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Control of hub-corner stall in a compressor with stator hub gap

LIAO Jixiang, JIANG Bin, LU Congpeng. QIU Yi,
WANG Guogiang, ZHENG Qun
(College of Power and Energy Engineering,
Harbin Engineering University, Harbin 150001, China)

Abstract: To research the control of hub-corner stall in a compressor with stator hub
gap, a 1. 5-stage axial flow compressor was studied. The effects of integral hub gap and par-
tial hub gap on the aerodynamic performance of compressor at low-operating point and design
point were studied by three-dimensional numerical simulation method. The results show that
the integral hub gap can restrain the hub-corner stall and improve the performance of com-
pressor, because the energy source of the “tornado” vortex is weakened by the leakage flow,
and the “tornado” vortex begins from the hub surface and ends at the suction surface, but
the performance of compressor is reduced due to the leakage loss produced by stator hub gap
at design point. And the partial hub gap is significantly better than the integral hub gap,
with the position of partial hub gap moving backward, the performance of compressor is
gradually improved at low-operating point, and the damage to the performance at design
point is gradually reduced. For example, the mass flow rate of TAI2 scheme increased by
0. 89kg/s and the efficiency increased by 1. 25% at low-operating point, and the efficiency of
design point remained unchanged. In addition, only when the partial hub gap increases to a

certain size could the hub-corner stall be restrained by enough leakage flow.
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Table 1 Performance parameters at low-operating point

with integral hub gap

MBI s Gk (ke/s) R/ % JE L
ORI 50. 63 90. 00 1. 3080
d=0.15mm 51.30 90. 89 1.3094
d=0.25mm 51.36 90. 96 1.3096
d=0.40mm 51.36 90. 91 1.3096
d=0.80mm 51.30 90. 79 1.3094
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Fig. 4 Limiting streamline and vorticity distribution

(e) ¢=0.80 mm

near stator suction surface and hub surface at

low-operating point with integral hub gap
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Table 2 Performance parameters at design point

with integral hub gap

IR] B2 75 € MR/ % Lt
ORI 94. 02 1.5328
d=0.15mm 93.88 1.5293
d=0.25mm 93. 86 1.5290
d=0.40 mm 93. 82 1.5282
d=0. 80 mm 93.73 1.5256
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Fig. 8 Limiting streamline and vorticity distrbution

(e) d=0.80 mm

near stator suction surface and hub surface at

design point with integral hub gap
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stator at design point with integral hub gap

R
0.8}
i ORI
0'6- d=0.15 mm
B =025 mm
! === d=0.80 mm
0.2F
0_..|...|...|-...|'...".|
0.75 0.80 0.85 0.90 0.95 1.00
1,
10 A A fa] B R 53 A5 2l i 0
Ty o A

Fig. 10 Efficiency along spanwise of rotor at

design point with integral hub gap
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Table 3 Performance parameters at low-operating point

with partial hub gap at different positions

FBR A% WE/(keg/s)  BR/% Jiyad
ORI 50.63 90. 00 1. 3080
FRO 51. 20 90. 76 1.3090
MID 51. 26 90. 87 1.3092
TAIl 51.50 91.19 1.3098
TAI2 51.52 91. 25 1.3100

Vorticity/10° s
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Fig. 12 Limiting streamline and vorticity distribution

near stator suction surface and hub surface at low-
operating point with partial hub gap at

different positions
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Fig. 13 Total pressure loss coefficient along spanwise
of stator at low-operating point with partial hub gap at

different positions
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Table 4 Performance parameters at design point

with partial hub gap at different positions

Ii] it 75 % MR/ % JE 1
ORI 94.02 1.5328
FRO 93. 87 1.5276
MID 93. 90 1.5293
TAIl 93.97 1. 5309
TAI2 94.02 1.5312
Vorticity/10° 5™
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Fig. 14 Limiting streamline and vorticity distribution
near stator suction surface and hub surface at design

point with partial hub gap at different positions
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Fig. 15 Total pressure loss coefficient along spanwise
of stator at design point with partial hub gap at

different positions
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Fig. 16  Efficiency along spanwise of rotor at design

point with partial hub gap at different positions
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Table 5 Performance parameters at low-operating point

with partial hub gap of different thicknesses
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Fig. 20 Total pressure loss coefficient along spanwise
of stator at low-operating point with partial hub gap

of different thicknesses
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Table 6 Performance parameters at design point with

partial hub gap of different thicknesses

] Bt 7 5% AR/ % L

ORI 94.02 1.5328
d=0.154 mm 94.01 1.5320
d=0. 360 mm 94.01 1.5317
d=0.830 mm 94. 00 1.5309
d=1.258 mm 93.99 1.5295

Ii] it J5 % Wi/ (kg/s)  BOR/ % JE L

ORI 50. 63 90. 00 1.3080
d=0.154 mm 50. 58 89. 94 1.3076
d=0. 360 mm 51.52 91. 24 1.3100
d=0.830mm 51.52 91.23 1.3100
d=1.258 mm 51.50 91.21 1.3099
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Fig. 19

Limiting streamline near hub surface of

d=0.154 case
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Fig. 21 Four kinds of length of partial hub gap

(unit; mm)
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Table 7 Performance parameters at low-operating point

with partial hub gap of different lengths

BB R W/ (kg/s) AR/ % JE L
ORI 50. 63 90. 00 1. 3080
[=4.96 mm 50.57 89.93 1.3075
[=15.59mm  51.53 91.25 1.3100
[=26.16mm  51.53 91. 24 1.3100
[=36.67mm  51.52 91. 20 1.3098
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Table 8 Performance parameters at design point

with partial hub gap of different lengths

LS MR/ N b
ORI 94.02 1.5328
[=14.96 94.02 1.5325
[=15.59 94. 01 1.5318
[=26.16 94. 00 1.5314
[=36.67 93. 96 1.5308
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