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ANH HUONG CUA MIEN KHONG GIAN TiNH TOAN VA LUOGI DEN KET
QUA TiNH TOAN MO PHONG SO CFD LUC CAN NHOT THAN TAU

TOM TAT

Ngé Vin H¢
Truong Pai hoc Bdach khoa Ha Ngi

Trong bai bio niy, cac tic gia trinh bay mot s6 két qua nghién ctru vé sir dung cong cu tinh toan
mé phong s6 CFD (Computation of Fluid Dynamic) va anh hudng ciia mot s6 didu kién tinh toan
trong qua trinh thyc hién bai toan lyc can nhét than tau dén két qua thu dugc. Dé thuc hién bai
toan tinh mé phong s6 CFD, thong thudng phai thuc hién theo cac bude gdm: thiét ké mé hinh tinh
toan, thiét ké mién khong gian tinh toan va chia ludi, dat diéu kién bién cho bai toan va thuc hién
qué trinh tinh toan. Mdi budc thyuc hién déu c6 anh hudng nhét dinh dén qua trinh tinh toan va két
quéa cua bai toan. Trong bai bio nay, nhom tic gia trinh bay mot sé két qua nghién ctru vé anh
hudng ciia mién khong gian tinh toan va ludi chia dén két qua tinh todn mé phong sé CFD. Pay la
nhitng van dé can thiét trong qua trinh thyc hién cac bai toan mé phong sé CFD noi chung va cac
bai toan khéo sat dac tinh thuy dong luc hoc tau thuy noi riéng.
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DAT VAN BE

Trong nhitng ndm gan day, cong cu tinh ton
mo phong sé thuong mai di duoc sir dung
kha pho bién trong cac bai toan k¥ thuat. Vi
kha ning dua ra dwoc nhiing hinh anh, két
qua mod phong cac qua trinh k¥ thuat giap cac
nha nghién cru nhin nhan duoc van dé mot
cach truc quan ma thyc nghiém khoé thyc hién
duoc, cong cu tinh todn md phong s6 CFD
ngay cang dugc st dung rong rai. Trong linh
vyc tinh todan mo phong sé6 CFD céc van dé
ky thuat, thuong duoc thuc hi€n theo hai
hudng nghién ciru nhat dinh bao gdbm: mot 1a
phat trién cong cu tinh toan s6 hay lap trinh
viét chuong trinh tinh toan mo phong mot vin
dé ky thuat dat ra, hai 1a img dung cong cu
tinh toan mo phong sé thuong mai trong giai
quyét cac van dé ky thuat dat ra. Tuy theo
linh vuc thuc hién va nhom nghién ciru khac
nhau, cac vin dé vé tinh to4an md phong sd
van dé ky thuat dat ra co thé duogc thuc hién
theo cac hudng nay. Trong qua trinh thuc
hién bai toan tinh toan mo phong sd CFD,
thong thuong can thyc hién theo cic budc
nhu sau: thiét ké mo hinh bai toan, thiét ké
mién khong gian tinh toan, chia luéi, dit dicu
kién tinh toan va thyc hién chay chuong trinh

* Tel: 01679 482746, Email: he.ngovan@hust.edu.vn

trén may tinh. Trong qua trinh thyc hién, moi
bude khac nhau déu co anh hudng nhat dinh
dén qua trinh tinh toan va anh huong dén két
qua tinh toan md phong thu dugc. Trong mdi
van dé cu thé, viée ung dung va thyuc hién bai
toan co nhimg van dé riéng khac nhau, tiy
theo van d& can giai quyét. Mot s6 nghién ciru
tmg dung CFD gin day lién quan c6 thé ké
dén nhu sau: Ngo. VH cing cong su (2013),
nghién ctru anh hudng tuong tac gitta than va
thuong tang tau dén cac dic tinh khi dong hoc
va giam lyc can khi dong cho tau thuy thong
qua str dung cong cu tinh toian mé phong sd
CFD [1]. Ngo. VH cung cdng su (2015), ung
dung CFD nghién ctru dédc tinh thay dong luc
hé théng chan vit banh lai tau thay, anh
hudéng cua khe héd gitra chan vit va banh lai
dén dic tinh thuy dong luc [2]. Ngo. VH cling
cong su (2012, 2014, 2017) ung dung cong cu
tinh mo phong sé thuong mai CFD trong
nghién citu giam lyc can than tau khong su
dung nudc dan, phat trién loai tau méi khong
nude dan tiét kiém nhién liéu [3, 5, 6]. Trong
mdi nghién ctru khac nhau, anh hudéng cia
qué trinh thyc hién tinh toan dén két qua duogc
kiém nghiém so sanh véi két qua thuc nghiém
mo hinh tuong Ung.

Trong nghién ctru nay, anh hudng ciia mién
khong gian tinh toan va chia ludi dén két qua
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tinh toan va qua trinh tinh toan véi bai toan
tinh md phong sé CFD khao sat dic tinh thiy
dong luc va luc can nhét tac dong 1én tau thiy
duoc thyc hién. Trong linh vyc nghién ctu vé
dac tinh thily dong luc tau thiy va phuong
tién ndi, van dé t6i vu mién khong gian tinh
toan va ludi ciing nhu anh huéng cia cac yéu
t6 tinh toan nay dén két qua CFD luén duoc
quan tdm. Trong diéu kién thyc nghiém con
han ché ciing nhu van dé chi phi thyc nghiém
kha cao thi chat luong ciia két qua tinh toan
mo phong sé cang duge quan tim nhiéu hon
trong nghién ciru. Nghién ctru nay can thiét
trong van dé mo phong sé CFD dic tinh thiy
dong luc dong chay noéi chung va thily dong
lyc tau thiy noi riéng.

MO HINH TINH TOAN VA QUA TRINH
THUC HIEN BAI TOAN MO PHONG SO

M6 hinh tinh toan dwogc lya chon 1a mé hinh
dbi xtg véi bién dang theo dudng nudc thiét
ké cua than tau, v6i chiéu dai 2 m, chiéu rong
0.3 m va chiéu cao 0.3 m. Bai toan dit ra
trong nghién ctu 1a anh huéng cia mién
khong gian tinh toan va ludi dén dic tinh thiy
dong hoc va lyc can nhét cia than tau trong
nuée. Hinh 1 thé hién md hinh str dung trong
tinh todn mo6 phong trong nghién ctru nay.

m | p—9a3m

| 1dm |

Hinh 1. M6 hinh thin tau doi xitng sir dung trong
tinh toan mé phong CFD

Hinh 2 thé hién so d6 qua trinh thuc hién tinh
toan mo phong s6 CFD dic tinh thuy dong
luc hoc than tau, tir qua trinh thiét ké md hinh
tinh toén, thiét ké mién khong gian tinh toan,
chia ludi va dat didu kién tinh toan, thuc hién
tinh toan va xir Iy két qua.

Trong nghién ctru ndy, van dé thiét ké mién
khong gian tinh toan va ludi s€ dugc nghién
ctru cu thé dé 1am 16 su anh hudng cta no dén
két qua tinh todn mo phong dic tinh thiy
dong lyc hoc va lyc can nhét tac dong 1én
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than tau trong nudc khao sat. Trén co sd do
mién khéng gian tinh toan, s lwong ludi chia,
kiéu ludi chia tinh toan s& dugc thay d6i khac
nhau dé thyc hién bai toan véi cac diéu kién
bién tinh toan dwoc giir khong thay dbi.

Design model: Design computed fluid
| e

Report:

Hinh 2. So' d@6 thuc hién bai todn CFD

ANH HUONG CUA MIEN KHONG GIAN
TINH TOAN DEN KET QUA BAI TOAN
Trong phan nay, anh huéng ciia mién khong
gian tinh toan dén két qua bai toan khao sat
dac tinh thay dong luc than tau duoc thuc
hién. Trén co so thuc hién tinh toan, so sanh
két qua thyc hién voi cac mién khong gian
tinh toédn c6 kich thudc khac nhau, anh hudng
ctia mién khong gian khao sat dén két qua tinh
mo phong s6 s& duoc thyuc hién. Hinh 3 thé hién
mién khong gian sir dung trong tinh toan. Hinh
4 thé hién Iu6i chia kiéu cdu trac dang H ap
dung cho 3 mién khong gian tinh toan.

Domain 1: 549752 H-grids

5L L EN

Domain 2: 549752 H-grids

251 L } 151

Domain 3: 549752 H-grids

| 1250 | L | 075l |

Hinh 3. Mién khéng gian tinh todn
Bang 1. Mién khéng gian tinh todn va chia luéi

Mién khao sat Kidu luoi S6 luoi
LxBxH (m) (triéu)
18x3x3 H 0,550
10x1,5x1,5 H 0,550
6x0,75x0,75 H 0,550
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Hinh 4. Chia luéi cau triic kiéu H trén mién
khéng gian tinh toan

Tu mo hinh va ludi da duoc chia va hiéu
chinh chét lugng dam bao cho tinh toan. Ludi
chia dugc dua vao cong cu thuc hién qua
trinh tinh toan dé thiét lap cac diéu kién dau
vao va thuc hién qua trinh tinh todn trén may
tinh. Cac mé hinh duoc thyc hién thiét 1ap cac
diéu kién twong tmg gidng nhau. Viéc thiét
lap cac diéu kién tinh toan duoc thuc hién
theo cac tai liéu tham khao uy tin va huéng
dan sir dung cho ngudi dung [3-8].

Trén co sé thiét 1ap cac diéu kién tinh toan
cho bai toan trong cac truong hgp thuc hién
hoan toan gidng nhau. Qua trinh tinh toan
dugc thyc hién trén may tinh véi cau hinh
Core i7, 2.68Ghz, RAM2Ghb. Sau khi két thiic
tinh toan, cac két qua duoc xuét va xir 1y theo
dir liéu thu duoc. Bang 2 thé hién mot s6 didu
kién duoc thiét 1ap cho bai toan.

Bang 2. Thiét ldp cdc diéu kién tinh toan

TT Piéu kién Thong s6
Van\ toc dong Velocity inlet 0,894
vao, m/s
AP EUat dong Pressure outlet 1,025
dau ra, at
M& hinh rdi k-eppsilon
Sb Reynold Re 2x10°

Hinh 5 thé hién két qua tinh todn mé phong
phan bd ap suit bao quanh than tau trong
mién khao sat va trén bé mit than tau. Két
quéa cho thay rd anh huéng cua mién khong
gian khao sat dén phan bd ap suat bao quanh
than tau. Hinh 6 thé hién két qua tinh toan luc
can nhdt tac dong lén than tau trong cac
truong hop khao sat voi mién khong gian tinh
toan thay d6i khac nhau.

Domain 1:
— )
_—
Domain 2:
- —— e —— i
Domain 3:

b AR S |

\

B T |

At firont of ship:

. |
a 5006:002 ] '
Ipd]rz.ouoe-oaz 7 I > i 3

At after of ship:

I 233.

Hinh 5. Phdn bé dp sudt bao quanh va trén bé
mat than tau khdo sat

0.03
m Domain 1 ® Domain 2 Domain 3 +68%

+77%

+23%
001 100%
. +46%
; +10%
001 100% . 100%
0.00
p of ct

Hinh 6. Két qua tinh todn e can nhét tic dong

lén than tau khao sat

Két qua thé hién trén hinh 6 cho thay rd muc
d6 anh huéng clia mién khong gian tinh toan
dén cac thanh phan cia lyc can nhot tac dong
Ién than tau, sy anh hudng nay lam sai 1éch
két qua tinh toan lwc can 1én t&i 77% thanh
phan Iyc can nhét do ap suit giy ra (Cp) va
thay ddi t6i 68% hé s6 luc can nhét tong cong
(Cy. Thanh phan luc can nhét do ma sat gay
ra (Cs) anh huong it hon nhung su sai 1éch 1én
to1 46%.
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Luc can nh('{t tac dong 1én than tau duoc xac
dinh theo biéu thirc sau:
Ci=Ci+Cy 1)
Ci = R; /(0.5pV?S) 2
Trong do R la lyc can tac dong 1§n than tau;
V 1a van toc dong; S 1a dién tich bé mat
ANH HUONG CUA LUOI CHIA PEN KET

Hinh 6. Thay doi s6 lwéi chia véi kiéu liw6i cau
tric dang H

Trong phan nay, anh huéng cua ludi bao gdm
sO luong luéi chia, kiéu ludi chia va kich
thudc ludi dén két qua tinh toan mé phong sd
CFD dugc trinh bay. Trén co s& thay ddi sd
lwong ludi chia, kich thudc ludi chia va kiéu
lu6i chia trong mién khong gian tinh toan
khdo st than tau khong thay doi, cic mo hinh
tinh toan duoc thuc hién tinh toan dé so sanh

H-grid N1:

- -

H-grid N2:

.

0

T-grid N1:

T-grid N3:

két qua tinh toan v&i nhau. Tir két qua so sanh
gilta cac m6 hinh v6i nhau, sy anh hudng cua
lu6i dén két qua tinh toan mé phong s& dugc
lam 5. Hinh 6, 7 thé hién ludi chia thay doi
khac nhau trong mién khong gian tinh toén.

Changing mesh size:

T-grid N1: Mesh number
250,320 grids

T-grid N2: Mesh number
101,395 grids

T-grid N3: Mesh number
27,925 grids

Hinh 7. Thay déi sé lw6i chia voi kiéu ludi khéng
cau truc dang T
Tl cac m6 hinh tinh toan véi kiéu ludi va sb
ludi chia twong Gmg khac nhau nhu trén hinh
6 va 7, thuc hién tinh toan véi cing diéu kién
dau vao ta thu duoc cic két qua mo phong
twong ung vdi mo hinh va ludi da chia. Hinh
8 thé hién két qua so sanh phan b ap suit bao
quanh than tau khao sit trong mién khong
gian tinh toan véi truong hop chia ludi cau
tric kieu H véi s6 luéi chia khac nhau
550.000 ludi va 72.809 ludi.

300004

o

Hinh 8. Phdn bé dp sudt bao quanh than tau khi thay doi sé hedi va kiéu ledi

Két qué thé hién rd anh hudng ctia ludi dén phan b ap sudt bao quanh than tau khao sat. Hinh 9
thé hién két qua tinh toan lyc can nhét tac dong 1én than tau.
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0.014 ® H-grid-Domain1  m T-grid N1-domain 2 H-grid N2-domain 2
0.012

0.010 100%  -2%
0.008 +37%

+26%

Cx

0006 | q00% +5%
0.004
0.002
0.000

9%
1006 _qgn *%

p cf ct

» 0.010 100%

0.014
0.012

WT-grid N1 mT-grid N2 T-grid N3 +33%

+52%

+1%

0.008
0.006
0.004
0.002
0.000

cp cf ]

Hinh 9. Lyc can nhét tac dong 1én than tau

Két qua thé hién trén hinh 9 cho thdy r& anh
huong cia kiéu ludi, sé ludi chia dén cac
thanh phan lyc can nhdt khi thay ddi kiéu
lu6i. Khi ludi chia khong cu trac kiéu T
giam di, thi mic d6 anh huéng dén thanh
phan luc can nhét gay ra do ap suat cang ting
lén. Anh huong dén thanh phan lyc can nhét
gdy ra do ap sudt 1én téi 52%, va lyc can nhot
tong cong 1én toi 33%. Két qua nay phu hop
v6i két qua phan bd ap suit bao quanh than
tau va phin bd ap suit trén bé mit thin tau
khao sat.

KET LUAN

Trong bai bio nay, anh hudéng cua mién
khong gian tinh toan va luéi dén két qua tinh
md phong sé CFD cho bai toan khao sat dic
tinh thuy dong luc than tau trong nudc duge
thuc hién. M6 hinh than dbi ximg theo bién
dang duong nude than tau dugc s dung lam
mo hinh nghién ciru. Cac van dé anh huéng
clia gidi han mién khong gian tinh toan khao
sat bai toan, kiéu ludi chia cdu triac va khong
ciu tric, s6 lwong ludi chia thay d6i khac
nhau da duogc thyc hién nghién clru anh
huéng dén két qua tinh toan mé phong CFD
trong bai toan thuy déng luc than tau va luc
can nhdt tdc dong l1én than tau trong nudc.

Tir cac két qua khao sat va so sanh vé phan b
ap suat bao quanh than tau, phan bd 4p suit
trén bé mit than tau va cac thanh phan lyc can
nhot tic dong 1én than tau cho thay 16 sy anh
huéng cta mién khong gian tinh toan va ludi
dén két qua tinh toan CFD. Két qua nghién

ctru anh hudng ctia mién khong gian tinh toan
va ludi dén két qua bai toan CFD can thiét
trong cac bai toan tinh mé phong sé CFD. Két
qua nghién ciru nay 1a co s dé giup thiét ké
t6i wu mién khong gian tinh toan va ludi trong
qua trinh thyc hién bai toan mé phong sd.
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SUMMARY
EFFECTS OF COMPUTED FLUID DOMAIN AND MESHING
ON THE CFD RESULTS OF VISCOUS RESISTANCE ACTING ON A SHIP

Ngo Van He”
Hanoi University of Science and Technology

In this paper, the authors presents some results of a study on used a commercial Computation of
Fluid Dynamic (CFD) to analysis hydrodynamic performances of a ship and the effects of
computated conditions on the CFD results of viscous resistance acting on hull of a ship. In the
CFD computation, we must do step by step as well as: design model, design computed fluid
domain and meshing, setup boundary condition and run. Each step has a certain effect on the
computed process and the CFD results. In this paper, the authors present some results of research
on effects of computed fluid domain and meshing on the CFD results. This research is important
for the problems of the simulated ship hydrodynamic by used CFD as well as the general CFD
problem.

Keywords: CFD, viscous resistance, hull, computed fluid domain, meshing
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