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Abstract

An engine or a rocket stage is tested by mounting the engine/stage vertically on test stand, where the
combustion gases exhaust down into a plume deflector pit. The deflector pit helps to redirect the exhaust
flow safely away from the test facility. The major challenge of conducting long duration static engine test
is to protect the flame deflector pit walls from harsh thermal environments generated by plume gases. In
a typical high thrust Semi-cryogenic engine facility, the engine is test fired in open ’J’ type cross-section
deflector pit in which the deflector pit walls are water cooled with a number of holes on the plates through
which water flows out and protects the deflector plates from high thermal loads due to impinging hot
gases. It is mandatory to assess water cooling requirements and heating rate distribution over deflector
plates. In this regard a detailed CFD simulation of the entire test facility considering the rocket plume
impingement and the water cooled deflector plates is made. A simulated water-cooled flame deflector pit
is designed to study effectiveness of multi orifice cooling for validation of the CFD model.

In the present study, a numerical methodology is developed to capture non-equilibrium multi-phase
flow of water sprays in supersonic rocket plume environment.A unified tightly coupled two-phase method-
ology is developed to analyze multi orifice plate cooling for deflector pit simulator. An Eulerian two
phase formulation of ANSYS FLUENT is used to model disperse phase and is coupled to continuous-
phase equations through momentum and heat transfer exchange. The mass transfer phenomenon based
on Lee Model is used to capture evaporation-condensation physics. Various test cases with varying plume
impingement angle and depth are studied to verify the validity of numerical framework. The model is
able to accurately predict thermal load on the flame deflector plate and is demonstrated through valida-
tion with experimental data from simulator tests. The CFD simulation was able to reproduce results of
simulator test-firing for different configurations and could capture orifice water cooling and formation of
non-uniform heating zones over the deflector plate.
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