2008 KSPE Fall Conference

ok
Nt
e
>
of{
i)
ot
N
S
Qo
o
R
i)
iy
e
ot
i
2
)
o]
o]
W
=~
O
]
N

255 =5 YR oJAAE EES §5F
zen3 Aojol B A7
_&}E}._‘%* . 7]:}:,11;‘(_]* . Er_]ngrf_** . o] o‘_g***. ;ﬂ%‘ﬁ****

Thrust Vectoring Control by Injection of Secondary Jets
Inside Supersonic Nozzle

SangHoon Yoon* - KukJin Kim* - SeongKyu Min** - Yeol Lee** - DongYeon Chun****

ABSTRACT

Thrust vectoring control by injection of secondary jet inside a convergent-divergent supersonic nozzle
was studied by both experimentally and computationally. For various stagnation pressure of the
secondary jet injected at a specific location(12 mm-downstream of throat) in the divergent section of
nozzle, the characteristics of thrust vectoring were observed. Present numerical results were compared
with previous investigators’ results and Schlieren flow visualizations for the identical boundary
conditions, and it showed a qualitatively good agreement. It was also noticed that the characteristics of
thrust vectoring is strongly related to the reflection structure of oblique shock inside nozzle, ie., the

pressure ratio of the secondary jet, SPR.

= =
TG 255 =2 Ul B8 olAAE o3 FHAF Aojo A3 LFH, x4 A7t
AYPHAT EZYA(=F HF2ZFH 12mm "R X)dA EEHe o|AAE Fade] HIE
W Uetuds AERE FHAF 544 #FHJGY FAHMA Aide LT FAxAANAM F3E
HA A4 2 B dAFelN 3" e frevhrst 2ot vasglon, AgHer F2 dA
£ Uit A SAL =5 R BAsAse] wAbrE, F, o|AAE ¢4EH| SPRE A
Joll Ao Qlgo] HFH A
Key Words: Thrust Vectoring Control(F2 ¥ 34| ¢]), Supersonic(Z+<%), Secondary Jet(¢]|X-AE),
Shock Wave(% 43}
g sta 3‘%1-‘%—’? 3 7 AE S .M =
= gaggoittn FF+F 2 71ATE(Y)
o s stal & %-"r—zr 2 7)AE R
A4}, E-mail: ylee@kauacke et sk HgA e FHRE A o (Thrust
ok ()i el T oIAL Vector Control, TVO)E <3l 7]A1ZA &3

— 349 —



Recirculation Region  Iniection  Recirculation Region

Recompression
Shock

—

ojut HlQ

B
=2
k=)
o
4z
o
S
>,
[>
ﬂg
lo
-
BN
> HE
o
N

B>
b

g 129 AE =& F=

wxol AFuo] gtk o

= N

4z

2

Lo

_>|~l_,

Jo

f

Lo

S

i

et

ot &

=
ol offf N T orpy ol off
O o M T oo ox 1M o

o
rﬁoﬁ—ﬂj‘

o, #AFH #d"E A7Vt thFsH

gkth{1-3].

e olE g CJAAE B =F

TEE olgste FHA wHe oA

] R dHaTel Wgehe wd

freog =59 F90
Rzl

At wEhA

Q30 Nooof r 2 N
[e3

s}

A
=
1o
N, o
Y

N
M

o,
1
B of

2
Mo T AL
N

2

iy 2

iy
ot
R
2
R
M
rr
e
B0
2
(m
o

0% & m ot X

Lz o

of
-

e
o, iﬁ‘
N o 2 oY
o X
ot X bCooft X orlr ooy (mo&

o

X
223
ok
e
)

T
o
v

a At
o
[0
ok
1
e
2 i
N
2w
=5
i
e
o _qn'\ rir
o —
ok
iy O
(B flo

2 o O
o
‘&
)

e
4
2
(o
r_u
LN
o
)
o2
[0
ol
X
o 2

22
e
i
9
k)

e {m

2
+

FHuse Bdng o4
E(throat)e] =Z7] 2 X
Shock Skweing Techinque[4-5]2 =

graell F A ol &£Xd
o] FAlol =€ w[6] YEtt= F
g 712AQ AFARE R

pul

ke

e
>
N
rr

ole
o
w2
8
N

Xl L EdaN LR e o

)
(E
b
e Jo
4 o
o
)

12mm
r 0=14°

=
< 40 mm, =l 12 mm(=F&T 99 F
%!

H=331)2 T vhaks

g% AES A9 o 1.2x10°02 Yy
ot Figure 20| YERG whel o] o] AA|ET}
EEHe €3F 1 mm)e =228 7|FY
e R 0, 6, 12 mmdl X =& s}
ol 242 WA ] THsstE S sHth

HE71, W47, dx71E A °F 25 atm¢]
ggom ugdaAE md)d AZE FE ZY
Q= 247X (Tescom, Model: ER3000SI-1)E %
sto] Aol (ke Wst F £3% o), Fx=F
5 2 oJAAEY AR dTdE AL
A& Tt SAHHAY. 57 T oA
38 A4 125 mm, 23 A2=1000 mm)
I Y BERAES AMES HEE Z-FH
28 ZAE o83t dojxvh. FHAY =

=
AEFEE AFHS o2 FE3
3t 5 7] wlolaz2 HEHE 1.0 mm, W
73 05 mm)o] 2tz 5 mm Ao Z 339 o]F
Aol FEE o] AzE e, o]Hg EFL
A 60°74A A= 24E 5 3

o], AEREES] BFAS AFHe=z FAHG



T HYG(Puyol WStstE A FPHA

. %=Z EB(NPR=Py/Po, 9714 Pt Hj
W7 4602 AAEHAOH, oA =Fe] o
o]3 & H])(SPR=Py./Pu)7} 02, 04, 0.7, 1.0 &

27 WEY W, FAE fE5) AFPEE A7

Z vl 5

3. Al Uy H AS

2 a7lA Lol d@dstete] vuEdE
fste], A3} FAF AAxAE e oAl
e Wity FEIAES ARSI FAISAC]
A FRHAS. FASNE AF ANAA ]
T 73100 Hola FFREDE f—e 2DS A}
g3ttt T4 AT Ee FH%L T4
g Afole] AmAgo] Yehe e AAE F
%3 Tdske WgE ARE AR

FA Y Ao HISE 5t Waithe 6]
°of F#AF AT HEI TAT FA=AEA v}
stk 2.07, Ste] Shbkzbe 11°, £%913]
==EEO0ERH k3 oy ol 084 =
= 9A)l st Aol AP} 1 A

o], Fig. 3 39 AAE 2 A7
FAHAY Ade AFdA AR FE57HAIE
(Shadowgraph, Fig. 3 #3)¢te] HlmE 934

#7F vl =AYk Figure 3¢ 1 ¥ A#7F
e} =

Figure 10. Shadowgraph for configurarion I,
NPR=4.6, SPR=0.7.

Fig 3 Comparison for the code validation
(NPR=4.6, left: Waithel6], right: present CFD).

Fig. 4 Schlieren flow visualization
(x/Dy = 1.7, NPR = 4.6, SPR = 0.7).
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Fig. 5 CFD results for various SPR (NPR=4.6).
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