5557 B 1Y B RS R Rz e (A SRR 22 D) Vol. 57 No. 1

20254F 2 H Journal of Nanjing University of Aeronautics &. Astronautics (Natural Science Edition) Feb. 2025

DOI:10. 16356/j. 1005-2615. 2025. 01. 015

EABELLSEBRATR ITHESUEERET X
MEE, AR, EREC, HR, AER

(1465 ol KW 5 bR TRE B, db 5t 1001445 2. 500 R HUME TR 4= B , 52 H 550025;
AL T ARG T AN AT, L5 100076)

HE: ﬁb?iﬂ%ﬁiﬂﬂ"% IR kAT, R B F AR T AR AN B RBEATRATEHNAAG
HRELGHER TR, BAFEATUGCZAFATSE RASBHLAMET HRBEMTRITEN LKL
"%, 49\{"27/%*‘%;0)&* A M A F I, A AR (Ma=2.5~8.5) L E M (H=6~25km) .5k /7% /4
FEE (AOA=0~10") AT HMEEM , ZRET Y TR TR FERHERM(ERETFKRE Ma=4.0~8.57
M3 & T 4.7) AR B M (ERAKRES S A A M A R HAKT 0.02, 480 & T B 4% 20%~30% ) &S+ FLIE X
MR A ALE AR S (FF M AR 0.3~4.7 K08 T 3 ), LM AR TR YA K ; SRR AR MLAR BT R @ ) 69 i R AR
ST B BB AAR G R A SRS, B, TEEAY REREFE R AL RS ENKRAGGIRGS,
I K B i R AR RATESE R B M

KR TRTATE A H A LR AR ER N

hESES V221 MEFRER A X EHS:1005-2615(2025)01-0147-13

Efficient Modeling Method for High-Speed Gliding Variant Aircraft with
Wide Lift-to-Drag Ratio

SUN Jiaxin', JIN Zikang*, CUI Jingzhi’, YAN Wenhui', YU Zonghan'
(1. College of Machinery and Engineering, North China University of Technology, Beijing 100144, China;
2. School of Mechanical Engineering, Guizhou University, Guiyang 550025, China;
3. Beijing Institute of Astronautical Systems Engineering, Beijing 100076, China)

Abstract:In order to achieve the flight performance of high-speed variant vehicles with wide lift-to-drag ratio,
a new aerodynamic layout of high-speed gliding variant aircraft with wide lift-to-drag ratio is proposed and its
efficient modeling method is developed. The method is based on the UG secondary development platform and
adopts two-dimensional B-splines to construct the parametric system of the high-speed glider-variant aircraft,
and only 27 parameters are needed to complete the aerodynamic configuration design of the whole aircraft.
Numerical simulations are carried out under conditions of a wide speed range (Ma=2.5—8.5) , a wide
airspace (H=6—25 km) , and a wide flight angle of attack (AOA=0—10°). The results show that the new
variant vehicle can exhibit good performances in multi-situations, including the high-speed cruising with the
lift-to-drag ratios higher than 4.7 when the wings are spread and Ma= 4.0—8.5, the low-drag gliding with
the drag coefficients lower than 0.02 when the wings are retracted and the angle of attack is within 5° (reduced
by 20% — 30% from those with spread wings) , and different swept-back wing openings with a large

adjustable range of lift-to-drag ratio from 0.3—4.7. The results also indicate that the wave-riding effect varies
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depending on the degree of the spillage between the upper and the lower surfaces of the fuselage, i.e., the

higher the spillage, the weaker the wave-riding effect. Thus, the strength of the waveriding effect in the

airframe flow direction can be decided by adjusting the opening of the swept-back wing, and the variant

vehicle can fulfill various flight missions.

Key words: variable aircraft; aerodynamic layout; wave-like body; parametric modeling; wave-riding effect

o R RAT AR SRR R — N 2
FRIE R R TR, WS sl f o s AT
gy 1% MEE R G W A B KSR 2 A4
o AEBLIEAR P, RS A R AR D BT R SC R IR
BB T AL X AT SR AT IERE T A E R
FLRIE R R2 IR o ) 2 7 ol e AT g it
BN R AT R AT A% B AR E P S 80, b B %
S B G e i PR T B0 sl P ORI R AT R 3R
W, PRI B 3 8 v A A TR

YA, A5 T U, R AT AR G Y e
AR 55 T T AR B 3fe i AR 5 25 e I A g 25 DR LA
P T BEL FE PR BE , H AT o A P T T 5 0%
Sk A RO A B RS R S AR R
7 e VE g — B (4 i R J7 58, 308 3 J) 70 o A
UL AT AR RSN IR, SEBL T TR AT R FIAT 55
i R A1 S 3 AL R B 22 5 T A I B A

T oy AR AT AR WF A0 P, A8 S S B B vk
SR o MR Tolk K2 sk a8 G bk 5 K
FIEFT A% SCHLA O % T — ol RE A [5] i 31 4 38 1o
FURIGE A 9728 I 35038 9 X AR LA A Bl
PEHEAT T 40 BT o B A0 25 A0 R R 27 ok ZE 4O 4 o
TR JE g ]S A R JEIESE T R R U
T M i e 3O A7 U B AR HILAR 22 18] B <8l P fE
265 o LTI TR A% 5 A E — 25 R A
AR T SR AT TR H TR R T AR R KO kAT R
SR E TR SRR RO o PE L Tk R
SR AFR o [ g K 25 Bl ) HR B B R B A
W73 BT T AR Je 505 A R f 4 A T BT R
FE T OUARES H B DL Ak, Ji 38 D0 4 o) B /AR
WO Sl SRR HEAT T 2 4R IS B . L
L 25 A R R 27 3k 4O e AR BT TR 9 43
i, 2 i 32 RE 05 12 A3 AT AR I B TR fE
DI Tl DR 2 0 S AU S R RAT AR A
SRR R TSR SRR
SR o AL R S R T A AR LR B
B MLIL R ABL LY N, A A T BB, Rl
il R AT O A R L3 e e 90° eI, S B T Bk
PERE RO OE AL o T B B RO 2 S U SR ] 3t i
PR 2L 3 ok D e e A A ML I A DA T R 3R
RO, AE QAT 5 4 AT R0k A I B $2 7 < 3l

BoR ., EFRH R FZ AT R SRS RN S
% MR TR R R R R e e AR S 3 & s
A I 453 M T B R BE R

SR, S H AT AL AR AT AR S AE 4 JR) AR TR R
W AR TEHLBE A5 T A DL b R sl i Ak 45 O T A
T Bt AR i TR A R X (] X
T A U A SRR T AN O T R
X — )AL, A SCAH B 3fe 5 R0 ik — A0 B T TR AT AR 1Y
PERE, 2 T UG “WKITRF &, 458 AT R
T M 0 R AT AR A MERE AL B R T —
it & 30 i ¥y 70 5 A8 I i R KR B B A R o R
T AR TR BE I e e AR TR IR BT R S5 R 32 )
A P T7 i BAT W ¥ . 2 ) 2R F B A 4L
XI5 G AE B BRI/ T8 25 B 22 RO SRR R 1R
SRR TR . X — BT IS, AR
o A R AT AR B HE— DB TR R BOR
SRR, L AR R v R AT AR B PR RE S T B E T
U S (14 B i

| BRERVTESDABRIR
i 5 B R L

1.1 SzhHmB/Figit

5 s [ N A 2 A RAT I H R SR 98 AR, 45
A A5 5 e e X i R AL R 2 R A e AR ik
TER PR AT MR L it ik it 7 4 Fp iy
RUCUWLEE 1) o RO X bt 2R A9 B 27 v Fn ™38 1k
BT A T S8, L s A s i v
MERM. WL E CATHILEKERNSm, 58 R
L4 m,&ER0.6 m;HLEJE K 0.05 m, JBH M B
A 20%, APy AL L UK 4N

(1) A 1 (it Rk 5T 58 [ 15 #il 2 =) F0
VT - b N W B T R P S L
FT S 5, SR SR 1 T g R A JRy s HAME AR AR AR
i g SR IR X R T RE U8 A RS I AL i
W R R AT R 5 B B B A R
HTERONHER, IR WA 1) s .
BLIL R T LARE /N (8 3 J I T RR Oy 32 AR i, i) 3
1AL 0.619 m?, B IT Mok 157, 1 & &8 4 1 R
BN, GRS A WO S PR PR L A A T
TR 58 AT B BRI CATAE S5 (LB B H T



PIMESE, 45 SETHBH L v 3 AR R RAT B e AU T T 149

%1
PR A
|
A

-~
=4 — .‘

(a) Configuration 1

MR I
LK |l

4

=4EE

(b) Configuration 2

.
BE— |
IEA

"
|
=4 B
(c) Configuration 3
I—— |
Ny e
RSO
o ¢
- A |
ZHERE R
(d) Configuration 4

BT 4R RAT A A B

Fig.1 Four aircraft configurations

PR HLEL () e I 5 4 B XS A BR ) o /N 1 B T
AR PR T T S M RE R IRRE IR T R 24, B
SRAIK BH 7 01167 Ak 25 #9048 55 1 & B BE

(2) MR 2 iRl G 7 R E 407 1 X-37B T8
LR AT i ] Py 2 2 X 2 A 3 A ik
TELanE 1(b) i, HoA Jag Ji 300 o 1 25 <sh
PERE . SR AIHLE 5 HUAAR TS 218 i JLAT @lE A5 s, il
BLEL 5 B 1 3k U8 5 P08 42 T T R sh R s
¥ 58 R M L3 R T M Sk 187, B ) 3 i A
1.312 m?, N #F A FH 9 1.606 m®, 4% K i 3 i FRAE
P i T 7 PR AR 0 ] B B0 T ISOBCHLAS (9 2 A B
BB EEEMA I T R, ADES BN RN, %k
THE A T B T 7B X B B SR R R A I Y
15 e 2 R T tERe SRt .

(3) W 3B L B EE" T
HEFRIL PR Y 2 RUR AR S TR PR Ok B

Fe il AT 5 —HAE B e T T R
BT, R AR 25 b 52 0 2 o Y AR AR . SRR T 5
KWz S S etk RO R R THLR T4 5
BB PR — 30, R R I B 5L & B 325 e
W P AT HE T S R AR AT R R B ROR R
AR 1) Fim . %A B 38 R I £ ok 18°,
B E AN 1.911 m®, AR RN 1.727 m®. &
R 11 3 T AR 48 v T O R Y [, % sh 2 i
HUAE 54 T O v A LR 8 P 5 b A8 1 A
PR 245 BT AR o R, LA A JR) R fig L ) SF- A
i AR 38 A T 2 R T ) SR I R B B AT 55

(4) P94 (BT A4 AL 3 (1 BE Ak L b A7 1 ik
— e, I E 1(d) iR . EEESTF R,
W J5AT 1 = GRMR S R IO , e 5 2w — B0
Jeu i . Hk AR g AT T Rt RS
F4 159 A B 3 35 A 2 P 2 T s g < — B TR 9K +
Brad V2 "I 3. SRR AT 7R A 27 IR B A 1
RN S kL R I W A AL L I A e ey ey
910 mme BB AN 157, B3 A 1.525 m?,
WA BUR 1.523 m®y R L Py 28 BUR X /)N
(L5 /0N ) 35 o JF £ R 3L T B A R 0 T 3R T A2 1
F1 A T AR AR T ARG A9 83T, 3 25 i i 5

BERTE.
ERR
—
HLIE ALY

~
/ 5755
\

B
P2 AT Al B
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Table 1 Grid-independent verification

Wk MAgEH F./kN F,/kN N./(kNem) L/D

HME  5.3x10° —11.82 101.1 —280.4  4.842
hipgkg 7.5X<10° —11.51  99.7 —279.4  4.878
BRIk 9.6X10° —11.42 98.6 —278.9  4.869
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AT AR RE AR A L o B HAE X X Rl AL Bl AR
AL R Z R0 AT T B AL TE i 4 1w BHE SR,
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4 HTHRITEIR

Table 4 Working conditions of aircraft calculation

1 B /km TR /K JE5# /Pa Ma
6 249.19 47 217.50 2.5
10 223.25 26 499.76 4.0
15 216.65 12 111.40 5.5
20 216.65 5529.10 7.0
25 221.50 2 549.15 8.5
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Fig.13 Comparison of liftresistance characteristics between wing retraction and wing spreading
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Fig.14 Comparison of cross sections at angle of attack of 5° for aircraft with Ma of 2.5—8.5
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Fig.15 Comparison of cross-section streamline at angle of attack of 5° for wing retracted aircraft with Ma of 2.5—8.5
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Fig.16 Comparison of cross-section streamlines at angle of attack of 5° for wing spread aircraft with Ma of 2.5—8.5
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