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Motivation

CL,. cannot be evaluated within
the required accuracy.

28

Required accuracy
for CLy.e =005 (2%)

24

it

Cilow, RANS, Aoi=19.57[deg]

Required accuracy
& for VMU £0.03

Scattering even in the linear region
due to the wing tip separation.

How to improve the results?

= Grid dependency has not been
investigated well.

Cilow, RANS, Act=T.05[deg] o e - 25

;mﬁ.[dug] (Hirber-Goosh. M2
Lift curve of CRM-HL, M=0.2, RANS @ AIAA HLPW-4(2022)
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| Computationsl Setups |
Computational cases

Grid dependencies are focused on.
1. Case 5: Required grid resolution for RANS simulation is investigated.

2. Case 2: Grid resolution effects in DDES are evaluated. —
Because DDES requires grid rasolution of
at least enough for RANS te resolve the
flow field, the required grid resolution is

Computational cases = Investigated in the Case 5.
(0 conducted cases)

HLPW-4 Case 5 Case 3
Grid"™ No.cu  TYPe 7.05(deg]  17.05ldeg] 19.57[deg]
| Cflow-C1  140C | Hex 0 A
Cflow-C2 N/A Hex 0
Cflow-C3 N/A Hex 0 0 [0
 Cilow-C6 | N/A Hex o | 0 0 @
ANSA-C 101.C | Hex 0
| PW-A C13A Tet+Prism | O
.PW—C -1.3.(: Tet+Prism 0 J b
JAXA-C 240.C | Tet+Prism |0 W

(1) “=A" or "-C* represent grid levels defined in the HLPW-4 gridding guldelines,
(*2) Provided in the HLFW=8 web site; hitps;//hiliftpw |are.nass fov/Warkshopd/prids dewnlaads fiml
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Compulational Setups

Numerical methods

Mumerical methods used in Cflow are summarized in the table balow.
B RANS simulation was started from uniform flow condition (cold start).
®m DDES was started from RANS results at the same flow condition (warm start).

Numerical methods

Case 5 (RANS) Case 3 (DDES)
Govarning equations Compressible Reynolds-avaraged Navier-Stokes equations
. Spatial discretization ' Cell-centerad finite volume method
| Flux reconstruction 2nd-order accurate reconstruction based on MUSCL
Gradient Green-Gauss
Invizcid flux Simple low-dissipation AUSM schema (SLAU)
Slope limiter minmod
_ Viscous flux 2nd-order accurate central difference
Turbulence modeling SA-neg SA-neg-based Delayed Detached
Eddy Simulation (DDES)
Time integration I Matrix-free Gauss Seidel (MFGS) implicit method
local time-stepping method 1st order, dt=0.01[-]

(CFL=1 around bracket wake region)
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Compuiational Setups

Computational grids

Effects of both grid type and grid resolution are investigated.
®  Hex-dominant: & types, Tet+Prism: 3 types

& Cflow-C2, -C3, gnd —06 have finer grid around bracket wake than Cflow-C1, (3Next slide.)
B Spatial grid resolution is different even in the same grid level C.

Hex

ANSA-C

Tet+Prism

Computational Setups

Cumputatial rids — Cflow-grid family

Grid resolution arcund the bracket wake is different in the Cllow grid family.

Grld resolutien

1

A 2 iso-surface
at AoA=T.05[deg]
to see bracket wakes. Cflow-C2

Cflow-C6
Spatial-grid-resolution distributions of the Cflow grids
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Cf distribution @ AoA

Bracketl wake separation seems to be affected by grid resalution
in both Hex and Tet+Frism grids.

Over separation Reasonable (for No.13 bracket wake region)

Wake mesh refinement
reduce flow separation,

PW-A PW-C JAXA-C ANSA-C

E (RA

Requirement for the ptial ri resolution!”

[*] Yawsdu, K, Bawnbl ¥ Yamaechl, ¥_ snd Uare, ¥ & e proverrent of fidsirduces Flaw Bsgsitias on Camputsd ensl Flald Omesies fer
af Aieinit High-Lit Configuratian,” leussal of B Jopas Sectaly %0 Anenaatinl ard Basce Echascen, Vel 71, Ne. & pp, 181181 G031

Grids with “NAs/L" = 2" (NAs/2I" = 1) have reasonabla results,

N : The number of cells to resolve a single wave, (N=38 for the current 2nd=order scheme)

As ¢ Length scale of & coll. [As = Volume/®) —_—

I Bracketwidth, (L' = 0.1m]) Criterion to resalve bracket wake vorticies.
Over separation Reasonable

He:x

Tet+Prism
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Forces, Moment, delstrlutmn

Forces, moment and Cp distribution are improved by bracket-wake mesh refinement.
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Cflow-C6 is mainly used in DDES. |
S N E Fr -
EflowCl  Cllow.Cs
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DDES at AoA=19.57[deg]

CL, CD, and Cm of Cflow-C3/-Ca are comparad to WTT rasults.
B Cflow-C3 underestimates CL,,, by approximately 4%.
®m  Cflow-C6 has closer results than Cflow-C3.

& CL improves to the level of the required accuracy (2%),

& CDand Cm oalso Improve.,

< The bracket wake's grid resolution is important for CL,,, estimation.
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= ApA=17.05[deg] is alsa shown for Clow-C3 a5 a reference,
= CL, GO, and Cm are averaged in 10000step {flow through approsimately 2.8°MAC),
+ Each GFD result 15 plotted with standard deviation,
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Sectional Cp distribution sigma, Cflow-C3
sigma, Cilow-C6
average, Cllow-C3} ——
Grid dependency is chserved at “JJ". average, Cflow-C6 -~
m  Cflow-Cé is closer to WTT than Cflow-C3. . I_I
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Mean surface flow at AOA=19.57[eg
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Mean Cf and surface stream line are comparad to WTT ailflow.
B Wake refined grid (Cflow-CB) captures flow separation more precisely. (4m A, B)

®  Cflow-C3 overestimats flow separation around bracket wakes (A) and underestimate around flap (B).

®m  Surface flow at LE of wing root does not match WTT. (4m)
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Cflow-C3

Cflow-C&
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Flow fields around section E, F

B Wake refined grid (Cflow-CB) captures bracket wakes well,
B Bracket wake separation (A) affect flow field over the flap (B).
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Cllow-Cs

Cflow-C3

Surface Cf, streamline, Sectlon Mach (E, F), A 2 Iso-surface

Summary

Case 5: Required grid resolution in RANS at AoA=7,05[deg]

| Flow field could be well captured by bracket wake refinement.

B Grids satisfying a criterion “NAs/L" = 2" (NAs/2L' < 1) showed

reasonable agreement with the WTT flow fields around the

s
Y

~4

wing tip. —
N @ The number on cells to reselve a single wave, I H
(N = & far the current Znd-order scheme) -
As ¢ Length scale of a cell. (As = Volume¥?)
@ Bracket width, (L' = 0.1[m]}

Case 3: Grid resolution effects in DDES at AoA=19.57[deg]
B Bracket wake refined grid showed better results for both the ¢
aerodynamic coefficients and flow fields.

B The grid resolution criterion seems to be effective for DDES. sigma, default grid

sigma, wake-refined grid
awarage, default grid

- ---- average, wake-refined grid

Enough grid resolution to capture bracket wakes is important

for both RANS and DDES to improve the simulation accuracy.
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