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Force Calculation and Wall Boundary Treatment
for Viscous Flow Simulation using Cartesian Grid Methods
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A Cartesian grid method is useful for Computational Fluid Dynamics (CFD) because the method can generate grids
easily and rapidly around complex solid boundaries. When a Cartesian grid method is used to compute viscous flow, it
is difficult to calculate velocity gradient on the wall surface for viscous force calculation because grids cannot align
along the wall surface. When using wall boundary condition and force calculation method which consider the location
of real wall boundary by velocity interpolation, viscous force on the wall surface can be calculated accurately.
It is essential to improve both wall boundary condition and force calculation method in order to calculate viscous force

accurately using Cartesian grid methods.
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Fig. 3 lllustration of wall boundary condition (3)
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Fig. 4 lllustration of force calculation method (1)
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Fig. 5 lllustration of force calculation method (2)
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Fig. 6 lllustration of Image Point for method (2)
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Fig. 8 Grids generated around the plate
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Tab. 3 Skin friction coefficient on the plate
using wall boundary condition (1)

Re 0 Cf BiiiET A0 Cf
A (%) i
10° 0 0.032 -52
15 0.037 -44 0.0664
30 0.029 -56
45 -0.016 -124
10° 0 0.011 -48
15 0.0033 -84 0.0210
30 0.0046 -78
45 0.0020 91
10* 0 0.0020 -70
15 0.0030 -53 0.00664
30 0.0020 -70
45 0.00048 -93
TRy 75
Tab. 4 Skin friction coefficient on the plate
using wall boundary condition (2)
Re 0 Cf HiEmfE & D Cf
AR (%) PR
10? 0 0.070 5
15 0.069 4 0.0664
30 0.070 5
45 0.080 21
10° 0 0.021 0
15 0.022 5 0.0210
30 0.022 5
45 0.023 10
10* 0 0.0066 -1
15 0.0087 31 0.00664
30 0.0075 13
45 0.0072 8
AR 8
Tab. 5 Skin friction coefficient on the plate
using wall boundary condition (3)
Re 0 Cf PR L O Cf
A HEE (%) PR
10? 0 0.070 5
15 0.080 21 0.0664
30 0.070 5
45 0.092 39
10° 0 0.021 0
15 0.021 0 0.0210
30 0.022 5
45 0.026 24
10* 0 0.0076 15
15 0.0085 28 0.00664
30 0.0079 19
45 0.0078 18
) 18
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Fig. 9 Boundary layer profile
using wall boundary condition (1)
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Fig. 10 Boundary layer profile
using wall boundary condition (2)
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Fig. 11 Boundary layer profile
using wall boundary condition (3)
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Fig. 12 Mach number distribution around the plate
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Fig. 13 \elocity distribution near the wall boundary
using each wall boundary condition
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Tab. 7 Pressure coefficient at stagnation point and length of
recirculation zone around the cylinder

Re E=a) Cps | L/O5SD
10 Dennis and Change 1.489 053
Nieuwstadt and Keller 1500 0434
Imamura & 1403 0478
ARFFUEERSEL) 1426 | 0501
ARG EATQR) 1445 | 0477
20 Dennis and Change 1.269 1.88
Nieuwstadt and Keller 1274 1.786
Imamura & 1.233 1.852
ARFFEEESSAEQL)) 1225 | 1.860
ARSI EEA1(2)) 1242 | 1.805
40 Dennis and Change 1144 4.69
Nieuwstadt and Keller 1117 4.357
Imamura & 1.158 4454
AWFEEEREEQ)) 1114 | 4458
AWFEEEREEQ) 1128 | 4.360
Tab. 8 Drag coefficient of the cylinder
Re =E Cd
10 Dennis and Change 2.846
Nieuwstadt and Keller 2.828
Imamura & 2.848
TRIEIEQ) | J1REEEQ)
AWTE BEEESERIND)) 2503 2.158
ARIE (BEEESRSAHQ) 2491 2.803
20 Dennis and Change 2045
Nieuwstadt and Keller 2053
Imamura & 2051
JRHREIEQ) | TRHREIEQ)
AN5E BEERSARL) 1.826 1591
AR BEFEREAH2) 1823 2.039
40 Dennis and Change 1522
Nieuwstadt and Keller 1550
Imamura & 1538
JRHREIEQ) | TRHRIEQR)
AN5E BEERSRL) 1.379 1221
AR BEFEREAHQ) 1.380 1538

Tab. 9 Drag coefficient of the cylinder at Re=10 divided into
pressure drag coefficient and viscous drag coefficient

JItE FIEHREQL) JIEEIEQ)

BESER G
BESERZR(D) Cd = 2506 Ccd =2178
Cdp = 1587 Cdp = 1544
Cdv = 0919 Cdv = 0633
BESESRZR(2) Cd = 2489 Cd = 2803
Cdp = 1582 Cdp = 1543
Cdv = 0908 Cdv = 1.260
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Fig. 15 Mach number distribution and flow line
around the cylinder
((@:Re = 10, (b):Re = 20, (c):Re = 40)
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