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Cases calculated

s Test Cases

- (Case 1: Turbulence model verification study in 2D simulations
- Case 2: C; ,,,, study "in-tunnel” simulations

Case 1 (ref.) Case 1 of APC-8 Case 2
“free-air” “in-tunnel”
- 3D CRM-HL
- A0 CREM- . .
Geometry 20 CRM-HL D CRM-HL + QinetiO 5m WT
Flap deflection Y
(inboard/outboard) AT
(2.78 )
7.05 5.98%
AocA 16° {11.29%) (9.98%)
17.05 15.48°
a,: collected 19.57 17.98*
a,: uncollected 21.47 19.98*
Initial conditions cold starts warm & cold starts warm starts
; . o 240-)AXA-unstructured
3 - FA - AW A - T R
Grid Farmily 1 240-1AXA-unstructured + wind tunnel walls
A C-level™ C-level
o T2
el Li~7 ~86Mpts ~122Mpts

*1 Grid provided by MASA TMR
*2 L1 {coarsest] to LT (fimest)

*3 Grid provided by 1axa (downboadable from HLPW-4 website)
4 A-level (coarsest) to D-leved (finest)
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Computational conditions & Numerical methods 3

= Computational conditions

o Casel
« Mach =02 Re=500x10%(C=1)Ty=2T21K

o Case2
= Mach =02 Re =549 x 108 (C, = 275.8 in), T,s = 521R (289.4K)

s MNumerical methods

Code TAS
Governing Equations RANS (Reynolds Averaged Navier-Stokes) Eq.
Discretization Cell-vertex finite volume method
Convection term HLLEW (Harten-Lax-vanLeer-Einfeldt-Wada)
Reconstruction method 2rd prder Unstructured MUSCL
Time integration LU-SGS implicit
Turbulence model SA-noft2-R (C,,=1)
(fully turbulent) SA for Case 1
» Computational Resources ’Cr- ‘I'iﬂ
o JAXA Supercomputer System generation 3 (JSS3) was used : 5 /
for these computations. o wd .IW

Aerodynamic coefficients (Case 1) 4
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finer #=— (1/N)"2 =% coarser (1M1 {1/N) V2
| 2 e : = Compared to FUN3D, TAS with SA predicts
res - FUNIDN L rg. Tral eesier wrk. ¥l * - -
] = Similar C; & C,, at all grid levels
b oer L = 10-17 cts. larger C, 8 C, at all grid levels
I S gt | = Cyconverged at the finest grid
o 50 cs.
(i » Compared to TAS with SA, TAS with SA-noft2-R
ot ] fasd predicts
M= : - ﬁ.l;ﬂ?-ﬂ.?ﬂ lower C, & 0.0032-0.0036 higher C,, in all
¥, N grid levels
v = = Similar C4 & Cy, at all grid levels
one] o s || = About 1 cts. lower Cy at all grid levels
a [renr) ﬁ@;;m;:‘wﬂ e ooa

This document is provided by JAXA.



Ninth Aerodynamics Prediction Challenge (APC-9) 31

Grid generation & initial conditions in-tunnel simurations s

.  Prepared the free-air (APC-8) grid & results.

2 Eﬂlﬁgﬁl the symmetry plane with a tunnel floor and
«  Automatic local remeshing features of MEGG3D were used,
= Flow variables were extrapolated by 0 arder.

i ifi
© e et sohiion da s pecifd

a‘ﬂl‘l‘l?'tﬂ.lﬂnmimlllﬂhﬂl as much as possible

«  Prepared an empty-tunnel grid separately.
=  Convergence results were calculated using estimated back pressure.

s Installed #3 in #4 at each angle of attack.
« Autornatic local remeshing features of MEGG3D were used,
- Ww&mﬂﬁ&x@eﬁmmhmm-&

ML ML 5. f kS
il o e oo v el i

* Same procedure as previous research during HILIRPW-3, dol: 10.2514/1.C036741

Sectional & surface grids 6

[ WL @ center of wnnel |

o
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Comparison of sectional grids 7

= Both grids had the same elements around the CRM-HL (< 0.3 MAC).
= Spatial grid resolutions of in-tunnel grids were finer than the free-air grid.

l in-tunnel (&, = 5.98°) |

Boundary conditions & reference Mach number 8

= Mach_ref

Calculated by the static pressure drop through the nozzle (as specified).
Calculated values were within a desired tolerance (0.195-0.205) by
adjusting back pressure.

n |nﬂ0w 0aE 10105
Pr r-1 .2 ;—Li | —— Mt '
o F—=(1+TM ) paq[| T PexitPrat | hackprassure/P 110
ol e —.—. _-
T -1 [
Teo 2 0208 f==== F et ST T —7{ ----- 10198
_ | J/\q t
;u.z—c-———c}-—“—q..._,_‘_ﬁ___“d -102%
Inlet Extension Mach_ref =
[VRT 7] —. mzn&l
o1sL - — | 1021 3‘

empty  © Se s 2
~tunnel Ao [deg.]

Diffuser
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Boundary layer profile at the tunnel floor

Ninth Aerodynamics Prediction Challenge (APC-9)

= TAS results disagree with exp.
o IS-IILnI:-"I\IIar iendencies have been reported”' at

o

= TAS results seem correct if the
boundary layer is turbulent.
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Aerodynamic coefficients (Case 2)

= As for results of in-tunnel simulations,
C, agrees well with exp. except a large drop at the post-stall.
Near C, 1y C, is slightly lower and Cj, is slightly higher than exp.
C,, tends to be higher (=pitch-up) than exp. throughout the AoA.
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11

Surface C; contours
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(Y  Flow separation on
i the outboard wing

tunnel
(warm)

Spanwise sectional C; & C,, distributions 12

= Compared to the corresponding free-air results, the inboard
in-tunnel results is higher at a, < 15.48° because of the
effect of the standoff, and lower at a, = 17.98° because of the
floor boundary layer to be discussed.

s The pitch-down trend at the post-stall in the in-tunnel result is
due Eo the excessive side of body separation and attached flow
on the midspan.
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Spanwise sectional C, distribution at a, = 19.98° (post-stall) 13

In sec A, in-tunnel result is closer to that of the experiment, and the free-air result shows a
" igher suction pealc due to the attached fiow. - - e ear

= In sec D, free-air result is closer to that of the experiment because the in-tunnel result has
m%& ;npa::r:tinn near this section. peri e

= Insec F, in-tunnel It is closer to that of the eriment use the free-air result has
large m&amliliun at the wake of’:lat brackets m‘ﬁ outboard wing. o

= In sec H, both results disagree with that of the experiment due to large flow separation at
the wake of slat hradmt:.g “p me e
i B} Sec A . E'p""‘fuz::?ﬁ? B ' SecD m__" m-l-f::__-m? |
I Lzree-air (warm) in-tunmel, 021998 | ol ] ] | e U, o, =19.06
i -4 [ i 1 ! T
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Surface streamlines & sectional total pressure distribution14

» Compared to free-air cases, in-tunnel cases show thicker boundary
layers on the LE of the wing root because of the boundary layer
developed on the tunnel floor.

o The thicker bpun!:larg layer may have contributed to the excessive side of
body separation in the post-stall case.

O a, = 17.98° (C,....) @, = 19.98° (post-stall)
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slats are hidden
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Summary 15

= Turbulence model study in 2D simulation
= SA in TAS code were verified by comparison with FUN3D results.
- Compared to SA in TAS code, SA-noft2-R(C,.,=1) shows

Lower C;, Cy and higher C,,
Similar C, and C,,

m G} max Study
= As for results of in-tunnel simulations,

Aerodynamic characteristics showed good agreement with exp. until C,

Near C, ... flow separations occurred on the wake of slat brackets on the
outboard wing and nacelle lip.

The side of body separation seen in the experiment was observed, but
overpredicted at the post-stall.

This appeared to be the result of the thicker boundary layer on the LE of the
wing root because of the boundary layer developed on the tunnel floor.

This document is provided by JAXA.





