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Numerical Simulation of Separated Flow Over Gurney Flap Based on DDES
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[ABSTRACT] Turbulent flow over a Gurney flap is
simulated using a hybrid method DDES (Delayed-Detached
Eddy Simulation) based on k-w sst model. The method
combines the power URANS in the attached layers with
the power of LES in separated flow regions. The numeri-
cal results indicate that the DDES model can forecast the
separation and the vortex flow more accurately and pro-
vide more reasonable force coefficients. The results show
DDES methods are very efficient to deal with the separated
flow over Gurney flap.

Keywords: DDES Gurney flap 4-w sst turbu-

lence model Separated flow

Gurney 30 5 T 2 B3 F 3 5 %, J&—Fh ik

TR BT RO ol 2 3 T i T ek 2
BRI RE Dy i H A R RAVE AT, 20 tiE4d 80 AR LK

E AT Gurney B3 UEFT T KBRS MEUEIFIE ",
HHT7E Gurney B3 58 R FHL £ 19 02 3K i 7 14T
) N=S IR Ik  AE AR/ N3 B i sh o, RANS 1]
IS B a5 5 (A LAER A RS L e B i 8l
TR — e, AT T ] ELER g KR 2 8 IR

* HE KA
114 RiAERIE A - 2014 4£55 16 1]

HFF S 12GS08 ) %),

Rk ApaX

BE/INRUBE 2 ) B R LES, (HAE L A2 A4
H, LES W 2 H AR R, HONRESE 4250 HE D I RE R
S5 SRS BT AN UERf
JFiik RANS 5 LES 7EAHU 3 25 5 J7 A sl
AR KT RANS/LES IRAH L, Hh g iR A3
M DES B3 ( Detached Eddy Simulation ), 38 L% R
BRI IE , (TR A Sk A T BE T R LA RANS H#1E,
TE TG 25 W) AL AR B LES WAS T RER A M/ER. H
DES JRA 52 W% AT U ) A% 7E B ETZ Y
AN N AR A A TEMT I E N DL LES J5 208
L, AR EL A RO KT LES Bk iy RUEE , T 5 | 2
BRI J4AE( MSD ), e 2= B B A B 7, 4
XoF SHE S [vo) T 1) e 2 kS A B TR 2 N A T S B R 42
il , RETE R )2 P OR T RANS 1A A2 LES, il K
TR BERE G AR R SRR [ R, S AR A B A AR
& DDES (Delayed Detached Eddy Simulation ), B} “ZEiR
AR o 3P DDES IRAH AT Aok A5 2 i &
J IR T 22 B AT . ARSCR A DDES 1A
I TN Gurney BE3R (0 £ BEBLZEV il k% 1
K , 437 DDES 1A B Gurney #5373 2 i
SEERAY

1 HEFE
1.1 EHIARE

ASCE A FRARF R A — 4w N-S i, B
FAARFR R T =R E H N=S SRR SFIEIE N

12y +[[H -nas=[[H,-nas = (1)
Q at o o0

Bl -

P P

pu puq + pI,
w=1| pv |, ? =| pvg+pl, |,

pw pwq + plI.

PE pHq



TESTING AND SIMULATION ml‘h‘i Ej{jjﬁ:

0
Tod, + T 0, + 7.1,
= | Tl +7 0 +7d | (2)

H, A, + 7.0, + 7.l
B+ B, + Bl

K, 2 G AR S AR n RAINE M K
Ty Ty Ty Ty o T AREN M T T
PER B I B A 25 SRR TE REONZ R R AL
Fli L b 1 R B

1l 7 R 1 25 T B HEOCKG 38 7R Roe ~F- 35300 X
22505134 (FDS ) A, AR i s 0] Hhu 22 704 =X
B, AR 8 R TSR U ) P S A s ] A ]
1, SR A 1] 32EA
1.2 k-w sstimiEal

B R K JH Menter k— w sst 5 R I iAo
YRR N

0 d(pU; P
(gtk) + (%Xizk) = P, —B'pkw + aixl ((,u + a-k“’)g_)lé)
,(3)
a(pa)) G(pin) _ 2_ 2
ar ax. R
6 aw PO 2 aK aw
x,-( + o) G2 )+2(1 = o ax (4

0
Horp RS sRECF, SN -

. VK o 500u\ 4pak \\'
F\=tanh ,(5
1= tan. ((mln (max( 0.0%0d pd2w CD,m,dz ( )

2000 2 20 10-20)

€D, = max( ,
max w 0x; Ox;

M-SST FEX ARG 2 &k XAt

v, = a;k/ max(a,w, S F>)

) (6)
:/H\:EP’T%’/%ﬁ alz 0-317F2 ﬂq%giﬁﬁélﬁiﬁ9%}(ﬂq:

F,=tanh ((max (ZL m))z) (7)
0.09wd > pdw )| |

o, Pl k 5 AR TR A T R b R BOE g L)
TR

a=akF+a, (1-F,), 0,=0.85, a,,=0.5, ;= 0.075,

7,=0.553, 0,,=1.0, 0,,=0.856, $,=0.0828, 7,=0.44,
1.3 DDES Fi%

A FALSE ) URANS Jit A 7%, DDES {RA
= N DAL S L 0 1) S /7 || R S B |
D5 R AL R ) k rRREEON -

pK) , IpUK) _
ot ax,

Poppko- Foss + - (@ o) 45) | (8)

3, Fyps = max ( CL’

DESA

(1= Fen.1) .

AL, L=+k IB" @, A=max (Ax, Ay, Az) ML
FFASBERTTH DR R K —~ . Hrh Fog, =0, F, 5(
Fy, Faa=0 JZ0t DES, Fuy=F, 5% F, 5 DDES 3
BT P, e bt By SR O BARE PR, I AS 3]
T2 U AR SO T Fog=F, 1 DDES Jrik .

2 HELRE5H>Hh
21 TEZEEEN

B DDES 5945 URANS Bkx T4 £ B
BUBE ST, LA NACA63 (2)-215B WiBLE A, 1A%
TEEL 3.7 x 10°, ThfEL Ma=0.2, %37 BE IR B i
RS HZKH ¢, 11 DDES 5 URANS 5% HAH ]
1) C—H 2B MHE, A% R EC 15, i B 1m 5
TRUE T IR B 20, 5 S T TR 9 — )2 1% 1) DA E]
107°c, A= HE MK S BATTECN 2.9 x 10°,

s

.

////
i
77111/

)
/]

e
Ut
i

U] ‘h
i Jnm'“%]‘,’,’,’!w”fﬂl

i

NSE
S

A/

El1 NACA63(2)-215B= 4t &M%
Fig.1 NACA63(2)-215B computational grids
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Fig.2 Flow streamlines in the cross section with no Gurney flap
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Fig.3 Size and computational grids of Gurney flap
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Fig.4 Lift coefficient of Gurney flap
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Fig.5 Flow streamlines in the cross section with and without
Gurney flap
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Fig.6 Comparisons of flow streamlines in the cross section with
Gurney flap by different simulation methods
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Fig.7 Force coefficient variations with nondimensional time
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