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Numerical investigation of back flow arrester effect on altitude test simulator
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ARTICLE INFORMATION ABSTRACT

Original Research Paper During transient phase of motor burning in an altitude test simulator, the low momentum exhaust
Received 25 April 2017 combustion gases could not establish supersonic flow in the exhaust diffuser. This leads to a reverse
Accepted 22 May 2017 flow of the exhaust gases into the vacuum chamber through the annular gap between nozzle and diffuser

Available Online 13 July 2017 walls. This spoils the vacuum in the chamber and it is potentially dangerous for measurement

instruments inside the vacuum chamber. In this research, at first, the physics of the flow at initial

Keywords:

Altitude test simulator transient phase of motor burning is investigated numerically and the backflow phenomenon is
backflow arrester illustrated. Then, the influences of backflow arrester (BFA) in variations of vacuum chamber pressure
diffuser starting time and temperature are studied at the transient starting phase. It has been found that applying BFA to

computational fluid dynamics decrease the backflow to the vacuum chamber has no significant effect on starting time of the diffuser

but it has strong effect on peak pressure and temperature reduction of the vacuum chamber. Also, it is
found that reaching steady condition in vacuum chamber is delayed with this instrument. However;
using one-way backflow arrester of reasonable size, both the starting time of diffuser and the peak
temperature of the vacuum chamber experience a strong reduction. Moreover, the vacuum chamber
steady condition is accelerated with this alternative. Therefore, this device is more suitable than
conventional BFA for transient starting phase of the altitude test simulators.
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Fig. 1 Schematic of an altitude test simulator.
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Fig. 2 Schematic of an altitude test simulator equipped with BFA.
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Fig. 12 Mach number variation ins center line of diffuser at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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Fig. 13 Static temperature variations in center line of diffuser at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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Fig. 14 Mass flow rate and much number variations at annular gap
area during motor burning.
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Fig. 10 Static pressure variations along the diffuser wall at two
diffuser statuses, unstarted (0.0318 s) and started (0.3222 s).
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chamber during motor burning.
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