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DU POAN LUC CAN CHO MO HINH TAU KVLCC2 SU DUNG
PHAN MEM STAR-CCM+

PREDICTION OF KVLCC2 RESISTANCE USING STAR-CCM+

Nguyén Thi Ha Phwong, Nguyén Thi Hai Ha
Truong Dai hoc Hang Hdai Viét Nam,; phuongnth.dt@vimaru.edu.vn

Toém tat - Trong bai bao nay, nhém tac gia du doan luc can cho mo
hinh tau ché dau KVLCC2 khi chuyén dong déu trén nwéc tinh bang
phwong phap s6 (CFD) véi sy tro gitip ctia phan mém STAR-CCM+.
Trwdng dong chdy bao quanh than tau dwgc md phdéng str dung
phuong trinh Navier—Stokes véi s6 Reynolds trung binh (RANSE).
Mb hinh vat Iy dwoc st dung la thé tich chét 1dng (VOF) va mé hinh
dong réi k-g; Anh hwéng clia lwéi dén két qua md phéng dwoc phan
tich dwa trén viéc lwa chon cac lwdi véi dd min khac nhau; Luc can
tbng clia tau dwoc so sanh véi két qua thte md hinh trong bé thir
dwoc cong bd. Véi sai sé nhd hon 3%, két qua thu dwoc cho théy
dd tin cay cao cia phan mém STAR-CCM+ ciing nhu phuong phap
s trong bai toan mé phdng tinh toan lwc can tau trén nwdce finh.

T khéa - Luc can tau thay; RANSE; dong lwc hoc tau thdy;
Phwong phap s6 (CFD); nwoc tinh

1. Giéi thiéu

Trong thiét ké tau thay, viéc du doan luc can cho tau
dong vai trd vo cling quan trong vi n6 lién quan dén viéc
Iya chon dong co sao cho tau duogc thiét ké dat duoc van
tc theo yéu cau cua chu tau. O giai doan thiét ké ban dau,
tinh toan lyc can chinh x4c cho phép cac nha thiét ké du
doan dugc cong suat ciia may chinh, tir 6 1én phwong an
lya chon dong co sao cho phu hop.

C6 nhiéu phuong phap dé tinh toan lyc can tau, bén
canh phwong phap 1y thuyét str dung cac cong thirc kinh
nghiém d3 duoc cac nha nghién ciru dua ra tir rit 1au va
phuong phap thir nghiém mé hinh trong bé thwr, CFD
ngdy nay cang duogc ap dung rong rai. Cung voi su phat
trién manh m& cia cac phan mém CFD, hién ‘nay phuong
phap sb ¢ thé duoc coi 1a su lya chon it ton kém nhat
vé chi phi ciing nhu thoi gian trong khi van dam bao
dugc d6 chinh xac phu hop. Phwong phap tiép can
RANSE (hay Phuong trinh Navier—Stokes vé&i sb
Reynolds trung binh) duoc str dung pho bién dé tinh toan
dong chay nhét trong thiét ké tau, nhung mirc do chinh
xac cua nhitng du doan nay va mirc d9 ma ching phu
thudc vao mé hinh dong rbi van dang dugc nghién ciu
boi cac nha khoa hoc. So vdi cac nuée trén thé gidi,
nhirng nghién ciru m6 phong luc can bang phuong phap
s0 hién nay ¢ nudc ta van con han ché, chua khai thac
dugc nhidu phan mém CFD. Bén canh mét s6 phan mém
mo6 phong CFD thong dung nhu Ansys Fluent hay Open
Foam, STAR-CCM+ ciing 14 mot phan mém thuong mai
duoc sir dung rong rii cho ra két qua mo phong véi do
tin cdy cao dbi véi bai toan luc can. Vi vay, trong bai
béo nay tac gia tién hanh du doan lyc can cho méo hinh
tau chd ddu KVLCC2 khi chuyén dong déu trén nudc
tinh sir dung phin mém STAR-CCM+.

Abstract - In this paper, the authors focus on predicting ship
resistance of tanker model KVLCC2 in calm water by CFD method
using software STAR-CCM+. The flow around the ship is simulated
using RANSE. The physics model - Volume of Fluid (VOF) and k-¢
turbulent model are set; The effects of grids on simulation result
are analysed based on choosing different grids; The numerical total
resistance of vessel is compared with available experimental
result. With the deviation of total drag around 3%, the result shows
a high accuracy of this software as well as numerical method in the
field of simulating ship resistance in calm water.

Key words - Ship resistance; Reynolds Averaged Navier-Stokes
Equations (RANSE); ship hydrodynamics; Computational Fluid
Dynamics (CFD); calm water

2. Thong s6 mé hinh tau

Tau KVLCC2 dugc thiét ké tai Vién Nghién ciru Tau
va Cong trinh ngoai khoi Han Qudc (Korea Research
Institute for Ships and Ocean Engineering, nay la MOERI)
vao nim 1997 v6i muyc dich thir nghiém CFD [1]. Dé thuan
tién cho viéc so sanh vai két qua thir mé hinh, tau duogce sir
dung trong bai bdo nay 1a tau chd dau KVLCC2 véi ty 16
thu nho 1:58 (Hinh 1) [2]. Cac thong s6 kich thudc cta tau
KVLCC2 dugc dua ra trong Bang 1.

Hinh 1. M6 hinh tau KVLCC2

Bing 1. Théng s6 chii yéu ciia tau

Théng sb Tau mau l\/(l;):gg)]h
™| @0 | saw
Chiédu rong (B) (m) 58,0 1,0
Chiéu chim (D) (m) 30,0 0,5172
Mén nudc (T) (m) 20,8 0,3586
Van tde thiét ké (V) (m/s) 7,974 1,047
S6 Froude (Fn) 0,142 0,142
Dién tich mat uét (m?) 27194 8,0838
Thé tich chiém nuéc (m?) 312621 1,6023
Hé s6 béo (Cg) 0,8098 0,8098
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3. Co s& Iy thuyét
Truong dong chady bao quanh than tau dugc md ta bing
hai phuong trinh co ban: Phuong trinh lién tuc (1) va
phuong trinh Navier—Stokes (2).
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Trong do: )
v =ul p- 40 nhét dong hoc cua chat long;

U, v, W—van tdc cua cac hat chat long theo thoi gian t;

p — &p Suat.

Trong bai bdo nay, nhom tac gia st dung phuong phap
tiép can RANSE hay duogc goi 1a phuong trinh Navier—
Stokes véi s6 Reynolds trung binh. Day la mét trong nhimg
phuong phap dugce sir dung rong rai dé tinh toan mo phong
dong rdi. Phuong trinh Navier-Stokes véi sé Reynolds
trung binh (RANSE) la phuong trinh chuyén dong cta
dong chat 1ong tinh trung binh theo thoi gian. Nhu da biét,
ban chit cia dong luc hoc chit 1ong tinh toan 1a giai céc
phuong trinh chuyén dong cua chét 16ng véi cac diéu kién
bién cho trude. Dong chay bao quanh than tau chinh la cac
phuong trinh bao toan khéi lvong, mé men va ning luong,
dugc biét dén 1a cac phuwong trinh Navier-Stockes. Cac
phuong trinh Navier - Stokes m6 ta chinh xac dong chay
bang cach gia st rang chat long hoat dong nhu mot qua
trinh lién tuc chi khdng phai 1a cac phan te roi rac. Viéc
phan tach cic phuong trinh Navier-Stokes thanh cac
phuong trinh RANS cho phép mé phong cac dong chay
gidng véi trong thuc té [3]. Trong phuong phap RANSE,
dong chay duoc gia thiét 1a khong nén va ba thanh phan
van tc c6 thé duoc biéu dién nhu van téc réi dao dong
nhanh quanh mot van téc trung binh cham (6 thanh phan
g suét Reynolds). Qua trinh nay mé ta su ting 1én cia
van toc chét long do sur xuat hién cua cac xoay nudc [4].
Gia thiét nay 1am don gian héa phuong trinh Navier-Stokes
va phuong trinh nhan dugc goi 1a phuong trinh Navier—
Stokes véi s6 Reynolds trung binh. Hién nay, ky thuat
RANSE dugc str dung rong rai dé giai quyét cac bai toan
dong luc hoc chit Iong, cu thé 1a du doan lyc can tau thiy,
md phong su tuong tac gitra chong chdng va than tau va
cac bai toan lién quan thudc cac linh vuc khac.

Trong bai toan nay, cac phuong trinh RANSE duoc
giai sir dung phuwong phap phan tir hitu han. Day 1a mot
trong nhimg phuong phap dugc sir dung dé giai cac
phuong trinh dao ham riéng va dwgc tng dung nhiéu
trong cac bai toan dong luc hoc chit long. Ban chit cua
phuong phap nay 1a roi rac hoa cac phuong trinh dao ham
riéng phuc tap, dua chung vé dang cic phwong trinh dai
sb 6 dang don gian hon. Phuong phéap nay phan chia mot
mién chat 1ong thanh cac phan tir thé tich riéng biét (phan
tu ludi), sau do giai phuong trinh RANS va cac dinh luat
bao toan trong mdi phan tir ludi. Do chinh xac caa mo

pheng chu yéu dugc xéc dinh boi ludi duoc chia va md
hinh dong roi [3].

4. Thiét 1ap md phéng luc can trén nuwée tinh

Tinh toan lyc can caa md hinh tau KVLCC2 duoc thuc
hién bang phan mém STAR-CCM+ tai van toc V = 1,047
(m/s) twong (g v6i s Froude Fr = 0,142. Vi m6 hinh tau
¢6 hinh dang d6i xtig qua mat phing doc tim nén chi mo
phong mot nira than tau dé giam thoi gian tinh toan. Bé thir
4o duogc thiét 1ap c6 kich thudc du rong dé tranh duge phan
xa clia nudc tir thanh bé tac dong dén moé hinh tau lam anh
huong dén két qua tinh toan (Hinh 2). Kich thudc cua bé
thir a0 dugc iy phu thudc vao chidu dai moé hinh tau,
truong hop nay bé thir 40 c6 kich thude 1a 2,5 L tinh tir dudi
vé cudi thanh bé, L tinh tir miii vé dau thanh bé, 0,5 L tinh
tir mat thoang dén mit bé, 0,75 L tinh tir mit thoang dén
day bé va 1,5 L 1a chidu rong nira bé.

~ .
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Hinh 2. Kich thude ciia bé thir do

Toan by mién tinh todn

a) Toan bd mién tinh toan

b) Mat thoang

c) Thén tau

Hinh 3. Thiét lap ludi tai cdac khu vuce khdac nhau
Déi v6i bai toan mod phdng tau trén nudc tinh, Iya chon
cac loai lIudi sau: Lugi bé mat (surface mesh) duoc sir
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dung dé chia bé mat than tau thanh cac bé mat hiru han;
Ludi khéi (volume mesh) duoc sir dung dé chia mién chat
Iong tinh toan thanh cac phan tir thé tich hitu han; Ludi
lang try (prism layer) 1a ludi dang khdi dwoc sir dung & bé
mit tiép giap véi bé mat than tau dé giai dong chay nhét
bao quanh than tau. Khi thiét 1ap cac thong so ludi, chia
ludi min hon ¢ nhimng khu vuc can thiét dé giam s6 lugng
ludi, tir d6 giam thoi gian tinh toan. D4i voi bai toan du
doan luc can, cin tang sb lugng ludi & khu vuc miii, dudi
tau va mot s6 khu vue bao quanh than tau dé bat dugc hinh
anh dong chay r& hon va thu duoc két qua lyc can chinh
x4ac hon (Hinh 3). Phén tich d6 héi tu ludi duge thuc hién
bang cach thiét 1ap 3 loai ludi: Ludi thd (427796 phan tir
luéi), ludi trung binh (840650 phan tir ludi), luéi min
(1185415 phan tir lu6i). Dang bién thiét 1ap cho cac thanh
clia bé thir 40 va bé mit bao quanh mé hinh tau dugc mo
ta trong Hinh 4 va Bang 2.

Bing 2. Dang bién cho cdc bién trong mién tinh todn

Tén bién Dang bién

Inlet (Dong chay vao) Velocity Inlet (Van téc vao)

Outlet (Dong chay ra) Pressure Outlet (Ap suit ra)

Side (Canh bé) Symmetry Plane (Mat phang

déi xing)
Symmetry (M3t phing ddi Symmetry Plane (Mat phing
Xung) doi xitng)
Top (Thanh trén) Velocity Inlet (Van téc vao)
Bottom (P4y bé) Velocity Inlet (Van téc vao)

Than tau (boong, than, du6i) | Wall (Tuong)

Velocity Inlet

A

Pressure Outlet Wall (Side)
= Wall
Velocity Inlet
Symmetry Plane )

—

l( ’/’

I x -

Hinh 4. Thiét Idp dang bién cho cdc bién trong mién tinh todn

Dé mo phong luc can, nhom tac gia sir dung mo hinh
vat Iy nhidu pha la thé tich chat long (VOF). bay 1a mé
hinh dugc sir dung dé giai quyét cac bai toan hai hodc nhiéu
pha. Cu the, trong bai toan lyc can can thiét 1ap hai pha:
Nudc va khong khi. Ngoai ra, ¢ day lya chon mé hinh dong
r6i cho phucmg trinh RANSE 1a m6 hinh k-g, mdt mé hinh
dong r01 dugc sir dung rong réi trong cac ung dung phuong
phap s6 vi tinh hoi tu nhanh va khong can nhiéu bo nhd
may tinh. Trong bai toan mo6 phong truong dong chéy bao
quanh than tau, mé hinh k-& cho ra két qua du doan tot hon
cac mo hinh dong rdi khac.

Mot yéu td quan trong quyét dinh d6 chinh x4c cua két
qua md phong so6 1a budc thoi gian tinh toan. Theo khuyén
cao cua Té chirc bé thir quéc t& (ITTC) [5], véi mod hinh
dong ri k-g bude thoi gian dwoc x4c dinh theo cong thirc:

= 0,005 ~ 0,01L/V 3)

Trong d6, L — chiéu dai ciia mo hinh (m); V — vén téc
mo hinh (m/s); At — budc thoi gian (s). Theo do, budce thoi
gian duoc Iya chon trong bai thir nay 1a 0,04 s.

5. Két qua va thao luin

Sau khi thiét 1ap cac thong sb va tién hanh chay mo
phong, trén phan mém STAR-CCM+ ¢6 thé quan sat dugc
hinh anh tryc quan ciia vét Kelvin trén mat thoang tu do
(Hinh 5). C6 thé thiy, hinh anh thu duogc tir md phong la
hoan toan pht hop vai hinh anh thuc té. Diéu nay chimg to
Kkét qua luc can thu duogc 1a c6 d6 tin cay cao.

Hinh 5. Vét Kelvin ciia tau KVLCC2 tai vin téc Fr = 0,142
Déﬂ thu dugc gia tri lyc can véi do chinh xac cao hon
can kiém tra d9 hoi tu ludi. Két qua lyc can vai sy kiém tra
d6 hoi tu ludi dugce dua ra trong Bang 3.
Bing 3. Két qua tinh lyc cdn tai vgn téc Fr=0,142

Loai luéi S6 phan tir lurdi, Luc can téng,
: phan tir R(N)
Ludi thd 427796 20,645
Ludai trung binh 840650 20,242
Luéi min 1185415 20,240

Vé6i mdi loai ludi khac nhau dugce thiét 1ap, luc can thu
dugc 12 khac nhau. Thyc té cho thdy, ludi cang min thi gia
tri lyc can cang chinh xac. Tuy nhién, d6 hoi tu ludi duogc
xé4c dinh khi dén mot d6 min nhit dinh, gia tri luc can
khong thay déi. Viéc lwa chon sé lwong phan tir ludi phu
hop 1am ting d6 tin cdy cua két qua mé phong ddng thoi
giam t6i da thoi gian tinh toan. Tir két qua thu dugc, co thé
thy lugi phu hop trong truong hop nay 1 luéi trung binh
v6i 840650 phan tir, twong Ung v&i luc can tong
Rt =20,242 (N).

Bdng 4. So sanh {cét qua tinh sirc can theo CFD va
ket qua thir mé hinh

Pai luwgng Gia tri
Van téc, V (m/s) 1,047
Luc can tong theo CFD, Rt (N) 20,242
Luc can téng theo thir nghiém md hinh, Rt (N) 19,710
Sai s6 (%) 2,66

Dé kiém tra d6 chinh xac ciia két qua mo phong, luc
can cua m6 hinh thu dugc bang phan mém STAR-CCM+
duoc so sanh voi két qua thir nghiém mo hinh tai bé thir da
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dugc cong bd [6]. Két qua cho thay sai sb giita hai phuong
phap 1a khong dang ké (2,66 %). So sanh két qua du doan
strc can theo CFD va két qua thir mé hinh dugc trinh bay
trong Bang 4.

6. Két luan

Trong bai b4o nay, nhom tac gia da du doan thanh coéng
luc can cho mé hinh tau KVLCC2 sir dung phan mém
STAR-CCM+. Viéc ap dung phuong trinh RANSE két hop
v6i mo hinh dong réi k-& cho hinh anh truong dong chay
phtt hop thuc té. Két qua mé phong luc can bang phuong
phap s6 khong 1éch nhiéu so véi két qua thir nghiém mo
hinh véi sai s6 duéi 3%. Qua do, khing dinh d6 tin cay cia
phin mém STAR-CCM+ trong viéc tmg dung mo phong
cac bai toan thiy dong luc hoc tau thity. Tuy nhién, bai bao
nay chi mang tinh cht gidi thidu va ing dung phan mém
STAR-CCM+ vao du doan luc can cho mdt mo6 hinh tau
chua gin chong chéng & mot gia tri van toc nhéit dinh.

Hudng phat trién ciia nghién ctru trong thoi gian téi 14 tmg
dung cic phin mém CFD vao bai toan md phong truong
dong chay sau than tau & tau c6 gin chong chong dbi véi
cac md hinh tau khéc nhau.
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