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Conclusion

Numerical simulations of compressible flow around the NASA-CRM using Cartesian
Cut-Cell Method with Wall-Stress Model were performed.

The position of leading edge separation of main wing approaches the experiment 
by increasing grid resolution.

Both Coarse grid and Fine grid, wake of main wing passed above the tail wing.

Lift coefficient and Drag coefficient of Coarse grid were close to that of the experiment.

Lift coefficient and Drag coefficient of Fine grid was overestimated compared 
to Coarse grid and experiment.
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2

Background
HR-DDES

is visualized around the leading edge of the main wing by color counter.
0(Blue) roughly corresponds to LES region, and 1(Red) is RANS region.

Leading Edge Separation
( Depending on RANS 
Performance?)
Crot 1.0

RANS
LES0.65 is the typical choice.

d

Dirty Cells
Deal with AR>2

0.51 is used in HR-DDES
Large CDES Large RANS Region
Small CDES Large LES Region

2.0 is used 
in HR-DDES
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Previous Study (Low-Speed Buffet )[2]

Mach Number
Reynolds Number
Angle of Attack

M 
Re 

Conditions[3]

Numerical Flux
Turbulent Model
Time Integration
Slope
Slope Limiter

SLAU
DDES
LU-SGS
Green-Gauss
Hishida(vL)

Methods

NASA CRM
22,823,905 cells

= 0.25
= 1.16 107

= 18 [deg.]
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4

Dirty Cell 
Treatment(AR>2)

CDES=0.51, Crot=2.0 and Dirty Cell Treatment(AR>2)
Best Match with Experiment

13.1%

Previous Study (Low-Speed Buffet )[2]

Background

5

Objective
Investigate the effects of the turbulence models and numerical flux 
functions in Unsteady NASA CRM Low-Speed Buffet Simulations

HH
HS
SS

HR-SLAU2 HR-DDES
HR-SLAU2 SA-DDES
SLAU2 SA-DDES

Case
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Conditions
Task 2 Unsteady simulations

HexaGrid

Mach Number
Reynolds Number
Angle of Attack
Time Step

M 
Re 

( 2.48 10-4 [s] )

Conditions

= 0.168
= 1.06 106

= 11.05, 13.08 [deg.]
= 0.0125 [-]
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Time Step Verification
Error [%]

HH_Case1 0.05 97.76

HH_Case2 0.025 22.81

HH_Case3 0.0125 3.391

=0.0125 yielded the smallest 
error from Exp. data

Conditions
Task 2 Unsteady simulations

HexaGrid
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Averaged duration

Averaged duration

Conditions
Task 2 Unsteady simulations

HexaGrid
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Methods

Solver
Numerical Flux
Turbulence Model
Time Integration
Slope
Slope Limiter

FaSTAR
SLAU2 or HR-SLAU2
HR-DDES or SA-DDES
LU-SGS
Green-Gauss
Hishida(vL)

Methods

Task 2 Unsteady simulations

HexaGrid
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Result
Time History of Aerodynamic Coefficients (HH_AoA1105)

The aerodynamic coefficients fully 
converge in the averaged duration

Averaged duration

Averaged duration

Averaged duration
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AoA11.05 AoA13.08

CD Ave. CD Error [%] CD Ave. CD Error [%]

HH 0.1299 4.139 0.2021 1.544

HS 0.1499 20.18 0.2187 6.527

SS 0.1484 18.98 0.2168 5.626

0.1247 0.2053

AoA11.05 AoA13.08

CL Ave. CL Error [%] CL Ave. CL Error [%]

HH

HS

SS

Exp.

Result
Aerodynamic Coefficients
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AoA11.05 AoA13.08

CM Ave. CM Error [%] CM Ave. CM Error [%]

HH

HS

SS

CM

CM

Result
Aerodynamic Coefficients
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Streamlines

Result
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Result
Q Criterion
HH_AoA11.05_Q criterion(Instant) HS_AoA11.05_ Q criterion(Instant)

SS_AoA11.05_Q criterion(Instant)

The separation region simulated 
by HH is obviously different 
from HS and SS
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Wake Interference with Tail
HH_AoA11.05_Q criterion(Averaged) HS_AoA11.05_Q criterion(Averaged)

SS_AoA11.05_Q criterion(Averaged)

Result
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HH_AoA11.05_Section YB(Averaged) HS_AoA11.05_Section YB (Averaged)

SS_AoA11.05_Section YB (Averaged)

Wake Interference with Tail

Result
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Cp

HH_Tail_Cp HS_Tail_Cp
HH_AoA1105

HS_AoA1105

CL

HS

Wake Interference with Tail

Result
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CL

HS

Moment Center

Wake Interference with Tail
Result
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Cp Distributions

Cp

AoA13.08

AoA11.05

Result
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HH_AoA11.05(Averaged)

HS_AoA11.05(Averaged)

Result
Cp Distributions

34%

34%
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Cp

Cp

Result
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Conclusions

Cp

Cp

HH_AoA1105

HS_AoA1105
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