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B OQutcome of APC-6

« Effect of grid (Provided vs Cflow)

® Focus of APC-7
1. Effect of turbulence model (SA-noft2 vs SA-neg*)
2. Effect of time integration (Local vs Global time step)
3. Effect of initial condition (Impulsive vs Lower AoA)

B Summary

* The reason for using SA-neg in APC-7 is that SA-neg is used in another CFD
workshop (AIAA HLPW-4) and has already been verified in our Cflow solver.
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Outcome of APC-6 0108 o6
® Effect of grid < JAXA Exp.
v' Provided grids overpredict stall angle and CL,,. -~ HexaGrid
v' Cflow grids underpredict stall angle and CL,,,. Z-BOXFUN
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Grid Comparison 070m — o ——
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Numerical Method

CFD tool Cflow (KHI in-house)
Governing Equations Three-dimensional compressible Navier-Stokes equations
Spatial Discretization Cell-centered finite volume method

with 2r-order accurate reconstruction based on MUSCL
Inviscid Flux SLAU (Simple Low-dissipation AUSM scheme)
Viscous Flux 2nd-order accurate central difference

Turbulence Modeling SA-neg (Negative Spalart-Allmaras One-Equation Model) *SA-noft2@APC-6
Time Integration MFGS implicit method with local/global time stepping

Parallelization Domain decomposition method with MPI

References for Cflow details
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Focus of APC-7 (1) M=0.168

Effect of turbulence model Re=1.06 x 106
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*APC-6: SA-noft2, only 10,000 steps

d
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® SA-neg and SA-noft2 bring similar results for this case
® Further investigation on QCR and RC effects is needed
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Focus of APC-7 (2) M=0.168
Effect of time integration Re=1.06 x 106
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® Converge to same result (steady flow) @ Not converge (unsteady flow)
® Global needs more time steps ® Global needs more time steps
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Focus of APC-7 (3) M=0.168
Effect of initial condition Re=1.06 x 105
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® Restart from the lower-AoA result (warm start) brings the same result
as impulsive (cold start) both in local and global time steps
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Summary

B For steady-state RANS computations with Cflow-Coarse grid
used in APC-6, the effects of several computational parameters
were investigated to improve predictive capability in low-speed
high-angle-of-attack aerodynamics.

B Lessons Learned: not improved...
v Effect of turbulence model (SA-noft2 vs SA-neg):
little effect, need further investigation on QCR and RC effects
v Effect of time integration (Local vs Global time step):
similar results, global needs more time steps
v Effect of initial condition (Impulsive vs Lower AoA):
similar results (investigated only for AoA=11deqg)

B Future work
v Establish “"best practices” (trade-off between accuracy and cost)
v' More complicated high-lift configuration (CRM-HL, see 2C09)
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Kawasaki, working as one for the good of the planet

“Global Kawasaki”
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Motivation

B Practical use of CFD in the aircraft design
B Validation of KHI in-house CFD tool for low-speed aerodynamics
m Facilitation of CFD-WTT collaboration

¢~ CRM model

’ (1.9m span)
KHI in-house CFD tool "Cflow” KHI new wind tunnel
(highly complicated geometry, (low-speed, low-noise)

unsteady, large-scale)
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Cflow (KHI in-house CFD tool)

v Kawasaki originally developed “Cflow”

Cflow = |Grid Generator| + | Flow Solver

v' Cflow has been validated in various workshops.
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AIAA BANC Workshop (2010-2018)
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Grid Generation Procedure in Cflow

A User inputs divide level to
Surface data (STL) Initial Grid (Hexahedron) | -ontrol mesh resolution. Frontal Surface
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Cflow automatically generates body-fitted layered grids on no-slip walls to resolve
boundary layers and hexahedral grids in the other regions.
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Initial Grid of Cflow

There are 2 options for initial grid of Cflow.
Cartesian Grid Non-orthogonal Grid
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Noise prediction from
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Grid (HexaGrid)
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Grid (BOXFUN)

ZERIEILE: 4260BEIL
B/IMEFIE: 5.2x10%m

! +)LIE:3.708mm

Aot

bbbt

R —

0
0
2
3
[
(

Y=0.369m

© 2021 Kawasaki Heavy Industries, Ltd. All Rights Reserved 21KT009601 P.{ Kawatsa'kll n
'owering your potential

Grid (Cflow-Coarse)

ERtE/ILE: 1260FE/L
&/MEFIE: 8.0x10°m
Level
115 ‘

tJLIE: 12.5mm
(Level:8)

© 2021 Kawasaki Heavy Industries, Ltd. All Rights Reserved 21KT009601 P-{ Kawatsa‘hl n
owering your potential

This document is provided by JAXA.



44 FHIIZENT T B SR AR B E B JAXA-SP-21-002

Grid (Cflow-Medium)
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