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Fig.1 The experimental and numerical simulation results of the Stage35 axial compressor
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Table 1 Comparison of the surge margin

experiment B-L S-A k-&

surge margin S, /% 16.8 9.9 9.5 9.1
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Table 2 Design parameters of the single stage axial compressor

parameter value unit
inlet total pressure P, 101 325 Pa
inlet total temperature 7T, 288.15 K
design mass flow ¢, 32.5 kg/s
design pressure ratio D, 1.6
adiabatic efficiency 1,4 /% =0.86
design rotation speed w 13 360 r/min
R1 tangential speed of the blade tip vy, 360.0 m/s
mass flow of bleeding ¢, 2%
direction of flow x axis

B2 2RISR A)
Fig.2 Bleeding in circumferential slots( scheme A)
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Table 3 The bleeding schemes
case bleeding scheme number angle number of tunnels
A circumferential slot 1 0° 1
B-1 45°against flow direction
B-2 circular hole 12 perpendicular to flow direction multi-tunnel
B-3 45°along flow direction

(a) Scheme B-1 (b) Scheme B-2 (c¢) Scheme B-3
B3 5 (IrEB)
Fig.3 Bleeding in circular holes( scheme B)
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Table 4  Results of the non-bleeding working condition

outlet back pressure P,, /Pa  inlet mass flow ¢, /(kg/s)  adiabatic efficiency ,, /% pressure ratio D
110 000 33.068 70.569 1.405 0
127 000 33.061 80.950 1.525 3
130 000 33.058 82.266 1.547 8
135 000 33.008 84.181 1.585 0
138 000 32.828 84.950 1.605 7
139 000 32.677 84.998 1.611 6
139 500 32.520 84.864 1.613 5

F5 LKL LBEEICE mERES L

Table 5 Performance parameters of the highest efficiency point in the non-bleeding working condition

inlet mass flow total pressure ratio adiabatic efficiency bleeding mass flow
G / (kg/s) D, Nua /% qu /%
S2 design performance 325 1.6 86.0 0
numerical simulation 32.677 0 1.611 6 84.998 0

MG AT DRSS | FEAS B BB 100 ZOR 17 e 45 e AR 280 die vy
M TS BHERESS S RO L 5 Fir.
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Table 6 Performance parameters of the circumferential slot bleeding schemes

m

inlet mass flow total pressure ratio adiabatic efficiency bleeding mass flow
@ / (kg/'s) D, Naa /% q /%
S2 design performance 32.5 1.6 86.0 2
scheme A 33.035 1.624 8 85.52 2

P e B A2 (1) THRAS 4 JE P48 5 | T DL I Wi iR s 5k 3.4%.
2.3 FISIRER

Bt 1 LI 2T U 454 | 6 R F NUMECA B 45 i LA 5 /A% %) 2 T 516G #E47JL{a
1 RN A% R 53, -5 AUTOGRID 43 (8 38 & 2045 %082 5 51 SFLR A 1Y A% TR )
K, H A E S R 1l A full non-matching P FAb PR A B S AL R FL T R
¥6.3 Hert i —3k 228 J7 22 A7 AR AL, BEHEIE 5 S R K 2 30 5 AR A, 5L AR 290
120 J7 P A5 TS AL DAL B T4 4 5 AL A ZE R [n] N | 275 1 )2 A 1o J3E
107 m RS R/ NI R 200130 BERK LR KON 3,19, K98 U 5 000.

L5145 it i T OB RE S B S T RE A S B0 b an 3k 7 .

F7 AL TR AR S R

Table 7 Performance parameters of the circular hole bleeding schemes

inlet mass flow total pressure ratio adiabatic efficiency ~ bleeding mass flow  surge margin
G / (kg/s) D, Nt /% a /% S /%
S2 design performance 32.500 1.600 86.00 2 -
scheme B-1 32.842 1.631 84.48 2 6.8
scheme B-2 32.787 1.628 85.38 2 5.1
scheme B-3 32.842 1.627 84.21 2 8.2
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Table 8 Numerical simulation results of the bleeding schemes

inlet mass adiabatic bleeding mass  bleeding back  outlet back
total pressure surge margin
case flow efficiency flow pressure pressure
ratio D, S, /%

G 7 (kg/s) N /% qyy /% Py, /Pa P, /Pa
A 33.035 1.624 8 85.52 3.4
B-1 32.842 1.631 0 84.48 6.8

B-2 32.787 1.628 0 85.38 5.1 2 101 292 143 000
B-3 32.842 1.627 0 84.21 8.2
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Fig.4 Static pressure distributions of the bleeding schemes
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Fig.5 Entropy distributions of the bleeding schemes
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Fig.6  Velocity vector distributions of the bleeding schemes
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Effects of Bleeding on the Aerodynamic
Performance of Axial-Flow Compressors

HOU Li-na, DU Gang, CHEN Jiang
(School of Energy and Power Engineering, Bethang University,
Beijing 100191, P.R.China)

Abstract . Different ways of bleeding have different effects on axial-flow compressors’ per-
formance and flow fields. The numerical simulation of single-stage axial-flow compressors was
performed. Several schemes, of bleeding in circumferential slots or bleeding in uniform circular
holes circumferentially distributed, were designed to study the effects of different bleeding ways
on the aerodynamic performance of axial-flow compressors. The results show that introduction
of bleeding improves the compressors’ performance to different extents. The bleeding scheme
with circular holes set in the same direction with the flow has the largest surge margin up to
8.2% ; while the circular holes set in the reverse direction of the flow bring the pressure ratio

and efficiency of the compressors a major increase.

Key words: axial-flow compressor; aerodynamic performance; bleeding; numerical simulation



