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An aerodynamic design method and verification for
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Abstract; An aerodynamic design method combined-with boundary layer suction was
proposed for counter-rotating compressor. For high-loaded compressor, because of the prob-
lems (such as stréngth problem) caused by-boundary layer suction used in the rotating parts,
the boundary layer ‘suction was used-only in the stator, while the rotor was designed by the
low reaction design principle to ensure its efficiency based on the increasing rotor exit axial
velocity. A counter-rotating compressor was designed to demonstrate the method above. The
three dimensional viscous numerical simulation results show that, two-stage counter-rotating
compressor with total pressure ratio of 5. 85 and efficiency of 88% is attained at tip tangential

speed 370m/s of the first rotor and 350m/s of the second rotor.
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Fig. 1 Velocity triangles for contour-rotating compressor
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Table 1 Outlet and inlet geometric angles of

the first rotor

AEXS ABJUaf/ AU, A/

R ) ) )
0 51.2 —9.6 25.8
0.25 54.0 —8.0 28.0
0. 50 56. 5 —4.8 30. 9
0.75 58.7 0 34.4
1. 00 60. 7 6. 4 38.5

2 FE-dEFHANORZ . BEFXE
Table 2 Outlet and inlet shroud and hub radiuses of

the first rotor

A ADR% YRR HhH %
A2 /m 42 /m 42 /m A2 /m

0.2103 0.3005 0.2374 0. 2870
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Table 3 Outlet and inlet geometric angles of

AHXS AU fa/ B/ AR/

the first stator

- ) @) )
WXt ATULETM/ LT s 0 25 2 . 216
= @) @) @)

0. 50 41. 2 —5 20. 1

0 —48. 8000 —12 —35.4

0.75 38.2 —5 18.6
0.25 —48. 4006 —12 —35.2

1. 00 41.0 —5 20.0
0. 50 —47. 8680 —12 —34.9
0.75 —47.6217 —12 —34.8 8 FEFBTFUHANORG . BEFE
1. 00 —47.0000 —12 —34.5 Table 8 Outet and inlet shroud and hub radiuses of

the second stator

R4 FBTHAORZ REFEZ

A UNEE% iR HENRE S
Table 4 Outlet and inlet shroud and hub radiuses of A2 /m F /m A /m A2 /m
the first stator
0. 252 0.272 0.252 0.272
PNEE T UNIEE %73 HENRE S g
42 /m 4% /m k42 /m 242 /m
0.2374 0. 2870 0.2391 0.2852

x5 EIHRFHANRALMABE

Table 5 Outlet and inlet geometric angles-of

the second rotor

BT B T = e

Fig-7—Three-dimensional geometry of the first rotor

HHXS A B L BT/ RS

iy =2 ) ) ™

0 —63. 2 12.0 — 306
0. 25 —65.1 6.\1 — 345
0.50 —65.0 0 —37.5
0.75 — 637 —5.1 —39.4
1. 00 —63.9 —10.1 —42.0

FIINEFHNORE REERE
Table 6 Outlet and inlet shroud and hub radiuses of

the second rotor

ABR®  ARR% o RHIRE S

42 /m 42 /m 42 /m 42 /m

0.2406 0.2835 0.252 0.272
R7 FTIBTFHANONLMAE

Table 7 Outlet and inlet geometric angles of

the second stator

DOV NI R D N VA = DINCP - 7S V)
= 9 ) )
0 46.0 -5 22.5

K8 H—5li 0t = A

Fig. 8 Three-dimensional geometry of the first stator

B9 5 H et = A

Fig. 9 Three-dimensional geometry of the second rotor
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Fig. 10 Three-dimensional geometry of

the second stator
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Table 9 Design of suction scheme in the first stator

et

A2 A3
B 12 BT s R R

Fig. 12 Suction configuration of the second stator
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Table 10 Design of suction scheme in the second stator

S W/ R/ HAOWHE
a kPa (kg/s) B/ %

1 450 07350 1.32

2 300 0. 647 2. 44

3 450 0.'294 1. 11

A e il i 45t/ A O
kPa (kg/s) A/ %

1 135 0. 550 2.08

2 115 0. 764 2. 90

3 125 0.778 2.94
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Relative Mach number
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Fig. 14 Relative Mach number cloud picture
at 10% span
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Fig. 16 Relative Mach number cloud picture
at 90% span
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