U'NG DUNG CFD PHAN TiCH LI’C TAC DONG LEN BANH LAl
NHAM THAY BOI HUONG bl TAU THUY
TO UTILISE THE CFD TO ANALYSE FORCES ACTING ON THE SHIP RUDDER IN ORDER
TO CHANGE THE SHIP'S DIRECTION

PGS.TS. LWONG CONG NHO
PGS.TS. PHAM KY QUANG
Trwong Pai hoc Hang hai Viét Nam
ThS. BUI VAN CUONG
Péng Gy khéi doanh nghiép Trung wong
Tom tat
Bai bado dwa ra qui trinh teng dung CFD vao phén tich déng lwrc hoc dong chay sau chan vit tau
thdy bao quanh banh lai v&i cac géc dat canh khac nhau tr dé xac dinh dwoc lwc bé lai gitp
thay déi huéng di cta tau thay.
Abtract
His article presents a process employing CFD in analyzing the flow dynamic behind the ship’s
propeller surrounding the rudder with different actack angles from which determining the
steering force to change the direction of the ship.

1. Giéithiéu
Lwc tac dong lén banh lai dé thay dbi hwéng di ctia tau thiy dwoc hinh thanh do sw chénh ap suét

gitva hai bé mat banh lai. N6 phu thudc vao dién tich mat tiép xuc cha banh lai, géc dat canh (géc quay
banh lai) va toc do dong chady bao quanh banh Iai.

Nhuw vay khi tau thay dwa vao hoat déng thi dién tich mat tiép xtc cta banh lai la cb dinh, ltc nay
lwe bé 14i chi con phu thudc vao hai théng sé 1a tée
do6 dong chdy bao quanh banh lai va géc quay
banh lai. Téc dd dong chdy bao quanh banh lai
chinh 1a tdc d6 dong sau chan vit vi vay né phu
thudc vao sb vong quay chan vit (n;). Néu goi géc
quay banh lai 1a a, thi t6 hop (n; va a;) sé quyét
dinh d6 Ion cda lwc bé lai. Trong pham vi bai bao
tac giad rng dung CFD dé tinh toan mé phéng lwc
bé lai nay.
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2. M6 hinh nghién ctru va thuat toan

Trong pham vi nghién ctru bai bao nay tac Hinh 1. Mé hinh dong chay bao quanh béanh lai

gia st dung phwong phap phén t&r bién tinh toan cho bai toan 2D tr d6 xac dinh duoc lyc tac dong lén
banh lai va str dung phan mém Fluent-Ansys dé tinh toan truc tiép cho bai toan 3D [1], [2].

Xét mo6 hinh 2D nhw sau:
tn

' biéu kién
( Kutta
7N a__.

Hinh 2. Mé hinh nghién ctru

O day chi xét cho chat 16ng khdng nén dwoc, U, 1a van téc dong vao. Goi V 1a véc to van téc tdng,
® la thé tbng va ¢ 1a thé x&o tron, xac dinh theo:
V =ao=U_ +d¢
1)

thé tdng va thé xao trén c6 quan hé véi nhau la:



H=D(X,y)-Din(X,y)
2

v&i Din(x,y) la thé van tdc dong vao va dwoc xac dinh nhw sau:
Din(X,Yy) = U, (Xcosa+ysina)

3)

Cac diéu kién khac:
Y i i N N Py o . a¢ 1 =
- Diéu kién bién dong hoc trén bé mat canh: 8_ +U_n=0 4)
n
- Diéu kién Kutta & mép ra ctia canh
- ¢ thod man phwong trinh Laplace V %$p=0
(5)
Chia bién dang canh thanh N+1 doan (s& cé N diém) vi chat Idng 1a Iy twédng cho nén thé téng trén
mdi diém la nhw nhau:

®=hang s6. i = (1,N)
D= dpp+®j, = hdng s6 v&ip l1a diém géc.
vay tai méi doan th j = (1,N+1), khi do:

Z I(aqﬁlnrjds_z I( alnr) + . = hing sb

= =
(6)
r: La khodng cach tir diém gbc p t&i mdi phan tir ds
1
Pat: B=—— I (In r*ds
T
(7)

c- Jalnr

N N
Thay vao (6) nhan dwoc: Z B, (%j +2Cj¢j + @, =hang s6
=1 i

(8)

chon @ = d;, khi d6: ZB[ j +ZC¢ =0
©)

trong phwong trinh nay thi dugc xac dinh nhd diéu bién déng hoc (4), vay an can xac dinh
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chinh 1a N+1 gia tri ¢; nhuwng ta m&i c6 N phwong trinh, phwong trinh thi N+1 duwoc bd sung nho diéu
kién Kutta.

(d1-On)+Adw =0
(10)

Ady 12 buwdc nhay thé tai mép ra cGa canh

Gidi hé N+1 phuong trinh nay ta xac dinh dwoc céc gia tri ¢;, tr day ta sé suy ra céc gia tri can tim
khac nhu:



Hé sb ap sudt: C, = 1-V7/U?, (11)
T 2a¢w
1 U.c

—-U_c
2

Hé sb lwc nang: C, =

(12)

= L/(p.U.)
(13)

Trong do: c la chiéu dai day cung, T 12 lwu s6 van toc, L 1a lwc bé lai (luc nang), p 1a khi lvgng
riéng clia chat I1dng. Goi S la dién tich chju tai cta banh lai, cé Iyc bé lai dwgc xac dinh:

L=0,5.CL.p.U,.S (14)
3. Phan tich két qua

Chuwong trinh tinh toan dwoc viét bang ngdn nglr Fortran, dé tién so sanh két qua véi cac trwong
trinh khéc ta ldy dau vao la day cung c=1; U..=1 cho nén khi chay chwong trinh ta chi can dwa tép di liéu
bién dang canh va géc quay banh lai o, diu ra ta thé hién hé s ap suét Cp.

Két qua cho canh NACA4412 tai o = 5° va so sanh két qua voi phwong phap xoay [2], [3]:
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Hinh 3. Hé sé &p suat cho canh NACA4412, a=5°

Tinh toan cho canh NACA 16006 ta dwoc;
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Hinh 4. Hé sé dp sudt cho cdnh NACA16006, tai a=1°(hinh a); tai a=2°(hinh b)



Tinh toan cho banh lai 3D bang Fluent-Ansys [4], [5].
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Hinh 4. Phdn bé ap sudt trén banh li tai a=0°va a=30°

Ta thay trong tredng hop tau di thing (a=0°) ap suat hai mat banh lai la ddi xrng, khi a =30° thi gia
tri 4p suat nay léch nhau kha I6n, tir d6 ta xac dinh dwoc lwc tac dong 1én banh lai dé thay dbi huwéng di
cla tau.

4. Két luan

Bai bao dwa ra dwoc thuat toan trén co s& phwong phap phan tl bién va st dung Fluent-Ansys dé
xac dinh lyc tac dong I&n banh lai nhdm thay déi hwéng di tau thay.

Trong phan nghlen cwu sau tac gia sé gén trén mdt mau tau cu thé dé xac dinh qui dao chuyén
doéng cla tau véi td hop sb vong quay chan vit va géc quay lai khac nhau.
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