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Tom tat

Bai b&o trinh bay két qua md phong, tinh toan luc
can tau ngam hoat dong tai ché dg chay ngam
bang phuong phip CFD (computational fluid
dynamic). Anh hweng cia kich thirde hedi dén két
qua md phong tinh toan luc can tau dirge dé cap
dén trong bai béo. Két qua md phong c6 sir o
sénh véi két qua thiz md hinh trong bé thir dé
khang dinh d¢ tin cdy cua két qua md phong tinh
todn. Ngodi ra bai bdo con dwa ra cac hinh anh
vé dirong dong bao quanh than tau ngam ¢ céc toc
d¢ khac nhau, phuc vu cho cac bai toan khac nhau
nhir t6i wu héa thiét ké hinh dang tau ngam. Mo
hinh tau ngam dwoc sir dung trong nghién ciru 1a
md hinh tau ngam DARPA SUBOFF ciia My.

Tuw khéa: Luc can, thu ngam, CFD, DARPA
SUBOFF.

Abstract

The paper presents numerical simulation results
of the submarine resistance in submerged
condition by Computational Fluid Dynamics
(CFD) method. Otherwise, the influence of the
mesh size on the simulation results is also
mentioned. A comparison of the simulation results
and the test results in the towing tank is made to
confirm the reliability of the calculated simulation
results. Moreover, the article also provides details
of flow around submarine like pressure
distribution and skin friction on the hull surface of
submarine, which serves to many different
problems such as in optimizing the hull form of
submarine to minimize its resistance. The
submarine model employed in this study is the US
submarine model DARPA SUBOFF.

Keywords: Resistance, submarine, CFD, DARPA
SUBOFF.

1. Mé dau

Mot trong nhitng bai toan rat quan trong trong thiét

ké tau n6i chung va thiét tau ngim noi riéng d6 1a bai
toan xac dinh luc can tau boi né 1a théng sd dau vao
trong thiét ké hé thiét bi day, xac dinh cong suét cua
may chinh dé tau dat dugc tdc do thiét ké dé ra, ngoai
ra n6 con phuc vu cho nhiéu bai toan khac nhu bai
toan toi uru hoa hinh dang than tau ngdm dudi goc do
tdi thiéu hoa luc can.

Viéc ing dung CFD vao trong viéc m6 phdong tinh
toan cac bai toan thuy dong luc hoc ctia tau noi chung
va bai toan tinh toan lyc can tau ngdm noi riéng da
dugc nhiéu nha nghién ctu trén thé giéi ap dung.
Cong trinh [1] cda tac gia Budak, Gokhan va Beji,
Serdar nghién ciru tinh toan lyc can tau ngdm va anh
huéng cua sy thay d6i cac phuong an hinh dang khac
nhau dén luc can tau trong vi¢c xac dinh hinh dang tdi
wu cho tau. DS twong nghién ctru ciia nhom tac gia la
md hinh tau ngdm DARPA-SUBOFF ciia My. Két qua
tinh toan dugc ddi sanh vai két qua thir trong bé thir
dé khang dinh d9 tin cy cta két qua thu dugc. Cong
trinh [2] cua t&c gia Mark Bettle, Serge L. Toxopeus
nghién ctu md phong tinh todn anh hudng cta nudc
ndng dén céc thdng sé thuy dong cua tau ngam Walrus
bing CFD. Két qua md phong ¢ mot sé trang thai co
su di sanh véi két qua thuc nghiém va déu cho két
qua rat tot so véi két qua thir. Cong trinh [3] caa nhém
tac gia Pan Yu-cun, Zhang Huai-xin nghién ctu tinh
toan cac thong sé thiy dong cua tau ngam & ché do
lin siu dudi nuéc bing CFD. M6 hinh tau ngam
DARPA-SUBOFF ctia My dugc nhom tac gia su dung
lam ddi tugng nghién ciru trong nghién ciru cua minh.
Két qua md phong thu duoc rat st so véi két qua do
dac trong bé thir.

Nhu vy, ¢6 thé n6i véi sy phat trién manh mé cua
may tinh dién tir cling nhu ciia c4c phan mém tinh toan
CFD ma ngay nay CFD da tr¢ thanh mét cong cu hién
dai cho phép nguoi thiét ké giai quyét duoc cac bai
toan thity dong luc hoc phrc tap véi két qua chinh xac
hon réat nhiéu so vai viéc sir dung cac cong thic ban
thyc nghiém. Chinh vi vay, bai bdo nay s& stir dung
CFD véi su hd tro cua bo giai Star-CCM+ dé md
phong dong chay bao quanh than tau va tinh toan lyc
can ngim DARPA-SUBOFF cia My.
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2. M6 phéng
2.1. M6 hinh tau ngam

M6 hinh tau ngam duoc sir dung trong nghién ctu
nay 1a mé hinh tau ngam DARPA SUBOFF do Phong
Carderock thudc Trung tam Naval Surface Warfare
center (CDNSWC) va bé thir Hydronautics Ship
(HSMB) tién hanh thiét ké va thir nghiém. Cac s6 liéu
thir lyc can cua mé hinh tau ngdim DARPA SUBOFF
duoc dung cho viéc kiém nghiém két qua tinh toan lyc
can tau bang CFD ciing nhu phuc vu cho viéc phan
tich dong chay quanh tau ngam. Cac thong s6 chu yéu,
hinh dang 3D cua tau DARPA SUBOFF dugc trinh
bay trén Bang 1, cac két qua thir md hinh cua tau nay
c6 trong tai liéu [4].

2.2. C4c thdng sé dau vao

Viéc md phong dong bao quanh than tau ngam
dugc thuc hién trong diéu kién giéng nhu diéu kién
trong md hinh tau trong bé thir cu thé voi khdi lwong
riéng cua nude p=998,67kg/m?, d6 nhét dong hoc cua
nuée v=1,080.10°m?/s, d6 nham bé& mat Oum, dai toc
tbc do6 tau tir 3,05m/s dén 9,15m/s [4].

Bing 1. Bing cdc thong sé chii yéu ciia mé hinh tau

ngdm DARPA SUBOFF
Cic thong s6 ciia tau | Ky hiéu | Gia tri
C}liéuAdaf téu‘l('m nhét Lmax (m) | 4,356
cua mo hinh tau
Duong kinh thdn mo D (m) 0,508
hinh tau
Chiéu dai cua dai chi

Lsail (M 0,368

huy mé hinh tau sait (M)

Hinh 1. Hinh ddng hinh hoc 3D ciia tau ngim
DARPA SUBOFF

2.3. Thiét Igp tinh toan

Khi tau ngdm chay ngim trong ving nudc siu
(khoang cach tir day tau ngdm dén day bién 16n hon
% 1an chiéu dai tau va khoang cach tir diém cao nhat
trén dai chi huy dén mit thoang 16n hon 1/3 lan chiéu
dai tau [5]) s& khong ton tai anh hudng cua mit thoang
cling nhu anh hudng cia d6 sau dén lyc can tau [5].
Trong truong hop nay mién chit 1ong tinh toan toan
s€ chi c6 mot pha la pha 1ong (nudce) [6]. Khi d6, kich
thudc cua mién chat long tinh toan duoc xac dinh nhu
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trén Hinh 2. Cuy thé, chiéu dai cta bé thir o c6 kich
thudc gap 4,5 1an chiéu dai tau. Trong d6, khoang cach
theo chiéu dai phia trudc tau ctia bé thir nim cach mii
tau mot doan 1,5L; khoang céach theo chiéu dai nim
phia sau tau cia bé thir 40 ndm cach dudi tau mot doan
3,0L. Chiéu rong caa bé thir do ¢6 kich thudc bang 2,5
lan chiéu dai tau tinh tir mat phang doc tAm tau. Phia
trén va phia dudi cua bé thir 40 ndm cach tau mot doan
bang 9 14n chiéu cao man cua tau.

trén t
, 9D

i
3L - 1.5L

[p——

Phia sau t
ap 1

Phia trugc

day

Hinh 2. Kich thwoc bé thik do ¢ ché d@ tau chay ngam

LT

S ALY LTI

Hinh 3. Két qud chia luéi

Diéu kién bién duogc sir dung trong bai toan du béo
lyc can tau ngam & ché d6 chay ngam dwoc lya chon
nhu sau: d6i vai bé thir ao, phia trudc s& sir dung diéu
kién bién la tbc do dong dén (velocity inlet), phia sau
- 4p suét dau ra (pressure outlet), phia trén, dudi, mat
héng - mat d6i xiung (symmetry plane). Dbi véi tau
ngam loai didu kién bién dugc sir dung 1a tedng khong
trugt (No-slip wall). Sau khi da tao dugc bé thir ao.
Budc tiép theo 14 tién hanh bai toan chia lugi. O day,
loai Iu6i luc dién duoc sir dung dé chia mién chit long
ra thanh céc thé tich hitu han, ludi lang tru dugc s
dung dé giai lop bién bao quanh tau ngam loai, ludi
bé mit duoc sir dung dé chia bé mat than tau ngam ra
thanh cac bé mat hitu han. O day, s6 16p luéi ling tru
duoc su dung 1a 6 16p vai d6 day cua I6p ludi lang tru
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dau tién cach tuwong 1a 0,0025m dé gia tri Y+ trung
binh 1a 80. Luéi s& dugc lam min tai cac vi tri quan
trong nhu (khu vuc gan than tau, khu vuc miii, dudi
va dai chi huy). Két qua sau khi chia luéi duoc trinh
bay trén Hinh 3. M hinh vét 1y dugc st dung trong
m6 phong dong bao quanh tau ngam la mé hinh chat
long thuc RANSE (phuong trinh Navier-Stokes trung
binh theo Reynolds) vai dong chay déu do dong chay
dén tau ngam khi hoat dong & ché do chay ngam la
dong chay déu. M6 hinh dong réi duoc sir dung trong
bai bao 1a md hinh dong rdi realizable k—¢ two layer.
Pay 1a mot trong nhitng mé hinh dong réi cho két qua
tin cay trong tinh todn lyc can tau néi chung va tau
ngam néi riéng [7].
3. Tinh to4n va phan tich két qua thu dwoc
3.1. Xdc dinh sw hgi tu cia luwéi

Xac dinh su hoi tu cua ludi 1a bude dau tién trong
tinh todn bang CFD, muc dich cua viéc 1am nay 1a dé
tranh céc sai s6 do viéc chia lui gay ra. Viée xac dinh
sy hoi tu cua ludi duoc tién hanh tai tbe do tau
V=3,05m/s véi 3 kich thudc ludi khac nhau thay ddi

Véity 18 1, =~/2 (Pay la gid tri do ITTC d& xuét khi

nghién ctru vé sy hoi tu cia ludi [8]). Trong mo phong
tinh toan tau ngdm DARPA SUBOFF sb lugng ludi
duogc st dung trong xac dinh sy hoi tu dugc thé hién
trén Bang 2.

Bing 2. S6 lwong luéi dwoc siv dung trong nghién ciru

sw hi tu cia lwoi

B i S6 luwgng
. an+ .. | Kich thude e

Miat do luoi L. lwdi, triéu
lwdi, m .
lwol
Ludi tho 0,05m 0,75
Ludi cd trung 0,035m 1,42
Luéi min 0,025m 2,66

Su thay doi vé két qua tinh thu dwoc khi sir dung
cac luédi co kich thude khac nhau dugce xac dinh theo
biéu thurc:

&,=(5,-S,)/S,;63=(5,—-S,) /S, (1)

O day: S1, Sy, Ss - 1a két qua tinh toan lyc can tau
ngam khi st dung cac kich thude ludi khac nhau lan
lugt 12 Tudi min, ludi cd trung va ludi tho.

Sy hoi tu cua két qua mod phong duge danh gia dua
trén biéu thie (2). TOy thudc vao du va gia tri caa Ry,
s& ¢6 3 truong hop xay ra gom:
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- Hoi tu don diéu O0<Ry<1;
- Hoi tu phéan ky R¢<0;
- Khong hoi tu Ri>1.

@

Trén Hinh 4 trinh bay anh huong cua kich thudc
ludi dén két qua tinh toan Iyc can tau ngam DARPA
SUBOFF khi chay véi van tde V=3,05m/s. Tir két qua
nghién ctru sy hoi tu ctia ludi trén Hinh 4, ta thiy ring
su chénh léch két qua giita ludi tho va ludi c& trung 1a
0,4%, trong khi chénh léch gitra ludi cd trung va ludi
min chi 1a 0,15%. Nghia 1a ¢ day c6 su hoi tu don diéu
vé ludi. Bén canh d6, c6 thé noi rang su chénh léch &
day la tuong d6i nho. Chinh vi vy trong cac tinh toan
tiép theo nhom tac gia sé sir dung ludi ¢& trung dé tinh
toan Iyc can tau ngdim DARPA SUBOFF.

R [N]
1110
Mit @6 leei | Lwc can tau. R [N]
R Ludi thd 109,36
1105 Ludi i trung 108.92
| Luéi min 108,76 Ludi thd
|
110.0 |‘I — «Lwdi c& trung
1: === Lwdi min
109.5
b
109.0 \
lr—d_———————
N - -
108.5
0 10 20 40 50 60

30
Théi gian [s]
Hinh 4. Két qua nghién ciru sw hji tu ciia lwdi tai téc

do V=3,05m/s

3.2. Két qud tinh todn lie cin tau ngdm DARPA
SUBOFF

Bing 3. Két qud dur b4o lec cin tau ngdm tgi cac téc
dp khdc nhau cé doi sénh véi két qua thir

Két qua méd A

\Y Keét qua % sai

STT phéng R .

[m/s] thir R [N] s0

R [N]

1 3,050 108,92 102,3 -6,47
2 5,144 288,00 283,8 -1,48
3 6,100 395,74 389,2 -1,68
4 7,160 531,68 526,6 -0,96
5 8,230 690,48 675,6 -2,20
6 9,151 843,40 821,1 -2,72
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200
100 R
3 B 5 6 7 H 9 10
Toc dd tau [m/s)
Hinh 5. So sanh giia két qud tinh toan va thiz md
hinh khi tau chay ¢ cac tée dp khéc nhau
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v

Total Pressure (Pa)
1605

~10970. ~7848. 4 ~-4726.8 - 2 1516.4 4638.0

Hinh 7. Phin bé ap sudt doc thén tau tai téc dp
V=3,05m/s

Wall Shear Stress: Magnitude (Pa)
17.955 26.931
|

0.0039966 8.9795 35.906 44.882
| I R

Hinh 6. Phdn bé g sudt tiép doc thén tiau tai toc do
V=3,05m/s

Str dung mat do ludi cd trung vao trong tinh toan
luc can tau ngam DARPA SUBOFF ¢ cac dai toc do
khéc nhau, nhom tac gia thu dugc két qua tinh toan
nhu trén Bang 3. Tir Bang 3, ta thay rang, két qua du
bao lyc can tau ngam bang CFD kha sat so véi két qua
thir md hinh. Sai s6 giira giira két qua tinh toan va két
qua thir nam trong dai tir 0,96% dén 6,47%.

Céc hinh anh vé phan b ap suat, ang suat tiép,

Volnc/r}/: Magnitude (m/s)
0.00000 0.73815 1.4765 2.2145 2.9526 3.6908
-

Hinh 8. Hinh dang va téc dg dwong dong (streamline)
doc théin tau tai téc dp V=3,05m/s

duong dong doc than tau khi tau chay tai toc do
3,05m/s duoc biéu din trén Hinh 6, 7 va 8.

4. Két luan

Bai bao da thanh cong trong viéc tng dung CFD
vao trong mé phong, tinh toan luc can tau ngam hoat
dong o ché do chay ngam. Két qua md phong, tinh
toan thu duoc rat gan voi két qua thir mé hinh (Sai s6
dao dong trong dai tir 0,96 dén 6,47%). Bén canh do,
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bai bao con chi ra su anh hudng cua kich thudce ludi
dén két qua md phong thu duoc, dua ra mot sé hinh
anh vé phan bd &p sut va ang suit trén bé mat than
tau, duong dong bao quanh than tau khi chuyén dong.
Pay la cac hinh anh rat quan trong trong viéc phan tich
duong dong phuc vu cho cac bai toan khéc trong toi
uru héa thiét ké than tau ngam.

TAI LIEU THAM KHAO

[1] Budak, G. and S. Beji, Computational resistance
analyses of a generic submarine hull form and its
geometric variants. Journal of Ocean Technology,
Vol.11(2). 2016.

[2] Bettle, M., S.L. Toxopeus, and A. Gerber,
Calculation of bottom clearance effects on Walrus
submarine hydrodynamics. International
Shipbuilding Progress, Vol.57(3-4): pp.101-125.
2010.

[3]Pan, Y.-c., H.-x. Zhang, and Q.-d. Zhou,
Numerical prediction of submarine hydrodynamic
coefficients using CFD simulation. Journal of
Hydrodynamics, Ser. B, Vol.24(6): pp.840-847.
2012.

HOI NGHI KH&CN CO KHi - PONG LIPC 2021

[4] Summary of DARPA Suboff Experimental
Program Data. Naval Surface Warfare Center,
Carderock Division (NSWCCD).

[5] Zhang, N., H.-C. Shen, and H.-z.J.C.L. Yao,
Numerical simulation of flow around submarine
operating close to the bottom or near surface.
Journal of Ship Mechanics, Vol.11(4): pp.498-507.
2007.

[6] Pan, Y.-c., H.-x. Zhang, and Q.-d. Zhou,
Numerical prediction of submarine hydrodynamic
coefficients using CFD simulation. Journal of
Hydrodynamics, Vol.24(6): pp.840-847. 2012.

[7] Yong, Z., et al., Turbulence model investigations
on the boundary layer flow with adverse pressure
gradients. Journal of Marine Science and
Engineering, Vol.14(2): pp.170-174, 2015.

[8] ITTC-Quality Manual 7.5-03-01-01, 2008
(https://www.ittc.info/media/8153/75-03-01-01.pdf).

Ngay nhan bai: 28/6/2021
Ngay nhan ban sira lan 1:  04/8/2021
Ngay nhan ban sira lan 2:  20/8/2021
Ngay duyét dang: 23/8/2021

SO DAC BIET (10-2021)



