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An experimental investigation of rotating stall margin
improvement with unsteady casing treatments

SUN Da kun, HOU Rurwei, SUN Xiao feng
(School of Jet Propulsion, Beijing University of Aeronautics and A stronauties, Beijing 100083, China)

Abstract: Casing treatments are widely used-to enhance the stdll margin of fans or com-
pressors of aircraft engines. How ever;-the existing design of casing treatment is generally on
the basis of trial and error method and its application always results in efficiency loss of fans
or compressors, So, ‘how'\to understand the-nmiechanism of stall margin improvement with
casing treatments and how to design better casing treatments have long been an area of vigor-
ous research activity. Based on-the knowledge of the unsteady characteristics caused by cas-
ing treatment, it.is verified that recessed casing treatment can be modeled as a wall boundary
condition, which-can be calculated by means of vortex sound theory. In the present work, a
series of experimental investigations were conducted with emphasis on the effect of unsteady
casing treatments on the stall margin and efficiency of three different low speed fan/ com pres-
sor facilities. Theresults show that the unsteady casing treatments do improve the stall mar-

gin without incurring recognizable efficiency loss of the concerned fan/compressor.
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stall margin
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, Table 1 Design parameters of three

low speed fans/ compressors

/ / / /

[3'9‘]
(r/ min) (kg/s) (mm)

2 900 4.5 462 9
2 400 2.6 500 58
[10-11] 3 000 7.5 600 20
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Fig.2 Configuration of the

unsteady casing treatment

SM
@
o - [4)5/ :

Qu/ Py

SMw = g%q'“— x 100%

g

n

(p2 — pi
= 1 000N &
Ni= N T <1
n =0 89,

(D

(2)

(3)

(4)

(5)

(6)
(7)

3

5% s
0.6
0.5
504

=

=
< 0.3

s

080

0.75f

W

0.70

0.65

0.60

1S
Cin"m
20 022 D24

, 3
2 2
b

1%
—— JLEE]
294 —— JHE2
- "“Mﬂ ——JERE3
on 100%%% 3

- ‘AO

g

PR T N I S I |
026 028 030 032
Ca /n|

) FETTHTZR

100%5% 4

0.20

5.1

022 024 026

028 030 0.32

cJu,
(b) Bt £k

3

Fig.3 Characteristics of low- speed
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Table 2 Results of low speed fan with 24 slot casing treatment

24 70% 80% 85% 90% 95% 100%
5 4.23 4.34 3.74 3.44 3.84 4. 82
35 4.17 4.34 3.59 3.68 4.39 3.97
55 5.33 4.60 3.82 3.52 4.68 3. 98
75 4.77 4.70 3.31 3.20 3.84 5.33
1% 95 4.37 4.79 3.92 3.72 4.19 5.04
115 4.89 3.89 2.93 3.76 3.76 3. 60
L60 4.11 4.31 4.42 3.04 3.21 4. 16
LO 2.98 2.97 2.12 2.31 2.52 3. 49
5 10.40 12.12 11.52 10. 32 9.42 9. 92
35 8.74 11.40 8.73 9.38 8.93 11. 08
55 11.11 10.56 10.48 9.47 10. 73 9. 45
75 9.64 10.37 10. 84 11. 31 10. 22 10. 31
I % 95 9.26 11.29 10.08 9.32 10. 10 10. 69
115 9.32 11.57 10.25 9.63 9.68 10. 43
L60 12.20 14.42 15.04 12. 32 14. 71 12.73
LO 8.20 9.73 768 8.81 9.82 7.52
160 24 (70 mm)., 60 mm A0
3 30

Table 3 \ Results of low speed fan with 30- slot casing treatment

30 70% 80% 85% 90% 95% 100%
5 4.36 4.66 4.34 3.56 4.16 3. 61

35 4.36 3.97 3.61 3.18 4.03 3.8

55 4.87 3.99 3.71 3.61 3.54 4. 37

! % 75 3.53 3.66 3.68 3.34 3.55 3.21
95 3.76 3.80 3.59 3.25 3.25 3.99

115 3.88 3.31 4.22 3.16 3.55 3.63

5 9.14 9.13 7.37 9.48 9.32 10. 10

35 8.83 10. 86 8.44 8.15 9.15 8.78

55 10. 47 11.08 8.48 9.16 9.15 8.91

! % 75 9.15 10.16 10.16 9.84 10. 00 9. 82
95 9.94 10.43 9.67 8.73 9.39 8. 98

115 8.99 10. 49 11.14 9.66 9.78 9. 54
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Table 4 Results of the unsteady casing treatment »
with different wall boundary conditions
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