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Cold-Air Performance Test of
a Two-Stage Air-Cooled Axial-Flow Turbine (HT-10C)
(Design and Experimental Overall and Stage Performance Without Coolants)

By Atsumasa YAMAMOTO, Kitao TAKAHARA, Hiroshi USUI,
Shigeo INOUE and Fujio MIMURA

ABSTRACT

A two-stage air-cooled axial-flow turbine for application to the FJR 710/10 turbo-fan jet
engine was designed. To determine the aerodynamic performance of the turbine, a cold air test
turbine was manufactured and a test was conducted without coolants in the range of total pressure
ratio of 1.4 ~ 4.1 and equivalent speed of 70 ~ 110% of the equivalent design value.

The design procedures of the turbine are described and the experimental results without
coolants are presented. Overall stage performance including characteristics of turbine inlet mass
flow, turbine torque and overall adiabatic efficiency, and each stage performance including charac-
teristics of stage pressure distribution, stage work split, stage adiabatic efficiency and rotor exit
conditions are discussed.

According to the test results, it was concluded that the present two-stage turbine suitable
for air-cooled high-temperature use works well in a wide range of turbine operating conditions
from aerodynamic point of view, but mass flow rate at the design point, (i.e. equivalent design
speed and equivalent design overall pressure ratio), was different from the estimated design value,
which might be partly due to the test without coolants. In order to estimate the effects of cooling
air on turbine inlet mass flow characteristics, a few considerations were given.
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