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Experimental Investigation of the Effects of Secondary Flow Injection
on the Exhausted Flow from the Convergent-Divergent Nozzle at
Different Beveled Angles

Mohammad Hojaji'?, Sayed Mohammad Hossein Razavi Dehkordi!?”, Sayed Ali Hosseini?,
Mostafa Poormohammadi?, Mohsen Noroozi?
1. Assistant Professor, Department of Engineering, Najafabad Branch, Islamic Azad University,
Najafabad, Iran
2. Aerospace and Energy Conversion Research Center, Najafabad Branch, Islamic Azad
University, Najafabad, Iran

Abstract

In this study, due to the importance of controlling the thrust vector of beveled nozzles, the effects of
secondary injection on the output flow deviation from the convergent-divergent beveled nozzle have been
investigated experimentally. For this purpose, three beveled nozzles with beveled angles of 25, 45, and 65
degrees have been used. In addition, to control the direction of the output flow from the nozzle, a
convergent injector has been installed to discharge the secondary flow perpendicular to the center
direction of the nozzle at 0.8 divergent nozzle length. The main parameters studied in this research are the
effects of changing the stagnation pressure of the main nozzle and the secondary flow and changing the
beveled nozzle angle. The output flow deviation from the nozzle in different conditions is extracted from
the shadowgraph images, and the results are presented. These results indicate that the performance of
beveled nozzles with a low beveled angle with secondary injection is outstanding. The output flow
deflection angle changes up to 10.8 degrees for the relative mass flow rate is 18.2%. Furthermore, the
results suggest that the flow control in beveled nozzles up to 45° angle has an outstanding performance.
In higher angles, its performance is significantly reduced. The rate of reduction of flow deviation in the
beveled nozzle of 45° compared to the beveled nozzle of 25° is approximately 3%. However, this value
decreases approximately to 83% in the beveled nozzle of 65 degrees.

Key words: Convergent-divergent beveled nozzle, Thrust vector control (TVC), Secondary flow
injection,Rocketengine
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NPR 4.61 5.81 7.02
SPR (Pop=3bar) (Pop=4bar) (Pop=5bar)
No Injection 0.21 0.17 0.14
Pos=2 bar 0.73 0.585 0.48
Pos=3 bar 1 0.792 0.65
Pos=4 bar 1.26 1 0.82
Pos=5 bar 1.52 1.12 1
Pos=6 bar 1.78 1.414 1.17

* Nozzle Pressure Ratio

' Secondary Pressure Ratio
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