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PACS: 47.27., 47.27.em, 47.27.ep, 47.11.Bc
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7T 0 3 AR AL 3 AE B il L 2l 0 A
FIE BRI, O AR AT 28 vt ) B
J7IEL. SR, T B RO A R N B B
TRBN, KR T SR AR )T % (computational fluid
dynamics, CFD) BRI+ 7 2k 11,
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BEHSR T REERIm i ik sh 2 2 s REE, Ji
IERZAEIER £ NN R TR 1 St E S AN
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EASM-DES 75 2 R % 5 A5 2 53 7% it 7 i &5 14,
I B < 3h f B R K. {2 BT EASM
B33 T Boussinesq BHESE, HXE 6 18 B /711
SRABATI SRS B, ] A A 0L 3880 SR %o 49 £ fgl ek i
BK.

R (Reynolds stress model, RSM)
2 S v Y A 3 P R TR AR Y, SR N O AR oK i
B UL TR — AN T R SR il ROBE 2 RAR & (191 4
i 3 Be A AR e B AR IR w), B8 B4 A5
AR S G X G2 RNV A R T I
Probst 25 ) 3£ F ¢ B RSM #% K Jg T e"-DES 2%
Jiik, HAEHGR-01 B8 AR 7RISR, (2
HF e B ROM A RS S etk 4 22 ) HO@ AN w
R RSM AL 14

U4k, 48 B R ) Eisfeld % [1919:16]
KIET — &K RSMEL ! Speziale-Sarkar-
Gatski/Launder-Reece-Rodi (SSG/LRR)-w 5 %4,
HAE— RFE J B 5 B IR 3 OE B T R
. 58 B LA LK R I Rumsey %5 121 76 Jif i A5 7
ZUE (turbulence modeling resource, TMR) M3 |
¥ SSG/LRR~w 15 B ¥y i 4 4% [ RSM, I IT |
T Z SIS TAE B, 3 CE %D
BT TMR W, B E T SSG/LRR-w 152 [
B0 B W7, ABAE R I % vk B2 T RANS
75 ¥ 19 SSG /LR R-cw 55 7 S 38 78 K00 £ 4R 25 g A5
AR, ACHEF IR TAE, 78 SSG/LRR-w
B ER R T — 2K DES Jik, FEE R fii 2 H
(17°, 45° J% 60° 30 /1 ) NACA0012 AL, 12° 101 £
INACA4412 B, 24.6° WA MEIRTZ: = M)
AT T 3R, N 7 AT R LURIE TR, AR D08 R R
FH T A G0 5 T 2 P I R ASE 2R 1) B TR AR AL 7%
SST-DES J77%.

Xt F DES J7 1%, 75 RANS # 7r >% F 5 Ja 13 1)
TR AL T AE 2> B X LES 3 5 I % 3048 A (1
TR m. MRS W5k, S TR
B T AR SRR AT AR R 22 07 B A K
Sy Us=200 i AR RSCR R SR B A8,
B TR B T R, RS T LES 8t
hybrid RANS/LES J5 7% #f P11 A 3¢ o % RANS
5 FERRE R Ty R 1A B OSSR B T B RS E
L R 26 PE 4% 3 (weighted compact nonlinear
scheme, WCNS) 22231 3 H 76 i+ 5L A% 5 Hoit %

F 7 2 B ER UL O 455 500 R D A 3 B BV (sym-

metrical conservative metric method, SCMM) [4],

2.1 SSG/LRR-w&#!

X Navier-Stokes 77 #2 i 1T Favre V- ¥ J5 H 31
TR0 AR G A VR R R, a0 SA AL AN
SST #AY, 5 1 N /) IR K i 32 55 T Boussinesq
Bk, T RSM NI B FExE H R A

O(pRij) N O(pix Rij)
ot Oxy,
= pP;; + pll;; — peij + pDij,

(1)

Hrpt, oy, (k= 1,2, 3) 737 9 sf (B A7 (B AL bR oy &
B, i 1 Ryj 53 W2 7R Favre X (015 3 | 5% 7 &
FTE R ik, MATE SN = —pRij. AN
FRgR Ut B, T I B A 5O Favre S35 5 1 &
(1) A7 0 38— BN AR RSO, 1] e SR A

-~ Ou; -~ 0uy
pP;j = —pRiy—> — pRjx—; 2
Pl = =Py = PRk g (2)
A iy 55 = TN FE B,
_ 2_
pEij = §P55z‘j; (3)

Horh e FoR & A A PEFERLR, 7 28 AU 1T
RETT RER AT 2, 045 9 Kronecker #5413 2
VY T4z T,

pkRp\ OR;
’ 5kl> ax”’ (4)
Hrhk = Ry /28Nt shRE, o V880115 R
, DRRImIE /R TS SR AR
FR) s AR SRR I ) A8, B (1) 24 i 38 — 0.

pDi; = ai,c (7w + D

1 - e .
pll;; = — (Cipe + ECfﬁPkk)aij + Cope(ainan;
1.
- gaklakléij)
+(C3 — C3\/aman)pkS;,;
I S
+ Cupk(ainSjr + ajiSik — gaklskléij)
+ Cg,ﬁl?:(&ikl/f/jk + ajkWik)- (5)
Horp & v et gk
_ R 2
Qi = ];;] - géi]* (6)
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% 1 SSG/LRR-w BALE R H0H SSG A LRR #4319 5Tk
Table 1. Values of closure coefficients for the SSG and the LRR contributions to the SSG/LRR-w redistri-

bution term.

C1 C1* Cs C3 Cs*

Cy Cs D

H(55G) 1.7 0.9 1.05 0.8  0.65

0.625 0.2 0.22

p(LRR) 18 0 0 0.8 0 O L6y 11 (=7 p10y/11 0750,
" LRR
7 SR = 0,52, €, = 0.09.
FAth & I LT 2 w AR < Bl w A TR
~ 1/ 0w, 371]' Table 2. Values of coefficients of w-equation corre-
Sij = 9 8$j + or; ) sponding to the e and w parts.
S* S Skk61]7 Ay Bw Ow (o]
W 1 (5% 571]') " FIC) 0.44 0.0828 0.856 1.712
i — - A
2\0z; Oz P 0.5556 0.075 0.5 0

ji%%qj%:%;ﬁ[¢ = 01701*702703703*7047057D
IR G R Py R R, RARRBUE & .

¢ = F1¢"™) 4 (1 — Fy)¢59), (8)

N T B TR N R TR,
SSG /LRR-w 5 7 Fi % T Menter ) 8%, X e 72
Mw T FERHAT TIRA

d(pw) 3} _
ot +ak('“"“’“)
N N pky o
BT R vl | CRR e ol
b ok 0w
+O’damaX(67xkaixk, ) (9)

TiRE(9) A B LUAERIOR w. 45 i 7] PR B3 i
U w

€= C“I;w. (10)

ﬁ%%qj E‘J%ﬁ¢ = Oy, ﬁwv 0w,0d @ﬁ?b‘?ﬁé\@ﬁﬁ‘
HARH:

¢ =F1¢™) + (1 - Fp)p®. (11)
A ROE LT
Fy = tanh(¢?),

. [ ( Vi 500u> 405,5),)121
¢ = min | max ( ,

Cuwdy’ pwdy®)’ (CD)dy>
ok Ow
oD = o©P 0 12
9d max(ﬁxkaxk ) (12)

b, dy, BEBETNE PR RS, Hofh RECAANEL 2.

2.2 SSG/LRR-DES #7%

DES J772%: H Spalart 25 [T $2 1| # LES J5 Al
SA BRI GE G i Ik bl 2 b ) b R 5 B T R
BSOS R T B sh D). H S, Strelet [0 £
%5 Spalart [ AR, 38 ik b i 2 A% RS 5 3
KFERE, ¥ DES 775 N SST B, ARSCRH
SSG/LRR-w 514 5 SST #5241 251y H T~ LU FE LR w
AR R A M iE SSG/LRR-DES J5 ik K
F ALY SST-DES )it B K.

s SRS Ko R

Ly = max (Az, Ay, Az) (13)
K R

L, = VE/(Cuw), (14)

ti?ﬁﬁiﬂ% /%W%SST DES Hn] B S, A

ﬁis}aﬁéu SSG /LRR—DES 1) B i)

LDES = min (Lt, CDESLg> . (15)
XTE VN g 77 FE FE BT A A e [ P RE R R
(10) RHEATEIE
g = ];3/2/LDESa (16)
X B Cprs AN DES % %, i i Menter B 7R & 8 %
(12) 152
Cpes = (1 - F1) Cgés + FlCE)LgS’ (17)
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Heep ) A 8D b T AR R & BUE RS 2%
S, T T R A% ) AP TR O 120 S AT A
AT R 0 R ARRE A 2 B BUE 2
4 0.60 F110.78.

Ji 46 DES 7 72 1) PR il % 76 &2 2= I A% 1 ik 22
RANS FI LES () %% # it #5742 B, 2% 3 i fsE
YR 735 FE (modeled stress depletion, MSD) % [f]
AL 2006 4F, Spalart 25 20 £ % Menter [ SST
Y g 3 AR, SR “4E IR LES 8K 30 B TR
U6 RRAS B MSD 0] @8, & R T 48 3B 43 B I 154U
(delayed DES, DDES) J7¥%. 2008 4E, Shur %5 [7]
¥ DDES J7 7 FIEE [ 4 71 KR A 40, (wall-modeled
LES, WMLES) 7745 &, KR | s iEik 7y %/%
il (improved DDES, IDDES) /7%, F7EdE €
S EIBRARE] T TIZ N . ZIKiE‘JiJrﬁEPi’S%
M IDDES &3, HAyi&id FEan .

1 Y6k Fl WMLES H 6 RO (s U8 Ae, &
SHTH IDDES FR 1) 28

Lpgps = fa(1+ fo) Ly + (1 - fd) CpgsLg, (18)
X, fo MBS,
fa=max((1- fa), f5). (19)

o, faRJEDDESH MR 3, fa = 1 —
tanh (8rq)%, f NJE WMLES 1 {1 #4651, f5 =
min (2exp (—9a2),1), EH a = 0.25 — dyw/hmax;
Jo DBE AU I 428 1] oR K, FCAE FH 2 ORIE 7 B T B
T R S HE 2R /2 LES 2RI, Z0mE It I IXCE 7 B
JIHIFZ

fe =max ((fer —1),0) fez, (20)
Hor for N
2exp (—11.09a2), a >0,
o= {2eXE E—9.0a2) ,) | a < 0; 2y
fe2 XN
fur = 1.0 — max (tanh((cfrdt)g), tanh((c%rdl)m)).
(22)

(22) A rq, rag Mrq 53R [27]) FHAH .
F AN, EH S MR R RS, Shur 5 P71
Sk T BE PR B (R, BT L N

Lg = min (maX (devw thmam hwn) ; hmax) ’
(23)

/H\:qjhmax = Imax (A%A%Az) b} hwn %Eﬁﬁg
J7IA k& K. IDDES H i) 2% O = 0.15,
¢ = 1.87TH ¢ = 5.0.

3 MEH %
3.1 SFEHERE

WCNS # 2 H Deng 25 221 78 2000 4E 4% 4. 3
J&, AR 2028291 Jr 7 Z R 2 WCNS #%
3, FHAET 2 B8l a) /8 ik B 1 g U AR
AR H 72 WONS £ 91 2 b — b 3 1) T By
2 20 iR 30 WONS-E-5 122, WCNS-E-5 % 3 i
T HARFERL S BT I B B S W IR FRRE,
BTz R T % S BRI 2 1) R e RS PR A
U A X 08 PO WCNS-E-5 #% 308 F
PR B & SRV G I LES 1, JH AR F P O
B AR ARG 5 R BEAT 10 EE, SRR T R 2R A
B B I AT AT 1.

FyAASCAE T B A% 3 H R e BN, SR
T AR AT S PR R 6 R S A I A S B B P
AR T FEEEk fﬁﬁﬁ%ﬁz‘ﬁ/zﬁﬁ’]ﬁ‘%ﬁﬁﬂd\
BAE R ZE. A SO I TA) 2R AP T
LU-SGS (lower-upper symmetric-Gauss-Seidal) 77
ERIUPSURE TP 2P

3.2 MEBENNHENSHEESR

2 I BB AR E M 2 PR ) RSMLAE H (1) [ 4%,
JLH RS 6wk EAE T AR . fEIEARRE R,
N AR AT A Nl 2 Schumann B H2 H ) B
SEPERR . Chassaing 25 321 $1 Hy — &4 1) B 0%
3, MRS58 FH 224 b XIS 1) 235 5 AR A 5 20 5 3 5
PEBR . Yossef %] & J& T —Fh o 4 1F IE Wi Sk B =X
R AN — PP IS PR PRAE T AR B [R5 N e U
BN TR IEAE. AR SO, R8T R ) 77 R IEAR
it AR AN N T PR ) S A

Rij<0f01"i:j

if : or: R%j—]:jbiif{jj>0fori7éj ;
or: det[R ] <
R — k fori=j
then : . (24)
R,J < 0 for i # j
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B 1 I TR IEARTT TR, AR [R] B SG3E B 1A N ) 7
PR 23 (B B L. X TR A IR 22 404 X, JEZe
B SZmEE R e eI 2 E 7 . 75 248 1A,
FE X 8 WL ) 75 FE R F WCNS 28 0B oS,
BUA K /NE erg BN 10718 1 JE STk [23]
X Navier-Stokes /5 #2 & B 1) 1076,

4 HEHER

4.1 NACAOI2E R XD ASENHEFM
D

NACA0012 3 8 K £ 43 25 H A7) 2 H#HES) DES
RIBM & BB G, 2001 4F, Strelets 25 [ 7E #2
SST-DES 2K J5 v 1, st /6 1% 541 b 5 J5 46 1) SA-
DES K J7iE 34T T XF e, H R L FE B A i %=
5. 2016 4F, Yang fl Zha PY 45 & &=k WENO
(weighted essentially nonoscillatory) #% =X, & FH &
HEH SA-IDDES J7 A% H B3 4T 17 AL, (H AR
76 R &0 R SA-IDDES J5 ¥£ 16 % H SA-URANS
Tk HERs. AN T B SSG/LRR-IDDES
JTIEAT X LEE AL, 1 B2 A I S 352 2% Yang
A Zha B TAE BY) JERI R T SST-IDDES 75

0
7

N l DX
NN vy g Yy %y 4 5
N
i 0, 52
il
il 2

1

57

7
%

i

i

/
it
7
i,
0

ik
i

> “’i"l'l'l"
il
i

IR
NN
G, i NN\

1 NACA0012 # A =4 HE R
Fig. 1. Three-dimensional coarse grid of the NACA0012

airfoil.

NACA0012 B AHE T 32K c B HUN 1.3 x
109, KT W B S AR %R 0.5, £ 0°-—90°
A YOI, G170 ORI [ A 2 7 ), 45° Fl
60° (KFFEMEAA S 59) = A d ARDIR AT, i
FiZHEPIERETEIEL (Re > 1.0 x 10°) N2 H i
B AR /N, BT A RN BE 7 R B0 255 8 1k B
Re = 2.0 x 10 fBa A P39, A S-SR LA
HRE O B, S B T0E5) 718 192 x 102 x 30
F1288 x 102 x 30. FE—ZE M Ay M 1; mpk
FEZ3°8100c; B IRKFEN1.0c. B 1 ANACA0012

BRI RS s B I T A SR B [ 25
% AYAT = /Uy, WS 0.01T. I [E]5F3
et A 50T I FF4R, RFEE 50T

B2 o T 3/ AL N e it 1) i < 2
Th BRI REL TR 170 A, BT RECIRE,
FI A 77243 BRI 1 250 1R H 558 W) & B
B3+ FH 51 2%, SSG/LRR-IDDES 78 # % #% -
AR TR IR AE, 1 7E % A% 53R I8 E W) A 1R 47
i oAt 7 3235 8 B v IR SR E.  Yang A1 Zha B
FE 170 AT E 15 T WENO+SA-IDDES
45 B 3 % T WENO+SA-URANS [ 1 %, {H 3F:
ARG HRRE. A SR I B ME R R BB, SST
BRI IR, 7E 45° F160° 300 £ I, 33
AbF 3L SR FS, A IDDES J7 92 1 45 5 45 B 5
. URANS J5 7%, [A B X b 9 28 URANS 772,
SSG/LRR-w H A AR T SST A2 1M iZ% I 55 4
S it LA 2R AE 43 25 9 b TR v N 7 T ) R
K.

Kl 3 R 1 170 30 A I T BEL ) R EEE 1007 N
A AR, Horh Ao A FoRiBA. BT LUE SIFE 25T
Ji, SST-URANS fi1 SSG /LRR-URANS 75 2| ff] 7t
BEL 7 Z B IR AL T 1 R 35 1 K i 2. T SST-
IDDES 11 SSG /LRR-IDDES J7 #1581 {1 7t BHL 71
REI T ARG, 2 W H I RERE R IR 73 B iR
IBENLIE. X ELiRE&{H, SST-IDDES 752/ F+ /1 &
B B, JF HLBE MRS I o B B G, Ok T
HeF 2 MR RS R R () DES J7 VEE B A B KT

A BRI AL AR R PR
2 NIONTENR (IS E 3 N G o
RAFREZ —. E44 B MR 1007

I 21 Q HI 4k v 0 i = 4 55 {H 1 & b, SST-URANS
T FF e v O B B O 4k i A% SSG/LRR-
URANS B8 Tl H - 38 1 w5/ RO ) s, 1B
A VE S R AR R R0 =4 T
SST-IDDES A1 SSG/LRR-IDDES #7551 1 i FE IR
B =4Em 457, {5 SSG /LRR-IDDES X} i Zx i i
it - 25 g - R T R DU A AU SE AR 4.

K5 XFEE 7 AR 7R A 1007 I %1 0.5
Jee A AE F JE 1) B2, v SST-URANS 45 21 1 Ji&
[ /) e s 55 I A LT S = NS et 3V b S
SSG/LRR-URANS 75 21| [f] J&& [n] i 2 44 58 T SST-
URANS, {H R LI H W] 2 19 = 4E1%; 1M SST-
IDDES 1 SSG/LRR-IDDES ¥ Fiill 1 1 B & ) &
mpie)
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Fig. 2. (color online) Comparisons of lift and drag coefficients at 3 typical attack angles of among 0°-90°.
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Fig. 3. (color online) Lift and drag coeffcient history at attack angle of 17°.
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Fig. 4. (color online) Iso-surface of the Q-criterion = 0 at 1007" and attack angle of 17°, colored by Mach number.
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184701-9


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 4 Acta Phys. Sin.

Vol. 66, No. 18 (2017) 184701

B9 7R T 60030 M I+ FH 1 & 50 AR AL
R 5450 0 Mgl 2R A, 75 25T J5, SST-
URANS 15 2| {7+ BH 77 2 % B BH 5 1 J 0 4

WCNS + SST-URANS at Ao A =60°

Y

Ma

o
088
058
048
0
02
012
oo

WCNS + SST-IDDES at AoA = 60°

K 10

(R

1M SSG/LRR-URANS, SST-IDDES i1 SSG/LRR-
IDDES 23 H TE R, 2 SSG/LRR-URANS
FEITE B R ECT I E A s Tk e 1. B 10

WCNS + SSG/LRR-URANS at Ao A = 60° Y
z

X

) 60° WA N 1007 I %I Q HIH >y 0 HISFE T, B b1 kiR

Fig. 10. (color online) Iso-surface of the Q-criterion = 0 at 1007 and attack angle of 60°, colored by Mach number

WCNS + SST-URANS at Ao A = 60°

.\

WCNS + SST-IDDES at AoA = 60° v

E11

184701-10

WCNS + SSG/LRR-URANS at AoA = 60° (Y
Z

-

018 \
012

009

006

003

000

003

006

009

012

WCNS + SSG/LRR-IDDES at AoA = 60° (V
Z

015

(RTIR) 60° AT 1007 B4, 0.5 K AbJE 3 1 25
. (color online) Spanwise velocity contours of 50% span at 1007 and attack angle of 60°.


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 66, No. 18 (2017) 184701

Z5H 7 60° 30 £f 100T B %R, Q FIHE N 0 () =4k 5
E . SST-URANS TR (/)35 i v ik R 75 Sy — 4
it #E; SSG/LRR-URANS 75 31| {1 45 5t 475 ok % B
B ) = 4R i SST-IDDES #1 SSG/LRR-
IDDES 15 2| 7 /= FE R AL I K /N i g 44, Tl 1
IR 0 =428, B 1145 1 T 60° 30 £ 1007 B %)
0.5 JE KAL) JE 1713 FE = [, 45 SR A 5 450 30 £ i
L.

4.2 NACA4412BBIR 55 S1&EH

NACA4412 B Y 2 28 $ 1) 8 3 s L 50 1UF 55
1 BT, A5 2 B Ak AR R B0V 40 56 0 3 AT X L
AR SCHE B I BL Wadcock P81 512 (1) # K T+ kg 71
(12° 30 ff) KB NS H M EG). R % 1 B
74 0.9 m, TFiFE1.64x 100, 3 HIEE 29.1 m/s
PR T 0.085. sk T B AR ZIT 46 Loy
B, XHEAT hybrid RANS/LES J7 92 #5/2& B K ik
ﬁjz [39].

ARV B ) AT B S A 5], SR RN 2
P& O BUMIH, FERIFAH 0.1 m, PSS ICE5 5
169 x 123 x 30 f1249 x 123 x 30. 25— )2 M Ay
BT 1. E12 I NACA4412 B = 4 W k& 7R 75
Pl I ] 1R B ) 2%, AT = ¢/Us,
IR 25K 0.017. W8] 72 G it M 40T I TR 46, #F
4L 40T.

RIFIH T FIHTH ) RN B AL B R 5
B 5R5E. W LAEF], SST-URANS. SSG/LRR-

WCNS + SST-URANS at Ao A =12°

.
BEBR8ssiss

esessases

URANS F1 SST-IDDES 75 2] /1) 45 3 ) 5 i 56 18
fm Z 8K, JEHBEE M I L&A E m
SSG/LRR-IDDES (145 R 558 W) &84T

12 NACA4412 BRI =4 kg
Fig. 12. Three-dimensional coarse grid of the NACA4412

airfoil.

#3  NACA4412 ATy 2 B0 53 1 o B 155
E5REEXS L

Table 3. Comparation of computional results of lift
coefficient and location of separation for NACA4412

airfoil case.

@)} & /Cseparation
Gl T S VY S 2
SST-URANS J5i% 1.7087 1.6782 0.9698 0.9827
SST-IDDES 7% 1.7125 1.6405 0.9674 0.9747

SSG/LRR-URANS Jji% 1.7089 1.6845  0.9599 0.9713
SSG/LRR-IDDES /7% 1.5093 1.4864  0.8313 0.8366

RISAE 1.4500 0.8150

WCNS + SSG/LRR-URANS at AoA =12°

WCNS + SSG/LRR-IDDES at AoA =12°

K13 (MTIRE) NACA4412 B 80T W%, Q FIHEJy 0 B, it i S ks il
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Abstract

Referring to the construction of shear stress transport-improved delayed detached-eddy simulation (SST-IDDES)
method, a variant of IDDES method based on the Speziale-Sarkar-Gatski/Launder—Reece-Rodi (SSG/LRR)-w Reynolds-
stress model (RSM) as Reynolds-averaged Navier-Stokes (RANS) background model, is proposed. Through combining
high-order weighted compact nonlinear scheme (WCNS), the SSG/LRR-IDDES method is applied to three aeronautic
cases and compared with traditional methods: SST-unsteady Reynolds-averaged Navier-Stokes (URANS), SSG/LRR-
URANS, and SST-IDDES. To verify the SSG/LRR~-IDDES method in simulating airfoil stalled flow, NACA0012 airfoil
is adopted separately at attack angles of 17°, 45° and 60°. At the attack angle of 17°, SST-URANS, SSG/LRR-URANS,
and SST-IDDES methods each predict a higher lift coefficient than the experimental data, while the SSG/LRR-IDDES
method obtains a better lift coefficient result and a higher fidelity vortical flow structure. It indicates that the RSM can
improve the prediction of RANS-mode for pressure-induced separations on airfoil surfaces in detached-eddy simulation.
At the attack angles of 45° and 60°, the SSG/LRR-IDDES method captures the massively separated flow with three-
dimensional vortical structures and obtains a good result, which is the same as that from the traditional SST-IDDES
method. To indicate the improvement of the SSG/LRR-IDDES method in simulating airfoil trailing edge separation,
NACA4412 airfoil is adopted. At the attack angle of 12° (maximum lift), the trailing edge separation is mainly induced
by pressure gradient. The SSG/LRR-IDDES method can predict the separation process reasonably and obtains a good
lift coefficient and location of separation compared with experimental results. However, none of other methods can
predict trailing edge separation. It confirms that when RSM is adopted as RANS background model in detached-eddy
simulation, the ability to predict pressure-induced separation on airfoil surface is improved. For further verifying the
SSG/LRR-IDDES method for simulating three-dimensional separated flow, blunt-edge deltawing at the attack angle of
24.6° is adopted. At this attack angle, the primary vortex will break, which is difficult to predict by using the SST-
URANS method. For the SSG/LRR-URANS method, it predicts the vortex breakdown successfully, but the breakdown
process does not show any significant unsteady characteristic. The SST-IDDES and the SSG/LRR-IDDES methods both
predict a significant unsteady vortex breakdown. But in terms of the accuracy of surface pressure and the fidelity of
unsteady flow, the result obtained by the SSG/LRR-IDDES method is better than by the SST-IDDES method.

Keywords: turbulence flows, Reynolds stress model, detached eddy simulation, weighted compact

nonlinear scheme
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