mii, C, cla
phan sau thay déi it.

Pudng cong tiét dién sudn va dudng nudc thi€t k& c6 dang tuong . O tri 8 v/ JL
thap va C, cao, ca hai phdn trudc va sau hoi 16i. Khi v/ JL ting, chiing tr& thanh thing va
dang chit S, 16m & gin mii. Khi v/ JL 21,5, dudng nudc khong con 16i ma phai thing
hoac hai 16i d6i véi khu truc ham hodc nhimg tiu t6c d6 cao nhat. Trong madt s6 tau vi sifc
can séng ting nhanh, dudng cong siic cdn dung dimg nén phai ting chiéu dai nhung phai
phil hgp véi cdc yéu cau khic.

Céc thong tin & bang 11.13 chi c6 thé dung trong giai doan dédu thiét k& Dai vdi viéc
thiét k€ con tau riéng biét, cdn phan tich chi ti€t hon, dua vao mo hinh, thong ké loai tau
tuong tu. Cudi cling xdc dinh hinh ddng thich hgp nhat dé tinh cong suét cé ich va cong

suat trén truc.
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11.15, SO SANH HINH DANG CUA 6 HE THONG MO HINH VA CAC PHUONG PHAP
XAC PINH GAN PUNG SUC CAN CUA TAUMOT CHONG CHONG

Sy phat trién hinh déng than thu ddi héi ¢6 nhiing phuong phdp gin ding dé x4c dinh sic
can va lyc day, dp dung vao budc thiét k& ban ddu. Céc nha khoa hoc 1am viéc & cic bé thir mé
hinh ¢6 ging dédp img yéu cdu cha nhiing ngudi thiét k€ 1 xdc dinh nhilng dinh hinh than tau
thich hgp véi diéu kién khai théc hién tai va xu hudng thiét k& méi. Nhimg hinh déng dé
thudng rit ra tr nhimg hé théng maé hinh & cdc bé thir duge khao sit vi anh hudng dén sttc can
va lyc ddy do thay déi céc théng s chil yéu ciia tau. Trong budc thiét ké ban ddu, ngudi ta ap
dung nhimg két qua trong thyc nghiém trén co sd ddnh gid siic cin vi hiéu sust gitta than tu va
chong chéng. Dén nay ngudi ta da cho biét nhiing hé théng mé hinh duge khao sit trong nhimg
diéu kién khéc nhau, phan tich nhimg hinh ddng than tau khéc nhau, tinh chat cac tiét dién
suon, hinh ddng mili va ldi, ciing nhw hinh déng 14i noi ddu truc chong chéng.

Van dé dat ra d6i vdi ngudi thiét k€ trong budc thiét k€ ban ddu 1a tau hinh didng nao
vita phti hop véi nhitng dicu kién khai théc vira ¢6 céc tinh chat thuy dong t6t nhat.

Nhiing 8 liéu thuc nghi¢m dusi day phén ndo da giai quyét van dé trén. Trong nghién
ctru, ngudi ta so sdnh h¢ s siic can toan phin Cr clia nhimg hinh ddng khac nhau nho hé s6
béo Cp va tinh sic can bang nhitng phuong phdp khédc nhau nhung déu dua trén su khdo sit
c6 hé thong cdc mé hinh.

D€ phan tich, ngudi ta 14y 6 phuong phép (Taylor, séri 60, BSRA (Anh), Thuy Dién,
Nhit, va Nga). Ngudi ta chon § dinh hinh ndy giéi thiéu & bing dudi day.

Bang 11.14

Cac théng s& | Selsso 503717 56 2877 S03818 | M hink J

va m hinh Pon vj sari phiéu phiéu phiégu SNAME 6

GLENYON SNAME SNAME SNAME

Loy {m) 124,83 122,12 127,00 122,09 125,02
Lpp {m) 121,92 121,92 121,92 121,92 121,92
B {m) 15,4412 17,575 16,66 21,089 17,98
T {m) 5,6022 7,373 7,064 6,787 6,885
Vv {m?) 6384,1 10349 10392 11082 12033
D m 6543 10609 10655 11361 12234
8 {m?) 2291 3008 2998 3176 -
Lrvie - 6,572 5,59 5,584 547 5,51
SR - 6,659 6,33 6,303 6,39 -
Cy 0,591 0,654 0,697 0,747 0,794
Cp 0,605 0,665 0,708 0,753 0,797
Cu 0,977 0,9648 0,985 0,9922 0,996
Cuw 0,735 0,752 0,792 0,811 0,867
Xg, %bpp - -1,09 -0,494 -0,450 -0,478 2,00
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Nguoi ta tinh hé s6 sifc can ciia toan bg khi C;, di xéc dinh. Theo két qua so s&nh chi 15

ring gia tri tuong d6i ciia hinh ddng méi séri thay déi cung vdi sy thay déi ca Cg va Fr.

77
P

ENNE

NN
Fo

&
3 s &
= 3]
-+ — i
o
1 ljf/%
. ] *~
TN
/ [ —
~ -.....rfj..lnlfui.rl.rrr__uul.//
/.:...II M -1..///
b il...lrfrf. — /
// .-u...!'/
.,.,...//::N__iui.lljrrfl
I-||l|||.|.|l.l
N
S P S

i
il " P
m—— SN\

AR
R ae
i

VAT NN

Hinh 11.96. Mau séri Taylor

ALY

—~———

I5DW

N
NN
T

RS

)
19

N
T
i
AW

A\
\
\\

A\ N\
S
N

Imw\

AR,

\—\—
R W -

WX

0w

AD

Hinh 11.97. Mau séri 60

o
[ | ™ V/
L ../
1 ]S
—t—l_|= ........./// )
B
= [
RERRIEN
Y rizee
= L1
L w1V
A
7 A
“ A
[,

Hinh 11.98. Mauséri B. S. R. A

226



a} b}

A {
AT b af |
I

15 Wy

I-c po 1=
-1
L]
//
&
iy

%
/
L

>

ni,g

Hinh 11.99. Model Nga
a} mé hinh sudn khéng qud 1&; b) dudng bao miii dudi

Dé phan tich, ngudi ta chon séri mo hinh tau hang mot chong chéng di dugc nghién
ctiu va cong ba sau dai chién thé gidi thit hai, ké ca séri Taylor, méc di séri nay 1a thu quan
su nhimg né khong mat tinh chét hién thyc ma cdn trd thanh tiéu chuan danh gia chét lugng
hinh dédng than tau thong dung trong viéc nghién citu & cac bé thir mo hinh.

Dudi day, nhilg séri d3 néi & trén véi khoang thay déi cdc thong s6 clia tau.

1 - Séri Taylor - Gertler

Cp=0,48 + 0,86
B/T =2,25; 3,00; 3,75

v ] -
— =10.10"+7,0.107
L
v
F, = —==0,50 + 2,00
JL
I - Séri 60

Cb LB B/T Xs Fn= v/vL
0,60 6,5+ 8,50 2,5, 3,0; 3,50 +05+-25 0,45+ 1,0
0,65 6,25 = 825 2,5 3,0;35 +15+-25 0,45-1,0
0,70 6,00 + 8,00 2,5; 3,0, 3,50 +2,5+-20 0,45+ 0,90
0,75 575+775 2,5, 3,0, 3,50 +3,5+ 40,5 045 + 0,80
0,80 5,60+7,50 2,5, 3,0, 3.50 3,56+0,75 0.45+0,80
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I1I - Seri BSRA

C, = 0,625 + 0,825

L/V”=40+62
Xy = -3% Lpp + 3% Ly tir sudn giita
BT=20+40
v = 8 = 19 hli/h d6i véi tau ¢é L = 400°
IV - Séri Thuy Dién
; T O S VAL
N I I 20 o B AN [ [/ /[
0525 | 50-70 | 0,19+032 AN\ Pl /][]l
0550 | 50:70 | 018+032 \\\ \K T "/ . / / / »
oo s0en0 Lomeost NN ol L e
0’625 5‘o:sls Ol16:0‘30 A 4¥ N ma
0:650 5:0+6:6 0:16+0:28 \\ }"\ j / / /'5/%}4/ LE
0675 | 50+66 | 0,16+027 \\&(5\\\\\\\ ',/ ///é/ ; ) ek
0700 | 50:66 | 0,16+ 027 AN Arx
0725 | 50:66 | 016+0,26
0750 | 50+60 | 0,16+024 Hinh 11.100. Miu séri Thuy Dién
\we wel/[1/
\wo wé
M W. K
w\"‘}m W
wi
. ‘&—r\_ﬂvz Cg=0600 W32
l:ga e S Ly=0615
s - 7100
iy — e =
? 3 1 1 70
PR Al
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V. Séri Nhat Ban
Cy=0,55 = 0,65
Lp/B=63+382
BT=20+28
Fr= v/./gl =020+ 0,30
X = -0,6 + -2,6%

Ly tir sudn giita

VI - Séri Nga
C, = 0,800 + 0,875
L/B=22+35
L/V"P=48+63
C,, = 0,993 = const
Fr=0,10+ 0,20

Xg = +2,0 -+ 2,5%
Lpp tir sudn gilta

WK

9% % 7D

Hinh 11.101. Miu séri Nhat Ban

Phan tich so sanh:

Trén céc hinh 11.96, 97, 98, 99, 100 gi6i thiéu nhimg dang sudn 1y thuyét cha cac séri
duge phan tich. Cdc hinh 11.102, 103, 104, 105, 106 so sdnh hé s& siic can toan bd Cr duge
tinh theo méi phuong phép tuong tng vdi cc thu c6 he s6 Cg khdc nhau, céc thong 56 hinh
hoc than tau trong bang 11.14.

Trong bang 11.15 gii thiéu két qua tinh Cr véi téc do kinh t€ xéc dinh bing cong thitc
cta Silverleaf - Dawson:

v

=

=17 +14C,
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Hinh 11.102. So sdnh hé s& sic can toan bg Cr (F,) duge xac dinh
bing nhimg phuong phap khac nhau 8 = 0,591
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Hinh 11.103. So sdnh hé s6 siic cin toan bd  Hinh 11.104. So sanh hé s& sifc can toan bo
C, (Fn) duge xdc dinh bing nhimg phuong  C; (Fn) duge x4c dinh bing nhimg phuong
phép khéc nhau & = 0,747 phédp khdc nhau & = 0,794
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Hinh 11.105. So sanh hé 58 siic can toan b
C; (Fn) dugc xdc dinh bang nhitng phuong
phdp khic nhau & = 0,654

Hinh 11.106. So sdnh I# s& stic can toan bo
C; (Fn) dugc xéc dinh bang nhiing phuong
phép khic nhau § = 0,697

Trong bang 11.15 sép xép Cg tang ddn v4i tri 6 C; tir nho nhat dén 16n nhét.

Bang 11.15

Cg 0.591 0,654 0,697 0,747 0,794 S(lfc can
Taylor BSRA Taylor Taylor Taylor Min
Séri Thuy Bién Taylor Thuy Dién Thuy Bién BSRA
Nhat Ban Nhat Ban 60 60 60
60 Thuy Dién BSRA BSRA Nga k 4
60 max

Séri Taylor cho tri s& stic can nhd nhit cha 4 trong 5 tau duge phén tich. Chi s
C; = 0,654 ciia seri BSRA biéu hién stic can nhé hon, sau d6 [a séri Thuy Dién.
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Séri 60 va séri BSRA x4u nhdt vé sic can trong s6 cdc hinh ddng dugc phan tich véi
nhiéu gid trj Cy. Séri BSRA ¢6 1¢i chi khi Cg 1ém.

Khi Gy = 0,747 hinh dang séri BSRA ¢6 hé s6 sitc can nho nhat, nhung dudng cong
sifc can toan phin C; quanh viing tdc d6 kinh t& tang tir tir khi Fr ting. Theo hé s& béo C,,
sir khdc nhau vé hé s6 C; giita hinh ddng t6t nhat va xdu nhat 13 rat1én, khoang 12%. Hinh
déng séri BSRA 1a t6t nhat so véi séri 60 va séri Thuy Dién & Fr > 0,225. Nhimng tri s6 C,
khac, su khdc nhau giita hinh déng t5t nhédt va x&u nhat d6i véi tée do kinh t€ trong khoang
4+ 6%.

Ngoai ra ngudi ta da danh gia hiéu qua cia phuong phap xdc dinh bé mat uét cha timg
séri d6i v6i hinh dang bat k¥, hinh dang nhu & bang 11.15.

Két qua so sdnh tuong ting & bang 11.16.

Bang 11.16
Tén " o " o
561380 g 2877 843818 s Tén 1380 séri . | S6 2877 | 50 3818

PRUGRD | ariGLEN.| phidu | phigu | phigu | MOMAN | opong | oLew. | 3727 phige) “oie” | ohidu

phap va p P J SNAME X SNAME

bimat | LYON | SNAME | SNANE | SNAME phip | LYON SNAME | SNAME
D.tich thue 2291 3008 2998 3176 - Séri 60 0,26 -1,66 0,60 -1,45
Taylor 2214 2870 2880 3090 KN N.Ban 0,57 -2,83 247 0,88
Thuy Dién 2285 2958 2980 3130 - BSRA +24 -1,40 - -
Nhét Ban 2346 2966 - - - Taylor - -1,62 4 57 5,11
Séri 60 2278 2941 2933 3148 3276 T.Dién -3,36 -4.59 384 | 27
BSRA - 2899 2861 2082 3147
Nga - - - - 3232

So sdnh thay ring phuong phép tinh bé mat duge dp dung trong séri Nga 1a t6t nhat va
sal sdt trong d6 khong quéd 2%. Ciing nhu phuong phdp Nhat Ban va Todd, xdc dinh bé mit
uGt 12 6t, sai khéng vuot qui 3%. Bdi vi mo hinh "J" ¢6 hé s6 béo C; = 0,794 khoéng cho bé
mat udt thue, khong thyc hién so sdnh déi v6i mo hinh ndy. Vi I€ d6 trong bang 11.16
khong cho phugng phdp Nga, ma khoang dp dung cho phép xdc dinh hé s& sitc can toan
phan C;, ca dién tich mit udt khong cho, chi & bang 11.15 méi cho biét déi vdi mo hinh J
va Gy = 0,794,

Anh huémg méi théng s& hinh dang khong chi phu thudc ki€u hinh ddng than tau ma
con phu thuéc téc do.

11.16. QUA LE MUI

11.16.1. M& dau

Nhitng tau chay khd nhanh, da tir lau, mii ¢6 hinh dang qua 1é dat dugc muc dich gidm
sitc can soéng.
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Tau va qué 1¢ & miii ¢6 thé xem nhu hai vat thé khéc nhau di chuyén cling toc do. Heé
séng clia hai vat thé nay giao thoa va néu qué cdu J vi tri ndo dd so vdi tau, ca hai hé song
san bing 14n nhau. Tic dung d6 1am gidm stc cdn song clia tau.

Hinh déng qué l¢ da dugc khio sit nhiéu ndm. Nhu ta da biét, cac thi nghiém c6 he
théng nay thay déi dang qua 1é cha Taylor. Nam 1935, Vigley thix dé cap 1y thuyét hién dai
vé stic can séng cta Havelock (1928) phat trién dira vao thi€t k€ qua 1é. Ong xem xét t6 hop
thu va qua cdu, ca hai phdn chuyén dong cling t6c do. Trong kién nghi clia ong c6 hai thong
s& sau day can xem Xx€t:

- Ban kinh r clia qua cfu;

_ Khoang cich a ir tam qua cfiu dén dudng vuong gbc mili tau.

Khoang céch f tir tam qua cdu dén mét dudng nude tinh thudng duge xdc dinh theo yéu
cdu, khong mot phan nao nho dudi dudng co bin cla tau. Sic can t6i thi€u cta td hop tau
va quéi cdu dugc thi€t ké theo gid tri t3i wu ciia ban kinh r va khoang céch a. Saunders so
sanh giifa qua 1¢ kich thudc t6i wu theo Vigley va kich thudc qua 1& thuc 1€ da dang. Céc thi
nghiém ciia Lindblad c¢6 thé nhir mau myc cha viéc khio sit sau nay; tinh todn ding va
thyc nghiém cin than clia Inui va Takahei & truong Dai hoc Tokyo va nhiing ngudi khac.

300 {

2.50 /

Y g2 /
g /

% X /
3 —L T
" e
J—Eé B 1,00 | | |
—— w1 .t 16w 20 2
1 l_‘l_ 1 1 L 1 1 1
— | - L T.i% 0I5 G018 0IC¢ 022 024 026 028 030
FP AP —F gt
H.11.107. Tau vk qua l& ngam trong nudc.  H.11.108. Xéc dinh bin kinh qua ciu theo
Hé truc gén & dudng nudc DWL va tai yéucdu khia=0

truc vuong géc miii

Ly thuyét sitc cn séng cha tau chi 15 rang, s g6p phin chinh vao stéc can song la miii
va duodi tau.

Inui ding qué 1 miii chi dé san bang hé séng mii, con loai trir hé séng dudi can thiét
phai c6 qua le diing li. Theo Inui, sy phan chia séng thanh hé séng mii va 14i la cén thi€t
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dé x4c dinh t6i wu kich thudc qua l&. Su thuc céng trinh cha éng duge nhiéu ngudi thita
nhan, khong chi qua 1¢ dai véi tau hang, tau ddu méi déng ma nhiéu tau da khai thic, vi
nhiing loi nhuén cha qua 1é ma hodn céi. Qua 1€ miii, ndi chung nhiéu ngudi da bi€t va goi
1a miii Inui (Inui Bow).

Nhiéu mo hinh thi nghiém dé tim tdc dung clia qué 1¢ d6i véi sitc can nhu D.W.Taylor,
E.M.Bragg, A.Lindblad, Van Lanameren, D.J.Doust, Johnson, Inui v. v... Trong nhimg két
qua cta thi nghiém nay khong hoan toan phlt hgp, ¢6 sy xdc nhin chung vé két Juan 1y
thuyét cia Vigley:

1 - Téc do thuong ding qua 1é khi v/+/L = 0,8dén 1,9, nhumg mot vai 1an thir chi 16 c6
lgi khi tau chay chim hon v/ JL =08;

2 - Dudng nuée & miit miti khong 16m, vi tri t6t nhét cha qua lé 1a tdm tai mdi, mdi nho
v€ phia trude than tau.

3 - Qua lé md rong cang thap cang lgi va nén cang ngin theo chiéu doc, cang rong theo
chiéu ngang, phi hgp do thudn cha dudng hinh than tau;

4 - Dinh qua 1é khong nén gin qud mat nudc.

Tau ddnh cd chay véi téc d6 cao v/yL = 1,0 + 1,25 ¢6 siic can séng 16m, phl hop véi
viéc 4p dung qua l& va diéu nay dugc khing dinh bing m6 hinh thuc nghiém. Doust di chi
16 sifc can cd thé giam 10 dén 15% néu ding qua 1é ¢6 thé gidm 20% & nuGce tinh hiéu sudt
day ting 4 dén 5% cong suit truc (SHP), Doust khuyén cdo riang dién tich qua 1& khong
dugc qud 5% dién tich sudn gilta, dé tranh nguy hiém séng va dap miii tau (slamming
damage) Johnson & Thuy Dién da thir mé hinh tdu ddnh c4d véi qua 1é 8%. Sic cén duge
giam khi v/+/L = 0,85 + 1,00.

Ngudi ta quan tam so sdnh miii Inui va mii Taylor ra doi trude day:

- Miii Taylor (Taylor Bow) 4p dung dé tang t6c dé véi nhiing tau ¢6 ti s6 tdc do - chiéu
dai vh/f = 1,00 vacao hon.

- Miii Inui dwgc phdt trién v6i nhimg tau t6c do cao. o] nhitng téc d¢ thap hon,
v/~/L = 0,6 hoic Ién hon nhu thu diu béo, tau chd quang, cac thir nghiém mili qua lé chi
ré su giam sifc can toan bo trén 15%. Lugng giam stc can d6 chu yéu la siic can song.
Lugng giam sitc can nhiéu hon xuét hién & nhimg tau C; = 0,80, sudn chir U phén trudc,
dang ddy phang.

11.16.2. Khao sat

MGdi day, cic khado sdt vé qua 1& & bé thir mé hinh tau Netherlands (Netherlands ship
model basin) ding tau hang chay nhanh chuyén tuyén cé cac dic tinh cho & bang 11.17.
Tau dugc khao sét, nguyén goc thi€t k€ khong c¢6 qua 1€, hinh ddng than tau t6t dugc ghi lai
tai bé thir mé hinh Netherlands.
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Bang 11.17. Cac dic tinh chinh cia tau

Chiéu dai gilra hai dudng vudng goc Ly, (m) 150,00
Chiéu dai phin trong nudc {m)} 152,31
Chiéu réng thiét ké B (m) 22,00
Chiéu chim mi T (m) 7.16
Chidu chim lai T, (m) 8,08
Chiéu chim trung binh Tu 7,62
Thé tich ngam nudc (m?) 15593,00
Heé 8 béo thé tich Cp 0,6202
Hé s béo sudn gilta Cy 0,9748
Dién tich mat udt khéng ké phan nhé (m?) 3922
Dién tich mat udt ca phan nhd (m?) 3955
Lugng chiém nudc trong nude man y = 1,025 A (tyge) 15731
Vi tri tam ndi sau sudn gidta % L (M) 2,82
Géc vao nudc 3 dudng nudc thidt ké (§ chiéu chim 7,16m) ig/2 11°
Téc d6 thit cda tau v/ L = 0,90 (hlifh) 20
_._._.—-—-———-7/_
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11.109a. Hinh tau co ban
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11.109b. DPudmg hinh cla tau hinh a gan véi
qua 1& hinh cdu 100/L=2,00 vaa/L =0

11.189¢. Budng hinh clia tiu hinh a gin véi
qué 1¢ hinh cdu 100r/L = 1,667 va a/L, = 0

235



5

R <
bE /7j W/z% )// -
) J )

llzu % | |

k3
I z ] 12 2q I o ] 9 20

11.109d. Dudmg hinh clia tau khong qua le 11.109%. Dudng hinh ciia thu & hinh d gén vé6i

véi géc vao nudc bing 7do qua Ié hinh cdu 100r/L = 1,667 vaa/L. =0
s,
i
T / ' (
wl .~ {D
_— L
I 18 1% 20 [ 20
11.109f. Dudng hinh ciia tu khong qua lé 11.109g. Putmg hinh cba tau ¢ hinh f gin véi
v6i géc vao nudc bang 15 do qué 1é hinh cdu 100r/L = 1,667 vaafl.=0

Téc do khai thdc gifa 18 va 20hli/h. Khoang t6c do nay, stic can séng khoang 20
dén 25% siic can toan bo, Nhu vay dp dung qua lé chi quan trong néu sic cin séng giam
ddng ké.

Pudng hinh tau méau ¢ hinh 11.109a.

Qua 1& duge khao sét 1a khéi cdu dat phia trude thu. Than tau va khéi cdu lién két sao
cho giff duge hinh déng tau nguyén thuy, cé thé cang nhiéu cang t6t. Cach lam d6 ta duge
hinh déng mii nhu & hinh 11.109b va hinh 11.109¢. Dang mii nay khac nhiéu dang mii
quy uéc (khong qué 18). Céc thong s6 duoc chon d8 dat qua 1¢ 1a a (khodng cdch tir taim qud
ciu dén dudng vudng géc miii) va ban kinh qua cdu r. TAm qua cdu judn ndm trong mat
phing déi xing clia tau va diém thap nhat qua 1& nam trén dudng co bin. Trong vi trf t6i wu
c6 xem xét ban kinh thay déi cha qua le. Gée vao nude clia dudng nude thiet k& ¢ miii ip/2
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thay déi. Pudng cong dién tich sudn giit bing nhau trong moi trudng hop vi hinh déng tiét
dién miii da thay déi. Giam gdc vao nudc thay bang tiét dién sudn chir U, tuyén hinh tau
miu chit V. Két qua thay ddi thé hién & hinh 11.109d, 11.109¢, 11.109f va 11.109¢g. Ti 1
gilta mo hinh va tau 1a 1:28.

Dufoing cong dign fich

8 Tftuyén vor dvdng cong
f'..ﬂ' FP
8 -ﬂﬁ?@ <ong dién )f‘(’j
Diting cong hé s0 J = Dieo fich hidn i
W din fich iét dlin Ling s EP.__ Y .
=0 o s F
o ft = 128 e o § i o W,
23 Fiép loydh voi didngcong 2 \ Tiép fuyén
tai £FP 5 l b3
f I; ot
K £P o $=EF _p16 t

Nhu d3 trinh bay & trén, hai trong
nhitng yéu t6 chinh vé hinh dang cla
tau anh hudng dén stc can 12 hinh
ding dudng cong dién tich sutn va
dudng cong dudng nudc, dic biét §
phdn mit mii. Pudng cong dién tich
¢6 thé 16i 1én & mit trude boi thém
luong chiém nude gin truc vudng goc
& mili, tam néi dich chuyén vé trudc.
Trudng hop khong thay déi tdng
luong chiém nude, dudng cong dudng
nudc 1am giy dé can bing vdi thé tich
thém do qua le.

Phin truéc cua dudng cong dién
tich tiét dién suon cla tau cé va
khong c6 qua 1& thé hién & hinh
11.110. Qua 1é thudng dung hai hé s6
dé x4c dinh l1a f va t do Taylor dua ra;

trong d6 f 13 thudc do dién tich tiét
dién ngang tai truc vuong géc miii FF,
t 12 thudc do d6 d6c cia dudng cong
tai diém dé.

MODEL 14481
45% qua lé

o _ MODEL 1448-2
L)
13,5% qua Ié

Hinh 11.111. So sanh hinh d4ng than tan
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Miii thu khdng c6 qua 1¢, hinh 110(a), f bang khong. Néu dudng tiép tuyén voi dudng
cong tai truc truéc FP, duge kéo dai cit tung do suon gilra tai B, do d6 t duge xac dinh nhu
ti s6 AB/AC = 1,20/1,00 = 1,20.

D6i v6i thu ¢6 qua 1&, hinh 11.110(b), dudng cong dién tich ti€p tuc di qua truc vuong
géc mili FP, khong d€ ¥ t6i diém cudi lugn tron bdi qua 1é, cho ta dién tich tudmg tuong tai
diém d6 bing EF. He s6 f 1 ti s& cla dién tich nay vdi dién tich sudn gilfa, nhu da chi d
f = EF/AC = 0,16/1.00 = 0,16. Ta néi tiu ¢6 16% qué lé. Tiép tuyén vdi dudng cong tai truc
truée nghia 13 tai di€m R, kéo dai ti€p tuyén cat tung 4o gifta tau tai B. Do dé:

_BD _(AB-AD) _(1,36-0,16) _ 120 _
DC (AC-AD) (1,00-016) 084

Hai kidu qué 1é véi f bing 0,045 va 0,135 (4,5% va 13,5%) nhu hinh 11.111.

Qua 18 %
- 45% vi 13,5% Ax l ;,4?5
2 ! i ] Pz
B ¢ kich thuot : "x 86'x 28 s
Coe kich thuoe 1 622,0 x 86 % 28 /i
| & : c
- L Zdng chiém nude : 25.450 18n /A’
Q /'/
3 I /
10 Yl
. M3 hinh | Qud 18 % | Butfng cong '%’/
[V
3 3 0 e /-/
w 1 4.5 —— //
— 4 90 | eeeeemee 1/
| 2 13,5 —_—

5
| Qua lé Y LZZ
J’ls%y
. 9.0. =T
#.5/
005 s VA L
. o 27 0.8 09 1.0
B F ! | l | 1 | ! 1 ot ]
10 2 4 16 18 20 22 24 26
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Cic thong s6 clia mé hinh thir clia co quan quan 1y hang hi tai Davidson Laboratory cho &
bang 11.18 va dudng hinh mo hinh véi 4,5 va 13,5% qua 1é duge chi rd ¢ hinh 11.111.

Bang 11.18

Loy = 622,01t C, = 0,595

Lpp = 602,0 ft C, = 0,970

B=860ft C,= 0,613

T=280ft LB = 7,23

D = 25450 tdn BIT = 3,07

i .

LD™ = 6,46 T8¢ 0 thist ké v = 23 hiith; v/ L = 0,922
Dién tich qua 1&, phan tram 0 45 9,0 13,5
i (nlfa goc vao nudc & LWL) 11,25° 8,75° 6,25° 3,75°
Hoanh d tam ndi sau sudn giita (% LWL) 0,48 0,39 0,29 0,19

Cic két qua vé stc can & nude lang duoc chi 13 & hinh 11.112.
Cong sudt (chp) khong déi 1a 25000, chiéu dai séng thay déi va tau ¢ qua 1é 13,5% Ay,
lugng giam téc do nhu sau:

Bang 11.19
/L 0 0,25 0,50 0,75 0,875 1,00 1,15 1,25
v(blim) 243 | 241 23,7 22,9 21,8 18,6 17.6 18,0
Lugng gidm v (%) 0 0,8 1,7 4.6 9,2 22,1 26,3 25,0

11.16.3. Vi tri dat qua 1é va duong kinh qua cau

Anh hudng su thay déi khoang cdch a tir tryc vudng géc mili dén tam qua ciu thé hién
& hinh 11,113 va 11.114. Céc dudng cong chi 18 vi tri t6i uu cta tam qué cdu gén truc
vuong géc miii. Khi t6c do tang, vi trf t6i wu dich chuyén vé truée. Diéu nay phu thude boi
anh hudng d6 nhét.

Téc do trong khoang 3,6 < v/AY < 4,0

Vi tri t6i uu trong gidi han 0 < 100°/L < 0,5

Trong khodng t&c d6 khdo sat, dé dich chuyén nhd qua cdu gan truc vuong géc mili chi
c6 anh hudng khong déng ké dén yéu cdu cong sust. Ap dung qua lé 1am tang dién tich u6t
cta tau. Khi qua cdu véi ban kinh 100 1/L = 2,00 va 1,667, su thay d6i dién tich tuong ung
tir 2,5 va 3,5%. Stc cin ma sit ciing tang twong tmg 2,5 + 3,5% do anh hudng chiéu dai
tang nhung hé sd ma sdt nho.
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H.11.115b. Anh hudng dp dung qua 1¢
dén sitc can séng



Sttc can séng thay d6i ding ké khi 4p dung qua 1&, nhu hinh 11.115 va 11.116 su giam
sifc can song rat 1én trong khoang t6c do nhat dinh. Qué cdu 16n nhat dem lai sy giam nhiéu
nhat & téc do cao, ngugc lai toc do thap hon, qua cdu khong mang lai hiéu qua.

Téng tdc dung cla cdc hinh anh trén thé hién & hinh 11.117, hinh 11.118 chi ra ring
khi stic can giam, néi chung hiéu suat ddy tang. Hiéu sudt chong chéng cao hon, & diéu
kién tai thap hon. :

T T

Kﬁéng,qua’ lé
e Ca’,qua ajt =@;t00.rft = 2,00
Co qua léafl=0; 100.r/L = 1.66]

t.d
090
0.9 =
= o080
=
ol "
Wl >
§ 0.8 T %0.‘.'0 i
" mf — Khéng qua lé
© & |—— (dguilé a/L=0;100.r/L=200
opol= = Coqus ke afl=0;100. r/L=1667
01 ‘
0503, 3‘5 4.0
o0 1}3/,_{2/3 ) - - 'U'%f/?’
H.11.116. Anh hudng ap dung qué I& H.11.117. Anh hudng dp dung qua ¢
dén siic can toan bd dén hiéu suit day

NGi vé vi tri qui le, giita cdc nha khao sit ¢6 quan didm khéc biét. C6 ngudi cho ring
qué 1& dat cao cho két qua tét nhat, bdi vi bay gid xudt hién sy tdc ddng twong quan gilta
qua 1& v6i hinh déng séng ciing nhu lam t6t diéu kién stic cin song.

Lammeren cho rang qua 1& ¢6 thé nam gdn mat nude. Do d6 Lammeren khuyén cdo,
dudng kinh qua [ bang 80% chiéu chim. Ap dung miii qua I¢ lon bang 15% A, giam dugc
cong suit 15%. Vi du: so sdnh hai tau khdch chia Nhat ¢6 qué 1& 5% va 17% Ay Khi thir
cling toc do, thu ¢b qué 1€ 16n gidm 13% cong suat. :

DGi véi nhilng tau hinh ddng manh (slender) chay v6i t6c 46 nhat dinh qua 1& cho loi vi
stic can cang nhiéu khi qud 1& cang 16n. N6i chung ¢6 thé khing dinh réng, 4p dung qua l&
4% dén 8% A, khi tau chay v/ JL 16n hon 0,8, cho ta kéi qua t6t vé 1y thuyét ciing nhu
thuc t6. Néu qua 1é nhé hon 4% A, thi tdc dung nho so véi phi tén vé két cdu va cong nghé,
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nguoc lai qua 1¢ 16n hon 8% Ay, ngoai sy khé khan vé nhd va tha neo con khé khin vé
hang hai. Qué 1& 16n ciing bat loi khi tau chay dan (khong tai), c6 thé xuat hién hé séng &
miii, & nhimg 16p nudéc phia trén 1am ting sifc can.

Cuéi ciing, ngudi ta khing dinh riing, cich 6t nhét khi chon qua 1€ 1 phéi thir m6 hinh.
Chi ¢6 khio sit mo hinh va quan sit dong chdy vao, mdi hoan thién hinh ding phin miii va
qua 1é, ca hé tic dong véi nhau. '

11.164. Tac dong tuong quan giita mai va qua lé
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H.11.118a. Anh hudng géc vao nuéc Hinh 11.118b. Anh hudng géc vio nudc
ctia dudmg nudc dén siic can séng ctia dudng nudc dén sifc can cua tu ¢

qud 1e 1/l = 1,667

Hinh inh khio sit su thay déi géc vio nudc & dudng nudc thiét k€ thé hién & hinh
11.118a va 11.119a, chi rd su giam géc vao nude 1am giam siic can séng, nghia la gidm sitc
can toan bo. Diéu d6 phit hop véi céc thi nghiém chung 12 phin trude than tau (forebody),
tiét dién suom chit U 1a c6 1oi hion chi V. Tuy nhién, ting géc vao nude chi c6 anh hudng
rat nhé dén sitc can.

Cic hinh 11.118b, 11.118c, 11.119b, 11.119¢, thi nghiém chi r& quan hé gia duong
kinh qua cdu va géc vio nudc & dudng nude thiét ké. Thi nghiém cling chi 16 ring, duong
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kinh t6i wu nho hon gi tri & hinh 11.120. Sy quan hé gitta dudng kinh qu 12 va t6c do tau
da xic dinh biing thi nghiém 12 khong quan trong nhu trong 1y thuyét da tinh.
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Hinh 11.119a, 11.119b, 11.119¢ chi 16 anh hudng géc vao nuéc va dudng kinh qua lé
thay déi dén hiéu sudt ddy.
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khong cé qua le khong c6 qua Ié véi gée vao nude iyf2 = 11°
090 -
Qua lé
+=0 ; 100 L=-200
Thi nghiém chi r6, néu géc vao &
nudc giam, hé séng mil chuyén 0,80 }— E_S_3%
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dong v& sau. Hinh 11.120a, A g 2
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wley
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Hinh 11.120¢. Hiéu sudt day cta tau co
va khong c6 qua 1& vdi géc vao nudc ig/2 = 11°
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Bang 11.20. Tau qué lé va cic Kich thudc chinh thay doi

A B c D E F j

Dic tinh tau ';:‘a";g Quals | Quaie ';tg':g Quals | Quate
\?:;‘é ggi‘ gita hai Gubng | | (o | 150,00 | 15000 | 150,00 | 15000 | 150,00 | 15000
Chidu dai phan ngap (m) 15231 | 15584 | 15534 | 15249 | 156,03 156,46—
Chiéu rong B{(m) 22,00 22,00 22,00 22,86 22,86 22,86
Chiéu chim mii T, (m) 7,16 7.16 7,16 7.16 7,16 7.16
Chiu chim [4i T, (m) 8,08 8,08 8,08 8,08 8,08 8,08
Chiéu chim trung binhs T (M} 7.62 7.62 7.62 7.62 7.62 7,62
Thé tich ngam nuc (m?) 15593 | 15880 | 15801 15699 | 16030 | 15958
Hé s béo thé tich Cs 0,620 0,595 0,611
Hé s8 béo duing gilta Cu 0,975 0,975 0,975 0,975 0975 0,975
Dién tich udt khdng phan nho (m?) 3422 4064 4031 3931 4077 3997
Dién tich w6t cé phan nho (m?) 3995 4136 4104 4004 4149 4070
Lugng chiém nudc (y= 1.025) | Al 15731 1602 15941 15838 | 16172 16099
Vi tri tam ndi sau sUdn gilta %L{m) 2,82 1,42 2,82 2,75
GbC vao nudc ig2 T = 7,16m {o) 11° 11° 11° 11° 11° 8°
pac tinh qué 1& Dyatrén | Duatrén Dyatrén | Bién ddi
Dang qua }& Qua cdu | Quacau Qua ciu
Ban kinh qua ciu %L 2,000 1,667 2,000
Tam qua ciu theo chiéu dai TaiFP | TaiFP TaiF.P
AglBy, (%) [ 17,2 12,0 16,7 16.7 |

Bang 11.21. Giam stic cén tinh bing phén trim khi thé tich ngam nudc khong doi

V =15593m’

Tée dd Hith 18 18,5 19 19,5 20 205 2 215 22
Qua & dua theo qud cAu vdi ban kinh 3m % 25 21 15 22 53 a7 144 | 166 | 176
Qui & dua theo qua cAu vai ban kinh 2.5m % 7.1 57 40 28 42 6,8 1011 110 | 109
Chidu dai phan ngap Nt ting 2% + gdm Gy 2% | % | 08 | 10 1 19 1 33 57 | 79 | 98
{trj 58 thinh tinh theo Lap va Gertler)
Chiéu rang tam tang 4% + giam Cg 4% % 07 02 | 10 | 08 15 42 73 89 143
Chiéu rong tu ting 4% + gam C, 4% + qua le | % | 62 | 58 | 46 | A9 aa | 118 | 188 | 220 26 |
theo qué cAu ban kinh 3m
Qua |& bign cai véi et dién ngang tai F.P 16,7% A, % L2989 | 123 | 94 34 55 154 23 271 | 288
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11.16.5. Ap dung qua lé d6i véi sur bién déi cac kich thuée chi yéu
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H.11.121a. Anh huodng vi tri dat qua cdu H.11.121b. Anh hudng vi tri dat qué cdu
dén sic can dén hiéu suat ddy

Viéc dp dung qua 1& vdi sy bién déi kich thuéce, hinh ddng da tranh ludn con vai diéu
trdi ngugc, boi vi con nhitng khé khan trong thuc t€.

Vi vay ngudi ta quan tam xem xét khi bién déi nhé vé chiéu dai, chiéu rong va hé s§
béo thé tich clia tau c6 dem lai loi ich nio khong.

Tan mau véi mili quy ude duge thist ké "tan A" Qua I& 1a quéd cdu gin vao "tau A". 3
“tau B” bdn kinh qué& ciu 12 2% cia chidu dai tu va

7

o "tau C" 1,667% (xem bang 11.20),
.rgng giam cong sudt theo yéu ciu dat dugc, so sénh v6i nhimng loi thu duge tir su bien déi
mdt it cdc kich thuée chinh.

Ap dung qua 1e trong truong hop "tau B" tang chiéu dai clia phin ngap nudc 2%, khio
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sit thdy 1o tac dung cla sy tang chiéu dai clia "tau A" cling biang cung phdn tram, két hop
v6i lugng gidm tuong tng hé s6 béo thé tich. Két qua phan tich ctia Lap va Gertler phu hgp
(bing 11.21).

Anh hudng tang chiéu rong da xem xét bang thuc nghiém. Bai vay mau thir thuc hién
xong v6i hinh ddng tau "tau D" c¢6 chicu rong tang 4% so v6i tau méu "tau A" va giam
tuong tng hé s6 béo thé tich.

"Tau E" gom "tau D" c6 1ap qua lé cling kich thuéc nhu "tau B". Tiét dién ngang cua
qua l¢é "tau F" tai truc vubng géc miii bing "tau E" cong 16,7% A,;, dién tich 16n hon ding
ké so v6i miii quy udc.

Hinh mii "tau E" va "tau F" chi ro & hinh 11.122a va 11.122b tuong {ng. Dudng hinh
than tau, dudng bao miii duoi ctia mot vai tau thé hién & hinh 11.109a, 11.109b, 11.109¢

Hinh 11.122a. Mau tau E Hinh 11.122b. Mau tau F

//"‘.,/

: N P
S

-
Lol
Lol
L
]

H.11.123a. Dudng hinh tau D va chiéu rong tang va giam Cg so voi tau A
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H.11.123¢. Dudng hinh tau F véi qua 1¢ Ién

Bang 11.22. Giam cdng suit yéu cdu tinh bang phén tram khi V = 15593 m® khong déi

Tdc & Hih | 18 1 185 | 19 7 195 | 20 | 205 | 21 25 | 22

Qua 1& dya theo qua cu véi ban kinh 3m % 37 | 46 | 47 57 89 | 136 | 178 | 206 | 217
Qud 1& dya theo qua cau vdi ban kinh 2,5m % 80 15 59 53 57 83 ¢ N3 | 135 | 152
Chiéu rdng tau ting 4% + giam C, 4% % 16 14 11 14 20 34 56 68 | 104

Chidu ring t3u ting 4% + gdm C, 4% +qud e | % 32 | 21 09 20 87 1B5 | 218 | 260 | 291
theo qua cau ban kinh 3m

Qua 1& bign cdi vai tiét dién ngang tai F.P 16,7% A, % 98 | 128|105 | 42 | 52 | 160 | 240 | 287 | 337

Bang 11.21 va 11.22 trong d6 céc két qua duge tap hop chi ring, luong ting chiéu dai 2%
[a rat hiéu qua. Tuy nhién, su 4p dung qua lé diing kich thudc 1am gidm stic can hon nhiéu.

Hinh 11.124 va 11.125 va bang 11.21 va 11.22 chi r3 rang, tang chiéu réng tau 4%
ciing giam tuong ting hé s& béo thé tich, 16 rang hiéu qua it hon 4p dung qua lé.
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Tau tang chiu rong, giam hé s& béo thé tich va c6 qua 1€, sy gidm sifc can rdt quan trong,
nhung luong gidm nay nhd hon téng clia méi lugng gidm khi thay déi téch biét ting yéu t6.

Tau manh it siic can séng hon tau béo. Ciing nhu qua 1¢ kém hiéu qua khi 4p dyng cho
tau manh.

Hinh 11.124, 11.125 va bang 11.21 va 11.22 ciing chi réng, hinh ding qua lé rat
quan trong.

Két luan:

Néu tau chay véi téc do nhat dinh ma c6 tap qué 1é hinh cdu, vi tri dat qua cu hop ly
nhét va dudng kinh qua cdu duge x4c dinh bang thyc nghiém, thi tau c6 thé dat dugc viéc
giam siic can séng rat hiéu qua, ké cé khi téc do thap hon nd ciing tdc dong ¢ 19i dén cong
sudt yéu cau.

Qua l¢ ding kich thudc giam dugc sifc can séng 25-50%.

Gée vao nude 6 dudng nude thiét k& anh hudng dén vi tri t6i wu clia qua cdu. Theo sy phan
tich 1y thuyét va khéo sat thyc nghiém chi rd méi quan h¢ giita géc vao nudc va dudmg kinh qua
cAu v6i toc do thu nhu nhau. Gidm géc vao nudc, giam dudng kinh t6i uu cha qua cau.

Tang it chiéu dai va chiéu rong cha tau ciing gidm tuong ing hé s6 béo the tich, higu
qua thap hon khi 4p dung qua lé ddng kich thudc. Phéi hop thay déi kich thude chi yéu ciia
tiu ciing 4p dung qua I¢ hinh c4u tin ring gidm nhiéu cong suit cho thiét bj ddy.
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11.16.6. Qua Ié cia tau béo (hé s6 thé tich Cy cao)

Ban ddu qué I¢ cha nhimg tau béo ¢6 hinh dang giong nhw cta nhimg thu manh va chay
nharh, mic di nguyén tic tic dung clia ching khéc nhan. Yeu cdu diu tién cha qué 1é [a
giam sifc can nhét, tha hai 1 ha thap sic can séng. Qua I& hinh cdu ap dung dau tién cho
tau ddu va tau hang réi.

T4c dung ¢6 ich cha mii qua I¢ ddi véi tau béo, trudc hét dya vao sy nén dong chay clia
nude & ving hong tau, loai trir Su xuat hién dong xody & viing nay, giam su nguy hiém téch
dong & mép dudi cta hong, giam anh huong tao thanh 16p bién, ha thap siic can 4p suat, dé
1a phén 16n sic can nhdt chia tiu béo (day). _

Ho hinh déng than tau phi hop dé ching minh tdc dung ciia qua 18 16n 1a séri 60. Céc
dic tinh hinh ddng chi 15 trong bang 11.22.

Mo hinh mau trong céc 14n thir lam bang g6 voi ti I¢ 1/50. Chiéu dai mé hinh 14° L, va
tau 700ft. Thi nghiém mé hinh thuc hién tai bé thiy Michigan. T4t ca miii qua 1& bién caj tir
m6 hinh séri 60 dugc thuc hién day dii boi ct bd tist dién méi va ldp miii hinh dang méi.

Ba séri qua 1¢ B, C, R (hinh 126 dén 134) duge thiet k& thir, méi séri dugc khao sdt su
thay d6i mot s6 thong sé.
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Hinh 11.134. Duong cong dién tich tiét dién sudn cua tit ca qua 1é




Diéu kién thir dugc chon 1a tau dau dang khai théc.

1 - Day tai hoic 100% luong chi€m nuéc, khong chiii (even keel);

2 - 60% lugng chi€m nuéc véi do chui tau 1,0, 1,5 va 2% Lo chii 14i.
3 - 50% lugng chiém nuée c6 cing do chii nhu trén.

Bang 11.23. Céc dac tinh than tau

M5 hinh Tau |
| Lo Tt 14,000 700,00

B, ft 2,000 100,00

Pay tai

LWT, ft 14,235 711,73

T (khéng chai), ft 0,800 40,00

S (khéng phéan nhé) f* 42,23 105580

A 1115916 FW 64000 LTSW

& 70F & 59F

60% lugng chiém nudc

S (khdng phan nhd) ft2 33,48 83700

A 669,5 1b FW 38400 LTSW
& 70F 3 59F

1% L, chi duéi

T ft 0,427 21,4

To ft 0,567 28,4

1.5% Emchﬁi dudi

T, ft 0,392 19,6

Ta ft 0,602 30,1

2% I:mchuc‘:'i dubi

i, ft 0,357 17,9
M5 hinh Tau

T, ft 0,637 31,9

50% iudng chi€ém nudc

$ (khang phan md) ft? 31,29 78230

A 558,0 lbFW 32000 LTSW

1% L, chui dudi 70F 59F

Te. ft 0,355 17,8

T, ft 0,495 24,8

1,6% L, chii dudi

Te. it 0,320 16,0

T, ft 0,530 26,5

2% Ly chii dudi

T, ft 0,285 14,3

Ta Bt 0,565 28,3
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Cic thong s6 khong thit nguyén (dén DWL - dudng nudc thiét k)

C, = 0,800 - hé s& béo thé tich Ly/L,, = 0,290

Cy = 0,994 - h¢ s béo suon gilta L /L, = 0,300

C, = 0,805 - hé 56 béo doc (Cp/Cyy) Ly/L,,=0,410

Cer = 0,861 - hé s6 béo doc phén trude than tau

C,, = 0,750 - hé s3 béo doc phdn sau than tau L,/B=7,00

Cpe = 0,761 - hé s6 béo doc phan thon mii B/T=2,50

Cpr = 0,695 - hé 86 béo doc phéan thon duti A0,01L,) =186,6
Cywp = 0,871 - hé s8 béo ding (Cy/Cy) 1/21;=39°

Chi thich: LTSW - longtons salt water (tan Anh nuée man = 1,025 t/m?)
LTFW - longtons fresh water (tan Anh nudc ngot)

F — Fraheit. L - chiéu dai doan thon mili; 15 - chiéu dii doan thén ong;

L, - chiéu dai doan thon dubi,
i - g6¢ vao nude § dudng nudce thiét ké & miit mi

Bang 11.24. Cac thong s6 hinh hoc ciia qua lé mii

f

Quale | AgA | AJA, | Vv | Vv, | 8SIs |1, | Ui WT | opL, | P
B1 | 1018 | 833 | 0417 | 156 | 142 | 150 517 | 719 | 310 | 1069
B2 | 959 | 851 | 0204 | 107 | 108 | 050 172 | 719 | 210 | 724
B3 | 838 | 674 | 0392 | 118 | 123 | 150 | 517 | 719 | 295 | 1017
B4 | 780 | 655 | 0201 | 073 { 08 | 050 172 | 719 | 195 | 672
c 800 | 800 | 0189 | 069 | 080 0 0 748 | 144 | 497
c2 | 800 | 800 | 0289 | 108 | 122 | 1,00 345 | 748 | 244 | 841
ca | 800 | 800 | 0338 | 124 | 143 | 150 517 | 748 | 294 | 10,14
cs | 800 | 800 | 0389 | 142 | 164 | 200 690 | 748 | 344 | 1186
cs | 800 | 800 | 0439 | 180 | 185 | 250 862 | 748 | 394 | 1359
cé6 | 800 | 800 | 0539 | 202 | 227 | 350 | 1207 | 748 | 494 | 17,08
cr | 1080 | 800 | o539 | 197 | 182 | 250 | 862 | 748 | 394 | 1350
Rt | 1205 | 730 | o517 | 184 | 163 | 150 517 | 583 | 310 | 1069
R2 | 1230 | 730 | 0449 | 164 | 143 | 150 517 | 448 | 310 | 1069
R3 | 11,80 | 730 | 0517 | 1,89 | 155 | 150 517 | 719 | 310 | 1069

.

Chu ¥: T4t ca s6 biéu thi phan trim.

A, - dién tich ti€t dién ngang cha qua I¢ tai tim qua cdu ¢ dudng nudc thi€t k&€ DWL

A _ - dién tich ti&t dién ngang 16n nhat cla than tiu tai dudng nude thi€t k& DWL

A - dién tich tiét dién ngang tai F.P c6 qua 1é tai dudmg nudc thiét ké DWL

dV - gia s6 thé tich do qua 1& tai dudng nudc thiét ké DWL
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V - thé tich ngam nudc than tau khong qua 1& tai duong nudc thiét k&€ DWL
8S - gia s6 dién tich mat wdt do qua lé tai dudng nudc thi€t k€ DWL

S - dién tich mét uét clia than tau khong qua 1¢ tai dudng nuéc DWL

| - khoang céch doc clia tam qua cdu vé phia trudc truc F.P

L., - chiéu dai doan thon miii khong ¢6 qua lé.

p - khoang cach doc cta tiét dién 16n nhit cha qué 1é nh6 vé phia trude F.P
L,, - chi¢u dai giira hai dudng vuong goc.

h - khodng cdch thang dimg cla tam qué cdu dudi dudng nude DWL

T - chiéu chim ddy tai.

V, - thé tich ngam nuéc phan thon mii khong cé qua 1¢ tai dudng nuéc DWL

Seri B:; Qua 1é Bl cho ta két qué t6t nhat trong séri B, trong ca 3 diéu kién luong chi€m
nude. So sanh véi tau mii quy uéc, lugng gidm cong sudt c6 ich 5% khi ddy ti; 20% khi
60% luong chiém nudc va 25% khi 50% luong chim nudc. Hinh 11.135.

NN
100% lidng chiém nudc
1.10
B-4 -
1.00 ? ::_._______—3 3
0.90 : B-1 8-21
1.20
=
R L L
110 oy, e
8 ! \ ~ "N o b
ol 3 B-% ""'--.\4\ \_ 667 hf_dngc 18 Mubc
e |t 1,00 < - /7,0* 31569
“m | B ) \‘\ chui dubi 15% Lpp
O —% —
312 050 8 \é\_ | L
is E ! :k—' - —
gl 080 -
bl 8-
o
°S E 1.40 ]
-;-§ wg 130 — \\
wo| -
2N
oy Oy o0 B - !
3 é 50% lidng chigm nude
oY q Ve 2o
L1o R N chui du6i 2% Lpp
100 o~ \Y
0.9¢ .%9“*\
Q.80 %
1 1 —
010 TERL) 15 15 7 18 9 20

Tac dg (h3i i/h)

Hinh 11.135. P; d6i véi séri B v6i mili qui udc khi 50, 60, 100% lugng chi€ém nudc
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Khi day tai va 60% lugng chiém nudc, qua 1é 16n hon Bl va B2 cho ta két qua tot
nhat khi téc d¢ 17 va 18 hli/h. Nhung khi 5% dan chi Bl 1a cao nhat khi t6¢c do 19hli/h.
Ciing & diéu kién nay, khi t6c do 13 va 16hli/h, qua 1& nhd hon B3 va B4, cho két qua
16t hon.

O tat ca céc didu kién, t6c do thiét k& va nhilg qua 1& c6 chiéu dai 16n nhat nhu Bl va
B3 1a t6t nhédt. Tuy nhién, khi téc d6 13 va 16 hli/h & diéu kién dén, qua 1é ngén hon la 6t
nhat.

Anh hudng ciia timg qué I¢ 1a khac nhau trong khoang t6c d6 khdc nhau. Néi chung,
diéu duge thira nhan 1a kich thudc qua 1é x4dc dinh bién do tit ddn séng miii, trong khi chiéu
dai x4c dinh pha, quan h¢ chat chg giita hai hé séng (mii tau va qua 1&). Vi vay cé co so dé
tin tudng rang, & t6c do cao hon khi ma séng miii than thu 16n, Clll.’ci 1&¢ 16n hon nhu BI,
thudng cho ta két qua 6t nhat. Hinh 11.135 thé hi¢n nhitmg dudmg cong cong suat cé ich -
cua séri B, chi s& anh hudng téc do déi véi tic dung clia qua 1.

Dé nang cao hiéu suat qua 1¢ & chiéu chim thiét k&, ngudi ta tién hanh khio st dang
qua 1¢ khic hinh cdu, d6 1a qua I¢ hinh try - séri C va nang trong tam qua lé 1én gin duong
nudc - séri R.

Seri C

Hai qua 1€ hinh tru dugc thiét k€ dé xem xét anh hudng su bién caj giita than chinh va
qua I¢, dong thoi xem xét vi tri doc qua e déi véi sic can. Con vi trf thing dimg cha qua lé
khong thudc phan khao st séri nay. K&t qua qua 1 hinh tru ¢6 gid tri diic biét. Hinh 11.136
cho thdy vai hinh anh chon loc vé cong suat may c6 ich khi ddy tai va 60% luong chi€m
nudc. ’

Khéng cé mau thir nao & diéu kién 50% lugng chi€m nude. Tic dung clia séri ndy 1am
gidm 10% sic cin & diéu kién ddy tai. C6 lgi nhat khi tam qua 1¢ dit céch truc miii 2,5%
Lo '

Bang ti€e trong séri B khong ¢6 qua 1é nio duge thir ma tam dat 2,5% L,, vé trude.
Hinh 11.136 chi r6 két qua khi qua le dat 2,5% L, & diéu kién ddy tai vd 60% lugng
chi€m nudc ¢6 bién déi va khong bién déi dudng hinh. Diéu nay 13 uéc doan, c6 thé
chap nhéin, nhumg c6 thé gitp cho viéc gidi thich gidm nhiéu sitc can khi diéu kién day
tai (hinh 11.137).

Trudng hop rieng, qud 1€ Bl ¢4 cling kich thudc va vi trf dat 1,5% L, véi C3 qud l¢
hinh tru, lugng giam sic can nhé hon va 16n hon khi day tdi va 60% luong chi€ém nudc,
tuong \ng.

202



!

Dy 13 — cong sut cdich, 103

% /
. |/
n oA

. AU

\ .
[~
18 / 20 ;;‘
]
/ S
16 100 % Widng chiém nde / A / 18 %
' =]
18.5% / ;
S
1%  — 16 S
-3
2
e B -
g 7 quti e ?E
S
G
g 17 o
10 7 %
8 / 4 1 &
6 /,/ .
£/ ;
/ 80 fdgfg)q chiém puc
/ chdf dudi 15% Lpp

1 12 13 14 15 16 17 18 19 20

Hinh 11.136. P, d6i véi séri C va miii qui uéc khi 60% nuée din,
ddy tai chii duéi 1,5% Ly
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Hinh 11.137. Ti s6 B cua séri C bién cai (C7) so véi qua 1€ hinh try,
khong bién cai (C5) khi 60% nudc din, chdi dudi 1,5% L,
Sén R

Cac dudng hinh QUé 1é trong séri R nay cho két qua 16t nhat.

Thé tich phia trudc truc miii F.P va vi tri doc clia qué [é nay tuong tu nhu Bl. Su khic
nhau nhiéu 12 vi tri thing diing cla tAm qua 1é va hinh déng.

Qua 1¢ R3 va Bl ¢6 clng tdm dimg. So sdnh hinh ddng chi & & hinh 11.126 va hinh
11.133 qua & R2 c6 do ngap nudc it nhat con R1 dugc thiét k& ¢6 vi tri thang diing giita R2
va R3.

Muc dich ban dau trong st thay déi vi tri thang dimg 1a dit qua Ié gan bé mit nudc khi
ddy tai. Tuy nhién & diéu kién thuc, gia tri cong sudt c6 ich thu duge véi bat ky mot trong |
ba dang qua 1& trong séri R nay, hinh 11.138. Nhimg tién b6 thu duogc cla séri R 16n hon
ral 1dn qua & Bl. Su khdc nhau gita qua 1&¢ Bl va R3 1a qua I& R3 duge vuét nhon trudc va
sau.

Qua l¢ R3 sau nhat cho két qua 13t nhat va qué e can R2 khéng thich hgp lam.
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Hinh 11.138. Ti s6 P cia séri R so v6i miii qui uéc khi 50, 60, 100% luong chi€ém nudc

Két luan:
Phan tich céc két qua khao sét clia cdc kiéu qua 1é da néi & trén, cho phép nit ra nhimg
két luan sau day:

1 - Thé tich ciing nhu chiéu dai chia qua & quyét dinh anh hudng dén sic cdn va c6
quan hé mat thiét giita hai thong s6 dé.

2 - Nang qué 1é gin dudng nuéc thiét k&€ anh hudng 6 loi, khong lam x4u stc cin &
trang théi tu chay dan.

3 - Qua Ié c6 thé tich 16n ¢6 loi hon khi lugng chi€ém nuéc cha tau lon.

4 - Khi lugng chiém nuéc ciia tau nhé, thé tich clia qua 1é nhé 1a c6 loi hon.
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5 - Dudng nudc ciing nhu tiét dién ngang cha qua 1¢ c6 anh huong thiét thuc dén tic
dong clia né. Truéc doan két thic dudng nudc khong phai qua 161 d€ khong gay sic can 4p
sudt qua muc. '

6 - Anh hudng qua 1& d6i véi sic can trong nudc cé séng giéng nhu trong nudc ling
(finh). Qua lé tang nguy hai bdi sy va dap cha séng & mii.

7 - D6i véi nhitng thu ¢6 miii qua 1¢, khi chon vi trf doc tam ndi phai d€ y thé tich cla
qua lé.

l\ Boeng ¥rén ¢ung ____~ Boong Trén c.:}.fz‘q__
E ; 7
AS A ; s
3 T \\\2 /is | 3
2 J{IW] Ve s NS fae L / 2
L e - e\ \ V]S [ Jeif "
TRSSSGNAY A A P
1 2 3 17 18 9 20
Boong
trén cing

7 18 IET T

Hinh 11.139. Qua 1& hinh cdu

11.16.7. Qua 1é cia nhirng tau c6 hé so béo thé tich trung binh (C; = 0,75)

D6i v6i nhiing thu niy diéu phi hop la thay nhiing qua i¢ 16n bang qua 1¢ nhé ma hi¢u
qua xuat hién hdu hét véi tau & trang thdi dan. Dang qué Ié bin cu, dudng kinh qua cau
bang mét nita chiéu chim la t6t nhat.

11.16.8. Qua Ié ciia nhiing tau cé hé s béo thé tich thap (Cy = 0,55 - 0,65)

N6i chung nhimg tau nay dugc khuyén nén dp dung qua I dang giot nude (hinh
11.140). Qua 1¢ ¢6 tac dung chi & nhimg gid tri v/+L wen 0,8. V&i v/+/L cho biét, ket
qua 16i da dat dugc khi dién tich qua 1¢ 16n. Theo 1y thuyét 4p dung qua 1& vdi A, t6n nhiéu
tién va khong thé khéng quan tam, vi vay gi6i han Ay = 10% A, loi vé cong sudt dao dong

" tir 5 dén 10%.
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{ Buéng e Duting nuie

Hinh 11.140. Qua 1é "giot nudc”

11.16.9. Qua ¢ Maier-

Qua 1& dang Mailer (hinh 11.141)c6 2 diém loi:

- Gidm cong sudt d4y thu kéo khi c6 tai va chay nudc dan.

- Giam nguy hai khi va cham va chdn dong & ving qué 1& bdi hién tuong va dap cia
song (slamming). '

Hinh 11.141. Qué lé Maier
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11.16.10. Qua lé dudi tau

Nhimg qui le nay diéu chinh dong chdy phia sau tau, do vay phdn sau rat day
(hinh 11.142). Chiing c6 thé ding cho nhimg tau nhanh va manh. Chéng lam giam thay déi
lyc ddy va moémen do chong chéng gy nén. Su giam nay con ¢6 thé gidm s6 canh chong
chéng. Hieu qué chong chéng loai nay cé thé dat dugc 6% cong sult.
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Hinh 11.142. Qua 1& dudi
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Chuong 12
THIKT BI DAY - CHAN VIT

12.1. LICH SU THIET BI DAY TAU

Con tau chuyén déng duge phai dit vio né mét luc ddy dé thang luc can cda nude va
khong khi. Luc ddy c6 duge do mdy san sinh.

Tir xa xa ngudi ta ding chéo, buém va sau d6 may méc thi€t bi nhu phut, gudng, chin
vit va nhiéu dang khéc nifa.

Thiét bi ddy ding sic manh co khi ddu tién 12 kiéu phut ¢6 bom, dugc ch€ tao & Anh
nam 1661. Nu6c do bom ddy vé sau véi téc do cao, phin lyc gay ra luc ddy.

Nam 1785 tai Lyons, Phdp, tau dang xa lan dai 148 ft dugc lip mdy hoi nudc cong kép
lai guéng chay trén song Rhone. Tau déng & xudng Pyrocaphe va ngudi phit minh thiét k&
1a Claude de Jouffrou d' Abbans, dugc thira nhan thanh cong nhdt trong viéc ap dung nang
luong hoi nuéc ddy tau. Cing nam &y, & M§ John Fitch-Philadelphia déng va thir nghiém
thanh c6ng mdy hoi nudc, m& dau cho thdi ky déi tan buén mdy hoi nude.

Nam 1790 tau Experiment bét ddu chd khach giita Philadelphia va Trenton, hanh trinh
thudng xuyén.

Nam 1801, thu mdy hoi nuéc chuyén dong guéng hai ben man la tau Charlotte Dundas
dugc déng bdi Symington, phuc vu cho tuyén kénh Forth Clyde & Scotland. Siu nam sau,
chi€c tau ndi tiéng Clermont dugc déng bdi Robert Fulton, ché khich trén song Hudson,
New York.

Tir thai ky niy dén nim 1850 la di€m cao cha guéng hoi nudc.

¥ tudng gudng & 2 bén man khong ph hop véi tau di bién vi do ngap thay déi. Khi
chong chanh man, gudng rdi khoi mat nude khi séng 16n dé hu hong.

Guéng c6 thé dat & dudi tau nhu cdc tau chay trén song Mississippi va cic séng & nuéc
M§ va duoc ding & tau khéch, thu hang, thu ddy.

Kién nghi ddu tién ding chan vit & Anh nam 1680 va dp dung vao thuc 1€ tau Colonel
Stevens & New York nam 1804 (do Hooke dé nghi). Nam 1828, tau dai 60 ft chay bang
chan vit do Ressel thi€t k& & thanh phd Trieste, dat t6¢c d6 6 hli/h. Ap dung chan vit vao
thuc t&€ d4u tién & Anh nam 1836 do Ecricson va Pettit Smith.

Chan vit ¢6 10i nhiéu hon guéng. Chén vit dugc bdo vé khong hu hong vi séng bién va
gi, n6 khong tang chiéu rong t6i da cha tau nhu gudng & hai bén man, hi¢u qua hon, nho
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nhe hon; tau véi mdy cao tdc c6 thé diing chan vit. Tau diu tien mdy hoi nuéc chay bang
chan vit qua Atlantie 12 Great Britain nam 1845.

Trong s6 chung tau chay béng chan vit, ¢4 tau thém dao lwu d6i véi nhimg chén vit
nang tai. Nhu tau kéo, luc kéo & cot kéo véi cong suat di cho, chan vit - dao luu c6 thé tang
40% hoac hon so véi chan vit khong dao lwu.

12.2. CAC LOAI MAY TAU THUY

Trong viéc chon mdy cho tau dé co, ¢6 nhiéu yéu t5 phai xem xét: chang han trong
luong, khong gian mdy chiém, phi tdn ban dau, do tin cay, tudi tho clia mdy, thao tic dé
dang, phi tdn sira chifa, suat tiéu hao nhién li¢u va cudi ciing yéu t6 khong kém quan trong
12 sy phi hop cfia mdy v6i loai thiét bi ddy dinh dung.

Méy hoi xoay chiéu véi 2, 3 hoac 4 xylanh, ngy tri finh vuc mdy néi chung dén nam
1910. Sau dé tua-bin hoi thay thé & vong quay cao, va dong co d6t trong thay thé & vong
quay trung binh.

May hoi xoay chiéu dé diéu khién & cdc ché do tai, dé d8i chiéu (véu t6 quan trong déi
véi 1au) vdi s6 vong quay hidu qua nhat (vong/phit) ph hop véi chan vit. Mat khdc, ca hé
twong d6i nang, chiém nhiéu khong gian va s& cong sudt phét ra trén méi xy-lanh bi gidi
han. Sust tiéu hao nhién li¢u hoi cao, trung binh 1,15 dén 1,20 1b ddu trén mot mé lyc - gid.

Tua bin tau thuy dugc lap dat wrén thu Turbinia 1894 do Charles Parsons, tau phéng ngtr
16i van t6c 34 hli/h. Linh vuc tua-bin ti€n bo nhanh, nim 1906, th&i ky si dung tua-bin nhu
tiu chién HMS Deadnonght va tau chuyén tuyén limg danh Atlantic Mauretania.

Hiéu qua nhiét clia tua-bin cao ma sudt tiéu hao nhién ligu cua tua-bin thip 0,50 1b dau
trén 1 ma luc - gio (SHP) vdi tit ca loai bi ddy. Mat khic tua-bin khéng dao chiéu va vong
quay cao. Gidi quyét nhiing bat 19i nay, cin thiét 1ap dat bo gidm t6c dao chiéu giifa tua-bin
va truc chan vit, nhu thé thiét vé cong sudt & he truyén dong tir 2 dén 4%. Giam 56 vong
quay gifta tua-bin va tryc chén vit c6 thé bang thiét bi dién. Tua-bin ndi tryc ti€p mdy phit
dién. Ci hai déu c6 t6c do cao mang lai hiéu qua st dung. Dong co dién (motors) lap truc
tiép véi truc chan vit véi vong quay theo ¥ mudn cho hiéu sust chan vit cao. Heé nay loai bo
duogc truc giita tua-bin va chan vit, ngudi thi€t ke thoai méi b tri chung ¢6 lgi nhat. Tau hai
chén vit 1ap 2 tua-bin phét dién xoay chidu (turbo-alternator), kinh t€ ding ké, mét tua-bin
phuc vu cho 2 dong co quay truc chan vit. Turbo-altemators ciing loai bé dugc tua-bin dao
chi€u, tang tinh co dong.

Nhitng loi nay thu dugc véi phi tén ban ddu hoi cao, cao hon mot it khi b6 dudng truc.
Dong co d6t trong dung cho thi€t bi ddy tau, ndi chung sir dung mdy diesel. Mdy duoc ché&
tao cho moi kich thudc 1ip vao tir du thuyén cho dén 1au ddu si¢u trong va tau khéc chuyén
tuyén. Cic mdy vé sau phdt trién trén 2000 hp/l xylanh, cong sudt ra trén 25000 hp vdi
mdy 12 xylanh. Mdy tryc ti€p dao chiéu, chiém khong gian nho va sudt tieu hao nhién licu
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thép, trung binh 0,37 1b dau trén 1 ma luc-gir (BHP). Thudng dung mot mdy néi triuc tiép
truc chong chéng hodc qua bo phin di¢n hodc qua bo truyén dong banh rang. Ngugc v6i
nhitng wu diém d6, mdy diesel thudng ning hon va phi t3n hon, ci phi tén ban ddu va bdo
quén sira chita ton hon hé tua-bun hoi cung kich thude.

Nhimg nam gin day gas-tuabin dugc phét trién, nhién li¢u chéy trong khi nén va ket
qua gas nong di qua tua-bin. Gas tua-bin dugc aip dung dau tién trong hang khong va sy
tién bo coa nd phy thuoc nhiéu vé sy phat trién cna kim loai chiu 4p suét va nhiét d6 cao.
N6 t6n nhién liéu d6t chdy nhung dic tinh sit dung t6t, nhanh chéng chiu tai hoan toan, tir
lanh dun néng lén khong 1au khoang 15 phit dé c6 hoi.

Gas tua-bin s& 1ip trén mot s3 thu budn, nhu tau LIBERTY nam 1956 véi 6000hp. Ap
dung chii y&u trong nganh hang hii cho nhimg tau nho 8¢ d6 cao nhu thu tudn tra, tau canh
ngdm nhu tau Denison 60hli/h, lap miy gas tuabin 13000hp, chan vit siéu bot.

Phan luc nguyén tir dugc 1ip nhicu trén tau quéan su My, tau ph4 bang Lénine, tau chién
Lién X6, tau buon Savannah. N6 gidm rét nhiéu trong lugng va thé tich chia d4u, chét dét.
Trong lugng giam dé khong thé ting trong tai dé c6 loi nhudn nhiéu vi trong lugng cia 1o
phan luc va thi€t bi bio vé bang hoac qué trong luong néi hoi va chat dot cha tau thong
thutng.

12.3. DINH NGHIA CONG SUAT
Céc loai méy thuy khong cung ché d6 vong quay, do d6 khong c6 phuong tién hoac
khong thé do cong sudt ddu ra chinh xdc cling mot phuong phép. Mdy hoi nuéc xoay chiéu
ding cong sudt chi thi P}, dong.co dét trong diing cOng sudt chi thi hoac cong sudt him Py
va tuabin ding cong sudt tryc Py
* Cong sudt chi thi duge do trong xylanh biing chi thi k&, né ghi lién tuc dp sudt hoi
hodc gas qua do dai hanh trinh cla pit-tong.
Trén mat chi thi k& cho biét 4p suat trung binh c6 ich duoc do va P, dugc tinh tir di€m
trén va tir diém duéi (top dead center TDC, bottom dead center BDC) riéng biét.
Pi2p,.L.A.n/55
trongd6: P, - Ap sut hinu hiéu trung binh (psi);
L - Chiéu dai hanh trinh clia pit-téng (ft);
A - Dién tich ¢6 ich clia pit-tong (m2);
n - S5 ldn pit-tong dich chuyén trong 1 gidy.
Téng P, cha mdy duoc tinh 1a tdag P, cha cac xy lanh.
Hoac P, c¢6 thé tinh bang cong thic dudi day:

" P=k.D*.L.p.N.i (cv)
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trong d6:

P, - Cong suét chi thi ciia 1 xylanh (cv);
k - He s&: k = 1,745 dong co 2 thi;
k= 0,873 déng ¢o 4 thi;
D - Budng kinh xylanh (mm};
L - Chiéu dai hanh trinh piston (mm);
P, - Ap suét chi thi.
_ f
Pi = 1_5

f - Dién tich biéu d6 chi thi (mm?);
1 - Chiéu dai biéu d6 chi thi (mm);
m - Ti 1é xich clia 19 xo déng ho chi thi (mm kG/cm?);
p. =7+ 9 kG/em’ (dong co 4 thi khong tang dp);

=10 + 20 kG/cm?® (dong co 4 thi tang &p);

5.5+ 7,5 kG/em® - (dong co 2 thi khong tang dp);

=175+ 12,0 kG/cm’ (dong co 2 thi tang 4p);
n - vong/phat;

i - s0 xylanh.

* Cong sudt ham 12 cong sudt do ¢ ché ddu truc co ndi v6i thiét bi hdam co khi, thuy luc
hoic dién. Cong suat duge xdc dinh boi tram thir vi duoe tinh bang cong thic:

trong do:

Pg=2 nQn /550
Q - Mémen ham (1bft);
n - S6 vdng quay trong 1 giay.

* Cong sudt truc 1a cong suat truyén qua truc dén chong chong. Thudng do bén ngoai

(u néu c6 thé cé ca chan vit bang déng hé xofn. Dung cu ndy do goc xoan giifa hai ti€t
dién cia truc ma gbe ti 1¢ tryc tiep luc xoin dugc truyén:

trong do

d!.G.O.n
*~ 613033.L,
d, - Pudng kinh truc (in);
G - Madyn luc cit dan hdi clia vat liéu truc (psi);
0 - Géc xoan (o),
L, - Chiéu dai truc khi do goc x0én (in);

n  -S6vong quay trong | gidy.

Moduyn luc cit G thudng lay bang 11900000 psi
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P, c6 thé tinh truc ti€p tir goc xodn quan sat va s6 vdng quay trong 1 giay:

p oK. 2
L. 550
L,
trong dé: k= %“—

C6 sy mét cong sudl mot it & cdc g1 va tai noi dat déng hé xoan. Vi vay cong suat thuc
cung cap cho chan vit nho hon cong suit do & déng ho.

* Cong sudt cung cdp Pyt cong suat truyén cho chan vit dé thanh cong sudt day, goi 1a
cong sudt cung cap.

* Cong sudt ddy Py Cong suat tao ra lue day T va t6c do tinh ti€n v, va biéu dién bing
cong thirc:

P, =Tv, /550
* Cudi clg cong sudt c6 ich Py thang sic can clia tau dé tau chuyén dong vdi tdc do v:
P, =Rv/550

Cong suit ddy cé thé 16n hon hoic nhé hon cong suat ¢6 ich, phu thudc vao tung loai
anh hudng giita than tau va chan vit.

B84 Ii hop

Than tau

—_—

N
R

Thist bi diy

] j?szng fruc
Ding lve chink

Hinh 12.1. So dé truyén cong suat trong h¢ day tau
P, - Cong suat tai gbi chan cda dong co chinh; Pg - Cong sudt trén truc; EJ - Cang sudt cung cap cha thiét bi
ddy sau tau; P, - Céng sudt clia thiét bi ddy sau tau; P, - Cang sudt cung cp cho thiét bi day xa than tau,

P, - Cong suat ddy ciia thiét bj day xa than tau; Pg - Cong suét kéo (cong sudt ¢o ich).

Hiéu suat diy

Hiéu suat ddy la thude do sir dung cong suat cung cap cho chén vit dé thang stc can
chia tau. Hiéu suat nay doi voi tau bién néi chung & trong gidi han 0,60 dén 0,75; d6i vdi tau
ven biét 0.5 dén 0,6. Tau véi mdy xoay chiéu, c6 thé do cong suat ting xylanh bang cong
sudt chi thi P,. Vay hiéu suat diy chung trong truong hop nay la ti 6 P/P,.

D6i véi tua-bin, hidu sudt ddy chung Ia ti s6 Py/Ps.
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Cic hiéu suat co khi, tén that cong sudt & hop giam tc do, & truc truyén dong hoan
toan thay déi gilfa thu nay véi tau khéc, phu thude kiéu mdy, cich bd i dudng truc; kKho
x4c dinh hiéu qua luc thuy dong cha 1 hop tau - chan vit d8i véi hiéu suat day chung.

Céng sudt truyén cho chéin vit dé chuyén thanh cong suat day theo yéu ciu, goi la cong
sudt cung cip, cong suat phai 16n hon cong suat ddy vi tén hao khi chan vit 1am viéc.

Chan vit 1am viéc trong moi trudng trai rong khong glon han, trong moi hudng, trong
dong khong 6, bay gi goi 1a chan vit ty do. Téc do dong nuGe vao & moi di€ém trén bé
mat chan vit déu nhu nhau va truong 16¢ do ma chan vit 1am viéc 12 dong nhat.

Ti s0 giita cong sudt ddy v6i cong suat cung c&p clia chan vit ty do goi 12 hi¢u suat chan
vit tu do.

n, = Lad (12.1)
Py

Hiéu suat chan vit phy thudc dac tinh hinh hoc cua chén vit, diéu kién Iam viéc cua nd
vi chat lugng gia cong ché tao va lap rap.

Chan vit 1am viéc sau than tau, lam viéc trong dong theo, chiu anh huong hinh dang
phén dudi tau, trudng t6c do khong déu. Vi vay dong nudc chay dén tit ca diém trén bé mat
chan vit 1a thay déi cd tri s& va hudng. Phan bd van t6c khong déu sau duodi tau, anh hudng
dén hiéu sudt chan vit so v6i hiéu suat chan vit tr do. Vi vay khi cling cong sudt ddy, cong
sudt cung cip cho chén vit tu do khac hon cong sudt khi cung cdp cho chan vit sau tau.

Ti s6 giita cong suat ddy v6i cong sudt cung cdp chan vit lam viéc sau tau, duge goi la
hiéu suat chan vit sau 1au, ky hiéu §.
Py

p PD
Ti s6 gitfa hiéu sudt chan vit sau tau véi hiéu sudt chan vit ty do, dugc goi 1 hiéu suat

quay &
g =20 (12.3)

Cic moé hinh thi nghiém néi trén duge phan tich véi gid tri trung binh clia hiéu suat
quay & = 1,02 déi vi tau 1 chén vit, & = 0,985 tau 2 chan vit.

Viéec chon giita truc hd va gid d&, (open shaft with struts) va gdi truc cung 6ng bao
(complete bossings) c6 nhimg géc khdc nhau so véi mat phing ngang, cé anh hudng dén
hiéu suat ddy bdi vi ¢6 su khdc nhau vé hé s6 dong theo va luc hut tao nén. Piém chinh can
quan tam 1a tri s6 t thap hon cla truc hé va gid d8 c6 loi cho hiéu suat vo, mot y€u 1o quan
trong cua higu suat ddy, hon 1a gid tri t cao hon ctia loai truc véi ong bao (bossings).
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Xem x€t vé mat cong sudt, truc d& cho dong theo déng nhat hon va ¢6 xu huéng cé thé
gidm dao dong va xam thuc chan vit.

Cic cong thic trén ¢6 gia tri d6i véi tdu véan tai ¢6 hinh ddng binh thudng, chay véi t6c
dé v+/L <1

Tir d6, hiéu suit chan vit sau tau:

& =15 (12.4)
Hi¢u suét quay phy thugc su phan bé van t6c cua dong chay, hinh dang phan dudi va vi
tri chan vit trong dong theo, s6 lugng chan vit. N6i chung, tri s6 ciia hiéu suat quay doi véi
tau 2 chan vit nhé hon 1,0; d6i vdi tau 1 chan vit vi phdn dusi thiét k& hinh hop thi £, gan
bang 1,0 c6 khéng 1én hon 1,0.
Ti s6 gilta cong sudt c6 ich (cong sudt kéo) v6i cong suat ddy goi la hieu suat v, ky
higu &,.
P Rv

s P, Tv, (

Cong sudt cung cap cho chan vit nhé hon cong suat mdy truyén qua truc véi tén hao
trén dudng truc do ma sit cdc gdi d6. Goi ti s6 gitia cong suat cung cap véi cong sudt may
truyén cho truc [a hiéu suat dudng truc n;;

n, = Po (12.6)
Py

Hiéu sudt dudng tryc 1a thude do tén hao ning lugng tai céc goi dd truc. Tén hao niy
noi chung khéng qué 2 dén 4%, do vay n, = 0,96 + 0,98.

DGi v6i mdy thap tdc truyén truc ti€p cho chan vit, cong suat trén truc bang cong suat
tat bo li hop mdy, cong suat d6 1a cong sudt c6 ich P, Cong suat c6 ich cha dong co cao
t6¢, truytn cong sudt cho truc qua bg gidm téc phai 16n hon cong sudt trén truc vi tn that &
bd giam t6c. Ti s6 giita cong suat ¢6 ich vdi cong suat trén truc chan vit, goi 1a hiéu suat
giam toc, ky hiéu 1,

Nz =5~ (12.7)

Hi¢u sudt gidm t6c phu thugc kiéu gidm t6c, néu gidm t6¢ thuy lyc hodc di¢n i, ching
ta thuong lay hiéu suat nhu hiéu suat banh rang.
N6i chung c6 thé thira nhan:

- Giam t6¢ co khi 1M, = 0,96 + 0,98
- Gidm téc co khi - thuy luc - dién ti Ny, =093 + 0,96
- Riéng thuy lyc hoac dién tix Nz = 0,97 = 0,98
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Pong luc 1a wabin dién hoac dong co dét trong - dién, hiéu sudt truyén nang luong qua
Ii hgp mdy va truc dav chan vit (tuong ng hiéu sudt giam toc) s€ la:

- Pién xoay chiéu Nz = 0,90 + 0,96

- Dién | chiéu N, = 0,88 + 0,92

Ching ta xdc dinh cong suit mdy hoi cong sudt chi thi Pt (ti€ng Anh IHP - Indicated
horse power) cong sudt lén hon céng suét ¢6 ich va t6n thét co khi, goi 1a hiéu suit co khi
biéu dién bing ti s6 cong sudt ¢é ich va cong sudt chi thi cia dong co.

P.
N = —

=_E 12.8
P (12.8)

Hiéu suat co khi chia mdy hoi phu thudc két cdu cha né, phu thuge cong suit va s6 vong
quay, tri s6 clia né dao dong tir 0,85 d6i voi mdy cong sudt nhéd dén 0,94 d6i véi cong sudt
16m.

D¢ xidc dinh so bd cong suidt mdy, ching ta diing mot trong nhimg céng thuc kinh
nghiém, thudng dung la cong thirc Hai quan.

D2!3v2
P = = (12.10)
. Cll'
D?.’3v2
p. = o 12.11)
* Clc (
DEJS 3
p=— o (12.12)
Cy
trong dé: D - Lugng chi€ém nudc cha tau (T),

Ve - T6c do cua tau (hli/h);
C - He s6 phu thuéc hinh ddng va s Froude.
He s6 C,,, C,, hodc C;;, chiing 1a xdc dinh trén cd s& tau déng dang c6 s6 Fr gan diing va
cdc kich thude chi yéu khong khdc nhiéu kich thudce tau tinh todn.

12.4. LY THUYET THIET BI DAY LI TUGNG

Pé 1am rd nguyén tic va quy luat co ban cha céng cic thiét bi ddy thuc, dong thoi dé
xdc dinh gidi han trén két qua clia cdc thiét bi ddy (hiéu suat chung cua thiét bi ddy xa than
tau), ngudi ta di da dén khdi niém thiét bi ddy 1y tudmg. Thiét bi ddy 1y tudng dugc gia thiét
la dia thuy luc dat vuong gée voi hudng cia dong chiy qua, cé dién tich 1a A, ¢ kha nang
khong ngimg tang tdc do dong chay qua thiét bi ddy va dp sudt tang dot ngot.
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Hinh 12.2. Déng chay qua TBD [ tudng

Thiét bi ddy lam viéc trong chat I6ng khong nhét, ¢6 ti trong khong déi, trong dong
dong nhat. Thi€t bi ddy dugc coi [a c6 dinh con dong chat 1ong chay dén thiét bi ddy véi
vén t0c v,, sau thiét bi ddy la v, + u,,, tai thiét bi ddy la v, + u,.

u, - Tdc do cam ng trong mat phéng thiét bi ddy:
u,, - T8¢ do cam g xa thiét bi ddy;
p. - Ap suft truc ti€p trudc thiét bi day;
P - Ap sudt sau thiét bj day;
P’ - Ap suat tai thiét bi day.

Ding phuong trinh Bernouili vi nguyén tic déng luong xdc dinh quan hé giita 16¢ do
¢am ung trong mat phang thiét bi ddy u, va téc do cim img & xa thiét bi ddy u,, ciing nhu
hiéu suét cda thi€t bi diy 1y tudng. Phéi vist phuong trinh rieng cla duong dong trude va
sau thiét bi day:

1 1

p0=5pvi =p'+—2—p(VA+uA)2 (12.13)
1 2 " 1 2

po=gp(V+qu) =p +Ep(vﬁ+u,\) (12.14)

Do d6 gia s dp suat dot ngot trén dia bang:

" 1
Ap=p —p=50um(u,\o+2m) (12.15)
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Luc ddy clia thiét bi day 1y tudng:
T=ApA =pu,,(v,+Uu,) A, (12.16)
trong d6: A, - Di¢n tich bé mat dia
Néu dat m khoi luong chat iong tiéu hao gua thiét bi day
m = pA, (V4 +U,) (12.17)

dé 1a nguyen 1y dong lugng dugc dp dung vao chat long trong dong thiét bi day 1y wong
gidi han trude va sau thiét bi ddy, c6 phuong trinh:

T=m (v, + U,g)- mv, (12.18)
Tix d6 d€ xdc dinh luc ddy clia thiét bi 1y tudng

T =mu,, = pA, (Vo +1,) Uy, (12.19)
So sdnh cong thitc (12.16) va (12.19) da dén dang thic:

u, =—é-um, (12.20)

nghia la téc do cam img trong mat phing thi€t bi ddy bang 1/2 t&c d9 toan bd cam lng.

Cong suat dy s& 1a cong sudt c6 ich, bang:

P, =Tv, =pAuuM[vA+%uM] v, (12.21)

Ning lugng tic dung vio nudc trong moét don vi thdi gian bing gia s6 dong nang cua
khéi nudc di qua thiét bi ddy trong mot don vi thoi gian 1a cong suat cung cip dén thiét
bi day

P, = !;_ A (viu ) (v, +u, ) -vi] (12.22)
Do dé hiéu suat thiét bi 1y tudng trong chat 16ng khong gidi han bang:
P v 1

P 1 u
D VA+EUM 1+5.—~’°‘—°
v

A
Tir quan diém thuc 1€, hiéu suat thiét bi ddy 1y tudng bi€u dién theo hé s6 tai clia thiét
bi ddy G, Heé s6 tai luc ddy duge xéc dinh theo cong thitc:
T
Co = — (12.24)

1 ?
5 p'on-A
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Con h¢ s6 1l cong suat xdc dinh dudi day:

Py

Cp S Em— (12.25)
Ep.AOVf\
trong doé: T - Luc ddy cua thiét bi ddy:

Py, - Cong suit cung cip;
v, - T6c dé cha thiét bi ddy so véi nudc:
A, - Tiet dién thuy lyc cla thiét bi ddy.
Khdi niém ti€t dién thuy Iuc d6i véi chan vit, guéng, thiét bi truc ding chi 16 &
hinh 12.3, ti€t dién thuy luc 14 phdn gach & hinh ve.

<)
O
77777 ,
RSy

Hinh 12.3. Tiét dién thuy luc
a - Chén vit, b - Guédng, ¢ - Thiét bi ddy truc ding

Thay vao cong thitc (12.12) gid tri T & cong thiic (12.4) thi duoc:

1

pAo[VA__uAn]uAU

Cq = 1 2 =2(1+l.uAJ=£ﬁi
EPAnVi

Ly -~ - - * * u =
Tit cong thic trén, ti 6 —2> bing:
Va

[EA—} =1+ I+C,, (12.26)
vA
Thay hé thic trén vio cong thitc (12.11) ta cé:

2
m —
1+ 1+ Cq

He thic trén thé hién & hinh 12.4

(12.27)
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Hinh 12.4. Hiéu suit ciia TBD 1y twéng phy thudc hé s& tai luc day

Tir cong thidc (12.11) va (12.15) rit ra ket ludn:

- Hiéu sudt thiét bi ddy 1y tudng ludn ludn nhé hon 1.

- Ti s6 gitta toc do cam (ng va toc do cua thiét bi ddy phai nho.

- Hé s6 tai luc day phai nho.

Don gian nhat 12 4p dung thiét bi ddy cd tiét dién thuy luc 1dn thi hé s6 tai lyc day
nhod. Dua vao nguyén tic nay dé giai thich, tai sao trong nudc lang, gudng lam viéc ¢é
hiéu suat 16n hon chén vit cling dé hi€u, vi sao nhiing tau nhanh thudmg dung sd chin
vit 16n hon 1.

Nhu dii thdy. Iy thuyét chan vit 1y tuéng méac di khong phai 1a co so dé thiét k€ nhimg
thiét bi ddy thuc nhung né xdc dinh huéng phai di, d¢ hiéu suat nhimg thiét bi day nay 16n
nhat, t6i da gin hiéu sudat 1y tuong.

Hiéu suat thist bi ddy 1y tudng ding dé danh gid thiét bi day thuc. Ti s hiéu suat gita
thiét bi ddy thuc véi hiéu suat thiét bi ddy 1y tudug goi 1a hé s6 hoan chinh thi¢t bi day thuc.

1+ 1+ Cq

N

gl oy (12.28)
U 2
trong d6: T, - Hiéu suat thi&t bi ddy thuc lam viéc trong dong khong roi.
Hiéu suat thiét bi ddy thuc 12 ti s6 cong suét ddy Py vi cong suat cung cap Py:
P. T
N, =—l=—4 (12.29)
Pl) PD

Bing hé s& luc ddy va h¢ tai cong sua, hi¢u sudt thiét bi ddy thuc biéu dién nhu sau:

Tv, _ T _W2pvi  Cy (12.30)
P, 1/2pvi.A, Py C,

Mo =
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Tir d6 he 56 hoan chinh thiét bi day thuc ¢é thé viél cich khdc:

/
= T v, + vi+ T J (12.31)

Céch biéu dién h¢ s6 hoan chinh thiét bi ddy thuc nhu thé thuan tién chi trir khi v, = 0
nghia 1a khi thiét bi ddy 1am viéc ma tau bude bén. Bay gid ching ta cé:
T 2T

o =E, = 12.32)
A=D Eo 2P, pA. (

g

D6 1a thong sd dac trung ddng chat lugng thiét bi ddy 1am viéc khi tau budc bén. Gid tri
cua khai niém nay la nhitng di€u kién chay budc bén khong dp dung khai niém hiéu suat.

12.4.1. So sinh hiéu suit TBP ly tuéng voi TBD thure

Trong so d6 lam viéc cta TBD 1y tudng mdi chi tinh dén 16n bao cong suat do sinh 8¢
d6 kich thich chiéu truc, con & TBD thyc, chong chdng tén tai hang loat cdc tn hao khic
do nhimg nguyén nhan sau:

- Do phan bd khong déu cia t6c do kich
thudc chiéu truc trén toan tiét dién TBD.

- Do tinh nhét caa chat 1ong thuc nén chong
chéng cdn tén hao nhdét.

- Khi chong chéng lam viéc vira chuyén dong
tinh ti€n vita quay quanh truc ban than 1am dong
nudc di qua chong chéng bi xoin di (hinh dudi
day) hay néi cich khic chong chéng cdn phai
ticu hao mot phin cong sudt lam xodn dong nudc
di qua chong chéng. Tdn hao d6 goi 13 t6n hao xodn ddng hay tn hao do téc d6 kich thich
tron.

Hinh 12.5. Dong chay sau chan vit
bi xodn dong

- Ngoai ra khi chong chdng lam viée tao ra d6 chénh léch dp suat giita hai mat cinh cho
nén ton tai dong chdy & mit canh tir mat dp suat cao sang mat ap suat thap. Tén hao nay goi
12 t6n hao muit canh.

- Qua do cho thdy: hi¢u suat TBD thuc nhé hon hiéu sudt cua TBD 1y wedng hay hiéu
sudt cita TBD 1y tudng 14 gidi han cao nhat, cdn phai nang hiéu suat cia TBD thuc dén gin
gi01 han nay.
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- Theo quan diém 1y thuyét cia TBP 1y wdng thi hiéu suat cta TBD sé cuc dai khi tiét
dién thuy luc clia TBD duge m& rong dén vo ciing 16n. Song TBD thuc con ¢é tén hao nhdt,
ma (én hao nhét lai tang cung véi dudng kinh TBD tang. Do dé TBD thuyc, sy ting dién tich
tiét dién thuy luc ka ¢6 gici han.

- O hinh du6i day biéu dién sir phu thuéc clia t8n hao nhét, 19n hao chiéu truc va tdn
hao chung ciia TBD theo hé s6 tai {r. Dong cong t6n hao chung c6 cyc tiéu, viée xdc dinh
dién tich thuy lyc Wing v&i t8n hao ndy.

Ton hao
% —-1
igo Y
S
80 gl

.71

4

20

wo ¥

Hinh 12.6. Cic dudmg cong tén hao hiéu suit 14 ham chia hé s& tai &y
1. Tén hao chiéu truc; 2. Tén hao nhét; 3. Tén hao chung

12.5. CAC LOAI THIET BI DAY TAU

12.5.1. Buom

Mat loai thiét bi ddy tau di duoc sir dung tir xa dén nay 13 buém. Budm duge st dung
trén cic tiu véan i, tu cd, tau thuyén thé duc thé thao, thu huén luyén v.v... tit loai thuyén
bé nhat cho dén tdu vai nghin t&n lugng chiém nudc.

Budém dung 1am thiét bi day nh& nang lugng gié. Nguyén tic lam viéc clia budm ¢6 thé
giai thich trén co s& hinh 12.7.

Ti€t dién cong cha budm c6 dang profin khi dong hoc nh& sic cang clia dp luc gié va
budm trd nén canh nang. Néu tau chuyén dong vdi t6¢ do v, gié théi véi toc do v, dudi géc
@ so v6i huéng tau chay, buém dugc cing gid tao thanh profin cdnh nang dat dudi mot géc

283



o 50 véi hudng gi6 ao véi 16c do v, Toc do gid 20 13 t6c do téng hop thuc cia tSc do gioé va

toc do thu ldy ddu ngugc lai.

Luc téng hop khi dong hoc
P tic dung 1én budm c6 thé chia
ra lyc nang L va luc cdn R. Luc
P ciing c6 thé phan ra luc T téc
dung theo hudng chuyén dong
cia tau vi lyc ddy K tic dung
vudng géc voi mat phang doi
ximg cia tau gay dat tau. Do
stic can ngang 16n hon stic can
tryc dién mii tau, tau chiu tac
dung cha 2 luc nay va chuyén
dong véi hudng hoi chéo so voi
mat phing d6i ximg cba tau.

Dién tich clha buém S; phu
thuge vio loai tau thuyén. Dudi
day 1a mot so vi du

Thuyén van tai séng bién:

g -
S
n 3 a qud T

Hinh 12.7. Luc phat sinh trén cdnh buém dudi
tac dung cua gid

S,=2+485,

Thuyén danh c4 thi cong hoac két hgp véi may: S,=3+38S,

Thuyén thé duc thé thao:
12.5.2. Guong

Guéng la thiét bi ddy mot phén
trong nuéc v6i truc ngang, § do cao
nhat dinh, trong d6 luc ddy xudt hién
khi cdc gau chuyén dong theo duong
cycloid. Trong két cdu cii, gau cinh
phing lip c6 dinh (so v6i dudng
tron) dat theo bdn kinh. Gau ¢6 két
cdu nhu vay vita gay dap canh vao bé
mat nudc, khi lén khéi mit nudc,
nudc ddy tran, guéng vira phai mat
thém luc dé nang cédnh lén. Hien
twong nay 13 nhilng nguyén nhan mat
mét dong nang, dong thoi chiu tai
trong va dap két cdu. Nam 1330,
ngudi ta sira déi két cdu gau cinh
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phing thinh gau cinh cong, them chuyén déng géc-déo va dicu khién dugc dé géc khi gau
viao nuéde va khi roi khoi nude bing khong (gau vio va ra khong va dap), nguoc lai khi gau
& vi trf dudi dat khoang 90°. Cdu tao va nguyeén tic hoat dong clia guong chi rd & hinh 12.8.
Gau ¢6 tlr 6 = 12 cénh ép cling vdi tay don cé thé quay (diém A) cung tron trong nhimg
khoang cdch bing nhau. Nhiing ddu mit tay don khdp ndi (di€m B) véi tay bién diéu khién,
con dau miit kia (diém C) khdp ndi véi dia 1éch tam. Nho sy chuyén dong quay cua cung
tron gay chuyén dong quay cilia dia léch tam. Chuyén dong téng hgp clia truc gau A gébm
chuyén dong tinh tién cha tau va chuyén dong quay cla cung tron, d6 1a chuyén dong
cycloid. Gau dich chuyén trong nudc véi toc do V,, va lyc thuy dong F, tdc dong, luc thanh
phan T, theo huéng chuyén dong cuia tau, la lyc ddy cha gau. Téng luc ddy cla cdc gau cho
ta luc ddy clia gudng va tdng momen doi véi truc clia vong tron c¢dc luc thuy dong clia tat ca
cdc gau, momen gudng ma dong co chiu tai.

Gudng & 2 bén man hoic & sau dudi thu. Guéng két ciu phic tap, lap rp va si dung
phién phifc, cong kénh va nang né. Chiéu chim tau thay doi, chong chanh ngang va séng
anh hudng dén su hoat dong cla gudng, vi vay guéng khong 1am thiét bi ddy cho tau bién.
Thiét k& gudng ding, hiéu suét dat dugc nhu chan vit va trong nudc finh hiéu sudt dat kha
cao. Nhuoc diém khdc cha gudng 12 s& vong quay rat thip, can c¢6 banh ring tang s6 vong
quay.

Hinh 12.9. Cich 1ap dat guong

a- Bén man: b- Dang ldi

12.5.3. Thiét bi day cycloid
Thiét bi ddy cycloid 1a thiét bi ddy truc dang cé tix nam 1870. C6 2 kiéu: ki€u Kirsten -
. Boeing va kiéu Voith Schneider ¢6 tir nam 1931,

Cau tao va nguyén tic chi 18 & hinh 12.10 va 12.11.

Gia thiét thiét bi day tinh tién tir trai sang phdi voi 16¢ do dong nhét v, v quay véi 15¢
do gée déng nhit o nguge chiéu quay dong ho.
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1- Vi céc canh dit tai hinh a, t6c d6 téng hgp nhu chi rd va cic luc phdp tuyén N cung
cap luc ddy T cho tau tién;

2- V&i cdc cénh dat tai hinh b, céc luc clia canh nguge véi huéng chuyén dong ciia tau;

3- Véi cdc cdnh dat tai hinh c, cdc lyc canh tao luc ddy téng hop T tdc dong véi hudng
chuyén dong cua tau mot géc vuong.

Hinh 12.10. Chan vit truc ditng Hinh 12.11. Chan vit truc ding
Kirsten - Booeing - Voith - Schneider
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Kiéu thio hai Voth -
Schneider c6 khic kiéu thi
nhit 1a canh vach du | vong
quanh truc clha né déi véi moi
vong cba dia, hinh 12.11. Diém
C 13 diém ma cac cdnh dugc
ndi lién bing cdc nan-hoa va
¢6 thé dich chuyén nhimg vi tri
khac nhau trong mat dia.

i- Véi diém C tal hinh a,
cac cdnh & vi tri da chi 16, luc
téng hop diy tau theo hudng
chuyén dong;

2- Véi diém C tai hinh b,
luc téng hgp hudng vé phia
sau, ngugc v6i huéng chuyén
dong cua tau;

3- Vi diém C tai hinh ¢,
luc téng hgp tdc dong vuodng
géc v6i hudng chuyén dong
ban dau. .

Khi 4p dung thiét bi day
cycloid khong can thiét c6
banh 14i. Mot & mo hinh vé
thiét bi day truc dimg duge thit
d bé thir Ha Lan va My. Hi¢u
sudt cao nhat khi TBD c6 6
cdanh. D6 thi hinh 12.13 biéu
thi hiéu sudt t&i da, phu thudc
Bp doi v6i mot s6 ti s6 bude.
Ciing trong dé thi dd, hi¢u suat
t61 wu cta 2 chian vit theo
Troost, 4 cdnh Ay/A, bang 0,40
va 0.80. TBD truc ding, hidu
suat kém hon tir 30 dén 40%.
Tuy nhién, & TBD truc ding
luc day c6 thé dimg 14i va dimg
thu khong cdn ngimg hodc d6i
chiéu quay ciua mdy chinh.

p
Hiby sudt < ndn vit xa fu Y

2

b o
|
—
— 1
L

Hinh 12.13. C6 thé diéu dong tau khi dp dung
a- | chan vit truc dimg: b- 2 chan vit truc diing.

Hinh 12.14. Nguyén tac hoat dong ctia chén vit
(trong trudng t6¢ do dong nhat)
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Kidu TBD nay ciing c6 thé dat & mii d¢ tham gia quay tr& tiu nhanh. Thiét bi ndy cling c6
khong it nhugc diém: ché tao phiic tap, dit tién, c6 mot s& tac dung kém ddi hoi tay nghé
st dung cao.

12.5.4. Chan vit

Chan vit ¢6 nhiéu loai: chan vit ¢6 budc khong déi, budc thay déi (bi¢n budc), he dao
fuu - chan vit, chan vit sti bot hoan toan (chan vit siéu bot), chan vit hai cap (2 chan vit)
quay cling chiéu hay ngugc chiéu. Chan vit la thi€t bi day thuy luc cé truc nam ngang
(horizontal), doc (longitudinal) gém mot & canh (1 2 dén 7) x&p dat theo bin kinh trén
moay-o trong cung mot khodng cich goc vdi nhau, khi chuyén dong quay din déu ctia chan
vit va chuyén dong tinh tién dén déu cha tau, cac diém clia canh vé& trong khong gian nhimg
dudng xoén 6c déu. Hinh dang canh nhu the
diy nude nguge hudng chuyén dong cla chan vit. Phan luc ctia khoi nuéc do cdnh tao luc
diy. Nguyén tic 1am viéc cha chan vit thé hien hinh 12.14. Cit cénh bang hai mét cat hinh
tru ¢é ban kinh r va r + dr déng tam véi truc chan vit tao phén tir cinh, t16c do nudc vao vy

nao dé két qua 1a cac vong quay clia chan vit

dat dudi géc tdn o, Toc do ve la tdng tdc d¢ quay o,. toc do tinh ti€n v, ca 16¢ do dugc tao
nén boi cong cua chin vit u,. Trén phan tir canh xuit hién phan tir lyc ©ng hop dF, c6 the
chia thanh hai phén ti lyc thanh phan, luc nang dL v luc can dD. Luc nay dat theo huéng
truc chan vit va hudng ti€p tuyén véi vong tron cé bin kinh r, twong tng phén i luc day dT
va phidn tf momen dQ = dKr. Téng céc phan tir lyc ddy va momen ctia ca chan vit cho ta
lyc ddy va momen chiu tdi cha dong 0.

Thiét bi ddy thong dung la chan vit budc khong déi. Loai nay tuong déi don gian, dé
\ip rdp, hiéu suét cao, trong luong ahé VA it 16n kém. Chan vit bude ¢ dinh ding cho
nhifng tau nhd (duong kinh 0,15m, 2 cdnh) ca cho nhilmg tau dau sicu trong (duding kinh
8m, 5 dén 7 canh).

Nhuge diém clia chan vit budc c6 dinh: khong ¢6 kha nang tan dung hét cong suat clia
mdy trong nhimg diéu kién khic hon nhimg diéu kién da xdc dinh (thoi tiét, tinh trang ¢6
tAi cla tau, tinh trang vo tau) va it nhay, linh hoat khi quay trd (cdn thict thay ddi chiéu
quay ciing nhu hudng lyc ddy). Dé loa trir nhitng nhugc diém dé, ngudi ta ciu tao chan vit
bién budc. canh c6 thé xoay tai moay-o. Chén vit nay ché tao rat phiic tap, do do dat tién
hon, dé& hu hong va ddi hdi ngudi van hanh ¢6 trinh dé cao hon, ¢6 hiéu suat thap hon chan
vit bude 6 dinh.

Vé phuong dién hinh hoc, chan vit bién budc khic véi chan vit budc khong doi. Trudc
hét, vi lap dat bo phan truyeén dong co khi nén moay-o chan vit 16n hon; ti sO gitta duong
kinh moay-¢ v6i dudng kinh chan vit d/D = 0,30 + 0,35, v6i chan vit thuing, dao dong
trong khoang d/D = 0,17 = 0,20. Mac di vay, ta khong gap chan vit ¢6 s6 cénh lén hon 4.
Canh chan vit bién budc c6 dic tinh sau: g6c nghiéng ciia duimg kinh bing khong hoac gin
bang khéng. Hinh bao cénh duge chon nhu thé nio dé tai trong co khi doi budc, momen
cac luc thuy dong doi vdi tryc cinh trong tit ca cac gbe dat c6 thé nho. B& mat canh la gid
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han so véi su thay déi géc budc clia canh khong thé tién t6i truing nhau. Vi vay hé s6 bé
mat phéi thod man (A/A,) < 0,80. Quay cidnh dén géc 0 (0 > 0 1a tang va 6 < 0 giam géc
budc) déi véi truc canh gay thay déi theo chiéu ban kinh su phan bé hé s6 buéc ca thay doi
hinh déng tiét dién canh bang cic bé mat hinh tru ciing truc chan vit. Thay déi su phan bd
hé s6 buéc theo chiéu ban kinh ciing tir thay déi do doc clia dudng xoédn 6c ti€p xic véi mat
thoat ctia profil, ciing nhu thay déi hinh déng tiét dién. Thay déi su phan b6 hé s6 budc
theo chiéu ban kinh gay nén su thay déi do déc ctia dudng xoan 6¢ chi rd ¢ hinh 12.10.
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Hinh 12.15. Ciu truc truyén dong clia chan vit bién buéc

1- Canh; 2- Bulong bét cdnh; 3- Ci chan vit; 4- Dém ham cénh; 5- Piston lap dat su co;
6- Xilanh trg luc truyén dong; 7- Nap chup; 8- Nap dau ct; 9- Bém kin ddu; 10- Co cdu
khuyu quay canh; 11- Chét khuyu 12. Nép bit; 13- Ong dan dau di dong; 14- Ong dan dau
¢6 dinh; 15- Truc chan Vl[ 16- Ong bao; 17- L6 dan ddu ham canh su c6 khi tién; 18- Dém
kin dau ap luc cao; 19- Ong Tele phia trong; 20- Co cdu chia ddu; 21. Pém kin ddu ap luc
thap; 22- Truc cta co cdu chia ddu; 23- Két dau; 24- Phin loc diu dudng hit; 25- Bom déu;
26- Phin loc dudng ddy; 27- Van mot chiéu; 28- Bich n6i; 29- Hop s6; 30 - Van diéu khién;
31- Van an toan; 32- Co céu phan héi; 33- Moto thuy Iuc hé diéu khién tir xa; 34- Két ddu
trong luc; 35- Tay diéu khién tir xa; 36- Diéu khién dong co & cac ché do, (Ap luc cao - Ap
luc trung binh va dp luc thap).
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Hinh 12.16. Thay déi su phan b6 budc theo chiéu bin kinh
do quay dudng xoan 6¢ mot budc 0

Thay déi budc gay bi€n dang cdc tiét- dién, (hinh 12.17).

Hinh 12.17. Thay d6i mép budc do bién dang tiét dién cdnh

Su bién dang & gdn moay-o I6n
hon ving muat cdnh, ngoai ra con
thay déi sy phan b hé s budc theo
chidu ban kinh gay bi€n dang tict
dién. Xéc dinh su thay ddi rat kho,
khé hon su thay déi dugc tao nén
bing xoay cdnh. Né khong chi phu
thuéc vao ban kinh ma ca chiéu
rong canh va géc quay cdnh. Bo qua
sy thay ddi budc lam bi€n dang tict
dién s& sal 1dm, thuc t€ khong vuot
10%; khi giam budc dan dén lam
thap tri s6 gan ding, va khi tang
budc - nguogc lai.

Hinh ddng tiét dién cdnh bi bién
d46i 13 day cung profil, khi & vi tri

Sau khi king butte
-V i "ban diu

Hinh 12.18. Xuét hi¢n su bién dang day cung
cta tiét dién cdnh do quay

ban ddu cua canh trong khai trién ta doan thing, sau sy quay tr& thinh cung ¢6 dang chix S,
ciing nhu khi tang budc xudt hién su gidm thap mép dan va nang cao mép theo va khi giam
bude, su thay déi nguge lai. Nguyén nhéan bi€n dang duoc lam rd ¢ hinh 12.18, w hinh V&,
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ta thay rang, bé mat try o6 bén kinh r cimg truc véi chan vit, vi trf ban dau cung cat mép
dan tai diém A; sau khi giam budc cit mép ddy & di€ém A, gén moay-0 va sau khi tang budc
& di€m A,, gdn mit canh.

Sur khéac nhau vé hinh hoc néi & trén 12 nguyén nhan cla sy khac nhau vé dac tinh thuy
dong chan vit budc thay 461 va bude khong ddi. Nhu vay dac tinh thuy dong cha chan vit
bién budc c6 thé xermn nhu tap hop cdc dac tinh thuy dong céc budc cla chan vit budc thay
d6i khi dudng kinh chéan vit van giit nguyén. DG vdi chan vit bién budc, khi so sanh & cdc 1
<& budc P/D, hé s6 lyc ddy K nho hon va h¢ 6 momen K,, 16n hon. Khi thay déi P/D kéo
theo hé s6 mémen K, thay déi. Ti s6 P/D 16n tng véi Kq 16n. Khi ty s6 P/D tang kéo theo
tang cong sudt & vong quay khong déi va gidm cong sudt & momen khong d6i, chan vit tr¢
nén ning tai hon, nghia 1a phu hop v&i sy 1am viée & tha toc dg cao. Tuong ty khi budc
piam, chan vit s€ nhe tai hon va diém sl dung hét cong sudt s€ dich vé& phia t6c do thap,
theo su giam cua budc.

Chan vit ¢ hiéu sudt 1on
nhat chi ¢ mot gia tri P/D.

Gia tri nay phu thudc vao

dudmg kinh chin vit. Vi vay

duong kinh chan vit bi¢n

budc phai duge chon phi hop

véi mot diéu kién tau chay
nhat dinh. O cic diéu kién

khdc. hiéu suat chan vit nay

& nho hon hiéu sudt chan vit
bude khong ddi, thi€t ke phu
hop vai diéu kién do.

Npgay nay ngudi ta ap

dung rong rai chin vit bién

budc. dac biét trén nhiing tau

chay thay ddi nhiéu ve tai

trong ctia TBD thay ddi sic

can do thay déi stic chd, thai

tiét, kéo tau hodc kéo 16,

hoac trong nhimg diéu kién

nhat dinh, coéng sudt may

chinh trich mot phan cho muc

dich khic khong lién quan Hinh 12-19. Dac tinh thuy dong chan vit bién bude
viec ddy tau. P/D = 0.7; Z= 4; Agf/A, = 043
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Hinh{2 .20. Dac tinh thuy dong chan vit bién budc
P/D=07:7Z = 4; AJA, = 0,48
12.5.5. Bao luu

Pao luu ¢6 tir nam 1933, mang tén ngudi phat minh Kort. Né ¢6 dang cdi vong hoac
dao luu (Nozzle) bao quanh chan vit lap vao than tau & phia trén (dao luu 6 dinh) hodc dao
lwu thay banh ldi (dao luu quay) & hinh 12.21. Tiét dién doc hinh cinh mdy bay va chitu
. 21 dao luu thuong bang khodng mot nita dudng kinh cla né. Hinh déng, ket cdu, lap ghép
viio vO tau duge thiét ké tranh sifc can phu. Pau tién, dao luu duge ap dung chi nhimg chan
vit nang tai nhu chan vit tau kéo, tang dugc luc kéo tink & cot kéo 30- 40% ciing cong suat
dé. Sau phat trién dao lwu trén ca tau séng, tu ven bién va vién duong.
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Hinh 12.21. Dao luu - chan vit

a- Pao Iuu c6 dinh; b- Pao luu quay
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Hinh 12.22. D6 thi Bp - § cua seri B4-70
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Hinh 12.23. D6 thi Bp-8 cua seri K3-65 chan vit trong dao luu s6 19A
Hinh 12.24. D6 thi Bp-5 cua seri Ka 4-70 chén vit trong dao luu s6 19A
St

19A

el

(0}

Hinh 12.25. D6 thi Bp-3 cua seri Ka5-75 chan vit trong dao luu s
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Hinh 12.27. D6 thi Bp-3 ctia seri Ka5-100 chan vit trong dao luu s6 33

Phia truéc dao luu, nuéc vao véi
duong kinh 16n hon chan vit, vi vay
nd kéo mot luong nude 16n hon chan
vit khong dao luu va su bép dong sau
chan vit duoc giam nhiéu. Nho gia
toc ctia nudc vao dao luu dp sudt bén
trong cta phan dan (leading part) nho
hon bén ngoai, két qua 1a c6 luc day
vé trudc trén dao luu ciling nhu trén
than tau.

ba6i voi tau kéo, loi 16n nhat la
khi kéo tau ding yén (at-rest). Khi
kéo van con loi 16n hon nwra khi kéo
tof: - Ehﬁp nIPg k!li HlOc d'O lz?:ng h¢  Hinh 12.28. Nguyén tac hoat dong cua dao luu:
s luc tai Cr giam vi tang sic can dao xudt hién luc ddy trén phan tir dao luu.
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luru. Tau chay t6c doé tu do (khéng kéo) it dung dao tuu. Doi véi nhimg tau khac, téc do cao
hon va khéong kéo dung dao luu manh (thinner) it sitc can, nhng tat nhién né khong tao ra
cling luc day nhu & t6¢ do thap.

G mot s6 tau kéo, thu song, tinh quay trg rat quan trong, dao luu quay trd nén tic dung
tot cho mdy kéo. Trén bién, dao luu ¢6 tic dung nhu thi€t bi giam chong chanh doc va ngan
ngira lot khong khi.

Van Manen da thi nghiém & bé thir mé hinh Netherlando véi nhitng thay déi dao luu va
chan vit, di cong bd nhiéu do thi ¢6 gid tri. Tdim mau thir dao luu khic nhau ¢6 /D = 0,5 = 0,1
v seri chan vit B.4.55. Ong trinh bay két qua & dang dé thi thiét k& diing Bp-8, P va 1. Ong
két luan tém tit nhu sau:

1. Tat ca nhimg dao luu duge dung, dudng kinh 161 vu D nhd hon dudng kinh chan vit
khéng dao luu.

2- Dai véi Bp > 25+ 30 cde duo luu dd chi o ¢6 lgi cho hiéu suat.

3- Hicu sudt 161 da khi dao luu dai nhat, 1a 16t nhat khi Bp cao va nguoc lai.

4- Khi Bp = 25 ¢6 loi hiéu suit, c6 nhimg dao luu khdc thiét hiéu suat (£6%)

5- Khi Bp = 100 10i vi hiéu suat 15%.

Hi¢u qué cua dao luu phu thugce nhiéu gid tri Bp va Van Manen di t6m tit & trén déi
v61 nhitng tau nhu sau:

1- Tau hang va tau khich Bp = 10 + 14 (dung khong ddng gid);

2- Tau hang Bp = 20 + 33 (phai xem xét khi diing ngodi gia tri Bp = 30);

3- Tau ven bién Bp = 40 + 60 (ddnh gid xem xét sit dung);

4- Tau kéo khi kéo Bp = 100 (nén diing dao luu).

12.5.6. Thict bi phut nudc (Jet propulsion)

Day 14 thi€t bi ddy co khi. lau doi nhat. Bing phat minh dugce bio dim tai Toogood va
Hayes & Anh nim 1661, né duoc nhéc lai do O. Benjamin Frankhin nam 1775 va ap dung
vae thuc t€ bdi James Rumsey nam 1782, day tdu khdch 80ft trén séng Potomac tir
Washington dén Alexandria va nguoc lai.

Phuong phdp thudng ding gém céc bom bén trong vo tau hiit nudc tir bén ngoai, dat
vao né gia t6c va xa vé sau dudi dang tia nhu hinh 12.29. C6 t6c do 16n. Bai vay phan luc
cua thi€t bi giong ding nhu chan vit théng thuong, nhung trong né ¢6 nhimg phin chuyén
dong con chira dung trong théan tau.

Phuy thudc vao két cdu phin lam viéc, phin ra thiét bi day véi bom truc xodn, TBD véi
som 1 tAm va TBD vang ra, lam viéc khong bom, ldn khi x4 cda dong co va nuée, TBD
phut thuong ding 1a thi€t bi thay déi huéng phun khéi nude hoac khi v6i nudc (mam quay,
bdnh 1di) cé the thay déi huéng luc ddy. TBD nhu vay dong thoi la TB l4i, thu ciing ¢ thé
chay lui khong cén dio chiéu quay dong co. Uu diém khic cia TBP phut la dé bao vé vé
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phin hoat dong cia TBD trude nhitng hu hong cd khi, diéu d6 ¢6 y nghia thiét thuc doi vai
thu noi dia hoat dong trong viing nudc tinh.

Hinh 12.29. Thiét bi phut trén tau cdnh ngam

Nhiéu yéu ciu lam TBD phut nhung
khong thé chimg minh ding hiéu qua,
hinh 12.30.

Khoi lugng nudc day ra trong 1 don

v

(R

T_ lee d’ég’

vi thiv glan: v

M=pvA (12.33)

Luc ddy T bang dong lugng thay doi
trong mét don vi thot gian

T=pvA(v, -V) (12.34)

Dién tich A
. . _ Hinh 12.30
+ Cong 6 ich ma tau thyc hién:
Tv=pvA(v,-vlv (12.35)
Pong nang bi mat trong khi phut:

1 »
7 pv A(v; - V) (12.36)
Higu sudt:
n=— _ coOng f:(% ich _ (12.37)
¢Ong ¢6 ich + ddong niing bi mat
PV AV, — V)V
- l .
pv AV, - \;)\*4—;p\»']A(\e'_i — vy
v
hoic n= (12.38)
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Néu v, tién gan bing t6c do tau v, hiéu suat tién gin bing 1, nhung thai diém dy, luc
day tién 161 bang khong trir khi A cuc 16n. Cing nhu véi chan vit thong thuong, hiéu suat
tang khi ca khéi nuée duoc sir dung tang va gia téc chuyén vio dé giam. Tri s6 A 16n tat
nhié¢n t6t hon, nhung chén vit sau than tau bt buoc kich thude nho.

Trong nhimg tinh todn nay, khong tinh dén hiéu suat co khi cta bom vi luc ma st
khong the tranh khoi va cdc tén that khdc noi nudc vao va 6ng. Hiéu suat toan bo, trong
thuc t€ hoin toan thap.

O tSc do thap, thiét bi ddy phut khong ¢6 hiéu qua, bdi vi luc ddy phu thuée sy thay déi
dong fugng, O tdc d6 cham, tia phut phit rién luc diy nho. Tuy nhién néu 8¢ d6 ting thi
hi¢u suit TBD phut tang. TBD phut ¢4 loi & téc do cao, khong chi déi v6i tau cdnh ngiam,
¢6 thé nhimg tau 16n hon hoic 1du nho chay trong nuée han ché.

15.5.7. Chan vit dong truc ngugce chiéu quay (counter rotating propellers)

Khi chan vit bi han ch€ vé chiéu chim hodc vi ly do khéc nhu khi kich thudc cing nhu
khoi lugng clia chan vit qud 16n (nhimg thu diu 16n, mot chan vit nang 100 tan) cdn tim
bién phdp gidi quyet vi hé 55 i trong 16n ma van gilf wu diém ddy tau bang mot truc va
giam dudng kinh chan vit. Tir d6 dua dén khdi niém 2 chan vit tren | truc ctng chiéu hoic
nguge chiéu. Ap dung 3 chan vit trén 1 tryc cung chiéu hodc nguge chiéu. Ap dung 3 chan
vittrén 1 truc cling chiéu va 3 dudng truc nhu tau Turbinia.

Chan vit xép dat trén I truc va quay ciing chiéu got la cap chan vit {tandem). Nhur chan
vit lap trén thu Francis. B.Ogden do Ericson & Anh nam 1837. Sau thi nghi¢m tau Turbinia,
dp dung trén cic tau chién Anh vio khoang nam 1900 cé 4 dudng truc v6i chan vit 2 cap
méli truc,

Véi 2 chan vit quay ciing chiéu, nang lugng quay trong dong chia chan vit trudc, bd
sung cong cho chan vit sau. Y tuéng tan dung nang lugng cta chan vit trude ¢d sikc thuydt
phuc va phét trién chan vit quay nguge chidu trén cung 1 truc, truc quay nguge. Tit nhién
khong thé thu lai tit ca su tén that ning fugng quay cha chan vit trude. Boi vi su giao thoa
gilra 2 chin vit gay nén chan vit sau lam viéc trong dong r6i nén hi¢u sudl thdp hon mot
chin vit cing tai trong. Buong kinh chan vit gidm nhung hiéu sua chung cao hon vi hiéu
sudt vo va higu suit quay tang. Dong nudce sau chan vit thit hai khéng con bi xody. Loi ich
chinh khi dung chan vit quay nguoc chiéu Ia ting hic¢u suat day tir 5 dén 9% doi vai nhing
tau ¢6 8 16n va 10 dén 20% nhimg tau & nho. Gidm tiéu hao chat dét. giam duomg kinh toi
wu (quan trong déi v6i nhimng tiu chay trong nudc can, lgi vé tiéng on va dao dong). Tuy ¢é
nhimg l¢i nay, nhung khong phai thuong xuyén dung chan vit quay ngurac.

Hai chén vit quay nguoc chiéu khong thich nghi véi vong quay cao, bdi anh hudng sii
bot cua chan vit trude d6i véi chan vit sau. Ngodi ra yéu cau vé h¢ banh rang, dong 1am truc
ton kém., lap dat phic tap.

Khi thiét k& 2 chin vit quay nguoc chiéu: buéc chan vit sau 1én hon budc chin vit trude
thich nghi t6c do nudc vao tang, dudng kinh chan vit sau nhé hon chan Vit trude 10 + 20%
dé trinh anh hudng cho chan vit sau, Xody muit cinh cta chan vit trudc.
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D6 thi vec-to téc do & hinh 12.32 chi 1d rang toc do tinh tién vy, va toc do quay 2nn,R, tai
bén kinh R, trén c4nh cia chan vit trudc, téc do cam tng 1a k,v, va t6c do tdng hop vg,. Khi
nuéc xa mép theo cuia canh, téc do cam tng tang déu k,v, va toc do tong hop cua nudc so
v6i thu mang chan vit la v,,. Gia thiét, trong trudng hop nay, mép theo cha cdnh chan vit
truéc vd mép dan cha canh chan vit sau nam trong mat phang ngang gan nhau. O hinh
12.32 chiing tich ra mot khoang truc 16n dé chi rd.

Gié thiét ring vec-to téc do biéu thi téc do clia nude vao gan chan vit sau giilt bang vé
tri s6 va huéng v ,,. gia thiét rang t6c do quay cta canh sau & ban kinh R, hoi nho hon R, 1a
27n,R, (boi vi tia nuéc ra thu ngan lai) va téc do cam ing tang dén k,v,, t6c do cam tng tai
mép dan ctia chan vit sau la v;. O mép thodt clia cdnh nay, téc do cam ing tang dén k,v, va
t6c do téng hop tuong ddi so véi canh 1a vg,. Vi truc ldp vao tau, t6c do téng hop 12 v,;.
Muc dich thiét k& dé ing dung cip chan vit dé khong con quay trong nhitng tia nudc ra.
Téc do doc truc tang phai nhan ldy, néu cdc chan vit khong 1ap chat khép 16ng v6i nhau.

P2 K1V:
Chan vit sau Chan vit Tri/de
Hinh 12.31. H¢ truc 2 chan vit Hinh 12.32. D6 thi vecto toc do
nguoc chiéu quay ctia 2 chan vit quay nguoc chicu
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Hinh 12.33. D6 thi Bp-8 cua chan vit quay ngugc chiéu
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Bang 12.1

S48 hugng
Trude Sau Trude Sau Trude Sau Trude Sau Trude Sau

Pueng kinh D{mm) 21000 | 17934 | 20800 | 182,72 21000 | 191,01 | 217,50 | 203,83 210,00 | 188,90

S6 canh 4 5 4 S 4 5 4 5 ° 4 5

Ti 56 budc tai 0,7R 0627 0,957 0,779 1,034 0,93 1,110 1,083 1,196 1,235 1,306

Ti s6 dién tich AglA, 0,432 0,507 0,432 0515 0,432 0,523 0,432 053 0,432 0,539

D /Opee 0,854 0,378 0,610 0,935 0,047

Hai chan vit quay ngugc chiéu dau tién do John Ericsson lip trén tau hoi nudc Robert.
F.Stockton déng & Birkenhead (Anh) nam 1837. Ly thuyét vong duoc dp dung vao thiét k&
chan vit, gifra 1§ thuyét va két qua thir mé hinh phil hop 16t

Két qua khao sat mé hinh tau 2 chan vit,1 chén vit, tau 2 chan vit nguec chiéu, 2 chan
vit cling chiéu ciia tau van tai, he & béo thé tich & 16n. duge Hadler, Morgan va Meyers ghi
lai nam 1964. Kich thudc toc do cha nhing tau d6 dbi hoi cong suat 30.000hp hoac 16n hon
trén moi truc.

Maiu chon dé thi nghiém 1a tau diu Mahalton trong tai 106.000t, cong sudt may lap dat
43.000 dhp vi nang tai nén 1am 2 chan vit.

Mo hinh tiu 2 chan vit so sanh véi tau 1 chan vit ning 1ai, t6c do cham, so sdnh vdi tau
2 cap chan vit va 2 chan vit nguge chiéu.

Tau vin dé nguyén hinh ddng doan thon mii, doan than éng nhng doan thon dudi hodn
cai mo dusi dé dudmg kinh chan vit 25ft dii x€p dat chan vit trudic va sau nguoc chiéu quay,
nhu vay chicu dai thu tang 20ft so v6i thu 2chan vit. Cic thong s6 cla tau va cta céc chan
vit khdc nhau cho & bang 12.1.

Bang 12.2. So sdnh hi¢u suat ddy tau 2 chan vit, 1 chén vit, chan vit 2 cap va 2 chan vit
quay ngugc chiéu nhau.

Pac tinh vo tau:

1 chan vit: 915,0ft Lpp x 132,0ft x 49,08t x 136130 tdn x 0,803 Cy
2 chan vit: 895,0ft Lpp x 132,0ft x 49,08ft x 1361 30 tan x 0,821 Cy
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Bang 12.2

[ ] Bétrichanvi 78 | ss | ss Capchanvit | Zchénvitquaynguqc;\
'}_ o Banh lgi Hai Mot " pan ] pon

! ! S6 canh 4 5 o Trcs | Seus | Tigo5 | Saus | Téng
| L; Bang kinh, f o | mo | 2an | 25 | w5 | 25 | 20 | -

| Tsobuictar0/R | 090 | 0853 | 0803 | 0867 | 1200 | 000 | 1089 i.
S AdA, 0504 | 0785 | 0923 | 0532 | 0527 | 0551 | 0888 | -
IChl tigt chan vit }——— T T
! | .0 | 0040 | 0050 | 0043 | 0048 | 0041 | 0045 | 004 - |
| [ Tonguongbt | - | 123465 | 144320 137855 143160 :

| | a T ose | om0 | o2 | o018 | 02 [ 02 -
| | Donghieng canh - 5

I ‘l_ Téc 4ot 19.25 19.25

| ‘| ehp’ 30500 | 30600 | 30800 | 30800 | 30800 | - 1 30800
|Congsudt | dhp a0 | as000 | 420 | - | - | - . i

! nvengiphtt  § 1175 | 1053 | 1053 s | 5 | 95 | 995
| [ Pranwamteyddidw' | - | 04 | +45 25 | - REED
I | o 016 | o038 | 033 | 036 | 033 | 0z | 044 1
: t | 016 | 016 | 014 | 014 I .| o8
e 0, 0655 | 051 | 051 | 049 060 | 084 | - |
!_ . 1000 | 130 | 128 | 134 | - - 1,47_"
[ n 0646 | 068 | 065 | 086 | S ] - ol

TS - (twin screws) - 2 ¢hin Vit

SS- (single screw) - 1 chin vits

a- 2 chan vit quay ra - truc ha va gid do;

b- chiéu rong banh 1di 2501 va i s6 chiéu day 1ir 0,08 dén 0,20:

c- trong lugng Ké ci tryc mang chan vit va éng bao dudi;

d- ehp dua trén hé 56 ATTC, voi C, - 0.00015;

¢ - luc Xodn cin bang trén 2 chin Vit quay nguoe chiéu & ciing 6 vong quay: 55% clia
chin vit trude, 45% cia chin vit sau.

f - dhp cho tdu 2 chan vit véi banh 1di xoay vio trong 4" tai mép dan 1am tang sidc cin 4.5%.

15.5.8. Chan vit sui bot hoan toan (Fully - cavitating propellers)

KHhi siti bot tren ca bé mat huit cia cénh chin vit, ta néi dé 1a chan vit lam viée O ¢ché do
stit bot hoan toan. Sau khi mat htt cha tiét dién trd nén holdn toan Khong ¢6 nude {(denuded
of water) tang vong quay/phit hon nra, dp sudl rén mat thodt khong giam hon va ciing
khong thém luc nang do mat thodt 120 nén. Nhung trén mat dap ap sudt ticp tuc tang & vong
quay cao hon va lam nén téng luc day, do & mikc thap hon, trude ki sti bot bat diu. Mot
cdi 1ol clia mot sd chan vit 1a xam thyc khong ¢é ¢ mat hit boi vi s0i bot phdng lén khong
dap vio bé mat lau. Cing nhu cdc hop lyc khong én dinh vi sti bot kliong lién uc, c6 hé
giam nhiéu, dao dong .
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Parsons quan sdt chan vit lam viéc & ch& do sui bot hoan toan trong vom nhé cua ong.
Mot trong nhimg ngudi di dau trong viéc khao sit la V.L. Pozdunine, Vién han lam
Maxcova, Ong huéng su quam tam sit dung chan vit sui bot hoan toan, trén bai bdo gidi
thiéu & Luan Don 1944. Ong da ra mo hinh 1y thuyét vé dong chay va ong viét lai cdc biéu
thic vé luc ddy va hiéu sudt 1y tudng. Khi 4y, ong noi tiét dién canh "hinh ném" va nhiing
bai béo khac chi o tiét dién hoan toan tuong tu ma ngay nay da dung nhiing chan vit nhu
thé. Ong ciing phét biéu rd rang rang, su hoat dong ctia nhitng chan vit dé khac nhiing chéan
vit quy udc; ly thuyét cia n6 khong don gian ma bao trim cé hai loai.

Mat hdt cia tiét dién, khi sui bot hoan
toan, tiép xic véi nude khong lau hon, chu
yéu trong thiét k& phai chon tiét dién nhu
thé ndo dé bao dam tich dong ro rang O

__ theo J'i'#hu;é;‘ Tu»"r'nrs

mép din va mép theo va xdc dinh cho ding —__ bién cai dé tng sut bén
gid tri ti s6 luc nang va luc can L/D dé

mang lai hiéu sudt cao. Tiét dién cinh hinh Hinh 12.35

ném, mép din manh, dam bdo tich dong :

hinh 12.35.

Cic thi nghiém tir trudc véi cac mo hinh tiét dién nhu thé, mép dan rat mong, gay dao
dong va nut, phai ddy hon hoac géc tan 16n hon. Céc thi nghiém ciing chi ra ring dé phu
hop khi khai thic, chan vit slii bot hoan toan c6 s6 sui bot tai tiét dien 0,7R (5,7z) phai
bang hoac nho hon 0,045. Ap dung diéu do, céc tac gia tinh todn hiéu qua cta hé thong
sé-ri chan vit 3 cdnh va thiét lap dé thi, hinh 12.36.

1,4
o | |
U.SM .T Eo.ow ‘ \ l ‘ T
P/D= 0. . |
1,2 Y & \ | S EE—
‘_ Hiéu sué’f' fﬁf{ ﬂ:& khi Cr
1,0.______4__. VAR RN\ N o |
s | | \ |
9 1.8 |
| X
sl N\ YN || |
T AN s |
R\
I T\ e ——
: o4 k - -~25
0,4 q N g0 ————
l Vﬁ !ow ' \\ I HJ'éu 5u5’f
§=— | \ ~ 18 014
02| l nD 0.6 = o
0.7 Mg
CT:—#-, ) R §.:§
0 | 1  gniva S onid™
o 02 0.4 0.6 0.8 1.0 12 1.4 1.6 18

Hinh 12.36. D4 thi thiét k& chan vit sui bot
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Tachmindji va Morgan ciing da ra d6 thi c¢hi viing ma trong dé chan vit sti bot hoan
toan, hinh 12.36. Dung d6 thi thiét k€ va dya vao tinh todn nhimg diéu kién (ai diém A, noi
dung chan vit st1i bot ¢6 giéi han. Bang 12.2 so sdnh hiéu sudt giira chan vit thudng va chan
vit siéu bot hoan toan. Viing déi véi chan vit quy udc, gia thiét rang khong sui bot, hoac it
téc dung dén luc ddy. Nhitng gid tri tinh todn & bang 12.2 chi ring, dé dat tri s6 o thap dé
sui bot hoan toan thi s6 vong/phit phai cao hon va ti s& bude thdp hon chan vit quy udc.
D1 véi tau chuyén tuyén, chan vit sti bot hoan toan, hiéu qua nho hon 10% so vdi chan vit
qui udc, trong khi dé tau phéng ngu 16i, thu nhé sy khdc biét rat it vé hiéu qua. Vi du cédc
diém B, C, D va E trén dd thi hinh 12.37, da dén gid tri dudng kinh, vong quay, t6¢c do cla
chan vit st bot hoan todn cua tau phdéng ngu 161, bang 12.3.

2.0

I “ J8.0
15— . . | _q__*ju .__L_:so
- ©owvung3 -
1.0 . . | il
! f 4.0
08 \ t t
_ : \n | I L 3o
0.6 ; . '
; : : ™ : [ <
5 ; . : \ b 420-2
04 t + - | =
-3 < | > i s o
“3 g i o =
- 3 - o o3
V01 t : f 0.87%
. 1 B : . 2]
vung 1 \10_6 RS
X ] E— | -
0.08; ' : I 04
1D ‘ Qs
006 . ‘ i +z o3
|
004 | i 202

0.2 04 [s133 Q8 [X¢] 12 1.4 16
HE 56 foc dg J

Hinh 12.37. D6 thi chi rd viing thuc € dp dung vao chan vit sdi bot hoan toin

o=29 iz = 2257 —}:— vdi H {feet), v, (hly/h)

Ya Va
H - ap sudt tuyét d6i tai dudng tam truc cla nudc;
v, - t5¢ d6 tinh tidn (hlg/h);
Ving 1 - vlng tdt nhat déi vdi chan vit siéu bot;
Ving 2 - vang gidi han: chan vit sGi bot mét it;
Ving 3- vlng t&t nhat dgdi v8i chan vit thdng thudng:
Viing 4 - viing hiéu sudt thap (n, < 0,64).
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Trong nhiéu trudng hop, chan vit sii bot hoan tean phédn c6 hiéu suit cao hon chén vit

A : L A
khong shi bot ma cé hé s6 Kf‘- 1ém. S& di nhu vay vi ¢6 lic hiéu sudt bi giam do hé s6 —E

tang 1en 16n hon hi¢u suét bi giam do sti bot.

A . .. e
Trong trudng hop do chon XE— cao ¢6 thé tranh hién tugng si bot, chan vit ¢é t&c do

cao dugc thiét k& binh thudng theo cic phuong phdp da trinh bay & muc 12.4, sit dung do
thi chan vit seri Gawn. Seri Gawn chi gédm chan vit 3 cdnh nhim gidm hé s& chiéu day
profin xuéng mifc 161 thiéu.

Néu trong thiét k&€ so bo thiy rang khéng thé nao trénh hién tugng sbi bot duge, lic dé
chén vit c4n thiét k€ & diéu kién sti bot toan phén.

Lam viéc trong diéu kién sti bot, dic tinh ddng lyc cia chan vit khac véi lic nd lam
viéc trong diéu kién khong sti bot. Su thay déi dac tinh nay xem hinh 12.38.

Ky
10 kQ \ 70
0.2
0.3
'? 04 v \\\“‘
° N7, S
0.7 i 10Kg im
cé \ A/A?// '? G=10/06 Kg
) & &'/f 0 018 0.8
L s l— 0,3 \
05 6=tamo_sq5 Aqs \ 0.7 X
| ' /’..-——\-.\ 06 T G=10 /-
6‘;1,36/ /""_\K{i s \/ﬂs/-/"
1.0 P = ,
O'Bfaf/ A 04 02 25 \\ —
(] O'k‘f“‘.--__-\ ' O‘—E‘
Kr 0 - \\\ 03 \0,3 N
0.4 0,2 0.2
' Lk : o L A\ \
0|3 ! ; 0,1 GI_ 1'00’8‘;..:'—__-‘ \\&
PRI I e o~ Y O__.:—% \\\
105 — M W .4 0.3~ \
01 (0.5 s 0.2 —]
| /g3 B [~~~ . ~N\
46 7 08 09 10 %1 12 13 14 15 T 0.6 0.8 1.0 12 14 3

Hinh 12.38. Dic tinh thuy dong clia chan Hinh 12.39. Dic tinh thuy d6ng chan vit
vit sii bot Z = 3; Aj/A, = 0,65; P/D=1,4 siéu bot Z = 2; AgA, =0,34: P/D =14
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Bang 12.3. So sénh hi¢u qué giita chan vit thudng va chén vit sti bot hoan toan

Loai tau Tau khach chuyén tuyén Tau phéng ng 15i Tau nhd
v (hlifh) 40 30 34,5
SHP 250.000 100.000 8.000
S0 thuyén vién 4 2 4
Kidu tau NC FC NC FC NC FC
Badng kinh, ft 18,6 10,0 12,6 10,0 2,38 2,40
Vong quay/phit 200 688 350 655 1800 257Q
Ti s6 budc 1,23 0.96 1,18 0,94 1,16 0,90
Hiéu qua 0,68 0,61 0,66 0,62 0.67 0,64

NC- thiét k& khéng sii bot:

FC- thi&t k& sii bot hoan toan

(Gid thiét chiéu chim 12ft, duon g kinh chan

Bang 12.4. Bing 15 hop t6c do, vong quay/phiit,
duong kinh chan vit sii bot hoan

toan cua tau phéng ngur 16i.
vit 6ft) It = 45ft ca ap su4t khong khi.

Cac diém trén dé thi & ‘
hinh 12.37 A B ¢ D E
H
100 — 3.0 0,7 0,7 0,3 0,3
VA
v, {hlim) 38,7 80,2 80,2 122,5 122,5
J 0,6 1,4 0,6 0,6 1,4
Bdng kinh chan vit(f) | 12 | 10 6 12 6 12 6 12 6 12 6
. Vong quay 545 | 655 [ 1090 | 483 | 966 | 1127 | 2254 | 1728 3456 | 740 | 1840
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Tau div

Tsu hang o2,
Tau 2 chdn vit 1chinvit | Teuvenbien | Tau danhcd, Tau keo

~T* - f ¥
0.70 I|‘|||1|\ll’l’1

l ‘b/ﬂ = chidy oss profin/ difing kink cuadsa luv
- Chin vit dong fruc n?dg‘c chlgy 1
i F 'I ~
\ séri B (canh thing thudng) l
0.60 < =1
Chin vit trong diao litu

Chan vit trong dac iu
b/D =1o.sa
[

N
™~ 'b/D =083
\
N/

1

H\\
séri Gawn
( canh réng)

l N R
0.40 R 7 \1 i \‘
Chén vit sui bot hoan foan
NN N
Thidt bi diy Trye d'(;ng J
. 0.30 | \
10 = 20 25 30 40 50 60 70 8090l00 125 150 200

BP-—-——-

Hinh 12.40. So sanh hiéu sudt ddy t6i wu gilta cc thiét bi ddy khac nhau

Hiéu suat ddy chung phu thuge chir yéu vao hiéu suat ciia TBD 12 @,. Hé s6 n,, 16i wu
cho céc dang TBP dugc thé hién & hinh 12.40.

12.6. LY THUYET PHAN TU CANH CHAN VIT

" Trong 1y thuyét phin t canh, chan vit dugc xem xét nhu mot s6 canh tac thanh. Canh
c6 thé chia thanh nhitng dai ngang nhd k€ ti€p, tir mép dan dén mép theo hinh 12.41. Céc
lyc tic dung len méi dai nhé duge dinh 15 tir nhan biét téc do tuong d6i cla dai so véi nudc
va diic tinh hinh déng tiét dién. Cac hyc co ban dugc phan tich thanh cdc phan tit luc ddy dT
huéng phia trudc va dQ luc xodn trong mat phang chong chéng quay. Céc dudng cong dT
va dQ biéu dién tir momen dén miit cdnh hinh 12.42 dudmg cong lyc ddy va xodn thu duge
béi tich phan cho ta toan bo lyc ddy T va xo4n Q clia ca chén vit. Hiéu sudt do la:
- TVA
 2mQ

M, (12.40)
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- -/- moyeu r=01R @5}? tfu’ng)\
DR -
Hinh 12.41. X4c dinh cdnh chén vit Hinh 12.42. Dudng cong tai trong cua cdnh

Luc trén tigt dién cdnh 1am thanh géc t6i so véi dong chay, ¢6 thé phan thanh 2 thanh
phdn, luc ning L va luc can D, lyc nang L vudng géc va lyc can doc theo dong chay vao,
hinh 12.43.

Géc gilia mat dap cia tiét dién va dong chay téi 1a géc tdi a.

Cic luc thudong biéu dién & dang hé s6 khong thi nguyén.

L
T 1/2pAV

D
P 1/2pAv?

Hé s6 luc nang: C. (12.41)

Hé s6 luc can: (12.42)
Trong d6: p - ti trong cha chét 1ong;

A - dién tich cta tiét dién;

v - tdc d6 clha dong chay téi.
Hiéu qua ctia tiét dién nhu 12 hinh anh lyc nang duge do béng ti s6:

lgendng _ L ¢, 1

= — (12.43)
lwcedn D C, gy

Hai dang thong dung nhét trong chan vit tau thuy 12 mit ddy cong tron va tiét dién cdnh
méy bay (hinh 12.44). Ngudi thi€t k& 4p dung mit dap phéng, mat ddy cung tron va mép
nhon trong gidi han cong nghé ché tao va sitc bén.

Két qui clia mot s6 mau thir & mot s6 tiét dién thé hién & hinh 12.43. C6 mot s§ di€ém
can quan tam.
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dp
1- He s6 luc nang C, & nhilg goéc "‘{

161 nho 1 ham tuyén tinh cla goc tGi o Lye fin
Hrén tiet difn

Lve na'n_q

di I‘Jd:ing hee néng
bé"ﬁg kﬁo‘ng

- Ly %ﬁ';ﬁd‘ap

2- (3 nhimg géc 16n hon, hé s6 lyc
nang ngimg tang tuyén tinh theo o;

3- Luc nang bang khong, khong

xuat hién & géc t6i biang khong nhung L q.cd 2;,, ; f 5‘5”5 nude chay vao
(’:r\géc am nho, duge gc_;i‘lé géc nang e ming/! ;2;%:"_ 4
bing khong o,. Géc d6 bing -2° thinh . 756G /G
12.43). Do d6 ching ta c6 thé cd o
"dudmg khong lyc nang” tir phan sau fi'
mat dap tao géc o, Khi gbc t6i tao bdi (}
mat dap 13 o, goc téi thuy dong o, e
bang: 3
o = Oy + 0t ;‘: Hé s8'Cy
4- Hé s6 luc can con nhd va 1dn X 5 o
hon hodc thay déi it & nhimg gbc tdi Ly ning bdng khing Got fick
" nho. Nhng khi hé s6 luc nang bat ddu 90¢ %o
giam, hé s6 luc can tang nhanh. Hinh 12.43. Cic lyc trén tiét dién canh
5. Tri s6 luc nang va lyc can ¢ tri Chid iy 51 )

6 t6i da & géc tdi nho va doi vol mot Buing frung bidh o —
s6 tiét dién lam viéc hiéu qua & géc 161 ¥ T

.. , , Chiéu ngang b
phai nho. Sy quan trong cu? chong Wit op phing, e mep nﬁgr:
chéng lam viéc 1a sy phan bo ap suat ) ) ‘ )

o gea p . . Tié# dign canh Chiéu ddy i da

quanh tiét dign. Vi du cdnh mdy bay mdy bay
chi 15 & hinh 12.44. & mat dap cda tiét U
dién, 4p suat tang, 16n nhat gan mép
din. O mat ddy 4p suéit gidm va ¢6 Chiéu ngang b —‘\
chép nhon céch mép dan mot khoang Hinh 12.44. Xdc dinh hinh déng
cdch nhd. Luc nang ¢d duge 1a két qua tiet dién canh

cua hiéu dp suat trén hai mat va voi su
phan phéi 4p suat nhu & hinh 12.45.

Mit dap cha canh chan vit la mot phin cha bé mat xodn 6c thuc, nghia la bé mat quét
béi dudng thang AB, (hinh 12.46) mot ddu clia nd 12 A, trén ciing mot téc do doc theo truc
00, trong khi dudng d6 quay quanh diém A vdi ciing van toc gée o. Khi dudng sinh thuc
hién du 1 vong va & vi tri A'B', n6 da tinh tién mét khoang AA" goi la budc hinh hoe P.
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; 3
Ap sudt frén ’ B_ B:
ma? thoit f Canh N, Binh canh S
thdn_g kirh Y iV
chdn vit D \ ]
\. e o
g NN f >~ o
d] A AP I
[ /o 4 /( - ‘f‘r P h
- moyeu |DE canh \ A s Chén can
A sust trén m._ifm ' Lo
. L i \\ £
1
Hinh 12.45. Sy phan bé 4p suit Hinh 12.46. Xac dinh dudng xodn éc

trén tiét dién canh

Hinh try ndo d6 dong tryc véi OO’ cit mat xodn &c¢, goc gilta dudng xoin 6¢ vi mat
ti€p tuyén véi truc nhu truc SS', goi la géc bude . Géc khong ddi d6i véi dudng xodn Sc
da cho, nghia 12 & bén kinh di cho trudc nhung né tang gi4 tri tir mit canh dén moay-o.
Trong thyc t€, bude khong phdi luon ludn mot gid tri & t4t c ban kinh mit cat, budc gidm
hudng v& moay-o vi thudmg it huéng vé miit cnh. Trong nhimg trudng hop nhu viy, buée
¢ 0,7R thudng 12 budc trung binh v tai d6 gin ding c6 luc néng t6i da, hinh 12.42.

Hinh dang duong bao va tiét dién thay ddi nhiéu tuy thudc vao loai tau ma ¢ dinh riéng
cha ngudi thi€t k& the hién trong ban thi€t k& chan vit. Hinh 12.47 chi 15 mot dang chan vit
va cdc thong s6 thuong ding.

Néu chiing ta xem xét mot tiét dién clia cénh & ban kinh r véi géc bude @ va budc P,
hinh 12.48 va wdng tuong canh dang quay va qua mét vong chong chéng tinh tién tir diém
A dén A’ mot khoang cach P. Néu chiing ta khong lin khéi tru véi ban kinh r vio bé mt
phing, dudng xoén &c di ngoai bai diém A khai trién thanh dudng thang AM va

g = L2 (12.44)

27r

Néu chan vit quay n vdng trong mot don vi thii glan va trong thoi gian 3y né tién mot
khodng Pn va chiing ta ¢6 d6 thj t6c do cia tiét dién (hinh 12.49). _
Trong chat long thyc, khi quay mot vong, chan vit tién theo hudng truc khong phéi mot
khodng cdch LM béng Pn trong mot don vi thii gian ma 1a LS nhé hon, khodng cich MS
rge goi 1a luong truot va i s6:
MS

— =5 12.45
ML SR . { )

goi la ti 6 trugt thuc va géc MAS la géce truot hoac géc trugt hinh hoc.
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Tix hinh 12.49 thdy ring:

Pn-Va _y_2a (12.46)

Pn Pn

Sp =

Nhu trong trudng hop dia kich thich, sy 1am viéc chia chc cdnh chan vit tao luc ddy két
qué do gia t6¢ nude trude chan vit, vi th€ ca toc d doc truc tai tiét dién cénh tang tr v, dén
v, (1+A) trong khi ca t6c 46 quay giam tr 27m dén 2nm (1-a"), hinh 12.48.

] ngﬁié'n_q canh Chiéy Guay
1 ] : 4
' Mt hat 7 .\\ !
I N \\
+C hidy dc canh Mgt dap ! .\ s S\_Mep dis
. , , —tan P | l W \' Mdpth
Rl l Chr;éaq%';y fan phat 28 o \ l P
=2 cua Hef dién y B/ban hinh chiéu ,
apih | ! Diftng ch
het dién i o \ , Wing chiey
d \4\ B/ bao khai Trign 2 l 1 day fai s
i1 | :
\h d E
X r \ Y l z l _ DA__

‘j_"i“r —T" 22.':_4
i
Chin vit qua phai
nhip 17 14

Hinh 12.47. Hinh méu chén vit

Durdmg kinh D; Ti s6 bude = P

Budce P; Goc bude = &

S cAnh = Z: Ti s6 chiéu day canh = t/D;

Dién tich dia = dién tich clia vong tron tai dinh = aD%4 = A,;

Dién tich trai cia céc cdnh = Ap; Dién tich dudi clia cdc cdnh ngoai moay-o A
Ti 56 dien tich DAR= Ay/A,; Ti s6 dién tich EAR = Ag/A

Dién tich hinh chi€u canh (mat phing ngang) = A;

i s6 dién tich hinh chiéu = PAR = Ay/A;

Ti 6 chiéu rong BWR = Chiéu rong tdi da cinh/D

Ti s& chiéu rong trung binh = MWR = [Ap/chiéu dai canh (ngoal moay-¢))/D
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Hinh 12.48. Xdc dinh géc bude Hinh 12.49. Xéc dinh lugng truot
¢ géc budc cia cdnh chén vit Pn P
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2mnr 2nr
Ti s8 truat thuc:
MS Pn — v v
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Hinh 12.50. Biéu dé t6c d6 canh
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Tit d6 thi t6c do, ca hai y&u t6 a va a' déu do goc téi gidm tir AOC xudéng BOC. Gée
BOC luén ludn bé, thudng trong khodng tir 3° dén 6°. G nhitmg géc d6, ti s6 L/D gin ding

Tir hinh 12.50 ching ta thdy rang:

vy(1+a)  1+a

tgh, = tgp (12.47)

S 2am(l-a’) 1-a’
va téc do tuong d6i clia nude chay vio tiét dién cinh 12 vec-to vp.

_v,y(+a)

12.48
sinf3, ( )

R
Géc 16i o bang ¢ - B, trong d6 ¢ 1a gée bude hinh hoc.
Gia thiét chan vit ¢6 Z cdnh, chiéu rong b & ban kinh r va tai ti€t dién nay c6 hé s6 luc
ning va luc can C; va C, & géc t6i o Dat hop luc nang va luc can cla phan tit canh chan vit
dL va dD wong img, ¢6 chiéu dai dr doc cdnh. Vay:

dL = —;— px dién tich x (16c do)* x C_ (12.49)
2 2
L oparz Yad (¥ o (12.50)
sin® p v
sin p,
2 1 2
va dD = L pbarz Yl 0¥ (12.51)
2 sin’ B, °

Phén tir lyc nang dL vudng géc voi vy, phin tr luc can dy, dich theo hudng cua téc do
tuong doi v,. Phdn tir lue ddy va luc xoin sé& la:

dT = dLcos B, - dD sin P, (12.52)
dQ =(dLsin B, + dDcos B,} r (12.53)

Cong thifc ban ddu c6 thé viét & dang:

dT =dL [COSB1 - g% sinﬁl] (12.54)

C
=dL [cosﬁl ~C—D sinBIJ

L

=dL (cos B, - tgy sin pB,)
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trong d6: tgy = E—D & hinh 12.43.

L
Tur day: dT = dL [cosB, cosy — sinf, s1ny) ~dL cos(B; +7)
cosy Cosy

=L pbdrz (v, y? (1+2)2C, 2‘;(3'—”_) (12.55)
2 sin® B, cosy

Do dé: 9T _ L bzev, Y a+ayc, o5+ 1) (12.56)
dr 2 sin” B, .cosy

v @Q_1 pbZr(v,)* (1+2)°C, if(f’i’i)— (12.57)
dr 2 sin“ B, .cosy

dT/dr va dQ/dr bay gids c6 thé dim g d6 thi theo ham ctia ban kinh. Toan b6 luc ddy T va
luc xodn Q ¢6 dugc bang tich phan, hinh 12.42. Pudng cong chi s6 rang, phan I6n luc ddy
va xoan phit trién & phan gdn mt cinh, t6i da xust hién khoang r = 0,7R.

Hiéu suat cta phan tir cénh:

_dT.v,
" 2nndQ

vodL SSB+ D)
cosy

2nnrdL El“_@ii)
cosy

v, 1
2nar tgB, +v)

g 1-a tgf,

= = , (12.58)
tg(By+7v) 1+a tgBi+ v
Hi¢u suat clia ¢4 chan vit & 1a:
T
M, = (12.59)
27n(Q
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12.7. LY TBUYET XOAY CUA CHAN VIT

Céc phuong phap 1y thuyét
hién dai vé thiét k€ chan vit dua
wén 1y thuyét xody F.W.
Lanchester phit bifu ddu tién
trong bai khdi luan "Khong
gian bay" céng b6 nam 1907.

Khao sat dang dudng dong
chay nhu & hinh 12.51 duge
xac dinh bing phuong trinh:

v = ¢ = const (12.60)
trong dé6:

r - Ban kinh vec-to dugc vé
tir diém 0 dén difm bat k¥
trong trudng téc do.

v - Téc d6 tai diém bit k¥
vudng gée vdi ban Kinh vec-to.

Dudmg dong bén trong c6
ban kinh r, cé thé xem nhu
thanh cla hinh tu ma truc
vudng goéc véi mat phing cha
dong chdt long chdy quanh.
Khi bdn kinh r, rat nho, ching
ta c6 6ng hoac s¢i xody, boi vi
lu4t phan bé t6c do biéu thi nhu
phuong trinh 60 4p dung gén
ding véi trudng bén ngoai cia
chuyén dong xody c6 trong
thién nhién.

Néu mot hinh tru déat
trong dong chay dong nhat
nhu trong chat long 1y tudng
nhung khong <6 dong chay
vdng veo, dudng dong s€ doi
ximg v6i tryc, dong chay va
khong c¢é luc ndo tic dung Ién
hinh tru (hinh 12.52).

a)

Hinh 12.51. Dong xoay

Hinh 12.52. Dudng dong chay qua khéi tru
khong xody

Hinh 12.53. Dudng dong chdy qua khéi tru ¢6 xody
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Néu bay gio dong chiy quanh hinh try, miu dong chay thay déi nhiéu, tr& nén khong
d6i xiing nhu chi 1 hinh 12.53. Tai diém E, t6c do song song véi truc dong 1a v, + v trong
khi tai diém F 1 v, - v. Su phan b6 t6c do khong d6i xting 1am cho sy phan bé 4p suat tuong
tu khong dé1 ximg, 4p suat tai diém F 16n hon tai diém E. Két qua, luc tac dung lén hinh try
vuong goc v6i hudng ctia dong chay déng nhat.

Hinh 12.54

Khéi niém vong trong todn hoc giai thich cang rd hon, dat A va B, trong hinh 12.53 hai
diém ndi bang mot mat cong bat ky, va dat o 1a vec-to tai diém P trén dudng cong lam
thanh géc & v6i hudng clia dudng phan tir cla ds. Réi tich phan dudng giita A va B bang
cong thife:

B
I wcostds
A

Trong trudng hop riéng, khi vec-to biéu thi t5c do va tich phan duge thuc hién quanh
ot dudng cong kin, tich phan dudng duge goi 12 tich phan vong I,

I' = r}:m cos&ds
Ky hi¢u tfa la tich phan vong dudng cong kin.

Dong chay kiéu nay ¢6 dic tinh rieng, khi dudng cong kin duogc vé trong trudmg va tich
phan dudng doc theo dudng cong kin duoc tinh, vong T bang khong, khi dudng cong khong
chay quanh diém géc 0, nhung ¢6 gia tri khong ddi bang 2nc khi dudng cong chay quarnh
diém goc.

Xem xét hai di€m A va B trong hinh 12.51 ching néi duge biang dudng cong bat ky
nao. Theo dinh nghia phan tich dudng doc dudng cong 13:

B
Iy = _[ wcosEds
A
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Dé tinh tich phan nay, ching ta thay dudng cong da chon bing dudmg giy (timg doan)
gém nhilng dudng tia ngin va cdc cung tron. Tich phan theo cic dudng thing xuyén tam
khong gép phan nao vé gid tri cudi cling do dudmg va vec-to téc do vudng géc véi nhau,
Viy cosé bang khéng. Tich phan theo cung tron c6é gi tri xdc dinh, do vay trong trudng
hop nay cosE bang 1. Phan tich diéu nay, chiing ta tim gid tri cla tich phan dudng cong tu
chon:

B B
Tpp = [ods = [ordy = xcy, (12.61)
A A ,

Trong dé y, la gdc tao bdi cic tia di qua A va B. Ddu + dp dung khi tich phan theo mot
hudng va dau - khi hudng nguge lai. N6 xudt hién trong phuong trinh nay 1a gia tri cha tich
phan dudng khéng phu thuoc dang dudng ma chi phu thuge nhitng diém cuéi. Tich phan
doc duong tu chon nhu ABC (hinh 12.51) r6i tich phan theo chiéu ngugce lai doc dirong bat
ky khic khong bao quanh diém géc BDA, gid tri tich phan quanh dwomg tron kin ACBDA
s& bang khong. Mat khdc, néu ching ta tich phan quanh dudng cong kin quanh diém géc 0,
thi géc , trong phuong trinh (12.61) c6 gia tri 27, tich phan dudng quanh vong trdn, hoac
tich phan vong s€ cé gid tri 2mc.

Luc ngang L tic dung lén hinh tru trong dong ddng nhat nhu hinh (12.51) ¢6 thé chi 15
bang phuong trinh:

L =plv, (12.62)
trong d6: p - Ti trong chat 16ng;
I' = 2nc - Cuong do dong chay vong;
v, - T6c d6 cia dong ddng nhat.

Phuong trinh (12.62) dugc bi€t 1a phuong trinh ciia Kutta-Youkowski 1a méot su khat
quét nhét vé co hoc, do dé né duge dp dung cho tét ca vat thé, khong dé ¢ dén hinh déng
cla ching, yéu t6 hinh ddng da chita dung trong yé&u 18 vong T'. Nhd phuong trinh ndy, su
xem xét bing todn ddi v6i su hoat dong chan vit dugc don gidn nhiéu, bdi vi ching ta
khong xem hinh ddng chan vit dén bay gid l1a hét, trong khi chiing ta xem xét nhiing dudmg
xody hoac "dudng nang” (lifting lines) nhd 1y thuyét vdng. Nhilng dudng nang dugc xem la
chiéu dai ¢ han, twong (ng véi chidu dii cdnh, khéng ket thic dot ngédt tai mit cénh,
ngugc lai cdn ti€p tuc, con goi 1a dinh xody & mit tu do. Sir lién tuc ndy xuat hién & mit
cinh mdy bay va tai dinh d€ clia chan vit. Sitc nang ¢6 dugc & canh may bay hoac cdnh
chan vit 1a két qud cua sy tang dp suat & mit dap (hinh 12.45) va gidm 4p suit & mat thodt.
Do vay chat long theo gradient dp suat, né c6 hudng chdy ra ngoai miit, tir mat dap sang
mat thodt, gay anh hudng dén d6 xuoi dong xody, cic truc clia chiing thuc t€ vudng géc véi
truc cua cdnh va tao 16p gidi han tiép xtic véi canh.

317



12.7.1. Ly thuyét xoay cia Youkowski, Wettchinkine, Riabouchinsky

Nam 1906, Gido su Youkowski thiét l1ap 14n ddu dinh luat néi tiéng lién quan luc nang
trong dong chdy vong:

L =pl'drv _ (12.63)

mdt cich khic, luc nang:
CL 2
L=-—2--p.b.dr.v (12.64)

trong dé: b- Chiéu rong canh;
dr - Phan tir ban kinh;
p - Mat d6 nudc;
C, - Hé s8 luc nang.

Ciing 14n ddu, trong cong trinh nghién ciu cha éng: dong xody lién (ndi). Youkowski
viét:

C
1“=—2—'“~.b.v (12.65)

Ba nam sau, 1909 Gido su Flamm cong bé tai Berlin nhiing tdém anh ding chid ¥ thé
hién mét chan vit, sy phan bé cic bong béng khi, phia dudi dang dong xody 1 truc, nhitng
dong xody khdc 1a dong xody xoén 6¢ ma s& lugng bing s6 cdnh chan vit.

Tiép theo d6, Youkowski cé ¥ nghi thiét 13p 1y thuyét chan vit quan hé véi canh nang.
Luén vin cta ong tir nam 1912. Truée d6 vai thiang, Wettchinkine va Riabouchinski cling
¢6 nhitng suy nghi déng gép tuong tu.

Nam 1935 M.Riabouchinski, trong bai "Nhiing ngay khoa hoc va k¥ thuit cha co hoc
chat 16ng", 6ng kién nghi ciing cdc ngudi khdc xay dung biic hoa thé hién dong xody trong
chén vit, cé trong trang thit 3 tap 1y thuyét cta Youkowski.

Tén tai khong it sy m& réng todn hoc clia 1y thuyét nay, néu khéi niém cla Youkowski
déng dé€ ¥, su trinh bay cdc tinh todn c6 sai trong 4p dung thuc t&, phi 1§ trong nhitng don
gian ma tdc gia thira nhan: gidi han s6 canh 1a 2, chiéu rong cdnh glam chiy vong khong
déi trén ca chiéu dai cinh.

12.7.2. Ly thuyét xody cua Prandt!, Betz, Helmbold

Viéc 1y giai theo Prandtl va Betz la thuc & hon Youkowski, Helmbold cling di dén cic
ket luan tuong tu.

Ngudi ta xem xét, chiéu dai cidnh, mot loat ddong xody lién, va téng vdng lién quan vdi
luc bd sung theo cong thite 12.65 vi mot loat ddong xody tw do md vong giita tiet dién r vi
r+ dr c6 gié tri dI'. Ngudi ta xdc dinh ti€p nhiing t6c d6 cdm ilmg vuodng géc véi toc do tién,
géc tien thuc nho hon gée tén hinh hoc.
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Luc nang vubng goc vdi t6c do tdng hop cha dong chiy va doi vdi t6c d6 cAm Ung,
ngudi ta phai xoay luc nang 1 gbc nao d6 dé cho ta thanh phén lyc can cam ng.

Nhut c4nh nang, ngudi ta ching minh dé dang ring t6c o cim dmg ngang tim chan vit
bang nita téc 46 cAm ng phia sau vo han.

So d6 ciia Prandtl phii chang rd hon clia Youkowski.

Betz ciing da ching minh vé chan vit, sy tén that nang lugng 12 t8i thiéu @€ cdc dong
xody &c tu do ddy vé sau va quay quanh truc chan vit nhung khong phu thudgc bé mat cing.

D6 la quy tac diing lam co s& cho viéc md rong tinh todn bang cac phuong phdp hién
tai cua ly thuyét xody.

12.8. HINH HOC CHAN VIT

12.8.1. Pudmg xodn ¢ va mit xodn dc

Pudng xoén 6c 1a quy tich clia mot diém quay véi tdc do ve khong ddi quanh mot truc
va cich truc mot doan 1 déng thai tinh tién véi tdc do v, song song véi truc nay.

V’ |
i

lr__ 21Tk

Hinh 12.55. Dudng xoén ¢ c6 budc khong di va hinh khai trién cia né

Budc xoin ciia dudng xoin 6c 13 quing dudng ma diém tinh tién doc tryc, sau khi thuc
hién diing mot vong quay, ky hi¢u bude P.

Géc budc cha dudng xodn 8¢ la gée ma ti€p tuyén clia dudng xoén Gc voi mét phéng
vuong géc véi truc hinh tru. Néu ti s6 gidia hai thanh phén t6c do khong ddi v,/v, = const,
thi dudng xoén ¢ c6 bude khong ddi.

O = artg L const
2nr

Hinh khai trién dudng xoén 6c budc khong ddi len mit phing 12 mot doan thing, ngugc
lai, dudng xofn &c ¢ budc thay déi, hinh khai trién clia né 1a duong cong.

Néu diém A nim trén dudng sinh hinh try ndi v6i diém B bing cung ném trén truc X va
tdt ca cac diém cha cung ndy (tr diém B) dich chuyén thanh nhiing dudng xoan &¢ nhu da
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néi & trén, va diém B - doc truc x (cdc diém khdc c6 ciing hudng), tap hop cdc dudng xoin
¢ x4c dinh mat xoén &c¢ (hinh 12.56). Trudng hgp dic biét, néu cung duoc thay biang doan
thing AB vuong géc véi truc x va doan 4y tinh tién doc truc X véi t6c dé khong ddi, déng
thoi v6i t6c do géc khong ddi d6i véi truc x, xdc dinh cho ta mit xoén ¢ chudn. Cung AB
goi 1a dudng sinh mat xoan 6c. Mat xodn 6¢ 1a mét khong Khai trién. Gia thiét ring cung
AB nam c6 dinh trong mat phing di qua truc x va di€m A nim trén dudng sinh va gia thiét
rang t8c d¢ gbc quay ciia mat phing ndy d6i véi truc x 12 khong déi, gay ra mat xoén ¢ cé:

- Bude khong déi, néu v, = const;

- Budc thay d6i theo chiéu ban kinh, néu v, = v, (r);

- Budc thay déi theo chiéu truc, néu v, = v, (x);

- Budc thay déi theo chiéu ban kinh - truc, néu v, = v, (r,x).

Trén hinh 12.57 chi 15 cic dudng xodn ¢ khai tri€n, nim trén nhiing bé mat xoén 6¢

trong trudng hop thay cung AB biing doan thing AB.
[

g
I__er.r-__ _‘ fm . 2 _ _|

i
M
S

W

—

Hinh 12.57. Hinh khai trién cta dudng xoin
8¢ tao bdi cdc mat xoin 6¢
a- BuGc khong d6i; b- Budc thay déi theo chidu

. , . . tryc bdn kinh; c- Buéce thay ddi theo chiéu truc;
Hinh 12.56. Mit xoén &c chudn d- Budc theo bén kinh va truc.

12.8.2. Hinh hoc dudmg xodn dc¢

Su chuyén dong clia mét diém trén bé mat hinh tru 6 thé bidu dién dang todn hoc.
Ding hé toa d6 vuoéng goc x, y, z, trong d6 truc x tring v6i truc OO', truc quay
(hinh 12.58).

Néu goc 6 va thoi gian t duge do tir thdi diém khi dudng r & vi trf thing ding, thi 0 = wt.
Budc 1a quang dudng ma r tinh tién db 1 vong, nghia 13 6 thay bang 2n. Déi véi trj s6 khac,
r s€ tinh tién 1 quéng bing P.6/2n.

Toa d6 clia mot diém trén dudng xoén 6¢ 1a:
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x=P62n

y = rsinf

Z = 1coso
Chiéu dai khai trién clia mot phan
dudmg xoan &c nhu ac trong hinh 12.58
6 thé tim ducc bing cich khai tién
hinh tru trén bé mat phang nhu & hinh
12.48. Tam gidc abc ¢6 céc canh:

ab =10

bc = PO/2n
G6c bac bang géc budc ¢
Canh ac s& bang:
(ac)’ = (ab)” + (be)’

p2o?

=r20? + 5
4z

Hinh 12.58. Hinh hoc dudng xoin 6¢

ez
= F (4112['2 + Pz)
oo

2c = 2 (4n?e? + P
2n
Ciing ¢6 thé bifu dién bdn kinh cung cong cha dudng xodn 6¢ bang:

R, = —

cos” ¢

12.8.3. Hinh dang chan vit tau thuy

B& mat canh chan vit tau 12 nhitng bé mat x0an &c, trong d6 ¢6 it nhat mot mat x0dn J¢
khong chudn. B¢ mat cdnh quay vé hudng mii tau goi 1a mat hat, bé mit quay vé hudng
duoi thu goi 1a mat dap. Thuong mat dap 12 mat xoan Oc chudn. Mép giao giifa 2 mat tao
thanh dudng bao canh. Phin cdnh xa nhat truc chan vit 1a dinh cénh. Phan tiép gidp vdi 161
1a d& cinh. Mép canh xédc dinh hudng quay chan vit mang tén [a mép din, nguoc lai mép
kia 12 mép theo. Hinh chi€u lén bé mat vuong géc vai truc chan vit ¢ thé 1a hinh e-lip.

Hinh cdi kéo, mit cdnh rong va bang (hinh 12.59). Tiét dién canh bang bé mét hinh try
ma truc trung véi chan vit, la profil canh ma mit dap (cd hoac 1 phan) thuong 12 mot phan
clia dudmg xodn &¢ cé budc khong 4éi. Profil canh 1a 1 cung (1 doan vong tron) canh may
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bay hoac hinh ném (hinh 12.60) trong dé méi loai c6 thé: det-16i, hai mat 16i hoac 16m-16i.
Dang profil mdy bay véi cac ky hiéu céc thong s6 thé hién & hinh 12.61. Doan néi mép dan
v6i mép theo goi la day cung profil. Cung la quy tich cha cdc tim dudmg tron trong profil,
la duding cong bao profil. Hinh déing profil ciing la hinh ddng dudng cong bao déng thdi la
sy phan bd chiéu day. Dutng hinh ding profil ¢ céc dac trung: d6 uén cla dudng cong
bao, vi tri d6 uén va chiéu day 16i da, tat ca céc dai lugng so véi chiéu day day cung.

|
|
&

Hinh 12.59. Hinh déng dutng bao cinh
a- Hinh elip; b- Hinh cdi kéo; c- Canh dau rong va bing

* » e)

LI, L (e,

Lz <0000 e
R i = o22cr 27y S 7777771y

Hinh 12.60. Hinh ddng céc tiét dién cdnh
a- Mau khéi cong; b- Cinh mdy bay; c- Canh hinh ném

<
D cong ngang
fu
o e
/ - / t Mep dan
Mep thidt . \
“* Budng cuny cong F L

— b

Hinh 12.61. Hinh déng va céc thong s6 ciia profin mdy bay
b- Chiéu rong: c- Chiéu dai day cung; fy - Cong ngang; t- Chiéu day 6i da.
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12.9. PAC TINH THUY BONG LUC CHAN VIT

Chan vit lam viéc trong nudc, thuc hién déng thdi chuyén dong tinh tién doc truc véi
t5c do v, va chuyén dong quay quanh truc véi tdc do géc w = 27, trong do n ¢ vong chan
vit quay trong mot don vi thoi gian. Khi chan vit chuyén déng trong moi trudng ran (nhu
miii khoan dang quay trong 16 khoan) dugc mot doan trong thoi gian 1 vong bang budc cha
chan vit P, td¢ do chuyén dong Pn. Trong chat 1ong, thai gian 1 vong, chan vit di mét quang
pa. ol 12 lugng tinh ti€n cia chan vit. Su khic nhau giita budc va luong tinh ti€n la lugng
trugt clia chan vit va su khdc nhau giffa toc do chuyén dong cua chéin vit trong moi trudng

rén va chat long - t6¢ 4o trugt. He s@ truot duge xdc dinh nhu sau:

P -
S, = L2 =1_PPA=1-V$A- (12.66)
n

bdi vi gifta téc do tinh tién cua chan vit trong chit ldng v, va lugng tinh ti€n cla nd ¢b
quan hé:

Vo = Pa-Ii

Heé s tinh ti€n cta chan vit 1a ti so

D Dn

trong dé: P/D 1a hé s& bude. Dang bi¢n déi don gian:

p
J=(1-80 (12.68)

Khi S, =0thi J = o va khi Sg = 1 tac6 J = 0. Hé 56 tinh tién cling dugc xdc dinh bang

cich sau day:
VYA :‘“’_A.lzlJ (12.69)
Roe R2nn Dn n =

Heé s6 ndy giai bang hinh hoc don gian: d6i v6i ban kinh chan vit bat ky 1a tang clia goc
tinh tién B (hinh 12.50).

A, =2 =g (12.70)
r.m

323



Tuong tu dan dén khai niém hé s6 tinh tién cdm ng:

1
Vat Uy
Ay =——5—=1gp, (12.71)
or - -2-uTO

Khi cdc thong s6 hinh hoc di xdc dinh. Lyc ddy va momen phu thudc vao vong quay va
toc do tinh ti€n. Quan hé nay déi véi vong quay khong déi thé hién & hinh 12.62. Trén hinh
niy ciing thé hién hiéu suat clia chan vit xa thén tau.

Ty, Tv, 1 TD

L— (12.72)

M,

Qw  Q2rn T on Q

Q/n
cons/f‘ 70

4)

I(J'Ka KT;'ZO

by Chdn vit seri 8-3-50 Wageningen

uEr Aoz 12

[1X-3 ¢

¢ 82 04 06 08 10 12 14 J

Hinh 12.62. Dac tinh thuy dong clia chan vit
a - C6 thi nguyén; b- Khong cé thit nguyén.
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Trén truc hoanh cha dé thi nay, thay t8c d9 v,, dat hé s6 tinh tién J bdi vi khi vong
quay khong ddi, giita cdc dai lugng xudt hién cling quan heé tuyén tinh. Cic diém dic trung
cong cua chan vit la:

- Cong khi chay tai bén: t6¢ do tinh tién va hé s6 tinh tién ¢4 tri s& khong, géc tin c6
ich ciia dong nudc vio cdc phan tir cdnh dat tri s6 16n nhat, do d6 luc ddy va momen giong
nhau (d6i véi J = 0), hiéu suat ¢6 gia tri bang khong.

- Cong khi hiéu sudt t6i da - & diém nay hodc gan né (vé phia t6¢ do nhé hon) chén vit
phai 1am viéc, tuy nhién khong phai lic nao cling duge nhu the.

- Cong khi luc ddy bing khong: téc do tinh tién cha chan vit ¢é gid tri v,, tuong Ung
lugng tinh tién p;, né 16n hon bude chan vit P; hiéu suét chan vit bang khong - ¢ cong suat
cung cdp cho chén vit thing sic can cia dong chay qua;

- Cong khi momen biang khong: t6¢ dd tinh tién ¢é tri s6 v,, tuong ing lugng tinh
tién py; nude chay qua chan vit 1hm chan vit quay luc cam tng gay luyc day am.

Luong tinh tién trong khoang: 0 < p, < p, chan vit lam viéc nhu thiét bi day, cong suét
cung cdp ra tir méy chinh tao ra luc ddy. Néu lugng tinh tién thod man bat dang thic:
Px > P chan vit 1am viée nhu tua-bin; tén hao cong suit dé tao moémen nhu 1am cho mdy
phat dién quay. Néu lugng tinh tién thod min bat ding thic: p, < p, < p,. chan vit khong
phai thi€t bi ddy, khong phai tua-bin, toan bo cong suét cung cidp duge ding dé thing sic
can dong chay qua. Chan vit sau tau, diéu kién chan vit khong con thiét bi day, tic 12 khi
luong tinh tién thod man bit dang thic p, > p, xay ra trong trang théi riéng biét: qua thoi
gian ngén trong khi thuc hién mot vai chuyén dong tau (ma-no) hodc khi tau duge kéo.

Hé thitc lyc ddy vi mémen cla chin vit d6i véi tdc do thé hién thuan lgi hon & dang
khéng thit nguyén. Thay luc ddy bang hé s6 luc diy Ky, va thay momen - hé s6 momen K,

T

Ky =—— 12.73
T pD*n’ ( )
Q
K, = ——
Q stnz
Nhiing hé s& nay biéu dién nhu ham hé s6 tinh tién J.
Biéu dién ching nhd hiéu suat chan vit:
Ky I
s A 12.74
Mo Kq 2m ( )

Hé s6 luc ddy vi momen lién quan hé s6 chiu tai luc ddy (cong thic 12.24) va hé s6
chiu tai cong suat (cong thic 12.25) bang céc hé thic sau day:

2
Ky 1: 7= IT : m;"z =Cp=. I (12.75)
pD ' n EP“ZDz"i 8D“n 8

325



3

i

Ky—2 =— % M™a  _c Loy (12.76)
pD’n ipnlDZVJ 8D’n’2nn 16

: 274 7

Hé s6 luc diy vi momen ciing nhu hiéu sudt chan vit phu thuéc hé so tinh tié€n, dugc
goi 1a cdc dac tinh thuy dong luc chan vit, chi rd ¢ hinh 12.63. Dac tinh thuy dong luc chéan
vit, x4c dinh bang tinh todn 1y thuyét hoac biang thuc nghiém (khio sat mé hinh).

12.9.1. Anh hudng ciha cdc yéu t6 hinh hoc dén dac tinh thuy dong cuia chan vit

Pac tinh thuy déng clhia chan vit phu thuge vio cdc thong s6 hinh ddng. Anh huéng
manh nhét: hé s6 budc P/D, d6 cong clia dudng bao profil f,,/b va hé s6 bé mat dudi thang
Ag/A,. Anh hudng y&u hon 1a hé s6 dudsng kinh 16i d/D, chiéu day tuong d6i cta profil t/b
va s6 canh. Cic thong s6 anh hudng thi yéu: dudng bao cdnh, d¢ nghiéng va hinh dang
dudng sinh.

Tang he s6 budc ciing nhur ting géc bude din dén ting goc tan ¢o ich, dong chay vao
céc phén tir cinh, din dén ting luc ddy v momen va do vay ting hé s6 ddy va he s6
momen trong ci khoang hé s& tinh tién J. Anh hudng s6 budc dén hiéu suat chan vit rat la
phiic tap. Panh ring ting hé s§ budc 1am tang luc vd momen, tang tdi trong chén vit,
thuong din dén giam hiéu suit cdm ting, tuy nhién hi¢u suat thi€t k€ thay déi khdc khi h¢
s3 budc nho va khdc khi J 16n. Khi nhitmg hé sé tinh tién nho va tang hé 56 budc lam cho
g6c tan ¢6 ich 16n 1én, ludn ludn lam gidm hiéu suat thiét k& chian vit. Khi nhiing hé s6 tinh
ti€n 16n va tang hé s6 budc, ban diu tir ltc ddy bing khong, géc tan ¢6 ich 16n 1én nghia la
gan vdi tri s8 t6t wu cla hé s6 nghich dao hoan chinh profil, biy gi¢ tang rit nhanh hiéu
suat chan vit, vuot nhiéu lugng giam
hiéu suit cam tmg.

Vay khi tang hé s6 buéc, khi cac
hé s6 tinh tién nho, hié¢u suidt chan vit
gidm, va hé s6 tinh ti€n 16n - hiéu  gsf

KT l?o

™~ ..
. Chdn vit seri 8-3-50 Wageningen
~

suat chan vit taing. Nguyén tac dé thé -
hién trén hinh 12.63. ge

Tir d6 thi nay cho thay hiéu suat 5}
t6i da ma chan vit ¢6 thé dat cling véi
su tang hé sO bude. Hiéu sudt tang to1 92 I
da xem trong khoang cic gia tri hé s6
tinh tién J. Khi P/D = 2, trén gid tri
t6i da, hiéu sudt giam nhanh.

o ‘ Hinh 12.63. Anh hudng hé s§ budc dén
Gitra g6c lye nang bang khong va dac tinh thuy dong chan vit.
dd udn ¢6 quan hé:
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o, =2 . (12.77)
b

Tang do udn dudng bao profil, ting g6c lue nang bang khong o, gay tang gobc tdn thuy
dong cha cdc profil trén cdc bén kinh mat cit canh r. Do tang do uén, chat lugng ciing
tuong ty nhu khi tang hé s& budc (hinh 12.64)

Tang bé mat chan vit khi khong thay déi cic thong s con lai ciing dén dén tang luc
ddy va momen chan vit va tir d6 tang tuong tng cdc hé so clia ching. Tang ca 2 hé so,
khong ty I¢ v6i sy tang bé mét chan vit nhung hoi cham hon. Do dé tang lyc trén chan vit
dan dén tang t6¢ do cam ttng, nhu viy lam giam goc tan ¢4 ich.

Téac dung tang bé mat hoi yéu. Tang bé mat chan vit thudng dén dén tang hiéu sudt
chan vit: giam hiéu sudt cam éng vi nhiing nguyén ohan di néi trén ciing nhu hi¢u suat
thiét k&, bdi vi hé s6 nghich ddo hodn chinh profil 16n 1én. Nguyén 1ac d6 thé hién d

hinh 12.63.
K — Ky,
08 R j/D=const : - Plp= const  Z = const
: obt AE /Ao = 0,35
[ Ag JAo=050
usr / A, /A =065
/ E/ .
04

Hinh 12.64. Anh hudng d6 udn profin Hinh 12.65. Anh huéng bé mat cdnh
dén dac tinh thuy dong chén vit dén dic tinh thuy dong chén vit

Tuy nhién, néu khdo st chan vit ¢6 cling dudng kinh v ciing hé s6 tinh tién, luc ddy nhu
nhau, didu dé khé di dén két luan rang, khi tang bé mat canh luon cho hiéu sudt chén vit 161 da.
Thue &, véi céc gid thiet ban dau, hiéu suat cam (g khong ddi, hiéu sudt chan vit thay déi chi
phu thude hiéu suat cau trdc, nhiing diéu d6 uon luon dat duoe 13i da khi hé s6 déo hoan chinh
profil t6i thiéu, déng nghia véi viéc xdc dinh bé mat t6i wu clia chén vit.

Cic thong s6 khéc dac trung hinh déng chan vit anh huong khong dang ké dén dac tinh
thuy dong. Tang chiéu day tuong doi cha céc profil t/b. Khi do udn cha dudng bao profil
khong déi, c6 thay déi it dic tinh thuy dong, trude hét 14 do thay dbi sic can profil.
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Tang dudng kinh 16i {moay-0) lam giam luc ddy va momen chan vit, do d6 giam tuong
{mg cac hé s6 cta né. Nhung vi diéu kién nao dd ddi hoi tang dudng kinh 161 ma khong
thay déi luc ddy (khi khong thay ddi dudng kinh chan vit), nhu vay phii ting twong tng bé
mat va budc, gy gidm hiéu suat chan vit.

12.10. SUI BOT

Sai bot thudng gip véi nhiing chén vit nang tai, vugt s& vong quay téi han nao do, cé
dong chay khong lién tuc va luc ddy giam dot ngot, t6c do tau khong dat nhu mong mudn.
Trude khi st bot dat cao diém, cé tiéng én, rung va xam thyc cdnh, gid dg, banh 14i.

Thoi ky ddu nhimg vén dé ndy chi dé cap dén doi voi nhing tau téc dé cao, nhumg dan
dan t6c do va cong suat thu tang, hién twong xam thyc cia stii bot tao nén cang nhi¢u va
cang quan trong, dac biét nhimg tau c6 cong sudt 16n, thu mot chan vit. O nhimg tau c6 su
thay di 16n vé dong theo trén chan vit, né kich thich sti bot, va can thiét c6 su xem xét dac
biet dén khodng cdch chan vit véi vo tau va nhimng tic dong qud tai cha chan vit khi thoi ti€t
xau hodc khi ddy thu ban. Tranh sii bot va xam thyc la yéu cdu quan trong trong viéc thiét
k& chan vit, c¢in luu ¥ van dé sai bot trude khi di vz‘aé.o cdc phuong phép thi€t k& chan vit.

Bai bdo sém nhat vé sii bot chan vit tau 1hu§! do Osborme Reynolds viét ndm 1875,
ong dé cip dén anh hudng cla chan vit quay nhanh. Augustin, Normand 1a nhitng ngudi
dau tién thi nghiém va 1i gidi nhu sau: chdi long dich chuyén do canh chan vit quat nudc
ddy vé sau nd, cdn phai lam ddy thudng xuyen chd trong.

Téc do thuc cla dong chay mot phin do hiéu 4p suat san sinh. Néu toc do nay khéng
di, xdy ra su ngét quing khdi nudc va chan vit s¢ quay trong hén hop nudc, hoi nuée va
khong khi.

Dé 15 hién tuong ndy Augustin Normand thi nghiém trén tau phéng ngu 16i 138 Hai
Quan Phép. Ong thuc hién do dac ¢ hé thdng thay ddi do ngap cha chan vit. Ong chd ¥ lue
kéo thay déi gan nhu binh phuong véi s6 vong quay clia chan vit.

Ciing vao thoi diém 4y, Ong Charles Parsons déng chi€c tau Turbinia chiing minh sang
tao cha 6ng vé tuabin hoi tau thuy. Nam 1894, tau chay ddu tién 1 truc, 1 chan vit, 2 canh
dudng kinh 30 in cho két qué khong nhu ¥ muén. Qua lan chay thir tau Daring, 6ng nay ra ¥

tudng gi6i han luc ddy ma chan vit phat ra can bing véi dp suat 1 1% psi (do su hinh thanh

sk bot trong nudc).

Sau d6 6ng thay 1 chén vit bang 3 chan vit rén mot tryc. Khoang cdch xé&p dat chan vit
thif 2 diing gilia ci trudc, cdi sau c6 két qua t6t hon, t6¢ do 19% hli/h. Sau cing Parsons

lap vao tau Turbinia 3 truc v méi truc 3 chan vit, dudng kinh chan vit 18 in, ti 56 dién tich
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Ag/A, = 0,60. Nhiing chan vit ndy cho déc do thir 32% hli/h v6i 2000 hp. Nhimg lin thu

sau, to¢ do vuot 34 hli/h.
Ban diu, ngudi ta nghién ciiu vé céc nguyén nhan cla sii bot vGi nhiéu tiéu chudn dé
tinh kha nang xuét hién sii bot.
Pé hidu tinh chat co hoc vé sl
bot, ching ta coi tiét dién canh
chan vit hodc cdnh mdy bay dat

dusi mot goc tin nho trong 2
chiéu, én dinh, dong khong nhot,
hinh 12.66. Dat v, toc do dong
nhat, 6n dinh, cich xa phia trudc

o y dong

PR TP N . p . -2.0 thang cua
tiét dién va tuong ung dp suat P,.

Mot dudng dong néng nhu AB;
theo Bemomilli, ta c¢é hé thuc:

2

p o V 11
—w— + Eg— = const o ap sudl Jing g
hoac + Loyt = const '
! Po+ o PV, = CON Hinh 12.66. Dong va 4p sudt quanh cinh méy bay

Tai mot diém bat ky P trén
duong dong c6 ap suat p, va t6c do
v, tach:

|
+=pv, =P+ =PV
pi 2 p | pu 2 p 1]
va sy thay déi vé ap sudt s& la:

v,
Ap=p =P, =5 PV, - vi)

Néu v, 16n hon v, nghia la dong c6 gia t6c, vay p, nho hon p,, 4p sudt gidm va Ap am,
va ngugc lal.

Tai diém S gin mép din dong ré ra va chat 1ong theo dudng dong s& xoay qua 907, mat
hét 16c do va dong lugng ciia né trong hudng chuyén dong doc dudng dong. Do vay tai
diém S, 16¢ do v, bang khong, va:
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1
Ap=p,-P,= Ep-Vi

Sy tang 4p sudt tai diém S vuot dp suat xung quanh p, boi vi bang 5 p.v2:Sgoila

diém ngung va dp suat dong cha dong la q.

2
=—=p.v
q 29 o

Chét 16ng trén nhimg dudng dong sé di qua bé mit thodt cla cdnh vdi téc do tang do dp
suat gidm, trong lic phia du6i, mat dap 4p suét tang, hinh 12.66. Do hi¢u 50 4p suét giita
hai mat, phét sinh luc ning trén ti€t di¢n.

Tai mot diém trén mat thodt cua cdnh, 4p sudt p; va tdc do v,.
_ 1 2 2
pl _pn+5p(vn - vl)

=p, +Ap
Néu p, trd nén bang khong
Ap =-p,
Do nuéc khong chiu ndi siic cang mat, dong bi giy xuéng tai diém dé véi su hinh
thanh bong béng va xam thuc.
Trong thuc t, tinh trang nay xay ra hoi s6m hon khi p, gidm khong phai dén khong ma
dén ap suat hoi nuée p,.
Tiéu chuén sé la:
p. =p,+ Ap

hoac: Ap=-{(p,- P,

Chia 2 v€ phuong trinh cho dp suét dong % p.v. hoic g, sti bot bit ddu khi:

Ap _ p,— Py

-y le v

q q
D@t Pe— By -

dugc goi 1a s6 shi bot.
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S6 sai bot, ngoai nhimg di¢u kién lam viéc clia profil, phu thuoc do sau cua profil dudi
mat nude, phy thuoc nhiét do nude va toc do v,. Trong trudng hop dac biét nao dé, o co thé
tinh p, 12 tdng dp suat tinh bing téng 4p sudt thuy tinh va dp suat khong khi:

p, = P, + Y,
trong d6: p, - Ap sudt khong khi (kG/m’)
v - Trong lugng riéng chia nude (kG/m™);
h, - Do sau cla profil (m);
p. - Ap suat hoi nudc bio hoa phu thudc nhiét dd cua nudc bang.

Bang 12.5. Ap suat hoi nuée bao hoa phu thugc vao nhiét do

l

teC) 5 10 l 15 l 20 30 40 50

p,. 1072 [Pa] l 8,73 12,26 17,07 23,356 42,48 73,77 123,41_J

q- Ap suat dong phu thudc vio t6c do v,. Téc do v, cang 16n, nhiét do nudc cang cao va
d6 sau nhod, s6 sli bot cang nhd, hién tugng shi bot cing dé xay ra.
Ap/p phu thudc vao hinh déng profil va goc tan.
(AP/Q)ms 12 thong sO dac trung d6 nhay sti bot cla profil got i2 hé s6 lodng 16n nhat, ky
hiéu £,,.. He s6 lodng c6 tri s¢ 16n nhat goi 12 s sai bot t&i han:
O & G

S6 sni bot t6i han tuong tmg t5¢ do 16i han cha dong chay vao profik:

S siii bot téi han phu thudc hé s6 luc nang, chiéu day tuong déi (t/b) va do udn tuong
d6i fm/t 1a dac tinh quan trong ctia profil ma ngudi ta st dung trong thiét k€ chan vit tau
bing phuong phép 1§ thuyét xody da xédc dinh chidu rong 16i thi€u clia cénh 4 nhimg bén
kinh cho trudc, dam bao khong sii bot trén profil lam viéc.

Nhitng pha sti bot ¢ ban trén profil:

Pha ban déu, nhan thay nhing bong béng sui bot nho, xuat hién trude hét do sy phan
tan hoi vao trong nhimg ion sli bot trén cic diém profil, noi d6 ap suit cuc bo giam dudi 4p
suit hoi bio hoa. D6 1a sii bot hoi trude hét. Thuc t& nhitng bong bong nho nay khong anh
hudng dac tinh thuy dong cia profil.
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Trong pha thit nhat trén profil cé suii bot hoi. Tinh chat va vi tri shi bot phu thude truée
hét thuy dong luc goc tan caa profin (hinh 12.67). Néu géc tin 16n, sii bot xuit hién gan
mép dan cla profil, trén mat thoit.

Né&u gée tan nhéd gan bang khong, sti bot xuat hién & doan gitra hoic gin phia sau cla
mat thodt. Néu gdc tdn am, sai bot xudt hién & mat dap gan mép dan.

Pha thit hai, sti bot ca bé mat thodt cla profil (hinh 12.68) va bién mat & xa profil. Bdi vi
trén ca mat thodt, 4p suat khong déi bing 4p sudt hot bio hoa p,. Trong pha nay, shi bot thay
déi rd nhat dic tinh thuy dong cha canh: hé s6 luc nang giam va - hoi it hon - hé s6 luc can.

Sui bot manh trong giai doan ba, sGi bot goi 1a siéu sui bot hodc sui bot hoan toan.
Profil dac biét chiu nhimg diéu kién lam viéc siéu sui bot ¢6 cdc dic tinh hinh ddng: rat
nhon va cun & mép dan ddy & mép theo. Day mép theo dam bao thém vé stic bén vdi profil
mong. Profil siéu bot ¢4 dic tinh hé s& luc niang nhé hon, hé s6 luc ¢an ciing nho hon.

Hinh 12.67. Anh hudng thuy dong cta géc tan
dén vi tri xam thuyc trong pha dau sti bot

Anh huéng sti bot dén dic tinh thuy dong clia profil nhu d6 thi & hinh 12.69. Tir hinh
vé ta thdy 0 rang khong chi nhu bat dau, pha sii bot phu thuée vio s6 shi bot va géc tan
profil: khi géc tin ién, sOi bot nhanh hon.

Cl. CD
1007 c
L
=67 | )
*h = 20
15 20 @
Hinh 12.68. Xam thuc va phan bg 4p suat Hinh 12.69. Anh huéng sii bot dén
trén canh trong pha thi hai dac tinh thuy déng cta Profin
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Profil Tam viéc sau tau dé bj shi bot hon chén vit xa than tau, do viing sau tau 4p sudt
trén mat dap giam.

Ti¢u chudn dé ngan ngira sii bot:

Nhiéu tieu chudn di dua ra dodn trude sy bét ddu sbi bot. Tiéu chudn sém nhat, sir dung
luc ddy trung binh trén 1 inch vudng dién tich hinh chiéu canh, d&€n bay gid khong da chinh
xdc, tuy nhién thiét k& vin con dung xem nhu hudng dan ban dau.

O.Barnaby tinh ra tiéu chuén tir ian thir tau Daring 12 giGi han ap suét 1 IZ psi cha dién

tich hinh chiéu chan vit khi mit cdnh ngap 11 inch. Néu gi6i han nay ting 3/8 psi thi tang
do ngap 1 foot. Tiéu chudn nay da duge xac nhan khi thir Turbinia. Cling h¢ s6 luc nang
trén i€l dién, sy giam 4p sudt trén mat thodt phu thude vao hinh dang ti¢t dién va nhimg
diéu kién khai thac. Mot tiéu chudn bat ky dua ra cling phai tinh dén cdc yéu 6 d6, va khé

tim mot tiéu chudn thoa min thuc €.

Phuong phép hién dai tién gin dén sy tinh toan su phan bd dp sudt quanh tiét dién, hodc
do chiing trong hdm gié hoac nudc. Biét gdc tén thue, tr 1y thuyét vong xéc dinh sy gidm
4p sudt t6i da trén mat thodl cia tiét dién, dé so sdnh vdi 4p sudt finh (p, - p,). Géc tén thyc
phu thudc vio dong theo, trong d6 chan vit lam viéc. Trong thyc t€, géc tan thay déi trén
hoiic dui gid tri trung binh, sii bot c6 thé xudt hién & vong quay hoi thdp hon. Soi bot
muon xudt hién hoac trinh dugc néu dé y hinh déng than tau, khoang hd gitta chén vit va
vd tau, sir b tri ddu truc hoac truc va gid d& véi hudng dong chay.

Tiéu chudn chung 12 su cdn thiét chon dién tich canh dé tranh shi bot. Do thi thit ke
xem nhu huéng dan dé tranh sii bot qua mic va xam thyc dudi nhitng diéu kién khai thic
binh thudng do Bugriil dua ra nam 1943. Diing hé s6 y. biéu thi hé s6 tai luc ddy trung binh
trén cac canh:

T/A,

VSR

Burrill xay dung theo s6 xam thyc tai tiét dién 0,7R (0, )
trong do: T -Lucddy, 1b
A, -Dién tich hinh chiéu cha canh, sqft;
vy - Téc do tuong déi clia nudc tai tiét dien 0,7R, fps;

Gy or - S0 slii bot cuc b tai ti€t dién 0,7R.
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Hinh 12.71. D6 thi sui bot theo Burrill

Dién tich hinh chidu clia canh Ap ¢6 thé tim dugc tir cong thic gin ding thong dung
ctia Taylor (A, - dién tich khai tri¢n).

A A, = 1,067 - 0,229 P/D
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Luc ddy trén mot don vi dién tich ¢6 thé tinh tir ehp va dhp (Pg, Pp)

T _pe(+x)33000 1 o
A, (1-pv.10133 1444,

pe (1+X)

=226 ————— psi
(1-O) V. A,
Pe=n,.Pp
trong do: 1+x - Heé s6 tuong quan mo hinh tau;

v - Tdc @6 tau, hai li/h:
A, - Dign tich hinh chi€u ciia cac cdnh, sp.ft.
86 xam thuc o, duge tinh, ding t6¢ do tuong d6i v & ban kinh 0,7 va dp sudt tai

duong tam chan vit. Burrill cho cong thic dé tinh:

D, - p.= 14,45 + 0,45h

va qQr = %Qv,ﬁ = (v, /7.12)" + (nD/329)°
trong dé: Pus Py - Ap suft tai dudng tam chan vit, psi;
h - Khoang céch tir dudng tam chan vit d€n mat nudc, ft;
qr - Ap sufit dong wong dng voi Ve, psi;
v, - Tocdotién, hili=v (1-w)
n - S6 vong quay trong 1 phut,
D - Duodng kinh chan vit, ft.

S6 xam thyc cuc bo s€ la:

Po— Py
Cpr = q
T

D6 thi & hinh 12.72 xudt phat tir thi nghiém d6i v6i cde ¢ chan vit va ¢6 nhimg dudng
dé nghi (khong lién nét) gidi han tén ciia T/Ap v6i nhiing chan vit 1am viéc ning né (tau
chién, tau budm) do céc tiét dién khdc biét dé tranh sti bot trén mat dap. Pudng thy ba,
gi6i han thip hon ctia T/Ap dé tranh st bot d6i véi tau kéo va tau ddnh ca.

D& thit mé hinh tu Netherlands dua ra tiéu chudn gin giong, cho dién tich t6i thiéu
cha canh dé tranh si bot. Tiéu chudn nay dua trén su phén tich cua mot sO chan vit.

A% = i
P 1360(p,— py}1.5vy
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trong dé: A - Dien tich hinh chi€u céc canh ft*;
T - Luc day, lb;
p, - Ap suat fai tam chan vit do ngap nuéc cong véi dp sudt khong khi, psi;
Py - Ap suit hoi bdo hoa, psi;

v, - Tocdo tinh ti¢n hai ly/h.
Dudng cong duge thiét 14p theo cong thic dua vao dé thi Burrill ndm trén dudng gidi
han trén cta chan vit tau hang.
Phuong phép thiét k& cu thé, diing 1y thuyét xody, 1i s6 dién tich cé thé chon tir mot
trong nhitng cong thiic kinh nghi¢m va sau d6 chon.

2.5
E] . T
T =he d3y (165) \ ’ - | ~ ? \
041 Ap=Ap{(0,157 - 02297/D) Py it | L 40 |
. Vo - 18¢ d5 tuting d?".' 13 0,7R & l
<] - - iAo =2 EHPY +X "
S| g3f T (1b-1)V. 4, (Ubsf1) Ta?
i ~e P, -Py = 14,65 +0.15 h(2bs 1"} o
> PR/ D
e | weed ey
":\‘1 oz h- kc_h} fim frucfién
0w diting e thidh ké’ J‘
uh-
| |
of WL Hinh 1h€"hidn s6'% si7 bot Irén
“-'5\< / s mst dap cank chan vit
£ 2% 5% 10% 20% 10%
o |
2~ . A ing R e
e | _ i
& | N
005 ‘ ] -+jl- L
o1 0.2 0.3 04 05 0 07 DB 0910 2.0
$5'suf bot cuc 639 0TR =G g7 = Ro =P

91

Hinh 12.72. Biéu dé sui bot don gidn
Trong budc thiét k& ban dau, cong thuc hudng din cta Keller d¢ trdnh céc bong bong
s0i bot 13 tinh ti s6 dién tich.

Ag _ (13 +03Z)T LK

AO (pn_pv)Dz
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trong dé:

AgA, - Tisodien tich cua chin vit,

7. SO canh cla chan vik

T - Laugc day (kG);

p. - Ap suét tinh tai tam chan vit (kG/m");
P - Apsuit hoi (kG/m®):

D - Duong kinh chén vit (m);

K . Hing 0 phy thudc chiéu ddy cinh;

K = 0.30 dgi véi | chan vit bang dong dd va do nghiéng canh gin 10%
K =0.15 so v6i 2 chan vit biang déng va | chin vithop kim niken - nhom;
K = 0.1 d6i véi 2 chan vit bing hop kim niken - nhom va do nghiéng canh nho;

K = 0 dén 0,05 doi véi chan vit tau chay nhanh nhu tau san bat, tuan tiéu.

12.11. TAC PONG TUONG HO GIUA VO TAU VA CHAN VIT
Chan vit 1am viéc trong vung gén vo thu, khdc khi & xa trong mol truong nudc khong
-xody. Chan vit gay ra sy gidm 4p trén mat hat lam viéc, ngudl ta nhan biét dé dang rang
chan vit ]am ting sic can R cua than tau.
Dé lam 16 téc dong twong hd gifta vo thu va chan vit, ngudi ta dua ra hai he so:
- Mot 1a hé 56 dong theo w:
- Hai 13 heé s0 luc hut t.
He s6 dong theo dac trimg cho tic dong clia vo tau lén chan vit.
He s6 hiit déc trung cho tic dong cha chén vit Ién VO t1au.
12.11.1. Dong theo
Khi tau chuyén dong, than tau lam r6i hoan dong nudc bao quanti. Trong vung lam viée
ctia chan vit xuit hién dong chay ¢é mot 16¢ do nhéat dinh va ¢ hudng trung véi hudng
chuyén dong cla tau. Dong chay nay dugc goi la dong theo. Sy khéc nhau gila toc dd tau v
vii 1oc do tinh tién v, goi 1a ¢ do dong theo. Toc do dong theo thay doi trong ving lam
viéc cua chan vit va c6 gid i 1on nhét ¢ nhitng ché gan than tau. Cang x4 than tau, gid tn
nay cang nho. Dong theo thutng ¢6 lgi khi hudng clia n6 tring véi hudng cua tau nhung co
khi bat loi (gid tri am) nhu doi voi cac thu 16¢ do cao, tau chién.
Froude biéu dién 16c do dong theo nhwr ti s6 16¢ 40 Al v,
V=V,

Wg = (Froude)
A
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Taylor dua ra khic, bicu dién ¢ do dong theo nhu ti 56 16¢ do tiu v,
V- v,
W, = ———— {Tayior)
\,.’
v vio=viil-wy {Taylor hoac Paris)
trong do: v - Toc do cua tau:
v, - Toe do tinh tien (¢d ich) cua chan vit.
W, - He »0 dong theo Froude:;
wy - He 50 dong theo Tavlor.
Neudi ta ¢ thé néi ring dong theo dac trung cho s khéc nhau gica dong chay ¢o toe
do song song dén vo cung va dong chay thuc trong ving chin vit, si khic nhau dé do:
- Su ton (ai trudng toc do do tau chay 161 vé6i 16c do v;

- S 16n tai lop giGi han, noi ma cde hue nhét tham gia;

- Suhién dién cita s6ng di theo. N
i "
o » . . . .4 \‘
[ong hé so dong theo w, gdm cé: S
- a - . 2z o - - - a - ' I'.
a) Dong the w: Mat thu bin vé phia trude vi ma rong S B
- . - N - ' - n N i ! !
ra hai bén cdic dudng nude doi hudng, tap hop vé sau déi : ‘
huéng lan hai; d¢ tam diy ché tréng do than Giu: o
/ !
. ! !
w, =8 dén 0% w, s
- #
b) Dong thco ma sidt wy.: né 1a két qua tdc dong cua su T
€0 Xdl, no phu thudée do nham cua tau vi chiéu dai tau. Tri
sO cua né thay déi do do nhdt chat 1éng. N6 tré nén bing Hinh 12.72. Dong the w,

khong nhanh khi xa vo tau.
w, = 80 dén 90% w,

¢) Dong theo vong tron W ;

Theo 1y thuyet song trochoid. ngudi ta biét rang toc do vong cia cac phan i nudic
(vitesse orbitaies des molécules) ¢d hudng nguyc tao thinh dinh séng va ddy séng. Dong
theo vong tron do anh hudng séng theo ¢ thé 1oi hoac khong loi khi chan vit ¢ dinh séng
hoac ddy séng, Cuémg do dong theo vong tron y&u hon hai dong theo khic. Ngudi ta tinh
1a tri trung binh gan ding thudmg ding ti s D/L (duomg kinh chan vit/chiéu dai tiu) d¢
chi do tén cha dong theo vong.

w, =3 d¢n 5% w,

Tong hé so dong theo lién quan ba thanh phdn 8¢ do: thanh phan doc truc. gée v quay
(vong). Thanh phin quan trong nhat [ thanh phén doc truc. ndi chung 1dy né dé xem xdét.
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Thuomg dong theo ba chiéu chi do treng nhitng trudng hop dac bi¢t (luc va momen thuy
déng xiic dinh cdce dac tinh cua dao dong tau).

12.11.2. Luc huot

Téc dong clia chan vit déi véi than tau 14 khi lim viée. chan vit flam thay doi dong chav
phia sau than tau va gay sy chénh I¢ch dp suat gira mii va dudi tau. N6i chung stc can tiu
tang thém va lugng tang nay la lyc hat,

Ta ¢6 thé viét: T= li (Froude — Taylor)
-t
trong dé: T - Luc diy cla chan vit:

R - Stic can cua tau:
1 - He 56 lue huit (Froude - Tavlor)
Ciing nhu dong theo, ¢6 h¢ 56 luc hiit ma sidt 1, v hé 56 luc hut dong the t.
12.11.3. Céc cong thirc hiéu suat chung va hi¢u suat vo theo ham cua w va t.
Hiéu sudt chung cta hé vo tau - chin vit:
congcoich Rv

¢congcung cipchochinvit  2rQn

Q - Luc xoan cua chin vit;
n - SO vong trén gidy.
Neu dat ¢hi s6 0 cho nhimg thong s6 cua chan vit lam vige trong nude v do, ta ¢

the viel:

Rv = T(l-t) hR | Sl T
2nQn “1—w 27Qn  l-w  27Qn

T v, -t n v TQ.
27Q.n, l-w v TQ

Bic¢u thuc diu tién 12 hicu suat chan vit tr do: 0.
Bicu thitc thir hai la higu suat vo n.:
Bicu thifc thir ba bang 1;

Bi¢u thie tha tu gan bang 1, goi [a hi¢u suat quay:

ot

12.11.4. Tri so cua dong theo va luc hat

Trong nhiéu truong hgp dong theo tang theo hé s6 beo the tich, nhung s thay don o
do ft. Kich thude cta chan vit, trir duding kinh. ¢6 hoac khong ¢6 anh huong dén dong the
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vi luc hiit. M6 hinh tau 1 chan vit c6 dudng kinh nho. thi nghiém ching 6 h¢ so dong theo
cao hon, hé s6 hit nho hon chan vit duong kinh ién.

Mo hinh tau 2 chan vit, géc cla truc ong bao 45 cho stc san oho nhat, nhé hodc 1on
hon 45", sdc can tang nhung khong anh huong dén hé 0 hut.

Hé so dong theo cao:

- Khi goc cua truc ong hao nam ngang (horizontal bossings) v@i chan vit quay ra; va

- Khi géc clia truc éng bao thiing ding (vertical bossings) voi chan vit quay vao {gquay
vao - quay ra la nhin tr dudi vé miii tau). Hieu suat ddy 10t nhat khi chan vit quay ra, khi
g6e clia truc nho hon 457, va chin vit quay vao khi géc cua truc {om hon 457

Sur khao sat khdc quan irong vé dong theo do gido su Bragg o Michigan v@3i 2 nhom mo
hinh tau | chan vit. K& qua thi nghiém chi 6 rang h¢ 56 dong theo tang vai he s6 béo dimg
(& / ). 10 s6 B/T clia mo hinh va do cao dudng truc nhung hé s6 dong theo giam khi duong
kinh chan vit tang.

Su khao s4t 1dn thit ba coa Taylor vé dong theo biing hé thong thi nghi¢m mo hinh, thuc
hién ¢ bé thir & My, mo hinh 1 chan vit ma nhiéu ¢han vit khdc nhau. da thay rang dong
theo tang khi dudmg kinh giam nhu khi chan vit nho trén mat nude. Taylor cho tr1 36 trung
binh cua hé s& dong theo khi thict ke ban ddu, gid tri nay rat ra vr sy phan tich két qua thir

cua 150 tau.
Bang 12.6. Bang tri s6 cia hé s6 dang theo Tavior

' Hes8Cy i Tau 2 chan vit Tau 1 chan vit ]
‘ 050 | -0,038 0.230

0ss -0,021 0,234
},' " o060 +0,007 0,243 !
T 0.65 0.045 0.260 '
T om 0001 0.263
o 075 0,143 | 0.314
.— """""" 0.80 B - 0,354
T o0ss ' S 0,400 )
= 0.90 | : 0,477 A

Schoenherr da thi nghiém va phan tich hé so dong theo va luc hiit véi moé hinh ty chay
A hé thir USEMB (U.S. Experimental mode! basin}'”. Cling trong thoi gian nay 65 miu thu,
.hong ke cia 61 mo hinh thu 1 chan vit duoc phan tich va dua ra cong thuc kinh nghiém.

(*) Cong trinh nay di dang va ghi trong sdch “Principles of Naval Architecture” nam 1939 (trang 149).
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Hé s6 dong theo tau 1 chén vit Schonherr:

w=010+45

CVPCP

(7-67)(2,8-1,8C)

B 1
R
L 2[

E D
T

k’K]
B

trong do: C,, - Heé s6 béo dimng;
C, - He s6 béo doc;
B - Chiéu rong tau, ft;
L - Chiéu dai tau, ft;
T - Chiéu chim tau, ft;
E - Chiéu cao truc chan vit trén dudng co ban, ft;
D - Buong kinh chén vit, ft;
K - D6 nghiéng clia cdnh chan vit, radians;
k! - He s& = 0,3 cho song dudi binh thudng, bing 0,5 + 0,6 cho dudi hét.
0.4
0.3
: \
=
u
‘i‘m
S P
Ay . g .
v:_ - o — |
T ooy - — ]
= l w— |
|
o] i L R & &
050 0.60 0.10 080
Hé 53’ beb 1hé fich Cg
Hinh 12.73. Hé s6 dong theo Taylor ctia mo hinh tau 1, 2 chan vit
Bang 12.7. Anh hudng su bé uri dudng truc véi hiéu suat vo
Ca 0,50 0.60
30° Truc hd 60° 30° Truc hd 80°
W 0,111 0,071 0,111 0,143 0,103 0,043
t 0,165 0,110 0,143 0,176 0,132 0,151
1-t :
My = 1—; 0,036 0,958 0,867 0,961 0,968 0,887

341




y - gée cla truc so vot mat phang nam ngang (horizontal plane)
Khi Cg = 0,50 va 0,60, gia tri w va t lay & bang trén.

He s dong theo tau 2 chan vit cta Taylor.
w =2Cy (1-Cy) + 0,2.cos’ 8 : q;J - 0,02
Khi chan vit quay ra, géc truc nim ngang
5 2|3
w=2C5(1-Cg)+ 0,2cos {5 (90 — w)] + 0,02

Khi chan vit quay vao
w=2Ca(1-Cp)+ 004 (c6 gid dd truc)
Hg¢ s6 luc hiit tan 2 chan vit cta Taylor
t=055C;-02=w
He 56 hiit tinh theo Schoenherr:
- Tau 1 chan vit: t=kw
k =0,50 = 0,70 néu sau chén vit 12 banh 14i thoit nuéc;
k = 0,70 =+ 0,90 néu sau chan vit 12 banh 14i khéi hop;
k = 0,90 + 1,05 n€u sau chan vit la banh l4i tam.
- Tau 2 chan vit: t=0.25w+0,14
Khi truc khéng gid d& (bossings)
t=0,70w + 0,06
Khi cé gia d& truc (struts)
D61 véi cdc tau quéan su c6 dudng hinh ddng khéng khéc nhiéu so v6i tau hang, w, t ¢é
thé tinh theo bang 12.7.

Néu tau quan sy ¢6 dudng hinh déng dac biét, ¢6 thé xdc dinh so bo theo bang 12.8.
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.30
W

& E@éﬁ”‘” T

e -] \ e e o '
==y L
— ]
Kidy (3 vh\
0 . '

05 1,0 1,5

v 8
'
Hinh 12.74. Hé 56 dong theo ctia thuyén may
Bang 12.8. Heé s8 w, t clia tau quan su
Loai tau w t
Tau boc thép va tau tuan duong nang 0,15+ 0,20 0,18 + 0,22
Tau tudn dudng nhe 0,035 + 0,10 0,05+ 0,10
Tau khu truc, tau vt min 0,00+ 0,10 0,06 =008
Tau ngam 0,10 + 0,04 0,01=0,03

Pé6i v6i thuyén may loai nho hé s6 dong theo cd thé x4c dinh so bo theo hinh 12.74. H¢
s6 luc hut xdc dinh theo cong thitc Schoenher. C, nhan tr 0,7 + 1.1. Nhan C, nho cho
thuyén c6 banh l4i, séng duoi, gid d& truc chan vit khéng lam cho dong chay thay déi 16n.
Nhan C, 16n cho diéu kién dong chay xau.

P61 vdi tau kéo ¢6 the tinh theo cdc cong thic sau:

Cong thirc Keldvil.

Cho tau kéo mot chong chéng
1

W= & + 0,01 (12.78)
Cho tau kéo hai chong chong

w:%S«(),Ol (12.79)
t, cho ca hai loai tau

t=aw (12.80

a=0,5+ 0,7 khi banh lai va tru ldi c6 profin dang khi dong hoc;
a=0.7 + 0,9 khi banh l4i c6 profin dang khi dong hoc, tru lai cd ti€t dién chif nhat;
a=0.9 + 1,05 khi banh l14i khéng c¢é profin dang khi déng hoc.
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bsi v6i tau kéo mot chong chéng ciing cé thé tinh theo cdc cong thiic sau:
w=10,3556 + 0,05 (12.81)

t=0,2258+0,16 (12.82)
D6 vot tau kéo song, w va t ¢6 thé Idy theo bang (12.6) va bang (12.9), (12.10)

Bang 12.9
Loai may day w t
Hai chong chéng dudc che 0,278 0,335
Hai chong chéng trong dudng vom 0,276 0.114
Hai chong chéng trong dudng vom (chong chéng nhé ra 0,3m dudi ky tau) 0,238 0,102
Ba chan vit dudc che 0,326 0,256
Ban cheng chéng trong dudng vom 0,354 0,196
Bang 12.10
Loai may day w wit
Vom dudi, 1 chong chong 0,20 1,85
Vam dudi, 2 chong chong _ 0,27 1,85
Vam duéi, 3 chong chéng 0,31 1,88
Vom duéi, 4 chong chéng 0,35 1,85
Chong chong dugc che 0,27 0,85

LY

i ¢

W N
0.4 w\‘ |l

' “""'-;.___ ! ‘IC - f .

OIS %H_‘* A hd‘n Vrf2 : L
02 | Chén vit | |\ D
o1 | ¢ - _.._—-—_%%
. /_’T,ﬁ::fll:;" | -

2 T T A
Hinh 12.75. Lién hé gitta h¢ s luc huit Hinh 12.76. Hé s8 lyc hit chong chéng
va dong theo véi téc do tau khéng ngam toan phan trong nudc
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D6i v6i tau kéo, cdc gid tri w, t khong nhimg can thi¢t xét trong trudng hop tau boi
do (dd cho trong cdc cong thic va bang) ma ca trong truong hop thir tai bén (v=0) nlia.
Trong trudng hgp v = 0, ¢ thé nhan t = 0,04 + 0,05 va tang tuyén tinh cho dén gid tri x4c
dinh theo bang hay cong thic & t6c do boi ty do. w ¢6 the nhan khong ddi nhung trong thuc
1€ ¢6 xu huéng giam dén khi téc do tang (h.12.75).

D6i véi tau c6 dudi dang dudng vom, hé s hit t phu thude nhiéu vio chiéu sdu ngap
nudc ciia chong chéng vi c6 thé tinh theo dé thi trén hinh 12.76.

D6i v4i tiu cd, w v t ¢6 thé tinh theo cong thitc Taylor, Keldvil, hoac theo cong thirc
Heckscher:

Cho tau dénh luéi gid

w=0,77 ¢ -028 (12.83)
=077 ¢ - 0,30 (12.84)
t vi w ¢6 thé chon sao cho higu sudt than tau
My = = 101 + 1,06 (12.85)
1-w

Sy phan b& t va w ¢6 thé chon nhu cla tau kéo.

12.12. THIET KE CHAN VIT

12.12.1. Céc phuong phap thiét ké

Viéc thiét k& chan vit tau thuy hau nhu khong thay déi bdi mot trong hai phuong phdp,
tuy nhién méi phuong phdp cé mot s6 viéc cu thé khic nhau.

Phuong phdp thit nhdi: thiét k€ dua trén nhitng d6 thi, rit ra tur nhimng két qua thi
nghiém trén hang loat mé hinh chan vit. Trong d6 ¢ mét s6 thong sG thiét ké thay ddi nhu
ti 56 budc, tiét dién canh va cdc dang tiét dién chan vit thod mén véi cdc dic tinh cha séri
riéng ndo dé, ¢6 thé nhanh chéng thiét ke va v& theo cdc yéu cdu khai thic cia tau.

Phuong phép thit hai: duge st dung trong trudng hop chan vit lam viée ning né, phai
chiu sti bot hoac lam viéc trong dong theo khong phing ling, phai dp dung Iy thuyet xody
dé thi& k€.

Trudc khi thiét k& can ¢6 cdc thong tin sau:

1. Cic kich thudc chd yéu, ti s6 kich thude, cac hé s6 hinh ddng cua tau dé tinh dong
theo va cac luc hit, cic thong s6 vé dong tuc day.

2. Cong sudt c6 ich EHP tinh todn.

3. Cong suat va vong quay cia mdy da chon.
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4. Téc do cuia tau.
5. Céc gidi han khéc nhur gi6i han dudng kinh 161 da clia chan vit.
12.12.2. Tinh toan chan vit nho nhimg do thi B-Wageningen

Nhiéu séri duoe thir (120 m6 hinh) do chinh céng trinh cta Fronde va Taylor. Séri duge
phat trién nhat la bé thir moé hinh Wageniningen ¢ Ha Lan (NSMB) trai qua gilia nhimng
nam 1937 va 1964. Céc chan vit tir 2 dén 7 canh va gidi han ti s6 be mat rat rong nhu bang
dudi day:

Bang 12.11. Séri B & bé thir chan vit Ha Lan

86 canh
2 3 4 5 6 7
r 0,30 0,35 0,40 0,45 0,50 0,55
Ti s& dién tich > 0,38 05 0,55 0,60 0,65 0,70
L 0,65 0,70 0,75 - 0,80 0.85
0,88 0,85 1,05
Pudng kinh moay-d 1,00
Pudng kinh chan vit 0,18 0,167 0,167 0,167 0,180
Ti s6 chiéu ddy canh 0,050 0,050 0,040 l 0,040 0,035 0,0BSJ
T:'s8’ dign tich canh
0.40 0.55 Bhén bo bu’oc 6.70
| | 1LOR ] |
A | e —— una /o p——
Y . I Y L~ 100 % _/_i_— . o
N N O Y O B N1 B RN
\\ : ||_,____~1— A QIR \ _,___4—.——__,\ 100 % ' ! \_-\_
\\ l l\,-v-r‘lJ_'U'T'h} ¢.6R \_,...r—r-rr—'v—v—r-rw-\ 100 % ULt U :
5 | ‘L,"+_1_\\ 100 80 &0 40 20 020 €0 100 i B ;
\)r’- ‘ i 0.5R \_....-fr's—‘-sl 992 % \ i D “:.1; .
. ; LC- “T"_‘___“:J 95.0% ) . _\L/f""_ﬁj
e e v T 1
e B e e el
e ,.J ; 3| B

:T 8o - |
B S R R

Hinh 12.77. Hinh déng cinh v céc ti€t dign cla séri B.4

Seri dau tien NSMB, séri A, cong trinh cia Baker o NPL (phong thi nghiém vat ly quéc
gia) & Teddington, ddu cdnh hoi hep, giam 20% budc & chan cdnh va ti€t dién cdnh may
bay. C6 hiéu suit cao niwmg hé s6 luc day thap.

Seri thi hai, seri B dugc chi 18 & hinh 12.77. C6 ddu canh rong hon, tiét dién cda canh
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hinh cénh méay bay. Dau cdnh rong hon sé giam dp suat déu trén cdnh cing mat dap cong
lam giam nguy hiém sui bot.

Chiing ta tinh chong chéng cho tau cy thé, trong thuc 1€ thong thuong, chiing ta cing
di biét nhimg dac tinh clia mdy, tic la cong sudt, vong quay cua mdy, chong chong phai
dam bao tan dung t6i da cong sudt cha may, tiic 13 ¢6 thé dat td¢ do cha tau 16n nhat, cling
nhu dat duge lyc kéo 16n nhat nhur t6¢ do da cho cuia tau kéo.

Néu chong chéng phai dam bao tdc do Ion nht, bay git/ t6c do nay phai coi nhu dai
luong chua biét. Gia thiét t6c do cua tau v, chung ta tinh t6c do v, va sau d6 tinh hé s6 B,.
Lan luot ding d6 thi B-5: dat tri s6 B, da tinh trén truc hoanh va v& dudng vuodng goc vl
truc B,. Buong vuong goc cit dudmg cong khong lién nét. Giao diém d6 ta nhan dugc gid tri
8, ciing dong thdi duoc 1, 161 uu.

Nhu két qua thuc nghiém cho thdy, tri s6 & dd c6 phai giam tur 5-8% doi véi tau 1
chong chéng va giam 4% doi voi tau 2 chong chéng. Su giam nay tuong g véi lugng
giam dudng kinh chong chéng la can thiét d6i véi dong nude khong déu chay qua sau than
tau.

Véi B, da xdc dinh va tri s6 & da giam, tir 46 thi doc cic gid tr P/D vam,. Cé & tatinh
dugc dudng kinh chong chéng nho cong thirc:

D=56.vyn

Cong sudt can thiét cho chong chong:

Py = P_E = _#&__
é[} Tlp . E.ﬁk ' E.Ar
trong dé: 1, - Hiéu suét chong chéng tu do;

£, - Hiéu sudt vo;
&, - Hiéu suat quay.

Trong cong thiic nay c6 cong suat kéo Pg, ching ta tinh tir dudmg cong stic can cua tau.

Cong sudt cdn thiél cho chong chong phai bing cong sufit cung cap cia mdy. Néu
khong dat duge phit hop, bay gio chiing ta giam hodc tang tdc d¢ va ca phép tinh phai thuc
hién lai. Va néu cling khong dat, thi phai lam lai lan nixa.

Thudng thudng sau 2 hoac 3 lan, dat dugc cong suit diing yéu cau.

Nhiéu trudng hop, khi chiéu chim nho, dudng kinh 161 wu cua chong chéng di tinh
duoc 13 16n hon dudng kinh cha chong chéng co thé 14p vao tau. Bdy gio ching ta lay gid tri
dudng kinh cho phép tén nhat va tinh tri s6 & cho phit hop. Diéu o rang rang trong truong
hop dé tri s6 ¢6 dugc phai giam.
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Néu chong chéng phéi dam bao luc kéo lon nhét & téc 4o yéu cu, bay gid toc do tinh
ti€n v, phai biét dé tinh B, Khdi luong tinh tiép theo nhu khi tinh chong chéng & té¢ o (et}
da, nhung c6 diéu khdc 1a khong cin thi€t dp dung nhing lan gan ding tiép ma cudi cung

phi tinh luc ddy clia chong chéng bang cong thire:

B 75.Pg 75.Pp.m, £,
v(l-t) Va

(12.86)

Luc kéo dugc tinh tir cong thuc:
Z=T(1-1)-R

Trong tdt ci nhing trudng hop trén, trong tinh toin phai dé ¥ hién tuong xam thuc,
chon hé s6 bé mit chong chéng 161 thi€u thich hop.

Tri s6 o, ching ta doc trén dudng cong (n,) tir d6 thi cua 2 seri chong chéng. ching
khdc nhau hé s6 bé mat. DE tinh h¢ s6 bé mat 161 wu phong ngira xam (huc, tinh s6 xam

thuc o, theo cong thic:

O (12.87)

o 2
cf2.vy

Duya vao hinh 12.70 véi o, da tinh, ta doc dugc tr1 50 e p, - p, . D€ tim dién tich bé
r

mat chi€u, ching ta tinh luc ddy theo cong thic 12.86 va sau dé tinh dién tich bé mat chi¢u
A', theo yeu cau. T s6 thuc dién tich bé mat chi€u A, chiing ta tinh tir cong thitc.

A

A, = —Ai A(1,067 - 0,229P/D) (12.88)

Cé dugc cdc gid tri A',, A, cling nhu Pp, n, va D thé hién biing d6 thi, ham cia A /A
hinh 12.73 ndi cdc diém 13 nhiing dudng thing. Diém giao gita dudng A, va A’ xdc dinh
cho ta tri s6 AJA c6 dé § xam thuc. Pong thi tir d6 thi ching ta ¢6 duge P/D, m, va D.
Cong sudt cung cap cho chong chéng ¢6 thé tinh tir céng thic (12.85).

Vi du 12.1: X4c dinh céc kich thude chinh ctia chong chéng va 16¢ do clia tau dat dugc:

Cho bict: L=1200; B=160; T=710m; 6= 0,743

Tau lap mdy diezen c6 cong sudt P, = 5800 cv, vong quay n = 125v/phiit, he s0 dong
theo w = 0,321, hé 56 luc hit t = 0,237,
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Chi€u sau tir mat nuée dén tam h = 4.90m

Cho bi¢t duding cong siic can cua tau:

Bai giai: Vidu duge giai voi cich sau day:

Gia thiét tau dat dugc toc do 15 hai 1¥. Tinh cong sudt din dén chong chong, ldy hiéu
suat truc 1, = 0,97, tinh chuyén sang ma luc Anh HP, dong thdi gian udc (rong lugng riéng
nudc ngot va nudc man, boi vi nhing do thi thong ke tir khio sat mé hinh duge thuc hién
trong nuae ngot:

(
P, =P, .M, 751000 _ 000 0,972 9% saz0mp

761025

Péi v6i nude bién:

P, =P, . 1, = 5800 . 0.97 = 5620cv
S6 vong quay d€ ¥ qud tai, tang khoang 0.5 = 1%, e 1a ching ta thira nhan:
n = 126 vong/phat.

Gia thiét t6¢ do v = 15 hai 19, tinh chong chong, nghiém khi cong thic tinh todn xem
cong sudt co du theo yeu céau hay khong. Néu cong sudt khong dii, nhu 0 vi du dudi day.
khong dat duge s phit hop, gia thiét t6¢ do khdc va tinh lai chong chéng. Viée tinh dan dén
lan gin ding tiép theo, dén Khi dat duoc cong suat phit hop voi yéu cdu. Ca phép tinh dua
vé dang bang.

Giai thich cdc muc tinh todn:

1. v: Gia thiét 16¢ do cho nhimg gin dung

2ov,=v(l-wy=v(-032D)= 0.679v

3&4. Bp =

n.PLY 12645430 9400
R

5. Doc tir d6 thi Bp - & trén dudng (1) opt.

6. & giam 6%

7&8. Poc tir do thi Bp - 8 doi voi Bp vA 0,940

943, 0,940. ;
_0948.vs _ 099 Va _ g007465v,
" 126 |

9.D
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Bang 12.12

R v Hailty | 1500 | 1492 |
2 Ve Hai Iy 10,18 10,12
3 Vs mis 524 5,21
4 B, 28 .4 28.7
5 5 - 216 217
6 0,945 - 203 204
7 Seri e . 0,600 0,599
8 B.4.40 P/D . 0.79 079
9 D () 16,4 16.4
10 D (m) 5,00 5,00
11 5 - 207 208
12 0945 . 195 196
13 Sere e - 0,567 0,565
14 B.4.55 P/D : . 0,85 0.85
15 D () 15,8 15.8
16 D (m) 4.80 4.80
17 -, - 10,5 10.6

T
18 _Ap . 0,38 C.38
P.— Py
19 Seri T (kg) 49500 59500
20 B.4.40 A, (m?) 8.60 8,60 :
21 A, (M) 6.94 6.94
22 Seri T (kg) 46700 46700
23 B.4.55 A, (m?) ' 8.13 ; 8,13
24 A, (m?) 8.62 862
25 NG suy 0, - 0573 0.572
26 P ; 0,835 0,583
27 D () 484 4,84
” P, ) _—_'"cv 5740 5630

11,12, 13, 14 & 15 xem trong ung vai 5.6, 7, 8,9

Cp.-pa _ 2(10330 + 1025 . 490 - 240) 298

.2 10457 v

3

A

18. Tir 46 thj ¢ hinh 12.73
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suy:

sUy.

75p Ly, .L. 75.5620.10252n, e
P L P TS L T TRLS

v, v

Khi: P, - Cong suat ma luc ¢ mude bicn.
Z, = 1L025 (gid dinhy

0. AL = — =
" T T

a'\ n .":\ll
P - Pyt - 15100
P.~ Py P.— P

210 AL =040S (1.067-0.229 P/D) b '%\AP | '

1
3| 7p S0 ! !
D’ akeae |
. n
Khi: A, = li l
4 1'
554
Tri s6 & dong 20 va 21 ta v€ d6 thi nol
50 4
22&23. xem 19&20
24 A = 0,555 (1,067- 0.229P/D)
45 | :
C e . e . 6.0 S—=
T1i 56 & dong 23 vaa 24, ta ve do thi nd1 : I =4 3D
| ] 5'5 | I . _
40 |05 | 50 | | . ,50/5;‘;??
; . aas 241 045 150 .
25. 26, va 27. 1. P/D. D ching ta ¢6 tn — = Ao /A

56 ol suy trdong 7, 8 va 10, 13, 14va 16 (xem hinh 73) doi véi AJA =0.517.

28. PU——--&: :: L B

F:n np‘nk'nr 1‘15 ' ﬂp

R, - Tir duding cong cong suit kéo.

Lin gdn ding thi hai khi gia thiét toc do V = 14.92, ching ta c6 su phit hgp cong sudt

phép tinh dén lan gan ding nay, ¢é thé két thac,

U/ du 12.2: Xde dinh kich thude chinh clia chong chéng dim bao luc kéo 161 da cua 1y

kéo. tae do kéo v =7 hai Ii.

Kich thudc tau kéo: L =23.89: B=6,40m: T, = 2,184m
T, =2.819m; & = 0,587

Cong sufit ciia midy: P, = 800cy. Vi vong quay n = 250v/phut
w=0.16:t=0.10
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Bai giai:
Cong sufit dan dén chong chéng:
D6i vai nude ngot HP:

| 100K
P, = n.,.T.PE.E Lo00 0,95.800.33.—0'—} = 725HP
76 1025 76 1025

D6i vai nudce bién, ma luc (cv)
Pp =M. Pe=0.95.800= 752¢cv
Chiing ta chon chong chong 4 cénh, seri B.4.40. Tinh thé hi¢n & dang bang 12.13

Bang 12.13. Tinh chong chéng ctia tau kéo

1 ¥ (Hai Ii) 7.0
2 Va (H&i 1) 5,95 N
3 Va ‘_ {m/s) 3,06 !
‘ 4 Bp - 79 \
r 5 & + -
’li. 8 0,946
[ 7 PO
r
| ® M,
l 9 D
.r 10 D
S
|~ 12 T
13 z

Gidi thich bang tinh:
2. v,=v(l-w)
_n.py’

4. Bn‘ Vé‘s

5. Poc tir dé thi B, - & ¢ duomg (n,) opt
6. § giam 6%
7&8. doc tix dé thi B, - & di v6i B, va 0,943
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o _ 0:948v,
n

Do 75P;.E.m,

v

11. , trong dé &, = 1,0 (gid thiét)

A
12.  Te=T(-t)
13. Z=Ty-R, R -tirdudng cong sic can
Vi dy 12.3: Cho biét téc do khai thdc v =21 hl/h
Cong suat ¢d ich EHP tir thit md hinh ehp = 13000.
Tau 1 chan vit, mdy dat gilia tau
Cong suat t6i da véi vdng quay p, = 21000 hp v6i 109 v/phut
Shp khi t6i da 21 hli/h tinh khi khai thic p, = 17500 hp
Heé s6 dong theo w=0,20
Hé s8 luc hiitt = 0,15
Chan vit thiét k€ véi dudng kinh han ché 21,0 ft
Chan vit 4 canh phit hgp véi luc chén dong.
Bai giai:
v, =v(l - ®) =21 (1-0,2) = 16,8 hli/h
Gié thi€t hiéu suit truc n, = 0,97
Cong suat cung cip: Py = 17500 x 0,97 = 16975 hp

Py _ 13000 _

Hiéu suat: = =
P, 16975

0,766

Dong co 1am viéc v6i cong sudt 21000 shp, twong duong v6i cong suat cung cap chan vit:
P, = 21000 . 0,97 = 20370 v6i vong quay 109 v/phiit

Do &6 P, _ 20370

= 0,1573
n®  109°

D&i v6i cong suat khai thdc, vong quay tuong Ung:

( 16975
n =

/3
=102,6 v/ phut
0,01573
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Dé thi duge xay dung tir két qua thye nghiém moé hinh trong nuée ngot nén cong suat
cung cap sé& 1a: 16975/1,025 = 16560 dhp

B n.PJ° 1026 .16560%°
P= ( 25 25
Va) 16,8

_ n.D _ 102,6x21,0 _ 128.25

o
Va 16,8

Tix d6 thi, dudng kinh chan vit 21,0 ft 12 nhé hon tri 56 161 Uu
Diing 3 dé thi theo chén vit 4 canh, ching ta c6:

Bang 12.7
Ti s8 dién tich canh 0,40 0,55 0,70
Ti s6 budc 1,127 1,130 1,140
Hiéu suat chan vit 0,695 0,683 0,665

Chon hé s6 diéu chinh dién tich canh, cdn thiét 4p dung tiéu chudn sbi bot.
Tir dinh nghia R/T=(1-1)
_ Rv. 10133

33000

Rv
(1-t)v

va ehp

R
1y -t

_ ehp . 33000
(1-t)v.101,33

_ 13000 . 33000
0,85.21.101,33

= 2273451b

Tir tam truc chén vit dén mat nuéc 241t

p, - p, = 14,45 + 0,45h
= 14,45 + 0,45 . 24 = 25,25 psi

2 2
[V_A . [E)
712 329

2 2
_ 16,8] . 102,6.21 _ 4847
7,12 329

va tir phuong trinh:

1 2
—n(v
29( R)

I
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_ PP
Vi e(ve)’

T hinh (12.70) tri s6 gi6i han v, la:
T/A, (psi)

Y ptve )
va T/A, = 1,87 x 48,47 = 9,06 psi

227,345
P 906.144

= 0,521

v, = 0,187

= 1422 ft?

Dién tich dia A, 1a:

A 22"212 = 3464 ft?

[+

va dién tich hinh chiéu cdnh = 174,2/346 4 = 0,503 v6i ti 50 budc 1,14; Py/P, = 0,806
Ap = 1742 _ 1612
806

L

Noi suy tir bang 12.7 - P/D = 1,15 dugc gidm 20% tai chan canh dén 0,908 va

N+ 0,675
Tri s6 chdp nhan cla hiéu suat ddy:
1-t 0,85
=—",- =——.0,675.1,05 = 0,753
Mo = 1w Mo R T o0

Gid tri nay so sdnh véi gid tri gid thiét 0,766. Cong sudt méi tinh sir dung np = 0,753 vi vay:
dhp = ehp/0,753 = 17265 & vong quay 103 v/phit

P/D = 1,222 giam xuéng 0,898 tai chan cdnh.

Ti 56 dién tich = 0,620, 1 = 0,753 nhu gid thiét.

12.12.3. Tinh toan dac tinh dong luc day cla tau

a) Pé thi ddc tinh dong lic.

D6 thi dic tinh dong luc cua tau la tap hop dac tinh clia dong co chinh, dac tinh chan
vit va vb tu, tic 1a tap hop dudng sifc can cla tau, cong suit hoac mémen cha dong co phu

thudc vao vong quay va toc do.
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D6 thi dic tinh dong luc la co s& d€ phan tich dong luc ddy tau & cdc dicu kién khai
thac khdc nhau cta tau. Xay dung dac tinh dong lyc dugc ti€n hanh & giai doan cudl cha
thi&t k& chong chéng, nghia 12 khi cdc dac tinh hinh hoc cua chong chéng da duge xac
dinh. Ngoai ra cn ¢6 dic tinh dong co chinh, dudng stic cdn cla tau, cic he s¢ dong theo
va luc hdt phu thude vao toc do tau.

Dé lam co s& xay dung dé thi dac tinh dong luc, dung cédc lién hé sau day giiia chong
chéng, vo tau va dong co chinh:

1. S6 do vong quay ciia chong chéng phai bang s6 vong quay cua dong ¢o chinh sau
khi dd tinh dén do giadm tdc néu c6.

2. Momen quay clia chong chéng phéi bing momen quay clia dong co hoac cong sudt
dén dén chong chéng phai bing cong sudt clia dong co & diém cudi cua truc chong chéng,
sau khi da tinh dén hiéu suat cdc bo truyén dong va mat mat trén dudmg truc néu co.

3. Toc do tién cua chong
chéng (so véi nude tinh) phai bing K78, k6

s | LN
toc dﬁ tau. 10800 [\%éfi.é M
) . 2 !
4. Lyc ddy do chong chéng Saaoz\k %0 4 |
sinh ra phai bang sitc can cla tau ~ ?%\;\\‘/
& t6¢ do da cho. 6000 f_“?t?o: WA
T {a“'\- ~ oy
Phu thudc vao loai déng co \I\o\‘-g‘finsx Kﬁ SIS
chinh, diac tinh dong luc, 6 thé 4000 n 1 ; f?‘“‘% - ™~
n N R cho thai Tié .
Xfly dung cho trudng h.c_rp momen, ” bish thiting~L 7 RN
vong quay khéng déi (dong co 00 A % <<
i a A : & TR AL
pittong) hoac lcﬁng suat khong déi imp L bgz’?j}g’%’
(dong co tuabin). 2 4 & 8 1012 14 16 18 20
C6 nhiéu céch dé tinh dac tinh 3 v, hify
dong luc. Dudi day ching t61 dua _
ra so d6 tinh dua vao d6 thi p - ©. 4000 “"---_.’:=ai_{;_{,“
Padu tién gia thiét cic gia tri @ _ﬁ:ﬁ,:“ﬂn -
nguyén (¢ = 0,1) sau doc cic gid 3000 [t fp T TPl AT S
. . . PP vl o hﬁf_{q_-x“'-a:coﬂs
tri u v,a o m}g vl gia thwiet va cac 2000 L0 st 7L .
dic tinh hinh hoc cla chong W = ~]

A . = 2 M4 H [ £ —_—
chéng (P/D; A JA). Dat cac gia tr 1000 Cing sudt doi hos //"‘r\ [
vong quay n = const, tinh cic gid f‘f{ch ﬂié‘f_fféf 7 Cing sudt
tri momen, t8c do thu, luc ddy va o, binh 1F dar hoj hic thit Yo }
cong suat. 2 4 6 8 10 12 14 ¥ 18 20

Trong trudng hop ty s mit v, higfy

dia A JA khong ting v6i dd thi ¢

a A,/A K¢ o th Hinh 12.90. D thi diic tinh dong luc ciia tau hang.
sin cdn phii nhan cdc do thi ké
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can ty s6 d6 ghi cdc gid tri p - o theo cdc dd thi nay, sau d6 ndi suy p- & cho hé s6 AJA
cAn thi€t theo d6 thi tuyén tinh.

Trén hinh 12.90 biéu dién dic tinh dong luc cha tau hang véi chong chéng budc c6
dinh. Stic can cta tau duge tinh va v& cho 2 trudng hop: Cho thdi ti€t binh thudng hay gap
trong khai thic R, va thoi 1i&t 1 thit tau R,, théng thuéng cd stic can bé hon R,. Luc ddy
ctia chong chéng T, phét ra duge tinh to4n cho céc gia thi€t vong quay n = const = 100,
120, 140, 160, 180 va 200 vg/phit; déng thoi T, cling tinh cho trudng hgp momen gquay cla
may chinh khong thay déi, vitc Q = const. Tuong ty nhu vay 1a d6 thi & dudi biéu dién cong
suit dong co duoc phat huy vdi n = const va Q = const. Déi voi cong co diesel, dong ¢ chi
duge 1am viéc & trang thdi momen thiét k€ Q= Q,.n- Néu c6 qud tai chi dugc 10% trong
chéc 14t vi téi tho clia dong co. Vi thé néu trén dudng chay tau, c6 séng to gi6 16m, sic can
tau tang len (dudng stc can 1ui vé phia bén trai) chong chong ldc d6 khong thé quay véi
vong quay thiét k€ 1a 180 vg/phiit ma 1a bé hon, 6 thé 160 hodc 140 v/ph, tifc 12 chong
chéng 1am viéc 1 vé trén dudng Q = const = Q. hodc mién dudi cia duong Q = const.
Trén hinh 12.90 diém lam viéc clia VO - méy - chong chéng la A ciing 12 diém thiét k&.
Néu trong qué trinh thir hodc chay thu ¢6 diéu kién thii tiét thuan lgi, sifc can tau nho,
dudmg stic can tién qua bén phii va diém lam viéc s€ [a diém B (diém giao nhau clia T, v6i
n = 180 vg/ph va stc can Ry), chit khong phai diém C vi néu cho lam viec & diém C c6
nghia mdy va chong chong quay nhanh hon vong quay thiét k& 1a 180 vg/ph. Diéu nay dan
dén viec gia tang cac lyc trong ddng co cao hon thiét k€, din dén suy giam tudi tho déng co
hodc 1am hong may.

Trén hinh 12.91 biéu dién dé thi dac tinh dong luc cha tau kéo cd véi chong chong c6
dinh. Trong trudng hop nay diém thiét k€ - diém lam viéc (kéo ludi) la diém A tng v6i cic
thong s6 thiét k& cla dong co la 140vg/ph (c6 thé qua hop s6). Q = const = Q. Ng =440 cv
v toc do kéo ludi v = 3,5 hli/h. Khi tau hét kéo ludi, chay tu do vi du trén dudng vé cang, thi
stic can cta tau nhd hon nhiéu va dudng bicu dién sifc cin nim vé bén phéi. Diém 1am viée khi
chay ty do cha tau 1A diém B chi khong phai diém C, vi dong co khong thé lam viéc trén vong
quay thiét k€ (qud tai vong quay), mac ddu chua dat dén momen thi€t K€ Qe

Trén d6 thi nay cling v& dudng sic kéo Z cta chong chong 1a biéu thi gid tri sdc kéo
cha tau & céc toc do khédc nhau.

Qua 2 vi du trén cho thdy c6 thé x4y ra cic trudmg hop sau:

_ Chong chéng c6 thé thiét ké t6i wu cho chay tu do.

- Chong chéng c6 thé thiét k& t6i uu cho kéo - ddy

- Chong chéng c6 thé thiét k& (i uu & mot diém dung hoa gilta van toc chay tu do va
van 16¢ kéo tuy thudc vao sy phan tich vé thési gian hoat dong clia hai ch€ do.

D& khic phuc céc khiém khuyét clia cdc tromg hop d6, ngudi ta sit dung chong chéng bién
budc - nghia 1a théng qua viéc xoay cac chnh & cdc goc 4o khdc nhau dé c6 H/D hop 1y va tan
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dung 161 da cong suat mdy chinh. Loai két cau nay phtc tap, dit tién, do d6 phan nhiéu sir dung
cho dong co cong sudt 16n va s6 luong sit dung ngay cang nhiéu. D61 véi céc loai dong co nhod

vai tram mi luc ngudi ta ciing diing chong chéng bi€n budc véi ket cau don gian.
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1. Gia thiét cdc gié tri nguyén tir 0 trg lén

2,5. Doc tir dd thi & - p ng véi H/D = 0,840

6,7. Tu d6 thi ndi suy

n
8. Q — . 102.1,46° = ﬁvsu—z . {n, vg/s)

_pn’D? 1’
ptoop
6. T = 2nQo
D

1112, v=—2F =L)2=1,25.(6)

1-w  1-0,

=430 .Q.c =4,30.(6).(8)

Bang 12.14 n = 200 vg/ph = 3,33 vg/s

1 Q= - 0 1 P
2 | Choseri ¢ - 1,275 1,235

3 | B.455 " 4,70 5,05

4 Cho seri G - 1,255 1,225

5 | B470 M 4,70 5,05

& | Naisuycho o - 1,263 1,228

7 | S08=065 m 4,70 5,05

8 Tif tinh toan Q kGm 340 295

9 T kG 1850 1555

10 v, mis 0 0,965

1 v ks 0 1,205

12 R km/h 0 4,34

13 N, m.l 95 82,5

14 N, m.l 102 88

15 T, kG 1760 1440

Gidi thich:




13. Nd =

14. N, =

716

Ny
n

; (n, vg/ph)

15. T, = T(1-t) = (9).(1-t)

b) Cach tinh duong Q= const

§800
5900
4000
3050

2000

o0

Na
mi

£00

G400

3p0

200

oo

Q =300 kGm
.
= ’7.;
< %\%"’a T
LA [ %
T N o N SN
N 2, viF A
6, T
X7 s
Redstivkti | NIRRT
bdi Ty do o ™
\’ /\\\:\\‘.
t 2 3 4 5 ] 1 8 g 10’ ’Il 12
v( hailyfn)
Se |
- R 0:.-;!,0 ‘-{-@1__&1‘-\;\ //
. Tt | M~
o T |
=const =ho| |1 — 1_/C
@ =cons ;;Ea?zq: _‘hﬂihzh*: } > -
qa{j
0::l2£hﬁh“~‘ﬁ*41*-‘~h ™ -—~‘_~1hj’ .
ﬂTﬂm ]
1id2 /74*1“-::
| cing s i i e2S 1]
Q 1 2 3 & ] & 7 8 9 o 1 12
v, hsilyfn

Hinh 12.91. P4 thi dic tinh déng luc cua tau kéo
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Bang 12.15

1 v hai y/h 1 3 v W
2 v mis 1,03 1,545
3 v, mis 0.824 1,235
4 o - 0,848 127
5 cho seri G - 1,24 1,22
6 |B.455 " - 4,90 5,10
7 | cho seri o 1,23 1,22
8 |B570 u 4,90 5,10
9 ndi suy cho o 1,235 1,22
10 Sofs= 0,65 W 4,90 5,10
11 T kG 1590 1575
12 T, kG 1512 1500
13 n vols 3,26 3,40
14 N, ml 82,0 85,5
| 15 N, m.l 88 92

Gidi thich:

1. Gia thiét

2. v+ (1). 0,515

3, v,=v(l-w)= (2). (1-02) =08 . (D)

D’ 102.1,46°

4, ’ P ’ =@ 17 & (3).1,03

58 Tir d6 thi & - u Ung véi H/D = 0,840 va 4)

9:10  Noi suy

2
11. T= "3" — 430.Q.0 = 4,30.300.(9) = 1290.(9)
2. T.=T(@-1
Q Q
13, n= —_—= —=_ =1,.0,666vg/s
“\} oD’ kg6 " ¢
Q. 2n 300.2x
14. N, =— = (13)=25,2.(13
d 75 7 (13) (13)
b o Ne N
N 0> 93
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c) Cach tinh ducmg N, = const

N, =100 m.l
Bang 12.16
1 n vg/s 4,0 50 . “
2 Q kGm 299 239
3 m 6,0 8.4
4 cho seri o 3,0 6,4
5 | B.A4S55 n 1,11 0,83
6 cho seri o 2,28 6,0
7 | B5.70 n 1,13 0.91
8 ndi suy cho o 2,28 6,13
9 5,/5=065 n 113 0,88
10 vy mfs 2,21 5,32
11 v ms 2,76 6,66
12 v hlifh 5,35 12,80
13 T kG 1452 05
14 T, kG 1380 860
Gidi thich:
1. = Giathiét
N
2. Q=E,#d=“,95@
2 n (D
5
3. p:n\FD :(1).676
Q (2)
47. Doctuddthip-o
8.9. Tirdd thindisuy
Q (2)
10. v, o= ={8)..| —
" (P\ﬂ)[f ® \’ 17,8
v
1. v=—1L

1-w
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v(m/s)

12. hli/h) =
V(b ) = S m/ s/ hli/ b
271Qc  2m
13. T = =22 (2).09)=430.2). 9
5 5 (2).(9) (2).(9
14, T.=T(-
s ‘ i 26 thi M-&
20 p0° . 1D =0 Seri B.3.35

Vg % ma 2 7=3; Sofs=0a.35
‘9 o5 . /,’Nl &, [p=0,05; dp/D=0,18

:BP -a— P:?S%E; /5{! J/ H =const
o |17 Mol CUARZ] Nl HEEE

1= kG L,? FANAN | L
Rt e DO
3 N=mi[75 . ,

Bp= mfs K / ¥/91‘ ' M ! |
Ie]fzkﬁm-%’ AN A\ l L
| T X ANE-RN |
1.5 lA!, &,’, )\” - b \

DB VAN BN |
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12.13. VE CHONG CHONG

Sau khi tinh duge chong chéng véi cdc yéu t& hinh hoc nhur dudng kinh D, budc X0dn
H. s6 canh Z, ty 1& mat dia S/S, chiéu day canh & didm mut cdnh va tam 161 (moay-0) V.v...
Chdng ta tién hanh tinh toan kich thudc hinh hoc chia canh nhu dudng bao canh, hinh dang,
kich thudc cia timg tiét dién cdnh theo bang 12.13.1, 12.13.2, 12.13.3 va bat dau v& chong
chéng da thiét k&. Canh dan clia chong chéng 13 canh di trudc hudng vé chiéu quay chong
chéng, doi khi ngudi ta con goi 1a canh dap hay canh t&m cdn canh kia di sau goi 1a canh
theo. Diém céch truc xa nhat trén dudng chu vi canh goi la dinh cdnh, con mat cit bdi mat
tru véi bén kinh r (hinh 12.98) goi 1a profin cha ban kinh r d3 cho. Nhu vay mdt chong
chéng thuc t& thi profin nay cong véi ban kinh r va khi duéi thing ra dé phuc vu cho bin v&
va thi cong thi 1a profin duge dubi thing (hinh 12.98). :

Chiéu day ca profin cdnh la chiéu day 16n nhat clia cdnh & bin kinh da cho, ky hiéulae.

D& vé chong chéng, dau tién chiing ta xem xét phuong phép khai trién dudng xoan 6c¢
(hinh 12.98).

Dién tich mét xoén 6c gidi han bdi chu vi cdnh goi 12 dién tich cénh (dién tich cénh cta
tdt ca cac canh duge ky hiéu 1a S)).

Hinh chiéu cha cdnh lén mat phing vuéng goc voi truc quay cha chong chéng goi 1a
hinh chi€u vuéng géc ca cnh, dién tich hinh chi€u d6 goi 1a dién tich mat chi€u S,

Vi mit xoén & 12 mot mat cong hai
chiéu, nén khong thé khai trién chinh xéac A, ¢
trén mat phéng. Vi vay phédi ding phuong
phap gdn ding. Thudng thuong ngudi ta
dung phuong phdp khai trién ellip. )

Trén hinh 12.98 biéu dién mot doan
clia duong xoén 8¢ ACB. Doan nay 1a giao
tuyén clia mat xoén 8¢ va mat hinh try co g ' ».

8

-

a7 P

ban kinh r. Mat phing ti€p tuyén vii mét

xodn 6¢ & diém C va mat hinh try giao nhau

tao thanh ellip. Hinh chi€u cla vét cét cha ' B’

ellip nﬁ?’ 12 dudng KCM. Tréi ellip nay l1én K’l . "
mat phang vuong goc vai truc hinh try, ta {

duge dudng K'CM, 1 hinh chiéu clia hinh . /.

trai ellfp. Duong K', C'; M', & hinh chiéu / A

thit hai 12 do dai that cha ellip. Doan dudng K d\/

xoén oc trong hinh chiu thi hai la cung
A", C, B,. Boan A", C, B, khong phai la
hinh trai coa doan dudng xoan 6c ACB, ma
12 hinh trai cba cung ellip A'CB..

Hinh 12.98. Phuong phép khai tri¢n ellip
dudng xoan 6c
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Song d6i véi cinh khong qué rong thi sy khic nhau nay khong ding ké. Né6i diém cudi
ciia cc doan trai clia dudng xoén 8¢ & céc ban kinh cét khic nhau, ta duge hinh déng mat
trai ciia cdnh. Dién tich clta mat nay goi la mdt irdi cua cdnh.

Pat do dai cung A", C, B 1én tiép tuyén véi nd & diém C, ta dugc d6 dai dubi cla dudng
xodn 6c A", B",. Noi diém cudi ciia cdc duong dubi cha dudng xoan &c d cic ban kinh cit khic
nhau ta ducc hinh dang mat dudi cdnh. Dién tich ciia mat nay goi 1a mat trdi cha cénh.

Trén hinh chi€u thd hai, cung A,C,B, 12 hinh chi€u vuong géc cia doan dudng xoan 6¢
ACB. Noi diém cu6i cha céc dudng trén hinh chi€u vuong géc & cac bén kinh cit khic
nhau, ta duge hinh chiu vuong géc chia cinh. Dién tich gi6i han boi hinh chi€u nay goi la
mit chi€u vuéng goc.

Trén hinh 12.99 trinh by mit trai, mat duéi, mat chi€u vudng géc clia canh.

Mt cﬁiﬁ; visdng qoc
Mot trai
Mgt dudi

’

)

Mﬂ‘

-
™
P

H
LA o
!
. ARUER

Hinh 12.99. Phuong phép v€ hinh chi€u vuoéng géc
va hinh chi€u canh canh chong chéng

Trén hinh 12.99 trinh by cdch v& céc hinh chiéu clia chong chéng.

Cach vé céc hinh chigu & mat cit r cla cdnh nhu sau:
n x - T H . .
- Trén truc nam ngang 18y moét doan OP = Pt ndi P véi C trén truc dudng, géc PCO
T
12 géc budc xoén.
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- Tir O v& nhitng cung trdn cé bén kinh CB" va CA". Cic cung nay cat PC tai A' va B'
(A" vi B" ndm trén mat dudi cha canh).

- Trai cac doan CM' va CK' lén cung tron c¢é ban kinh CO va tam O: Diém K va M thu
dugc tuong ing ndm trén mat chiu vuéng géc cha canh.

- Trén dudmg O,C, & hinh chi€u canh, dat ldn lugt A'K' = C,K', va MB' = C,M',. Déng
cdc di€ém K va M sang, thu duge cdc diém K, M, nim trén hinh chiéu canh.

- Néu déng cic diém K va M twrong dng cét cung trdn ¢6 bdn kinh NC tam N (CPN = 90°),
ta dugc cic diém M" vi M" niim trén mit trai ctia cénh.

Mot céch tuong tu ta ¢6 thé v& cdc mat cét khdc. Cach vé trén 13 theo phuong phép khai
trién ellip.

Mot phuong phéip khdc v& hinh khai tri€n canh, hinh chi€u thing va chi€u canh cha
chan vit B-Wageningen dugc biéu dién trén hinh 12.100 14y vi du x4c dinh vi trf diém B
clia tiét dién ban kinh "r" trén hinh chiéu thing va canh nhu sau:

a) Diém B’ trén hinh chiéu thing duge x4c dinh trén cung tron véi ban kinh r, do chiéu
dai cia ching A'B' = a (doan thdng thing géc tit diém B lén dudng K1). Néi cic diém B', C'
véi cdc diém tuong tu & cdc ban kinh khdc ta sé ¢6 hinh chi€u thing.

24570,

Hinh 12.100. V& hinh khai trién, hinh chiéu thing va chiéu canh clia canh chan vit
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b) Diém B" trén hinh chi€u canh dugc xdc dinh bang cdch xdc dinh diém gap nhau cia
dudng chiéu t B' sang va dudng thing ding di qua diém M céch diém A" mot doan thang
bang "c" dugc do trén hinh khai trién cénh. N6i céc diém B, C" va céc diém tuong tu & cic
bén kinh khdc, ching ta s& ¢6 hinh chi€u canh clia cdnh chan vit.

Pudng hinh chi€u canh clia cdnh chan vit thé hién hinh bao cba khong gian do chan vit
quay. N6 quan trong bdi vi phai xdc dinh chinh x4c khoang céch cua chin vit dén vo tau
hoic két cdu phin 16 vo tau. :

V& dudmg cit cia mat xoén cnh chan vit (mét bung) vi cli chan vit duge giai thich
céch v& trén hinh 12.100. D lam viéc d6 ta v€ mot cym cac mat phing di qua truc chan vit
(hinh 12.101) véi d6 nghiéng cich nhau, vi du 10° trén hinh chi€u thing. Céc mat phing
niy cit mat xodn chan vit doc theo dudng bao va trén hinh chi€u canh chiing 1a cic dudng
thing song song véi dudng sinh. V& céc dutng cht chia cum mit phing véi cdc dudng bao
(dudmg sinh) ctia ch trén hinh chi€u canh, trong cdc diém cit cha céc canh dé vdi céc canh
chay song song v6i dudng sinh ciia cdnh, ta s€ nhin duge cdc diém xdc dinh dudng cat ma
chiing ta mudn tim giita canh chan vit vA cii trén hinh chigu canh ciing nhu hinh chi€u
thing (hinh 12.101).

Hinh 12.101. V& dudng cét ciia mat bung cdnh chan vit va c chan vit
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12.14. THU TAU

12.14.1. Thi¥ tau tai bén

Thir tau tai bén nhim muc dich kiém tra lai toan bo sy lam viéc ciia céc thiét bi, may
méc vi cic hé théng clia chiing dé sita chita, hoan thién cho chuyén di thir dudng dai trude
khi ban giao tau. Noi dung chi tiét thi tau tai bén duoc dé cap trong cdc luat va huéng dan
clia co quan ding kiém va mot phan trong hop d6éng ddéng tau néu c6. Thong thudng trong
cudc thir tai bén (khong k€ thir nghiéng 1éch, lic, thir x4c dinh trong tam tau, thir timg phén
céc két cau va thiét bi may méc truée dé) chd yéu bao gdm nhiing noi dung nhu sau:

- Hoat dong clia may chinh va cdc h¢ thong cua nd, do dac xdc dinh c4c thong sd: nhiét
do, ap sudt, luu lugng, cdc thong sG gitta cdc xi lanh v. v...

- Hoat d6ng cfia he truc chan vit va chén vit, nhiét do g0i do.

- Do 6n va do rung cha timg khu vy trén tau va clia toan bo vo tau.

_ Sifc kéo clia chan vit (hé ddy) tuong ting véi vong quay va cong suat.

- Hoat dong cia cdc thi€t bi vo tuyén dién, cac thiét bi do ludng.

- Hoat dong ciia cac hé théng thi€t bi phu nhu he thong citu hoa, balast, hé thong lai, hé
théng déng mé céc cira kin nuéc quan trong va & cdc vach, hé thdng ciu sinh.

Mot trong nhiing néi dung chinh cha cudc thir tau tai bén 1a kiém tra, kiém nghiém hc_
théng mdy - truc chan vit va chan vit. Khi thir tai bén, c6 nghia 13 thu dugc giff chat tai mot
chd trong khi mdy, chan vit van 1am viéc va tao ra sic ddy 16n, néu khéng tau s& phd héng
cong trinh, thu s& bi hong do dam va vi bi dit day buoc. Vi vay ngudi phu tréch thir phai
tinh todn luc do chan vit tao ra, phéi biét siic bén cla cau tau, cong trinh ma tau budc vao,
chon luc k& dé do v.v... Sau day 13 mot s6 ndi dung cén luu ¥:

1. Khi thi tai bén, néu la tiu 1ip mdy diezel, lic nay t6c do tau v = 0, phii xem bin v&
dic tinh dong luc ddy cha tau, khong dugc vugt qud vong quay cho phép dugc gidi han bai
momen quay cla dong co. Théng thudng lic thir tai bén, vong quay cua mdy chi bang
70 + 80% vong quay thiét k€. Néu la chan vit bi€n bude thi ¢6 thé dat dugc 100% vong
quay thong qua viéc gidm budc cta canh chan vit. Tuy vay ngudi chi tri phai xem ky tai
licu k¥ thuat clia chan vit bén budc.

2. Luc ddy clia chan vit thong thudng vao khodng 10 + 18 kG/lev, trung binh Ia 15 kG/lcv.
Vi du néu tau kéo ¢6 cong sudt 1000 cv thi du kién lyc d4y khi thir s& 1a 15000 kG = 15 t4n.
Véi luc ddy ndy, néu budc thu vao cdu thu hay cong trinh nao thi phéi tinh dén sic chiu cua
né. Hodc néu cho tau fi vao ciu tau hay mot két cau ndo d6 cling phai tinh. Néu lyc k&
khong dt: dé do luc 16n thi théng qua hé rong roc dé gidm lyc trude khi vao luc k€.

3. Viing nuéc thir phii twong d6i sau dé chan vit phat huy hi¢u qua va khong phd huy
day bén.
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4. Ghi chép day dit moi théng s6 nhu siic kéo, nhiét d6 nuéc, nhiét do xi lanh, nhiét do
khi x4, nhiét 49 g&i d& truc, dp luc ddu, nudc v.v... tuong dng véi cdc trang thdi thir cha mdy
duge quy dinh trong quy pham nhu chay 15%, 50%, 75% cong suit may v.v...

5. Tién hanh thuimg xuyén, xem xét kim tra két cdu n6i ghép chan vit véi truc, banh
lai nhat 1a sau khi thir tai bén dé phuc vu cho viéc sira chita va hoan thién trudc khi di thir
dudmg dai.

12.14.2. Thir tau dudmg dai

Thi tau dudng dai la mot cong doan trong qué trinh déng méi, hoén cii hoac tham chi
sita chifa 16n. N6 1a co s& phap 1y vé k¥ thuat cudi ciing d€ c6 thé ban giao thu dua vao khai
thac chinh thic. Myc dich cila n6 1a xem xét kiém tra hdu hét t4t ca moi hoat dong clia may
méc thi€t bi trén tau ciing nhu két c4u, tinh nang con thu so v6i nhiing yéu cdu thiét k&
duge néu trong hop déng ciing nhu hé so k¥ thugt dugc ghi trong cic catalog chinh thiic
clia mdy mdc thiét bi.

Nhing van d¢ quan trong nhét clia nganh v6 tau duge xem xét trong cudc thir duomg
dai la:

- Kiém tra d6 rung dong, do 6n toan tiu va timg phan, timg khu vuc nhu trong budng &,
budng mdy...

- Kiém tra sitc bén chung va cuc bd clia tau (n€u ¢6 ghi trong hop déng);

- Kiém tra tinh nang con tau trén séng; ‘

- Kiém tra sut hoat dong ctia cic hé théng citu sinh, cifu hoa, neo, 14i;

- Ki€m tra quan tinh trén cla tau, tic 1 chiéu dai thu di duoc sau khi dirng may;

- Ki€m tra ban kinh quay vong cla tiu, tinh todn so véi chidu dai tau, dé nhay va nthe
cua banh 14i;

- Kiém tra t6c d¢ chay thu trong diéu kién thir thu Ung voi céc trang thai cong suit mdy
nhur 25%, 50%, 75%, 100%, 110% ciling nhu vdng quay n vg/ph ciia mdy v.v... bay la mot
chi tiéu vao loai quan trong nhdt ma thudng chii thu doi héi rat khét khe, tham chi cé thé
phat hodc khong nhan tau dugc ghi ngay trong hop déng.

Lién quan dén viéc thir do t8c do tau 1a do cic thong s6 clia moi trudng {song, gié, do
sdu va rong ludng lach) ciing nhu céc théng sd ca mdy chinh nhu cong suit, vong quay,
tiéu hao nhién liéu v.v...

Ngoai viéc do dac s6 liéu phuc vu cho thit tuc bién ban cudc thir, co quan nghién ciu
thiet k& con c6 thé ti€n hanh thit nghiém do dac stc cn cha tau thuc (loai nhd) bang cach
dung mgt tau kéo ¢6 cong suat tuong d6i 16n dé kéo tau thuc trén co s& do toc dd kéo va luc
kéo trén luc k€. Bang cdch d6 chiing ta c6 rat nhiéu s6 lieu dé phan tich rit kinh nghiém va
phuong phdp tinh todn siic can da dugc 4p dung tinh cho con tau nay cling nhu x4c dinh noi
dung khéc d€ 4p dung chinh xdc hon.
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Ta tr3 lai véi van dé thir t6c do tau. Thir va do t6¢ do tau ¢ nhiéu phuong phéip:

1. Ném phao (vat ndi), do thdi gian con thu vuot gua, 18y chiéu dai tau, chia cho thoi .
gian, ta cé toc do.

Céach nay dung cho tau nho, t6c do bé, tinh nang binh thudng va nha mdy khong cé
diéu kién bén thir quy mo.

2. Bén thir chap tiéu, hai chap tiéu cdch nhau mét doan d6 1000 + 2000 m tuy diéu kién
luéng bén. Téc do cha tau 1a bang chiéu dai giia hai chap tiéu (hinh 12.102) chia cho thdi
glan tau di qua.

3. Bén thlr khéng ¢6 chap tiéu ma xdc dinh toa do hai diém do bang hé thong vé tinh.
Toc d6 cha tau bang doan dudng gilfa hai diém cho trudc chia cho thdi gian tu vugt qua
hai diém d6. Phuong phap nay rat c6 lgi vi chiing ta tuy diéu kién thoi tiét va ving nuéc ma
chon bat k¥ hai diém nao d6 ma khéng can phai ddu tu chép tiéu, nao vét ludng bén va bao
quan bén thir.

Keém theo hé so két qua thir téc do cdn ¢6 nhitng ndi dung sau day:

- Ngay va théi gian tau xudt bén di thit.........c.cccceeneneen. SO Ve
- Bén thi..............., chiéu dai bén... m;
- Mén nudc taw: T, =... m, T, =....... m; Luong nuéc diy =. ... t, g6c chiii ban dau...

- Chan vit, dudng kinh D=..... m; buéc H=.... m

- Trang thdi séng bién.... Gié.... B,. Khéi luong do dac v.v...

- Chiéu sau ctia b¢n do H =... m. Chiéu sau H khéng thé nhé hon cong thic:

H>0,5v"

& day: H - chiéu sau luéng do bang m; v - van t6c tau, m/s.

Bén do thir phai sau, twong d6i céch xa bd nhung khéng dugc xa [dm dé nhin cho 13
chap tiéu. Béri do thir t6c 49 duge biéu dién trén hinh 12.102. Thoi gian méi ldn do khoang
tir 2 + 4 phiit.

Gac chap tiéw ? '? oY ?
.

C/ Bubng chay th \)

Hinh 12.102. So d6 bén do thir téc do
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Cong téc do dac duoc tién hanh do nguoce va do xusi dé loai trir 4nh huong ciia gié va
cia dong nudc néu cé.
' Vién t6c tau v duge theo cong thic:

hli/h

v = L m/s = ~—3’fL km/h = 1’9?51'
L

G day: L - doan dudng do, nhu tren hinh vé I bing L, + L, + L,.
Téc dg cda tau s& 1y trung binh s6 hoc caa t6c d6 theo hai huéng nguoc chiéu nhau:
Vi—V,

2

86 ldn do trung binh 10 14n, 5 l4n di, 5 lan vé, tuy thudc vao do chinh xdc do Iudng. S6
chap tiéu nhiéu truomg hop ciling chi ¢6 2 cap chit khong phai 4 cap nhur trén hinh 12.102.

V¥V =

D6i v6i mot s§ ché do quan trong vi du t6c d6 16n nhat clia tiu, s6 doan dudng chay
qua clia tau ¢6 thé tang lén 2 nhip (trén hinh 12.102 1a 3 nhip). Trong trudng hop d6 téc do
va quay vong ciita may duge xdc dinh theo cong thic:

Vit 2vy+ v, _ny+2n;+ 0,
Ve ——— = 2 n=—->1_=-2""3
4 4

G day cdc chi s6 1, 2, 3 12 s6 tha tu ciia nhitng doan duémg L,, L,, L,. G d6 ta tién hanh
do céc thong s6.

Sau khi ¢6 s6 liéu do dac thir dudng dai vé t6c do tau img véi vOng quay va cong suat
may 25%, 50%, 75%, 100%, 110% chiing ta tién hanh:

1- Dénh gid két qué so véi hop déng da duge ky két.

2- So sinh két qua do dac véi két qua tinh todn dugc bicu dién trén dé thi dudng dic
tinh déng luc day ciia chéan vit - v& - mdy, tir d6 nit ra kinh nghiém trong viéc tinh todn stic
can cia tau, nguyén nhin téc do tau tang hodc gidm so véi thiét ke, sy hop ly trong thiét k&
chan vit, vé téc do tr do, t6c do kéo Va stic kéo,
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18.
19.

20.

21.
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BANG SO SANH MOT SO PON VI PO LUONG

Tén goi Gid tri va so sanh Ghi cha
Chiéu dai | Haily {bién) 1’ trén kinh tuy8n = 1,852276 km =~ 1,852 km | Bdn vj thudng dung
Hai Iy (dia Iy) (1/15°) trén xich dao - 7,42159 km
Hai Iy (Anh) 1 hai ly Anh = 1,61 km
Foot (ft) 1Ft=12in=0,3048 m 1m = 3,2808 ft
Inch (In) 1in =254 mm = 2,54 cm = 0,08333 ft 1m=23937in
Yard (yd) 1yd=3ft=0,9144 m=361in 1 m=1,0936 yd
Dién tich acre 1 acre = 0,4068 ha 1 ha = 2,5711 acre
In? 1in? = 6,45 cm?
Thé tich Tan dang ky (RT) 1RT = 100 #° = 2,8316 m°
Gallon (Anh) 1 gallon = 4,5461 11 = 0,22 gallon
Galion (My) 1 gailon (My} = 3,791
In? 1in®=16,3% cm®
Van tdc Knat 1 knot = 1 hai Iy/h = 1,852 km/h = 6080 ft/h | Hai ly Anh trén gid
hoac 101,3 ft/ph
m.p.h {(Anh) 1 m.p.h = 1,61 knvh
Trong Kilogram 1 kG = 0,001T = 2,2046 Ibs = 0,000984 LT
ligng Ounce (0Z) 102=2835¢
Ounce troy 10ztr=31,1035¢9
Pound {Lb) 1 pound = 0,45 KG
Stone {Anh) 1 stone = 6,35 kG = 14 lbs
Short cwt (My) 1 short ewt = 45,36 kG = 100 Ibs
Long cwi (Anh) 1 long cwt = 50,80 kG = 112 Ibs
Short ton 1shortton=091T
Long ton 1longton=1,02T
Cong sudt | Kilowat (kW) 1 kW = 1,36 cv = 1,34 HP = 102,0 kgmv's 1 cv = 0,736 kW
kGm
=75
8
1 HP - ma fuc Anh 1 HP = 76 kGm/s = 550 ft-Ib/s ho&c = 33.000
ft-lb/phat = 1,0139 cv
Luc Funt (Anh) (Ibs) 1 funt = 0,45359 kG 1kG=9806N=~10N
Newton (N) 1N=01kG
Ap luc b i Psi = pound per square inch 1 Psi = 0,07 kG/cm?
(ng sust — (psi)
sqin
Bar (b} Lb = 1,02 kGfcm? 1 kGiem? = 0,1
Pascal Mpa - Megapascal ; 1 MPa = 10 kG/cm? MPa

1 Pa=0,1kG/m’
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MOT SO THUAT NGU THONG DUNG

Tiéng Viét

Tiéng Anh

Tiéng Phap

CHUONG 9

Chuy8n ddng cUa tau trén bién
Khai niém chung
Sau bac ty do clia chuyén ddng

3 chuyén ddng chuyén vi

Chong chanh doc

Chong chanh ngang

Choéng chanh dimg

3 chuyén déng quay

Chéng chanh quanh truc doc
Chéng chanh quanh truc ngang
Chang chanh quanh truc dimg
Anh hudng chéng chanh dén tinh
nang hang hai va siic bén vé tau

Céc théng s6 dac trung clia chuyén

dong

Bién d& chéng chanh

Chu ky hoac tan 56 géc

Géc 1énh pha

Chong chanh trong nudc tinh
Khoéng dé y sic can clia nudc
Cé dé y sifc can clia nudc

Cac cong thifc gdn ddng tinh mérmen

quan tinh khéi lugng cla tau

Cac cong thie gan dang tinh khdi
lugng va mémen khai lugng nudc
kém

Xac dinh khéi lugng nudc kém
Xac dinh tinh Iue tt dan trong
chong chanh ngang, dgc, ding

Ly thuyé&t phat sinh séng

Tau chang chanh trén séng diéu
hoa

Chdang chanh ca tau trén song ty
nhién

Anh hudng cac kich thudc cla tau
dé&n chang chanh quanh tryc doc
Chen théng sd vo tau

Thiét bi giam lic

The ship in motion whith the sea
General consideration

The six degrees of frecdon {on
motion)

3 motions of translation
Surging

Swaying

Heaving

3 motions of rotation
Rolling

Fitching

Yawing

Effect of ships' mation to
seaworthiness and strength of
hull ship

Characteristic parameters of the
motion

Amplitude & the motion
Period or angle frequency
Angle of difference in phase
Motion in calm water
Without resistance of water
With resistance of water

Approximate formulas for
caiculation mament of mass inertia

Approximate formulas for
calculating of mass and moment
inertia of added mass

Determination of added mass

Determination of amortissement
force {damping} in swaying,
surging, heaving

Generated wave theory

The ship in motion with the
regular wave

The ship in mation with natural
wave

Effect of ship dimensions to
rolling

Choice hull's parameters

Motion damping devices

Les mouvements du navire en mer
Considération générale
Six degrées de liberté

3 mouvements de translation
Cavalement

Embadée

Pilonnement

3 motions de rotation

Roulis

Tangage

Lacet

Effet dumouvement a la
Nagavibilité et résistance du
coque de navire

Parametres caractéristique du
motion

Amplitu de du motion

Période ou fréquence angulaire
Angle du différence de phase
Motion en eau calme

Sans résistance de l'eau

Avee résistance de l'eau

Formula approximative de calcul
du moment d'inertie de masse

Formule approximative de calcul
de masse et moment d'inertie de
masse ajoutée

Détermination du masse ajoutee

Détermination de force
amorisement dans

I'embardée, cavaiement,
pilonnement.

Théorie de genération de houle.

Le mouvement du navire dans
les vagues régulieres

Le mouvement du navire dans
les vagues naturelles

Effet de dimensions du navire a
roulis

Selection des paramétres du
coque

Amortisseur
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Vay gidm l3c
B& chéng lac
Vay giam lic didu chinh

CHUONG 10

Tinh quay vbng cda tau

Doan tién thing

Boan quay

Budng kinh xac [ap quay vong
Ban kinh quay vdng

Goc dat

Piém quay

Gébc quay cla banh fai

Giai doan ddu

Giai doan hai

Gai doan ba

Cac Ivc trén banh Hi

Luc phap tuyén

Lwic ti€p tuyén

Luc t8ng hgp

Lue nang

Luc can

Banh lai

Chiéu réng dau tién cda banh 13i
Chiéu réng hinh hoe trung binh
Chidu réng dau dudi

Chiéu cao trung binh

Mép dan

Mép theo

Tam ap luc

Tl s6 gilta dién tich banh lai vdi
dién tich chiéu dai va chiéu chim
thudng ding 14 0,017

Bé giang cla banh lai 1a 1 s& gilta
chiéu cao vdi chiéu dai banh lai

Truc quay banh 14ai
Tay lai

Truc banh i

C6i banh lai & ky
Mat bich 13p rép
Banh lai tam phing

Banh lai hop

Bilge kecl
Anti-rolling tank
Controllable fins

Motion of ship in turning
Advance

Transfer

Tactical diameter
Radius of turning
Drift angle

Pivot point

Rudder angle

Initial phase

Second phase
Steady turning phase
Forces on the rudder
Normal force
Tangent force

Total resultant force
Lift force '
Drag

Rudder

Root chord

Mean geometrical chord
Tip chord

Mean span

Leading edge
Trailing edge

Center of pressure

The ratic of rudder area to the
product of length and draft is
usually about 0,017

Aspect ratio is the ratio of the
rudder height to rudder length

Stock

Rudder arm .
Rudder shaft, ruddler axele
Skeg

Coupling, palm coupling
Single plate rudder

Double plate rudder

Quille de roulis
Caisse a anti - roulis

Quilie de roulis vérifiable
{manceuvrable)

La giration du navire
Avance
Transfert
Diameétre tactique
Rayon de giration
Angle de barre
Point de pivotement
Angle du gouvemail
Phase initiale
Phase seconde
Phase du fixe giration
Les forces sur le gouvernail
Force normale
Force tangente
Force résultante
Force ascensionnnelle
Résistance
Gouvernail
Corde premiére-corde supéricur
Moyenne geométrique du corde
Corde inférieur
Moyenns hauteur

Bord d'attague
Bord de fuite de sortie
{postérieur)

Centre de pression

La proportion de surface du
gouvernail et le produit de
longueur par ftirant d'eau est
usual environ de 0,017

Allongement du gouvernail est le
proportion de hauteur et de
longueur

Méche (cubn lai)

Bras du gouvernail
Fause méche

Crosse

Tourteau d'assemblage

Gouvernail a  safran
gouvernail plat

Gouvernail caréné

plat
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Banh ii cdn bing”

Bénh 14i khang can bang
Banh lai ban can bing
Banh 14i 3 ban 18

Banh lai 2 ban 18

Banh lai kidu Simplex
Banh lai nita treo & dudi

Banh lai khéng ban 18 gilra

Banh lai treo
Banh I&i nda treo - ban & don gian

V3i ban 1€ 16ng thép
Banh lai linh hoat
Tinh én dinh huéng

CHUONG 11

Sic can va cdng sust

M hinh thi nghiém

Nhimg nguyén nhan cla sic can
Sic can séng

Hé sdng so cép

He s6ng thir cap

Phan bé ap suét

S6ng chéo

S6ng ngang

Chiéu dai tao séng

Khodng céch gilta diém phat cla
dinh séng trudc goi la vai va diém
phat cla day séng d sau goi la
héng.

Hé s& s can séng

Sic can ma sat

Dién tich mat udt
Tinh trang bé& mat
Chiéu dai hé mat

Ti trong cla nudc

D4 16n cda tdc do

Hé sd slic cdn ma sét

S48 Reynolds

S3 Froude

Balaced rudder

Unbataced rudder

Semi balanced rudder
Hinged rudder with 3 pintles

'Hinged rudder with 2 pintles

Simplex type rudder

Partly underhung (or semi spade
rudder}

Rudder without inter mediate
pintle

Underhung {or spade)

Partly underhung and partly
hinged rudder with sengle pintle

With inserted pintle
Active rudder
Directional stability

Resistance an powering
Model experiments
Causes of resistance
Wave resistance
Elementary wave system
Secondary wave system
Distribution of pressure
Divergent waves
Transverse waves
Generated length of wave

Wave resistance coeffcient

Frictional resistance

Welted area

Nature of the surface

Length of surface

Density of water

The nth power of the speed (v")
Frictional resistance coefficient

Reynoid's number
Froude's number

Gonvernail compensé
Gouvernail non-compensé
Gouvernail semi compensé
Gouvernail a 3 aiguillots
Gouvernail a 2 aiguillots
Gouvernail genre Simplex

Gouvernail semi-suspendu & 2
aiguiliots

Gouvernail sans aiguillot
Cintermédiaire

Gouvernail suspendu

Gouvernail suspendu a aiguillot
simple

A aiguillot en castré

Gourvernail actif

Stabilité de route

Résis tance et puissance

Model expérimental

Causes de résistance
Resistance de vague

Systéme élémentaire de vagues
Systéme secondaire de vagues
Distribution de pression

Vagues divergentes

Vagues transversales

Ladistance entre le point
générateur de {a créte avant
appelé épaule {shoulder) et le
point générateur du creux
arriere, appelé hanehe (hip)

Coeflicient de résistance de
vagues

Résistance de frottement
Surface mouillée

Nature de surface
Longueur de la surface
Densité de l'eau

Fuissance de vitesse

Coefficient de résistance de
frotternent

Nombre de Reynolds
Nombre de Froude
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Théng s8 Taylor

Sitc can du

Hé s& sic can du

Sltc can ap sudt

Binh luat so sanh cla Froude

Sic can khong khi
Sitc can phan nho

Stfc can trong nudc can

Cac phudng phap xac dinh sifc can

Xac dinh sifc can bang cach phan
tich

Xac dinh sifc can trén co s6 khao
sat mo hinh

Trén co sd khao sat nhimng tau thifc

Trén co sd phan tich cac két qué
thir trén mét doan thang

Hidu sust
Hiéu suat vé
Hiéu sudt chong chéng tf do

Hiéu suat chong chong sau tau

Hiéu sudt quay

Higu sudt truc

Higu suat cd

Hiéu sudt ddy

Hé s6 déng theo

Hé s8 Iuc hit

Tac dong tudng quan giita v6 tau
va chong chong

CHUONG 12

Thiét bj ddy: chéo, budm

Chan vit

Chén vit ¢6 dinh

Chan vit bién budc

Chan vit ddng truc ngudc chiéu
Thiét bj guéng

Thiét bj ddy truc dimg

Thiét bi ddy phu nudc
Chén vit dao luu
Chan vit V.S

Quotient Taylor
Residuary resistance
Residuary resistance coefficient

Pressure resistance
Froude's law of comparison
Air resistance

Appendage resistance, skin
resistance

Resistance in confined water

Methods for determination
resistance

Analitical determination
resistance

Determination resistance on
ground of rese arch the models

On ground of research real ships

On ground of analyse results for
each running trial

Effiency
Hull effieiency
Propeller efficiency in open water

Propeller efficiency behind the
ship

Relative rotative efficiency
Shaft transmission efficiency
Machine effciency

Propulsive efficiency

Wake coefficient

Thrust deduction coefficient

Alteraction between the ship and
propeller

Propelling devices: oars, sails
Screw propellers

Fixed pitch propelier
Controllable pitch propellers
Contra-rotating propeliers
Paddle wheels

Vertical axis propetlers

Jet propulsion
Kort Nozzle propeller
Voith-Schneider propeller

Quotient de Taylor

Résistance résiduaire
Coefficient de résistance
résiduaire

Résistance de pression

Loi de comparaison de Froude
Résistance due au vent
Résistance d'appendices

Reésistance en profondeur limitée

Méthodes de détermination de
résistance

Détermination analytique de
résistance. '

Determination de résistance a
base de recherches des models

A bas de recherches des navires
réelles

A bas d'analyse des résultats
mesurées dans les voyages
d'essai

Rendement
Rendement de coque

Rendement de I'hélice en eau
iibre

Rendement de I'nélice derrigre la
coque

Rendement rotative relative
Rendement de tranzmission
Rendemment mécanique
Rendement global de propulsion
Coefficient de sillage

Coefficient de succion

Action réciproque de la coque et
hélice

Moyen propulsif: avirions, voiles
Hélices

Hélice & pas fixes

Hélice & pas variables

Hélices contra-rotatives

Aube

Axe de rotations vertical des
propelleurs

Propeleurs par jet
Hélice en tuyére
Propulser Voith-Schneider
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Chan vit Kirsten -

Chan vit sii bot hoan toan
Chan vit quay phai

Chan vit quay trai

Mat dap

Mat hat

Mép dan

Mép theo

D6 nghiéng cila canh & dinh

D4 ubn cla canh a dinh
Dinh canh

Mat chigu

Mat trai

Mzt dudi

Mat xodn 6c

Budc

Canh

Tau 1 chén vit t6c d6 cao

Tau 1 chan vit téc 44 thap
Tau 2 chan vit
Hé s Iye ddy
Hé 58 mdmen

Then moyeu

Moyeu chan vit (¢t chan vit)
Ban kinh cong tai mo-yeu vdi canh

Mi cdn ddu truc

Dai dc siét chat chan vit
Ti 56 budc

Ti &6 dién tich canh
Chan canh

S6 xam thue

Ap suat tinh

Ap sudt hdi bao hoa

Ap suat dong

Hé sd tién

Hé & trugt

Kirsten - Boeing propeller
Full cavitating propeller
Right-handed propelter
Left - handed propeller
Pressure face

Suction back

Leading edge

Following or trailing edge
Foundry rake inclinaison

Skewback

Blade tip

Projected outline
Developed outline
Expanded outline
Helicoidal surface

Pitch

Blade

Single rotating high speed
propeller

Single rotating low speed
Twin screw propeller
Thrust coefficient

Torque coefficient

Keyblock in lightening chamber

Prc veller hub
Fillet radius

Cone cover, propeller nut cone,
fairwater cap

Propeller nut

Pitch ratio

Blade area ratio

Blade root

Number of cavitation

Static pressure

Pression of satured vapour
Dynamic pressien
Advance coefficient

Slip coefficient

Hélice Kirsten-Boeing
Super cavitating hélice
Hélice a pas droite
Hélice a pas gauche
La face

Le dos

Bord d'attaque

Bord de fuite

Inclinaison de pale, déversement
longitudinal

Déversement latéral

Extrémité de pale

Contour projeté de pale
Contour développé de pale
Contour étendu de pale
Surface hélicoidale

Pas

Pale

A une hélice et a grande vitesse

A une hélice et a petite vitesse

A deux hélices

Coefficient de poussée
Coefficient de couple résistant de
I'hélice

Saignée de clavette dans la
cavité d' aliégement

Moyeu de 'hélice

- Rayon de raccordement de la
racien de pale

Ogive, chapeau, masque
d'hélice, casque

Ecrou de fixation de I'hélice
Rapport de pas

Fraction de surface

Racine de pale

Nombre de cavitation
Pression statique

Pression de vapeur saturante
Pression dynamique
Coefficient d’avance
Coefficient glissant
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ASME
ATMA
ATTC
BSRA
DTMB
ICSTS
IESS
IME
INA
LT.T.C
NECI

NSMB
SNAME
SSPA

!

CAC CHU VIET TAT

American Society of Mechanical Engineers

Association Maritime et Aeronautique

American Towing Tank Conference

British Shipbuiding Research Association

David Taylor Mode] Bassin

International Congress of ship Tank Superintendents (later, L,T. T.C)
Institution of Engineers and Shipbuilders in Scotland
Institute of Marine Engineers

(Royal) Institution of Naval Architects

International Towing Tank Conference

North-East Coast Institutions of Engineers and Shipbuiders
National Physial Laboratory

Netherlands Ship Model Basin

The Society of Naval Architects and marine Engineers
Swedish State Shipbuilding Experimental Tank.
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