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Hién nay, kich thudc than tau dugc thiét ké ngay cang tang 1én nham dam bao nhu cau van chuyén
hang hoa trén thé gidi. Tuy nhién, khd nang diéu dong clia con tau cé kich thudc I6n sé tré nén
kho khan han, dac biét khi con tau nay di chuyén trong ving nudc bi gidi han vé chiéu sau. Do
d6, anh hudng clia chiéu sau ving nudc dén luc va mé men thuy dong tac dung Ién con tau can
dugc nghién ctiu bé sung. Nhiéu cong trinh nghién ctu vé luc va mé men thuy dong tac dung 1én
tau thuy hoat dong trong viing nudc sau, trong khi dé anh hudng cltia viing nudc ndng dén luc
va md men thuy déong tac dung Ién con tau chua dugc nghién cliu mét cach day du. Bai bao nay
trinh bay két qua tinh toan luc dat va mé men quay tac dung lén than tau va banh lai khi con tau
chuyén dong dat ngang dua trén phuong phap tinh toan déng luc hoc chat Iéng Lyc dat va mo
men quay tac dung Ién con tau chuyen dong dat ngang & cac van téc dat va do sau ving nudc
khac nhau sé dugc phan tich. Két qua nghién cliu cho thay cac hé sé luc dat va mé men quay xap
xi vai két qua tuong Uing dugc xac dinh tur thuc nghiém. Khi dé sau vung nudc cang giam thi luc
dat va mé men quay tac dung lén con tau cang tang lén. Hé sé V', cla tau hoat déng trén viing
nudc ndng véi h/T=1.5 va h/T=2.0 tang lén tuong Ung 8.5 lan va 2.6 1an so véi gid tri V', clia con tau
hoat dong & viing nudc sau. Hé s6 N, clia tau trén ving nudc ndng véi h/T=1.5 va h/T=2.0 cling
tang lén 5.2 1an va 2.7 1an so vdi trudng hop tau hoat dong & ving nudc sau. Dong thai, cac hé s6
Y’y va 'y, cla luc dat va mé men quay cling tang lén dang ké so vai hé sé tuong tng clia con
tau hoat dong trong vung nudc khong bi gidi han.

Tu khoa: Banh 13, tau congtenac, nuéc néng, luc dat, mdé men quay

GIOI THIEU

Tau thuy khong chi dugc thiét ké d€ hoat dong 6 ngoai
khoi ma con duge di chuyén & ca trong nhiing vung
nuGc néng dé thuc hién nhiém vu nhan hodc tra hang.
Diéu dong la mot trong nhiing dic tinh quan trong
gitp cho con tau c6 thé lam viéc an toan va hiéu qua.
Trong bién sau, dic tinh chuyén dong cua tau trén
song hodc trén nudc tinh can dugc xem xét dén, tuy
nhién sy anh hudng ctia d¢ sdu viing nudc dén cac
thanh phan chuyén dong ctia con tau cin dugc nghién
ctiu khi con tau hoat ddng trong viing nude nong. Khi
tau chuyén dong trén vung nudc néng, vin téc dong
chay duéi ddy tau bi tang 1én dang k& khién ap sudt
tac dung than tau gidm nén do chui cing nhu chiéu
chim cua tau ting lén. DE xac dinh dic tinh chuyén
dong cuia con tau thi cac luc va mo6 men thuy dong luc
tac dung 1én con tau cin dugc tinh todn. Cac thanh

& phan lyc va md men nay c6 thé dugc xdc dinh nho

thuc nghiém hodc phuong phap mo phong. Nhiing
ndm gin day phuong phép tinh toan dongluc hoc chat
long (CFD - Computational Fluid Dynamics) dugc
ung dung rong rai trong nghién ctiu cac vin dé lién
quan dén chét long bdi vi do chinh xac cao ctia né.

Diéu nay da dugc thé hién trong 14, Bén canh d6, van
toc chuyén dong ctia tau di chuyén trong ving nudc
nodng cang lam thay déi dang ké dén dic tinh thuy
dong luc téc dung 1én than tau va thiét bj kém theo”.
Patel va d6ng su da mo6 phong chuyén dong ctia con
tau trén viing nudc néng c6 xem xét dén anh hudng
ctia mit thoang chdt 1ong [5]. Su anh hudng cua do
su vung nudc dén luc can chuyén dong ctia con tau
nay da dugc xét dén. Thém vao d6, sy anh hudng cua
do6 sau viing nudc dén ti 1é khung hiiu hiéu cia hinh
dang banh lai ciing dugc phan tich®. Tuy nhién, sy
anh huéng nay c6 thé bi thay d6i khi banh lai dugc
dét phia sau dudi tau.

Trong nghién ctiu nay, sy anh hudng ctia nuéc nong
dén dic tinh thuy dong luc tic dung 1én théin tau gan
theo banh lai dugc phan tich dya trén phuong phéap
tinh todn dong luc hoc chit long véi gia thiét con tau
chuyén dong trén nudc tinh & véan téc thép.

CO SO LY THUYET VA PHUONG
PHAP NGHIEN CUU

Trich dan bai bao nay: Thiia N T, Long P T, Hién L T. Uéc lugng luc dat va mé men quay tac dung lén
tau thuy chuyén déng dat ngang trong viing nudc néng. Sci. Tech. Dev. J. - Eng. Tech. 2024; ():1-5.
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Hé toa d6 va ky hiéu

Quy dao chuyén dong va thuy dong luc hoc tac dung
than tau trén mat phng ndm ngang dugc dinh nghia
dua trén hé toa do c6 dinh va hé toa d¢ gén véi than
tau nhu thé hién 6 Hinh 1. Céc thanh phan chuyén
dong, luc va md men téc dung lén con tau dugc dinh
nghia trong hé toa d¢ dia phuong gin véi thén tau,
trong khi d6 hé toa d¢ c6 dinh dugc st dung dé mo
td quy dao chuyén dong ctia con tau trén mdit nudc.
Céc thanh phén chuyén dong cta con tau hoat dong
trén mit nudc gom co6: chuyén dong tinh tién theo
phuong ox va oy va chuyén dong quay theo phuong
o0z. Véc to vén toc theo phuong ox, oy va quay quanh
phuong oz 13 u, v, r. Céc thanh phén luc tdc dung 1én
con tau ciing nhu banh 14i gém c6 luc can (X) va luc
dat (Y) theo phuong ox va oy va m6 men quay (N)
quanh phuong oz. U va tuong tng la van toc va goc
quay ngang ctia con tau.
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Hinh 1: Hé toa d0 va cac ky hiéu

Phuong phap tinh toan

Phuong trinh dong lyc hoc dong chay Navier-Stokes
s6 Reynold trung binh dugc st dung d€ mé phong
dong chdy bao quanh thin tau va banh 1ai. Trong
nghién cliu ndy, dong chay bao quanh than tau dugc
xem xét nhu dong chay khong nén dugc va cac dinh
luat mo ta sy lién tuc va dong luc hoc ctia dong chay
dugc thé hién trong cac phuong trinh sau’:

du;
ox 0
) (1)
du  9p _ dwi 9w JuL,
or Yox; T ox | oxodx;  ox;

6 d6 u; vauj la cac thanh phan van téc trung binh ctia
chét 1ong, p 1a 4p suét trung binh, 13 d6 nhét dong
hoc, x; va x; la nhiing toa d6 trong mién chat 1dng, va
r 1a mat d6 ctia nudc.

Khi tau chuyén dong dat ngang, sy phin b ap sudt tac
dung 1én hai bén man tau sé bj thay ddi dan dén lyc
theo phuong ngang va hoanh d6 tam 4p luc ciing thay

déi theo. Do do, su bién thién ctia lyc dat va m6 men
quay theo van t6c dat khi con tau & cac do sdu ving
nudc khac nhau cin dugc xem xét dén. Luc dat va
md men quay tic dung 1én than tau dugc dua vé duéi
dang khong thii nguyén dua trén chiéu dai va vin téc
cuia con tau dugc mo ta nhu sau:

(= N = @
©0.5pU%2 T 0.5pU2L3
W (V) = u(v) (3)

MO PHONG SO

Trudng hop nghién ciu

Tau chd congteno Kriso (Kriso Container Ship —
KCS) gén kéem mot banh ldi NACA0018 dugc st dung
dé€ nghién ctiu dnh hudng ctia d6 sdu viing nudc dén
lyc thuy dong tac dung Ién banh lai va than tau véi gia
dinh rang anh huéng ctia mit thoang gay ra d6 chim
thém tai vi tri gilia tau va goc chui cua tau dugc xac
dinh dya trén®. Bang 1 mé ta céc thong 3 hinh hoc
co ban clia con tau theo SIMMAN2020°. Hinh 2 thé
hién hinh ddng than tau va banh l4i ndm sau dudi tau
ciing nhu dinh nghia chiéu sau viing nudc va chiéu
chim ctia con tau.

Luc dat va m6 men thuy dong tac dung lén than tau
va banh 1ai dugc xdc dinh cho trudng hgp tau chuyén
dong trong viing nudc sdu va viing nudc ndng co tilé
chiéu sau viing nudc va chiéu chim ctia tau bing 1.5 va
2.0. Anh huéng ctia d6 siu viing nuéc dén céc thanh
phén lyc va m6é men nay ciing dugc xem xét dén.

Hinh 2: M6 hinh tau KCS gan banh lai

Mé phong sé

Hinh hop chi nhét dugc lya chon d€ mé ta mién
chét 16ng bao quanh con tau khi tau chay dat ngang.
Dong chay mot pha bao quanh thén tau dugc gia dinh
dé tinh todn thuy ddng luc tdc dung 1én banh lai va
théan tau. Voi s6 Reynolds ctia dong chay bao quanh
thén tau bang ~8.1E+5, chiéu day 16p bién khong thi
nguyén, yplus=20, dugc lua chon dé tinh todn chiéu
day phén td ludi thi nhat sat bé mét vo tau dya trén
cong cu tinh toan trong https://www.cfd-online.com
/10, Mién chit long va diéu kién bién cho dong chay
qua than tau va banh ldi trong chuyén dong dat ngang
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Bang 1: Théng sé co ban ctia tau KCS va banh lai

Thong s6 co ban

Tylé

Chiéu dai gitia hai tru, Lpp (m)

Chiéu rong, (m)

Chiéu chim, d (m)

Chiéu cao banh lai, hr (m)

Chiéu rong 16n nhét cta banh 14i, ¢; (m)

Chiéu rongnho nhat ctia banh 1ai, ¢, (m)

Tau that
1.0
230.0
32.20
10.80
9.90
6.00

5.00

1.00

0.140

0.047

0.043

0.026

0.022

dugc thé hién trong Hinh 3. Mt trudc ctia mién chit
long dugc dinh nghia 13 vin t6c¢ ddu vao, mit sau cua
mién chét long dugc thiét lap la ap sudt dau ra. Hai
mdt canh cia mién chdt16ng dugc mo ta 1a mit phdng
dai xting. Diéu kién bién khong trugt dugce ap dung
dé mo6 phong su ma sét cia dong chay trén bé mét con
tau va ddy cta vung nudc. D€ tién hanh mé phong,
mién chét 10ng dugc rdi rac boi cac phan tu thé tich
hiiu han nhu thé hién trong Hinh 4. Phén t td dién
dugc st dung dé roi rac mién chat 1ong va hinh déng
vo tau. Hinh dang phan mii tau, dudi tau, ki tau va
phén bao quanh banh 14i dugc x4p xi boi cac phén ti
nho hon dédng ké so v6i mién chdt 1ong con lai d€ mo
phong dugc su tuong tac gitia dong nudc va con tau.
O sat than tau, udi cho 16p bién ciing dugc xdy ding
dé mo phong sy ma sat gitia than tau va chétlong. Di
véi ludi ti dién, chét lugng ludi duge thé hién qua gia
tri clia skewness. Gid tri skewness ctia luéi dugc st
dung dé moé phong trong nghién cttu nay la 0.79.
Phuong trinh Navier-Stokes s6 Reynolds trung binh
trong phidn mém Ansys Fluent dugc st dung d€ mo
phong dong chay bao quanh than tau va banh l14i.
Theo khuyén cdo ctia T6 chtic bé thi quéc té€ vé ting
dung ctia CFD trong ki thuét tau thuy!!, mé hinh réi
k-epsilon hodc k-omega c6 thé dugc ting dung dé du
doan thuy dong luc than tau v6i do chinh xdc cao. D€
giam thiéu thoi gian tinh todn, m6 hinh r6i Realizable
k-epsilon dugc lya chon d€ mé phong dong chay réi
bao quanh con tau.

KET QUA VA BAN LUAN

Luc va m6é men tic dung lén thén tau va banh lai
dugc xac dinh ti phuong phdp md phong CFD sé
dudgc so sanh v6i két qua thuc nghiém dugc mo ta boi
Mucha 2. Tau di chuyén cham trong viing nu6c nong
nén van t6c ctia mo hinh tau dugc lya chon theo SIM-
MAN2020 la 0.814m/s. Luc dat va mé men quay tac
dung 1én than tau va banh l4i dugc xac dinh khi sai s6
moé phong nhé hon 1E-05. Cic luc va m6 men thuy
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dong nay sau do6 dugc dua vé dudi dang khong thu
nguyén dua vao cong thiic 2~3. Hinh 4 mo ta su so
sanh hé s6 luc dat va m6 men quay xac dinh tii phuong
phap mé phong va két qua thuc nghiém ctia Mucha 12
cho trudng hop tau chuyén dong trén ving nudc nong
vGi h/T=2.0. C6 thé thiy rang két qua dat dugc tu hai
phuong phap nay kha tuong dong véi nhau.

OKétqui CFD o Thi nghidm [Mucha, 2017]
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Kiét qui CFD o Thi nghiém [Muucha, 2017]
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Hinh 5: So sanh két qua tinh toan vai két qua thi
nghiém cho trudng hop h/T =2.0

Tiép theo, chuyén dong cta tau trén viing nudc siu
va trén ving nuéc nong véi h/T=1.5 dugc mé phong.
Luc dat va mé men quay tdc dung lén than tau khi
con tau di chuyén trong ving nudc noéng véi h/T=1.5
va 2.0 va vung nudce siu dugc thé hién trong Hinh 6.
C6 thé thdy rang ca lyc dat va mo men quay tac dung
1én con tau déu ting lén dang ké khi do siu ctia vung
nudce bi giam di. Khi d6 sdu viing nudc cang giam thi
cac thanh phén lyc dat va m6é men quay cang tang 1én.
Céc lyc dat va m6 men tdc dung lén than tau dugc x4p
xi d€ xdc dinh dugc cac hé s6 thuy dong luc st dung
cho mé phong quy dao chuyén dong ctia con tau. Khi
van t6c dat thay d6i hudng thi cac lyc dat va m6 men
tac dung 1én than tau ciing thay ddi ddu theo. Do do,
chudi Taylor v6i nhiing s6 hang 1é dugc st dung dé
xdp xi cdc lyc va md men nay d€ xdc dinh hé s6 luc
dat va hé s6 mo6 men quay tau khi con tau hoat dong
6 nhiing d6 sau vung nudc khic nhau. Bang 2 thé
hién hé s6 lyc dat bién déi theo véan t6c chuyén dong

theo phuong y ctia con tau. Tuong tu, cac hé s6 mod
men quay theo vén tdc dat ngang dugc thé hién trong
Bang 3.

ONudcsiu OWT=20 AWT=15

5. 0,E+00 gy

Hinh 6: Luc dat va m6 men quay tac dong Ién than
tau & nhiing dé sau ving nuéc khac nhau

KET LUAN

Chuyén dong dat ngang ctia tau chd congtena KCS
va banh l4i dugc mo6 phong & cac do sau vung nudc
khac nhau dya trén phuong phap tinh toan dong luc
hoc chét long. Luc dat va m6 men quay tdc dung 1én
con tau khi hoat dong & viing nudc nong véi h/T =
1.5 va 2.0 va nudc sdu da dugc xac dinh. Két qua mo
phong cho théy luc dat va mé men thu dugc xdp xi
v6i két qua thi nghiém da dugc cdng bd. Vung nude
noéng cé anh hudng ro rét dén thuy dong luc hoc dong
chay bao quanh thén tau va lam gia ting luc dat va mo
men quay tac dung 1én than tau va banh lai. Khi tau di
chuyén trén viing nuéc néng v6i h/T=1.5 va h/T=2.0
thi hé s6 luc dat bic nhét, Y, ting 1én tuong tng 8.5
lan va 2.6 lan so vdi gia tri tuong ting cta tau hoat
dong & ving nudce sau. Tuong tu, hé s6 moé men quay
béc nhit, N, ciing ting lén tuong ting 5.16 1an va 2.7
1an so v6i hé s6 mo men quay tuong Ging ctia tau hoat
dong & vung nudc sau. Cachésé Y, va N, ctialuc
dat vd m6 men quay ciing ting lén so v6i hé s6 tuong

tng ctia tau hoat dong trong viing nudc siu.
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Bang 2: Hé sé luc dat ngang ctia tau KCS

h/T ['] Y,v Y’vvv
1.5 -7.07E-02 -1.3964
2.0 -3.13E-02 -9.45E-01
Nudc sau -8.24E-03 -1.45E-01
Bang 3: Hé s6 mé men quay cta tau KCS
h/T ['] N’v N’vvv
1.5 -2.74E-02 -1.58E-01
2.0 -1.45E-02 -5.70E-02
Nudc sau -5.30E-03 1.32E-03
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Estimation of sway force and yaw moment acting on ship in drift
motion in shallow water

Nguyen Tien Thua'”*, Phan Thanh Long’, Le Tat Hien?

ABSTRACT

Currently, the ship size is increased dramaticaly to meet the demand for cargo transportation in the
world. However, the maneuverability of a large ship will become more difficult, especially when
Use your smartphone to scan this the ship moves in shallow water area. Hence, the influence of water depth on the hydrodynamic
QR code and download this article forces and moments acting on the ship should be considered more. Many studies have conducted
the research on hydrodynamic forces and moments of the ship in deep water, while the effect of
shallow water on the ship is being focused on recent years. The article presents the results of the
sway force and yaw moment acting on the ship's hull and rudder when the ship moves horizontally
based on the computational fluid dynamics method. The sway forces and yaw moments acting
on the ship in drifting motion at different speeds and water depths will be analyzed. The results
show that the coefficients of the sway force and yaw moment are in good agreement with the
experimental data. As the water depth decreases, the sway force and yaw moment acting on the
ship alsoincreases. The Y', coefficient of a ship operating in shallow water with h/T=1.5 and h/T=2.0
increases by 8.5 times and 2.6 times, respectively, compared to the Y*, value of the ship operating in
deep water. The coefficient N, of the ship in shallow water with h/T=1.5 and h/T=2.0 also increased
5.2 times and 2.7 times in comparison with the corresponding of the ship in deep water. Also, the
coefficients Y, and Ny, of the sway force and yaw moment also increase significantly compared
to these coefficients of the ship in unrestricted waters.

Key words: Marine rudder, container ship, shallow water, sway force, yaw moment
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