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Numerical investigation of bleeding effect on performance

of multistage axial compressor
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Abstract: In the first place, with the single-stage axial compressor NASA-Stage 35 as
research object, the bleeding mechanism of single-stage axial compressor was investigated by
numerical simulation, and the research conclusion was applied to the bleeding investigation
of the nine-stage axial compressor. The results show that bleeding effect on inner {low-field
of single-stage and multistage axial compressors is basically the same, and there is some
difference of overall performance between single-stage and multistage axial compressors with
the effect of inner-stage matching. Rotor endwall bleeding can remove low-energy fluid in tip
clearance and enhance the radial flow in rotor channel, therefor., the tip loss is reduced and
the pressure ratio and efficiency of stage are increased. Stator endwall bleeding can reduce

the endwall loss of stator and increase the efficiency of stage.
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Fig. 2 Normalized mass flow-total pressure ratio/efficiency performance curves of calculation and experiment
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Table 1 Comparison of overall performance at peak efficiency point and near stall point
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Fig. 3 Rotor outlet flow angle and stator outlet total pressure ratio of calculation

and experiment along spanwise (peak efficiency point)
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ratio/efficiency performance curves

of plan A

1

100 -
—— K55
——JIRA

I 135 /%
o o
= =
T T

£
(=]
T

[ o)
=
T

k

1.3 1.5 1.7 1.9 2.1 23
H T SR
®

—— XK
—— TRA

78/ %

0 . 1

-1.0 -0.8 —0.6 —0.4 02 0

BT SRR R
(b)

K6 Jr@ ARET RUR L/ SRR R B o A

Fig. 6 Rotor total pressure ratio/total pressure loss

02 04 06

coefficient of plan A along spanwise

e 330 T PN SO B AR 1) O 8D B 2 o RE U A 1)
MRS L DT B 5 T % T 93 TR RE 1. 7E 806
DA i DXL 51 A0 B T I R 3 N 9 {1 BE O
R0 1 S DA 2R 5 DR IR I AR R ST 9 A5 R R



1190 i =

%31 %

G R UN &Sy
2.3 BTFEI4sIR
2.3.1  XF B g Bl I TR AL A A i R i)

Bl 700 % B IRl 2k, Bl & O 2 /D
07 RESHLRE LM TE 51 KA /N e K
FEV T 5 CGn=0. 992) B 3T 28 1k £ 4 BA g . (H B A
FHZEAN K. #7110 2 5 A AL AE 42 Il o3 [
P RCRA W T L R AL REOR B 5 | A A 3
R T 8 R L g e R /. 5 % B3 B A
ROR AL R T T 00 80 4 B T T 38 1%, RS
B 3 Bl B S K W PR AR B 17.6 %6, AH
THIR=E T 3. 7%.

1.85
1.80
1.75F

1.70

165

ESHLEEL

1.60 L o )C’jl;_l.
—e— J7EBI
1.55F —a— Ji%EB2
—— FTEB3
I‘5O '} il '} L L 1 Il I}

0.84 0.88 0.92 0.96 1.00
Tt it
(a)

0.84

0.82

0.80

0.78 -

0.76

FES B

—a—EG|R
—— EBI
—a— JEB2
—v— I B3

0.74 F

0.72 -

]

0‘ 'llfn i L 1 1 1 1 L
0.84 0.88 0.92 0.96 1.00

A A
(b)
7 % BICE R E- AL T/ RO R i £k

Fig. 7 Normalized mass flow-compressor total pressure

ratio/efficiency performance curves of plan B
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