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(PNG DUNG PHUONG PHAP SO PHAN TiCH PAC TiNH LAM VIEC
CUA BANH LAI DANG PUOI CA

USING NUMERICAL METHOD TO INVESTIGATE A FISHTAIL RUDDER’S
HYDRODYNAMIC PERFORMANCE

Nguyén Chi Cong, Nguyén Manh Nén
Truong Pai hoc Hang hai Viét Nam

TOM TAT

Banh lai dang duoi ca “Fishtail rudder” la banh lai co bién dang profile khi dong, phia mép
thodt ciia profile canh cé bién dang loe giong dudi cd, khdc véi mép thodt cia profile canh truyén
thong. So véi banh lai truyén thong cé cing kich thude, banh lai dang dudi ca cé hé sé luc bé ldi
I6m hon, cdi thién dang ké khd ndng quay tré cia tau trong qud trinh diéu déng. Bai bdo nay sir
dung phwong phdp s6 khdo sat ddc tinh thuy dong hec hoc cia hé thong chdn vit — banh ldi dang
duéi cd. Chan vit sir dung trong bai bdo nay cé dwong kinh 3,65 m, sé vong quay 200 vong/phiit, 1y
6 bwéce canh H/D = 0,6. Banh 1di ¢6 chiéu cao 4,8m, chiéu rong I6n nhat 3,45m, chiéu réng nhé
nhat 2,45m, bién dang profile goc la NaCa 0018, dé loe ciia mép thodt profile bang 9% d¢ dai day
cung profile goc. Két qua nghién civu ciia bai bdo la co s quan trong trong tinh todn téi wu héa thiét
ké, sir dung banh lai duoi ca trén nhiéu loai tau khdc nhau ciing nhuw cai thién hiéu sudt cia chung
trong qua trinh van hanh tau.

Tw khéa: Banh lai duoi ca; CFD.
ABSTRACT

Fishtail rudder is a rudder with an aerodynamic profile. Its trailing edge of the profile
has a fishtail as flared profile, different from the trailing edge of a traditional profile. Compared
to a traditional rudder with the same size, a fishtail rudder has a larger steering force coefficient,
significantly improving the ship's ability to turn during maneuvering. This article uses numerical
methods to investigate the hydrodynamic characteristics of the fishtail propeller — rudder system.
The propeller used in this article has a diameter of 3.65 m, rotation number of 200 rpm, blade pitch
ratio H/D = 0.6. The rudder has a height of 4.8m, maximum width 3.45m, minimum width 2.45m,
original profile profile is NaCa 0018, flare of profile exit edge is 9% of original profile chord length.
The research results of the article are an important basis for calculating and optimizing design,
using fishtail rudders on many different types of ships as well as improving their performance
during ship operation.
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1. GIOI THIEU CHUNG

Ngay nay, van tai duong bién ngay cang
dong vai tro quan trong trong su phat trién kinh
té toan cau nodi chung va cia mdi quéc gia nodi
riéng. Puong bién khong chi 1a phuong tién
hiéu qua vé chi phi dé van chuyén hang héa
trén quy mo 16n ma con 1a mot yéu té quyét
dinh trong qua trinh mo rong thi trudng va giao
thuong quéc té. Ky thuat hang hai lién tuc tim
kiém cac giai phap moi dé nang cao hiéu suat
than tau, t0i uu kha ning co dong cua tau trong
qua trinh khai thac. Mgt trong nhitng giai phap
t6i ru cai thién kha ning diéu dong cua tau hién
nay la sir dung hé thong banh lai dang dudi ca
“Fishtail Rudder”. Banh lai dudi ca, ¢ bién
dang profile canh gdm hai phan: Phan dau tir
mép vao dén 80% do dai day cung 1a bién dang
profile khi dong, phan dudi tir 80% do dai day
cung 1 phan loe gidng dudi ca. So voi banh 14i
truyén théng, banh lai dang dudi ca c6 hé¢ s6 luc
bé 1ai 16n hon gitip tau cai thién dang ké kha
ning kha nang diéu dong trong qué trinh khai
thac. Bai viét nay sir dung phuong phép s dé
nghién ctru truong dong bao quanh hé thong
chan vit banh lai dudi c4, tor d6 danh gia hi¢u
qud cua banh 1ai dudi ca trong qué trinh van
hanh ciing nhu sy anh huong ciia nd dén dic
tinh thuy dong luc hoc cua chan vit. Nghién
ciru nay c6 dong gép quan trong véi nganh
hang hai, 13 co so Iy thuyét quan trong tinh toan
thiét ké, téi wu hé thong banh lai nham nang
cao hiéu qua diéu dong tau.

2.COSO LY THUYET

2.1. Pac tinh thuy dong luc hgc ciia profile canh
Xét profile canh dit trong dong chat

long chuyén dong véi van toc V_ goc hop boi

véc-to van toc dong chay va diy cung profile
1a a, theo ly thuyét canh dong chat 1dng s€ tac

dung 1én profile mdt luyc thuy dong luc hoc R.
Hinh chiéu cua luc thuy dong luc hoc nay trén
tryc x, y 1an luot 1a L va D. Céc hé sb luc nang
C, va hé s6 luc can C, cua profile dugc xac
dinh nhu sau [1, 2]:
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Hinh 1. Luc thuy dong do dong chay tac dong lén
profile canh.

Hai hé sb luc can va luc nang cua
profile canh 1a hai théng sé quan trong quyét
dinh dén dic tinh thuy dong luc hoc ciia banh
1ai tau thuy.

2.2. Cac phuong trinh co ' ban trong tinh toan
mo phéng sb

Trong tinh toan moé phong sé trudng
dong bao quanh hé théng chan vit, banh 14i,
ta coi dong chay 1a dong chat 1ong khong nén
duoc, chuyén dong ding, cac dinh luat mo ta
dac tinh cua dong chdy la dinh ludt bao toan
khéi lugng, va phuong trinh Navier — Stokes
duoc viét nhu sau [3-5]:

®  Phuong trinh lién tuc:

Vu=0
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® Phuong trinh Navier — Stokes:

\%
—+(u.V)u:——p+vV2u+g (3)
ot Jo,

Trong d6, p 1a kh6i lwong riéng ciia chat
long, p 14 ap suat cta chat 1ong, u 13 van toc clia
dong chat Idng, g 1a gia toc trong truong.

3. TINH TOAN MO PHONG SO
3.1. M6 hinh bai toan va chia luéi

Banh 1ai khao sat c6 bién dang proflile
gbc 1a Naca 0018 va c6 chiéu phan loe cua
mép thoat profile bang 9% chicu dai day cung
profile Hinh 2. Banh 1ai c¢6 chiéu cao 1a 4,8 m,

chiéu dai day cung 16n nhét 13 3,45 m, chiéu dai
day cung nho nhét 1a 2,45m.
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Hinh 2. Bién dang profile canh banh ldi
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Hinh 3. M6 hinh chan vit, banh ldi va kich thwoc
mién khong gian tinh toan

Chan vit st dung trong nghién ctru nay
la chén vit 4 canh SeriB, duc‘mg kinh 3,65 m,
ty s6 bude H/D = 0,67, ty s6 mat dia A, = 0,64,
van téc quay cta tryc chan vit 1a 200 vong/
phut, va bién dang profile canh la Naca 66.

Bang 1. Théng sé ludi ciia mién khéng gian

khao sat
Stt Tén S6 niit | S6 phin tir
1 Khéi dong | 1397412 281981
2 Khdi tinh 1851491 347639
3 Toan bd 3248903 629620

Phan mém Solidworks véi nhiéu wu
diém trong thiét ké va mo hinh hoa cac vat
thé c6 bé mat cong phuc tap duoc st dung dé
xdy dung md hinh hé thdng chan vit — banh 1ai
dudi c4. M6 hinh hé thong chan vit — banh lai
dudi ca sau khi mo hinh hoa béng phan mém
Solidworks (Hinh 3), budc tlep theo trong qua
trinh tinh toAn mé phong sb 1a xay du’ng mién
khong gian khao sat cho bai toan. Mién khong
gian khdo sat co anh huong 16n dén d6 chinh
xéc cta két qua tinh toan mo phong, kich thude
ctia mién khong gian tinh toan phai di 16n dé
xét dén cac yéu t6 tuong tac cia dong chay
v6i hé thdng chan vit — banh 1ai. Pé xac dinh
duoc kich thudc ciia mién khong gian tinh toan,
nhom téc gia da tham khao mot s6 bai bao khoa
hoc uy tin duoc cong bd trén ScienceDirect.
com [4-6]. Mién khong gian tinh toan 1a khdi
tru c6 duong kinh bang 5 lan dudng kinh chan
vit, chiéu dai bang 10 1an dudng kinh chan vit,
chi tiét kich thuéc mién khong gian tinh toan
nhu trén Hinh 3. Mién khong gian tinh toan
dugc chia lam hai khéi: Khéi dong 1a khdi chat
1ong bao quanh chan vit, khéi tinh 1a khdi chia
banh 1ai. Hai khéi nay lién két véi nhau bang
cac mat lién két “Interface”, va duoc mo hinh
hoa bang luéi da dién st dung cong cu [CEM —
Meshing tool trong goi phan mém Ansys. Mién
khong gian khao sat, canh chan vit sau khi chia
lu6i va cac thong sb cua ludi dung dé tinh toan
mo phong nhu trén Bang 1, Hinh 3.
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Canh chan vit Banh lai
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Hinh 4. Chdn vit, banh ldi va mién khéng gian tinh
toan sau khi chia ludi

3.2. Mé hinh tinh toin mé phéng va diéu
kién bién

M6 hinh rdi hai phuong trinh RNG
k-¢ tiéu chuan duoc st dung dé tinh toan mé
phong truong dong chay bao quanh hé thong
chan vit v banh 14 dudi cd. Dau vao dugc
chon la “Velocity Inlet” véi gié thiét 1a van toc
phan bd déu trén toan b tiét dién dau vao cua
mién khong gian tinh toan, dau ra dugc chon la
“Pressure Outlet” vi ap suat du 1a 0 Pa. Khéi
dong c6 chtra chan vit dugc dat la “Moving
Frame” quay xung quanh tryc cua chan vit voi
van tde goc =200 vong/phut. Mdi lién hé gitra
nang lugng giita cac phan tir chat long thudc
khoi dong va khéi tinh duge tinh toan thong
qua mat lién két “Interface”. Thuat toan nodi
suy mbi quan hé van toc ap suat la “SIMPLE
Algorithm”, diéu kién hoi tu khi tinh toan duoc
dat cho céc bién 12 0,001.

4. KET QUA VA PHAN TiCH KET QUA

4.1. Bic tinh thuy dong luc hoc banh lai dubi ca
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I=0,1 I=03 T=0,5
Hinh 5. Phén bé ap sudt trén hai mdt banh ldi tai
J=01;03;05

Hinh 5 1 phan b 4p suat trén hai mit
cta banh 14i & hé s6 tién J = 0,1; 0,3; 0,5. Trén
hinh cho thdy rang, khi tau chuyén dong thing
tuong tng voi goc bé 1ai 1a 0° thi phan bd ap
suét trén hai bé mat banh 1ai khong dbi xing,
diéu nay chung to rang khi tau chwa quay lai
thi trén banh 1ai vin c6 thanh phan luc ngang
tac dung vudng goc vadi truc banh lai. Nguyén
nhan gay ra hién tugng nay la do dong chay
trude khi di vao banh 1ai da tuong tac véi canh
chan vit, khién cho chiéu véc-to van tdc cua
céc phan tir chét 16ng trong truong dong khong
con dong nhét nira ma ludn hop véi chidu day
cung profile banh 1ai mdt goc nao do. Theo ly
thuyét canh thi dong chét 1ong nay s& giy nén
su phan b ap sut bat d6i xing trén hai bé mat
ctia banh 14i. Luc ngang xuat hién do sy phan
b ap suét bat ddi ximg trén hai bé mit banh 1ai
1am tau ludn chuyén dong theo quy dao zigzag
bam sat hanh trinh da dinh.

4.2. Phan b ap suit trén canh chin vit

. .
s VAN L Qe
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Hinh 6. Phdn b6 dp sudt trén mdt hit va mdt ddy
canh chan vit tai J = 0,1, J = 0,4

Hinh 6 13 phan b ap sut trén mat day
va mat hut cta canh chan vit tai hé sd tién 0,1,
0,4. Phan bé ap suit trén hai bé mit canh chan
vit tuan theo quy ludt phan bd ap suit ciia may
thuy lyc canh dan hudng truc, khi hé s6 tién
J tang thi su chénh 1éch ap suit gitta mat day
va mat hl’lt cua canh giam xuéng, didu d6 dan
dén hé sb luc day K. va h¢ s6 mo-men KQ cua
canh chan vit giam [7 9]. Phan b ap suét trén
bé mit ddy canh chan vit giam dan tir mép vao
ctia canh dén mép thoat ciia canh, ving ap sut
nho nhét trén mit dy tip trung ¢ ving gan bau
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chan vit. Trén mat hit cua canh ting phan bd
ap suat ting dan tir dinh canh dén vung chan
canh cua chan vit, vung ap sudt 1on nhét tai mat
hut 1 ving chan canh tai mép vao. Ap suét trén
mit ddy canh chan vit giam dan tir mép vao dén
mép thoat clia canh, 4p sudt 16n nhat tai mat day
canh 1a 1,2.10° Pa twong tng v6i hé sb tién J =
0,1. Nguoc lai, ap suét tai mat hat tang dan tur
mép vao dén mép ra ctia canh, ap suat nho nhit
tai mat hut canh 1a -1,2.10° Pa tuong ung voi
hé s6 tién J=0,1. Ap suit tai mat hat cia canh
tai mép vao nho hon ap suit hoi bdo hoa, do dé
canh chan vit dé xay ra hién tuong xam thuc
khi hoat dong tai diéu kién nang tai turong ung
v6i hé s6 tién J nho.

5. KET LUAN

Bai bao dd st dung phuong phap sb
khao sat ddc tinh thuy dong luc hoc cua hé
théng chan vit — banh lai dudi ca & cac van toc
khai thac khac nhau. Dudi diy 1a mot s két
qua chinh cua bai bao.

- St dung phuong phap sb khao sat dic
tinh thuy dong luc hoc, phan tich truong dong
chay bao quanh h¢ thong banh l4i dang dudi ca
v6i hé so tiénJ = 0,1 +0,7.

- Két qua tinh toan mé phong sb cho
thdy rang & cac hé s tién J khac nhau, goc bé
14i 0°, phan bé ap suat trén hai mat ctia banh lai
1a bt di xtmg dan t&i xuat hién thanh phan luc
ngang vudng goc voi truc banh lai trong qua
trinh van hanh tau.

- Két qua tinh toan mo phong sb ciing
cho thiy rang, khi van tdc khai thac ting 1én
tuong tng v4i hé sb tién J tir 0,1 + 0,7 thi phan
bd ap sudt trén mat hit va mat déy canh chan vit
giam xudng. Tai hé sb tién J = 0,1, ap suat trén
mit ddy canh dat gid tri 16n nhat 1a 1,2.10° Pa

tai mép vao cua canh chan vit. Ving mép thoat
tai mat hat canh chan vit c6 ap suit nho nhat 1a
-1,2.10° Pa, diéu nay dan t&i phan dién tich canh
chan vit & mép thoat tai mat hut dé xay ra hién
tuong xam thuc trong qua trinh van hanh.
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