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U'ng dung CFD tinh todn m6 phéng luc ly tam gia thém trong diéu khién tau
bién nham ning cao an toan hang hai

CFD application for simulating added centrifugal force in navigation to
enhance maritime safety
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Tir khéa: TOM TAT

Luc ly tAm Trong qua trinh diéu dong, tau bién thwdong xuyén thay ddi hwéng va van téc chuyén
Huwéng chuyén dong dong. Dong thoi xuit hién thanh phan lwc ly tAm gia thém, &nh hwdng dén kha nang diéu
tau bién khién tau bién. Muc tiéu nghién ctu 1a tinh todn mé phong thanh phan lyc ly tAm gia
biéu khién tau bién thém xuit hién trong qua trinh diéu khién tau bién. Bai bio s& dung phwong phap CFD
An toan hang hai dé tinh todn m6 phong mé hinh déng dang theo tiéu chuin Froude véi tau thit M/V TAN

CANG FOUNDATION, 14 tau container, trong tai 420 TEU, véi ty 1é dong dang hinh hoc k
=100. K&t qua tinh todn md phdng nhin dwoc véi treong hop dic trung nhat khi vén téc
mo hinh tau 1én nhat, Vi = 0,75 m/s, hwéng chuyén dong thay d6i lém nhat HT = 0300, luc ly
tAm mé hinh tau dat gia tri la: Fi = 0,041 x 103 N. Két qua nghién ctu gitip Thuyén truwdng,
hoa tiéu, s§ quan hang hai ning cao cao an toan hang hai trong diéu khién tau bién, khi
thay ddi hwéng va van toc tau tai cdc khu vc hang hai nguy hiém, doan cong, khtic cua
trén tuyén luéng hang hai.

Keywords: ABSTRACT

Centrifugal force During the maneuvering, the ship frequently undergoes variations in course and speed.
Ship's course At the same time, there is an additional centrifugal force component that affects on the
Navigation vessel’'s maneuverability and course-keeping performance. This study aims to
Maritime safety numerically compute and simulate the additional centrifugal force component that

arises during ship maneuvering. The study employs CFD (Computational Fluid
Dynamics) techniques to simulate a geometrically scaled model based on Froude
similarity criteria corresponding to the actual vessel M/V TAN CANG FOUNDATION, a
420 TEU container ship, with a geometric scale ratio of k = 100. The numerical results,
obtained under the most representative condition, when the model ship attains its
maximum velocity (Vm = 0.75 m/s) and the heading alteration is HT = 030°, indicate that
the model-generated centrifugal force reaches Fi = 0.041 x 10° N. The research results
help Masters, pilots, and deck officers to improve maritime safety in ship handling
during course and speed alterations in high-risk maritime zones, particularly within
curved and narrow channel sections.
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Ung dung CFD tinh todn mé phéng lwc ly tdm gia thém trong diéu khién tau bién nhdm ndng cao an toan hang hdi

1. batvan dé

Sw ¢6 va tai nan hang hai, nhw va cham, dam va,
thing tau, mic can, mét tich, cudp bién, chdy né, tran
dau,... tic dong truc tiép, sdu rong dén hoat dong,
khai thac hang hai. Hiéu nguyén nhin va hiu qua cia

Cudrp bién;
4,11%

Sy o may taw;
26,75%

Bam va tau
15,58%

Mic can, chim
ddm; 14,50%

tai nan hang hai 1a diéu cin thiét dé ning cao an toan,
ngan ngira thdm hoa va sém khic phuc hau qua. Theo
s0 liéu bao cio va thong ké [1], ty 1é trung binh sw c6
hang hai trén thé gidi, giai doan 1990 - 2021, mo ta
Hinh 1 [1].
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Hinh 1. Ty 1 trung binh sw ¢6 hang hai trén thé gidi, giai doan 1990 - 2021.

T két qua Hinh 1, nhin xét rang: Bén canh
nguyén nhan chinh, sy ¢6 va tai nan hang hai do anh
hwdng truc tiép ctia dong chdy bao khi thay doi
hwéng va téc d6 trong diéu khién tau bién chiém
5,41%, dan dén va cham, ddm va, mic can.

Bdi vi, khi tau thay ddi hwéng chuyén dong, phan
b6 ap suit tic dong 1én hai phia ctiia banh li sé khong
déi xirng, tao ra ap lwc dw do khéi chit 16ng tac dong
1én banh 14i va ton tai luc can (F). Néu chiéu luc can F
1én mat phang ndm ngang thang truc doc tau, sé nhan
dwoc cac thanh phin, gobm: Luc can luc gia thém, luc
ly tdm gia thém (F1) va m6 men gia thém [6], [10],
[15]. Nhw vdy, vin dé nghién ctiru c6 y nghia khoa hoc,
thuec tién, 1a méi quan tAm 1én clia nganh hang hai.

Lién quan dén vin dé nghién ciru, trong nhirng
nam gan day, cac cong trinh nghién ctu lién quan dén
tng dung CFD tinh toan dong lwc hoc dong chay bao,
c6 thé ké dén: Nam 2015, cong trinh [2], cong b két
qua xung quanh bai toan dong lwc hoc bao quanh vo
tau. Nam 2016, cong trinh [4], d4 c6ng bd cong trinh
khoa hoc lién quan dén xac dinh strc can tau tau
container bang phwong phap mé phéng s8. Giai doan
2016 - 2020, cac cong trinh [3], [4], [5], [6], [7], [8],
[9], [11], d& cOng bd két qua nghién ciru dnh hudng
déng lwc hoc dong chdy bao dén lwc can tau thuy,
dong thoi so sanh, danh gia véi két qua nghién ciru
thuc nghiém, trong qua trinh thay d6i hwéng chuyén
dong.

Giai doan 2021 - 2025, cac cong trinh [10], [12],
[13], [14], [15], [16], tiép tuc cOng bd két qua nghién
ctru vé &ng dung CFD tinh todn mé phdng, két hop
nghién ctru thuc nghiém lién quan dén dong luc hoc
dong chay bao, luc gia thém, luc bé 1ai tau thay, khi
thay d6i huwdng chuyén dong va van tdc tau.

Trong bai bdo nay, nhém tac gia tham khao va ké
thira két qua da dat dworc tir cac cong trinh cong bd
trwdc d6. Dong thoi, nghién ciru tinh todn mo phong
riéng gid tri lwc ly tAm gia thém khi tau thay dai
hwéng va téc do trong qua trinh diéu dong tau bién.
Muc tiéu va pham vi nghién ctru, thuwc hién trén co s&
str dung dir liéu theo mo hinh dong dang Froude véi
tau that M/V TAN CANG FOUNDATION, ty 1é dong
dang hinh hoc k = 100, mé ta theo Hinh 2 va Hinh 3,
vGi thong s6 ki thuit co ban theo Bang 1 [1], [6], [8],
[9], [17].

Hinh 2. Tau that M/V TAN CANG FOUNDATION.
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Hinh 3. Két qua mé phong mé hinh tau d6ng dang
theo tiéu chuin véi M/V TAN CANG FOUNDATION.

Bang 1. Thong s kj thuit co ban ctia tau M/V TAN
CANG FOUNDATION [17].

Cac thong s6 ky thuit co ban Gia tri
Chiéu dai toan bd tau (LOA) 112.50 m
((:E];il; dai gitva hai dwong trung truc 105.28 m
Chiéu rong tau (B) 18.20 m
Chiéu cao tau (D) 8.70 m
Mén nwéce tau 6.70 m
Téng trong tai (DWT) 7040 MT
Téng dung tich (GT) 4914
Dung tich tinh (NT) 2306
Lwong dan nwéc 9486 MT
Kha nang ché container 420 TEU
Van t6¢ trung binh 11 knots
Cong sudt may chinh 3420 KW

x 200 rpm
H6 hiéu 3 WRO
S6 IMO 9122332
Cang dang ky Sai Gon

2. Phwong phap nghién ciru

Gidi han diéu kién bién:

Dit liéu dau vao: B6 dir liéu tinh toan mo phong
bang phuwong phéap CFD, dua trén dit liéu dong dang
theo tiéu chuin Froude, ty 1é dong dang hinh hoc k =
100, véi tau that M/V TAN CANG FOUNDATION,
twong tmg 16 treong hop tinh todn mo6 phéng bang
CFD, gbm 04 gia tri vin téc Vi, (m/s) dong dang theo
thong s6 tir ho so cua tau thuwc M/V TAN CANG
FOUNDATION va 04 gia tri hwéng chuyén dong thay
doi HT (do), [1], [6], [8], [9], [16], [17], cu thé:

Van t6c tau md hinh (Vy):

Vi = {0,45; 0,55; 0,65; 0,75}, (m/s).
Hwdéng chuyén dong cia tau mo hinh (HT):
HT = {0000, 0100, 020°, 0309}, (d5).

Tiéu chudn dong dang Froude: Viéc lwa chon
mé hinh nghién ctru dwgc déong dang véi bai toan
thwc theo tiéu chudn Froude, nghia 1a dam bao
cung so Froude, thoa man (1) [1], [6], [8], [9]-

V2

F =
Lg

(1)

Trong do6: L - chiéu dai dic trung tinh bang
dwong kinh chan vit D (m); g - gia toc trong trrdong,
g=9,8m/s V - gia tri vin toc tau, (m/s).

Khi d6, cac dai lwgng cho mé hinh dwoc xac
dinh nhw sau:

Vén toc cua tau mo hinh thod man (2):

v,), =tv,) |2 @)

(), = (n), |2 3)

Truwong hop véi chiéu dai dic trung (L) dwoc
tinh bang chiéu dai toan bd tau (m), khi d6 thoa
man (4):

2 2
v, f W)
gL Ouln

,VOigi=gm=¢ (4)

Do d6, twong tw cac dai lwgng cho mé hinh dwoc
xac dinh nhw sau:

Vén téc cta tau mo hinh theo (5):
L
v,), =) )= (5)

Do kich thwéc, s6 liéu bai toan thwc 16n, lién
quan dén s6 6 lwdi tinh todn bang phwong phap s6,
dé phthgp v&i cdu hinh may tinh hién tai, lwa chon

L
trong cac bai toan la: — = 0,001 va nhan dwoc

phuong trinh thod man (6):
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(Lm-gm)1/2 ~ (Ls-gs)llz

v v (6)
Vv
suyra: —=+K Véi:kz:
V., S
FS:ksmevé |\/|s:k4.|\/|m
LS
k=T (7)

Trong doé: Fs, M; - luc tAc dong va mo6 men theo
bai toan tau thuc; Fi, Mp, - lwc tdc ddng va m6 men
cta mo hinh tau nghién ctru; k - hé s6 dong dang
hinh hoc, k =100; Vi, Vs - vAn t6¢ mé hinh tau quy
d6i, thod méan (8):

V
v, =

m

o (8)

Két qua nhin dwoc tai dau ra: Gia tri van téc dong
chay cho cac treong hop khac nhau va luc ly tam gia
thém, khi thay d6i hwéng chuyén dong va van toc cia
tau bién theo diéu kién bién.

Thyc hién quy trinh rng dung CFD vé&i Fluent-
Ansys cho bai toan dong lwc hoc dong chay bao, khi
tau bién thay d6i huwéng chuyén dong va van tdc,
thwdng qua 04 buée co ban sau [1], [6], [10], [16].

o Buwére 1: Xay duwng mo hinh nghién ctru, dwoc
thwc hién khao sat kj, quyét dinh dén do tin cay va
d6 chinh xac ctia két qua nghién cttu. Do d6 dam
bao bam sat thuc tién bai toan;

e Budc 2: V& mo hinh, chia lwéi va dat diéu
kién bién, cé thé str dung phadn mém chuyén dung
nhuw: Solidwork, Inventor, Gambit,... Mat Khac, viéc
chia lwéi mo hinh 1a vin dé quan trong, boi vi do
chinh xac ctia bai toan phu thudc rat nhiéu vao vin
dé chia lwéi, tiéu chuin hoi tu;

e Budc 3: Ung dung CFD tinh todn mé phéng,
tir d6 cho két qua nhin dwoc tai dau ra theo muc
dich nghién ctru cta bai toan;

e Budc 4: Phan tich cu thé két qua nhan dwoc
theo d6i twong tinh toan cu thé. C6 thé dé xuit
hodc khuyén nghi d6i véi khoa hoc chuyén nganh.
Trwong hop cén thiét c6 thé hiéu chinh lai két qua,
dam bao bam sat thuc tién.

Chd y: Khi thay déi théng s6 lién quan, thuc
hién vé lai mo hinh, chia lwéi va dit diéu kién bién
cho phu hop thuec tién, thwc hién tir buéc 2 tré di.
3. Tinh toan moé phoéng lwc ly tam gia thém tau
bién bang CFD

Mot s6 ctra sO chinh nhin dwoc trong khi thuc
hién todn mé phong luc ly tAm gia thém tau bién bang
CFD, gom: Lwa chon md hinh tinh toadn VOF
(Volume of Fluid), lwa chon ky thuat giai, trang thai
tinh todn va tiéu chuin hoi tu, mo ta tir Hinh 4 dén
Hinh 6.

K&t qua tinh toan mo phdong chia lwdi cho khong
gian tinh toan theo gi¢i han diéu kién bién, chi ro
cac 6 lwdi cé dang tam giac, véi tdng s6 1,25 triéu
0 lwdi thu dwgc, mé ta Hinh 4 [1], [6], [8], [11].

B Multiphase Model [
Maodel Number of Eulerian Phases
Off 2 a)

=

© Volume of Fluid

/ Mixture

Coupled Level Set + VOF

S

= Level Set

_}'» Volume Fraction Parameters Options

Scheme Open Channel Flow
Explicit Open Channel Wave BC

@) Implicit Zonal Discretization
Volume Fraction Cutoff
( 1e-06
| Defauit |

Body Force Formulation
| Impiicit Body Force

Hinh 4. Cira sd lwa chon m6 hinh tinh todn VOF.

E Residual Monitors — ‘ @
Options Equations
Print to Cansole Residual Manitor Check Convergence Absolute Criteria =~ =
Plot continuity 0.00001 1
L - weuelodity 0.00001
o8
y-velocity 0.00001
Iterations to Plot
1000 % 2-velodity 0.00001
Residual Values Convergence Criterion
1000 @ x
] ; S
Scale
7] compute Lacal Scale
0K J I Flot I lRenurmahze J I Cancel I l Help

Hinh 5. Hién thi ctra s6 lwa chon ky thuat giai.
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Solution Methods

Pressure-Velocty Coupling

Scheme
[siMPLE |

Spatial Discretization

| »

Gradient

| Green-Gauss Cell Based - |

Pressure

|PrRESTO! -]

Momenturn

| First Order Upwind - |

Volume Fraction

| First Order Upwind ~| A

Turbulent Kinetic Energy

| First Order Upwind - -

Transient Formulation

First Order Implicit ~ |
Mon-Tterative Time Adwvancement

[ ] Frozen Flux Formulation

High Order Term Relaxation
Default

m

Hinh 6. Ctra s6 trang thai tinh toan va tiéu chuin hoi
tu.

Seumns 1 Figure 9

1.695¢+001

o 030 0600 (m)
)
015 0450
c)
eloc MANSYS
Streamiine 1 Figurs 9

3.052e+000

o 0300 0600 (m)

8.150 0480

Hinh 7. Két qua tinh todn m6 phdng chia luGi.

U'ng dung CFD véi Fluent - Ansys tinh todn md
phdéng dong lwc hoc dong chay bao cta tit ca 16
trweong hop, gia tri nhan dwoc 1a van toc dong chay
bao quanh tau bién va lwc ly tAm gia thém. Chi tiét
két qua cu thé trong hai trwong hop van téc mo
hinh tau déng dang nhoé nhat va van téc mé hinh
tau déng dang 1&n nhat, nghia la Vm = {0,45; 0,75},
(m/s), khi tau bién thay déi hwéng chuyén dong,
th tw HT = {0000, 0100, 0200, 0300}, theo Hinh
8.

b)
e

3.658e+000
2 743¢+000
1.820e+000

91440001

[ms*1)

d)
Weloci E\E\M

i
Streamiine 1 Figurs §
3616e+000

2 T12e+000
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o 0300 0600 (m}
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e) f)

AN AN
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2592¢+000 2573e+000

t 1.9440+000 + 1.9300+000
| |
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6.481e-001 64320001

0.000¢+000
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0.0000+000
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«
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— — )
Q1% o450 o150 045

Hinh 8. K&t qua tinh todn mé phong van téc dong chdy bao quang tau bién, khi thay d6i HT va Vm. (a) HT = 0000,
Vm = 0,45 m/s, (b) HT = 0000, Vm = 0,75 m/s, (c) HT = 0100, Vm = 0,45 m/s, (d) HT = 0100, Vm = 0,75 m/s, (¢) HT =
0200, Vm = 0,45 m/s, (f) HT = 0200, Vm = 0,75 m/s, (g) HT = 0300, Vm = 0,45 m/s, (h) HT = 0300, Vm = 0,75 m/s.

Tong hop két qua tinh toan mé phong lwc ly tim gia  trwdong hop thay d6i hwdéng chuyén dong va van toc
thém bang CFD, trén tau mé hinh dong dang cla cdc  cla tau, theo Bang 2.

Bang 2. Téng hop két qua tinh toan md phdng luc ly tAm gia thém béng CFD.

Van téc tau moé hinh
(Vim), (m/s) 0.45 0.55 0.65 0.75
HT=0000 0 0 0 0
HT=0100 0.045.103 0.071.103 0.105.103 0.158.103
Lucly tam, (N)
HT=0200 0.006.103 0.022.103 0.038.103 0.046.103
HT=0300 0.002.103 0.018.103 0.030.103 0.041.103
4. Két qua tinh toin md phong va thao luidn dong, van t6c md hinh tau, mo ta theo Hinh 9 va
Hinh 10. D6ng thoi, phén tich két qua, nhan xét

T két qua Bang 2, xay dung do thi mo ta gia tri

rang:
lwc ly tAm gia thém, khi thay d6i huwdng chuyén 8
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10+3. Fl, (N)
0.15
—e—HT =000 HT =010
HT =020 HT =030
0.1
0,05 |
0 L # ® Vm, (m/s)
0,45 0.35 0.65 0,75

Hinh 9. b6 thi m6i quan hé lwc ly tAm va van t6c Vi,
khi tau thay déi hwéng chuyén dong.

Cung gia tri van téc Vm, lyc ly tim mé hinh tau
sé tang, khi thay d6i hwéng chuyén dong, chang
han HT = 0100 dén HT = 0300, gia tri lwc ly tim mo
hinh tau sé tang, cu thé:

e Khi Vi, = 0,45 m/s, F1 = (0,045 N - 0,002 N) x
103=0,043 x 103 N;

e Khi Viy = 0,55 m/s, F = (0,071 N - 0,018 N) x
103=0,053x 103 N;

e Khi V,, = 0,65 m/s, Fi = (0,105 N - 0,030 N) x
103 = 0,075 x 103 N;

e Khi Vin = 0,75 m/s, Fi = (0,158 N - 0,041 N) x
103=0,117 x 103 N.

10*3. Fl, (N)
0,16
——V=043m/s
0,14 o
V=05353m/s
0,12 _
V=0653m/s
0,1
V=075m/s
0,08
0,06
0,04 ==
0,02 . o .
0 & S yr, (43)
0 10 20 30

Hinh 10. D6 thi mdi quan hé lyc ly tAm va hwéng
chuyén déng, khi tau thay déi van téc V.

Cung gia tri hwéng chuyén dong, luc ly tim mo
hinh tau sé ting, khi ting gia tri vin toc tau. Trwong
hop cu thé khi van t6c tau mé hinh thay doi tir Vi, =
0,45 m/s dén Vm = 0,75 m/s, két qua nhan duoc:

e Khi HT =0100°, F; = (0,158 N- 0,045 N) x 103 =
0,113 x 103 N;

e Khi HT = 0209, F; = (0,046 N- 0,006 N) x 103 =
0,04 x 103 N;

e Khi HT = 0309, F, = (0,041 N - 0,002 N) x 103 =
0,039 x 103 N.

Truong hop khi van téc m6 hinh tau 16m nhit, Vi,
= 0,75 m/s, hwéng chuyén dong thay doi 16n nhat HT
= 0300, khi d6 lyc ly tAm mo hinh tau c6 gia trila: F =
0,041 x103N.

5.Kétluian

Trong quda trinh diéu dong tau bién, thwong
xuyén thay déi hwdéng chuyén dong va van toc tau
trén tuyén luong hang hai, khu vuc tiém an nguy
hiém, nhiéu doan cong, khic cua, ndng can, chat
hep, néng can, luén xuat hién thanh phan luc ly
tam gia thém, sé anh hwdng dén kha nang diéu
khién tau bién. Tir thuc tién hang hai, bai bao tinh
todn mé phdng thanh phan lwc ly tim gia thém
xudt hién trong qué trinh diéu khién tau bién.

Tlr két qua tinh todn mé phong bang CFD két
luan rang: Luc ly tAm ting rit nhanh trong giai doan
dau, khi tau bat dau thay déi hwdng chuyén dong tir
di thang HT = 0000 va dat gi4 tri 16n nhét tai huwéng
HT = 0109, sau d6 lyc ly tAm gia thém giam dan &
hwéng HT = 0200 va HT = 0300.

Thuc té hoan toan c6 thé chuyén doi lucly tAm ctia
mo hinh tau sang gia tri tau that M/V TAN CANG
FOUNDATION theo tiéu chudn dong dang Froude
hodc twong doi theo céng thirc thuc nghiém dwoc
thira nhan va str dung rong rai.

Trén co s& két qua dat dworc, 1a co sé khoa hoc két
hop thuc tién kinh nghiém hang hai, tao sw viing tin
va dwa ra khuyén cdo véi hoa tiéu, thuyén truedng, sy
quan hang hai trong qua trinh diéu dong tau, dic biét
tai cac khu vuc nguy hiém, nhitng doan ludng, khic
cua, gbp phan gidm nguy co mit an toan, rdi ro hang
hai, nang cao an toan hang hai.

Pong gop cua cac tac gia trong bai bao

Pham Nguyén Pang Khoa: Phwong phap, Quan
ly dir liéu, Phén tich chinh thirc, Diéu tra, Xac thue,
Truc quan héa, Tiép nhin tai trg, Viét - ban thao goc.
Pham Ky Quang: Bién soan dir liéu, Phan tich di
liéu, Diéu tra, Phan héi y kién phan bién.

Tuyén bé khong xung dot lgi ich va cam két ban
quyén



Pham Nguyén Ddng Khoa, Pham Ky Quang

Ung dung CFD tinh todn mé phéng lwc ly tdm gia thém trong diéu khién tau bién nhdm ndng cao an toan hang hdi

Cac tac gid tuyén bo vé sw khéng xuat hién
nhitng xung dot tiém an tir nghién ctu nay va cam
két bai bao chwa tirng dwgc cong bd trude day.

Chia sé dir liéu theo yéu cau

Dit liéu sé khong dwgc cung cip theo yéu cau.
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