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Abstract: By inducting a secondary stream injection into the expanding part of a two-di~
mensional convergent-divergent nozzle model in the experiment, shock induced thrust vecto-

ring technology was investigated. As the wall pressure distribution of the nozzle was meas-

ured and density field of the outflow was captured by schlieren, the effects of main stream

pressure, secondary stream jet pressure and jet geometry (holes or a slot) on the perform-
ance of thrust vectoring nozzle was investigated. Numerical simulation method was used to
calculate the flow field of the nozzle under different test conditions, and significant flow field
data and performance parameters which were hard to capture by experimental method were
obtained to analyze the test results as aid method. The investigation results indicated that; in
the present conditions, with the increase of the main flow pressure, the angle of thrust vec-
toring is decreased and the thrust coefficient is added; with the increase of the secondary jet
pressure, the angle of thrust vectoring is augmented and the thrust coefficient is descended;
Compared with the jet hole, when the slot is applied, the separation point on upper wall is
moved upstream due to induced shock. Moreover, the pressure is increased observably after
the separation point, and the penetrabitity of secondary jet is strong, the effect of secondary

jet on the main flow is intensified.
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Comparison of wall pressure distribution at
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Tablel Performance parameters of nozzle at various
main stream pressure conditions
/ /
kPa )
515 6.33 0.944 0.969 1.08
620 7.24 0.955 0.965 1. 66
686 5. 48 0.962 0.976 1. 37
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2 China Academic Journal Electronic Publishing House. All rights reserved.

p[=515kPa ’

b

http:// www.cnki.net



7 : 1575

’ ) b= 620
£ O Test (=620 kPa, p, =0kPa)
kPa p. =686 kPa s 600 A Tes (p-ﬁ2(] kPa. p, =496 kPa)
o
5 £ 500 a
22 o
T A Test p,:m KPa. =660 kPa)
2 400 Caleulation( p=620 kP, p, =496 kPa) [1
Mach HENEET TN T . &
nul_l'r;lber 0.2 04 0608 10121416 1.8 20 _E- 300
=
£ 200
=)
100
0 20 40 60 80 100 120 140 160 180 200
Distance from the nozzle entrance/mm
(a)
O Test (,=620 kPa, p, =0 kPa)
600 Ay Test ( p=620 kPa. p,_ —496 kPa)
o ]P-J(p:ﬁ]lkl’ap —l)kPA)
= A Test (p=612 kP
= S0 o T:-,t(‘]l:‘('JlZ KPa, f;: "
T A TP-,t[p-ﬁlePa Py
§ 400 Caleulation( p=620 kPa P, -496kPa)'
&% Cale ulalmn(p =612 kPa, p, -62{] kPa)
L (alrulatmn(p 612 kPa, P =660kPa)
=300
E
§ 200
=)
=
100
0 20 40 60 80 100 120 140 160 180 200
Distance from the nozzle entrance/mm
(b
7

Fig. 7 Comparison of wall pressure distribution
at various secondary stream jet

pressure conditions

N b
b b
2
(c) p=686 kPa
2
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Fig. 6 Shadowgraphs and computational results of
nozzle outflow at various main stream /
pressure conditions /kPa (o)
496 7.24 0.955 0. 965 1.66
3.2
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3

Table 3 Parameter values at various experimental conditions

/kPa Ro, /K /(kg/s) /kPa Ry /K /(kg/s)
E120102-B 515 5.0827 290 1.6253 528 1.0252 290 0.1026
E120303-C 513 5.0629 290 1.6286 526 1.0253 290 0.1052
E120202-B 612 6.0400 290 1.9380 620 1.0131 290 0.1174
E120301-C 605 5.9709 290 1.9103 630 1.0413 290 0.1288
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