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Numerical study on flow characteristics of a variable
thrust side jet thruster with a rectangular nozzle

Lina Kim* - Hong-Gye Sung**Jr + Young-Jin Jeon*** - Seung-Hwan Cho***

ABSTRACT

To analyze flow characteristics and performance of the side jet thruster with 4 shutters and
rectangular nozzles, a 3-D simulation has been implemented. Numerical calculations for three rotation
anlgles of the shutter, have been conducted. Internal recirculation in a chamber and asymmetric flow
structure in a nozzle were observed. In addition, the more shutter rotated, the more asymmetries of
flow increased, and this phenomena resulted in thrust bias. The degrees of thrust bias and thrust
performance with the rotation angles of the shutter were predicted and comparisons with theoretical

thrust were made.
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Fig. 2 Streamlines with Mach number in
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Table 2. Thrust performance for case 1, 2, 3

c Mach F Fyw Fy v
45¢ | umber| o Fy Fy
1 2.67 1 -0.011 | 0.0003
2 2.79 0.75 -0.0075 | 0.0029
3 3.07 0.51 -0.0089 | 0.042

* Thrust ratio of thrust to thrust of case 1,
** Gide thrust ratio in x direction,

*** Side thrust ratio in y direction

Table 3. Theoretical performance for case 1, 2,

3
c Mach P Fop o
ase number Fo Fy
1 2.82 1 0.979
2 3.04 0.76 0.974
3 3.36 0.51 0.972

* Theoretical thrust ratio of theoretical value to theoretical

value of case 1,

** Thrust ratio of CFD to theoretical value

Table 2 & Z} case & =& ZETolAY nuls}

a8t A
Fe89 of 8%301] 0}‘1] ]%
°F 0159 ZHAZE HAT} case 2 o Al
go] o]& FH| o 974%°] &
oF 025 7+A3FATh case 3 & F9
=20] oF 9729 o @3l ulElg oF (.
ZHAE Helth o9 Ze zole= AE 9

o 1%
N Iwru%rfé
=5

o
SURN o[
S~
1-r°§.
N

I
te]
o K
o}ﬁjL
—O‘n.I-hI
SR
L.
i_4

fu b @

= m
o
X
(Y
W m
N
Lo
)

o
-
N
<
o H K 2o T
o o fot o o Az = oaN o fuorr e

o
o
ox
)
i)
=
2
2
o
il
o
ol o}ﬂ
o
z
2
ot

ot
(@)
QO
w
[¢]
[N
s W

, =5 Fo] HtiH o g YA Hol A
59 AA @] dojue AE &H9
Qo] At
3HHE, Table 2 oA 59 HAFS & F Us
AZd ZHE AHEY, case 1 9 BF X HEF
o] Z¥o] Y ke Z¥o vlsf) vuwd F g
= 7D d5e AT F U X By =
go 93yt d&oZ X9x JUghA HEY
case 2 ¢ 3 & fFo] HOH R FoEA H
o= case 1 o Hlal X W3 &go] M =
oAEA "t IV Y BFY F¥9 A9 A
El9] 3 Ao mE =& LH-O/] 59 Bl Al

BEo2 Y B3 FHo| 7—]./] ZA 3R] A
case 2 & 3 9 ALE v Ao] BFIEFE Y
WEF 9o o AAA Ao



FYsAT. A 3 Az wet F Al 7t
Ao Aol el Akes APt om 2z 4
9 59 A ol8@d Hustit

= 47 % 9 gYgeE A9 w
2t AEH Wellx AEEE Acddgdst =5 U
o] 5o M-S BEIFoH, HEH 3
Azro] wel v o w&F Ho] sjH 5o
AREE =5 Wl AA dd 12 A% F
g fEFe st =2 R 5o Y ¥
T EE EXE EATOEAN 7} case o 59
H]

case 1 9 A% <F 21 2 9} 3
27b ok 26% 9F 28% = YEPAT Td 3
HFe A& & =

o = Bseg M A=
0° o thsted 545° Y wf <F 7uj, 109° ¥ uwj <F
700 20| 25T

ikd]

b

Ho
ror

1. Lacau, R. G. and Robert, M., The Use of

Lateral Jet Control at Aerospatiale, Nielsen

- 116 —

Engineering & Research, 1988

. Chan, S. C, Roger, R. P.,, Edwards, G. L.,

and Brooks, W. B, “Integrated Jet
Interactions CFD Predictions and
Comparison to  Force and Moment
Measurements for a Thruster Attitude
Controlled  Supersonic Missile”, AIAA

Paper 93-3522, 1993

. Chan, S. C. and Roger, R. P,

“Comparison of 3-D CFD Predictions to
Wind  Tunnel Force and  Moment
Measurements for a Thruster Attitude
Controlled Missile”, AIAA 93-1928, 1993

. Srivastava, B., “Computational Analysis

and Validation for Lateral Jet Controlled
Missiles,” Journal of Spacecraft and
Rockets, Vol. 34, No. 5, pp.584-592, 1997

. Srivastava, B., “Aerodynamic Performance

of Supersonic Missile Body- and Wing
Tip-Mounted Lateral Jets,” AIAA Journal,
Vol. 35, No. 3, 1998

. Srivastava, B., “Asymmetric Diverter Jet

Performance of a Supersonic Missile:
Computational and Experimental
Comparisons,” Journal of Spacecraft and

Rockets, Vol. 36, No. 5, pp.621-632, 1999





