S35 200435 FAtEUE =F3 pp.109~112 2004 KSPE Fall Conference

A Study of the Thrust Vectoring Control Using
Secondary Co- and Counter-Streams

Chae-Min Lim* - Heuy-Dong Kim**

ABSTRACT

Of late, the thrust vectoring control, using fluidic co-flow and counter-flow concepts, has been
received much attention since it not only improves the maneuverability of propulsive engine but also
reduces an additional material load due to the trailing control wings, which in turn reduce the
aerodynamic drag. However, the control effects are not understood well since the flow field involves
very complicated flow physics such as shock wave/boundary layer interaction, separation and
significant unsteadiness. Existing data are not enough to achieve the effectiveness and usefulness of
the thrust vectoring control, and systematic work is required for the purpose of practical applications.
In the present study, computational study has been performed to investigate the effects of the thrust
vector control using the fluidic co-and counter-flow concepts. The results obtained show that, for a
given pressure ratio, the thrust deflection angle has a maximum value at a certain suction flow rate,
which is at less than 5% of the mass flow rate of the primary jet. With a longer collar, the same
vector angle is achievable with smaller mass flow rate.

B
I

Hao) §A4 £H5H 955 A9

.._4

o] &% FY WEYE F3 vPA Y 2F4

= AR et mel e SR ENAHY DAL HLAAN HE L% ‘2 v
ek 2L fAH FANY AW e H5F0] FA%e AAFY 45AE, v, B v

T 2L ¢ ERS 29 e Q7] wEol HgA A #8877t vig ofHoh
R *r“ﬁ‘%“-“} AHE MEE ol8F AEHA FHUH AUE 47l AT AR dA7E
o] Flulg dolm dAAES s AAHA A77F oo & AFIME FHA =HEH I
& NEE o8& FHYH AU Ao EARE A7) A3 #2F4 77 FFHUTL Fof
3 <tEuld dis), FHAFLL FAES SHAE vvte] o FAFFAM HUge 713 B
o 2 collarg &8s B4, 2L A2 Eoh F2 FUARFLE A

Key Words: Coanda Effect(Coanda #3}), Coflow(£f%), Counterflow(g-#%), Compressible
Flow(@Z4 %), Thrust Vectoring Control(Z8 A o]¥), Shock Wave(F 2 1})

- s s - A 2
R EE PP SR LME
* otg Uit J1AZEE
A=A A, E-mail: kimhd@andong.ac.kr duiR oz AU WA 5 2& A4

e FEWE Aojrle AA BAAY ALY

- 109 -



T2 AAse FA4¥ 84 FY dyojt} oy

FHHE Aol HAAY 7le4dS F7HMME
ok oolugl me ¢ 53 2L RAHY AH
47 oA &7 WEY FrIgeHe Ags
BRANIE olHo g HE&3A o olEE of
Z BARYH Y oo B B 97
7V #3=o skoh[1-3]

HZ 23 REL o8, FAnE2RE W&
He AEZFY FYHLE AYSE Fluidic Nozzle
ControlY o] ¥e FE& w1 Irt{4-7] of Wy
2 FAxE R @ seFEEE AR3A
11, 22 5 e o83ty FIAE] FuH

2837 "o, 71AAHY FHUE zojyd
15te] B2 o]HE 71X U
THHOZ 23 {E5L o WHL F
FAAE WEZ 23 §5& EAsle Alxd
Agg 4 oy, FH =2 URE 23 §E5S
AlatA HE, =E3U%d AAEAS FF59
7t BAEA Hol, & F¥

ot o,

b

H

TS

tu §2

29

4y 1 AL do

E4E TANZ
qeH, 5% EXFHA FH wFo|l LA

g & 9ok

#H 23 fFE ol&3E ¢E Hyez F3
HE 7]F9) wt s
ZA7158 AFAI=
S o] &3 WHoe] HZ
A xZ 27 3ZFd AZHHE BE F
7} AREHEE e Wyes AHAEFEL
ol g} e S A Atk o A&
e 23 9452 TAYANANA Hug AHE
GHE Atolol 7 AkARgo] MAFA I
F7 =59 79 HAse collars AHFTS
E9l(entrainment)E AT F gt HE
collar 239 %% <& Coanda EFHB]) 93t &
5% ¢S A2AH AEY FHEL AAFA
Ho ol g dR%Fd AEIF AoldA
wAslE 74E AYLoz 3 {FEAY &
Folu GRAEE FIIAA, FHAENAH FA s
F AEALS ARSEY =20 B 29 oflgt
AES LEE Y¥FcdE T80 E F

Z# F. S Alvi F[9]c] Agt® 9%
& o243 dFFoA F¥ HEHYY sty 4
Pe Fysigen, AE HF) U3 visty 27}
A H#HHolm A% At b WG
Schmid [10]& AE $2 3& A93r] 93
o mdyz AFE FYPSAT. 21EL collar

truncation® pressure release 52 Wy oz AE

Jo okl do N
O 0 10 okt 1 4% T o

"ﬂ'

Pressure
Inlet

40D

Fig. 1 Computational grid and boundary conditions
FARAE AT £ Aot AXEA

FAF £HEX GHF NI ol &% FEHY
B Ao AT 84S 47 9% NEA
Y AFEo| muig AAolH AAHLEL s
AAHQ d77F ot & d7de F4F
CHEH 45 MES ol &3 FHUE Aoy
o ZAEAT FEAEE AFEHY] A £XF AT
b FRHRen, 2de Y2R11Y Hasg
=

2.5 R A o

B ATE SRER AHE AL o148 39
I

HE AN FuE 7 2X
AE AAHANA DAY= AE2F collar W
A EdEe B3 4EA4 f5& sAEl A8
o 48 A4 Z=(Fluent 6.1)& AM&3stgeh. ALt
oA AREE  Auf WAL 23d 44
Naver-Stokes A4} £F k-edREAL A&
3, FEA AP e o|4tstatHTt.

21 AXEY R BAzA

Fig. 1& & Q704 488 $AA89Y 2
AAZEAS dgdt. F88 AN9GY Ars

Azygez Fx2 &3 FHAH(D)Y 404,
ZtRwgo 2 45ufoln, AAHEL oF 11wz 4
At e AT FEAE o7 A £
Tt & AAZE FxE9 AESY FEF 2
T =9 #ATLY AdFd AANE FFIUd
Fig. 2= & d7d HE4E =29 AAELS U
Bt F2& E74A AE 59T x2 A
gttt B dFolA HE&d 7sEy Hge
collar®] F &4 o},

FAAANN LT AAZAL AGHY 9
Fe 494 g¥og fAHEU 7MA e, B
¢ A"z stgen, F:=59 d7e MY, 23

- 110 —
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Fig. 2 Nozzle configurations (Mp=1.5)
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Fig. 4 Relationship between primary mass flow
rate and secondary mass flow rate
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