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Steady Flow Simulation using Immersed Boundary Method
and Wall Function based on SA Turbulence model

O EEi&—, FHKRPE, FUH SR AN 7-3-1, 2008136238@mail.ecc.u-tokyo.ac.jp
AFSRER, HORL, HORUHS SCRUXAS 7-3-1, timat@ mail.ecc.u-tokyo.ac.jp
Yuichi Takahashi, University of Tokyo, 7-3-1, Hongo, Bunkyo 113-8656, Japan

Taro Imamura,

University of Tokyo, 7-3-1, Hongo, Bunkyo 113-8656, Japan

The purpose of this study is to develop a method which enables to simulate fully steady turbulent flow around complex
geometries using Cartesian grid. An immersed boundary method is coupled with a wall function, so that highly
clustered grid in wall normal direction which is necessary for turbulent flow simulation can be alleviated. This is
essential when Cartesian grid is used because the grid can only be refined equally in all directions. The results from
flow simulations around the flat plate show that turbulent boundary layer profile can be resolved with y*~120 at the
first cell above the wall when the plate is oriented tangential to the grid. Also, the profile can be resolved with y*=30

when the plate is oriented 45° to the grid.

1. il

Wz E H I T DEENRAT 1 (CFD) OFIHBEENEE D
T, FHRREEOERH LA KRE RFEE 2o TD. DT80k
FLERRIZ DL CFD OEE/RRIEO—2>TH Y, HAHKE T
EPHEREE S5, BEARE A, SRRk}
L CHER BB TR AERMNRRETH D E W RS A RD, ARk
R 2 KL JEiE C& 5.

(O RN 73 S s By =it < 1A e el s M S (N ]
TRHARDRECTH 5. BLITELE ORI I BT TR 1~
TN T 2 EER D D7, BERHEE TR0 IR A N
TEEFEONOMREAEHE A L, EAE 3230
DEIEND. TOFRER, PIREASH OB IEE TR O T8 &
RO TR A BT DT R BT CARRT D &, FlxiE Tk
TEEARELESE B O A AR SR 7 & bl L C 1045725 100
EFRRE O TENVETHD. ZOMEE wiRT 572012, Wik
TR DI BT % AR LELASHS T & A Aot 2 HIEN
H5Y. ZOIFEIDREEE NS AT DNDD, Wik
TARDMEHE 72 D ERETAERDNERZ /20, HTAERORS S &
U EAKE DI ROF R a4815.

B F-DIr% NS TE TR TR ORI RE T B 72812,
BRI B IS TR D AN BRI TN D, BE
%% (wall model, wall function) % V% A9, (s HiEic
AL 2FEF ML FEOTHD. BIBEOTETE, Bl
RBERE T T 7 A VEBEE CER L, WHDEAMETEH
TV T T D, REOFETIE, BEREHE R EO—kITD
TR TR BB O . 2O DOTEEZ Q) TITl v b
L, STERE), @) TIEEDIAASE L LA E TRV TEY,
SR AT REER AR CERE ARG Bk T A 9 &
WZRREI LTS, L, BRI HREROHERRE oM T2 L
TS 7RISR DIESBOMMGI B U GRENR S 0, [BEASKE
FEIGE L7280 LDOELRF A TEOBIRBRE N T D,

AW TIL, BHEATRE U (2361 2 R L O % 7]
BEL T D702, EAKFIHE Lo EEliis a3 5
ZERBMET D, ELRTET UL Spalart-Allmaras (SA) FLiEE
FE, SAFLRET L) - BERO A BE s CES
T 5. BEREE B Y NNV EBAEDE A IORER) & 13D, HE
WIALSERE L fLAE D 2 & TG L TE G 755D
WEREMZ D, PARELER SYE O AR L R OHE

Tz B L L L, B LB RTHE RGeS 5. £z, BE
BRI I 2 R RO, WABEE Ok 5
DAL « FAFEOFRAERA DR TS .

2. HEEE
2.1 EHEERIA L —
HBUHENEE TR PO RGEEREETR Y L =00 Z e
FINEAAT e, Tab. L ICHEHBEEER LD 5.
KT AERIIIAAE A W2 B TR L > TITD. 22T
I Fig.1 DX 51, ¥+% wallcell - body cell - fluid cell 3 -2
FREEIZ 3T 5. wall cell |3 iBEm 222759 2 4% body cell -
fluid cell {ZZIEIIIAMA] - SRIMUOEFTH D, FAFHEIT
fluid cell 12+ L TT 5.

Tab.1 Numerical calculation method

Grid generation Cartesian grid method
Governing equation 2-D compressible RANS equation
Turbulence model Spalart-Allmaras turbulence model

Special discretization Cell-centered finite volume method
Physical quantity gradient valuation ~ Green - Gauss Method

Inviscid flux valuation SLAU scheme

Viscous flux valuation a-Scheme

Time integration LU-SGS method

fluid cell body surface
wall cell | —
= | body cell
N~
//

Fig.1 Cell definition
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Fig. 3 Illustration of velocity computation at point 0 using wall model
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Tab.2 Computational condition for flow simulation
Reynolds number 1.0%x10°
Mach number 0.2
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Fig.4  Ilustration of flow simulation around the flat plate
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(b) Skin friction coefficient
Fig.8 Flow simulation around the flat plate
without wall model, compared with theoretical value
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Tab.3 Characteristics of the computational grid around the flat plate

Minimum Number of  Refinement  y* at the first cell

grid size cells level above the wall
1.95x10° 8320 10 454
4.88x10™ 42880 12 106
1.22x10* 135040 14 2.99
6.10x10° 270208 15 172
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(b) Skinfriction coefficient
Fig.9 Mesh convergence study for flow simulation
around aligned flat plate using wall model, where d=0.0,
compared with theoretical value and result without wall model
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Tab.4 y" at the first cell above the wall
in each minimum grid size, where d is 0.5 A Xy,

Minimum y" at the first cell
grid size above the wall
1.95x10° 124
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Tab.5 y" at the first cell above the wall
in each minimum grid size, where d is A X,
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(b) Skinfriction coefficient
Fig. 10 Mesh convergence study for flow simulation
around aligned flat plate using wall model, where d=0.5 A X,
compared with theoretical value and result without wall model
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(b) Skinfriction coefficient
Fig. 11  Mesh convergence study for flow simulation
around aligned flat plate using wall model, where d= A X,
compared with theoretical value and result without wall model
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Tab.6 " at the first cell above the wall
in each minimum grid size, where 6 is 45

Minimum y* at the first cell
grid size above the wall
1.95x10° 107
4.88x10™ 289
1.22x10* 7.08
6.10x10° 354
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(b) Skin friction coefficient
Fig. 12 Mesh convergence study for flow simulation
around non-aligned flat plate using wall model,
compared with theoretical value and result without wall model
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