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Numerical simulation of thrust vector control in converging-diverging nozzles from the
point of view of exergy and entropy

M. Mahamad Hassanzade Malek-Ashtar University of Technology, Tehran, Iran

M. Hashemabadi Faculty of Aerospace, Malek-Ashtar University of Technology, Tehran, Iran

J. Pirkandi Faculty of Aerospace, Malek-Ashtar University of Technology, Tehran, Iran
Abstract

Entropy generation is a key parameter to determine performance limiting factors in many engineering systems. In this research, the
simulation and analysis of the secondary injection in the nozzle, which is used to control the thrust vector, has been done from the
perspective of entropy and exergy. Calculations related to local entropy and destructive exergy have been done by coding user-
defined functions. In the secondary injection method in the nozzle, the shock created causes the angle of the thrust vector to change.
Parameters such as inlet pressure, injection flow rate, injection position, and injection angle are the most important parameters for
changing the thrust vector angle. In this article, the solution is done in 2D and 3D. In the 2D solution, the distance of the injection
position compared to the length of the divergent part in the ratios of 0.6 and 0.8, in addition to the oblique shock, also has a
separation shock, and in the injection position of 0.8, these shocks are of strength have more. At the injection position of 0.3 and the
injection flow rate of 3%, the oblique shock has hit the opposite wall of the nozzle. The most optimal injection angle, 120, was
chosen due to the greatest deviation. In the 3D solution, the injection of 6.6% shows the highest amount of thrust vector angle, which
is equal to 8.23 degrees. The change of two parameters of entropy production and destructive exergy shows that with more entropy
production, stability decreases and exergy destruction increases. After the injection position, entropy increases a lot, which should be
considered in the design and construction of the nozzle.

Keywords: Entropy generation, Exergy, Thrust vector control, Secondary fluid injection, Shock reflection, Nozzle.
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! Thrust Vector Control (TVC)
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3 User Defined Function (UDF)
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! Secondary Pressure Ratio (SPR)
% Thrust Vector Angle
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! Viscous and Thermal Entropy Generation
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