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Design research of small flow rate multi-stage
high-loaded axial compressor

XIE Ya-dong, SHAN Peng

(School of Jet Propulsion,
Beijing University of Aeronautics and Astronautics, Beijing 100019, China)

Abstract: The pressure ratio of a five stage foreign compressor with small flow rate is
6. On condition that not exceeding its pre three stage axial length, a three stage compressor
was designed and its maximum pressurizing ability was researched. By using positive pre-
whirl, end-bend stator and the measure that properly boosted the shroud of the second and
third stages, the design result of this three stage compressor was that the mass flow rate
was 5. 80 kg/s., pressure ratio was 5. 445, efficiency was 0. 827 2, surge margin was
11. 8%, and average stage pressure ratio was 1. 759. On condition that not exceeding the
limit of a certain axial length, the small flow three stages got the pressure level of 5. 5. The

flow characteristic curve has been cliffy.

Key words: axial compressor design; small mass flow ratio compressor;

multi-stage compressor; high-loaded axial compressor; end-bend
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Table 1 Fan/compressor data for some engines
1
(m/s) 3
AIF31® 3.62 470 4 0.172 7.5, 5. 9kg/s.
PI-33 3.15 430 4 0.179
F404 3. 66 191 3 0.214 500m/s 1
F110 .2 440 3 0.234 ’ ’ ’
F119 4 470 3 0.274 -3 0. 42.0.
41,0.40, 6 D
F120 5.2 200 k 0272 0. 704, 0. 717, 0. 792, 0. 660, 0.
J285 4.5 510 2 0.34 487.,0. 456. , ,
IHPTET 3.2 630 3 0. 335 ,
, Ma>1.5 G5,
’ ’ 53 500m/s
; ’ 0.34,0.35,0. 34,
; ’ D 0. 476, 0.
477,0.584,0.498,0.477,0.478. 3
’ ’ 7.50=2.15X2.03X1.72.
T700-T6A/
T6E1 5.9kg/s,
1 s 44049r/min 5
1 .5 6.0
3.1, 18.6,

0.83~0.85. 1
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Fig. 1 Compressor passageway of

engine T700-T6A/T6E1

2

Fig. 2 Passageway with the equal middle diameter

3

Fig. 3 Passageway with the equal tip diameter
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29°,23°,17°, -
D , 2.

2 3

Table 2 Geometry and pneumatic parameters yielding from the through flow design of three stages

Stage 1 Stage?2 Stage 3 R1 S1 R2 S2 R3 S3
gl 500 o o Ma 1.752  0.640 1.324 0.688 1.086 0.592
( ) 0.674 0.866 0.870 0.821 0.863 0.706
0.492  0.385 0.577 0.546  0.522  0.720
<kg/<nf-s§> 159.6  150.8  143.8 D 0. 449 o.%41 0.496  0.519  0.438  0.670
0.596  0.586  0.669 0.539  0.564  0.800
(kg/(m?+s)) 2T 808 sLo 0.415  0.668 0.692 0.825 0.834 0.912
2.15 2.03 1.72 /Y29 15 23 17 17 13
0.916  0.909  0.897 1.68 1.744 1.47  1.37  1.50  1.03
1.94 2,06 1.70  2.22  1.87  2.07
0.1085 0.1112 0.1135 .99 2,05 1.77  2.39  1.95  1.90
/m 2.76  2.78  1.85  2.63  2.08  2.48
63. 11 54 65. 98 60 70. 00 74
0.340  0.345  0.311 . 61. 30 16 64.17 64 67.67 60
e 65. 80 56 61. 82 62 65.97 64
1.9 42 0.4 34 1.0 74
19,48 43,56 27,60 . 8.0 31 12.4 34 7.67 60
e 50. 49 35 29.1 33 13.9 64
CED 0.56  1.29  0.53  1.08  0.56  1.91
W 403 412 350 0.81  0.95  0.89 0.8  0.89  1.08
1.12 0.89 0.8  1.04  0.81  0.85
3 L1 . 2 .
[10]
2 A Y A Y
2 3 X ,
3 1 . 4 5 1. 45
’ s 1.94
, 1 s 1
1.727. 2 1. 2
, 1 , 1. 3
3 , 3 , 6 1
. oy . T 7(b)

D) H D) 1 5%
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Fig.5 Relative Mach number distribution on the 95 %
span of the first stage rotor with solidity
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Fig. 7 Relative Mach number distribution on the

5% span of the first stage end-bend

stator and normal stator
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Fig. 8 Passageway with computing stations and
the boosting shrouds of the second

and third stages

9 1 95%

Fig. 9 Relative Mach number distribution on the 95%
span of the first stage rotor when

simulating only stagel

Navier-Stokes(N-S) FINE™ .
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10 3 CFD

Fig. 10 Three dimensional grids of the

three stage compressors
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Fig. 11 Relative Mach number distribution on the
10%,50%,90% span of the first

and second stages
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Fig. 12 Relative Mach number distribution
on the 5%, 50%,95% span

of three stages
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Static pressure/MPa

13 3
Fig. 13 Meridional static pressure distribution

of three stages

Relative Mach number

14 3

Fig. 14 Meridional relative Mach number distribution

of three stages

bl 16 3

15 3 .

Fig. 15 Curves of flow variable spanwise distributions
at inlet, rotor/stator interfaces and

outlet of three stages
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