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Abstract

For rapid and abrupt control of a missile in supersonic flight,
side jet on a missile body is found to be a useful devise as
evidenced by recent missile development at several nations. The
magnitude of the side jet and the duration of it decide the level of
control of such a missile system. In this paper, the aerodynamic
characteristics of the side jet devise itself are examined in terms
of key parameters such as the side jet nozzle contour, the
chamber pressure and temperature. Specifically attention is
focused on the effect of the chamber shape between the straight
nozzle and the bended nozzle by 90 degrees. The flow properties
as well as the thrust level are compared between the two shapes.
Particular attention is paid at the way the nozzle is bended at the
joint. Effects of the length and the divergence angle of the nozzle
on the thrust magnitude are also quantified among the three
different side jet nozzles.
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Nozzle flow
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[19.2] 38 2 3F4F 59 A=
(Kg/sec) | Thrust(bf) | Ve (m/s) Pexit (psia)
Nozzle Theory
(Quasi-1D) 3.4 1784 2078.6 636.5
CFD 3.25 1701 *2046.1 *624.1
(3D) (-4.4%) (-4.7%) (-1.6%) (-1.9%)
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Secondary Flow® g8t oF 281b9] o Z2 Aol RME% olE e el
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Conﬁg. I‘&(Kg/sec) Thrust(ibf) Vexit (me) Pexit (DSia) Tél: ;lSSt
Nozzle | I-type 3.4 1784 92078.6 636.5 ~13%
Theory L~type - 1552 - ~ Assumed
CFD I-type 3.25 1701(-5%) 2046.1 624.1 ~14.6%
L~type 2.76 1452(-6%) 2058.7 527.1 1| Calculated
[%.2] I-type / L=type si4 Az} Qo
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I-TYPE 3D MODELING I-TYPE 3D MODELING
(6 = 8.0° case) (6 = 8.0° case)

053 p: 0.0552 0.0651 0.0751 0.0851 0.0951 0.1050

s st
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p: 00974 0.0990 0.1005 0.1021 0.1037 0.1
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Another Geometry Alternative Geometry
(Surface Pressure) {Mach Contours)
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[19.5] W& L-type =2 ®4 64 23

7& P exit Vexit Thrust
Ke/sec) | (sia) | (m/s) (1bf) Thrust Loss
L-type-1 2.76 527.1 2058.7 1452 ~14.6%
L-type-2 3.08 580.4 1882.3 1610 ~5.4%
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6=18.37°
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L 0.45 . 0.45
0.34 0.34
0.24 0.24
0.13 0.13

N°ZZ;;§3H - P Vo Thrust | - 1D Estimation
(deg.) (Keg/sec) (psia) (m/s) (IbH) Thrust(ibf)

3.04 274 5233 | 2036.7 | 1435 1558(+ 8.5%)

8.0 2.76 527.1 | 2058.7 | 1452 .|  1552(+ 6.8%)

18.37 2.75 534.9 | 20107 | 1416 1519(+ 7.3%)
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