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Aerodynamic Analysis of Retractable Belly Flap for a
Flying Wing Aircraft
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Abstract: The study on the lift enhancement effect of the retractable belly flap on the flying wing configuration can
conclude the effect rules on aircraft aerodynamic force. A flying wing configuration model is taken as the initial
shape of flying wing configuration aircraft, the numerical simulation distribution method is used to select the types
of crevices distribution on the retractable belly flap. And on this basis, the characteristic of aircraft aerodynamic forc-
es under different retracted states of the belly flap is analyzed. The results show that the retractable belly flap, when
it is fully extended, can effectively lighten the air separation behind it and enhance the lift. When the crevice width
is the same as the width of the hill shaped rudder, the effect of lift enhancement is the best. The pitching moment
shows a quasi—linear growth with the decrease of the height of the retractable belly flap during the belly flap retrac-
tion process. Moreover, the lift enhancement effect of the retractable belly flap is better than that of the seamless
belly flap at the same height.
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Fig.5 Variations of aerodynamic force increments with
angle of attack for three models

T B A HLTE ) R A 167/ IT 4R BRAR
LML AL, TS AW AR /N T 167, Ty R AR £
AR . IR 15/ R R
AR SRR AT BE R R TR A IR TR A S A A L T T
R R TN AR A A TR X 5 SRR
(1289 45 R ARk o {E X T A 3C B B2 31 9 1 350

B, T N S A B R R T o g R Y 2K O AR
2B

AR 47, y=0. 05 m | 1 /9 & )1 R 5=
FL LR 43 A W 18] 6 BT 7, Fov ™ o7 R J0 I 76 L
BT LUE S RAT AR Oy IR AR A B A e ),
GRS S Wi 41 N 102 S o = V%
Jay RAT AR T IR0 5 5 I R B AR RE AR LS
SR AT B R B O IR R R A |
FEAESERR, 73 B IR A BT e, 00 T B B 4 AR %
T8 4 B A 1 b I 4% B A R B AT 2B i

0.75
0.60
0.45
0.30
0.15 e

-0.15
-0.30
-0.45
-0.60

(c) ToBERR

0.75
0.60
0.45
0.30
0.15

-0.15
-0.30
-0.45

-0.60 s

(d) et A

K6 3 g 4, y=0. 05 m &I i 5 1 Z 50 2 KR 46
Fig. 6 Pressure coefficient contours and streamlines on the
profile of y=0.05 m,a=4"



14 i as TR

L JiE % 13 &

o S — 2D I 5T AN () I T R SR AT
MR o0 AT B, 2 B E T y=—0.05m
VAR y=—0. 15 m P4~ of5 37 381 1T, 3% 11 i 7 43 A 4
N N e M I 9 D5 € VA

251
40
-2.0 F
4 -0.5
) Bl
-1.0
15t b o 3 T 415
L 1 1 1
0 0.5 1.0 1.5 2.0
x/m
(a) y=—0.05 m ¥
251
40
-2.0 F
-1.5F
-1.0 4 -0.5
o -05F n
O -
-1.0
0.5 F
1.0
1.5 F 1.5
L 1 1 1
0 0.5 1.0 1.5 2.0

(b) y=—0. 15 m ¥ fir

L7 30 R A7 A T R 2 5 190 T80 7 3R K000 A
Fig.7 Pressure coefficient distributions of station profiles
for different models, a=4"

M7 AT LAF 2 25 10 A 3 i ip, LB I
AR R IRTE T RAT AR T 1 o AR
3R AR L T A B, HL S O TR 30 B GO
T3, DTG 06l 555 1 6 T A8OR, 5 T I A R L A 4
B, HOJE 7 bR SRR A 22BN T RO L
BEA R o X H = R 8 R AU A P A
SR A S T AR [R) L B DY R A e A B S A 3R
(I I ) R T S T T (s 1 k!
O3 A 3 ROR A DT AT LR A5 5 A B 3 T
ORI AR SO O TR AR B 0 DY R R
LARIK(EPSRTIETOC - Sy | A5 T o1 R )
o3 3 I R B O E A L O R AR

VR HE L T = Ab T ) B 5 I R 3 A AR
B, MR 3R T 9 T g LT AR AR

3.2 ERERARBEBRESSKINEFED

SR BE 5 AT A 4 T S A SRR i R o, R TR IR
FE R 25 X A ML 3l R 1 B A 3 D A R bR
A, 00 0 R I AR TR 1/4.2/4 .3/4 LA R 5E AUk
&, anE 8 Fr s o

() HZTRHEFCE 1/4

(b) HEFREEILNHEE 2/4

(c) MG EBak 3G 3/4

(d) R HEER 58 Al

P8 TR A DU ) LR = 1A
Fig. 8 Four configurations of belly flap



%2 W

PSR NPT S | B =0 D B S el =1 £
PR TE AN 2 FT R .

2 PR R LA 24

Table 2 Geometry parameters of four configurations

Fig MEFEEIL R B /m A 22 T SR B 55 /m
JE RSO 1/4 0.07525 0.008 062 5
JiE TR RSO 2/4 0. 064 50 0.005 3750
JE FR AR R 3/4 0.053 75 0.002 687 5
FE i 0. 043 00 0

T Bk — PSS R GRS AR 2 AE A 2 1 Y
BE B 4 BILA Bl R R A R W T S R e R
A e LA A A JC AR B IR AR AR I . R TR T A T
S SE R B A7 AR A 9 R .

0.12
—- @ — g 1/4
—@— il 1/4, ToEEMR
—-A-—iE2/4
0.10 —:—jﬁz%m Pt
[ +qﬁzi3/4 JeE
0.08 ESLLe
S 0.06
0.04
0.02
0 1 1 1 1 J
-5 0 5 10 15 20
a/(%)
(a) F+ 77 RBU R
0.045 -
—- @ — L 1/4
—0—45@1/4 Pt
0.040 - | —-A-— ligic2/4
—A—liiE2/4, TAERR
—-m-—fiiE3/a
0.035 | | —m— g3/, Toakm
se Ao

0.030

AC,

0.025

0.020

0.015

0.010 1 1 1 1 J
/(%)
(b) BH 3 & B

WRoE 45 . RN Ry AT o ] il 4 B S R 3 R B b 15
0.020
—- @ —YiiL1/4
—@— ikl 1/4, TLHERR
0.015 | |~ A~ iitoa
_—A—_. _jﬁz%m ToEERR
—l—llézﬁ_sm TEEERR
0.010 | A

0.005 M

L i

A CM

i TSNS S S S N
‘A
_o-0-00 .\_.

0005 e o o o -0 ®

20.010 1 L L L I
-5 0 5 10 15 20

a/(%)
(c) DEAD 358 22 B
PO AR BN [m] SRS R 28 0 10 A 8l g 48k B 7 84k

Fig.9 Variations of aerodynamic force increments with

angle of attack for different belly flap states

M9 ] LU s %k T A — F i i R 2, wT i
205 T VA K L T 417 Ok 14 T g AR BB e S L X Y
TG 4 W I 108 B T BEL T AR O B N .
it L 0 4 31 AS ) AR TR A B S B
JEE 0 A A AT 2 S K S R R IR A g
F B AR o 2 M R R AT AT T A
i 8 48 3 TR A A ) R RO e B BN O
HRARL A

RGE R W NE VA TR in
W 10 Fros , o o7 Sy H0 I 7 0 5 o

-3.0
25F 707
\ . — 40
20F e e
-15F
-1.0 4 -0.5
“ 05 "
0
4 -1.0
0.5
—— it 1/4
10 F —— iie2/4
—— fiitE34
15k i 415
L 1 1 1
0 0.5 1.0 1.5 2.0
x/m

(a) y=—0. 053}



16 Mo zs TR HE R

13 %

-3.0
25
. H0
20
-1.5
-1.0 1-0.5
C st "
0 -
1-1.0
il B =
10 F —— iie2/4
—— ki34
15k Sl 4.5
0 0.5 1.0 1.5 2.0
x/m
(b) y=—0. 155
10 S Af S ATRRE, A [ AT DR 285 4 3t A 1) T
VIES (Gl
Fig. 10 Pressure coefficient distributions of station

profiles for different states, a=4"

M 10 AT LA Y Bl 2 AT 2 1 3 44 32 0 i
WS, R P M 3RS T AT A% R T S TR s ) o T D
ANTE BT ST T i M R R By e L e
e, PEAREATD 73 %0 2% g i 388 Ok o ol el L Al A
206 W VR A BN AL AT LU T3 T i A 0 T I R AR
A0 T3 A AT BEAE

4 & it

(1) "RI A Jay ®AT A n] i 455 1 R #E 3 RE S A7
R8I ARG R A B U O B U A B SN TR AT 2R
AR TR ), P A R A T 0 TG 4 BRI A 3 L
A AP TR

(2) T et 245 R 0 465 33 TH 20O 15 48 B 0 A
A5 TE TR e A (P RAR ST L4 5 1 B
fHe o R AR [R] I 388 THRCR e 4

(3) 3 o X F v e 24 L 08 56 3L 114 AN ] A S AR
A B A AR 3 g JEE R/ AT g o L B

PEAR AL H o DRI, al il 4 0 1 3
2 2 HIL B ORFAD 1y B R 4 G AT BE

HAMT %

& E 3
(1] A, Bl 3140 o [ B AL S e & S BORE e i 5t 23
Brol. v % a2, 2006, 16(12): 65-71.
HUO Zhiqin, LUO Fan. Statistic analysis on accidents and

incidents in the last decade in China civil aviation[J]. China

(6]

(8]

Safety Science Journal, 2006, 16(12): 65-71. (in Chinese)

. R CHLEERE SRR (D], BEE: M

MUK R A, 2010 13-14.

NIE Lei. Research on intelligent diagnosis of civil aircraft

hard landing[D]. Nanjing: Nanjing University of Aeronau-

tics and Astronautics, 2010: 13-14. (in Chinese)

RO, N, R P TR BB T R (T )L A
2= TR R, 2011, 2(1): 61-65.

ZHANG Bin, ZHAN Hao, ZHU Jun. Numerical simula-

tion of airplane high lift device[J]. Advances in Aeronautical

Science and Engineering, 2011, 2(1): 61-65. (in Chinese)

FA, TLL e . NSRS R R T [T ] A

TR, 2016, 7(1): 1-6.

WANG Zhao, HE Hongni. Analysis of constraints in con-

Advances in

1-6. (in

ceptual design of carrier-based aircraft [J].
Aeronautical Science and Engineering, 2016, 7(1):
Chinese)

YANN D S, RON F B. Study of belly—=flaps to enhance lift
and pitching moment coefficient of a BWB-airplane: ATAA-
2007-4176[R]. Reston, VA: ATAA, 2007.

(3 S DL U |/ S S SR R g

[D]. Kb MR R, 2017 33-41.
CHEN Xi. Research of the belly flap lift-—enhancement

scheme of the hypersonic aircraft horizontal take—off [D].
Changsha: National University of Defense
2017: 33-41. (in Chinese)

IR %, R, A, I AR TE A HILIE R 3 g i
HTTELT ] 2B i, 2019, 37(1): 75-82.
ZHANG Tongxin, ZHAO Ke, LI Quan. Aerodynamic de-

Technology,

sign of belly=flap for fly wing unmanned aircraft [J]. Acta
Aerodynamica Sinica, 2019, 37(1): 75-82. (in Chinese)
WRIE, MR, B0, 45 . MEARRIERS RIRA AT A ke e
AR W BT iz 2, 2021, 42(11)
125028.

CHEN Xian, CHEN Cheng, HUANG lJiangtao, et al. Nu-
merical study of the effects of the belly flap on the take-off
and landing characteristics of a flying-wing vehicle[J]. Acta
Aecronautica et Astronanutica Sinica, 2021, 42 (11) :
125028. (in Chinese)

YANN D S, RON F B. Novel pitch control effectors for a
blended wing body airplane in takeoff and landing configura-
tion: AIAA-2007-68[R]. Reston, VA: AIAA, 2007.
PRI, SCRM, Wk, & R — KL B R
R ATLT]. Mz TR, 2018, 9(4) : 452-457.

XU Dingguo, Al Jungiang, LEI Wutao, et al. Analysis on
stealth requirement of next-generation bomber in the future

[J]. Advances in Aeronautical Science and Engineering,



%2 W

R 98 A5 - TR A SR AT A% AT 4 AR SR o 17

[13]

2018, 9(4): 452-457. (in Chinese)

BRARSP), i, BRSO S RORLF RS IR R Y ORI
AL B A it 7], s TRk, 2019, 10(6)
735-743.

FAN Huayu, ZHAN Hao, CHENG Shixin, et al. Re-
search on efficient particle swarm optimization and aerody-
namic stealth integrated design of fly-wing UAV [J]. Ad-
vances in Aeronautical Science and Engineering, 2019, 10
(6): 735-743. (in Chinese)

ARz, AR, Kb R, A T YRS R n g o Al Bl
B BTT] kAL, 2019, 39(6) : 76-80.

SHI Junzhi, WANG Yongen, ZHANG Peiliang, et al. Si-
mulation and design of belly auxiliary device of lift-enhance-
ment on the bottom of two-dimensional airfoil [J]. Aircraft
Design, 2019, 39(6): 76-80. (in Chinese)

KETW, i, RAE . A TR B 8 TR AL M 1800
BURBSAPETELT]. 08 7272441, 2013, 30(6) : 822-827.

MI Baigang, ZHAN Hao, ZHU Jun. Numerical simulation
on aerodynamic characteristic of clean and multi-element air-
foils in ground effect [J].
chanics, 2013, 30(6): 822-827. (in Chinese)

JAE, MU, T, AF . CFD HORTE M 2s T8 4503 1
JH PRI R LT, Mz =74, 2017, 38(3): 1-25.

ZHOU Zhu, HUANG lJiangtao, HUANG Yong, et al.

Chinese Journal of Applied Me-

CFD technology in aeronautic engineering field: applica-

tions, challenges and development[J]. Acta Aeronautica et
Astronautica Sinica, 2017, 38(3): 1-25. (in Chinese)

[15] #EyL¥, sRERIL, BHIFLL, & . ST WY/ 75 B A F1 bt
T A P 2 5 AL R LA [T ). Wtz “# 4, 2019, 40(5)
46-56.

HUANG Jiangtao, ZHANG Yidian, GAO Zhenghong,
et al. Sonic boom optimization of supersonic jet based on
flow/sonic boom coupled adjoint equations [J]. Acta Aero-
nautica et Astronautica Sinica, 2019, 40(5): 46-56. (in Chi-

nese)

EEE

Br F(1989—), 3 4 By IR ST 1. BT . KAT
A

BR i (1984—), 3 f 4 Bh PR ST B . BT . KAT
R

FEITH(1982—), 5 Mk WP 6t . EEBF Oy KATAE A
RS At B e TE AT

$RHEZR (1983 — ), B it , W TR IW . FEZMFFR 7 AT
BRI

AAZE(1989— ), 5B, i+, By FHFs 2 . EEFFS | ©AT

LS

(ig: MHE1H)



