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Effects of Minimum Throat Area Ratio on Multistage Axial-Flow
Compressor Performance
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(School of Power and Energy/National Key Laboratory of Aerodynamic Design and Reseach, Northwestern Polytechnical
University, Xi’an 710072, China)

Abstract: A set of process for calculating primitive cascades minimum throat area ratio was built, in order
to study the effects of minimum throat area ratio on multistage axial-flow compressor performance. The span—wise
distribution of minimum throat area ratio was obtained through calculating primitive cascade, and the minimum
throat ratio distribution rule of rotor and stator are analyzed. Then the front camber ratio and maximum thickness
of primitive blade was modified to study the different distribution of minimum throat area ratio impacting on multi-
stage axial—flow compressor performance. The result shows that block mass—flow and minimum throat area ratio
have a linear relationship. Having a best front camber ratio makes the compressor total pressure ratio and efficien-
cy to achieve the maximum at design point. And reducing thickness is able to improve compressor performance.
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Fig.1 Sketch of cascade channel area
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Fig.2 Wave model of channel shock
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Fig. 3 Loss distribution of primitive blade
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Fig.4 Two-stage fan compressor minimum throat area

ratio
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Fig. 5 Mesh of five-stage compressor

32 WImESVENREERLITESER

iz FH i /I3 W T T AR LU TSR R o T 20 il O ]
HUAEAT 5T i Ml 14 f /8 Wk 368 T R L A 310 4%
Y 1] F) /DN 3 THTAR L 20, LI 6

—=— Rotor 1

20F ——a— Stator 1
I —a— Rotor 2
—a— Stator 2
L —— Rotor 3
1.8F —uv— Stator 3
—— Rotor 4
——— Stator 4
—<— Rotor 5
—a— Stator 5

Span
Fig. 6 Five-stage compressor span-wise distribution of

minimum throat area ratio
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Fig. 7 Minimum throat ratio distribution by modifying

front camber ratio
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Fig. 8 Minimum throat ratio distribution by modifying

maximum thickness
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Fig. 9 Compressor pressure ratio characteristic map by

modifying front camber ratio
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modifying front camber ratio
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Table 1 Compressor margin by modifying front camber

ratio

Front camber ratio 04 0.5 0.6 0.7 0.8

Chock margin/% 1.9 2.7 34 4.0 4.2

Total margin/% 17.6 18.5 19.0 19.3 19.1
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Fig. 12 Compressor pressure ratio characteristic map by

modifying maximum thickness
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Fig. 13 Compressor efficiency characteristic map by

modifying maximum thickness
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Table2 Compressor margin by modifying maximum

thickness
Maximum thickness Thick Original Thin
Chock margin/% 2.1 2.7 33
Total margin/% 17.7 18.5 18.9

44 BRXKEEMESHRZHZI
0 AR B /N WE T TR EE 3 RS SR —
OB A B, i 14CH JE 2] .

&e;gﬁl;%mber
1.2 H
10
0.8

0.6

0.4

/ / 0.2
Tthk Original Thin

0.0

Fig. 14 Mach number distribution of the first stage rotor

by modifying maximum thickness
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