[E#E™ CFD IZ&K BB~ v /R

% 25 MMERAENFEL VRO L
C02-4

FEDE-HOH L W EMERREDE

New Implicit Time Integration Method for Compressible CFD in Low Mach number

OWS3EE, JAXA/JEDI, A& RABRE T 85 3-1-1, shima.eiji@jaxa.jp
Eiji Shima, JAXA/JEDI, 3-1-1, Yoshinodai, Sagamihara, Kanagawa, Japan

By using all speed numerical flux schemes, such as SLAU or SD-SLAU, in MUSCL approach for compressible CFD, low Mach

number flows and sound propagations can be solved at the same time without loss of accuracy nor parameter tuning. In order for

efficient computation, this paper deals with implicit time integration methods, those are combined with SLAU, and their

temporal accuracy for low Mach number flows and sound propagations. The influence of parameters in the implicit scheme,

such as the number of iterations in a time step and the cutoff Mach number, on the solution accuracy of low speed flows and

sound propagations is studied.
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1. Atnphysical time step, set k=0, Q“=Q"
2. Repeat until prescribed convergence level or iteration count;
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Fig.3 Convergence history of momentum in physical time step for
steady inviscid flow around NACA0015 at M=0.01.

Steady Flow round NACA0015 M=0.01
0.1 ; :

FGMRES(1,1)
FGMRES(2,1)
FGMRES(4,1) —
0.01 FGMRES(8,1) —— 1
FGMRES(16,1) ——
FGMRES(44) —
S 0.001 | |
T
7]
[0]
[hq
€ 0.0001 1
2
C
o
§
= 1e05 |
1e-06 || |
1e-07 . . . . .
0 200 400 600 800 1000 1200
CPU(sec)

Fig.4 Convergence history of momentum in CPU time for steady

inviscid flow around NACA0015 at M=0.01.
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Fig.5 Convergence history of density in CPU time for steady
inviscid flow around NACA0015 at M=0.01.
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Fig.6 Convergence history of momentum in CPU time for steady
inviscid flow around NACA0015 at M=0.01.
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Fig.7 Convergence history of ~density in CPU time for steady

inviscid flow around NACA0015 at M=0.01.
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Fig.8 Convergence history of drag coefficient in CPU time for
steady inviscid flow around NACA0015 at M=0.01.
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Fig.9 Instantaneous pressure distribution around a cylinder.

Table.1 Method and CPU time for each case

CASE METHOD Non-linear Iteration |Relative CPU Time
TCPGS 1 |TCPGSI 1 0.21
TCPGS 2 |TCPGSI 2 0.44
TCPGS 3 |TCPGSH1 4 1.10
FGMRES 1|FGMRES(4,1) 1 1.00
FGMRES 2|FGMRES(4,1) 2 1.71
FGMRES 3|FGMRES(4,1) 4 3.53
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Fig.10 Histories of lift coefficient for well agreed cases.
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Fig.11 Histories of lift coefficient for poorly agreed cases.
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Table.2 Method and CPU time for each case

CASE METHOD Non—-linear Iteration |Relative CPU Time
TCPGS 1 |TCPGS1 8 1.28
TCPGS 2 |TCPGS1 100 16.66
TCPGS 3 |TCPGS1 200 33.69
TCPGS 4 |TCPGS1 300 50.89
FGMRES 1|FGMRES(4,1) 2 1.00
FGMRES 2|FGMRES(4,1) 4 1.95
FGMRES 3|FGMRES(4,1) 8 3.91
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Fig.16 Residual histories of momentum are shown in CPU time.
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