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In this study, the numerical investigation of the flow around the SUBOFF submarine model is performed by using the Detached
Eddy Simulation (DES) method which is developed based on the SST k—w turbulence model, At the DES analysis level, complex
vortical flows around the submarine model are caused mainly by the vortices due to the appendages and their interactions with
the flows from the hull boundary layer and other appendages, The complexity and scale of the vortical flow obtained from the
numerical simulations are highly dependent on the grid, The computed local flow properties of the submarine model are compared
with the available experimental data showing a good agreement, The DES analysis more reasonably estimates the physical phenomens
inherent in the experimental result in a low radius of the propeller plane where vortical flows smaller than the RANS scale are

dominant,

Keywords : Detached Eddy Simulation(DES A[Z2{|0|M), Reynolds Averaged Navier—Stokes Simulation(RANS A[Z20|4), SUBOFF
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Fig. 1 Conceptual sketch of DES modeling

T odel:fA(lé)TRANS’ 2

0{7|M, A= WHAo| ME=|= XMl R4 F7(0|1,
I, £ SHRZoIAH Y (tubulent length-scale)S LIERHCE 7,
= HHIsEEM 2 70N ARBSH SST ko CHREET) LES
2US M=otks DESHoIM Holsh= glolod 2ot AMist e =
2 =320| ARES HE /3614 =233 STAR-CCM+
(Siemense, 2018)0llA Ztol & = Uch

Fig. 10iAM Hol sidzel Mynl Zo| DESH
(boundary layer)2t H|S|X S (irotational flow) dof| Cf
RANSHOZ A5l AAS 2/F HY9e LESsiAS Mgst
= 2HHolch 0{7|A RANSHE2 BbMol "WH F&(mean
flow)e| H|HA AlZF AHUECE 22 RO AHYUS siAE
T UESE HRIEHO0| S| pH=/ofof Bk LESTH HE5
= GY92 FHSoZRE U2 oMt vt He gode
=

Tt o F7| 2o RS2 A7 Lol S A

N oo
A
\_o
10
I

A= MMslo{ Algstofof St 0|25 DESH 7iefa} 4=x|s)
MM EMof| 2= 2o AMsH M2 Spalart et al. (1997)
o oiqoflM Y2 4= Uck

2 =20Me= FRGiM S 2lo HE T2 STAR-CCM+
(Siemense, 2018)2 2E3INCt XA AlS| AZHES 2

A MEo| 2AX hH(implicit method)S 0l&312 =710l T
siAM= AFFRFE(Upwind Differencing, UD)1} £8tsh= 24} &
Fo| 5l0|=2|= BCD(hybrid Bounded Central Differencing)&
ARESICE BCDH | MEIT= LES siAol| Chst $=%|7|HE9]
osks AMHE Adedoyin et al. (2015)2] HA7Znjol|M o} £
= Act o|F2| HFoM 1AFHE UDW, 2AFH = UDWH, 24}
HE QUICK(Quadratic Upstream Interpolation for Convective
Kinematics)®, 2AFE T CDE! 12|11 2 ==0fM ARZsH 2%}

Y= BCDHE MEsI%e mf BCDHo| 7= LES o4 Znt
g Fc A2 Y = Aok

CH&t E=peke stwet Mof ®Mojfo| F4=(0f 2= SUBOFF

74

fetxMatel=2 H| 58T Mes 2021 48



4

M- stelg

AFF8 Z2go[n{ FX| 2 Table 10 & = Uk 047]A],
SUBOFF Zrgh 22 Zol= +F4EollAl LOA=4.356m0| 12
SARAENOIA LPP =4.261mES ZtZt LIEfHC) MulsitZsHE
2472(01%, KRISO)2| Ch&d7HH|E|oIEd, LCTOIM SUBOFF
Agh BHlo] Mo| FZ| HolM ZERSE ASsINe,

>|

Ol 2 x[aHAM Znet H|wsiirt Fig. 2= KRISO LCT Al
0l Mx|El Z=et Mol 20lFE Eo{FLl Ark

Table 1 Main dimensions of SUBOFF submarine model

Length over all(LOA) 4.356m
Length between perpendiculars(LPP) 4.261m
Longitudinal center of buoyancy(LCB) 0.462 LOA
Maximum hull radius(Rmax) 0.254m
Displacement( V) 0.718m°
Wetted surface area(S) 6.338m’

Fig. 2 SUBOFF model mounted in the LCT
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Fig. 4 Volumetric control volumes for grid refinement
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Table 2 Grid systems

No. of . No. of Minimum

grid y prism layer grid size

G1 17.0M 8x107°m
18 for hull — 5

G2 33.7M 1 o5 for LCT 4X107°m

G3 78.0M 2%107°m
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(b) transverse planes

Fig. 5 Grid distributions around the hull

G1 ZAXAHll|A g Mol Mo|7ER| elelo] 1| 2| x|of|A]

LCT Al?:]”?‘ En_I'Dl_:‘-g'l I:E|I:I|_ 7017:“% 7—:’|X|- —E—;\Tl;% Egml-gd. )ép_/lilg:!_ )I\__I
QiCt I 20|AM AMuisth nhe ol

#| 79| AREELE HOIFD lc
=

xUsh ARje| £EE IS

FollAf Aol TlofE geiol

i

ol

2t

0

ol

3.3 TRlahY = & Zt

LCT ZEAIY =g Uizl &5 By 32| Hde %
9m/se| Ztel AREsIen, oo tHE8dk= ReynoldsTe
3.9x1070lct, $xlshAl2 SST k-0 HFEE 7|Hte| DESH

12 rlo

lo

2ot H|wsky| 2l SST k- HFZEE2| RANS siAIT
TASIF 20| RANS o412 e DES o4l Zfe| AlZh "
TSt vlwsty| lol HetdE(steady state) =22 st

Lk FxFAMOIAl A& AIZEZHEE 2 X 107 s ARS3IA
oo{, TH ALk AlZk2 1.550(et 0{7|A, DESO| siAe| =7|

o JIESHE 2I5ll RANS siE o|&stict DES siiAd Znt
o| AlZtEH2 0.55~1.5s &t FH3INCE 2 =FoM= =
x|oA Zael AES flshA MK, Huang et al. (1992)0] S
S(wind tunnel)AIE&lS S35l SUBOFF AFF8 2EIS| M| FH
OllM AZer 2=d & oEAet Zret Z2HHHAM AF
gt g 7% Olo|efE &&3sKIch 0|, KRISO LCTolA
LDV(Laser Doppler Velocimetry) 2 AlSet Z2He{H HIRE
Climicy>7is

Fig. 62 &gt M2 AAS 7S Al AREE prism &4
52| HHolAM Atk 2Rk Azl vt gl 225 v|wstn
Ak Ml AX 25 =St prism ARt EZE ARSI
o 2ol DESZ oA ARzt Xfol= IX| gkend, y* g42 CHA|
2 20[ste| B2E Ho{F1 Uct ol 2 AATFolAM AH=St
y'=12] Z=Z10| v|w™ Efefspi| & =t EEiet 4= 9l
Ch 7Fa =2 G3 ZAHHoll ot Fig. 6(a)2l RANS Zniet
Fig. 6(d)2l DES Zutr MHIMo=z M2 d|X3kX(2h ghuof
A 2RISH akEs! H QB A(horseshoe vortex)2| HZ T Ao|
HO{Ee 2 O|0fX|= AAKR HY oM MAQ| eI} B¢t
FollA RANS2t DES?| Zup| 2fzte| xlo|§ Holdl ot =
St Mo| HojE Al Z2E Moz E0{7f= X|FoA
DES?| y*e| gf0| RANSS| ZRfECt Zolxl HAdg £ 4= Ut

Fig. 72 MA| F¢lof 25t olF =8 22| V22 T}
AlEtslod H|wstal QICk MA|, RANS2E DES AlZa|old Znt
S0lM QlErdoz A5 MAoAM BHMsk= 732 38
2 = SUch M, gwel MA7t Mohs X|-olM wilsk= T
& EQEAQ ol Bthtip) HBA T2|3 Mo| Ho{E
FAA HetfolM ok UEd BEEAll Lt HH
Ch 74& =25t G3 ZAXAol| CHEF RANS

= ol
= AX
shAle] Znte 2ile] x2Uamt ZHRI0| ARl Holtz

—

Wally+: 0 02040608 1 1.214161.8 2

(a) RANS & G3

(D) DES & G3
Fig. 6 Non—dimensional distance(y*) distribution

76

[
_
il

2N =27 M 58% HM2s 2021 42



VMWK:0123456+851011

(d) DES & G3 (instantaneous)

Fig. 7 Vortical structures around the hul contoured by x
velocity
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Fig. 9 Convergence of the resistance coefficient
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Fig. 10 Pressure coefficient on the hull surface
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