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Application of boundary data immersion method in weak compressible flow
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Abstract: Limited to the calculation capability of computers and computational cost, some physical assumptions for
flows are needed in the realistic simulation, such as inviscid flow, incompressible flow and so on, which will take
various degrees of error in the simulation results. To solve this problem, a numerical method used to solve the weak
compressible viscous flow is presented here that is capable to solve the weak compressible viscous flow whether there
is a static or moving solid body in the flow field. Starting from the state equation of water, the velocity and pressure
governing equations for weak compressible viscous flows are derived rigorously. Considering the effect of solid body,
the Boundary Data Immersion Method ( BDIM ), which can accurately represent moving bodies in flow and
underwater acoustic simulations, is employed to couple the fluid sub-domain and solid sub-domain. Therefore, the
flow field with the effects of the compression and viscosity is solved by coupling the weak compressible viscous flow
and the BDIM. The effectiveness and accuracy of our method are validated by three two dimensional cases, and the
results indicate that the novel method simulates the flow flied accurately and effectively for both a static and moving
solid body.
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Tab.1  Drag and lift coefficients and Strouhal number for flow

around a stationary cylinder at Re = 100

ik &D c,’ St
ARICTTI: 1.360 0.334 0.183
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Fig.1 Distribution of time-averaged surface pressure coefficient

on stationary cylinder when flow is stable at Re = 100



- 108 - IR

= AN

952 %

2 Re=100 BEFIE M TRIEERRERE
Fig.2  Vortex diagram for flow past a stationary cylinder when
the flow is stable at Re = 100
HTAREE v, SEMER d, HERHINE
Wikl Re =u, d/v = 185. ¥ B T H IR K /NN 30d x
10d, HAEFEA TR 370 RS 1/30d 19115
WA s BRI R 2x 107 TR A 1 3 B 2
I, Hoaeih FEoR R i #8 i 25 1.
FELETE TR 7 0] b LAUIE 32 A R A7 4R 7, HodlR
VIREE A =0.2d, JRENIFR £, = 0.156. [FF:i # Fifi
B[R] (9 22 A FT F A0 R B0 R BOC R A TR A
y(t) = Asin(27f,t).
2 XF L TR IR RVEUE 5 545 2 i 34 H
T FEA Je B R BT 1 2 B0 ¥ 5 . 38 3 Xt
b, AT AR I i HIRATR T AR 2 3 4
FER A IS HAD B L AL AR A, B Sl i — 3K
Pk BRI  THEA 2 A9 i 2 B ) R 50 H H A
AN EAE /N 1.1% ~7.8% , B 1 25002 )5 #E [A)
SCHR[ 30,37 1 TR 255 JL-F-AH TR, T+ 1 R B 345 i
DT SRR 30,3637 1 A 45 3. P2 X —
25 ARG R R 22 SOk v R FHBUE T3 5 %
8 S N DR S N W R R S DR Sy e M B B S U]
AR SCR R 55 T R4 AR 1 e 30 B4 AN TR
AR A S | AT  BAT 4 SRR A T
PRIT AR XTS5 SR i 52 . SC ok g AE B —
AR R TR T IREIIA 0.156 B, B FE 4R 50
WEE A 43504 0.2d .0.3d ,0.4d .0.5d 1) 4 Ff L LA K
PRENMEEE A 24 0.2d B[R4 PR 304 %4 4371 24 0.156
0.3.0.45 1y 3 FpIEHL. XF LA SR I 3 K 4. K
3ATLAAE Y IRENIR L A3 R (145 3 Fh R 280
AN R B a1 N 4 T LAE L B2 [RAT AR 30
WA RIE R, 3 A REOY A AR B 3G iR, Horh
PAWAE Y veapg ikl Py Ne RN RO ERIEY i &S] i Wi
REM BB T 5L L.
2 Re=185 MR B LR HEN R BARF
BRI HR
Tab.2 Time-averaged drag coefficient and root mean square of

drag and lift coefficient for flow around an oscillating

cylinder at Re = 185

Trik c, (Cp) s (Cp) s
ARSIk 1.182 0.062 0.231
SCHR[30,37] 1.282 0.062 0.223

SCHR[36] 1.25 — 0.18
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Tab.3 Time-averaged drag coefficient and root mean square of

drag and lift coefficient associated with different

oscillating amplitudes when the oscillating frequency is
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Tab.4 Time-averageddrag coefficient and root mean square of

drag and lift coefficient associated with different

oscillating frequencies when the oscillating amplitude is
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0.156 1.182 0.062 0.231
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Fig.3  Variation of drag coefficient with displacement for flow

past an oscillating cylinder at Re = 185
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Fig.4  Variation of lift coefficient with displacement for flow

past an oscillating cylinder at Re = 185
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