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Performance prediction model of partial casing treatment
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Abstract: Using the idea of inlet distortion parallel compressor theory dividing the com-
pressor into some sub compressors, the partial casing treatment compressor was divided into
casing treatment sub compressor and solid wall sub compressor. Then the outlet parameter
of the partial casing treatment compressor was got according to the laws of momentum con-
servation and energy conservation, and the assumption of partial casing treatment perform-
ance prediction model was acquired based on the experimental conclusions of linear relation-
ship between the mass flow of stall margin point and the casing treatment circumferential an-
gle. Comparisons of the prediction results and the experimental results reveal that the curves
of prediction characteristics and experimental characteristics are consistent in overall trend.
Under supersonic condition at 98 % design rotating speed, the peak efficiency prediction error

is smaller than 0. 5% , and the comprehensive margin prediction error is under 0. 6 %.
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Table 1 Design parameters of low speed compressor experimental rig
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Wi/ (r/min)

MRYT G/ (m/s)  FEF ISR B/ mm

19 13 0.75 450

3000 70.7 0.5
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Table 2 Design parameters of transonic compressor experimental rig**]

AR Bl 524 /mm JE% L

22 ] B/ mm

B/ (r/min) MR YT/ (m/s)

17 0.565 80.5 0.956

0.9 22000 409. 85
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Table 3 Main characteristic parameters of transonic compressor expermental rig of prediction
and experimental characteristics at peak efficiency point
P Tt/ (kg/s) W%/ % JEH
= %% Bt K% Bl Lt B
98 V0 1R T4 12.6810 12.6800 80. 96 80. 52 1.5657 1.5660
88 U0 P T 11.9492 11.9492 81.47 81.17 1.3900 1. 3737
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Table 4 Main characteristic parameters of transonic compressor experimental rig of prediction and

experimental characteristic at near stall point

w/ (kg/s) &Y JE L
L2 - X 3
SE I Ak SCHG Al SC G With
98 %0 B -1 10. 64 10. 69 73.66 73.79 1.678 1.679
88 Y0 P it 1 8.98 9.35 70. 35 74. 04 1.525 1.518
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Table S Prediction margin and experimental margin of transonic compressor experimental rig

" TR/ Y LA/ % FELLAR /%6
o 5 il 5 il 5 il
98 Y0 B 11 okt 19.18 18.62 27.76 27.17 7.17 7.22
88 Vo & i1 33.06 27. 80 45.97 41,18 9.71 10. 50




%505 IR 345 A3 b AL [ £ P A T Aty A Y 1213
90 1.018¢
80 | 1.016F
1.014F
=77 .
§ sl ¢ | | B Loz
—— PIRELF | —e— SCHERLE
—o— AFAALFEHLE LO10F o 4 nbsmpLEE
0r —a A AE AL, 180°(35HR) —a— AT ALEBHLE,180°(324)
—v— A AR FRFILIEE, ] 80°(FA {5 AY) 1.008 + —— Fifi4rAbBALEL, 1 80° (T f51HY)
4%5 zb 23 35 35 45 43 1.5 2h 23 35 33 45 {s
it/ (ke/s) Midit/(kg/s)
(a) AbFE XA 1) £ A7180°
90 1.018 [
a0 | 1.016 |
1.014
§?o- o :
O} = 1.012 e
= e
60| | | 1'
—— SCREHLE 1.010 | —e— SCEEHLE
—o— G fEALFRPLE b —e— 2 fEAbH YR
0 —a— HPSHALFEHLIE 240°(3:55) 1.008 | —— FBA-AbERYLIE,240°(540) -
—v— b FRAILIEE 240°(Filfit #E5) —v— FRATALERHLEE, 240° ([ H50)
4 1 L " L 1 1 'l g i i 1 1 1 1
Q5 20 25 30 35 40 45 100ﬁ5 20 25 30 35 40 45
itk (ke/s) i dit/(kg/s)
(b) AT T i) £ £ 2400

P 6 i S G £ TR R A [ Ak 2 D] o B2 T S 560 0 B (B X e

Fig. 6 Comparison between experimental and prediction values of low speed compressor experimental rig under

two casing treatment circumferential angles
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Table 6 Main characteristic parameters of low speed compressor experimental rig of prediction and

experimental characteristics at peak efficiency point

b HE X ) it/ (kg/s) BME/ N JE 1
AE/ O S A SIS Ak SIS i
180 3.41120 3.41120 86. 042 86. 164 1.01341 1.01334
240 3.33433 3.33433 86.162 86. 001 1.01380 1.01375
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Table 7 Main characteristic parameters of low speed compressor experimental rig of prediction and

experimental characteristics at near stall point

Qb HL X JH 1) Wi/ (kg/s) MR/ % JE Lt
R/ S T A SEIG T Ak SIS ik
180 2.15526 2. 15600 59. 027 59,703 1.01494 1.01587
240 2.01761 2.01812 55.661 54.904 1.01540 1.01598
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Table 8 Prediction margin and experimental margin of low speed compressor experimental rig

Ab B X 6] it e A/ 0 LRAWIE/ N JE L/ %6
B/ S5 T L A g Wil
180 58. 27 58. 22 58.512 58.614 0.15 0.25
240 65. 26 65. 22 65. 522 65. 583 0.16 0.22
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