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FLOW SEPARATION PREDICTION ON TRANSONIC AIRCRAFT USING VARIOUS TURBULENCE MODELS

Namhun Lee, Einkeun Kwak and Seungsoo Lee

In this study, numerical simulations of transonic aircraft configurations are performed with various turbulence
models and the effect of turbulence models on flow separation are examined. A three-dimensional RANS code and
three turbulence models are used for the study. The turbulence models incorporated to the code include Menter's
k—w model, Coakley's q—w, and Huang and Coakley's k—e model. Using the code, numerical simulations of
DLR-F6 configurations obtained from AIAA CFD Drag Prediction Workshop are conducted. Flow separations on the
wing-body juncture and the wing lower surface near pylon are observed, and flow features of the regions are
compared with experimental data and other numerical results.

Keywords: 2H-A <1 8H(CFD), W7
A&

Z+(Transonic)

ARlo] & vk o < &
7] T Bk 55 BEE wa gEs asb] 9
3 AEHorE #HolY (fairing)o] AFEEQOL, H2dE 5
42 FEAle] W synthetic jetd} 22> AR EQ AL
I JrH1-3]. ol¥E AXES sl &l
of tigk JEgt o Se] daslojoF 34 CFD EL
BN BEAoE 55 WEE AT F e T8 BT
% shtelth

2003 AIAAOA X3 DPW2(2nd AIAA CFD Drag
Prediction Workshop)[4]°l41+= DLR-F6 &3] o digt &
g o] AYEEA Grl-EA FHIE(Wing-Body Juncture)
9} FUE oF E(inboard pylon)oll X HAe= &5 w7t &

o
%
_>L
rir
Jot
il
)

1 sHAE 9, stujeta Qurojetel a3 SF 3ok}
2 A8, AshSE A ABHE FIFEY

* TEL : 032) 860-8696

# Corresponding author E-mail: slee@inha.ac.kr

L @(Turbulence model), &% ¥}2](Flow Separation), 3-37](Aircraft),

Ze|lon old ek A Aso|] Bt Tinoco &
[5]%> SA(Spalart-Allmaras) =23} Menter's k—w SST(Shear
Stress Transport) ®&-& ©]-&3to] DLR-Fooll et siXES o

A Azl b B whel G- FA e e 2
Ao A s 559 BLE] G0l v=A Yeh= AS
FRI3HATE May et al.[6] SA B2 9ol 37}x]9] W 2l
< Agst] d4S }\333}31%‘3] G-EA ] v
F9o] 77k W mdol wie} vz dFste AL @9l
aFATt

v =rolde W 2l 55 ute]e] dydel FE6t
of Wt o] mE 7] F919 55 we] Sl e
ATE FHSY 5 S fsd 45 el Al

RANS(Reynolds averaged Navier-Stokes)
S 7lvte g JiutE SAx12] MSAPV[7]7}
ATk G Bl 2944 i 299 Mentero
k—w SST Z2[8]7} Coakleyd] ¢—w E9[9], 22|31 Huang
7} Coakley] k—e EH[10]S AFE-8IIE sllAlol| A= DPW2
oA AAE DLR-F6<] WB(E/W + EAl)9 WBNP(E7H + &
A+ A+ J%"‘i) g ARl a4 Ak DPw2
ol AEet F5 A A4 R EF A S4 A5)ek v
STs B AL LhET 2dl gl Azl w whe] F4el] diel] =
oJst3ik



oE  oF, 0G,
oW B oF oG_ 95 OF,  0G,
ot dr 8y 0z ox oy

A (DelA W BHEY f5 WS WE(conservative flow
variable vector)o|™ B, F, G L E, F,, G+ 2 WOz

o HIHA #% WE(inviscid flux vector)9} F4

(viscous flux vector)E YERATE Sv WRED WgAe] A
Fow i mdd w2 Aojdrk A Qs BE
g #& ¥ 9HE Yepddth

% g

o

rl

W=1[p pu pv pw e ps; ps,)” 2

AZNA s, 5,5 2984 diwE WA Ui wel W

o]t
22 2-0HA LR 29

2.2.1 Menter®| k—w SST 2H

Menter2] k—w SST Z@-2 2 A WhZ(free shear layer)Z}
9] dY(outer region)oll A A ATt FL k—e EET
BAZ WA gLt Aes 2 v k—w 229 44
S Agsto] whE Hybrid Zdod}. o] mdle 5= ulg9}
22 A9k Tl f-E(adverse pressure gradient flow)S 2 &
bk sle = dejA] Stk

k—w SST 2Hle] Wi 2l ¥et tjga) 2,

>~

51=k,32=u}=z &)
T3 AHEE thE o] AejHh

Buj "
aw U 1 0k ow
S, =—1,—2—Bpu? +2(1— F,)po,———
2 k Tij az; P ( 1)/7%,2 w ox; 9T

OIE I (=13 F
(272‘ ) N2ERED 421@

=
Z 1]

oot

7y Wi /52 blending function £l &Jsl ¥t W
WA Wt A Alee okt o] Fojxitk

L 031k 5
t p max[0.31w;2F)

0% vorticity®] Ad] kol F,+ tha¥ 2t

2vk 500v )]2 ©

F2=tanh[max( o
fuoy yw

2.2.2 Coakley®| ¢—w 2

Coakley®] ¢—w &2 5% B S25% fred o
AHEEM AR w, g w BE AFER T AR AR
F At AHS 7R ok

Coakley®] ¢—w RH9| Wy B Wies th3a) 2t

€

slzq:\/z7 Sy =w=

k
Wi AR W 2AX A FsAeE T 2ol
o] glojxik
My = C;Ll)(j% (8)
D, =1—exp(—0.022R,), R, = ‘;iy
g QHES 53} o] FejHr
S 2
S = Cq](CMDqu Fo 1)pwq )
S D
52 = [Cwl(CIzg_ Cw? w )_ Cw? pw2
of7]o)A §¢ D= vt 2tk
1,] It 1,] 3

or 9y 0z

ou ov ow
D=—+—+

2.2.3 Huang 2} Coakley2| k—e ZE

od
Huang?} Coakley®] k—eR @ Wi &% oAt i
Mg Bk o] FA S ofgste] Wt A AFE

™



422 N2ZHY (27% 2)

E=R

S, =P—¢ (11)
Cy e o pet €
Sy = p B~ TZE(C&P;C*C&[E)

2 9)elM Pok e vt ko] Aeojgr)

Py, i=pl1+F(M) Je 12)
1A 7 TheEt 2
2 2
T = M| W T, — gukvkéij - gﬂk% 13)

5 A A== Komogorov relation © £ 5-E] -3k}

o PR
e = QL UT (14)

of7lellA f, & Aol
23 TX|7|H
o N B e
o] At Roed] AP Z|WHl(Roe's Approximate Riemann
A4 AE Adele T4 RS o83k

o H=

FE ANGE Ao WY f4 U

Solver) £,
oA 71 3t Ag=E =017l 98 Van Leerd
MUSCL(Monotone Upwind centered Scheme for Conservation
Law) ﬂé}(extrapolation)ﬂ‘ﬂﬂ} van Albada®] A &R} (limiter)E
Agadd. A Mpae wedem Ak Slad
AF-ADI(Approximate Factorization-Alternate Direction Implicit) "
W A8l

[o]]]

3.8 =A
3150 HN W AKX M
DPW20ll 4 AAEl DLR-F6 Aol thell % siAlS 43

319tk DLR-F6E Y7l-SAE o]Folzl FAHWB)H -5
Aol YAy Hd28 F23e FHWBNP)o] Utk FAk
MACE 1412mm o] % =g ko] 7% WdL
72,700mm’e]t}. Fig. 1614+ DLR-F69] %5 =& [4]S Ko
T gtk 34 X= Boeing ARl Tinocol] AT-ellA o]&
St AR ARSI ARl A7]of gk HRE Table 19]

Fig. 1 DLR-F6 Model

Table. 1 Grid Size

Grid WB WBNP
Medium 3.9 Million points 6.2 Million points
Fine 8.9 Million points 8.7 Million points
= M =AH

% Aol A= DPW2olA 9 314 2S5 o838l on
Z7A3} A% (design point)S B2)3to] Table 20 LERN
Ack DPW2elME AFXe] wez3) g AFE Sl
HEAI7IE Aol gyl wiiEel A ¥E ARG,
matching)9} 7] ¥-3-ZH matching)ol A9 dl4S 338
o} ofo] & AFelM e AAl ¥ Aot A w3l A
it A FEeadel was fls) -0.575F8 1.5°7H4
0.5°7A S % Tl 7FA] whEZo] thgh sjAls allEtlth

of

Table. 2 Design Point

Case Mach No. Re. «(DEG) c
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