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Research on flow instability of transonic compressor rotor and
boundary suction effect at low Reynolds number

XTA Qirrbin, WANG Rugen; ZHOU Min
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Abstract: The flow nstability-of NASA_ Rotor 37-transomic compressor rotor at low
Reynolds number was investigated by numerical simulation. The result shows that the
boundary layer radial vortex becomes an important factor for causing compressor flow insta-
bility. It's found that the compressor stability range is obviously enlarged by suction on the
blade suction surface at)different-blade heights and axial chords. The influence of suction

mass on the characteristic of the compressor was also compared.

Key words: _flow instability; low Reynolds number; boundary layer radial vortex;

suction

[+5]

12008 16 27; : 2009 03-23
tAPTD (APTD- 1504 0407)

(1982-), , s s . E-mail: x gbsky@ tom. com



7 : 1611

Boundary layer
radial vortex

Relative Mach number

l:iH

1.4 1

[69]

B .

NA SA Rotor 37

w7,
b Z
Reattachment line 4

NASA Rotor 37 s
CFD (NUMECA) 1
Fig.1 Boundary layer radial vortex on the suction surface
s Navier- Stokes s
AGS (Abu Ghannam and ’
Shaw) Spalart- A llmaras , ’

AGS
Relative Mach number

“\\«~-—-—.‘-—_ — ——
2 e S et e e ey |8
1.6

M. | Boundary layer
‘ radial vortex 1.4
N7 12
NASA Ro -
- 1.0
- W 0.8

[ Tip leakage ﬂ

0.6

Blockage zne o 5 0.4

\\\~
T, e O

0

2
Fig.2 Flow field of rotor blade tip

31



1612 24
3
’ 2.02 e Smooth blade
28% ( 1) o SRR Wk ~—4— Smooth slot 1
1.98 F : ; ~—%— Smooth slot 2
( 2) ( 3) 196 E_ —=&— Smooth slot 3
’ 95%., £ 1f
0%  40% . 38% , g 192F
2 1.90F
1. 3mm. g E
= 1.88f
’ S 186F
37%( 4) 51%( 5)  63%( 1.84F
6) , 1.82F
1.80 Bl b e
, 1 16.5 17.5 18.5 19.5 20.5
B - Mass flow rate/(kg/s)
s = suction sho M suction A
’ ’ (a) fEHLsFHE
Mishock . 6
0.88 r
S 0.63% . —&-— Smooth blade
0.86} —a—— Suction slot 1
, 1 r —=o— Suction slot 2
0. 32% Q 95% 0.841 —6— Suction slot 3
, 63%b § 082
T S%b & 't
i 37% b b [ 080_ """""""
128%14 i i 2 L
W i Suction slot : 1 '
@_ il TN Y el bl e

95%h

p.of suction model

32
4 NA SA Rotor 37
53% 4 68%, ,
5 71%
, 167% 1. 17%.
5 b
1 99 %

B 4 #i"RAT/E NASA Rotor 37 $§tE & b
Fig.4 Characteristic of NASA Rotor 37

‘

Blockage zone Blockage zt;ne
/| due to boundary |
£ layer separation

Blockage zone
due to boundary
| layer separation

(a) S

B 5 99 % m e A Tk 3o A
Fig.5 Distribution of Mach number on 99% blade height

50%



7 1613
40% , 5 3%, 7 62%,
10 33% 4. 28% . R
, , 5 6, 1. 43%
, 2 07%. 1,4,5
2 2 6 o
s 0. 6%
, 2.02¢ T =
2.00F S
1.98F i %
[Suction siot Rojaion direction l.96E— “ e )
2 194F i il15 3% ! B
E F 1033%! 4"4.280)
o L92F 1 e = i
2 1.90F 1
2 F —#—Smooth blade
& 1.88F —a—Suction slot |
8 1.86F - —¢—Suction slot4
s & F —<—Suction slot5
1.84:— | —&——Suction slot6
1.82F PN .
1.80Eebn bbb b
= Ll wdnl ’ 15.5 16.5 175 18% 195 205
7 4 Mass flow rate/(kg/s)
(a) HhW 4% 1 S\
(a) Hk HOgs
Shroud "l"{:numn direction 0.88
s —&— Smooth blade
0.86F L) .+ |—as—Suction slot 1
s - Suction slot4
0.84 F— / +~|—<e—Suction slot 5
= Z - § Suction slot 6
5082} S
2 g :
E-o80f
& st
g r
2 0.76 F
(b) 4% 4% 2 0.74
PR WU e | 1 | I P e | .
Shyouq R direction o2 16.5 17.5 18.5 19.5 20.5
Mass flow rate/(kg/s)
(b) BFRRE
Suction Slot 7 NASA Rotor 37

" Hub

(c) f4E 3

6 50%

Fig. 6 Limiting streamline on the suction surface of blade

and distribution of M ach number on 50% axial chord

33
7 ,
28% ( 1), 37%( 4),51%(
5 63%( 6) ,

Fig. 7 Characteristic of NASA Rotor 37

8 )

63% ( 6) \



1614 24

Sicion sl 57%,
s 1. 67%

Suction slot

b7
radial voriex

Boundary layer
radial vortex

2.04
3 —=&— Smooth blade
2.02F —4—B.=032%
2.00F —&—B=0.63%
1.98E —&—B=0.95%
) ‘ % 1.96F o (. <
[ Scparation line I A I E O
o i o VS 4r0paii-i3.67%0
‘ Rl e (e
(a) il 4% 1 (b) 4% 4 g 1.90F 5.3%
= 1.88F
= E
£ 1.86F
S 1.84F
A\ /. B 2 Pre PP 8 TV | P TR AP VTS B
radialvoriex Boundary oy W 165 175 185 195 205
\ Mass flow rate/(kg/s)

(a) JE b

Separation line [

(c) 4t 5 (d) Hhi 4% 6

8

Fig. 8 Limiting streamline on the suction surface of blade

34

o
Carolaaay IETE ERUTE FUTTE Y ausadaaaalay
’ o7 TN T S5 50
Mass flow rate/(kg/s)
0 63% (b) H i
9 NASA Rotor 37

Fig. 9 Characteristic of NASA Rotor 37

3)

51%
, 10 33%.
. 63%
1) ,
NASA Rotor 37 207% 0. 6%.
, 4)

2)

53% 4 68%, ,

[ 1] Chima R V. Calculation of tip clearance effect in a tramr



1615

[2]

[3]

[ 4]

sonic compressor rotor[ J]. ASME Journal of T urbomachr
inery, 1998, 120: 13}t 140.

Hoeger M, Fritsch G, Bauer D. Numerical simulation of
the shock tip leakage vortex interaction in a HPC front
stage[ J]. ASME Journal of Turbomachinery, 1999, 121:
456-468.

Furukawa M, Saiki K, Yamada K, et al. Unsteady flow
behavior dueto breakdown of tip leakage vortex in an axial
com pressor rotor at near-stall condition[ R]. ASME Paper
2000- GT- 666, 2000.

Yamada K, Furukawa M, Nakano T, et al. Unsteady
three dimensional flow phenomena due to breakdown of
tip leak age vortex in a transonic axial compressor rotor

[R]. ASME Paper GT-2004 53745, 2004.

[D]. : , 2007.
LU Xingen. Flow instability and its passive control strate

gies in axiat flow compressor[ D]. Xi an: Northwestern

[6]

[7]

[8]

[91]

[ 10]

Polytechnical University, 2007. (in Chinese)
Kerrebrock J L, Reijnen Z W S. Aspirated compressor
[R]. ASME Paper 97 GT-525, 1997.
Reijnen D P. Experimental study of boundary layer suc
tion in a trasonic compressor| D]. Cambridge, M A: M as
sachusetts Institute of T echnology, 1997.
Mechant A A, Drela M, Kerrebrock J L, et al. Aerody
namic design and analy sis of a high pressure ratio aspirated
compressor stage [ R]. ASME Paper GT-2006 619,
2000.
Schuler B J, Kerrebrock J L, Mechant A A. A experr
mental investigation of an aspirated fan stage[ R]. ASME
Paper GT-2002-30370, 2002.
[ D].

, 2008.
ZHAO Yingwu. Numerical simulation of effect of Reymr
olds number on compressor performance[ D]. Xian: Air

Force Engineering University, 2008.-(in C hinese)



