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Analysis on induced drag characteristics of forward swept wings
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Abstract: Forward swept wing is one of the plane forms of aircraft configuaration. For aerodynamic characteristics
of induced drag of forward swept wings, the existing papers have provided confusing understandings. In order to
clarify the mechanism of induced drag of forward swept wings, the induced drag characteristics are calculated and
analyzed for different wing plane forms. The forward swept wings, aft-swept wings and straight wings are consid-
ered and compared with nonlinear vortex lattice method, lifting-line theory, and high-order Euler equations nu-
merical methods. The advantages of forward swept wings are also briefly summarized. The results show that con-
ventional perception that the induced drag of forward swept wings is smaller than that of aft—swept wings is a misun-
derstanding. Even within the framework of potential flow theory and based on numerical results with Navier-Stokes
equations, the induced drag of forward swept wings is greater than that of aft-swept wings.

Key words: forward swept wing; induced drag; potential flow theory; lift surface theory; numerical simulation

Wi EH: 2024-06-28; fEEMBHE: 2024-07-30

BETA: HEAKRPHEAE(12072281)

BEMEE: WE#EA963—), B, M1, #4Z. E-mail: yezy@nwpu. edu. cn

SIAMEC: MRS, RRR, IR . OCT TR R S BT AR AT (D). s TRRERE , 2024, 15(6): 150-157.
YE Zhengyin, ZHOU Xinxin, YE Fuchen. Analysis on induced drag characteristics of forward swept wings[J]. Advances in Aero-
nautical Science and Engineering, 2024, 15(6): 150-157. (in Chinese)



% 6 01

I X A < O T 50 O 5 B e P ) 20 151

0 35l

F R 450 3 A0 5 45038 A MR 2 ol B UK ol T i
JoU B Bl SR S IR B A Bk L S BORT LAY
A Ja 8 LT BA 15 20 L (H 2 BE & 525 4 8
PR ML 2D W 58 2 0 i e T I 3 R 3l B
P R B0 AR AL, AT g BT U R i 3R 1 2%
SO B WO R R R o R GT T, At SR 3R A
BRI B AR K pE

FEIECS SNBSS EE i e e 7o 3
ANBEIN g i T ARER 0 — A R, U R R
A SRR IS B B RCR B s o (AP 17 ), RT3
B B AR LR O R R 2 3000 1 I Y LA
B 58N N 5 0K — B R R R 32 A A T
BT 4 3 B HE/IN I BT X — A B A
ARRARJE L3Ok T2 BN 530 A 45032 0 58 /9
TN L 3 X 2= Bl J12E BB B I 43 A AR
FEAE T AR KA R o

18

il

16

14 Fsw T
R2F = — — ~—
ASW
10 Forward <— No Significant
g Swept Difference
= Wing
= 8 Superior

Aft Swept
Wing Superior

0.6 0.8 L0 1.2 14 L6
Ly

Bl a3 5 5 A S sh R
Fig.1 Comparison of aerodynamic efficiency between
forward swept and aft-swept wings'?!

T JE R RO A B N BT
B BB R AR [E AN SE N BOT R T
2 IR 52 56 FVR (T SERE T o A A A A5 X
AR EHEAT 1 N AMHOC AT T T AR 19 25 45 58
] B 22 ] — i3 et A 000 (B8] SR 3 R R b AT T
T 2B A S 2 g XTI S 3, S e 4 R R WD AR 1Y
Tt 3 F B0 2 A% B A 5 453 K 5 Lombardit

f8y DRG] 52 36 1 2 B, 5 A () e AR A ] 32 i ATAH ]
FRAH e i B HL I AH LE L 1/4 524K i 50 257 10 i 450 38
TR BRI/ o AR B A BESE BRI i
LA P BE T B I — A IR R 5 R R
AL, 7 50 36 4 AL 3 R 1i) ) 1 ) AR RO R A Y
G A B4 S A I o A DRI A R B 5 5 B
JI S B TE I R P R R S BRI S R fE
RN A7 2R A A B T 45 B 1L S 43 T BH L
R A 25 R, BRIk S B 5 A AR A AT 3 B AT
1o B AR AR A R (AR AR B 1A 43R T T )
ZA B0 HE I A R T A A 15 0 A ) B R A . X
TS R R A R S B B R A A
LAER R ] 12 SRR B RS Y

(AR 45 H B 2 3 AF R AT 9503 098 A 5 S
BT RO R R TR i R T X
R B B, DRIk T 4 3RS P R O TR A
B g Xk A7 4 32 T B A R B9 A R RN ] B A T

A SC I o AR LA T M kAR DT TR R R BT
B0 xE bk BE R BEAT 0 M, B R R R M R RE
W/ T LT T R 1 B 2521

1 t&EAFZE

MER IS Y a7 #8 AT LA 5
A7 PR3 JR T 50 SR OB S B R T
TR SR A N=S J5 i s S A7 5 e 19 BO{EL D7 05, 4T
AT 3 G S A RCE R T R R W O B A5 2
MPLEE R T W IF A S i S . I, AR SC
e L T AR B R 100 AF e T A% 1 ) O
WAL, B et iR e HLR = A2 m T
Ve B 2 — A A B B3 A AL 13 Tl A i AT
AR A5 BIL 3 1) 5 S BH 0 20 A, 3 ok a7 505K At e
UGS M ML A5 BT .

R A L BARRE — AR AL G Tr ik H
S W 5T 3 I B A RS X 1% 05 ¥ B A 58 AR, T
1T ELAZ 07 12 %68 /08 Ji 52 e L3 B R A T L
FRRPE B AR m A AR T i TA SR
REMEE S, Fi B B a9 S
SRR AR o TR CFD J7 3k 3158 ) 45
R EAEATAR W S A AL B BE B 5 T B
8 843 AEL B AN T B e R A B ek 1 (i b 2



152 i zs T AR o154

ORI B 2E o R R Xl S5 6 00 6 ) 2 O T
Gt S5 S B 1, T A5 B 5 Al 5 vk PR Y
25 DR A XA 9 56 v i REL g B 45 S BEL )
WALE LI BBR AR TR T

2 HEHSERESW

2.1 AIEFEAXNESEAZLWHNARTIET
HERXLL

TEBE— A~ A5 5% K AT B0 A RIS S0 M AR 4571
BLEL, 5 L 3o 4. Wi 45t 35 R0 5 450 378 5740 £ B
B B8 R 43 AR AN 2 s, eI BILERE | A A TR A% R
TXT R T WA T 5 X R R AS 2 DLgS A Y
TR . TESTIM AR L ET R T R B
0.278 079, Ja 3 7+ J1 Z %N 0. 274 610,

(b) Ja 3

P2 it 3R i 3 ) 2 i IR 2
Fig.2 Tail vortex states of forward swept and
aft-swept wings
X P 2 75 B0 BT ok B 53 A G L 3 B L A
V7 A 35 5 BH ) 2R 80 A an 18 4 B, T LU TR
B R B B 2 S a3 BROA B O A T U e JEE AR

Ko MAHLE % o Ai 4l OL 7, BLIR AT 2% 5 5 &
14 PR R B AR KR 22 5 R T B3R 2
Je Tt 77 f R TR Y DX, TR SRR R e S
E RSN E R A S B A U e R P
75 5 BHL 7 A 2 TR D5 0 R 1) 7 e, 3R R
T BH 7 1 32 2 TR DX

w/U,
—4.8E—02
—4.1E—02
—3.4E—02
—2.8E—02
—2.1E—02
—1.4E—02
—7.3E—03

\
N\

\

(a) 53

w/U,
—48E—02

—4.1E—02
—34E—02 \\!
[

—2.8E—02
—2.1E—02
—14E—02
—73E—03

(b) J& i3
PR3 RIS A JaU3 B9 T e B A

Fig.3 Downwash velocity distribution of

forward swept and aft-swept wings

Cpi
2.0E—03
8.0E—03
1.4E—02
2.0E—02
2.6E—02
32E—02

BssE—02

(a) A3



% 6 01

I X A < O T 50 O 5 B e P ) 20 153

(b) JE 3L

P4 R A S 503 A 375 5 BEL ) R oo A 4
Fig.4 Induced drag distribution coefficient of
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W By, R E s R R
0.007 299, J&5 4 3 5 3 B 1 R ALK 0. 002 867, M
SERORE AR E S EEAM L, T R
B B DX 531 (5 — 235 21 55 AT 552 36 75 381 1 R A
M)A ) o BRI, FE A 97 5 B R L S B
K, 3X 0] BE & VF 2 B AF 58 b 3R S RUR AR
WjEHE MR P ERE 5 B
VS B R B R e Tt B R (S
SRR Zx i) 155 T SR N R R (A1l 3
JRE7R ) o MR VR BE 23 A0 7 BR SAY B S 4t 3 1
T R L R A 3R RS SR A1, 7E LI M, g R Y
R B K TR L S B0 i
BH g 76 3 AR BT B B K F IR i3 (B 4 7R ) o
T AN R AR MRS BT, 5 iR
/05 4 3 A () A [ B3 1 AR Y B ML (%
SRS R R T R B 0,335 770, 5 S FHL )
FHH0.007 166, 77 WL, 7GR AH O0 T, E LI Y
FE IR AT SR R B AP 1Y o

h T R R LR RS TR R A AR SCR
WK B2 ) CFD 5 ik SR A BB 7 B T H 3 i/
JE R RS BOR R R R TR
A A MU /N B ZE P XA SR R ik
NACAO0008 *F i 32 AL VE Sy L3 (1% &) 1 T IR, oK fig
Wi 7 BRI 0 A% B8R 300 07 o R T AR TE TR
R TR B M 2R AT XA W SSCPE S8 E , UE BH T T SR A I
& ARAT 0 45 R W T RE Y o T4 RS 4 B Y
JE 7 2 B VR 4R o0 A R S BT/, 80 s ) i 4 3
BT R B 0.220 11, J5 B T 1 R B K

0.256 73, M SHTLLE : BMEAE 5" A E BT,
AT 4 3 A AR A o B A R B (B AR EEIE
SR WK B 7 R AR ISRt A B A 0 (A2
TR R v A A e 2 B B R R B R AE . SR
(1] bR i N=S J7 A5 2 7 AH [R] 14 25 5, i B 78 it
AT, I N0 A B 2 R IR 4 S U Bh A
PE) 3O HOH S AR R T ) R B BN T
Je EE A R L B T A A 4 B R ) R A
0.009 229 1, J5 4523 4 0. 005 502 3. BRI 5 it
THAAS B A BH 7 28 850 L B3 O 1k K, 3K i 2 4L
B 7 1% v BBO(E 86 A R 1 S ), (R B Y O
SRR R K, Bz BT R R
SiRE FRIEL R EIT NS R E AN

B o -
ISR

—OOOO0O00000OOD
comannbLio— —io

(a) Hiifp 3
C,
0.2
0.1
0
—0.1
—0.2
—0.3
—0.4
—0.5
—0.6
—0.7
—0.8
l —0.9
—1.0

(b) Ja 3

PR S TSR JaCEE 14 2 THT T 7 2 P R A R 2%
Fig.5 Surface pressure and limiting streamlines of
forward swept and aft-swept wings

2.2 BERMXTFHRELRNTR

JEALLPE 1 T 4 R S B /N B 5 R AE 20 it
23 80 AR AU LU A 18 [ A S P 5 v E A B, X —



154 i as T AR o154

25 TR B B s S B AR R A T F1 R EIHLIL Y R B i T ) R B
AR B0 R T 8 R A B 7B 75 1 B e Table ] D‘S”‘brjjf‘;l’gj(f;j;fceorjrffji“fjb"g spanwise
B 7 8 R BB 5 A R 3 P R — Hg;

AR IR B OB TR AT IR WL

BRI DR A SO Al 2 HE 3% 3 T 9% 1 R A R e e
/\I_H‘% I B I S s AR AR R B ﬁﬁﬂ/iﬁlﬁﬁiﬂf@%@ 0.062 5 0.38517 0.366 71 0.275 86
ﬂ‘jjéj%ﬁfﬁ(j:jCﬁZﬁjFQE‘fiﬂijfﬁ/iiEﬂ 0.1875 0.381 62 0.343 47 0.286 49
ﬁ%{%ﬂﬁ{iﬁz‘lﬁ]ﬂzf ‘T‘EV‘] ﬁﬁIE/HJ%{I%ﬂL 0.3125 0.373 87 0.317 69 0.293 28
WA RS A A0 ) . T R 4 AL 0.4375  0.36140  0.29403  0.29563
L ) 2 R 4 S AN RS, 43 ) T LR BT 4 45° 0.5625 0.342 62 0.270 32 0.292 49
BLELANS 5 A5 WL A7 18 B 3 0 T ) R B 0.6875  0.31481  0.24337 028103
W2 0,328 787.0. 274 895 F1 0. 271 455, % F-fH 51 0.8125 0.272 35 0.208 53 0.254 45
,z—{p: é‘j{ﬁj\j';ljjj 0.009 313.0.008 231 }‘[] 0.005 346, 0.9375 0.198 55 0. 155 04 0.19242

E VE|=X5% i & %
57X TR AR ME T A A AR L T ) R AL o R LRI I 5 T VA
VAT 25 19 22 50 (AR Ze v Tt I 1 05 vk 7 F 5 1 B AL Table 2 Non dimensional downwash velocity distribution

BT R B R 0.335 770, mi i A o AR along spanwise profiles of different wings
0.278 079, JG i E T+ J1 REUCH 0. 274 610) HJE 85 p JCHEGY T PR
B 2 P T 2 7 v B0 T LN T 5 0 o HHLE R [
SR A7 Z B AT B K, A R A S O R 0.0625 —0.0159 —0.0279 —0.0038
B (EMLIEE T B ) &2 500, 007 166, Ay 53 1) 0.1875 —0.016 4 —0.0252 0,004 7
7S 1 &2 $00.007 299, Ja 35 S 1 R 0.3125 —0.0173 —0.0237 —0.006 7
0.002 867), 0.4375 ~0.018 8 ~0.0233 ~0.008 6
£, ﬁﬁj%tﬂ %QKHUE*U@E@}U@?ﬂCI 0.6875 —0.0286 —0.026 1 —0.0150
%iéﬂTﬁf J¥ w/U. ﬂ[ Eflzﬁjj%ﬁtmﬁuﬂ% 0.8125 —0.0421 —0.0347 —0.0309
BOHT R 0] B9 43 A 6 B N 45 A 6 B A A g
. M 200 DA U A 45 A T o 0 RS A HLICER IR 5 B RIS

Table 3 Distribution of induced drag coefficients
Tha 3, DO S B R E SRR TR along spanwise profiles of different wings
R AR R . 5 HE T, B AR 350 32 U R 1) LIRS

E. 22la L. 35T /14
B Tt 77 4 A S0 42 30 A [ o A, (H R R iR 0 R Y J—_ I JE
[EE=0s

iy JEH R BRI A T R AR L A 0.0625 0.006 11 0.010 23 0.001 06
oM ALE R, B AN TR EE S N 0006 2 0,005 66 0001 54
POELE R A 5 O Y 38 R IR FE AR R Ui kR (

0.3125 0.006 48 0.007 54 0.001 95
B v B ML B R A X3 S %ﬁﬁ

0.4375 0.006 78 0.006 84 0.002 54
TR R R RN, X — 4518 5 SR 2

0.5625 0.007 31 0.006 46 0.003 15
AT A AR 5t 0 — ke ikl 6 i ﬁ*ﬁiﬂ’ﬂﬁl\ﬁ;

0.6875 0.008 46 0.006 34 0.004 23
HA AR 5 B AE L S 75 L T 7R A 0 B IR

B 0.8125 0.011 47 0.007 24 0.007 86

B . X5 SCHR 22 1 A R 1 2 JEE TR

0.9375 0.021 64 0.012 52 0.020 63

T A — 2.



o556 30

P IE A O TR AU B R B4 O3 B 155

P63 1% A F T AR
Fig. 6 Plane shape of pigeon wings

R T B AN P TR A R AR SR F — R 3T
BT IEARAS WL A RSB L IR s TR B
W E N R SR S BB i 3096 A2 AT, I AR
SC LA gy SAG SRRV BE 7, 9 FECRE g SO TR AL
HEA TR . TR B R L3 AT B A 45701
M JE B A 45T AL A TE B EE 43 5 A 10,591
10. 019 F1 15. 233, S8R , 4 B X Fh 5 i1 0y
BHLLE , J 450 35 S 1M Eb AL 38 R R 4 38 K (O 4533 T
BH b K 17 48 38 T BHL EE 0 4538 5 B3 2 800k —
)X S E 1R Ss RAFE

AR - i 50 38 R 4t 3 A R 1) ) DA O R
BT, AR R AL A L AR A X (RIS — e
W 25 B T} ) 208 Hh 2 A A0 b B ) 31 55T Uk T RN O
Sl AR T i Nl TR A I I ]
RAPUR . XA R A RW R E A S
BH 1 2 %04 0. 006 297, J5 #5838 (935 S0 R B
0.007 605, ¥ B8 138 BH I3 47 8 7 et S B L
W7 45038 TFBH L 13. 096 47, J5 45038 10. 708 28, Itk
A, T 4032 A% T BH LE A9 8 LU 3R R 3090, ik — 4
RGE 1 E RO SIS — 8. HIk, AR SOA
Sy, 0] RE R BT R A T B LAY B, 40 A
FA B REE T, i IR e T 2 (L HLE ) i 28
WA R B BE T R M R T R G D E T R
A L) /ST N 131152 QA s T <= V% /=
R 0 T BE LL L S R S 2 3000 . BRI IET 1
B 2510 2 7 By s S R AR B L X — S5
JEAFALE )Y

4 /5 AL RGP AR AL T A R
T 75 5 BEL ) & Ko A
Table 4 Distribution of induced drag coefficients along
spanwise profiles calculated based on relative position of
straight wings for forward/aflt-swept wings

VBT 2%
y/L
[IE7EA J 3
0.062 5 0.005 82 0.003 44
0.1875 0.005 29 0.003 78
0.3125 0.004 77 0.004 26
0.4375 0.004 45 0.004 86
0.5625 0.004 44 0.005 70
0.687 5 0.004 94 0.007 11
0.8125 0.006 71 0.010 28
0.9375 0.013 96 0.02141

T 46 R A R 4 AR Y BB RR e IR
BH 3 o5 EVBH 7 3096 3 — M 9T 55 T BB AE AE iR 22,
EJE AN 23 0P AR SCE5 1A 52 5T P 52

45 A Bl B AR ASTHLIR R IF X R L3R - 1f
TR 95 K i A 0 B2 i S B R R B L3 K
R RS AR /N T LB LE | R I A SCAR A
AR EE SCmR R s — AR A RS
A 3377000 IRE MBS IE LI, & 7 s o

7 KRR EE 0. 33 A BE TR H 430/ J5 a3 T A1 B
Fig. 7 Plane shape of trapezoidal forward/aft-swept
wings with taper ratio of 0. 33

ZHLE AR AR L 0. 33, B 3 3 A9 B AT
1T G B ET 5 B T 44.801 27, X T
RS AR P /N B LB, 7 4t 35 04 °F 1B AR B 450 B
BLEL , S BOWLIE | 2 18 1 JR ) 3t 2h I8 59 , Xt 2
7 A R B R B AT R Y SR AR
FE LB Ty AT SR Ty ) SR EE R 43y 841
M BTT TR T ER T R 0Ok 0,318 009, S5



156 fiias TR

L 515 %

FRELTF ) 2B 0.301 683 Fi #5315 S L 1 & %K
0.009 704, J5 45 35 5 B ) &2 FCH 0.005 0, AT
L, ROV SR P 400 4 ) R X 4 AL 3P TR AR
WAFA BN 35 T /N T e E 458 .

T A S X 5 28 4 OB AH I IR R B, 4 Y
PEHERW M EZAWEZ, TSRS S
D150 T R o MRS AR SC R A A T LUR
FERGL AT BRI 2 A%, T A BRI
5B o 32 PR A S B X N 1Y A S T JE 55
PN G U AN AR I o TR
eI R R (A e o N B R (1 Y Gl A
18 R0 B R T, I S R R B AR 0 ) I 2 A i
A, AT LGN PR S5 20 3 1 FE I B, U/ B AR I 1 1
SR, DT AR A 25 30 g 7 1A I RS T R K
TURMLT 5, 3 FfoRs 35 22 3 43 B 22 A W8 A% 1 JEL it
i AN S 3R AT BEAR A 3502R

T A f X i 4 3 A AT o 4 R0 R ] N A AT
LRGSR AT RRIA G0N R 81 5 8,

1) i 4 35 1) A< 2l 28 far B S S SR, DR O T 4
S BAR A AR B N TS L 4 R
/NHILIE 45 K 1 5, DATI 35 B 4 T TRBLAT 08
IR

2) T B I 3 AR B I 2 DA 1) B
T 5, T S Bt 38 0% b 3% T B BIR O O DA B AR g 3
R Ot % , 5 S50 o B B AR Sf 2 R, S 4 B SR R SRR
B, 3RO B R A A A5 A 4 3 A0 00 A 45 9 T AE R
AR B A B

3) B EL Y K A AR S R S
AIE7E e A AR SR A R R LR L AR AR
B PG S 0 0 A K s PR AR L A AT B R A
MLENE .

4) B RAT A AR AL G5 B P S
A U T A S it T AR B T R A e R iR
TEL BN T 2 G0 K SAL R T (0 e I A 5 A R
T 5 75 T B B A A T T R BL Y TR e
MLE AT TR 5%

5) i 50 38 A ) 055 R O S RS L
AL 3 0 2 v, A N T R AL %
g 7.

3 & g

1) SRR SRR sl 1k AE 5 A A0 R

(ERSX DUVl /NS 872 SN 87
SR /N SR SR AR AE IR R Y, TR X —
SIS

2) L0 R B A B A a3 T B L
Jo B 30% B 45, BEAS AN B B SCk B R
HhBR(E AT L 45 I SRR O BB B A KU S 56 45
MY SCHE R 0K — DA D R AT RE O R A
FEL RN 51 SR FH 28 8 05 ML T T 2 B AL A5 B 1Y 43
Bras . AR SRR RE,
N BB S P i B 305 T BH ) /N A

3) AR SCAR I T 4R 04 A SC RIS BR L H 9 T
F 438 5 A 5 T AR 3, BB T AT AR A B
I 4T 3 ) — S A HL RO A5

S % 3k

(1] BeAmml . AU s i U sr A MR BE ST (D . P2 . PEHE
Tk ke, 2020.

XUE Rongrong. Research on static aeroelastic characteristis
and torsion suppression of forward swept wing[D]. Xi’ an:
Northwestern Polytechnical University, 2020. (in Chinese)

[2] BREITSAMTER C, LASCHKA B. Vortical flowfield
structure at forward swept-wing configurations [ J]. Journal
of Aircraft, 2001, 38(2): 193-207.

(3] devsml, vhiEs, LR, 45 . R m sl i vk S 04 3 i ol
PLERBESELT]. 2 3l y 2274l , 2018, 36(5): 736-742.
XUE Rongrong, YE Zhengyin, WANG Gang, et al. Flow
mechanism of forward-swept wing with spanwise momen-
tum method[J]. Acta Aerodynamica Sinica, 2018, 36(5) :
736-742. (in Chinese)

[4] LOMBARDI G. Experimental study on the aerodynamic ef-
fects of a forward-swept angle [J]. Journal of Aircraft,
1993, 30(5): 629-635.

[5] LOEBERT G. Spanwise lift distribution of forward-and aft—
swept wings in comparison to the optimum distribution form
[T]. Journal of Aircraft, 1981, 18(6): 496-498.

[6] UHUAD G C, WEEKS T M, LARGE R. Wind tunnel in-
vestigation of the transonic aerodynamic characteristics of for-
ward swept wings [J]. Journal of Aircraft, 1983, 20(3) :
195-202.

(7] WU, 1 ONER . 7T 45U 3 RS A JR) B A G 1 5 48 43 A

[J]. 2R3 Jr25 4, 1985, 3(2): 61-68.
YE Weiliang, XIAO Renxi. Investigations on configurations
and longitudinal speed wind tunnel testing of forward swept
wings[J]. Acta Aerodynamica Sinica, 1985, 3(2): 61-68.
(in Chinese)

[8]  EhAT, RE K, WA HE, . v A et 3L AR 15 <
s SO E ] BEd RS TR, 2018, 18
(15): 328-332.



% 6 01

I X A < O T 50 O 5 B e P ) 20 157

[12]

MA Zhenyu, XU Mengfei, ZHAO Xiwei, et al. Experi-
ment and numerical simulation of low speed longitudinal aero-
dynamic forces on the high speed forward swept wing model
[J]. Science Technology and Engineering, 2018, 18(15) :
328-332. (in Chinese)

KRE, ENM, XISk . LI A T A S AT R S T R R
WA S HLELT ] AT JiaE, 2009, 27(3): 6-10.

MI Kang, WANG Xu, LIU Wenfa. Flow mechanism of the
influence of forward—swept angle on the longitudinal charac-
teristics of aerodynamic configuration with forward-swept
wing [J]. Flight Dynamics, 2009, 27 (3) : 6-10. (in Chi-
nese)

KBE, B, X SCE . T X AT I A R sl P RE Y S
WA [T, BT SR, 2009, 29(4) : 179-181,272.

MI Kang, WANG Xu, LIU Wenfa. The influence of for-
ward-swept agnle on the longitudinal characteristics of aero-
dynamic configuration with forward-swept wing[J]. Journal
of Projectiles, Rockets, Missiles and Guidance, 2009, 29
(4):179-181,272. (in Chinese)

Xk, EAE, ORBE . TR 5 5 503 A R i 3 LB A £
MEAF 5 (7], 2 2 TR R = i CH R B iR L 2008, 9
(6): 11-15.

LIU Wenfa, WANG Xu, MI Kang. The numerical research
on flow mechanism of forward-swept wing and backward-
swept wing configurations [J]. Journal of Air Force Engi-
neering University (Natural Science Edition) , 2008, 9(6) :
11-15. (in Chinese)

GROOT K J, EPPINK J L. Stability analysis of the flow
obey a swept forward—facing step using PIV based flows
[R]. US: ATAA, 2021.

SEITZ A, KRUSE M, WUNDERLICH T, et al. The
DLR project lamAiR: design of a NLF forward swept wing
for short and medium range transport application[R]. US:
ATAA, 2011.

SETOGUCHI N, KANAZAKI M. Low-speed and high
angle of attack aerodynamic characteristics of supersonic busi-

ness jet with forward swept wing[ R]. US: ATAA, 2020.
DR, BEE . A SR NS BL AR T [T]. s

[17]

[18]

[19]

[20]

[21]

T AR, 2018, 9(2): 245-251.

MA Yumin, WEI Jianlong. Drag reduction research on fu-
sion winglet[ J]. Advances in Aeronautical Science and Engi-
neering, 2018, 9(2): 245-251. (in Chinese)

GOATES C D, HUNSAKER D F. Practical implementa-
tion of a general numerical lifting-line method [R]. US:
ATAA, 2021.

KANDIL O A, MOOK D T, NAYFEH A H. Nonlinear
prediction of the aerodynamic loads on lifting surfaces [ R].
US: ATIAA, 1974.

MIES, KA, B . R ALEE E B AR E O i R
HRBTFLLT]. b Tl R #2440, 1988, 6(3): 323-330.
YE Zhengyin, YANG Yongnian, ZHAO Lingcheng. On
non-linear vortex lattice method for wings at large angle of
attack in steady, unsteady flow[J]. Journal of Northwestern
Polytechnical University, 1988, 6 (3) : 323-330. (in Chi-
nese)

BARDERA R, GARCIA-MAGARINO A, BARROSO
E. Experimental determination of profile and induced drag
components in a biomimetic design MAV with grids [R].
US: AIAA, 2019.

LEE T, KO L S. Vortex wake generated behind a forward
swept wing[ J]. Journal of Aircraft, 2009, 46(2): 717-721.
IR, PEIE, B SRR B A A L R R Y
I RELT]. 1% %4, 2020, 38(6): 1173-1182.
YE Zhengyin, HONG Zheng, WU Jie. Suppression of flexi-
ble feather-like structure on boundary layer transition [J].
Acta Aerodynamica Sinica, 2020, 38 (6) : 1173-1182. (in
Chinese)

Van DAM C P. Drag-reduction characteristics of aft-swept
wing tips[R]. US: ATAA, 1824.

KLEIN H M, JOHANSSON L C, HEDENSTROEM A.
Multi-cored vortices support function of slotted wing tips of
birds in gliding and flapping flight [J]. Journal of Research
Social Interface, 2017, 14: 20170099.

(g MH1H)



