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B Motivation
B Numerical Method
m Grid

m Casel : Steady
® Provided Grid (HexaGrid/BOXFUN) *partial AoA
® Custom Grid (Cflow-Coarse) *all AoA

m Case?2 : Unsteady
® Provided Grid (HexaGrid) *data NOT submitted
® Custom Grid (Cflow-Medium)

B Summary
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Motivation

B Practical use of CFD in the aircraft design
® Validation of KHI in-house CFD tool for low-speed aerodynamics
B 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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Numerical Method

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

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

Turbulence Modeling SA-noft2 (Spalart-Allmaras model without ft, term) / DDES for Case2
Time Integration MFGS implicit method (2"-order for Case2)

Parallelization Domain decomposition method with MPI

References for Cflow details

1. Ueno, Y. and Ochi, A., “Airframe Noise Prediction Using Navier-Stokes Code with Cartesian and Boundary-fitted
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2. Atsushi Hashimoto, Takashi Aoyama, Yuichi Matsuo, Makoto Ueno, Kazuyuki Nakakita, Shigeru Hamamoto, Keisuke Sawada,

Kisa Matsushima, Taro Imamura, Akio Ochi, and Minoru Yoshimoto, “Summary of First Aerodynamics Prediction
Challenge (APC-I),"” 54th AIAA Aerospace Sciences Meeting, AIAA SciTech, (AIAA 2016-1780).

3. Yasushi Ito, Mitsuhiro Murayama, Atsushi Hashimoto, Takashi Ishida, Kazuomi Yamamoto, Takashi Aoyama, Kentaro Tanaka,
Kenji Hayashi, Keiji Ueshima, Taku Nagata, Yosuke Ueno and Akio Ochi, “TAS Code, FaSTAR and Cflow Results for the
Sixth Drag Prediction Workshop,"” Journal of Aircraft, Vol. 55, No. 4, pp. 1433-1457, 2018.

4. Yasushi Ito, Mitsuhiro Murayama, Yuzuru Yokokawa, Kazuomi Yamamoto, Kentaro Tanaka, Tohru Hirai, Hidemasa Yasuda,
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to the Third High Lift Prediction Workshop,” 2018 AIAA Aerospace Sciences Meeting, AIAA SciTech, (AIAA 2018-1034).
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Grid Comparison 0.70m

42.6M cells

Cell size: 3.7mm

’ 18.3M cells ‘

Cell size: 6.8mm
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Casel M=0.168
CL-Alpha Re=1.06 x 106
® CFD overestimates CL compared to Exp. o JAXA Exp.
(Exp. includes sting-support interference effect?) - HexaGrid
® Provided grids overpredict stall angle and CL,,,,. EESXFUCN
® Cflow grids underpredict stall angle and CL,,,. b=l rurl
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Casel
Flow Visualization

HexaGrid

Cflow-Coarse
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Casel
Flow Visualization
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AoA=11.05deg

Mach

Massive separation

AoA=11.05deg

on main wing \

BOXFUN

Cflow-Medium
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Casel L
Flow Visualization  AoA=11.05deg Ry
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Casel M=0.168
Cm-Ailpha Re=1.06 x 106
® Cm shift due to sting-support interference effect? o JAXA Exp.
~~HexaGrid
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Case2
Time history of CL and CL-Alpha

® DDES brings CL decrease compared to RANS.
(Similar tendency to 30P30N at APC-1V)

M=0.168

Re=1.06 x106
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Case2
Flow Visualization
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Summary

B An unstructured Navier-Stokes flow solver “Cflow” was applied

to the prediction of low-speed aerodynamic characteristics for
NASA-CRM cruise configuration.

B Lessons Learned

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

v’ Case2: SA-based DDES results tend to bring more separated flow
(CL decrease) compared to RANS results.

v Our current RANS/DDES approaches are not practical for
CL,..x_Prediction.

B Future work

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

tries, Ltd. All Rights Reserved 20KT014000 g—nﬁnm n
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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.

Non-orthogonalggrid  Layered

JSASS APC AIAA HiLiftPW (2013, 2017)
(2015-2019) Drag Prediction Workshop (2016) 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
\ / L
\ ‘! L/
1
’ > = >
Bady Step 1: Step 2: ]
Octree Cell removal
refinement near body [
User|Input

v

Step 3: ( Step 4: Body Finish
Frontal Surface %’_ | | Projection and ]
smoothing Layer Mesh
| generation

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

T
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i Bas
s +_._
*grid generation robustness ‘reduction of total cells
-unsteady simulation (high aspect ratio)
(resolving vortices) -sweptback cells
racoustic wave propagation -oblique shock wave

~ ~_-

Noise prediction from
complicated geometry

[ Steady simulations ]
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Grid (HexaGrid)

ZTRIEILE: 1830/t
&/IEFIE: 8.3%x10°%m

tJL1E:6.816mm
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Grid (BOXFUN)

ERIEILEL: 4260FtEIL
R/ FIE: 5.2%x100%m

+JLIE:3.708mm

4 | ; Y=0.369m
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Grid (Cflow-Coarse)

ZERItwILE: 1260F+tIL
=/IMEFIE: 8.0x106m

tJLIE:12.5mm
(Level:8)
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Grid (Cflow-Medium)

ZERtE/LE: 2480F L

R/MEFIE: 8.0x10°m
Level
11.5
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Casel
CD-Alpha
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Case2 osom A
Flow Visualization (Cflow-Medium) i —

AoA=11.05deg

Surface Cp
and Mach

Iso-surface
of Pt
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Casel&2

CL-Alpha Case1(RANS)
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Casel&2
Cm-Alpha
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Casel(RANS)
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