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Improvements of the Immersed Boundary Method for High Reynolds Number Flow with Complex
Geometries and its Application to Internal Flow Simulations
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In the present study, we improve an immersed boundary (IB) method for high Reynolds number flow with complex
geometries. There are many complex geometries in actual engineering products, and these geometries tend to induce
flow separation. Around a separation point, fluid cells neighboring an IB cell are located in the region where the flow is
about to separate or the dead water region. Local conservation errors in these cells could affect whole conservation
significantly. Therefore, the discretization of 1B cells around complex geometries must be done carefully to achieve
good conservation. We propose a method to define multiple image points and normal vectors in IB cells around a
convex shape. The proposed method is evaluated by an internal flow simulation, and the proposed method shows better

mass conservation than the conventional method.
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Fig.2 Outline of backward-facing step flow.
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Fig.3 Outline of flow around a cylinder.
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Fig.4 Anextracted IB cell and normal vectors computed from the signed
distance function ¢.
Copyright © 2019 by JSFM



4. EEREEK
4. 1 k- eRELRETIEES

Boundary-fitting 7e#% 712331 2 T, kI OWT, BE
RO DARIEE 2 5B H D & LT
BERARAMTE 1T, 230 RARD S5, THBEEIZ OV CHERBROR
BHIGE TSI 2 EN AV BND. £z, BEmBERSLME
Ok/dy = 0&T 5. e FEERITHOWTIE, BEEH g TR
AN, EHIRESR O SEEATER G 2 D Z LS.
[EAZKE 113 Boundary-fitting 72851~ Cdb A DT, BEEIL NTOW
T DD TRBNE L 725,

FHEOI, kTREIC W, BEEUTEROAE AT & BEE AWT
ISNIN SRR SN D AR P, 10 g1ayer &7 V7 I CRIA SND
BT T NV TCRDAERIAP, e & ZRED B0 UL T2 (T Tl
BT DT LER BTG,

P = )P puix + (1 — (V) Priogiayer ®
ZIT, @)idtanh BEE VVEIRARBKTH D, THEIEIZD
DT, BEEPFICHISHERIN THROL T Dengiayer &5 A T2
72721, Priogiayer & €loglayer % Chieng & Launder[11]D 51T
5z7-.

— 1 (™ _ ou d
=— —Uv —
. }’n Yy a y
1 Yn Ty i (4)
= — T, ———
Yndy, "kt pkiizy Y
o1 [ 2vk4_fy"kyzd ] -
£ =— —_— R
I T g
= xc;>* ®)

iU, LA VRIS, ST oL ¥ —k 8 L OV Ot
Fe DA%, FIPAIE MBHIRER CENEnS- 2, D5
HARE S THBEEO B VR EFRT 250 TH L. #EHlIE
RIEHBER OB H 2y, TH Y, yi = 3 k2 virb 52505,
MR TILH D08, F(d)IB L OG) DR HiFH L Boundary-fitting 72
A DREE S — e kT2 b0 THhD. T T,
BB FICBWCREm OV CHEHATE A &
INICHESHPHEZLERE LTS, 2B, Xhohr~EsE
Kk =041% L, CIFELHET VTSN DRI T, k-6 DY
AIEC, = 0.09L72%.
BEEITRelZOWTIE, BEEH e A EHE- 2 D IEIZ2 6
ST L& Ll EL, BEEF AT TR, y*t < 300D
BELTEEEZDZ L L, NDOSHE,RberE2T-.
PLEDEY % Fig. 512 F & 7. 73, BERIEKI I Launder
& Spalding[12]D H D% Ve, KHOEITEECE = 9.8& L7z

1
Ur= ;lnEy* )
1/47,1/2
e = W K ®
Tw/p
1/47,1/2
P PGy ©
u

£ 3IBEMBERENZES RS L
#EEES (12-3

fluid o .
ul & Q PI\',luylayerr

Z x 7 ’

y Ss @l 4
NNY.S5m"s

Fig.5 Summary of near-wall treatments for k- & models.
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Fig. 7  Distributions of wall friction coefficient Cy.
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Fig.9 Extracted IB cells.
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