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Orthogonal experimental investigation of geometry structure
of grooved casing treatment

WU Yarrhui, ZHANG Hao guang, CHU Wuwliy DENG W err Jian

(School of Power/and/Energy,
Northwestern Polytechnical U niversity, Xi an 710072, China)

Abstract: Nine kinds-of circumferential~grooved casing treatmient structures were de
signed by the orthogonal experiment’s requirement. Optimized-€xperiments of the geometry
structure of-¢ircumferential groove-were performed on asingle stage subsonic axial com pres-
sor with\the nine kinds of circumferential grooved casing treatment structures at two rotor
speeds. The results of orthogonal experiments show that the orthogonal experiments are
successful. Itis not necessary to-test all casing treatment of possible combination of structur-
al factors. The structural factors of casing treatment were forecasted successfully by analysis
of the orthogonal experimental results with orthogonal analytic method and the subsonic ro-
tor gains the best stall margin improvement with this kind of circumferential grooved casing

treatment of possible combination of structural factors at two rotor speeds.
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, Table 1 Orthogonal experimental matrix
o N I, bk W/mm  H/mm 0 L/mm
4 A7
%f// No. 1 2.2 6 0.33 21
No. 2 2.2 9 0 21
%%&, No.3 2.2 12 -0.33 21
/ ; No. 4 3.0 6 0 21
27 N No. 5 3.0 9 -0.33 21
F f e No. 6 3.0 12 0.33 21
4
LR No. 7 3.75 6 - 0.33 21
LN
No. 8 3.75 9 0.33 21
No. 9 3.75 12 0 21
1 No.2 4
Fig. 1 Schematic diagram of No. 2 circumferential
pronTe Ceme 0.53 0.71.
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, 8.25+ 4.22=17.39( 2(1) ),
, [6]. 2 8130 r/ min Zmz 5.80. 6mm Zmz
107651/ min , 9 —
492+ 3.69+ 3.07= 11.68, D>M2 =
(M), (T) (), 3. 89. 0.33 , D.M3=4.92+
(m) 5.71+ 1. 85= 12. 48, > M3 = 4.16.
4.1 8130r/min , 3
9 2 {5 80, 4. 34,
8.25%, W1H 202( W 1= 3.18}- Min{5. 80, 4. 34, 3. 18} 2.6
2.2mm, H 2= 9mm, 02= 0)
,W.,H O
, , 3 3
2, : MW= 2.2 mm
1) ; @H = 12 mm
; B0=0
3 W= 22mm,H= 6 W1H302 (WA= 2.2 mm, H3= 12 mm,
mm  O= 0.33 3 02= 0)
, W=22mm . D.MI=40924+ 2)
2 10
Table 2 Experimental results of ten kinds of casing
(1) 8 130+/min (2) 107651/ min
Mo/ (kgl 9) T, My mi % |[Mu (kgl s) . M ml %
Solid 2.9342 1.0712 0.926.6 — 3.9130 1.1186 0.9138 —
No. 1 2.7974 1.0715 0.9308 4.92 3.6322 1.1208 0. 906 4 7.10
No. 2 2.7042 1.0687 0.9176 8.25 3.5430 1.1235 0.904 4 10. 93
No. 3 2.8108 1.0695 0.9204 4.22 3.8186 1.1220 0. 899 6 2.78
No. 4 2:8257 1.0697 0.9264 3.69 3.7123 1.1242 0.9012 5.93
No. 5 2.8258 1.0690 0.9149 3.62 3.7631 1.1225 0. 898 3 4.35
No. 6 2.7739 1.0705 0.9265 5.71 3.7444 1.1230 0. 8971 4.91
No. 7 2.8460 1.0709 0.9216 3.07 3.7805 1.1228 0. 9099 3.89
No. 8 2.8719 1.0679 0.9196 1.85 3.8203 1.1192 0. 908 5 2.67
No.9 2.8013 1.0699 0.9193 4.62 3.8835 1.1218 0.9108 1.05
3 (8130 1/ min)
Table 3 Average stall margin improvement of each level of each factor (8 130 r/ min)
Wimm  D.MU% DML Himm — D>M2/% D.M2 0 dDWdia  D.M3
2.2 17.39 5. 80 6 11.68 3.89 0.33 12. 48 4. 16
3 13.02 4. 34 9 13.72 4.573 0 16. 56 5.52
3.75 9. 54 3. 18 12 14.55 4.85 -0.33 10. 91 3. 63
2.62 0.96 1. 88
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Fig.2 Main effects plot for stall margin improvement 3 3
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Table 4 Average stall margin improvement of each level of each factor (10765 1/ m)

Wimm  DMU% DML Himm — D>M2/% > M2 0 DU D M3
2.2 20.81 6. 93 6 16.92 5.64 0.33 14. 68 4. 89
3 15.19 5. 06 9 17.95 5.98 0 17. 91 5.97
3.75 7. 61 2.54 12 8.74 2.91 -0.33 11. 02 3. 67
5.23 3.07 2.3

4 3
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