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Computational analysis on internal performance of
a convergent divergent nozzle with threat fluidic injection
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Abstract: The results ofta-com putational study.were presented to investigate the impact
of throat fluidic injection\on the flow field in an axisymmetric nozzle. With the increase of
secondary pressure ratio(S\PR),\ _both the nozzle thrust ratio and mass flow ratio were re-
duced under the same nozzle\pressure ratio (N PR) . In addition, the effect of throat fluidic
injection on the nozzle thrust ratio was less than 2%, but the effect on the nozzle mass flow
ratio more than 15%.<" With the impact of the divergence ratio and adjustment sheet of the

nozzle on thethiroat control effect presented, a better nozzle model was obtained within the

scope of the investigation.
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Fig. 2 Computational grid of the nozzle
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Table1 Comparison between calculation and experiment
for thrust ratio (SPR= 0)

NPR

4.0 0. 989 0.992

6.0 0. 982 0.982

4 7.0 0. 975 0.974

Fig. 4 Mach number contours
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(SPR= 0)

Table 2 Comparison between calculation and experiment

for mass flow ratio (SPR= 0)

NPR 5 (NPR=17)
Table 5 Comparison between calculation and experiment
4.0 0. 9836 0.976
for mass flow ratio (NPR= 7)
6.0 0. 984 0.976
7.0 0. 9838 0.978 NPR SPR
7 0 0.9838 0.978
3 ; 7 4.5 0.9664  —
7 5.5 0.9393 —
1% 7 6.5 0.875 0.87
, s 7 7.0 0.833 0.82
( ) ,
2%. 6 (NPR= 4)
Table 6 Comparison between calculation and experiment
for mass flow-ratio (NPR= 4)
3 (NPR=T7) N PR SPR
Table 3 Comparison between calculation and experiment 4 0 0.9836 0.976
for thrust ratio (NPR= 7) A 20 0.975
NPR SPR 4 2.8 0.9539 —
4 3.6 0.907 0.88
7 0 0.975 0.974
4 3.8 0.869 0.865
7 4.5 0.982 —
4 4.0 0.837 0.825
7 575 0.98 —
7 6.5 0.972 0.974
7 7.0 0.971 0.972 23
6
4 (NPR= 4) s
Table 4 Comparison-between-calculation and experiment ,
for thrust ratio (NPR= 4) ,
1.5 ,
N PR SPR
4 0 0.989  0.992 |
4 20 0.9952 — 0.98 ‘\i\‘ A
4 28 0.9936 — 0.96 F "
\-
4 3.6 0.978 0.978 e
5 094f
4 3.8 0.976 0.975 % .\
4 4.0 0.967 0.965 é ¥ '\
0.90 | "
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Fig. 6 Comparison of thrust ratio distribution among

nozzles of different divergence ratios
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Fig.7 Comparison of Mach number contours among

nozzles of different divergence ratios ( SPR= 7)
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Fig.8 Comparison of mass flow ratio distribution

among nozzles of different divergence ratios
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Fig. 9 Comparison of thrust ratio distribution

among nozzles of different divergence length
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Fig. 10 Compariseni of Mach number contours among

nozzles of different divergence length (SPR=7)
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Fig. 12 _Cemparison of thrust ratio distribution among
nozzles of different convergence length
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Fig. 13 Comparison of Mach number contours

among nozzles of different convergence length
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Fig. 14 Comparison of mass flow ratio distribution
among nozzles of different

convergence length

[2]

[3]

15%.
3)

, 30%

Miller D N, Catt J A. Conceptual development of fixed ge
ometry nozzles using fluidic injection for throat area cor
trol [R]. AIAA 952603.

Catt J A, Miller D N. A static-investigation of fixed ge
ometry nozzles using fluidic injection for ‘throat area cor
trol [R] . ATAAT95 2604

Federspiel ], Bangert L, Wing D et al. Fluidic control of
nozzle flow=some performance measurements[ R]. AIAA
95 2605.

Catt T A, Miler D'N, Welterlen\T J. Decreasing I* 16 noz
zle drag_using computational fluid dynamics[ R]. ATAA
932572.

Hawke-T. Computational analysis of an axisym metric flr
idic injection nozzlel R]. AIAA 96 0116.

Barth T J, Jespersen D. T he design and application of up
wind schemes on unstructured meshes[ R]. ATAA 8%
0366.

RoeP L. A pproximate riemann solvers, parameter vectors
and difference schemes[ J]. Comput. Phys., 1981, 43:
&11.

Yakhot V,Orzag S A. Renormlization group analysis of
turbulence: basic theory[ J]. Scient Comput., 1986, I: 3
11.



