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Flow360 Solver COMPUTE

* Hardware/Software co-design with emerging hardware computing

e Node-centered

e Unstructured solver

o 21 grder finite volume method

 Roe mviscid fluxes

e (entral difference viscous fluxes

« MUSCL Extrapolation

 SA, SA-RC, SA-QCR, kw-SST turbulence models (DDES, transition also
available)
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JAXA grids were used for Flow360 simulations

Mesh Statistics Number of Nodes | BL 1% cell size (non. dim BL growth rate
by c¢_ref)

8,687,830 8.455E-07 1.323
Coarse 26,891,512 5.638E-07 1.205
Medium 60,184,023 4.228E-07 1.150
Fine 111,843,367 3.383E-07 1.118
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Grids

JAXA grids — Root region
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Grids

JAXA grids — Tip region

June 25, 2022

Tiny

Coarse

S
A
oS

o
o

5
%

S
25

e

L
o
7

kel
R
o

Accelerate Innovation
with Advanced Computing

FLEXCOMPUTE

Medium

Fine



77

Accelerate Innovation
with Advanced Computing

Test Cases FLEXCOMPUTE

4 different turbulence models used: SA, SA-QCR, SA-RC-QCR and ko-SST

Grids: Grids: Grids:

Tiny — Fine Medium Medium
Turbulence Turbulence models: Turbulence models:
models: SA, SA-QCR, SA- SA, ko-SST

SA, ko-SST RC-QCR and ko-SST
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Surface pressure curves at 4 locations along the wing
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Case 1 - Grid Convergence Study
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Tip surface pressure contours
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Corner separation at root
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7/ Case 2 — Alpha Sweep Study
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t197R165 experimental data
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Surface CP —eta=0.131

alpha = 3.0, WING SECTION 4, ETA = 0.131

o= 3.0

o= 3.5
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t197R242 experimental data
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Surface CP — eta = 0.5024 t197R242 experimental data

alpha = 4.0, WING SECTION 10, ETA = 0.5024

alpha = 3.0, WING SECTION 10, ETA = 0.502

A2 A2
—_ — - ak
F e _
osf [ ok |
askb | 06fF |
o4l | . 04k |

a2 |

a= 300 © o] _l’ﬁl o2
02 s | : | " Experimental data .
.I - ::plnmmud.ll.l oabk |/ SA
1

a=4.0

oar| — hweSST i
SA-GCR 08 ] SA-RC-GCR
08 ‘l SA-RC-QCR
08
0B
1= 'E 1 1 1 1 1 I
L 1 1 L 1 0 02 0.4 06 08 1
o 0z 04 06 0.8 1 Xe
alpha = 3.5, WING SECTION 10, ETA = 0.5024 alpha = 4.25, WING SECTION 10, ETA = 0.502

o= 4.25
o= 3.5

June 25, 2022 HiQ exp. data 16



74

Case 2 — Alpha Sweep Study

Surface CP —eta=0.727

alpha = 3.0, WING SECTION 12, ETA = 0.727
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t197R242 experimental data

alpha = 4.0, WING SECTION 12, ETA = 0.727
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Case 2 — Alpha Sweep Study

Surface CP — eta = 0.950
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Alpha =3.0

SA

kw-SST
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7/ Case 2 — Alpha Sweep Study

Alpha=3.5
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kw-SST
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Case 2 — Alpha Sweep Study

Alpha=4.0

SA

kw-SST
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Case 2 — Alpha Sweep Study

Alpha =4.25
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77/ Case 2 - Alpha Sweep Study FLEXCOMPUTE

Alpha =3.0
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Case 2 — Alpha Sweep Study

Alpha=3.5
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Case 2 — Alpha Sweep Study

Alpha=4.0
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Alpha =4.25

SA SA-QCR

kw-SST SA-RC-QCR

" 2
Ct 0 0002 0004 0006

June 25, 2022 26



Accelerate Innovation
with Advanced Computing

77 Case 3 — Reynolds number and Q effect study FLEXCOMPUTE
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Case 3 — Reynolds number and Q effect study
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7 Conclusions COMPUTE

* The grid convergence study shows good convergence properties, with grid refinement
primarily affecting the shock position and resolution.

* The alpha sweep study showed a strong sensitivity of turbulence modelling on the
result. The QCR-correction was found to significantly improve the unphysical strong
separation at the root, whereas the RC-correction, shifts the shock aft.

* The Reynolds number study showed reduced drag and alpha with increasing Re.
whereas the Q primarily increased the alpha and reduced the negative pitching moment.

Potential further mvestigations:

* Mesh sensitivity study -> repeat study on ultra-fine grids/ grids of a different family
* Warm-started alpha sweep (each grid needs exactly the same number of nodes)
* Scale-resolving simulations
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