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Fig.1 Principles of FTV control based on shock wave effect!?!
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Fig.2 Principles of FTV control based on Coanda effect!¥]
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Table 1 Performance comparison of several common
FTV technologies
FTV A i) R AR E(VIES
B KA (0.9°~4°)/1% 0.86~0.94
i 3 ff (1.4°~2.2°)/1% 0.94~0.98
LA Db (14°~16°)/1% 0.92~0.97
[ il (1.8°~2.4°)/1% 0.98

(NASA) 2 FIWF5E 0 F 1993 4F 15 Y42 H JE T Coanda BE
T RS L 7 3, R IRl T s il i A0 . Bl IS 2
2 0200 ][] i FTV £ AR B TIRA (R GEMHTF5E .
A6 29 ] 20 22 70 4F AR IF 4 S B B 45 i Ak g
(Innovative Control Effectors) Il H , JF & & ol i o 5 1l
(AFC)HA I F 2013 FFBEA Z R MU AL T AVT-239 4
%5 2 (NATO AVT-239) , £ X% it sl 45 il £ ARz TR ok T8
AWLRGTTJE SRR ITALRY, b2y 955 BAE R4/ A
BRI AT BRI BRI EL, 42010 4F
9 HiA A DEMON Jo AHLFI 2019 4F 5 H B I MAGMA

TEAML A S PR A5 TR S S A HEA T RAT R 1 1 RBLAR
A EAEI, 5 E A X-36 . X-45 Al REREH T i IARR EmE
FEH AT, AR R . B AR LA AR TR 2 7
LS LR R F FTV WF5E AT BAIO-522230 X6/ INER 1A /IR
SEESUEHL CAn W " B ) TR T BN RS, (AR

T R RO AEAL i TP Frife— 20 9E . %
T R SR EOR BT YL ShILE, AT A AR N
FHESUEWFFE 45 v A 37 P 3 0 i N T
2.1 BF Coanda MRAIRIMEFRE FTV AR

DEMON J& A #L /Y 9 ¥ & A7 I i J 78 7 FLAVIIR
(Flapless Air Vehicle Integrated Industrial Research )i H £ h{
(Y CCIRFL A= Aot RATRE M A5 18 ZHOR , R FTV &
e AT AT, (HIZ R G CAE SRR XU s e
7R, DEMON #Y K 47 3 B2 58 [l Jy 38~60m/s. 4 T 7
DEMON |- 52856 4 it s il & AT, e 1 3 3 45 b5 rh bl 3
PE U B S OCHEEAR  BEHLE  (T ) t XY 50kg
4% 90kg>l, DEMON Ry ik ©AT#HI R 40 i CCW Al
FTV B W 4L (WLIE 3) . CCW 3T Coanda 545
WU S S LI R T A U Bl 75 ), DT A= AH R 42k )
e SEBUIR I ) e 1 ) 1 BRI Bl i R Gtad T LATE |
FramE AT I BAR AL R T 7 s FTV BEEH R sl
HET) R AR AT, A U5 | 5 N R
HEAWEE TP Y Coanda F AT H ARSIl AT
[t IR C T i =90kg

T/W=0.5
W/S=255N/m?

3%mac

----- 3 - 08 >

400N Titan
[peva=zitin

FTVIEAS _

HMICC -

(Ol ) HilJG 4 5 40°

2 K3m

ASMIICC HE2.2m

CRRLAH)
3 DEMONERYHIEE SRR E BRG]
Fig.3 Overview and main system items of the
DEMON UAVE7

DEMON fiff FH it A ©A 745 R 58 th R shbL G | 8K 3l
BF, TR AT R R, R R SRR AT AR R A
Wi Bh2h 11 R GV, CCW R FTV R32 & shilL g, (H 4
BN AL AR, iR K AT & 4, DEMON
TEAMUAETEARBE T BR T80 Fh Oy 5804, it 2 330
KL RN FERHEZ—,

Crowther ZECHA T DEMON JE ALK RITHH 245



66

Z48 Fluidic Flight Control Technology

MEAN T R . AN TR AT il R Gk AT FH 2 % 4L
Pk F AR 47 s | — e LA, B8 0B R A i 3h
P20 45 . Hoh  FTV BEAE AT AR A, Y T 152 1
KHESENE 4R . EWVEMITTEA DRSO,
FEIEAR 92 L AR 24 10 HLTH A 4410mm?, A7 38 1 11 g
TR RS T T ALY 95 % , I et I8 . FTV B 2 —
ANIRGE R EE IR, Iy Bhaa w4
f# I F Coanda BEIR LA K FFRAE . KWL AW
A1 T JEE AR A, FTV A5 BRI T 1

FTV WA 1 G U AR AR AE P AT T WA rh 0 4R 2 L
BEHE, Q& 4(0) s, AR AR Bl
TE— 82 AP BRI st A, JHC iy B2 el 2 O 3R i o
(WE4(d)) . FTVBEHER S B E 4(c) s, &
M g8 ] AR A 250 52 o0 0.2, BV 45 52 S WM A 12 1 0 20mm,
T FfF 55 Coanda BE K424 105mm. % & KT 2e A9 i 7
FHLBh P RE T 2L, F 800 05 KA % i E e hy 200, AR 2
ISHTE N TR B9 Coanda BE T2 11 /1 35°, R MEME R4 % T
W 4(d) s, 525 0 0.25mm, H 2 4 0.0024, FEH 2
(B, AT DAL RS 1) — IR o FTV ST [ 4n & 4 (e)
Ji7R Wi IS A SR IR R A YR 400 RAREE I &
L R e UL e RS TR/ W A CIE = i) =2
FHJE 5 Coanda BETH 547 25 tet AL AD 3R 22K ORI A IR AL 23 122 5
A LW, DEMON [ FTV B4 58 ML OZ 22 A 0 FR, FL
VA A A ], 550 A R A % 000 oy 3 G0 AN 1) )
% 183 545 Coanda BE T ST R 551 2 1 M & o , e 52
SCFTV W =4 JUI IR A5 4 2 SCHE , XY mi B +
R LA 55 A fa7 o, {H T REAS S AR AL T

T4 FTV RS0 SE ik S W Fmens , ok im $3%
K ANHRCRA Bk A R A AR N RS
£ Coanda BETH I, iZ KA /N T80 1 R Ge b i FoAb At %
S5 B A L, RIS A T I H R BEAE 2t s
AR A5 RIS S B 1A I, Sobester® ) CFD 43 #r4%
SR GRS TLAAT TR (ARG A Ak 1 mDRE i 40 2% AR
% 49% . Burley FFPOWFSY T WIS EE 5 1 #EK YE L AR
ZIRISE A T AR=10 Ay Mt i o K B0 (R e
WEAY 1.6 % . GIIMWESE T AEBTAE EIG I FTV &1~ 2k
(A SRR B AR .

Gill %3273 FTV RGHEAT T 0I5 M # SR, 76
ANTRLA K B T50 T 00 6 1 4 03 9% d A LA Rk 1 R i 4
T35yt AR BN R e g 2R AN TR S IR o R AR AR Sk IR
5 R L YRR WMV ] ) B C,, i SR

HEEJ S ERR S Z M. MU A R A I sino=C,
Zithe FTV I SAFE A IR0 NI, A —
AN B 1o 2 ) DX AR R 2 ) i I 28 A — 4 I [ 2 7] DX Ak
IEME2R) o o, Sz Pl AR AT A 45 2 1E 1) P B 1045
SEATE I AT A5 Y 10% 98N8 1%P, AT, 2
] 42 il DX IR0 B vy (L o o 157 57 14 B A U 25 1 )
R SEERARIT, AR U R e 5 A R R

KE FESTO 8mm i/d
MliCoanda LAl i AT B
BETHT il 58 W5

F i
Tcoanda s

(b)) TV [ R A

Bl U U

L

H/R=0.2 20mm

m§

(c) FTV MG m A m LT R

LIS B
RITBEE 5 1 ) 1mm
0.25mm *
e
B i&ﬁ}h
2mm 2mm

(d) PV G i A i 2



gtz ez A%EE Fluidic Flight Control

67

ZguseilEe
W PR R T AR

210mm

WS F 4 A =
GIE IS I=E 3R
40°
A4
ZRRIRAAL
[8]f%10mm

(e) FTVE{ME -1 &
4 DEMONHYFTV B¥Esit'?”
Fig.4 FTV nozzle design for DEMON!27]

R HPLIT]

5 BAERFTVESEHIIMNEHZ 2731
Fig.5 Control response curve with a co-flow FTV nozzlel'327:31]

D42 il i 17 AR R LA R A I e R
2.2 BF Coanda MANEMETR FTV AR

MAGMA J& A LIz 5 T SACCON J7 & JF & 4 . Warsop
EBANATT MAGMA [T BRI JR) , AR R By 55 i A 78
T sl i F AR BT T B R 8 TR, T T M A R AT B Y
PERE B HE . MAGMA S0t (1 FTV BE45 Q& 6 T 7w , & F
Coanda R0 (35 [l it FTV 42 il w57 1) 38 56 A an 1] 7 7
FTV WA T304 3 32 50 (MAGMA & 2 AL L 119 16
{5424 0.8) 3l 1d 5 B TR i ) U AL M 2k
o BIAR PR T IHER LS 3 FTV WA 138 i R S 2
G AR S T 25 R AT o 3 Ao 8 A VT 1 1
HHECTE L, T H R LS FTV MBS RACR .. Rk, BB 25k
ZEhBSE T YA anlEl 6 (a) s

MAGMA 1 FTV W48 FH A RO A 2 55 JE AR , AT
AL TR B AR LI 5 ok A R SPLI B HE R
Pefe—i , R TR AR A S/ . W6 R 3047 B F
PSR/ IV s B RS R AR T L 3002 SE B MAGMA I 0

Il Coandak fii

! 3DFTENAY B
AL I E
(a) FTVEB{EA )

=l

e
<AL E BT

)¢/

T iCoandak fi = " L
(b) FTVIEAERIR R A
6 MAGMARYFTV BIELAH RIS IFE
Fig.6 FTV nozzle assembly and key features of MAGMA2!

. 0.15

Vil
—~— 0.10
== Bl 005

PR e

i A
-0.05
TS /
=0.10—

—

-0.15
W I L

(a) FTVEzmaL h2k

(b) FTVEEHE il
7 MAGMABIFTVi{IgiTEE R
Fig.7 FTV experimental evaluation of MAGMAR?
REE SRR R . O 1M R R PR FHE S, A TE
I8 2 72 S0y AR AR I, a0 200 N BRI SIS O 0, L T AR 9 1] 496
Ko FTV B B CHEBETTSBUR Coanda BE I 42 5 W
R L (BB RS 4R ) LB W B S I e 2 L
(3 T s i e 3 457 P ) A1 Coanda B 17 2% 11 £y (3% ¥ e KA%



68

48 Fluidic Flight Control Technology

). XL HE R R YE —4E RANS CFD W58 , 285
HRAE IS S BT A R R . MAGMA Ft Y FTV i
RS B R ARSI, A S G 45 o 30 2k S8 8 ]
KA AL ZARAT FTV Wi = 4E JUAIAR , {75 w55 45 A
ATAR FAHARL  mstefs ekt FEURDRE Rk, SR T 3D 4T BN AR
i, BEJE N 0.5mm. 25 RETE S A5 HLA R WM, ok
GrPRARAT Sz THE ) R A e e AR R S it

wE 7(a) s , MAGMA I FTV B4 REAZ P2 14 [ 4%
TR 02, DL T ) BTV IS B S B e sl il , A
B i 2 X6 7, b Wb A ) 1R A e E Z Y
D125 T ) FTV WA 4 0 R R MR Ak 1 ik — b 72
SR el IS /BN i1 e o L s ST O R A R 2115 I
Tl R GE RS DAL T4 R 180 ) A T4 ) R
ilo BRI F 200 1000, HFF B K2 2% 1) K& shil
oI TR sl . Afilakal®% (Ao 00 il 3 E—20
DAL LA R o 1 RS B X FTV 42561 W] LIORERS 45 ik
AR KA —NBEEH . SR, AT SRR AT 42
K, MAGMA (1) FTV BE4F 3 25 % J8 [N 2 J2 25 F 3
JE TR A A 1 A 2 IR A MR B A P R 1Y 52 T

K 8(a) 4t T MAGMA 11 & shbL A5 K43 Fls &
P, 7 A B AR PR R GE R, S R 3T KHLH
P ERR SR B Z X, LREF EIRR AT
FEH R GRS oK . MAGMA £ 5 1 ] 54 1Y HAWK & 3y
BL, B A TEE i R G0 & sh b REsE i e/, HLRAT
P R 5 R ST R G0 RS C AT E AR
T D). K 8(b) N MAGMA Wi AR KATH: i & G 45 18 A
B, R KK 120 4x10°Pa, i B2 R 200°C,
B SR A BIHL T Ui SRS A8 A (AR A . A
TEHRVE TN R BITERGS o T i bn it fL PTFE 4518 (A2
15mm, P42 13mm , e/ il 248 K 24 20em) o

MAGMA i & H #4&%F CCW FIFTV (1938 FPEsE 756
1 - 71 I B S s i VI R < R EE SN TR TN
TRATHE ] RGAAE HL AT AT I . LR AT il
RGO BRI A M i T SR AT AT
TRE. FMA CATHE N R G R A B DI4” , I4 T
AT AL A s R AR CATHE R R G R I D Rg  JF €
HURE IEH €47,

NATO AVT-239 1T 45 241 5 i A nl R AR €17
2 Hi £ AR 1Y JC A Js R AL U7 58 (ICE F SACCON) JF g i
B AR S LA AR T = A IR AR  7E 9150m =5 i
43 LA S 5% 0.9 (ICE ) #110.8 (SACCON) “#E A% 377 s LA

B O AR ——

'iﬂi‘%it - e
bl | ke B
e . FTVIE
ﬁ > - A
Engine b0 47
) — /”}”

- Pl SN R
Wi 'ﬁg’ il

/ S e B FTV [ ] 75
|

A - FTV R i e
LEFHCCHER,

> -T:’
Zfumss B
(b) WM ®ATHEH R EAG Fe
B8 MAGMARK K TERHARSAHE
Fig.8 MAGMA fluidic flight control systems architecture

BESEHLS SR IR i ke B HE AR B AR
— B BOTAG S5 AR T I AR JR AL, b2 il T A A
WIES & S MOIR

e[ 2 R RE R 2 o AVT=239 1T 55 21 $2 4L T R A 4l i
P T 2% B A A DG B CY . FTV Al S il D R
JITE A SAIL I S BEAEOC, T R # o R 5 R s A+
W Bl i BUE L o W WY 1.7 % 0, A] SE ik
15° (e R i f o AR LG T AR EhE IR  FTV 42 AL
PR FN% 5 K gL R A AR DG TE K. Warsop 5594 H 4f
TR 5 7 R AR A 55 B B, ML S G U0 1l SU3E
a4 R i A St A ) O B ) ) 1 IV R A
J1 2R 5 CAEIE I ) T JC R AT R (A0 ICE) (Y m AR, ¢
SEAEMRATF T . 515 SACCON A4 RIAR 1] Rl th [RJRE 5 F .

Hutchin ZI%F H PEAY T 72 SACCON | 5Ll 5 4% 34 it
¥l (trailing edge circulation control, TECC) ., TECC fI FTV
(WLE 9(a)) ISR AL #7 (sweeping jet actuators, STA)
FIFTV (UL 9 (b)) =M sh il AR . SACCON i)
LI TECC R 1A 5 1 58 RALIFID A i) )
. FILZ T, SACCON [ & St Wi iE & ORI,
ELHZBR N T AR FTV 45 H AR (5% £ I 7 i R AL 1) 7
SR80 RV (g B ot Ikt g AR RFATI 9 %) . TECC



gt iz A%EE Fluidic Flight Control Tech

69

BN B ) CFD BIF 78 5000 26 W, 35 03050 7 g 26 v I e i o
TRBCRE . 16 AVT-239 W98 4Lk i 3 A S F LAY
TE— 5 MR 030 BB e FH I AR 0 2R e T I 30
.

FTV
(a) TECCHIFTV

B9 SACCONE&ERMaEHRARTES
Fig.9 Schematic diagram of flow control system
integrated on SACCON3!

(b) SIAHIFTV

Miller ZEB44IE i e AFC H5 AR PEBE  HE R L “ Bl fg A
BCRE LR VAN s IR L3S 204 & (TE)
FVRALTAARE S % 5 (YFTV) 9 ICE04, 7] LA A 7 1A 42 il
RO xE A RBEAR S HLHE S e/ MEESR . 5
Niestroy IR ZE AL, YFTV CAC T 3 3l i sl il
RY¢, K5 R HAD AFC U 25 (17 . Maines £l Miller™
MR8 NiestroyPI & Y 22 i i B R R E i sh 2 R 45
BN FBAT B PPN S SR 0 e UG E o YFTV R TE 4165
MOLE10), CERITT SO 2, T RO E AR,
ISR AR BB 42 625, JLRST e N % 18 TAR K
TIPSRy TR TE B R /M, O (TR
T R TE DN 0.4,

TRAFTV

PE 5% I
AR (e

10 ICESEMETRENRSIRSEL

Fig.10 Flow control system integrated on ICE!?®!

BT 451 T ICE 223 i) E R S il vl iF . A shiil
HE 22 T BREAME AR Al I D SO, LLIE Y R shplis
SR EIZK . sl RSl ER R A E S A
A Z 18] LR A8 T4 Sk AR R AL 4 . AR R )3
B, BEJEE R T 0.508mm B ik B 4 4 82 BT s 1 SRR
I R R 24 2 S22 )RR B 52 R 9.53mm, DL R AT A

R2 ICERDEHIRGRESH

Table 2 Key parameters of flow control system for ICE36]

BitS5 POEE
S RS
S /Pa 344740
HE R EE°C 226.67
IS A 4 e B 42 625
LA REL 2
B SR 0.4

RGFELIRTIT . WSRO 5%, UT3 e )y m sy e, Uiy
DI AR . BT AR S HLE R B R R B IR R T A
93.33°C 5l B /& , R AETE AN TR B, 5 2255 1 i YR X A1
A S 3 1ok 22 2 RS e 8% S BLHE 2 Ve 228
FERIA AT RS MR Jey PR A A S B BN AT 55 RGeS T B
L AL U e TR O AR, A G B X R X2 B
s TR B TR FE A E . YFTV R TE 206 # i &
G B B N R ST SRR A3 B LUK S5 |
ZAmMUHE ) I T BN LI PR AR O A% o LT
T B BB SR (AL 0.4 38 11 0.6) , e X filif3 R 4t
D T 20.41kg ARBE T 0.023m’,

Ui
e Sy
AL

. ¥4
»~ &

g IN T RN
11 ICEMYEZEREhIRHIER - o]

Major flow control components of ICER®

N

(R EpE S

Fig.11

3 RRE#EIY

L AR R MR ELIRER , [ N AMIFFE N U AE FTV s
BB TR EENR AR, EIMEMFYLL E R T
LR ATIRIG AL, H#E8h T FTV H AR sEE 1Y B 25427
Wt FIRER X FTV B BEAT I FH 56 UEAFF 5% 14 52 AR 4015 43
B X4 JE FTV HRBR SR a0 T i & L, N FTV 4%
ARyt A TAREACR R — 2S5 .

(1) FTV AKX Z —TE T, 5L AR Z YR ARMEXT &
SIS PREHERE ], SEREAS A AT el E WU Y AN



70

g Fluidic Flight Control Technology

R AR IO, B S e e 4, AR B S LR T AR
LIS . AL BAE RS AL P AL IEHL DEMON
FIMAGMA £ FTV £ 4t < fl 25 A ERAE A 78 , FTV B TE
ARCT SO T U S EOR G TR RE Y G, PRI AR
(R E A5 AR A B 2 A TRE A Ak, R v L]
TR A S 7 R A B iR stk R , LARIIEARAS 55
PR Y [ BT EL A R A A it e g R

(2) FTVH AR TR HFHE T L0 R G EMMERIE, f
T e A T F G 0 DE E 55 15 4 [P, 26 RS 1 FTV 3 4% 1
To R BT, BA LEAN [ 2 R 0 2R G 46 Uik b A R
K I fEHe . AN, it R G0 AR R — 2 AT F R FTV
BORBIIAEVERE . — TR RSP K RGBS ERAER
PA BRI i, PR3t/ ) B P 5 SR & AL R s i 5 — 2 b
P X H I A HE ) Ok B 2R e A 1Y e S AR ke 1 B ], T
fifp A W R A 5 RBL A B MR R IARR AT X T
Pedml ey N o R PR AT CAT R A K )
LG SRR SibLERE . T EEME ST B IR
R BI ZR 5 PPl R S HLIERE T R RIS 45 ik
£ 9 OC Z W g 1) P 5 20 19 R I S 3 TR 14 i B 4%
il o BRI UE Dy, A BRI Ch, R RS T
PR CAT R R G AT TR R LS HA R 2 K
FT 55 WG AR AT HR A, IR B MR I 3 K30 £ AT B g 45 o
P, = SRR CAT IR IR IEATI R FA A R PR AR

(3) BE 75 2R H Uit sl 42 il B AR TR S P 3851 Bl P AR5 3
RN, LATJRC AR 16 Sl e 14 R (Y B B (44 | 4 55 1)
R AR AT AR BT e AR 2 — o CAWFERY,
FTV BORLESEA TN ) R0 42 i B 0o 5 i, ] I T
A7 SR AL T s i, AFLJE: 1 AN il 50 4 A A A 1 DA S 3R
ML A R . BRTAT TR 7 226 CCW 5 FTV il &
i1, CCW 2 H] TR 1) 4545 MR R T g, FTV IR
Pl Sy A, TR AN CCW YN 1) F1AE /NG R .
DEMON F1 MAGMA P ZE53EHL 4R H T CCW FIFTV
P FEFE ], NATO AVT-239 {F:55 20 % 45 28 U sl 2 ol 5 A
LA PR I, A ICE A SACCON fl i AR A T4 il e A
T % J& CCW FIFTV I AR M A . ARM I T
YERT DUAE S5 A S, Ak B2 CCW FTFTV 1Y S5 3 [+
I 2 MeAh S5 B AR AR 7S U i 1 ] L
TR H A AR T [AST]

SEM

[1] Deere K A. Summary of fluidic thrust vectoring research

conducted at NASA langley research center[R]. AIAA-2003-
3800, 0rlando, Florida: 2003.

H oz T R, A L A ) R ORI ST SRR (0], S
WA S1%2.2017,31(4):8-15.

Xiao Zhongyun, Jiang Xiong, Mou Bin, et al. Advances in fluidic
thrust vectoring technique research[J]. Journal of Experiments in
Fluid Mechanics, 2017,31(4):8-15. (in Chinese)

BURSS R THE J R RI AR MPRT[]. AL 25 3 71,2018(3):
25-27.

Jia Dongbing. Discussion on thrust vector control technologies[J].
Aerospace Power, 2018(3):25-27. (in Chinese)

B A5 SR T O AR I TR AT A T AR
FEHFR[I]. Mz Bh2= R ,2019,30(4):1-7.

Xu Yue, Du hai, Li Yan, et al. Progress research of fluidic flight
control technology for flapless aircraft[J]. Aeronautical Science
& Technology, 2019,30(4):1-7. (in Chinese)

BN WSS S U N ANRAE S B SE[D]. 9 L i RS
IR R4,2018.

Han Jiexing. A study for inner-outer flow coupling of the
fluidic thrust vector nozzle[D]. Nanjing: Nanjing University of
Aeronautics and Astronautics, 2018. (in Chinese)

R . LI Z P3N T Coanda FHRE G B3 BE 1 BRI [D].
B M LS AR R2,2019.

Wen Junjie. Study on the transient separation process of
Coanda wall-attached jet under passive controlled excitation
[D]. Nanjing: Nanjing University of Aecronautics and
Astronautics, 2019. (in Chinese)

AU . FET I I A ) R A BT B /AT AR Tl AR R A
FE[D]. B AL : B AL ZE R K2#,2018.

Zhao Xiong. Experimental research on vehicle control
technology based on passive fluidic thrust vectoring nozzle[D].
Nanjing: Nanjing University of Aeronautics and Astronautics,
2018. (in Chinese)

MRUK . B R MR A (¥ 1o FH BT [D]. B T« i i 45
AR K=£,2019.

Lin Yongchen. An application research on the new fluidic
thrust vector nozzle[D]. Nanjing: Nanjing University of
Acronautics and Astronautics, 2019. (in Chinese)

Warsop C, Crowther W J. Fluidic flow control effectors for
flight control [J]. AIAA Journal, 2018, 56(10): 3808-3824.



St c#E#A %48 Fluidic Flight Conti

71

[10]

[19]

(22]

Warsop C, Forster M, Crowther W J. Supercritical Coanda
based circulation control and fluidic thrust vectoring [R].
AIAA SciTech Forum. San Diego, CA: 2019.

Mason M, Crowther W J. Fluidic thrust vectoring of low
observable aircraft [C]// CEAS Aerospace Research Conference,
Cambridge, 2002.

Pilmoor M. Pitch control of a low observable UAV using fluidic
thrust vectoring [D]. Manchester: Manchester University, 2009.
Gill K J. The development of coflow fluidic thrust vectoring
systems [D]. Manchester: Manchester University, 2009.
Lytton A. Large-scale application of fluidic thrust vectoring
[D]. Manchester: Manchester University, 2005.

Chippindall J. Geometric optimisation of nozzles for supersonic
fluidic thrust vectoring [D]. Manchester: Manchester University,
2010.

Ashley J. Aft deck supersonic thrust vectoring [D]. Manchester:
Manchester University, 2011.

Jegede O. Dual-axis fluidic thrust vectoring of high aspect-
ratio supersonic jets [D]. Manchester: Manchester University,
2016.

Afilaka O. Normal blowing fluidic thrust vectoring for supercritical
aft-deck convergent-divergent nozzles [D]. Manchester: Manchester
University, 2017.

Song M J, Chang H B, Park S H, et al. Application of back-
step coanda flap for the supersonic co-flowing fluidic thrust
vector control [R]. San Jose, CA: AIAA-2013,2013.

Clandra S T, Kushari A, Mody B, et al. Fluidic thrust
vectoring using transverse jet injection in a converging nozzle
with aft-deck[J]. Experimental Thermal and Fluid Science,
2017,86:189-203.

SEER L TE MR AT R BOR K SR B A (0] s B2
HiA,2020,31(1):85-86.

Cai Yan. Development and prospect analysis of foreign fluidic
flight control technology[J]. Aeronautical Science &
Technology, 2020, 31(1): 85-86. (in Chinese)

IR BZAN TR L A ) R ORI HLATT R B
PRI SE []. 25 sl )1 #2#41#,2019,37(4):593-599.

Cao Yongfei, Gu Yunsong, Han Jiexing. Development and
flight testing of a fluidic thrust vectoring demonstrator[J]. Acta

Aerodynamics Sinica, 2019,37(4):593-599. (in Chinese)

(23]

[24]

[25]

[26]

[27]

[28]

[30]

[32]

SRR T O Za s, Jo A, A BT O T A Sl BLEAIBE It ) T
TR AAHE 7 % e W4 1 2 ol KL BT 9 [EB/OL). i 28 “# 4R,
http://kns.cnki.net/kems/11.1929.v.20191221.1554.004.html.
Gong Dongsheng, Gu Yunsong, Zhou Yuhang, et al. Research
on control law of passive fluid thrust vector nozzle based on
the thermal jet of micro turbojet engine[EB/OL]. Acta
Aecronautica et Astronautica Sinica, http://kns.cnki.net/kcms/11.
1929.v.20191221.1554.004.html. (in Chinese)

Fielding J P, Mills A, Smith H. Design, build and flight of the
Demon demonstrator UAV[C]//11th AIAA Aviation Technology,
Integration, and Operations (ATIO) Conference, Virginia
Beach, VA, 2011.

Fielding J P, Lawson C P, Pires R, et al. Development of the
Demon Technology Demonstrator UAV [C]//ICAS 2010, 27th
International Congress of the Aecronautical Sciences. Nice,
France, 2010.

Savvaris A, Buonanno A, Tsourdos A. Design and development
of the DEMON UAV fluidic flight control system [C]// Guidance,
Navigation, and Control and Co-located Conferences, Boston, MA,
2013.

Crowther W J, Wilde P 1 A, Gill K, et al. Towards integrated
design of fluidic flight controls for a flapless aircraft[J].
Aeronautical Journal, 2009, 113(1149): 699-713.

Wilde P, Buonanno A, Crowther B, et al. Aircraft control using
fluidic maneuver effectors [C]// 26th AIAA Applied Aerodynamics
Conference, Honolulu, Hawaii, 2008.

Sobester A , Keane A. Multi-objective optimal design of a fluidic
thrust vectoring nozzle [C]//11th AIAA/ISSMO Multidisciplinary
Analysis and Optimisation Conference, Portsmouth, Virginia,
USA, 2006.

Burley J R. Circular to rectangular transition ducts for high
aspect ratio non-axisymmetric nozzles [C]/ SAE, ASME &
ASEE Joint Propulsion Conference, 1985.

Gill K G, Wilde P I A, Crowther W J. Development of an
Integrated propulsion and pneumatic power supply system for
flapless UAVs [C]// 7th AIAA Aviation Technology, Integration
and Operations Conference (ATIO),2007.

Warsop C, Crowther W J, Shearwood T. NATO AVT-239 task
group: flight demonstration of fluidic flight controls on the

MAGMA subscale demonstrator aircraft [C]// AIAA SciTech



72

Z48 Fluidic Flight Control Technology

Conference, 2019.

Hutchin C. NATO AVT-239 task group: control effectiveness
and system sizing requirements for integration of fluidic flight
controls on the SACCON aircraft configuration[C]//AIAA SciTech
Forum, 2019.

Miller D N, Williams D, Warsop C, et al. NATO AVT-239
task group: approach to assess prospects of active flow control
on a next-gen tailless aircraft [C]// AIAA SciTech Conference,
2019.

Niestroy M A, Williams D R, Seidel J. NATO AVT-239 Task
group: flow control simulation of the tailless ICE aircraft [C]//
AIAA SciTech Forum. San Diego, CA, 2019.

Maines B H, Miller D N. NATO AVT-239 task group: flow
control system integration into the tailless ICE aircraft[C]//
ATAA SciTech Conference, 2019.

Phillips E, Jentzsch M, Menge M, et al. NATO AVT-239 task
group: on the use of active flow control to change the
spanwise flow on tailless aircraft models, thus affecting their
trim and control [C]// ATAA SciTech Forum. San Diego, CA,
2019.

(38]

[40]

Warsop C, Smith D R, Miller D N. NATO AVT-239: innovative
control effectors for manoeuvring of air vehicles-conclusions and
next steps[C]// AIAA SciTech Conference, 2019.

Niestroy M A, Dorsett K M, Markstein K. A tailless fighter
aircraft model for control-related research and development
[C]// ATAA SciTech Conference, 2017.

Williams D, Osteroos R, McLaughlin T. NATO AVT-239 task
group: flight control derivatives using active flow control
effectors on the ICE/SACCON UCAS model [C]/ AIAA
SciTech Conference, 2019.

Miller D N, Maines B H , Niestroy M A. NATO AVT-239 task
group: results to assess prospects of active flow control on a
next-gen tailless aircraft [C]/ AIAA SciTech Forum. San

Diego, CA, 2019. (FTHERE HRARE)

=T

B (1986— ) &, W, HA TN, EZALT @it
FRARA F RAS N F A A

Tel: 010-84933672

E-mail: qulixia2005@163.com

Application Verification Research Progress on Fluid Thrust Vectoring Technology

Qu Lixia*,Li Yan, Bai Xiangjun

Chinese Aeronautical Establishment, Beijing 100012, China

Abstract: Fluid Thrust Vectoring (FTV) technology is a new flow control technology that uses secondary flow to

induce mainstream deflection and achieve thrust steering. The aerodynamic principles of FTV technology are

summarized. The application verification research progress on FTV technology is reviewed in detail. Some
suggestions for the future development of FTV technology are proposed: conduct refined design of FTV nozzle

geometric parameters to achieve efficient and reliable thrust vector control; accelerate the engineering application of

FTV technology through different levels of system integration verification; explore the optimal solution of circulation
control wing (CCW) and FTV collaborative control to completely replace the active rudder surface.
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