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TOM TAT

Khi tau bién thay d6i hwéng chuyén dong, tirc hwdng di ctia tau, phan bé ap suit tac
ddng 1én hai phia ctia banh 14i sé khéng ddi xirng, tao ra 4p lwc dw do khéi chat16ng tac
dong l1én banh 14i, tir d6 tao ra thanh phadn md men gia thém. Muc tiéu nghién cru tip
trung tinh to4n thanh phin mo6 men gia thém tac dong 1én tau bién khi thay d6i hwéng
chuyén dong. D€ thwc hién muc tiéu nay, bai bdo st dung phwong phép tinh todn mo
phong CFD mo6 hinh dong dang theo tiéu chin Froude v&i tau thit M/V TAN CANG
FOUNDATION, ty 1& dong dang hinh hoc k = 100. K&t qua tinh todn cho thiy: Trwong hop dic
trung khi vin t6¢ mo hinh tau 16n nhat, Vi = 0,75 m/s, huwéng chuyén déng thay doi 16n nhat
HT = 0309, khi @6 m6 men gia thém mo hinh tau dat gia tri lén nhat Mgmax = 32,15 x 103 N.m.
K&t qua nghién ciu gitip Thuyén trwdng, hoa tiéy, sj quan hang hai c6 co s& khoa hoc ap
dung thurc tién véi d6i twong cu thé 1a tau that, dang van hanh khai thac, nang cao tinh 6n
dinh trong diéu khién tau bién, dic biét khi tau bién van chuyén hang réi, hang nguy hiém,
hang gb, khi tinh 6n dinh ctia tau dé bi 4nh hwéng truc tiép tir md men gia thém.

Keywords:

Added moment

Ship stability
Navigation
Maritime safety
Computational Fluid
Dynamics

ABSTRACT

When a ship alters its course, the pressure distribution acting on the two sides of the
rudder becomes asymmetrical, creating a resultant fluid force on the rudder that is
resolved into two components: the steering force and the drag force. This study focuses
on calculating the added moment using Computational Fluid Dynamics (CFD)
simulations on a geometrically similar model of the M/V TAN CANG FOUNDATION,
with a geometric scale ratio of k = 100. The results show that, in the characteristic case
with the maximum model velocity Vi = 0.75 m/s and the largest heading change HT =
030°, the added moment reaches its maximum value of Mgmax = 32.15 x 10®> N.m The
research findings provide a scientific basis to support Master, pilots, and deck officers
enhance stability in ship handling, thereby contributing to maritime safety, particularly
for vessels carrying bulk cargo, hazardous goods, or timber, whose stability is more
directly affected by the added moment.
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1. Dat van dé

Khi tau bién thay d6i hwéng chuyén dong, trong
qua trinh diéu dong, phan b6 ap suit tic dong 1én hai
phia man tau, sé khong déi xirng, xuit hién luc gia
thém (F) va chia lam cic thanh phén lwc gia thém nhw
thé hién trong Hinh 1.
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Hinh 1. Phin tich thanh phian lyc gia thém F khi tau
bién thay d6i hwéng chuyén dong.

Chiéu thanh phan lyc gia thém F 1én mat phang
nam ngang, theo chiéu thing truc doc tau bién, nhan
dworc: Lwc can (Fo), lwcly tdm (Fi) va mo men gia thém
(Mg). M6 men gia thém dwoc tao ra khi luc F chiéu
phuong thiang ddng va léch khéi truc doc tau bién
mot canh tay don (d).

Lién quan dén van dé nghién cu: Nam 2012
trong cdng trinh céng bé ctia nhém tac gia [1],
thudc trweong Massachusetts (My) da cong bo két
qua nghién ctru vé tng dung CFD dé tinh toan luc
can vo tau. Nam 2012, trong cdng trinh cong bo
cua tac gia [2], thudc Trwong Pai hoc Victoria
(Anh), dwa ra két qua nghién cttu bang tng dung
CFD, dong thoi nghién ctiru thwe nghiém dé so sanh
va kiém chirng trén cung mo hinh tau 3D, két qua
d6 chénh léch 1é6n nhit 10,16%. Nam 2015, cong
trinh cia nhom tac gia [3], da cong bd két qua xung
quanh bai toan dong lwc hoc bao quanh vo tau.
Nam 2016, cong trinh ctia nhém tac gia [9], da cong
bd cong trinh khoa hoc lién quan dén xac dinh strc
can tau tau container bang phwong phip mod
phéng s6. Nam 2016 - 2020, cac cong trinh cta
nhom tac gid [4], [6], [7], [8], [10], [11], [12],
Trwong Pai hoc Hang hai Viét Nam va Trwong Dai
hoc Giao thong van tai TP. H6 Chi Minh, da cong b6
két qua nghién ctru danh hwéng déng lwe hoc dong
chay bao dén lwc can tau thiy, dong thoi so sanh,

danh gia véi két qua nghién ciru thuc nghiém,
trong qua trinh thay déi hwéng chuyén dong.

Mat khac, trong giai doan 2021 - 2025, trong cac
cong trinh cua nhom tac gia [5], [13], [14], [15],
Truong Pai hoc Hang hai Viét Nam va Trwong Dai
hoc Giao thong vén tai TP. H6 Chi Minh, tiép tuc
céng bo két qua nghién ctiru vé rng dung CFD tinh
todn md phong, két hop nghién ctru thwc nghiém
lién quan dén dong lwc hoc dong chay bao, lwc gia
thém, lwc bé 1ai tau thuay, khi thay d6i hwéng
chuyén dong hay thay doi goc bé 14i.

Tuy nhién, trong bai bao nay, mot mat nhém tac
gia phén tich va ké thira két qua da dat dwoc tir cac
cong trinh c6ng bo trwdrc d6. Mat khac, da nghién ctru
tinh toan mo phong riéng gia tri m6 men gia thém khi
tau thay doi hwéng chuyén dong, khi diéu dong tau
bién. V&i muc tiéu va pham vi nghién ctry, thuc hién
trén co s& st dung dit liéu theo mé hinh déng dang
Froude véi tau that M/V TAN CANG FOUNDATION,
ty 1é dong dang hinh hoc k=100 [5], [7], [8], cu thé:

Vén t6c tau mé hinh dwgc déng dang theo thong
s0 tir ho so cla tau that (Vim):

Vi = {0,45; 0,55; 0,65; 0,75}, (m/s).

Hwéng chuyén dong ctia tau thay doi (HT):

HT = {0000, 010°, 020°, 030}, ().

2. Phwong phap nghién ciru

Gidi han diéu kién bién:

Dit liéu dAu vao: Dit liéu tinh toan mo phong bang
CFD duwgc dya trén dir liéu theo tiéu chudn dong dang
Froude, ty 1&é dong dang hinh hoc k = 100, ctia tau thét
M/V TAN CANG FOUNDATION, gobm 04 gia tri van toc
Vm (m/s), da dong dang theo thong so tir ho so cia
tau thwc M/V TAN CANG FOUNDATION va 04 gia tri
huwéng chuyén dong thay doi HT. Do do, twong Gng
viéc tinh toan moé phdng véi 16 trwong hop khac
nhau.

Két qua nhan dworc tai dau ra: Phan bo luc hai bén
man tau tai phan chim dwéi nwéc, theo hwdng cac
truc Ox, Oy, Oz, khi thay d6i hwéng chuyén dong va
van t6c cia tau bién.

Quy trinh cu thé #ng dung CFD 4p dung bai toan
dong luwc hoc dong chay bao, khi tau bién thay doi
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hwéng chuyén dong va van toc véi cac bude dwoc
mo ta theo hinh 2 [5], [7], [8].

Bai todn thuc t& clia déng lwc hoc déng
chay bao khi tau bién thay ddi hwéng
chuyén déng va vén tac

u Buwée 1

¥ay dung mé hinh nghién cliu bam sat
nhat véibai todn thue tién nghién ettu

ll Bwére 2

V& mo hinh, chia lwéi, 43t didu kién

bién cho bai toan nghién ciu

Bwae 3

U'ng dung CFD tinh toin mé phéng,
nhén céc gia tri @u ra clia bai toan

| Thay d6i van tac tau bién |

| Thay déi hwéng di thu bién |

Bwée 4

Phén tich két qua tinh todn mé phang

(Hiéu chinh lai m& hinh néu cén)

Hinh 2. Quy trinh &ng dung CFD tinh toan mé phong
déng lwc hoc dong chay bao khi tau bién thay doi
hwéng chuyén dong va van toc.

e Buwdc 1: Xay dwng mdé hinh nghién ctru. Mo
hinh héa bai toan thuc t& bam sat thwc tién bai
toan. C6 thé xay dwng mo hinh déng dang dam bao
ty 1& dong dang véi thuce té, dic diém chinh cta bai
toan dwoc mo hinh hda bam sat thwe té nhat. Buéc
nay dwgc khao sat ky, quyét dinh dén do tin ciy va
d6 chinh xac ctia két qua nghién ciru.

e Buwdc 2: Vé mé hinh, chia lwdi va ddt diéu kién
bién. Vé mo hinh c6 thé st dung phin mém chuyén
dung nhw: Solidwork, Inventor, Gambit,... Viéc
chia lwéi mo hinh 13 vin dé quan trong, quyét dinh
dén sai sO tinh toan mo phong, khéi lwgng tinh
toan, toc dd tinh toan, cé tinh dén kich thwéc mién
tinh toan. Po chinh xac cia bai toan phu thudc rat
nhiéu vao van dé chia lwdi, tiéu chuin hoi tu, dic
biét véi diéu kién bién kha phirc tap cta bai toan.

e Budrc 3: Ung dung CFD tinh todn mé phdng, tir
dd cho két qud nhdn dwoc tai ddu ra theo muc dich
nghién citu ctia bai todn. Ung dung CFD tinh toan
mo phong dong luc hoc dong chay bao, ddm bao
lwa chon hop Iy mo hinh tinh todn mo6 phong, ky
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thut giai, diéu kién cho vong tinh toan, tiéu chuan
hoi tu phu hop. Két qua nhan dwoc, nhw: Phan bé
lwe hai bén man tau tai phan chim dwéi nwéc, theo
hwédng cac truc, tredrng van téc, md men, ap sudt,
phéan b6 pha, phan tram pha, phin b6 ap suit, hé
s6 ap sudt, ... phuc vu phan tich va danh gia két qua.
e Buwdc 4: Phdn tich cu thé két qud nhdn dwoc
theo doi twong tinh todn cu thé. C6 thé dé xuat hoac
khuyén nghi déi véi khoa hoc chuyén nganh.
Trwong hop cin thiét c6 thé hiéu chinh lai két qua,
dam bao bam sat thuc tién, nhu: So sanh véi két
qua c6 do chinh xac, do tin cay cao twr cong trinh
khac da cong b6 trwdc do6, so sanh véi két qua
nghién ctru thuc nghiém, hay tinh toan bang cong
thirc thue nghiém, hay két qua khao sat thuec té,...

Khi thay déi thong s6 lién quan, thwc hién vé lai
mé hinh, chia lwdi va dat diéu kién bién cho phu
hop thuc tién, thue hién tir bwée 2 tré di.

3. Tinh toan mé phong lwc mé men gia thém
tau bién bang CFD

Khi thwc hién todn m6 phéng mé men gia thém
tau bién bang CFD véi Fluent - Ansys, mot s6 cilta s§
chinh nhin dwoc, bao gom lwa chon ki thut giai, mo
hinh SST,va trang thai tinh todn cung tiéu chuin hoi
tu nhw mo ta theo hinh 3, hinh 4 va hinh 5 [7], [8].

e =

[ Residual Monitors S

Options Equations

Scale
[~ compute Local Scale

] [Renurmalize] [ Cancel ] [ Help ]

[ ok ][ Pot

Hinh 3. Hién thi clra s6 lwa chon kj thut giai.
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i B
Viscous Model M
Model Model Constants
) ) Inviscid Alpha®_inf i
() Laminar ,1— |E ‘
() Spalart-almaras (1 eqn) B
B k-epsilon (2 eqn) Alpha_inf
' k-omega (2 egn) 0.52
~) Transition k--omega (3 eqn) '
G Transition 55T (4 eqn) Beta™ inf
_ Reynolds Stress (7 eqgn) 0.09
(7) Scale-Adaptive Simulation (SAS) )
(7) Detached Eddy Simulation (DES) a1
(7) Large Eddy Simulation (LES) ,031—
|| Transition S5T Options %
[ Roughness Correlation User-Defined Transition Correlations
Options F_length
none v]
[] curvature Correction
Production Kato-Launder Re_thetac
Production Limiter [none - ]
Re_thetat

’none

Scale-Resolving Simulation Options

[ 5cale-Adaptive Simulation (SAS)
[ petached Eddy Simulation (DES)

[ OK ] [Cancel] [Help ]

Hinh 4. Cira s6 thé hién sw lwa chon m6 hinh tinh todn
SST.

Két qua tinh toan mo phong phén bo lwc hai bén
man phai va man tri vo tau phan chim dwéi nwéc va
theo hwdng cac truc 0x, Oy, Oz, khi thay d6i hwéng
chuyén dong va van toc cla tau. Tlr d6, nhan dwoc két
qua xac dinh mé men tac dong vé tau theo hwdng cac
truc twrong tng [7], [8].

Xét trwong hop khi thay d6i hwéng chuyén dong
16n nhat HT = 0309, va van toc tau lén nhat Ve = 0,75
m/s, day la trwong hop dic trung, tinh chat on dinh
c6 nhiéu rii ro hon, két qua mé phong phan bé luc
dwgc minh hoa cu thé theo hinh 6. Hoan toan twong
tw, nhan dworc két qua cla cac treong hop con lai.

a)

Phase 2 Force X
Contour 1 Figure 3
8.000e-004

5.700e-004
3.400e-004
1.100e-004
-1.200e-004
-3.500e-004
-5.800e-004
-8.100e-004
-1.040e-003
-1.270e-003

-1.500e-003
(N

Run Calculation

[ Check Case... ] [Preuiew Mesh Moton... ]

Time Stepping Method Time Step Size (s)

|Fixed ~ | | 1e-06 &
Settings. .. Mumber of Time Steps
1e+03 (=]
| =
COptons
[] Extrapolate Variables
[ Data sampling for Time Statistics
K =
] | Sampling Optons...
0
Max Iterations/Time Step Reporting Interval
| 20 (=] | 1 =]
= =
Profile Update Interval
| 1 =]
=
[ Data File Quantities. .. ] Acoustic Signals...

[ Calculate

Hinh 5. Hién thi cra s trang thai tinh todn va tiéu
chuén hoi tu.

Khi tau thay ddi huwéng chuyén dong, trueomg hop
ré nhit khi thay d6i hwéng chuyén dong 16m, tirc 1a
goc bé 1ai 16m, sé tao ra md men gia thém quay quanh
truc doc tau va anh hwdng truc tiép tédi tinh 6n dinh
clia tau bién, treomg hop gia tri mé men 1ém, dic biét
c6 thé gay 1at.

MNSYQ
Phase 2 Force X AV N ,{S

Contour

1 Figure 4

8.000e-004
5.700e-004
3.400e-004
1.100e-004
-1.200e-004
-3.500¢-004
-5.800e-004

-8.100e-004
-1.040e-003
-1.270e-003
-1.500e-003 -

N)
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b)

2\ et A ey P unl
Phase 2 Force Y INNDAD Phase 2 Force Y AN D XD
Contous 1 Figure 5 Contour 1 Figure 6
1.500e-002 1.500e-002
1.200e-002 1.200e-002
9.000e-003 9.000e-003
6.000e-003 6.000-003
3.000e-003 3.000e-003
9.313e-010 9.313e-010
-3.000e-003 -3.000e-003
-6.0000-003 -6.000e-003
-9.000e-003 4 -9.000e-003 & = j
-1.2000-002 ) v e 1.2000-002 " — ‘
-1.500e-002 -1.500e-002
(N) (N)
c)
Phase 2.Force Z AN ;:]\:‘\{S Phase 2. Force Z AN DS{S
Contour 1 Figure 7 Contour 1 Figure 8
6.000e-003 6.000e-003
4.800e-003 4.800e-003
3.600e-003 36006003
2 4006-003 2.400e-003
1.2000-003 1.2000-003
0.000€+000 0.000€+000
-1.200e-003 -1.2000-003
-2.4000-003 -2.4000-003
-3.600e-003 4 -3.600e-003 E ’
-4.800e-003 — -4.800e-003 &
-6.000¢-003 -6.000e-003
N) (N)

Hinh 6. Két qua tinh todn mé phdong phan bo lwc man phai va man trai vo tau. (a) Theo hwdng truc Ox phin

chim dwéi nwérc man phai va man trai, (b) Theo hwéng truc Oy phan chim dwéi nwédc man phai va man trai, (c)
Theo hwéng truc Oz phan chim duéi nwéc man phai va man trai.

Cu thé, xét treong hop hwéng chuyén dong cua

két qua tinh todn md phong bang CFD nhan dwoc gia
tau thay d6i 16n HT = 0309, v4i vén toc tau thay doi,

tri m6 men gia thém dworc tong hop trong Bang 1.

Bang 1. Tong hop gia tri m6 men gia thém khi hwéng HT = 0300 va van téc thay déi.

Van téc tau

md hinh, 0,45 0,55 0,65 0,75
(Vm), (m/s)

Mo men gia 027103  7,02103 181410  32,15.10°
thém, (N.m)

Tong hop két qua tinh todn md phong mé men gia

clia cac treomg hop thay doi hwdng chuyén dong va
thém bang CFD, trén tau mo hinh dong dang tau that

van téc cla tau dwoce tdng hop trong Bang 2.

Bang 2. Tong hop két qua tinh toan mé phong mé men gia thém cta cac trwong hop.

Van tdc tau md hinh, (Vin), (m/s) 0,45 055 0,65 0,75
HT = 0000 0 0 0 0
7,88.10 14,89.1
HT =0100 0,09.103 1,2.103 3 03
Mo men gia thém,
11,59.1 21,62.1
(N.m) HT = 0200 0,15.103 30108 117 /6
03 03
7,02.10 18,14.1 32,15.1
HT = 0300 0,27.103 3 03 03
4. K&t qua tinh tod 5 bhé 3 thio lua dong va van t6¢c mo hinh tau nhw dwoc thé hién theo
. K€t qua tinh toan mo phong va thao luan A <1
1 P 8 : hinh 7 va hinh 8.

Tr két qua tinh todn mé phong mé men gia thém
dwoc tong hop theo bang 2, ta xay dung d6 thi mo ta
gia tri mo6 men gia thém, khi thay d6i hwéng chuyén
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103. Mg,
(N.m)
35

—8—HT =000 HT =010

30
25 —8—HT =020 —O—HT =030
20
15

10

5 / /
Vm,
0 C .

“ v (m/s
0.45 0.55 0.65 0.75 (m/s)

Hinh 7. D6 thi m6 td mdi quan hé mé men gia thém
(Mg) va van téc tau mé hinh (Vm) Khi tau thay déi
hwéng chuyén dong tau mo hinh (HT).

103. Mg,
(N.m)

35
——V=0,45m/s V=0,55m/s

30
——V=0,65m/s — —V=0,75m/
25

20

- /
/ /

10

5
HT,

0 \ g &> ®

.o (d0)
0 10 20 30

Hinh 8. D6 thi m6 td mdi quan hé mé men gia thém
(Mg) va hwéng chuyén dong tau mo hinh (HT) khi tau
thay d&i van tdc tau mo hinh (Vi)

Phén tich két qua bang 2, d6 thi hinh 7 va hinh 8,
ta nhan xét rang;

Cung gia tri van toc mo hinh Vy, khi ting gia tri
huwéng chuyén déng, mé men gia thém ctia mé hinh
tau sé tang, cu thé:

e Khi Vy, = 0,45 m/s, Mg = (0,27 - 0,09) x 103
N.m=0,18 x 103 N.m;

e KhiV,=0,55m/s, Mg=(7,02-1,2)x 103 N.m
=5,82x103 N.m;

e KhiV,=0,65m/s, Mg = (18,14 - 7,88) x 103
N.m =10,26 x 103 N.m;

e KhiV,=0,75m/s, Mg =(32,15- 14,89) x 103
N.m=17,26 x 103 N.m.

Cung gia tri hwéng chuyén dong, khi ting van tdc
mo hinh tau Vy,, m6 men gia thém ciing ting. Cu thé
khi van téc thu mé hinh thay doi tir Vi, = 0,45 m/s dén
Vi = 0,75 m/s, két qua nhu sau:

e Khi HT = 01009, Mg = (14,89 - 0,09) x 103 N.m
=14,8x 103N.m;

e Khi HT = 0200, M, = (21,62 - 0,15) x 103 N.m
=21,47 x 103 N.m;

e Khi HT = 0300, M, = (32,15 - 0,27) x 103 N.m
=31,88x 103 N.m.

Truwong hop khi van t6¢ m6 hinh tau 16m nhit, Vi,
= 0,75 m/s, hwéng chuyén dong thay doi 16m nhat HT
= 03009, khi d6 m6 men gia thém mo hinh tau dat gia
tri I6n nhat:

M, = Mgmax = 32,15 x 103 N.m.
5. Kétluin

Bai bao tap trung nghién cru tinh toan mo phong
mod men gia thém bang chwong trinh CFD. Trén co s&
két qua cu thé nhin dworc, 1a co sé 1y ludn khoa hoc ¢6
thé két hop véi két qua nghién cliu thuc nghiém voi
tau that M/V TAN CANG FOUNDATION, c6 thé m¢
rong phwong phap luin nghién ctru d6i véi chiing loai
tau khac nhau, trén cac tuyén luéng hang hai, hay khu
vure khdo sat, dé kiém chirng do chinh xac, do tin ciy
két qua nhin dworc.

Mit khac, tir két qua nhin dwoc hoan toan cé thé
chuyén déi gia tri m6é men gia thém ctia tau mo hinh
sang gia tri tau that M/V TAN CANG FOUNDATION
theo tiéu chuin déng dang Froude hoic twong doi
theo cong thirc thuc nghiém dwgc thira nhan va st
dung rong rai.

Tir két qua nhin dwoc gidp Thuyén truwedng, hoa
tiéu, s quan hang hai c¢6 co sé khoa hoc ap dung thuc
tién v&i d6i twong cu thé 1 tau that dang van hanh
khai thac, ning cao tinh 6n dinh trong diéu khién tau
bién, gop phan bao ddm an toan hang hai, dac biét khi
tau bién vin chuyén hang roi, hang nguy hiém, hang
g0, khi tinh 6n dinh cta tau dé bi anh hudng truc tiép
tlr mO men gia thém.

Poéng gop cua cac tac gia trong bai bao

Pham Nguyén Pang Khoa: Phwong phap,
Quan ly dir liéu, Phan tich chinh thirc, Piéu tra, Xac
thwc, Truc quan héa, Tiép nhén tai trg, Viét - ban
thao goc. Pham Ky Quang: Bién soan dit liéu, Phan
tich dir liéu, Diéu tra, Phan hoi y kién phan bién.
Tuyén bd khong xung dot l¢’i ich va cam két ban
quyén

Cac tac gid tuyén bo vé sy khéng xuat hién
nhirng xung dot tiém 4n tir nghién ctru nay, va cam
két bai bdo chwa tirng dwoc cong bé truede day.
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