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Air Similarity Performance Test of Turbopump Turbine

Byeungjun Lim* - Changuk Hong** - Jinhan Kim***

ABSTRACT

In liquid rocket engine turbopump, it is difficult to evaluate turbine performance for high pressure,
high temperature circumstance. Turbine test is often done by using air at similarity condition so that
the turbine can be tested at lower risk. This paper describes an air similarity test program of liquid
rocket engine turbopump turbine. A test facility has been built to evaluate aerodynamic performance
of turbines. The test facility consists of high pressure air supply system, mass flow rate measuring
nozzle, test section, hydraulic break, exit orifice for pressure control, instrumentation and control
system. This paper also presents how to decide the similarity conditions of the turbine test and
describes how to control test conditions. Relative standard deviation of measurement parameter was

less than 1% and measured turbine efficiency corresponded with analysis result within 2%.
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Table 1. Turbine Design Condition and Similarity Test

Condition
Real Similarity
Parameters Unit ) .
turbine turbine
Gas constant J/kgK 532 287.1
Isentropic exponent 117 14
G 3.66 1
RPM 50000 17116
Turbine inlet
K 1004 260
temperature
Turbine outlet
K 687.1 1247
temperature
Turbine inlet pressure | MPa 6.89 2.200
Turbine outlet pressure| MPa 0.51 0.17
Turbine tip diameter | m 0.16 0.16
U/Caa 0.275 0.275
Mach No. 2.33 233
PR(pressure ratio) 13.6 13.1
Mass flow rate kg/s 1.52 1.39

| Nozzle assemblﬂ I Rotor | | Exhaust branch pipT‘

Fig. 6 Test Turbine
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