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Abstract: There are difficulties in yaw control of a flying-wing aircraft due to the cancella-
tion of vertical tail."/A variety of control-schemes were designed based on the jet flow control tech-
nology to assist in and eptimize the yaw control. The jet control actuator was designed and manu-
factured. Through the wind tunnel force measurement experiment and two-dimensional numerical
simulation, the control effect and mechanism of each scheme were analyzed, and the optimal
control scheme was selected. The results showed that under the same jet momentum coefficient,
it was easier to obtain yaw moment by producing resistance than by applying thrust. After turning

on the excitation, the more inverse components the jet contains in relation to the incoming flow,
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the more obvious the interaction with the incoming flow; the larger the separation zone formed,

the better the control effect. The forward symmetric blowing was proved to be the optimal control

scheme, which can produce about rudder effect equivalent to a split drag rudder deflection of 70°,

and the coupling degree of moment was small.

Key words: flying-wing layout; jet flow control; drag rudder; yaw control;

flow separation
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Table 2 Average jet velocity and jet momentum-coefficient
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Fig.9 Basic aerodynamic data of scheme 4
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Table 3 Optimal states of four schemes
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Fig.10 Pressure contours of ontology model
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Fig.12 Pressure coefficient curves of scheme 1
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Table 4 Comparison of aerodynamic coefficients of four schemes

BH 7 R85 e/ % T+ EZ R/ %
VES
a=0° a=8"° a=0"° a=8"°
I % —(20) —2.4 2.0 —2.8 3.4
e —2.9 —1.1 —8.0 —5.3
FE=(20) 84.8 97.2 —3346 —47.3
H % =(80) 76.7 84.1 —10.9 —39.6
JrEEm(20) 74.5 —19.3 —42.3
3 % B W HEBEL 1 297 o) HE 3 R T A 5 B9 R R 52 |, 3
=A

AR SCHE T 5 I 42 W B AR A Xk TR EE AR SR AL 1)
i o) 1) T R Oy 52 B R ERAR JR TEAE AL 19 H AR L i
EEZG B IR E 07 S R U RS B A
il BT SR FH B T 224 =CBE 05 1) 8 AR X TE D42 1 2
R AR AR R A T TRA 2% 7 SR AT T
Sr BT, I T A AR R RS 45 5 SR B A S
TR T R R R O S . AR SO
FEEBWT

1) SCHRRFLARAE T, VIR 7 Z844 1l L7 A= A~
SE 8 D A RS RSO, o G o S R PRI (T R
) NI I S, n] DA AR R RSB T ()
FEAE 2 (8 BEL 7 O g Al A R R g [ 5 A
FTIHE R A R /s o T 207 5 U A s e L 4R o
2 b i e 0 SRR AR B L LRI AR 2 2 70T X
BEL 73 52 i e 8OCR <

2) TEAE R i sl i R AT, 77 A B L3RS
P AT 3 R O A L e D B AR 2 . A%
07 SRTTJA W S0 v A 5 5 ok AR Y Ay
55 i 0 AR HLAE T L O R g3 B RO 45
i 25 SR M o O 11 R O B B AR AR 1 TR
DX, 73 18 DX A T e JE BRI i e 22 B g
i, PR AL 3 A RE g A T 1S i A R BE =2
B, A FA AL S I RS RE T 75 1) A S R AR B

3) PSR AR R H AR TR AG R AT AR
] 225 A B T A AT AR A A L 2 AR B

KRG BAERE o A SCBFT Y S5 3L 42 ) 07 58 9 Wt sh 4%
AT AT 23S LR S A 2225

2% Lk~

[1] QIN N,VAVALLE A,MOIGNE A L, et al. Aerodynamic
studies for blended wing body aircraft[R].AIAA-2002-5448,
2002.

[2] 7B, ELH, TEAL . CEA R WYL 207 1 fE i 1E
R AR A L) S 2 i, 2011, 32(8):1392-1399.
WANG Lei, WANG Lixin, JIA Zhongren. Control features
and application characteristics of split drag rudder utilized by
flying wing[J]. Acta Aeronautics et Astronautics Sinica,
2011,32(8):1392-1399.(in Chinese)

[3] ROYSDON P F, KHALID M. Lateral-directional stability in-
vestigation of a blended-wing-body[R].ATAA-2010-9167,2010.

(4] 22080, SRS . RIAG JR BH 3 2 i A 450 200 35 0 1 e 1k

ST ] G SRS R R 27 241, 2014, 40(5):695-700.
LI Zhongjian, MA Dongli.Control characteristics analysis of
drag yawing control devices of flying wing configuration[J].
Journal of Beijing University of Aeronautics and Astronau-
tics, 2014,40(5):695-700.(in Chinese)

[5] SIMON J, BLAKE W, MULTHOPP D. Control concepts
for a vertical tailless fighter[R].ATAA-1993-4000, 1993.

[6] skiiz, D #EHI UK, 55 /DR L CIAT Ja A 1) 42 1 1Y
N A METATFE[T] Wi 2s 2% 4k, 2013,34(11):2435-2442.
ZHANG Bingian, MA Yi, CHU Hubing, et al.Investigation
on combined control surface for the yaw control of low as-
pect ratio flying wing configuration[J]. Acta Aeronautics et
Astronautics Sinica, 2013,34(11):2435-2442.(in Chinese)

[7] GILLARD W,DORSETT K.Directional control for tailless air-
craft using all moving wing tips[R]. ATAA-1997-3487,1997.

[8] ZAMZ, EEHZE 2IIRMELRE LR CHL TRk



kﬂ’i

11 4

AR SRR IR R AT AL 1) SR R R A

2291

[10]

(11]

(12]

[13]

[14]

[15]

[16]

[17]

(18]

S ) S BB T[], 25 T3 1R 241, 2010, 28(2):132-137.
ZUO Linxuan, WANG Jinjun. Experimental study of the ef-
fect of AMT on aerodynamic performance of tailless flying
wing aircraft[J]. Acta Aerodynamica Sinica,2010,28(2):132-
137.(in Chinese)

KT RZE AR A IF R e xR TE R A R
RS RS M 1 S8R I T (D] SE gL A ) 4, 2010, 24
(3):63-66.

ZHANG Zijun, LT Jun, LI Tian, et al. Experimental investi-
gation of split-rudder deflection on aerodynamic performance
of tailless flying wing aircraft[J]. Journal of Experiments in
Fluid Mechanics, 2010, 24(3):63-66.(in Chinese)

JE W, 5 TR e S~ AMIRE O JE R R R
AU 1 4 0 5 BE [T 7506 Tlle K224, 2015, 33(1):70-75.
QU Xiaobo, ZHANG Weiguo, SHI Jingping, et al. A yaw
control method for tailless flying wing aircraft under low
speed condition[J]. Journal of Northwestern Polytechnical
University,2015,33(1):70-75.(in Chinese)

W B AT BT . 3 gl U sl 1 A R B (0], s B
AR, 2010(5):2-6.

ZHAN Peiguo, CHENG Yahong, ZHAO Xin. Active {low
control technique[J]. Aeronautical Science and Technology,
2010(5):2-6.(in Chinese)

AR RS R B /el sh R D]
25244, 2016,37(7):2065-2090.

ZHU Zigiang, JU Shengjun, WU Zongcheng. Laminar flow
active/passive control technology[J]. Acta Aeronautica et As-
tronautica Sinica, 2016, 37(7):2065-2090.(in Chinese )
BOGHR, AR B E % ONS-DBD 5 il AR 4 = 3
T 2% 103 077 FTAIF 52 (7). 25 30 ) 22 35 2019-34(2):423-433.
ZHAO Guangyin, LIANG Hua, NIU Zhongguo, et al. Nu-
merical investigation on leading-edge vortex control for non
slender delta wing by nanosecond pulse-dielectric-barrier-dis-
charge actuation[J]. Journal of Aerospace Power, 2019, 34
(2):423-433.(in Chinese)

XU Xiaoping, ZHOU Zhou. Study. on longitudinal /Stability
improyveément 6f flying wing aircraft based on synthetic jet
flow control[J]. Aerospace Science and Technology, 2015, 46
(10):287-298.

FEIE A5 B AU B 5 1 B R R AR AT AR R RS
[D]. B AL« B s 2 A KK, 2012,

DU Hai.Plasma flow eontrol technology and its application
on flight vehicle[D]:Nanjing: Nanjing University of Aeronau-
tics and Astronautics, 2012.(in Chinese)

HOHOLIS G, STEUULL R, BADCOCK K. Circulation con-
trol as a roll effector for unmanned combat aerial vehicles[J].
Journal of Aircraft,2016,53(6):1-16.

FIELDING J P,MILLS A,SMITH H.Design and manufac-
ture of the DEMON unmanned air vehicle demonstrator ve-
hicle[J]. Proceedings of the Institution of Mechanical Engi-
neers: Part G Journal of Aerospace Engineering, 2010, 224
(4):365-372.

SAVVARIS A, BUONANNO A, JAMIL R, et al. Design
and development of the DEMON UAV fluidic flight control
system[R].ATAA-2013-4820,2013.

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

M FE T 21 2L s Bl i R ER (D). itz B 4k
2001,16(2):97-102.

SUN Jianguo. Prospects of the aeroengine control develop-
ment in the early time of the 21st century[J].Journal of Aero-
space Power,2001,16(2) :97-102.(in Chinese)
ITSARIYAPINYO P, SHARMA R.NACAO0015 circula-
tion control airfoil using synthetic jets at low angles of attack
and low Reynolds number[R].ATAA-2016-3772,2016.
WILLIAM E, GREGORY S, DAVID T, et al. Enhance-
ments to the FAST-MAC circulation control model and re-
cent high-Reynolds number testing in the National Transon-
ic Facility[R].AIAA-2013-2794 , 2013.

S H SR S0 R R R B R WS [T] A & =4, 2016, 37
(2):411-428.

ZHU Zigiang, WU Zongcheng.The study of the circulation
control technology[J]. Acta Aeronautica et Astronautica Sini-
ca,2015,37(2):411-428.(in Chinese)

BRIR AR A 23 KA AR HI MAGMA JE A L9853 %
(7] W B, 2018(1):38,

CAI Yan,.BAE's MAGMA drone uses jet flow to maneuver
[J].International Aviation;2018(1):38.(in Chinese)

KAY A.Success{ul demonstration of breakthrough blown-air
flight-technologies {o revolutionise future aircraft design[EB/
OL.].[2020-10-28 . https:/www.baesystems.com/en/article/
magma-the-future-of-flight.

SHI Zhiwei, ZHU Jiachen, DAI Xinxi, et al. Aerodynamic
characteristics’ and flight testing of a UAV without control
surfaces based on circulation control[J].Journal of Aerospace
Enginecring, 2018,32(1):04018134.1-04018134.23.

7ZHU Jiachen, SHI Zhiwei, SUN Quanbing, et al. Yaw con-
trol of a flying-wing unmanned aerial vehicle based on re-
verse jet control[J].Proceedings of the Institution of Mechani-
cal Engineers: Part G Journal of Aerospace Engineering,
2020,234(6):1237-1255.

BT, ZR A — b ILAR Jay A 1] R P A 5 AT T[], =
8 1524, 2008, 26(2):234-238.

ZHAO Xia, QIN Yanhua.An investigation on controlling lat-
eral characteristics for a flying wing configuration[J]. Acta
Aerodynamica Sinica, 2008, 26(2):234-238.(in Chinese)
DAVID S, SEIFERT A.On the generation of yawing mo-
ment using active flow control[J]. International Journal of
Heat and Fluid Flow,2012,38(12):72-81.

AARRE BT IRART, AE /N R SR L T BRAT SRy B B A I
PSR PEBTSELT]. 28 s 27274l , 2015, 33(3):296-301.
SHAN Jixiang, HUANG Yong, SU Jichuan, et al. Effect of
the novel embedded control surfaces on direction control
characteristic of low-aspect flying-wing configuration[J]. Acta
Aerodynamica Sinica, 2015,33(3):296-301.(in Chinese)
R, s AR DT, AF B T AR R TR Y R R R
Fiae B S [T ] W25 2441, 2013, 34(9) :2038-2046.
DU Hai, SHI Zhiwei, NI Fangyuan, et al. Aerodynamic mo-
ment control of flying wing vehicle using plasma actuators.
Acta Aeronautica et Astronautica Sinica, 2013, 34(9):2038~
2046.(in Chinese)

(. M)



