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Motivation

Practical use
Validation
Facilitation

KHI new wind tunnel
(low-speed, low-noise)

CRM model
(1.9m span)

KHI in-house CFD tool �Cflow�
(highly complicated geometry,

unsteady, large-scale)

Numerical Method

  




 
 

Cflow
�Airframe Noise Prediction Using Navier-Stokes Code with Cartesian and Boundary-fitted 

Layer Meshes,� 

�Summary of First Aerodynamics Prediction 
Challenge (APC-I),� 

�TAS Code, FaSTAR and Cflow Results for the 
Sixth Drag Prediction Workshop,�

�Japan Aerospace Exploration Agency�s and Kawasaki Heavy Industries� Contribution 
to the Third High Lift Prediction Workshop,�
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Grid Comparison

3.1mm12.5mm

3.7mm

Cflow-Coarse
(for Case1)

Cflow-Medium
(for Case2)

BOXFUN

6.8mm

HexaGrid

18.3M cells 42.6M cells

12.6M cells 24.8M cells

Case1
CL-Alpha

M=0.168
Re=1.06 106
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Case1
Flow Visualization

Cflow-Coarse Cflow-Medium

BOXFUNHexaGrid
Massive separation

on main wing

AoA=11.05deg

Case1
Flow Visualization

Cflow-Coarse Cflow-Medium

BOXFUNHexaGrid

AoA=11.05deg
0.70m

Cf Cf

Cf Cf
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Case1
Flow Visualization

Cflow-Coarse Cflow-Medium

BOXFUNHexaGrid

AoA=11.05deg
0.70m

Case1
Cm-Alpha

M=0.168
Re=1.06 106
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

Case2
Time history of CL and CL-Alpha

DDES
(Cflow-Medium)

DDES
(HexaGrid)

RANS

RANS

HexaGrid

Cflow-Medium

CL history (AoA=11.05deg) CL-Alpha

CL decrease

RANS DDES

0.14 sec

0.14 sec

M=0.168
Re=1.06 106

Case2
Flow Visualization

AoA=13.08degAoA=11.05deg

HexaGrid

Cflow
-Medium

Cflow grid brings 
massive separation

Both grids bring 
similar results
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An unstructured Navier-Stokes flow solver � � was applied 
to the prediction of low-speed aerodynamic characteristics for 
NASA-CRM cruise configuration.

SA-based RANS results at high AoA are drastically 
dependent on grid.

SA-based DDES results tend to bring more separated flow 
(CL decrease) compared to RANS results.

Future work
Investigate more details on the effect of grid
New approach such as WMLES?

© 2020 Kawasaki Heavy Industries, Ltd. All Rights Reserved 20KT014000
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Case1

CL, CD, Cm
Cflow

APC Cflow

APC

CL
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Cflow

originally developed �Cflow�

Cflow has been validated in various workshops.

Cflow =  Grid Generator  +  Flow Solver 

unsteadyhighly complicated large-scale

© 2020 Kawasaki Heavy Industries, Ltd. All Rights Reserved 20KT014000

Body BodyBody

Body Body

A User inputs divide level to 
control mesh resolution.

User Input
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6.816mm

X=1.88m

Y=0.369m

X=1.88m

Y=0.369m

1830
8.3 10-6 m

This document is provided by JAXA.



Sixth Aerodynamics Prediction Challenge （APC-6） 27

© 2020 Kawasaki Heavy Industries, Ltd. All Rights Reserved 20KT014000

X=1.88m

3.708mm

Y=0.369m

X=1.88m

Y=0.369m

4260
5.2 10-6 m
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X=1.88m

12.5mm
(Level 8)

Y=0.369m

X=1.88m

Y=0.369m

1260
8.0 10-6 m

This document is provided by JAXA.



宇宙航空研究開発機構特別資料　JAXA-SP-20-00528

© 2020 Kawasaki Heavy Industries, Ltd. All Rights Reserved 20KT014000
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3.125mm
(Level 10)

2480
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Y=1.20m
0.95m
0.70m
0.45m
0.20m
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