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Performance Analysis of Secondary Gas Injection
for a Conical Rocket Nozzle TVCI)

Bong-Ha Song”, Hyun Ko', Woong-Sup Yoon®, Sang-Kil Lee™

ABSTRACT

The results of systematic numerical experiments of secondary gas injection thrust vector
control are presented. The effects of secondary injection system such as injection location and
nozzle divergent cone angle onto the overall performance parameters such as thrust ratio, specific
impulse ratio and axial thrust augmentation, are investigated. Complex nozzle exhaust flows
induced by the secondary jet penetration is numerically analyzed by solving unsteady
three-dimensional Reynolds-averaged Navier-Stokes equations with Baldwin-Lomax turbulence
model for closure. Numerical simulations compared with the experiments of secondary air injection
into the rocket nozzle of 9.6° divergent half angle showed good agreement. The results obtained
in terms of overall performance parameters showed that locating the secondary injection orifice
further downstream of primary nozzle ensures the prevention of occurrence of reflected shock

wave, therefore is suitable for efficient and stable thrust vectoring over a wide range of use.
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Fig. 1 Configuration of test nozzle with
secondary injection orifice [12]
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Table 1 Specification of tested SITVC system and
inflow boundary conditions

abbrev m/my’ %100

4 b
{ation adeg | X mm | X"mm | ynder a given total pressure ratio of
10 20 30 4.0 5.0

101 100 | 1688 | 7000 | 20 | 445 | 671 895 | 1119

102 | 100 | 30.00 | 70.00 | 2.0 | 4.11 615 [ 919 |1031
103 | 100 | 4417 | 70.00 | 2.06 | 412 | 615 | 820 |10.24
151 150 | 1172 | 4481 | 205 | 410 | 615 | 820 |10.26

152 | 150 | 1862 | 4481 | 205 | 410 | 615 | 820 |10.25

153 | 150 | 2873 | 4481 | 2.00 | 400 | 6.00 | 800 |10.00

201 | 200 | 986 | 3422 | 204 | 409 | 613 | 817 [10.21

202 | 200 | 1494 | 3422 | 203 | 405 | 607 | 809 |10.11

203 | 200 | 2238 | 3422 | 202 | 4.04 6.05 | 807 [10.08

* Axial distance of secondary injection orifice from
the primary nozzle throat

® Length of divergent section of primary nozzle

¢ Calculated secondary to primary mass flow ratio
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Fig. 4 The effect of primary nozzle expansion half angle onto the Thrust ratio at two secondary
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