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Statistics of submitted data

* Organizations and number of submitted data(total 26 data)
— National research institutes: JAXA(4)
— Universities: TAT(1), Tohoku Univ./KIT(1) , Tohoku Univ.(1), Univ. of Tokyo(1)
— Aerospace industries: KHI(4), MHI(1)

* Grids

— JAXA:17

— Customs:10
¢ Codes

— Structured solver(8), Unstructured solver(13)

— Cartesian( LBM(2), BCM(1), UTCart(2) )

¢ Turbulence models

— Steady: SA(16)

Vendors: Ryoyu systems(9), Siemens(2) , Cradle(2)

— Unsteady: DDES(SA)(16), IDDES(SA)(1), IDDES(SST)(1), ILES(2)
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Participants of case 2-2
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Participants of case 3-2
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Case 1:Prediction of aerodynamics ARC
— Casel-1:2D steady flow simulation
« Geom.:30P30N (modified_slat_configF )
* Grid: provided (required: L2, optional:L1,L3~L5) or custom
* Cond.:M=0.17, Re=1.71x 10°
* AoA:0/4/5.5/8/9.5/12/14/16/20/22/24/26 [deg]
o LlSt Of data : (red:required, black: optional)
— Aerodynamic coefficients (CD,CL,Cm),Cp,Cf
— Contours of 7/v
— Spatial streamlines
— Velocity profiles
Legend(paticipant ID / grid type [J:provided by JAXA, C:custom] - grid resolution [L1~L5])
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14
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Case 1-1: 0 - sweep RBC
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The variation was larger than past APC series even though SA turbulence model was mainly used. 15
Case 1-1: 0 - sweep RBC
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The variation was larger than past APC series even though SA turbulence model was mainly used. 16
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a —sweep of APC-Il| RBC.
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Case 1-1: 0 - sweep RBC
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The variation was larger than past APC series even though SA turbulence model was mainly used.

19
neC
Case 1-1:a - sweep Wit
Comparison of pressure/friction force
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Although pressure force was dominant, friction force had some variation due to grid type. g
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Case 1-1: 0 - sweep REC.
Comparison by grid type
Provided grid CL - Alpha
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There was large influence on grid type. 21
Case 1-1: 0 - sweep REC
Comparison by grid type
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There was large influence on grid type. 22
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\/
Case 1-1:a - sweep R

Comparison by grid resolution : provided grid
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23

VAN
Case 1-1: 0 - sweep Wi,

Comparison by grid resolution : provided grid

L2 CL - Alpha(L2) CL-CD(L2)
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-&-EXP A1/)-12 -8-Al/J-L13 -m-A2/)-12 -@-A4/)-12 -B-A4/)-L3 -B-A5/)-L13 -m-A6/)-L3 C1/)-l11 -=-C1/)-l2 -=-C1/)-L13 -m-Cl/)-l4 -m-C1/)-l5 -m-D1/C-L2
-m-E1/)-L2 E1/)-L3 -m-H1/)-L2 H2/C-L1 H2/C-L12 -=-11/)-L1 11/)-L2 11/)-13 -=11/)-L14 -®-11/)-L5 -®-12/C-L2 K1/C-L1 -m-K1/C-.2 -m-M1/C-L4
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Case 1-1:a - sweep

163

Comparison by grid resolution : provided grid

L3 CL - Alpha(L3) CL-CD(L3)
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Case 1-1:a - sweep REC
Comparison by grid resolution : provided grid
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CL - CD(L5)

a - sweep

provided grid
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Case 1-1

CL - Alpha(L5)

Comparison by grid resolution
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ith exp.
30P30N(a=9.5)

Case 1-1

iIson w

9.5deg, Compar

AoA
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K1/C-L1

-m-K1/C-L2
-8-M1/C-14

0.7 08 09
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All results showed good agreement with experiment.
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:Cp

ith exp.

Case 1-1
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14deg, Compari

AoA
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L~ Yy
Case 1-1:v/v RBC,
AoA=5.5deg, Comparison of grid type
Provided grid

Custom grid
H2/custom(L2,polyhedral)/SA

The influence of grid topology was large. 33

~ A
Case 1-1: v /v WRC,

AoA=5.5deg, Comparison of SA and SA-R

Rotation correction
suppressed the development
of turbulent viscosity.
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~ \/
Case 1-1: vV /v RS,

AoA=5.5deg, Comparison of SA and SA-R

Rotation correction
suppressed the development
of turbulent viscosity.

[ e e e T

Case 1:Prediction of aerodynamics RS

— Casel-2:2.5D steady flow simulation

* Geom.:30P30N (modified_slat_configF)
Grid : provided (required: L2, optional:L1,L3~L5) or custom
* Cond.:M=0.17, Re=1.71 x 10°
AoA:0/4/5.5/8/9.5/12/14/16/20/22/24/26 [deg]
List of data: (red: required. black: optional)

— Aerodynamic coefficients(CD,CL,Cm),Cp,Cf

— Surface contours of Co/ G
— Surface streamline

— Contours of 7/v

— Spatial streamlines

— Velocity profiles

36
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Case 1-2: Aerodynamic coefficients REBS.

Comparison with 2D simulation

- CL obtained by 2D simulation ||| . CL obtained by 2.5D simulation
294 2.94 i i |

A4(L3) A5(L3) A6(L3) c1(L2) E1(L2) E1(L3) ’ A4(L3) A5(L3) A6(L3) c1t2) E1(L2) E1(L3)
D ID

CL(a_c=5.5) CL(a_c=5.5)

A4(13) AS(13) A6(13) ci2) £1(12) E1(13) A4(13) AS(13) A6(13) c1(2) E1(12) E1(13)
D D

There was little difference between 2D and 2.5D simulations. 37

Case 1-2:Cf RS

AoA=5.5deg

C1/provided(L2)/SA-noft2-R E1/provided(L2)/SA-noft2

Y sTAR-CcCM+

E2/custom(L2,0ctree+layer
H1/custom(L2,trimmed)/SA grid)/SA-noft2

AITSS R [0 T | | I

Skin Friction Vector(i]
0.01

0.00 0.02

The fluctuation of Cf distribution along the spanwise direction disappeared by use of periodic boundary condition. 38
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Case 1-2:Streamlines on flap

FHIIZEWT T B SRR AR B E B JAXA-SP-18-008

)/
ARG,

AoA=5.5deg

The fluctuation of streamlines along the spanwise direction disappeared by use of periodic boundary condition. 39
- . . . ‘
Case 1:Prediction of aerodynamics REs
— Casel-3:2.5D unsteady flow simulation
* Geom.:30P30N (modified_slat_configF )
* Grid: provided (required: L2, optional:L1,L3~L5)or custom
. . — _ 6 Legend( aticipant ID / grid type [J:provided
Cond - M - 017’ Re - 171 X 10 by JAXA, C:cupstom’])- grid resgolutiZ): [LlfLS])
« AoA:5.5/9.5 [deg] ~&-EXP A2
) ) -#-A2/)-13 -8-A3/J-12
* List of data(time averaged): #-A3/)-13  -m-A4/-L3
— Aerodynamic coefficients(Cp,,C,,C,),C,,C; | -m-A5/)-L3 A6/J-L2
— Surface contours of Co/ G -B-A6/J-13 A7/J-L2
— Surface streamline -8-A7/)-13 A8/J-L2
— Contours Of -.'Bl/.]'l.3 '.‘BZ/J'L3
— Spatial streamline =B3/-13  -wCl/-L2
— Velocity profiles -&-D1/C-L2 E1/)-11
-m-E1/)-L2 --E1/J-L3
-8-E2/C-L2 -&-E2/C-L3
--G1/C-L2 -8-H1/C-L2
-=-J1/)-13 40
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arc

Cp (unsteady)

Case 1-3

1on

ith steady solut

iIson w

5.5deg, Compari

AoA=

N 9o 9833923333 q
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Unsteady results underestimated Cp profile compared to steady solutions.

41

arc

: Cp (steady)

Case 1-3

A1/)-12
--A1/)-13
-m-A2/)-12
--A4/)-12
---A4/)-13
--A5/)-13
-m-A6/)-13
-=-C1/)-11

-&-EXP

-=-C1/)-14
--C1/)-5
-=-D1/C-12
E1/)-13
--H1/)-L2
H2/C-L1
H2/C-L2

K1/C-L1
-m-K1/C-12

-#-M1/C-14

AoA=5.5de

x/c

30P30N(a=5.5)

02 03 04 05 06 07 08 09 1

0.1

-0.1

-0.2

Unsteady results underestimated Cp profile compared to steady solutions.

42
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Case 1-3:Cp(Slat) RBC

AoA=5.5deg, Comparison of each parts

Slat
Unsteady(averaged) Steady
Slat(a=5.5) Slat(a=5.5)
x/c x/c
25 ——— LBM(ILES) 25
2 S 2 -
1.5 X "m‘t\/ A b e g~ ) 1.5 . [N
E ———
I S—— - == y A1 pe——— 47
2 f / /
2 .05 |-—— - / o y S .05 - >, —
S NS(DES) . / S % - /
0 A4 [ N 0 A N
) Z <
.—//
05 05 ;
T z . 1 R —
|
15 ‘ 15
0.1 -0.08 006 004 002 0 0.02 0.04 01 008 006 004  -0.02 0 0.02 0.04
e EXP W A22 wA2/)13 -WA3/ll2 -wA3/l-13 -WA413 -wA5/-3 --EXP AL/)-L2 --AL/LL3 E-A2/1-2 BRA4/-L2 RAY/)L3 BRAS/1L3
A6/I2 -WAG/-3 wAT/I2 -WAI/M3 - A8/)-l2 -m-BL/-L3 -@-B2/)-13 “=A6/i3 -=-Cl/-1 -®Cl/-2 -8C1/M3 -8-Cl/i4 -8-C1/I5 -8-D1/CL2
#-83/)-13 -#Cl/-2 -#D1/CL2 © El/)-ll -wEL/-2 -#EL/)3 -B-E2/CL2 S-El/)-l2 SELM3 SHLM2 0 H2/CLL eH2/CL2 L/l 11/
WE2/CL3 -8-G1/C-L2 -W-H1/CL2 -#1/)-13 /-3 w11/4 w15 mR/Cl2 s KYCLL wKYCL2 -m-M1/cL

Steady simulations showed good agreement with experiment at upper surface.

Unsteady simulations underestimated Cp at upper surface but show better agreement with

experiment at lower surface.

LBM overestimated Cp. 43

Case 1-3: Cp(Main) RBC

AoA=5.5deg, Comparison of each parts

Main
Unsteady(averaged) Steady
Main(a=5.5) Main(a=>5.5)
x/c x/c
7 LBM(ILES) 7
s s
5 5
%
4 -4 S
3 3

Q. Q. ;

o Qo |
2 2 &% {
1 1 E:
0 0 - :

k- a I _le J
1 1 [
]
2 2 !
-0.05 0.15 035 0.55 075 0.95 -0.05 0.15 035 0.55 075 0.95
oEXP  wA2l2 wA2I13 -®A3/ll2 -®A3/I3 -WA4/13 -mA5/L13 ~e-EXP Al/lL2 S-AL/)L3 W-A2/-12 -A4/-L2 BEA4/IL3 m-AS/)-L3
AB/)-L2 -m-A6/)-13 -=-A7/)-L2 -m-A7/L3  A8/l-L2 -=-B1/)-L3 -m-B2/)-13 #-A6/)-13 -=-Cl/M1 -8-Cl/-2 -8-C1/-3 -8-Cl/-4 -B-Cl/-5 -8-DI/C-L2
-#-B3/)-13 -®-Cl/l-l2 -®-D1/C-L2 E1/)-l11 -®-E1/)-l2 -=-E1/)-L3 -@-E2/C-L2 -#-E1/)-Ll2 -9-E1/)-13 -@-H1/)-L2 H2/C-L1 -#-H2/C-L2 -=-11/)-L11 11/)-L2
-8-EF2/C-L3 -®-G1/C-L2 -#-H1/C-L.2 -m)1/)-L3 11/)-13  -m-11/)-L4 -m-11/)-L5 -m-12/C-L2 K1/C-L1 -m-K1/C-l12 -m-M1/C-l4

NS results underestimated the suction peak.
Some steady flow simulation results captured the suction peak by use of custom grid.

LBM results showed better agreement with experiment.
44
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Case 1-3:Cp(Flap)

173

AoA=5.5deg, Comparison of each parts

Flap
Unsteady(averaged) Steady
Flap(a=5.5) Flap(a=5.5)
x/c
5 : LBM(ILES) “
-3 / -3
N/ /
2 s 2
SR s S~
- —Y
0 NS(DES) 0 -
P
1 o 1
2 2
0.8 0.9 1 11 12 0.8 0.9 1 11 12
e EXP W A22 wA2/)13 -WA3/ll2 -wA3/l-13 -WA413 -wA5/-3 --EXP AL/)-L2 --AL/LL3 E-A2/1-2 BRA4/-L2 RAY/)L3 BRAS/1L3
A6/)-L2  -m-A6/)-L3 A7/)-12  -m-A7/)-L3 A8/)-L2 -m-B1/)-13 -m-B2/J-L3 -#-A6/)-l3 -#-Cl/-l1 -@-Cl/-l2 -#C1/)-l3 -#C1/)-l4 --C1/i-l5 -@-D1/C-L2
#-83/)-13 -#Cl/-2 -#D1/CL2 © El/)-ll -wEL/-2 -#EL/)3 -B-E2/CL2 S-El/)-l2 SELM3 SHLM2 0 H2/CLL eH2/CL2 L/l 11/
-#-E2/C-L3  -#-G1/C-L2 -@-H1/C-L2 -®-J1/)-13 11/)-13  -m-11/)-14 -®@-11/)-l5 -®-12/C-L2 K1/C-L11 -m-K1/C-L2 -m-M1/C-L4

Steady flow simulation by NS showed good agreement with experiment, but unsteady
flow simulation by NS underestimated Cp.
LBM results overestimated Cp at upper surface, but the suction peak was better than NS.

Case 1-3:Cp(unsteady)

45

VAN
REC

AoA=9.5deg, Comparison with steady solution

30P30N(a=9.5)

0.2 01 0O 01 02 03 04 05 06 07

0.8

0.9

Same trend with AoA=5.5degree was observed.

-&-EXP
-=-A2/)-12
-=-A2/)-13
-8-A3/)-12
-=-A3/)-13
---A4/)-13
-#-A5/)-13
A6/)-L2
-m-A6/)-13
A7/1-12
-=-A7/)-13
A8/)-12
-=-B1/)-13
-=-82/)-13
-2-83/)-13
-&-C1/)-12
-8-D1/C-12
E1/)-L1
-=-E1/)-12
=-E1/)-13
-=-E2/C-12
---£2/C-13
-=-G1/C-12
-&-H1/C-L2
-=-J1/)-13

46
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Cp(steady)

ith steady solution
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Case 1-3

9.5deg, Compar

AoA
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The variation was large and LBM overestimated Cf.
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Case 1-3:The position of velocity profile comparison /sisa

Linel:
x/c=0.1075

Line4 (30P30N) :
x/c=0.89817

Line5 (30P30N) :
x/c=1.0321

Origin [SS0 ,, '
. N Line6 (30P30N) :
/ x/c=1.1125

49

Case 1-3:Velocity profiles(unsteady) RS

~-Exp

Linel(a=5.5) Line2(a=5.5) Line3(a=5.5) =z
o 021 W s
0.19 - S | et
2
o0 L3N L
0.17 AT/12
\ \\ \ s
2
o7 015 L
W \ e
s %@ ) LBMIILE oo s
; 0.06 - ; \ \ -=-D1/C12
0.11 E1/541
I | I =£1/142
/'I 3 1 =113

0.05 T

0.09 D 2

-=-G1/cL2,

oos | NS(DES) \ {

0.07 ===t aew
[-#-11/)-13
: . 1 — 0.05 b-———_ !
1 | 1 T— 1 J 1
0.03 ! ! ! 0.03 ! T 1
029 031 033 035 037 039 041 021 023 025 027 029 031 033 02 022 024 026 028 03 032
Line4(a=5.5) Line5(a=5.5) Line6(a=5.5)
021 0.14 - 0.09
0.19 0.12 0.07
0.17 0.1 0.05 (
0.15 0.08 003 {
l“ 0.01
0.13 0.06 \ l
-0.01
<on < o004 L |
> > \ > 0.03
0.09 0.02 )\ 0.0
0.07 0 /
/ ‘ -0.07
005 -0.02 NN 000 LeC < > Q
— = i — >
0.03 -0.04 === -0.11 —
0.01 ! ! ! -0.06 ! ! -0.13 !
018 022 026 03 034 038 0.07 011 0.15 0.19 0.23 0 004 008 012 016 0.2
Vap/a.. Vap/a.. Vap/a..

Velocity profiles differed between steady and unsteady flow simulations, and also between NS and LBM. 50
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Case 1-3: Velocity profiles(steady) KBS,

[eee ]
Linel(a=5.5) Line2(a=5.5) Line3(a=5.5) s
0.09 014 021 s
i i
o3 i o019 e
0.08 - i
012 017
0.07 0.15
0.11
0.13
S o006 < o1 <
0.11
0.09
0.05 0.09
0.08 0.07
0.04 007
’ ' 005 o e
0.03 0.06 ! 0.03 !
029 031 033 035 037 039 041 021 023 025 027 029 031 033 02 022 024 026 028 03 032
Line4(a=5.5) Line5(a=5.5) Line6(a=5.5)
0.21 . 0.14 . 0.09
0.19 0.12 0.07 -
0.17 \ 0.1 0.05
015 ! 0.08 003
\K 0.01
013 \‘ 0.06
-0.01
< o1 ! < o004 <
> ‘&‘ > > 0.03
0.09 0.02
)) j -0.05
0.07 \‘\‘\ 0 0.07
0.05 y -0.02 ¢ 0.09
’ .
0.03 B2 - 0.04 g L ]
T L i 0.11
0.01 - -0.06 ! ! -0.13
018 022 026 03 034 038 0.07 0.11 0.15 0.19 0.23 0 004 008 012 016 02
Vyola. Vap/a.. Vypola.

Velocity profiles differed between steady and unsteady flow simulations, and also between NS and LBM. 51

Case 1-3:Streamlines on flap(L1) TeB&.

AoA=5.5deg, provided grid, comparison of L1

The position of flow separation moved forward by increasing grid resolution.
52
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Case 1-3:Streamlines on flap(L2) %

AoA=5.5deg, provided grid, comparison of L2

A2

A3

El

The position of flow separation moved forward by increasing grid resolution.
53

Case 1-3:Streamlines on flap(L3) &

AoA=5.5deg, provided grid, comparison of L3

A2

A3

El

The position of flow separation moved forward by increasing grid resolution.
54
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Case 1-3:7/v (L1) REC.

AoA=5.5deg, provided grid, comparison of L1

Turbulent viscosity decreased in L3 grid.
55

Case 1-3:7/v (L2) REC

AoA=5.5deg, provided grid, comparison of L2

Turbulent viscosity decreased in L3 grid.

56
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Case 1-3:7/v (L3) REC.

AoA=5.5deg, provided grid, comparison of L3

Turbulent viscosity decreased in L3 grid.
57

A
Casel Summary R

* (Case 1-1:2D RANS
— The variation in results was significant compared with past APC series.

— There was large influence on type of grid (Cartesian or Unstructured) and flow solver(NS or LBM).
— Good agreement with experiment was obtained.

— Cp (especially around the suction peak) was underestimated by the provided grid.

— The variation was large at high-AoA results with the existence of large separation at slat.

— Turbulent viscosity was suppressed by rotation correction for SA.

* (Case 1-2:2.5D RANS
— Spanwise distribution was disappeared by use of periodic boundary condition.

— The position of flow separation at flap was almost same in each group due to the use of same turbulence
model.

* Case 1-3:2.5D unsteady flow simulation
— Time-averaged Cp by unsteady flow simulation was relatively smaller than RANS.
— Slat Cp computed by unsteady flow simulation showed good agreement with experiment.
— CpbyNS<CpbyLBM
— Velocity profiles showed different trend between NS and LBM.
— The position of flow separation at flap moved forward by increasing grid resolution.
— L3 grid produced smaller turbulent viscosity than L2 grid.

58
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- : Way
Case 2 : Prediction of flow separation at flap A&
— Case2-1:2D steady flow simulation
« Geom.:30P35N (modified_slat_configF)
e Grid: provided (required: L2, optional:L1,L3~L5) or custom
* Cond.:M=0.17, Re=1.71x 10°
* AoA:5.5 [deg]
* List of data:
— Aerodynamic COEfﬁCients(CD'CL'Cm)’cp'cf Legend(paticipant ID / grid type [J:provided
— Contours of 7 / Y] by JAXA, C:custom] - grid resolution [L1~L5])
— Spatial streamlines ~®-EXP(30P30N) Al/)-L2
. . -#-A1/)-L3 -&-C1/)-L2
— Velocity profiles
-B-E1/)-L2 ~-E1/)-L3
-#-H1/J-L2 H2/C-L1
H2/C-L2 11/)-L2
-&-12/C-L2 K1/C-L1
59
Case 2-1:C, RBS.
Comparison with 30P30N
CD(a_c=5.5) CD(a_c=5.5)
" | 30P35N ] _ "1 30P30N
osss | Cpy Of Total o0ss | Cpy Of Total
o0 A1(L2) A1(L3) C1(L2) CI1(L3) C1(L4) CI(L5) E1(L2) E(L3) I11(L2) 12(L2) K1(L1) o0 Al(L2) A1(L3) C1(L2) C1(L3) C1(L4) CI(L5) EI(L2) E(L3) I1(L2) 12(L2) Ki(L1)
D
30P35N s5) 30P30N s)
| Cy of each parts | C, of each parts
o A1(L2) AL(L3) C1(L1) C1(L2) C1(L3) C1(L4) C1(LS) EL(L2) EL(L3) I1(L2) I12(L2) K1(L1) o AL(L2) A1(L3) C1(L1) C1(L2) C1(L3) C1(L4) C1(L5) EL(L2) EL(L3) I11(L2) I12(L2) K1(L1)
D D
CD of 30P35N increased compared to result of 30P30N.
The variation increased due to flow separation at flap. 60
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N
Case 2-1:C, R

Comparison with 30P30N

CL(a_c=5.5) CL(a_c=5.5)
— 32
30P35N _ 30P30N
| C, of Total 1 C, of Total
-1 |- 3
] S s o e e B ot e B T 29 s —F -1- -
Al(l2) AL(L3) CI(L2) CI1(L3) C1(L4) CI(L5) E1(L2) EL(L3) 11(L2) 12(L2) Ki(L1) e AL(L2) AL(L3) CI(L2) CI(13) CI(L4) CI(LS) EL(L2) EL(L3) 11(L2) I12(L2) K1(L1)
D ID
30P35N ) 30P30N )
s | C, of each parts s | C,_ of each parts

= Flap ' = Flap
15 = Main 15 = Main
mSlat mSlat
1 1
0.5 0.5
° A1(L2) A(L3) C1(L1) C1(L2) C1(L3) C1(L4) CI(LS) E1(L2) E1(L3) I1(L2) I12(L2) Ki(L1) ° A1(L2) A(L3) C1(L1) C1(L2) C1(L3) C1(L4) CI(LS) E1(L2) E1(L3) I1(L2) 12(L2) Ki(L1)
D D
CL of 30P35N showed different trend in each ID.
The variation increased due to flow separation at flap. 61

\/
Case 2-1:C R

Comparison with 30P30N

Cm(a_c=5.5) Cm(a_c=5.5)
30P35N L o | 30P30N L
C,, of Total e oss | C, of Total
=L 0.64 ——— -
1 o e T B —+—{ - -0.62 - |-+- —+ —— —+— —+-] .
£
o
-l -1 -4 t-t-1 F-r- [--1 -1 4 -0.58 e ot I o R Y o (O N o o (O e Y Bt O
- [-4-1 |- —I_’»—-ﬂ- - —-—H-——— i [ o I e i (N 8 I 0.56 St [ e o I o I S (R T I B I = B B O B I
-0.54
A (L5) E1(L2) E1(L3) 11(L2) 12(L2) K1(L1) 1(L5) E1(L2) EL(L3) 11(L2) 12(L2) Ki(L1)
30P35N | e55) 30P30N le=s.5)
o C,, of each parts | Gy of each parts
0 - -B- -~ - -B- -~ - -~ - o - -B- -+ - N e -B- -+
0.1 - -B- -L - -B- e e e - 0.1 FH- - -r - e me = -
02 - - o -- T e e - 02 - L B B =N = e me =N N R B
0.3 - -B- S B -.- - .- -, | [#Fiap J03 - .. —rf- - . ~~#0- [ Flap
0.4 F = -- L. - -- L = - —| [ ®™Main 04 41— --+. -+ - - - - - - | ®Main
05 b o __ e e B e o in N _| [mslat o5 L I i N e N BN B i __ s | | ®Slat
06 i - -5=- — - -- e e - 06 - S B =N =N = - B
0.7 - - -0.7 ===
-0.8 -0.1
A1(L2) A1(L3) C1(L1) C1(L2) C1(L3) C1(L4) C1(L5) E1(L2) E1(L3) I11(L2) I12(L2) K1(L1) o8 A1(L2) A1(L3) C1(L1) C1(L2) C1(L3) C1(L4) C1(LS) E1(L2) E1(L3) I1(L2) 12(L2) K1(L1)
D D
Cm of 30P35N showed different trend in each ID.
The variation increased due to flow separation at flap. 62
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Case 2-1:Cp (Slat) REC

AoA=5.5deg, Comparison of each parts %Al the submitted data is shown
Slat
30P35N 30P30N
Slat(a=5.5) Slat(a=5.5)
-2.5 T T i x/c T -2.5 x/e
, L XExp. data is 30P30N >
' ! | SR, I I B —ll |

05 b b e L S L
t a
]
15 !

0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.1 -0.08 -0.06 0.04 -0.02 0 0.02 0.04
~8-EXP(30P30N) AL/I2 =-AL/3 =-C1/i12 -e-EXP AL/)-12 -@-A1/l-13 -5-A2/-12 -W-A4/)I-12 -W-A4/)-13 -m-A5/)-13
-=-E1/)-12 E1/)-13 -&-H1/-L2 H2/C-11 -®=-A6/)-13 -=-C1/)-l1 -®-Cl/)-l2 -@-C1/-l13 -®-C1/i-l4 -@-Cl/i-l5 -®-D1/C-L2

H2/cL2 /32 =i2/cl2 Kijc-LL -=-E1/)-12 E1/)-13 -m-H1/)-12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12

11/)-13  -@-11/)-14  -=-11/)-15 -@-12/C-12 K1/C-L1 -#-K1/C-l2 -m-M1/C-L4

The variation of 30P35N was larger than 30P30N.

63

Case 2-1:Cp(Main) RBC

AoA=5.5deg, Comparison of each parts Al the submitted data is shown
Main
30P35N 30P30N
Main(a=5.5) Main(a=5.5)
- x/c . i, - x/c

___________ . XExp. datais 30P30N

Cp
LS SR
T
!
NS T S '”‘r"/
1
/
/
P
N w
i
1

0 : | 0 1 ;
5, NSNS S e T U B N— j i- a e J
1 P —! 1
2 2
-0.05 015 035 055 075 095 -0.05 015 035 055 0.75 095
~e-EXP(30P30N) AL/I2 =AL/I3 =Ci2 —e-EXP Al/l-2 -®AL/F3 =A2/2 WA4/I12 WA4/-3 -wAS/l3
"'512//1:32 Ifll//JJ’LL; :IHZ%JLLZZ ;*12//53 -#-A6/)-13 -=-C1/Fl1 -8-Cl/F2 -8C1/-3 -8-Cl/il4 -8-Cl/-l5 -8-D1/C-L2
S-E1/-2 SEL/3 BHI2  H2/CLL -m-H2/CL2 -m-1/i-l1 /-2
11/)-13 -@11/)-14  -@11/115 -8-12/C-12 -=K1/C-L1 -#-K1/C-l2 -m-M1/C-L4

The variation of 30P35N was larger than 30P30N.

64
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Case 2-1:Cp(Flap)

183

\/
RRC

AoA=5.5deg, Comparison of each parts

X All the submitted data is shown

Flap
30P35N 30P30N
Flap(a=5.5) Flap(a=5.5)
s | x(c . s x/c
I
P L MExp. data is 30P30N N R R .
3 e 3
(1 NS S S S — E— 2
o o
o 1 (&)
- : B— 1
' ; |
0 | 0 -1 Y
1 - 1
2 2
08 09 1 11 12 08 09 1 11 12
~&-EXP(30P30N) AL/I2 &AL/ &C1/i2 —-EXP Al/l2 ®AL/J13 -wA2-12 -WA4/I-2 WA4/I3 -=AS/)13
-=-E1/)-12 E1/)-13 -&-H1/-L2 H2/C-11 -®=-A6/)-13 -=-C1/)-l1 -®-Cl/)-l2 -@-C1/-l13 -®-C1/i-l4 -@-Cl/i-l5 -®-D1/C-L2
H2/cL2 /32 =i2/cl2 Kijc-LL -=-E1/)-12 E1/)-13 -m-H1/)-12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12
11/)3  -@-11/)-14  -®11/)-15 -8-2/C-12 -#K1/C-L1 -#-KI/CL2 -8-M1/C-L4
The variation of 30P35N was larger than 30P30N.
65
C 2-1: Cf (Slat AW,
dasSe Z-1: d
AoA=5.5deg, Comparison of each parts 3All the submitted data is shown
Slat
30P35N 30P30N
Slat(a=5.5) Slat(a=5.5)
0.02 . o 0.02
] |
0.015 ¥ - 0.015
0.01 {———— yj: i 0.01
0.005 %‘: - 0.005
s} / 5
’ J/ | ’
-0.005 ”" = ll -0.005
H
0.01 LA N S R R | -0.01
-0.015 -0.015
0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04
x/c x/c
~e-EXP(30P30N) A2 =AL/3 =-C1/2 ~e-EXP Al/l2 ®AL/)-3 -=A2/l-12 -WA4/I-2 WA4/)13 -B-A5/)13
"'512/1:32 IE11/JJ’LL23 :IHZ%JLLZZ Ef/chLll -#-A6/)-13 -=-C1/Fl1 -8-Cl/F2 -8C1/-3 -8-Cl/il4 -8-Cl/-l5 -8-D1/C-L2
/c £ - /C- -m-E1/)-12 E1/)-13 -@-H1/-l2  H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12
11/)3  -@-11/)-14 #1115 -8-12/C-12 -#K1/C-L1 -#-KI/C-L2 --M1/C-L4

The variation of Cf was large between the type of solver.

66
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Case 2-1:Cf(Main)

\/
RRC

AoA=5.5deg, Comparison of each parts

X All the submitted data is shown

Main 30P3 30P30
Main(a=5.5) Main(a=5.5)
0.025 ; 0.025 -
I 1
| 1
0.02 e e T 0.02 AN L
0015 ’f\::i - 0015 7’\“\/ \
A j \
0.01 ; | 0.01 e —-
\“'k*-—;*t_u_‘._..... ...... %—57‘,-77 PP
5 0005 F-——- & 0.005 ——-
[ s o 0 )
0 -—-- 7 T-
0.005 f-——- S— -0.005 R
{ |
001 b---- ! — -0.01 : N
I
]
-0.015 . -0.015 !
0.05 0.15 035 055 0.75 0.95 -0.05 0.15 035 0.55 075 0.95
x/c x/c
~&-EXP(30P30N) Al/I12 =-Al/I3 =-Ci/i12 -e-EXP Al/l-12 ®Al/I3 -=-A2/)-2 -WA4/l-12 -A4/I-13 -m-A5/)-13
_._alz//Jchz :511//JJ'LL23 ::‘S/CJL'—ZZ ;‘12//CCLL11 -®=-A6/)-13 -=-C1/)-l1 -®-Cl/)-l2 -@-C1/-l13 -®-C1/i-l4 -@-Cl/i-l5 -®-D1/C-L2
- - - - -=-E1/)-12 E1/)-13 -m-H1/)-12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-L2
11/)-13 -@11/-4 -=-11/)-l5 -@-12/C-L2 K1/C-L1 -#-K1/C-L2 -8-M1/C-L4

The variation of Cf was large between the type of solver.

67

Case 2-1:Cf(Flap)

AoA=5.5deg, Comparison of each parts

S All the submitted data is shown

Flap

Flap(a=5.5) Flap(a=5.5)
0.04 0.04
0.03 2 0.03
A\
0.02 I - -—- 0.02
] \k
S o001 N S o001
\ | /3
— ;\ .___,.,-,——'“JJ‘ J I
0 7 ST i 0 ‘F
R S S S I— —————————— 001 f-—mmmm — -
-0.02 -0.02
038 09 1 11 12 038 09 1 11 12
x/c x/c
~e-EXP(30P30N) A2 =AL/3 =12 ~e-EXP Al/)12 WAL/I3 =A2/l2 -WA4/I12 WA4/-3 -m-A5/)L3
"'512//1:32 Ifll//JJ’LL; :IHZ%JLLZZ ;*12//53 -#-A6/)-13 -=-C1/Fl1 -8-Cl/F2 -8C1/-3 -8-Cl/il4 -8-Cl/-l5 -8-D1/C-L2
SE1/l2 SE1/)13 B-HI2  H2/C-L1 #-H2/C-L2 -m-11/)-L1 /-2
11/)-13 -@11/)-14  -@11/115 -8-12/C-12 -=K1/C-L1 -#-K1/C-l2 -m-M1/C-L4

The variation of Cf was large between the type of solver.

68
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Case 2-1:Cf(Slat) REC

AoA=5.5deg, Comparison of each parts 3 IDs which submit both Case1-1 and Case2-1 are shown
Slat
30P35N 30P30N
Slat(a=5.5) Slat(a=5.5)
0.015 0.015 )
|
001 001
0.005 0.005
5 5
0 0
-0.005 -0.005
/ |
-0.01 -0.01 - :
0.1 008  -006  -0.04  -0.02 0 0.02 0.0¢ 0.1 008  -006  -0.04  -0.02 0 0.02 0.04
x/c x/c
~e-EXP(30P30N) A2 =AL/3 =12 ~e-EXP Al/)12 BAL/I3 wA2/l2 -WA4/I12 -A4/IL3 =AS/-L3
-=-E1/)-12 E1/)-13 -&-H1/-L2 H2/C-11 -®=-A6/)-13 -=-C1/)-l1 -®-Cl/)-l2 -@-C1/-l13 -®-C1/i-l4 -@-Cl/i-l5 -®-D1/C-L2
Ha/c-L2 /312 |12/CL2 kije-L1 -=-E1/)-12 E1/)-13 -m-H1/)-12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12
11/)-13  -@11/)-14  -#11/1-15 -#-12/C-12 -=K1/C-L1 -#-K1/C-L2 -m-M1/C-L4
The Cf variation of 30P35N was larger than that of 30P30N.
69
Case 2-1: Cf(Mai e,
dasSe Z-1. aln
AoA=5.5deg, Comparison of each parts 3¢IDs which submit both Case1-1 and Case2-1 are shown
Main
30P35N 30P30N
Main(a=>5.5) Main(a=5.5)
0.02 0.02 -
]
| |
0.015 0.015 f\\\"l\ N
0.01 001 fmmmi \\ ______
5 5 A fl
0.005 0.005 I Qx‘h
SR , i
. I R ot AN s 40 ]
-0.005 i -0.005
-0.05 015 035 055 075 0.9t -0.05 015 035 055 075 095
x/c x/c
~e-EXP(30P30N) A2 =AL/3 =12 ~e-EXP Al/)12 WAL/I3 =A2/l2 -WA4/I12 WA4/-3 -m-A5/)L3
"'512/1:32 IE11/JJ’LL23 "'IH;Q'LLZZ Ef/chLll -#-A6/)-13 -=-C1/Fl1 -8-Cl/F2 -8C1/-3 -8-Cl/il4 -8-Cl/-l5 -8-D1/C-L2
/c £ -i2/c: /C- -m-E1/)-12 E1/)-13 -m-H1/)-12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12
11/)-13 -@11/)-14  -@11/115 -8-12/C-12 -=K1/C-L1 -#-K1/C-l2 -m-M1/C-L4

The Cf variation of 30P35N was larger than that of
30P30N.

70
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Case 2-1:Cf(Flap) REC.

AoA=5.5deg, Comparison of each parts 3 IDs which submit both Case1-1 and Case2-1 are shown
Flap
30P35N 30P30N
Flap(a=5.5) Flap(a=5.5)
0.035 0.035
0.03 0.03 -
0025 f-——m—mom 0.025
002 f-—mmmmm J —————————————— L__ 002 f-—mmmmm ‘WE\ ———————————— O L4
S 0.015 l S 0.015 : D, ]
) ] i X 1 |
0.01 ! \\\ | 0.01 ] \ !
| E i 1 =
0.005 {-=======-==—F--—- ”‘ 0.005 [-- - - _}'/J:"
o /xa \ P { 0 P e ‘&,&f@g/
| - 1 f | }
-0.005 -0.005 !
08 09 1 11 1z 08 09 1 11 12
x/c x/c
~&-EXP(30P30N) AL/I2 &AL/ =-Ci/i12 —-EXP Al/l2 ®AL/)-13 -=A2/)-12 -WA4/I-12 WA4/)-13 -m-A5/)13
-=-E1/)-12 “-E1/)-13 -&-H1/-L2 H2/C-11 -®=-A6/)-13 -=-C1/)-l1 -®-Cl/)-l2 -@-C1/-l13 -®-C1/i-l4 -@-Cl/i-l5 -®-D1/C-L2
H2/cL2 /32 =i2/cl2 Kijc-LL -=-E1/)-12 -w-E1/)-13 -m-H1/l12 H2/C-L1 -#-H2/C-L2 -m-11/)-L1 11/)-12
11/)3  -@-11/)-14  -®11/)-15 -8-2/C-12 -#K1/C-L1 -#-KI/CL2 -8-M1/C-L4
The Cf variation of 30P35N was larger than that of 30P30N.
71

Case 2-1:Contours of v / v(30P35N) RBRC

AoA=5.5deg, Comparison with 30P30N
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Case 2-1: Contours of 7 / V(30P30N)  RBC

AoA=5.5deg, Comparison with 30P30N

Case 2-1: Contours of ¥ / v(30P35N) RBRC

AoA=5.5deg, Comparison with 30P30N

74
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Case 2-1: Contours of 7 / V(30P30N)  RBC

AoA=5.5deg, Comparison with 30P30N

K1

75

Case 2-1:Spatial streamlines(30P35N)  RBC

AoA=5.5deg, Comparison with 30P30N

| j— | 4 =

==
-

———
%/%/—&
-

=
76
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Case 2-1:Spatial streamlines(30P30N) KBS

AoA=5.5deg, Comparison with 30P30N

Al
ﬁ

@ ——
//,/:\\\

2 n N S ( L= N
0 ——

77

Case 2-1:Spatial streamlines(30P35N)  RBC

AoA=5.5deg, Comparison with 30P30N

78
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Case 2-1:Spatial streamlines(30P30N)  BRC

AoA=5.5deg, Comparison with 30P30N

79

Case 2: Prediction of flow separation at flap RBE.

— Case2-2:2.5D steady flow simulation
« Geom.:30P35N (modified_slat_configF)
Grid : provided (required: L2, optional:L1,L3~L5) or custom
Cond.:M=0.17, Re=1.71x 10°
AoA:5.5 [deg]
List of data:

— Aerodynamic coefficients(CD,CL,Cm),Cp,Cf

— Surface contours of Co/ G
— Surface streamlines

— Contoursof V /v

— Spatial streamlines

— Velocity profiles

80
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Case 2-2:Surface streamlines on fIap(30P35|\]$‘Ez§~

AoA=5.5deg, Comparison with 30P30N

81

Case 2-2:Surface streamlines on fIap(30P30|\]$§E}§~

AoA=5.5deg, Comparison with 30P30N

82
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Case 2:Prediction of flow separation at flap RES.

— Case2-3:2.5D unsteady flow simulation

« Geom.:30P35N (modified_slat_configF)

e Grid: provided (required: L2, optional:L1,L3~L5) or custom

* Cond.:M=0.17, Re=1.71 x 10°
* AoA:5.5 [deg]

* List of data(time averaged):
— Aerodynamic coefficients(Cp,C,,C,),C,,,C;
— Surface contours of C,,,C
— Surface streamlines
— Contoursof v / v
— Spatial streamlines
— Velocity profiles

Legend(paticipant ID / grid type
[J:provided by JAXA, C:custom] —
grid resolution [L1~L5])

--EXP(30P30N)

-B-A3/)-L2
A6/)-L2
-&-C1/J-L2
E1/J-L1
-B-E1/)-L2
-B-E2/C-L2
-#-H1/C-L2

Case 2-3:Contours of V / v(30P35N)
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AoA=5.5deg, Comparison with 30P30N
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Case 2-3:Contours of V / v(30P30N)

5.5deg, Comparison with 30P30N
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Case 2-3:Spatial streamlines(30P35N)

5.5deg, Comparison with 30P30N
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Case 2-3:Spatial streamlines(30P30N) BeC

AoA=5.5deg, Comparison with 30P30N

87

Case 2-3:Surface streamlines on flap(30P35NFBS.

AoA=5.5deg, Comparison with 30P30N

88

This document is provided by JAXA.



Fourth Aerodynamics Prediction Challenge (APC-1V) 195

Case 2-3:Surface streamlines on fIap(3OP3O|\]$‘.FE’z§~

AoA=5.5deg, Comparison with 30P30N

89
YarRc
Case 2 Summary R
* Prediction of flow separation at flap (30P35N)
— CD increased in all participants compared to 30P30N.
But CL and Cm showed different behavior.
The position of flow separation at flap also varied by flow
solvers.
— The computational results seemed to be affected by periodic
boundary condition.
90
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10t . YANE
Case 3:Prediction of aeroacoustics s

— Case3-1: Near field acoustics

« Geom.:30P30N (modified_slat_configF)
Grid: provided (required: L2, optional:L3) or custom
Cond.:M=0.17, Re=1.71 x 10°
A0A:5.5/9.5/14 [deg] (red:required, black:optional)
List of data:

— PSD of Pressure

— Contours of spanwise vorticity
— Contours of time-averaged 2D TKE
— Contours of Cp,,

Legend(paticipant ID / grid type [J:provided by JAXA, C:custom] - grid resolution [L1~L5])

-@-EXP A2/J-12 -®-A2/J-L3 -m-A3/)-L2 -®-A3/)-L3 A6/J-L2 -m-A6/J-L3 A7/J-L2

-B-A7/)-L3 A8/)-L2 B1/)-L3 -=-B2/J-L3 -®-B3/)-L3 -=-C1/)-L2 -®-D1/C-L2 -=-F1/J-L2
F1/)-L3 -®-F2/C-L2 -B-F2/C-L3 G1/C-L2 -®-H1/C-L2 -®-J1/)-L13 -®-L1/C-L2

91
. .y AN
Case 3-1:Sampling position of PSD REG.
1ol
513 7 ,
o sz i
’ /811 b ST
s P1 .
[ M7 S
> / > 0F el T O
1 / » /' %\‘7\ e ‘\\ E\l
i /o L F1
P7/?/ ( oL
-
| 510 i
] ] 1 i L1 1 1 1
2 1 0 1 0 5 10 15 20
X X
Sample data where Z = 1[inch] on the center line of wing span
Slat: 5point, Main: 2point, Flap: 1point
92
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AoA=5.5deg, Comparison with experiment
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¥ Probe point of H1 is different from set point

100

1000
frequency[Hz]

NBPs were well captured in each CFD result.
The variation of the peak around 20kHz was large.

Case 3-1: PSD

100000

-@-EXP
-B-A2/J-12
-B-A2/J-13
-8-A3/)-12
--A3/J-13
A6/1-L2
-8-A6/J-13
A7/)-L2
-®-A7/)-L3
A8/1-L2
--B1/J-L3
-#-B2/J-13
-#-B3/J-13
-@-C1/)-12
-#-D1/C-L2
-=-F1/1-12
--F1/)-L3
-®-F2/C-L2
-&-F2/C-13
-#-G1/C-L2
-#-H1/C-12
-2-J1/)-L3
-@-11/C-12

93

)
REC

AoA=5.5deg, Comparison with experiment
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CFD results showed good agreement with experiment.
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Case 3-1

: PSD

)/
REC,

AoA=5.5deg, Comparison with experiment
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CFD results showed good agreement with experiment.

Case 3-1

: PSD
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AoA=5.5deg, Comparison with experiment
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NBPs were well captured in each CFD result.
The variation of the peak around 20kHz was large.
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Case 3-1: PSD

)/
ARG,

AoA=5.5deg, Comparison with experiment
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1l ]
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NBPs were well captured in each CFD result.
The variation of the peak around 20kHz was large.

Case 3-1: PSD(L2)
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AoA=5.5deg, Comparison by grid resolution
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¥ Probe point of H1 is different from set point
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frequency[Hz]

L2 grid overestimated the level of NBPs.
There were some results which couldn’t predict the peak around 20kHz.
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Case 3-1: PSD(L3) BRC

AoA=5.5deg, Comparison by grid resolution
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L3 grid successfully predicted the level of NBPs.

Almost all results captured the peak around 20kHz. 99

Case 3-1: PSD(L2) RBRC

AoA=5.5deg, Comparison by grid resolution ¥ Probe point of H1 is different from set point
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L2 grid overestimated the level of NBPs.

There were some results which couldn’t predict the peak around 20kHz. 100
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Case 3-1: PSD(L3) RS

AoA=5.5deg, Comparison by grid resolution
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L3 grid successfully predicted the level of NBPs.

Almost all results captured the peak around 20kHz. 101

Case 3-1:z-vorticity(without peak from slat-TE) BRS.

AoA=5.5deg, L2 grid

Vortzeinf
w 200

I o
200

No/Small Karman vortex
shedding from slat TE
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Case 3-1:z-vorticity(with peak from slat-TE)  YaRC

AoA=5.5deg, L3 grid

Karman vortex shedding
from slat-TE

103

Case 3-1:z-vorticity(with peak from slat-TE)  YaRCS

AoA=5.5deg, L2 grid

A8(L2

High order/resolution schemes could capture vortex shedding from slat-TE with L2 grid.
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Case 3-1:TKE2D(without peak from slat-TE) 7%!_5’&

AoA=5.5deg, L2 grid

H1(L2) —4

ave peak except for S10

105

Case 3-1:TKE2D(with peak from slat TE) RBRC

AoA=5.5deg, L3 grid

106
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Case 3-1:TKE2D(with peak from slat-TE) BRC

AoA=5.5deg, L2 grid

5th order 5th order

= —

have small peak
- Custom grid
Sth order - 3rd order

have peak except for S10
- Trimmed mesh

High order/resolution schemes can capture vortex shedding from slat-TE with L2 grid.
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Case 3-1:Contours of Cp rms(No peak) YRR

AoA=5.5deg, Comparison by the existence of high frequency peak

have small peak

L2 grid couldn’t capture
the high frequency peak
from slat TE due to the
lack of resolution.

ave peak except for S10

108
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Case 3-1:Contours of Cp rms(with peak) YRS

AoA=5.5deg, Comparison by the existence of high frequency peak:L3 grid

L3 grid could capture the
high frequency peak from
slat TE.

109

Case 3-1:Contours of Cp rms(with peak) YRS

AoA=5.5deg, Comparison by the existence of high frequency peak:L2 grid

5th order

H1(L2)

have small peak
- Custom grid have peak except for S10
Sth order - 3rd order - Trimmed mesh

High order/resolution schemes could capture the high frequency peak from slat TE
with L2 grid.
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AoA=9.5deg, Comparison with experiment
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NBPs were well captured in each CFD result.

The variation of the peak around 20kHz was large.

Case 3-1: PSD
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AoA=9.5deg, Comparison with experiment

140

@511(a=9.5)

¥ Probe point of H1 is different from set point

120

100

80

60

PSD[dB/Hz]

40

20

1000
frequency[Hz]

CFD results showed good agreement with experiment.
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Case 3-1: PSD
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REC,

AoA=9.5deg, Comparison with experiment
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CFD results showed good agreement with experiment.
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Case 3-1: PSD
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AoA=9.5deg, Comparison with experiment
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NBPs were well captured in each CFD result.
The variation of the peak around 20kHz was large.
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Case 3-1: PSD
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REC,

AoA=9.5deg, Comparison with experiment
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NBPs were well captured in each CFD result.

The were large differences at high frequency region.

Case 3-1: PSD
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AoA=14deg, Comparison with experiment
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CFD results captured NBPs but there was no NBPs in experiment.
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Case 3-1: PSD RES.

AoA=14deg, Comparison with experiment
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Case 3-1: PSD
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CFD results showed good agreement with experiment.
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CFD results showed good agreement with experiment.
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Case 3-1: PSD RBC

AoA=14deg, Comparison with experiment
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CFD results captured NBPs but there was no NBPs in experiment.

There was no peak at high frequency region in experiment.
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Case 3-1: PSD RRC,

AoA=14deg, Comparison with experiment
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frequency[Hz] =L1/c12

There was no NBPs in experiment.
The were large differences at high frequency region.
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. . o V =
Case 3:Prediction of aeroacoustics s

— Case3-2:Far field acoustics
« Geom.:30P30N (modified_slat_configF )
Grid: provided (required: L2, optional:L3) or custom

* Cond.:M=0.17, Re=1.71x 10°
* AoA:5.5/9.5/14 [deg] (red:required, black:optional)
* List of data:

— PSD of Pressure

Legend(paticipant ID / grid type [J:provided by JAXA, C:custom] - grid resolution [L1~L5])

-@-EXP A2/)-L2 -m-A2/J-L3 -B-A3/J-L2 -B-A3/J-L3 A6/J-L2
-B-A6/J-13 A7/1-L2 -B-A7/J-13 A8/)-L2 B1/J-L3 -&-B2/J-13
-&-B3/J-L3 -B-F1/)-12 F1/)-L3 -&-F2/C-L2 -&-F2/C-L3 -#-H1/C-L2
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Case 3-2:Sampling position of PSD  RBS.

(a) The acoustic measurements are reported for three different observer locations. Specifically,
for comparison with CFD, these microphone locations are denoted as 10c249deg, 10c270deg,
10c291deg, respectively.

The following sequence of steps was applied during the data reduction of the acoustic

measurements:

(i) First, the data obtained by the integration of SD3+FD3 regions using microphone array
were normalized to 1m location from the model rotation center (see attached 2018 AIAA
Paper by Murayama et al. for further details).

Directivity surface
Radius = 10c,
Centerplane in span

135deg

Microphone array locations:
1. 249deg (Upstream of 270 deg location))
X=-431.5mm, Y=+1124.1mm ->R=1204.07mm(=2.63358c_stowed)
2. 270deg (Center)
X=0mm, Y=+1204.1mm ->R=1204.10mm(=2.63364c_stowed)
3. 291deg (Downstream)
X=-431.5mm, Y=+1124.1mm ->R=1204.07mm(=2.63358c_stowed)

(i) The data was normalized to 1 inch spanwise width of the source region.

(iii) Finally, the data was adjusted to account for the attenuation of acoustic signal from 1m
to 10c.
(b) The definition of center of directivity for CFD (rotation center when AoA changes) is trailing-
edge of slat or the origin of geometry/mesh data. The directivity in CFD was defined so that
a reference angle of 0 deg. corresponds to the flow direction.

(c) The definition of center of directivity (rotation center when AoA changes) for wind tunnel
data is 0.4c. The microphone was fixed and the model was rotated. The center location is

slightly different from CFD, so the angles of directivity are slightly different from the CFD

249deg 291deg definition.
270deg

Also, the difference between uncorrected and corrected angles of attack is approximately 1.5
to 2.0deg. Therefore, a difference of 1.5 deg. to 2 deg. with respect to the desired directivity
angle may occur.

(d) The datafiles currently provided in this folder do not include coherence data based on the
measurements of surface pressure fluctuations. They will be included at a later date.
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Case 3-2: PSD RBC

AoA=5.5deg, Comparison with experiment Y Probe point of H1 is different from set point

@135deg(a=5.5)

-o-EXP
L] -=-A2/)-12
-=-A2/)-13
al -=-A3/)-12
--A3/)-13
A6/)-L2
-=-A6/)-L3
A7/)-L2
L -=-A7/)-13
A8/)-12
- H -=-B1/)-13
-=-82/)-13
-=-83/)-13
-B-F1/)-12
=-F1/)-13
R -#-F2/C-12
i ---F2/C-13

/ l\ P ’ -8-H1/C-12
100 > - 1000 10000 100000

frequency[Hz]

PSD[dB/Hz]
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Case 3-2: PSD RBRC

AoA=5.5deg, Comparison with experiment ¥ Probe point of H1 is different from set point
@249deg(a=5.5)
60 T 11 T
i b i P - EXP
| S o e e e N A Rttt sl SR SR S S 2 “A2/)12
i -=-A2/)-13
-k O BEIE 11 it i mit ol o o S -8-A3/)-12
i {l Lo --A3/)-L3
TAATREEIE™ (VR EEREE A6/)-L2
N il i -m-A6/)-13
T AN T A7/)-L2
< | -
% e} Wb C ; g ‘:',_\I_ i --A7/)-13
= : A8/I-L2
9, At nttt mit s i o 1 A i -=-B1/)-13
a i b i -=-B2/)-13
A R S S 2 O i LT -8-B3/)-13
il T L -m-F1/)-12
e et e S e momt sl i alob S
i i N Y w-F1/)-L3
18 SRR S SN S 16 15 1 S SO B )| 8 R A -.F2/C-12
! : ! . ! -8-F2/C-13
: i -8-H1/C-L2
10000 100000
frequency[Hz]
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Case 3-2: PSD RBC

AoA=5.5deg, Comparison with experiment

¥ Probe point of H1 is different from set point

@270deg(a=5.5)
60 T T T T
N IERE - o
50 L———— R Bt & o S e i it S N S S -5-A2/J-12
Z‘,x | ; : i | -m-A2/)-13
40 H H —+EH =-A3/)-L2
! : -8-A3/)-13
_ 30 I IR A6/)-12
N -=-A6/)-L3
20 R I
{ A7/)-L2
% 10 L -=A7/)-13
. A8/)-12
9, 0 -=-B1/)-13
o E -=-82/)-13
-10 Ly -=-83/1-13
el --F1/)-12
20 i TS =-F1/)-13
30 ‘ ,_,_ {1 -=-F2/C-12
; ! -&-F2/C-13
-40 : L -=-H1/C-L12
100000
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Case 3-2: PSD

)
RS,

AoA=5.5deg, Comparison with experiment

¥ Probe point of H1 is different from set point

This document is provided by JAXA.

@291deg(a=5.5)
60 T T T T 171717
! i ~*-EXP
50 b————b——ft bt e b sl --A2/)-12
-m-A2/)-13
40 F————b oA My W R e e e -#-A3/J-L2
-m-A3/)-13
_ 30 A6/)-L2
N -m-A6/J-L3
T 20 A7/)-12
_ﬂg 10 -&-A7/)-13
=, A8/)-L2
9) 0 -=-B1/)-13
% -m-82/1-13
L - of o il it St Sl I o o o At -m-B3/)-13
| “m-F1/)-12
-20 =-F1/)-13
30 -1 O 00 bbb ——— -#-F2/C-L2
-.-F2/C13
40 -m-H1/C-12
100 100000
frequency[Hz]
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Case 3-2: PSD(L2) BRC

AoA=5.5deg, Comparison by grid resolution Probe point of H1 is different from set point
L2 @249deg(L2,0=5.5)
60 T T
SR Poob o e-EXP

50 |---- - -—7&-:%:— T N L e I o = 2 N [ e VAT
i\iii P P o =-A2/)-L3
40 p---- A VAN EL R B 73T U W8 1 e e B VSO
r~— iR R . -=-A3/)-13
— 30 o NSl ": A MR E 'ﬂ'l___ IR REEE A6/)-L2
N <A N 1 { ;| -#-A6/)-L3

20 Y SN =y S day 7 NN -4 d R SN
£ /&/—j / Nz | . A7/)-L2
Q 10 == R Rl o M W s B --A7/13
E' | : ] i A8/)-L2
7 L e Hii i s o 1 1 il it i s 0 1 O -=-B1/)-13
e b i I I ; | -=-82/)-13
10 - //M\ R A R T #-83/-3
} crpme I N R I N I B R 1 AT R -B-F1/)-12
20 { \ \ i | AR N F1/-L3
ol @ b e
\ / : : | i i ---F2/C-13
-40 l \ : L : -#-H1/C-L2

100 @ A 1000 10000 100000
- frequency[Hz]
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WANE
Case 3-2: PSD(L3) REC.
AoA=5.5deg, Comparison by grid resolution

L3 @249deg(L3,a=5.5)

| E --EXP
et o S S AR SN S 1 -=-A2/)-12
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——F—to-b - e e N SN -m-A3/)-12
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i " A8/)-L2
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10000 100000

frequency[Hz]
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Case 3-2: PSD(L2)

)/
REC,

AoA=5.5deg, Comparison by grid resolution

¥ Probe point of H1 is different from set point

L2 @270deg(L2,a=5.5)
60
--EXP
50 L———— L -=-A2/)-12
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30 k- ‘ |- L -\-F2/C-12
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100 % 1000 10000 100000
frequency[Hz]
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Case 3-2: PSD(L3) RRC.
AoA=5.5deg, Comparison by grid resolution
L3 @270deg(L3,a=5.5)
60 T T T T T
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=) | () | A8/)-L2
7 e Y 101 i i it o o o o = -+ -=-B1/)-13
e I | -=-B2/)-13
-10 A R S A O T BEN -=-83/)-13
20 AN N 0 8 10 5 8 i BEl -B-F1/)-12
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Case 3-2: PSD(L2)

)/
REC,

AoA=5.5deg, Comparison by grid resolution

L2

PSD[dB/Hz]

@291deg(L2,a=5.5)

¥ Probe point of H1 is different from set point
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-B-F1/)-12
F1/)-13
i -8-F2/C-12
-8-F2/C-13

245deg

J
“w Iy
100 , 1000

frequency[Hz]

Case 3-2: PSD(L3)
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100000

131

VAN
REC

AoA=5.5deg, Comparison by grid resolution

L3

PSD[dB/Hz]

@291deg(L3,a=5.5)
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Case 3-2: PSD

)/
ARG,

AoA=9.5deg, Comparison with experiment

PSD[dB/Hz]

@135deg(a=9.5)

¥ Probe point of H1 is different from set point
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Case 3-2: PSD
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)
RS,

AoA=9.5deg, Comparison with experiment

PSD[dB/Hz]

@249deg(a=9.5)

¥ Probe point of H1 is different from set point
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Case 3-2: PSD REC

AOA=9.5deg, Compa rison with experiment P Probe point of H1 is different from set point
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Case 3-2: PSD RBRC

AOA=9.5deg, Compa rison with experiment YProbe point of H1 is different from set point

@291deg(a=9.5)
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Case 3-2: PSD

219

)/
REC,

AoA=14deg, Comparison of results

PSD[dB/Hz]
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Case 3-2: PSD
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VAN
REC

AoA=14deg, Comparison with experiment

PSD[dB/Hz]
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Case 3-2: PSD ReC,

AoA=14deg, Comparison with experiment
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Case 3-2: PSD RRC,

AoA=14deg, Comparison with experiment

PSD[dB/Hz]

@291deg(a=14)
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Case 3 Summary Wit

* Near/Far field acoustic prediction
— Submitted near field data (PSD) showed good agreement with

experiment.

— In L2 grid, NBPs (1k~10kHz) were overestimated and the peak from

slat TE (20kHz) was not captured by low-resolution schemes.

— High-resolution/order scheme and high-resolution grid enabled the

capturing of the peak from slat TE. These results showed good
agreement with experiment.
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