Aeronautical Science & Technology

WA et B 3l I A LR TR S8 i v 5
SRl

RICHE ", RIR , Kb, A

b TR Aizssfbe RAMME SN FEREERLEE, Bkli % 710072

Nov. 152015 Vol. 26 No.11 23-29

B OE. RAURERBRESNAB SR =% F ik FHNavie—Stokes 7 BRANS) T B KB B A RERNE R WL E
Fho K- METARURZEER N/ No e RABT 7 3 GERANSK A A6 WRB KB HEH I IRE, B RB=4%
REMITE, KRG R QL% L& T B v 5 %¢ B Tolimien—Schlichting 78 4% & M B Nos, 66 JH1 B R Bo7 3 T S % B0 6 3 1 AR M WY
Nee, $RJEARE H I REN) 0 (Ne) BT R E, EERTHMEME, FRTY 8 RERNEFEDREAH KR

MR R

R HRAW, Tk, RANSKER,

PESHES: V2113 XEkERIZAG: A

KA, RS RAT R R R B D TR R B
5 e (I — AL B S HE) EL2 BUA CHLBETTH IR — A~ E
BIAES , S8 BOXME S5 1Y K SR Z /N RALE AT
7. — kU, BB S5 AL B AR AUIR S T, B
BELA7 5 S FE A7 935 %M, i ATE AP BELB AR H , 38 2 AR5
B R RIIE I A J2 Ui 8 31 24 Ul B 458 L S5 30 0 L Py v
HER B PR EE B RN B R BRI ELGE
R SRR RN Wy v A AITE UG, 25 R HI WA 2 T B
ARALCER TR B R BRNER IR R ER AR,

S8 RN =S R RN R £ SR oy =/ = eyl 6
NEEMAHLEE B XS R BEAT 52 & W ARRE A2, A2
22 A BIE 5 LI AT, MR AL A AR AR BTIR A, &
BT V2 BB FERFIW 5 ¥ R X 2607, i Smith,
Gamberoni™ I Van Ingen™"4 i i) 5 T 28 M 5 58 HE TS 1Y
MR 7 IEFEML S Tl AR5 T ) Z RN FEe 5
BRI I T g R Z R R AW 5,
Malik Mack . Arnal P CebeciZs A\ U745 e B4R T 7 Y= 1
JTRLR T =4 R L 4Rk B E F M0 (DLR) |

s BH3:2015-07-01; R BH:2015-08-31
EEMBE - MERSET(1998ZA53002,2009ZA53008)
+BMIES. Tel: 029-88491144 E-mail: wpsong@nwpu.edu.cn

NERHS:

Kriging B &L, 4k

1007-5453 (2015) 11-0023-07

VEE FHUF 5T BE (ONERA) SERF ST 29 FF & T HH KA 5T,
FHEARFIBT IR 5 = HERANS K AR A AR R,
Krumbeim™"* 4 B4 2 75 1 S RANSRARA RS Aok 32 B L
TS =4l S B AR  Perraud % N "YERANS R iR
BT R AL R T T2 . AT B A A 2 ik e
EEARCH Wy YA AN A W 22 T v U

AR SORE—Fh N/ N R A W 7 Y A B = 4ERANSSK
filgs ORI R SR RS HORE FE  Noo/ N IR FI T SR TR BT
PIASNAE, — A% 37 1) 38 24 Y Tollmien-Schlichting (TS)4
B, AR N, 75— A0 R AR i B2 Y AR R 31, B2 N o IX
EFANIE A2 A AL e FE BRI T 5 R B R I W 2 5
W EAR RN, TR SR = LR e A RR RN,

BT 5 5 ECFDR SN AL TR 5T , T I A0 AL B
) A< B 19, A SRR A AL 7 IEME AEA T 2 SR A it T
ETREEZ IR T ERARER ML ARE 2R
AR L, BRI T AR Bh s 45 Ok U B AE ) . A3
R E T KrigingREBA A A" R A R 2
WL BIH BT

SIF&zE: SONG Wenping, ZHU Zhen, ZHANG Kun, et al. Simulations of the viscous flow around swept wings and optimization
design using the RANS solver with automatic transition prediction [J]. Aeronautical Science & Technology, 2015, 26(11):

23-29. RIE, KRB, 19, . BERREHIMEINERGELERITESIHAIRITJ]. MRS, 2015,26(11):23-29.



24 Bz Bk EBoAR

Nov. 15 2015 Vol. 26 No.11

1 BERRFIEAIRANS K iF 28

FE SRR = 4ERANS J5 2 1 32 72 o o F o 3 1 T e B
FALER—IMEANERE. SRERNEREE=APIE,
THEBATEMRINE
1.1 =#RANSK RS

A% 3CRT SR F R 3R T K = 4 dE 8 H R 46
RANSHFEsR @ ae!"", sRARES R A A IR B HEAT 25 (B B
A, LU-SGS 7 YA AT [A) #E 3 , 25 2 O A g AR I e 85, i
TRASRUR F SATR AR EY  FE 1 FUZ B, i & BE T v
Il 77 1) S HCH R, H I, AT LI RANS 75 72 11 45 31 1) B
T8 1 A E R L. 2795 SRR 2 R AN R 4 A
1.2 ZRBERNFBEH RS

i " TR SR T R AW R B R A AR
AR R SR R, — R A RS A SRR, —
i 8 i B R R ANS 2455, 55 —Fh Rl i SR i A
BRI ASCR A E— R R RS A iR AR,
SRR VAR EAE A R KIS AT B A% R4 RE IR
BHERI ARG B XS R AR KT R Tk
FRAT BEALFAY D AR , R HEIE 32 M A A A7 3 A SR AL 0
RE LIRS, 51 “BOX” I X 7 FE#EAT T 4UE
BIEL, R AR E &AL IE S R, B Bk iR ib e
4 i R
1.3 BeiR P

AR ORARES AR ) = e M R SR A e YA
DR REART] BB RIEAT 55— IS &,
ih 42 e AN A e D 4 2k, B Edhsh g
BRBHORDIRE , T o il ek nT DARR- 21 5 A P BE 3L
DR BRI s 5B BB BB K EHE 7N, @
SRAR RS E M RS 3 v M 2B [R] A3 5R ) B 3 AR i 1 75
R, Fi FRE ARG SRS M R B R R B PR sh (% #E s At
RSy, BRI AT A5 2 430 B AR BOKR B 7 N, iR 98 25 S 45 e B %
PRHOR B FN A W01 52 0 e R AL B X3 BOR 2R [F]
FRA SRS RIE B T RS IR A e e R 1 T ¥
1.3.1 45 7k

KR =L MEAR B R TR BN AN 451 , BN i
B [ R F 2 X BANFE Y CSHFFAEE K 5 2 H Cebeci
A Stewartson'F1| F i G TS R B SUAE A58 R RHE
KRR BN E Co/0p RS E ) I 3G, 7] A& X —
75 T ENEE K B T . 0a/0p SHE T Al g K AN F

(a—a] :—tan¢ (D
op R

KDIRAE TSR AT7 18 LA REE K &R

SB—25 , TP CebeciFi A “zarf” 1 4% 4l £k , 7T DA
AN FEA(DFRBER K R 2R E T AR 3 56—,
THEL A R B 20 2 32K H B9 [ AR5 B 300 31 AR MR O R
R X BLE =YD FUZ WSROI R B AR -

_ o @
Ir= a; +lBi (6/? l)’R
FIR AL T TR R BRHE TN AKX T :
N= m;lx U; mfx[' dx} 3)

X FEREBNH R 2,0 2 T ENILEFZE, x5 B
HPEh 2 BB A ORIx LB, — B B R+
NS e € I FUEN, , W R A,

BB K, X T TS AT E S BN HHR, U% %
T VAT AZE Y FT SRR I AN, . B R AT 68 ) B4 48 07 v
THE I I 3 BN AR B 1) B AR B F N o A TN T
CFATRE M F B IR, I ot 3 Sk BNEE 28 6TE
BRI R R, AR 45 e Il AL
1.3.2 FEpT ¥

TEXFNETR KBS, B R — R ARA B
LB B HOR R B R 1) 50, AR AR S A FR 8 3R
BT S AR 1Y R 1) IR BT 1 B ARTBOR Bl 7N N TR
AXMTF

V= max [ | @

SB— B IR R CSHFAE K A 2R T B 45t o 1 b &
“zarf” KRG — R IV AR EIBIZRS, SR JE K — B E
SRS 2R TRAS— RSB B F] RE S BRI BB,

HTREFEIEEZHGPNAG XA, ITHEEEE
R A SO T BB 3 A OHZ I Y33l DR DA 3 3 S OBt A8
T, BB R S B e R R R E R,

A L X AT AT N A AT BN, T PAGE
A SR BN, BT LA S X o 77 ¥ 5 1 5 P A O P 2
AR PEBh R BV F Nero
1.3.3 Nyg/Nee 5 ¥E

XA R AR TSI B -5 CFEsh 20 IF , 68 F P A I
FUE(N1s)e'T (Ner) IR FIWTHAR 51X T — 4 B FE,
P 7 ¥ R I 23 SR HEAT 23 AT, 3 BT 3 Va5 N
NSRBI TSP A FARTT 1T A5 2 RO H 15885
Pl TE PR UK A F (N> A AN R BRIA TR B AR
TSI £ 5 5 4R 2 B CF I i PR 07 ¥ T SAS B A R



RICH . MBETED A AR LIS SR T B S Uit

25

TR A T Ieih 2 55 45 52 BV RIBOR A T (Nep) e, ARATINH
TN TR AR HCF I E =

1.4 BBA KR

FFRANSSRAERS | J2 T 52 7 R R A Al e e B Iy

TR AER, A WENE LTRSS —5, b EER
FTHERANS T RETH A MR IR AL B R B ST LI 5 4%
MR 52 AR 7 iR 52 B R R RVE R . 433
iR B A SO SSO 3 o BT e g 20 A R TR A = 4k
BERAFIETERAFRINA R SEE S 8 A =4
JRWA TR T RES R, VT R I A9 N R ol r
AL A 1) 23 A AR BT R BE R DA R B T Y T A 18]
H—Br, B SR [F, 2 R AR TR SRR R
BRI BT RUE B B R IR IUAR R, Ty
N FIR AR E BBV IR AR RTE 1 BRI R 2, i
SRR BRI R Z T B R AR R R R — A
AN B8 T2 , K B B 2 e A5 B R 4G RANS Ty 2
KAy BRI H ENIRD TR ARG E AT R
b, BERS A B 0 5 R B AR LB, i3 T SRR
AT LI i SR SR B R YO SIORY Fe R B 4k 2k
RANSTRRHEAKAE, B 2R B i i LU S .

WA
ERARE
RANS >
g > SRARRLH
i [Eit)
DD b [t
Nig/ N o551
RS
xtr

i

B1 RANSXKRBSERFIMTIEREMIE
Flow Chart of the RANS solver coupled with the transition
prediction method

Fig.1

1.5 EHI5IE

BE HR.AE101E AR EREREEHVEER AE.
Bedford [#)3.96m x 5.79m/{f33# K iFA#4T T 524", R.AE.101
ML JEH A 457, IR L A5.0, AEAR HE 41,0, Ly 1) i) ThT 32
BR12%/ZFEHR.AE 1012 B HEERSMENE2FR .,
LI FETEEON2.1 x 10°, T RIR A C-HBL G5 1L 5 , )
F&R/N233 x 105 x 49, WNE3 PR o S FH Nig/ Now 5 BT HE R
FIWT , FEARIG FUE B E NS, 4).

12% & RAE101 &5 45° !

-

B3%tk=5.0
1R#EEE=1.0
J5iR =45

B2 BRERGIRNEIVAEE
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Fig3 C-H type grids for simulating the flow around the finite
back-swept wing by RNAS solver
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Fig4 Comparison between measured and computed lift
coefficients of the finite back-swept wing
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Fig5 Comparison between measured and computed drag
coefficients of the finite back-swept wing
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Fig6 Comparison between measured and computed lift to drag
ratios of the finite back-swept wing
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Fig.7 Flow chart of the optimization method based on Kriging model
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Simulations of the Viscous Flow around Swept Wings and Optimization Design
Using the RANS Solver with Automatic Transition Prediction

SONG Wenping*, ZHU Zhen, ZHANG Kun, HAN Zhonghua

National Key Laboratory of Science and Technology on Aerodynamic Design and Research, School of Aeronautics,
Northwestern Polytechnical University, Xi'an 710072, China

Abstract: The Reynolds-Averaged Navier-Stokes (RANS) solver which can predict the boundary layer transition is a
necessary means for the drag reduction design and the natural laminar flow wing design. A dual N factor (N,/N,;) transition
prediction method based on the linear stability theory was coupled to the three-dimensional RANS solver to improve the
accuracy of the solver. By solving the three dimensional linear stability equations, the instability N, which corresponds to
the Tollmien-Schlichting was calculated based on the envelope strategy, and the N, which corresponds to the crossflow
instability was gotten based on the fixed g strategy. Then, the transition position was predicted with the transition N factors
(N;o), and (N)

s being determined according to the experimental data. With the developed method, the drag minimization of

tr

a baseline natural laminar flow (NLF) wing by changing the wing planform is studied.
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