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A Study on the Redesign of the Two-Stage Axial
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ABSTRACT

In developing a multistage compressor, the stage matching is one of the critical design issues. The
mismatching can be often observed even if each stage has been proven good and then used as part of a

compression system. A good matching among the stages can be achieved by changing various design
parameters (le, passage cross sectional areas, blades angles, stagger angles, curvature, solidity, etc.).
Therefore, designers need to find out what parameters must be changed and how much.

In this study, a method to search the design parameters for optimum stage matching has been used based
on an 1-D mathematical model of a compressor, which uses the data obtained from the preliminary test to

identify the design parameters.

This methodology is applied with a two-stage axial compressor, which was originally designed for a
helicopter gas turbine engine. After identifying design parameters using preliminary test data, an optimization
process has been employed to achieve the best matching between the stages (ie., maximum efficiency of the
compressor at its operation modes within a given range of the rotor speed under given restrictions for
required stall margins and mass flow). 3-D flow calculations have been performed to confirm the usefulness
of the corrections based on the 1-D mathematical model. Calculational results agree well with the experimental
data in view of the performance characteristics. Some promising results were produced through the metho-
dology proposed in this paper in conjunction with flow calculations.
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Fig. 2 A view of designed two~stage axial compressor
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Table 1 Design requirements of a two stage axial compressor ﬁ
Inlet pressure 101,325 pa T
—
Inlet temperature 288K g 15 -
Flow rate 304kg/s =
Basic ;
Requirements Rotational speed 41,500 rpm A
Total pressure ratio | 2.1
Adiabatic efficiency | more than 0.34 10 .
Tnlet flow angle % 10 15 20 25 30 35
FIOW RATE
—desi Stall margin more than 12% ) o
ROff.dESIgn - g - ar_l > Fig. 3 Performance characteristics of compressor(solid Line
equirements | Operating Range 60 96~ 105 % rpm 1-D prediction, symbol : experiment)
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Fig. 10 Total pressure ratio & flow angle distributions at the exit of the axial 2-stage compressor
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