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TOM TAT
Nghién cibu nay trinh bay két qua iing dung phirong phap CFD dé tao bé thir s6 (numerical towing tank) thir
kéo luc can tau FAO s6 hiéu Sa trén may tinh. Gidi phép sé dé giai hé phuong trinh Reynolds-Averages Naviers-
Stoke ciia dong chay nhét cé mdt thodng chay qua vé tau la hai phan mém CFD thiwong mai Simerics MP va
OrCA3D Marine CFD. Cé hai két qud chinh ciia nghién ciru nay. Két qua thir nhdt vé phirong phdp sir dung bé
thit s6 bang cong cu OrCA3D va Simerics gitip gidm thao tdc trong viéc chudn bi mé hinh hinh hoc, chia ludi so
voi cac phan mém CFD tong qudt khdc nhie Star-CMM++, Ansys Fluent, hodc Open FOAM vi lue6i va mién tinh
toan duoc tao ty dong. Két qua thir hai vé dic diém thuy dong cua dong chay, tai téc @6 khai thdc tau 9 knots ciia
tau FAO, lyc can tong cé dj sai s6 twong doi la 4.89% so véi két qua trong bé thir vit Iy. Cac biéu do phdn bé dap
sudt, van toc ciia dong chay déu thu dwoc dudi dang biéu do mau ro nét. Pdc biét, bién dang song trén vo tau va
phdn bé chiéu cao séng trén mdt thodng thu duwoc tir bé thir twong dong voi hién tuwong song ngang va séng doc
khi tau di chuyén trong thuec té.
Tir khéa: Phin b6 van toc, Phin bé dp sudt, Computational Fluid Dynamcis, free surface flow
ABSTRACT

This study presents the application of Computational Fluid Dynamics (CFD) methods to establish a numeri-
cal towing tank for the resistance test of the FAO No. 5a ship model. The numerical solution to solve the Reynolds-
Averaged Navier—Stokes (RANS) equations governing viscous free-surface flow around the hull is comercial code,
Simerics MP and OrCA3D Marine CFD.

The study delivers two key outcomes. First, the proposed methodology for constructing a numerical towing
tank using Orca3D and Simerics reduces the overall model preparation and setup time compared with gener-
al-purpose CFD solvers such as STAR-CCM++, ANSYS Fluent, or OpenFOAM. Second, in terms of hydrody-
namic performance, the total resistance obtained at the ship s service speed of 9 knots shows a relative deviation
of only 4.89% compared with the experimental test data. In addition, high-resolution contour maps of pressure
and velocity distributions were obtained, providing clear visualization of the flow field. Notably, the computed
wave pattern along the hull and the free-surface elevation distribution exhibit strong agreement with the observed
transverse and divergent wave systems generated by the ship in real operating conditions.

Keywords: Computational Fluid Dynamics (CFD); Numerical towing tank; Ship resistance; RANS equa-
tions, Free-surface flow, Hydrodynamic performance; Orca3D Marine CFD; Simerics-MP

I. PAT VAN PE

Dy doan cong suat hiru ich cho thiét bi day
cua cac tau thuy 1a mot budc quan trong trong
qua trinh thiét ké tau. Thir nghiém mo hinh tau
thu nho trong bé thir kéo cung cap cac thong s6
vé luc can tong va cong suit cia mo hinh thu
nho, tuy nhién phuong phap nay ton kém va mat
nhiéu thoi gian hon so véi phuong phap CED.
Céc phuong phép tinh toan dong luc hoc chat

long (Computational Fluid Dynamics - CFD)
khong chi it ton kém hon ma con kha dé& dang
md phong cac hién tugng vat ly ma trong thuc
nghiém chua c6 thiét bi dé khao sat. Tuy nhién,
do hinh hoc phtic tap cua cac md hinh tau va
dac diém thity dong ciia dong chay xung quanh
chung, CFD van con mot s6 han ché.

Khai niém bé thir s6 (numerical tank) dé thir
kéo du doan luc can vo tau duoc hiéu 1a sit dung
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phuong phap CFD dé xac dinh lyc can vo tau
thily trong giai doan thiét ké ban dau. Theo xu
thé phat trién ctia phan ctmg may tinh, phuong
phap md phong s6 noéi chung va phuwong phép
dy doan luc can cho vo tau thay dan duoc st
dung rong rai va xem nhu mot phuong phéap th
ba, dan thay thé va bd sung cho phuong phap
thir kéo mo hinh trong bé thir kéo mo hinh vat
ly.

So sanh véi cac tau chuan (benchmark
ships) 1a cach phd bién dé kiém chimg két qua
md phong sb. Nguyén nhan chinh 13 vi cac mo
hinh CFD — bao gdm md hinh rdi (turbulence
model), mo6 hinh dong chay da pha (multipharse
flow model) phai dugc xac thuc lai cho timg ddi
tuong nghién ctru méi. Hon nita, cac mo6 phong
thuong mét nhiéu thoi gian va co thé cho két
qué du doan hoi thiéu chinh xé4c, do d6 phuong
phap EFD (Experimental Fluid Dynamics) van
dang tin cay hon trong cac vin dé phi tuyén
(nonlinear) va nhiing linh vuc nghién ctru méi
[1].

Céc mo6 phéng CFD dya trén cac md hinh
toan hoc nhu moé hinh Euler, phuong trinh
Reynolds Averaged Navier—Stokes (RANSE),
va céc bién thé khac ciia phuong trinh Navier—
Stokes, bao gom Large Eddy Simulation (LES)
hoac Detached Eddy Simulation (DES), hién
nay duoc st dung phd bién cho thir nghiém
bé thir s6. Hau hét cac md phong trong thir
nghiém bé kéo sb str dung 1y thuyét dong chay
thé (Potential Flow) [2]. Viéc sir dung 1y thuyét
dong chay thé ¢6 wu diém 1a mé phong dugc
sy hinh thanh va bién dang ctia mit ty do. Mo

phong hién twong nay rat phic tap va chi nhiing
phan mém tién tién nhat mai c6 thé thyuc hién
dugc. Ngoai ra, yéu cau tinh toan ciia cac mo
hinh toan hoc khéc cao hon nhiéu so véi ly
thuyét dong chay thé [3].

Su phat trién cua nang lyc tinh toan da giup
cac nha nghién ctru trong linh vyc thuy dong luc
hoc tau thuy c6 thé str dung cac phuong phap
duya trén RANSE, mic du chiing van con thiéu
kha ning mo phong rdi, breaking wave va cac
hiéu g nhot [4]-[6]. Trong thoi gian gan day,
di c6 nhidu cong trinh tap trung vao viéc thir
nghiém va xéc thuc két qua CFD va so sanh
CFD véi EFD. Cac nghién ciru di cong bd cho
thdy do tin cdy va chinh xac gitra két qua tir thir
nghiém trong bé kéo truyén thdng va thir kéo
trong bé thir s bang moé phong CFD [7]-[14].

Vi vay, ndéi dung bai bao nay trinh bay
phuong phap va két qua nghién ciru tng dung
bé thir sb bang phuwong phap CFD dé thur kéo
cho mau tau ca FAO khi chay trén nudc tinh.
II. VAT LIEU VA PHUONG PHAP

NGHIEN CUU

1. Lwa chon mo hinh tau mé phéng

Mau tau FAO [1] duoc lya chon dung dé
nghién ctru 1a mau tau ¢ sd hiéu FAO No.5a
¢6 chiéu dai 16n nhét 17.55m va miu nay da
duoc thir kéo dé xac dinh lyc can trong bé thir
vat ly SSPA vao ngay 20 thang 2 nam 1953.
M5 hinh vét 1y dugc ché tao bang gb theo ty 18
1:6. Cac thong s6 co ban va hinh dang hinh hoc
cua tau dugc trinh bay trong Bang 1 va Hinh 1.
Hinh 2 trinh bay duong hinh dugc vé lai bang
AutoCAD.

Bang 1. Cac thong s co ban cua tau FAO No.5a

Cac thong s6 coban | Ky hiéu | Ponvi | Gia tri
Chiéu dai 16n nhat LOA m 17.55
Chiéu dai hai try Lpp m 16.03
Chiéu rong 16n nhat Bmax m 5.33
Chiéu rong thiét ké Btk m 5.01
Chiéu cao man D m 4.00
Chiéu chim trung binh d m 1.71
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Type SHRDITRAVLER 1948 Materiat,
Tank 8SPA
Test date 20 Pebr.- 3 March 1953

Ship/Mode! Ratio 6

Appendages No
Turbulence

Finish Pargffin

Fot infuoed
Friction Formulation PFroude

IFE No. S5a

Roughness allowance 3y
Reference FAO files
Notes
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Hinh 1. Pic diém dwong hinh tau FAO No 5a [7]

Hinh 2. Pac diém dwong hinh vé lai trong CAD

2. Phuwong phap nghién ciru

2.1 Phuong phap CFD mé phong dong luu
chdt qua v tau cd

Phuong phap chinh dugc st dung trong
nghién ctru nay 1a sir dung phdn mém Simerics
MP dé giai hé phuong trinh chu dao Navier
Stokes ctiia dong hai pha c6 mit thoang chay
qua vo tau va phan mém OrCA3D Marine dé
tao mo hinh hinh hoc, tao ludi chia, thiét lap
diéu kién dau vao cho bé thir s6. Hinh 3 md ta
cac budc mo phong dong luu chét qua vo tau
bang phuong phap CFD. Budc dau tién 1a xay
dung md hinh hoc vé tau 3D bang phan mém
Rhinoceros. Diéu kién sit dung m6 hinh hinh hoc

ndy co thé sir dung cho budc tiép 1a mién tinh
toan phai dudi dang closed polysurface mesh.
Sau d6 trong OrCA3D Marine s& tao mién tinh
toan, ty dong chia ludi trén bé mit vo tau va
mién tinh toan tir mé hinh 3D nay. Budc tiép
theo sau khi c6 kich thude va ludi mién tinh,
ph.':fln mém Simerics MP dugc sit dung dé cai dat
diéu kién bién, diéu ki¢n ban diu, md hinh rdi,
md hinh mat thoang, thoi gian mé phéng, moi
truong chat 1ong. Tién hanh chay chuong trinh,
trong qua trinh chay chuong trinh néu diéu kién
hoi tu vé van tdc, hé sé rdi dat yéu cau thi tién
hanh xir Iy va trinh bay két qua mé phong.
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Xay dln:g rglaDhl‘nh vo — Tao mién tinh toan —— Chia ludi
au
Cai dit didu kién ban Chon mit thoing, M6 | ¢— Cai dat
dhu hinh réi, gidi phap s6 diéu kidn bién

|

Chay chuong trinh

Picu kién

Tao lai ludi, didu
kién bién, thay doi
giai phap so

Dat

Xuét va trinh bay két

Hinh 3. Cac bwéc md phéng lue can trén nwéce tinh

2.2 M6 hinh hinh hoc, kich thuéc va luoi
chia mién tinh todn

Hinh 4 va Hinh 5 trinh bay mé hinh 3D, kich
thude bé thir ciing nhu phan bd ludi chia trén
mit thoang va bé mit vo tau trong bé thir. Trong
d6 L 1a kich thudc chiéu dai hai tru Lpp = 16.03
m, loai ludi chia 13 luéi co cdu trac duge phan
bd day tai mat vd tau, mat thoang va xua dan

ra ngoai mién tinh toan voi ty 1€ dan dai, i=1,2.
Kich thudc cua bé thir sb duogc lua chon theo tiéu
chuén cta hiép hoi bé thir thé giéi ITTC [11].
Viéc tao mién tinh toan va ludi chia duoc thuc
hién tu dong phu hop véi loai tau dugc thi.
Trong trudng hop mau tau FAO thi md hinh t
dong dugc chon 1a Displacement Hull.

Simerics Analysis

Project Name
Project Path
Analysis Type

Hull Type

Simulation Speeds

Run Simulation

Tau FAO 5A

C:\CFD Cano\FAO 5a

Resistance

Displacement Hull

Planing Hull

High-Speed Displacement Hull
Low-Speed Hull

Submerged Body (Premium Required :
W‘ﬁ'ﬂeﬂﬂ,‘ﬂ‘l‘wc run?

[T Create Run Files Only

Hinh 4. M6 hinh 3D vé tau ca FAO No 5a va mo hinh tw dong tao lwéi chia
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ponent water: Volume Fractior

Hinh 5. Kich thuéc va phin b6 lwéi trén mit thoing va bé miit vo tau

2.3 M6 hinh réi, phurong phadp gidi

Nhu céac cong bd tai [1], [8], [9], céc tac
gia khao sat tinh hiéu qua cua mé hinh rbi
SST k-omega két hop phwong phap FVM
(Finite Volume Method), VOF (Volume of
Fluids) trong du doan luc can vé tau cua
dong nhét qua vo tau chay cham voi hé sb
Froude nho hon 0.5. Vi vay trong nghién ctru
nady, tac gia chon cac giai phap sé nay duoc
tich hop trong phan mém Simerics MP dé cai
dat cho bé thir kéo sd.
III. KET QUA NGHIEN CUU

Két qua nghién ctru bao gdm khao anh
huong sb lugng phan thir cua ludi chia, va
chiéu dai cua mién tinh toan dugc xem nhu
chiéu dai bé thir kéo s6. Khi miu tau FAO
s hiéu 5a khi chay trén nudc tinh véi van
tdc khai thac v=4.63 m/s twong duong v =9
knots va sé Froude = 0.37. Két qua thu duoc
tlr bé s6 bao gém gié tri nhu tdng lyc can va
dic diém thuy dong cua dong luu chét nhu
chiéu cao mit thoang, bién dang séng, phan
bd van tdc va ap suét dong trén bé mit vo tau
va moi truong xung quanh.

1. Anh hwéng mat dd lwéi chia

Khao sat anh huong mat do ludi chia la

budc dau tién trong qua trinh lya chon sb
lwgng phén tir hop 1y cho bé thir kéo s6. Muc
dich khao sat nay dé tim ra cai dat ché do
tao ludi tuy dong phu hop dé co két qua hoi
tu vé ludi, tranh cac sai s6 do chia lugi gay
ra. Theo ITTC [16], trong phan tich hdi tu
lué6i, két qua dugc danh gia bang chi s hoi
tu, Convergence ratio Ri, va chi ) nay duoc
dinh nghia nhu sau:
RL’ — Siz2 = Sia
Siz= Siz

Trong do: S, S, S, lan luot 1a két qua
lyc can tong cua ba truong hop ludi Fine,
Normal va Coarse.

Tuy thudc vao két qua cia chi sd Ri cac
truong hop hoi tu vé ludi co thé roi vao 3
truong hop: Hoi tu don di€u (Monotonic
convergence) khi 0 <Ri < 1; Hoi tu dao dong
(Oscilatory convergence) khi Ri < 0; Khong
hoi tu (Divergence) khi Ri > 1. Két qua phan
tich hoi tu trong Bang 2 gia tri Ri <0, diéu
nay ching t6 giai phap sé khi mo phong thoa
man diéu kién hoi tu vé ludi.
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Bang 2. Két qua phan tich hi tu léi

Mat 49 i (8134::1(: '1‘\1’3“1:1'1‘1‘;‘;;“’ lwéi ?krﬁ;n Gi tri hoi tu Ri
Coarse 660.438 10.05

Normal 3.382.494 9.07 20.092

Fine 7.522.725 9.06

Béng 3, Bang 4 va Hinh 4 trinh bay két qua
luc can tong tir bé thir 6 cho ba trudng hop cai
dat mat do ludi. Tu bang gia tri nay, Kkét qua sai
sd twong d6i cua lyc can tong gitra truong hop
ludi Coarse va Normal la 13.62%, trong khi
sai s6 tuong ddi cho truong hop ludi Normal
va Fine 14 0.98%. Sai sb twong dbi nho nhit
cta lyc can tong khi so sanh véi gia tri thuc
nghiém tir bé thir vat Iy ¢ gia tri 4.89% cho

ludi Normal. Tir cac két qua nay, truong hop
ludi Normal trong phan mém Orca3D sé 1a Iya
chon hop 1y khi m6é phdng dong chay cé mat
thoang khi di chuyén trén nudc tinh. Xu hudng
ctia Iy can tong hudng vé hang sb khi ting mat
d6 ludi, két qua nay chimg minh mét lan nita
gia tri RG <0 1a tiéu chi dé danh gia muc d6 hoi
tu két qua khi thir lyc can tau ca ma khong c6
gié tri thyc nghiém dé kiém chimg,

Bing 3. Anh hwéng mét doi lwéi dén lyce cin tong

Mat d6 ludi

Mesh number

RT—CFD (kN)

R [71 (kN)

Sai s6 (%)

Coarse

660.438

10.05

9.54

5.34

Normal

3.382.494

9.07

9.54

-4.89

Fine

7.522.725

9.06

9.54

-5.04

Bing 4. Thanh phén lye cin tai vin toc 9knots

Mat do ludi

Mesh number

Ry e (KN)

R

p-CFD

v-CFD

Normal

3.382.494

9.07

7.11

1.96

10,20

10,05

10,00 -
9,80
9,60
9,40
9,20
9,00
8,80
8,60
8,40 :

RT—CFD (I‘\‘)

Coarse

Normal

Fine

Mesh Number

Hinh 6. P4 thi anh hwéng cia ) lwgng phén tir lwéi dén lyc can téng
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2. Phan bd 4p suét 1én bé mit vé tau

Ap suét dong dugc dinh nghia la ap sut tao
ra boi ap luc cua chét 1ong 1én bé mat vo tau
khi chuyén dong. N6 duoc tinh toan dya trén
van toc va khdi luong riéng cia chat 1ong. Khi
tau di chuyén trén mat nude, bé mat day tau la
noi tiép xuc truc tiép vo1 mat nude do d6 khu

vuc nay chiu ap lyc lon nhét. Vi vay bé mit day
tau 1a khu vic duge sir dung dé trinh bay phan
bd 4p suat. Tir phd mau trén Hinh 7, phd mau
clia cac contour ap sudt dong cho thiy phan bd
ap suit dong 16n nhit & khu vyc dudi tau va
phia trudc miii. Tai vung gifta tau 1a noi phan
bd ap sudt nho nhat.

ne: Dynamic Pressure [
3984

Hinh 7. Phén bb 4p suit dong trén bé mit vé tau

Hinh 8 trinh bay phén b contour van tdc
theo phuong x tai mét cit doc thm va mat cét
ngang. Quan sat phan bd phd mau nay, ta thiy
vung xung quanh va cach xa v tau thi vén toc
tau khong c6 sy thay d6i va gan bang van toc

tau khi thir. Tai ving mili, ving dudi thi phd
mau co6 sy thay ddi, va van tbe giam dan va
tiém can bang khong tai diém ma dong chay
tach dong.

S -

i vy X
247

Hinh 8. Phan b van tdc tai mit cit doc tAm va mit cit ngang

3. Bién dang song
Hinh 9 trinh bay bién dang song thu dugc tir

bé thir sd, tir hinh nay cho thiy song mili, song
dudi dugc hinh thanh 10 rang.

o: Dyanic ress

,753 merics

£ —— 5

cs bl

Hinh 9. Bién dang song trén vo tau
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4. Chiéu cao song tai mit thoang

Hinh 10 trinh bay phan b chiéu cao song
tai mat thoang tur bé tht sd, két qua thu dugc
cho thdy, song ngang va séng doc dugc hinh

thanh kha 18 nét ngay sau mii tau va duoi
tau. MAu séng nay kha phu hgp véi mau song
Kelvin duoc nhin thay ngoai thyc té khi tau
hoat dong trén nudc tinh.

ine: Dynamic Pressure [
0730

1884.5

ine: Free Surface Elevation
.000:

1.000

Hinh 10. Chiéu cao séng tai mit thoang

IV. KET LUAN VA KIEN NGHI

Két qua nghién ctru di tmg dung bé thir sd
bang cach két hop phan mém Simerics MP voi
hd tro Orca3D Marine dé thir kéo tau ca FAO
trén may tinh. Mot s6 két luan dugce rat ra nhu
sau:

Sir dung phan mém CFD cho bé thir s6
c6 thé:

Viéc st dung phan mém CFD chuyén dung
cho nganh ky thuat tau thuy véi cac lya chon
cho loai tau cu thé nhu tau ca la Displacement
Hull gitip tw dong tao ludi chia, thé kiém soat
thong sé dau vao nhu luong chiém nuéc, trim.
Bén canh d6 cac thao tac cai dat nhu Iva chon
m6 hinh rdi, phuong phap sé cho bé thir déu
dugc ty dong giup giam bot thao tac thu cong
nhu cic phan mém CFD phé thong khac.

Pic diém dong chay nhét cé6 mit thoang
di qua vé tau

100 e TRUONG DAI HOC NHA TRANG

Céc thong tin vé dic diém dong chay nhdt
¢6 mit thoang di qua v6 tau nhu phéan b ap
sut dong, phan bd van tdc déu thu duoc dudi
dang biéu d6 mau. Bién dang song khi chay
v6i van téc 9knots co song miii, song dudi,
song bung rd nét. Phan bd chiéu cao song tai
mat thoang khi tau chay trén nudc tinh dugc
thu dugc truc quan, ¢ phﬁn dudi tau thé hién o
ving song ngang va séng doc nhu trong thuc té
tau di chuyén.

Loi cadm on

Nghién ctru nay 1a mot phan két qua cua
dé tai nghién ciru khoa hoc cép Trudng (Ma
s6: TR2023-13-39) ,,Nghién ctru bé thir s xac
dinh sttc can tau c& nho“. Nhom tac gia xin
chén thanh cam on Truong Dai hoc Nha Trang
d3 hd tro kinh phi, va co s¢ vat chit dé hoan
thanh nghién clru nay.
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