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Computational Study on Turbulent Viscous flow around RAE "A" Wing
Axi-Symmetric Body Configuration
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The Computer code KAIST-ADD LUFUNS has been developed to solve 3D compressible
turbluent flow. This method employs Harten-Yee’s modified upwind scheme in the explicit
part and Steger-Warming Splitting in the implicit part. Flow past RAE wing-body aircraft
has been computed for three different flow conditions. The results have shown good
comparision with the experimental data. Baldwin-Lomax turbluence model is used for this
computer code.

1L.AE

CFDE =32 8o thekd 437 99 4532 siMdsin 1 2F4E 337 Y 4A9 data
baseZ AMg-8l1z} sl &7 A £4 4zt FF37] A FJAEAA FE3] SE = gk 27]
ol zte AEH wre) =W AN £x9] gloz AL4 i 45 HAE4, ¢F 94 A e
Fed wEdor ot Fxl vAA Euler AL Fof 73 FHYE £0% A==z Furt gl
E F5AL S48 5 A A a8y 24 e AASY FAY 3R 47 S %
ARE 71X YA ¥3 vldA LY 22 EYUFES 42T 471 fled, A4 nFAd F%43]
AEAgy 2o FFET 7UE 471 o vlad 2 vy 998 e e F=HE 78 Ut
siich waba  ube] o o] x| ke 9o ARgo] 7Hed HHE(Thin layer) Navier-Stokes 74
< F2 4 st stou ATde deF AFEHAY ATl oJART AYFel w SAF full
Navier-Stokes¥ 4 4] & ] §-3to] 3219) 383 7] F99 #5232 H4slele o] T 2FFL
2 dFEIUD. UM E 3AY 27 F99 45 ¢ F FFd aF A7 ARl FA%
Hatdga F7] 712 A 284 QFFo] o|FoHH1-2] B =FL olz{ My AT A}E wiEg o
2 o] <RAE "A" /-EU1A FA> ugA P4 diF 47 BHE A3 dd B dpdMe
A% A7l E2A8= RAE 27-5A e 3g3rid dis] A WA= nlsts 08, HolERE4
1.040° w2z} 059 258 2tz Astn SRAZE olsld 09 dolE x4 1.0%10°5 Wez}t 0xd)
3l AT o]ES 4% A} vimEYth ¢ F Ed2& Baldwin- Lomax 2d-& AR5

2. AW 34y R 37
1) A4
3214 Navier - Stokes WA AL AAl Hddoa] 2 &3} At}

oF oG _0E,  OF, G,
Yo Yot T o

o[
3
(=13

rabil

D #=7943%71ed FF+F39w, Gos-70DHAFHA] /AT 7A4F 3731
2) AT 4 312
— 81 -



o714
=9, E-le+errerieo,

(nQ+nE+nF 400, C=F(LQ+LE+HLF+E0),

~

E=L(&EAEF+EG), Fo= LB tnFtn6),

Co= LB GFALG),

J& Jacobianol® Q& #% W4 #WE, EFGE 33449 +449H, Ey, Iy, Goe 34 #% Hg o,

2) 2 78

A ARrYozye LU A dAsE  Adsigen, JI¢ AEgezes S4¥de
Steger-Warming[3]¢] Flux Splitting ¥P3-E 1xle] UpwindzHE e 2A #Hsla, SAdge
Harten-Yee[4]2} Flux Difference Splitting A8 2] Upwind-TVD7§{-& ARg-3te], AAHe=z TVD A
AL WEF3E 23] Implicit-Upwind 27]0] HEE et A 8 F3& A3 T4
AP YL AL

3. A% 2%
RAE @/1-54 299 424 @F 45

F37] WA-5A 299 454S A4y 9P dA= 4% AW EASHE RAE "A" 2Ast
AYY 204 B4 399 $52 95tguh. RAE "A" Y/l RAE 101 932 7|Eoz 83 3o
o stzA=Y] 60, HolBy] 1/3, W F£H2H 3665%, RA FH 234x9] AL AT Utk

31. 8% I : M=038, ¢=0.0%=, Re=1.0*10°

A vlakS: 0.8, Flolm=4 1.0410°, wezto] 02 Q wel didl AL AHEE AAAE O-H
-Bo 7 165%42*540]tk. A WA HAAFL y'=30 Axd YAFY. 27 lde e 2 MFYAM9
4FA 5+ FHE Treadgold5] T A8 Axs} vlm Aotk @i A Nelr FHgE HAPA
gor g3 ALA oz Wil diF x/c = 30% AxdAN i GFte AT @I A AR A
¥ Aol 2 X3 AL $FH 4 Utk 2P2e 3xPGF oz B QAT Of 32 F
Ast 27l AN 543 Aot 07 4= A LAFFHE Vasta et al. 2] A4t 2
o} nwF Zolg. Vastae] A4 Axbs FA & 2RAA AP AT AolE Rolx e wE £
Ao A & RRAME A3 Axst F Ax$.

3-2. % I : M=08, a=2.0%, Re=1.0*10° _

G- Fae F37] 284 AL AR vla4 08, Wz 205 HolEzS 10410°) Fg-el
3l AdErgr Al ARAAE 165*42454*2 oltk. U-F Fole ZAFA A 28 2] 3%l 23}
T ez gt ad 55 @Y 4 AQAAY ¢EASF F4E vehd Zelth @A A I
ZA 4% ZA%st Z dAsT A 2"6L 3RgFe R uEhE S9E d=oln 19 72 gilg
A 2AAA 9 FU4Y dmolnt

3-3. 4% III : M=0.9, a=0.0%, Re=1.0*10°

AT ulsl4 09, Fols=F 1.0410°5 whgzho] 0% 9o sl AXSQT 29 8ol EAA 7
AZGoNM e FAASG 42 Treadgold[5] T AF ZAzs} wimg ol B A AAeA A3
Azl Z X AL #FY 5 U 2P 9= G BA FAdAe S48 Hxolr.

sae
Upwind TVD LU 24} QA3 7S AME$ AFEH Z=E /@8t <RAE "A" 27-3U3> %
A vlaA Bael gE LS FERNA FFA UF 45 ANART. UF AL 2geax
Baldwin-Lomax ® @& AE-39th RAE YA-54 29l $#54¢ M2 g8 X 2AsA A
Asgen A4 A% fEol 18 BRAA B Wihs 54 ¢ BRANe] Y Aese 482
_82_



o} F AP FEPY0] ERF A e HFY REGME BFE 3 F $5FNAM9)
@% A A4S 3] AL § 4 gl Baldwinlomax ¢F 2de] A= Q8 48 Ag9 o
4 ol AL AFE B #37] B4 399 453 2L ER 34Y 3R /52 AN
e B2 Azt a8ty vre A4 Aty 7k a3 ot A4t Alzke] 813 A s
L3 A& parallel processing ol i3t A7 23 Hasig. )

% 7]

# A7 od 1AYE 74 6974 & FE TPRSATE 1212 APAA 7 34D 8
A Pgel B8 4779 A% 3 499 wPUT A7) ASdEs Add 24 BAAES Se
Holol 248 34 BEEEA ZA=YUT,

Fx &3

(11 g A%, 3 24, 3 84, @ 29, o A% “gF7) @) F99 339 Y54 Navier-Stokes
T 4, FeE+F53 A=W, pp 117-121, 1996

2] A 3\ “ Covarant }EetA LHL o]&3 A Aoz Amws= 4D A 34 4
|, " dx9Er|e9 SN =8, 1997

[3]. Beam, RM. & Warming RF., "An Implicit Finite-Difference Algorithm for Hyperbolic Systems
in Conservation-Law Form," Journal of Computational Physics, Vol.22, 1976 '

[4]. HC. Yee and A. Harten, " Implicit TVD Schemes for Hyperbolic conservation Laws in
curvilinear coordinates,” AIAA Paper 85-1513, 1985

[5]. D. A. Treadgold, A. F. Jones and K. H. Wilson., ” Pressure Distribution Measured in the RAE 8ft*6ft
Transonic Wind Tunnel on RAE Wing ‘A’ in combination with an Axi-Symmetric Body at Mach Numbers
of 0.4, 0.8 and 0.9, AFARD-138-B4, 1979

[6]. S. Agrawal & V.N. Vasta & T.A. Kinard, " Transonic Navier-Stokes Flow Computations Over
Wing-Fuselage Geometries", Journal of Aircraft Vol 30, No. 5, pp 791-793, Sept.-Oct. 1993

o

&

[ —-0.40

~0.60 3
@oooo Experiment coaoe Experiment
Present Results Present Results
~0.80 3
-1.00 T e T T T T T T T
0.00 0.20 0.40 Q.60 0.80 1.00 0.00 0.20 Q.40 0.60 0.80 1.00
X/C X/C

(a) (b)

_83_



0.40 E 0.40
0.20 0.20
000 3 0.00
~0.20 3 -0.20 3
o a E
[&] E (@] 3
! -0.40 § I ~0.40
~0.60 § -0.60
°°°°° Experiment soooo Experiment
——- Prefent Results ——— Present Results
-0.80 3 ~0.80
-1.00 -3\ -1.00 :mmmrrm
0.00 Q.20 0.40 0.60 (.80 1.00 0.00 Q.20 0.40 0.60 0.80 1.00
X/C X/C
(©) (d)

a9 1. mhaS 08, B2 00%, #olE=4 10+10° & ¢l RAE @719 ¢gAS 34
(a) y/b=25%, (b)y/b=40%, (c) y/b=60%, (d)y/b=85%

Pretsure Contours on the surface of Wing+Body
{Mach No=0.9, AOA=0.0, Re=1.0ef)

29y 2. M=08, =005, Re=1.0+10° & @ 29 3. iig 54 RdAAY 98 A=
ey A=

04 ~ous TLNS30 |SDM)

—r=e TLNSID (MDW)
¢ Epmment

“0.3}f

| $=30" .
L2

ol

01 1 | 1 A 1 1
‘02 03 04 05 0§ 07 08 09

Fuselage Station, XA,
(a) (b)
29 4. M=08, 0=20%, Re= 1.0+10° 4 W FHA($=30E)M 2 FHAF IH £¥

() A ALY 27, (b)Vastad) ALt A3
-84 —




A



