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Experimental Study on Aerodynamic Performance and Casing Treatment of
First Stage Centrifugal Compressor for 1000shp—class Turboshaft Engine
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ABSTRACT

Korea Aerospace Research Institute (KARI), in cooperation with Hanwha Aerospace (HAS), has developed a two-stage
centrifugal compressor in a gas generator for a 1,000-shp turboshaft engine. A bleed-type casing treatment was applied to the
shroud casing of the first-stage impeller in order to improve the surge margin in the low-speed range of the compressor. In this
study, before carrying out the evaluation of the aerodynamic performance of the overall 2-stage compressor, a performance test
was conducted on the upstream 1-stage compressor to investigate the effect of bleeding. A bleed slot with a width of 2 mm
was applied around the leading edge tip of the splitter blade of the impeller for casing treatment, and the change in aerodynamic

performance and surge margin was examined with respect to the position of the bleed slot compared to the reference model.
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Fig. 3 Bleed slot position of bleed casing treatment

Table 1 Variation of bleed slot position

Bleed slot Casel Case2 Case3
Width(%H") 44 4.4 44
Position”"(%H) 773 81.7 68.4
Relative distance - +4.4%H -8.8%H
* H is the blade height of impeller at inlet
** position from impeller leading edge at hub E
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Table 2 Test conditions of the 1—stage centrifugal compressor

Parameter Notation Unit Value
Inlet pressure Dres kPa 101.3
Inlet temperature 7., K 288.15
Mass flow rate m kg/s 33
Pressure ratio PR - 147

**% total-to-total pressure ratio of overall 2-stage compressor
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Fig. 6 Distributions of total—to—total pressure ratio of the

1—stage centrifugal compressor with bleed casing

treatment
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Fig. 7 Distributions of isentropic efficiency of the 1—stage
centrifugal compressor with bleed casing treatment
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Fig. 8 Temporal variations of unsteady pressure at the

inlet and exit of the impeller
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