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Verification of proposed turbopump blading performance will involve evaluation

of candidate blades in cascade test facilities. It is necessary to be able to predict the flow

fields within these cascades for the results to be applicable to actual engine

environments. This work presents the results of a study to predict the flow field for the

NASA Lewis Transonic Turbine Blade Cascade Facility, which is similar to those used

to evaluate rocket propulsion turbines. A pitchwise non-uniform total pressure

distribution was observed at the blade row leading edge plane. A CFD analysis was

used to show that the cause of the flow non-uniformity was a pair of vortices that

originated in an embedded bellmouth inlet. Further CFD analysis was used to verify

that a redesigned inlet section resulted in a flow with acceptable uniformity.

A computational analysis was chosen because physical accessibility to the inlet

section was limited, and because a computational approach also allows one to examine

design changes cheaper and more quickly than an experimental approach would. The

PARC code, a general purpose, three-dimensional, Navier-Stokes code with multi-block

solution capability, was chosen for the present study. Results are presented detailing the

computational requirements needed to accurately predict flows of this nature.

Calculations of the original geometry showed total pressure loss regions consistent

in strength and in location to experimental measurements. An examination of the

results shows that the distortions are caused by a pair of vortices that originate as a

result of the interaction of the flow with the imbedded bellmouth. Computations were

performed for an inlet geometry, which eliminated the imbedded bellmouth by bridging

the region between it and the upstream wall. This analysis indicated that eliminating

the imbedded bellmouth eliminates the troublesome pair of vortices, resulting in a flow

with much greater pitchwise uniformity.
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