13 1 Vol.13 No.1

1998 1 Journal of Aerospace Power Jan 1998
VvV 232.4
1
: (X 1982
“ "(HPTET) , 2000
T, 20 : 40% "
, , 60 ,
e ( )
( )
2
60 tel (1)
1996 12 ;11997 3 * , 159376271, 59636180

*ox 33 150001



13

8
- 20% ,
70 ,
; (2) ,
[8] ,
)
113 CH
“ o
- - ol HPTET
1 «
» [4]
3
[7]:
‘o ’
[11] :
G E E®

Sullivan*? 1980
Breugemans 1984

[13]

, 1981
[9]
13 C ”
30°

(h/b= 1.0)

60

[8]



0° 15°,25° 35°

15° ,
; 35° , 100%
7 150 L L
DF 0° 0.29 35° 0. 33, AVR
1.15 1.19 , DF 0.24 AVR 1.21
1985 (15°
S), (15°cO) (15°cA) 40° 60°
[14] 1505
15°CO, , !
+ 6° ;
) ) 15°CO
, 15CA )
,Breugelmans : ( )
15°
W eingold® ,
1%
,3-DN- S
30°
Bogod (3) (4> (5) 6)

1992 I Bogod 1 Bogod 6



10 13

: 6 ( 1) ,
’ 0. 96
5 , ]
. (1) 21 41 51 6( 0.92 i Q‘\.
), , 1 &Q
1.0% 1.5% ( 2); (2) 3( R 0. gar e e
E @ TEAY X BHF (D
) 2. 0% vl &l orRw axre ]
3. 0%, ( 2):(3) B < BFAD
] L] & 6
0. 80 T 1 T ||:)|461||:||0.54;.(-)58
. 0. 38 0.42 g 0.50 - -
(@
’ 2 [3]
; ( 2)
, , ; (5)
; (6)3
90 ,
(1 2] NA CA 65-24A 10- 10 ,
25° ,25° 25° 25°
25° (s )
[15-%20] [21,22]
[23,24]
(5231 [5,17- 22]
(D) , :
= (2)
1 / / 1
1 (3) b
“ C" 1 t
, Breugelmans 1l (a)

, .+ 10° 29. 03% ( 3) !



11

(5s
(6)
[23]
, 1.33 2.0
2- 0 H
[24]’
4
; (2) ;
1 }] E3
PW 4084
kN 397 kN, (28]
[27, 28]
1%, 6%
011

[29- 31]

wt 0. 20

0.10 )\\\‘?¥\0__4/

0. 40
~ EHOH
O EZdnti
0. 30 <8 &Jﬂﬂﬂﬁ/—
i\ 01 ESHrH
N

AR

0. 00

—10.00 —5.00 0.00 5.00 10.00

3

[5]

[13]

77

—V 2500,

322



12 13

10
11
12
13
14
15
16
17

18
19

21
22
23
24
25
26
28

29
30

32

33
34

[32] (CDA ) [33] [34]

, 21989 1- 7
Wemgold H D,Neubert R J, et al Reductlon of Compressor Stator Endw all L osses through the U se of Bow ed Stators
A SV E Paper 95- GT- 380
Bogod A B, et al Direct and Inverted Calculation of 2D A xisymmetric and 3D Flow s in A xial Compressor B lade Row s
TA GI,M oskow , Russia, 1992
, :1989: 29- 36
o , 1995
DelchM e, GubalevA B, et al A Nev M ethod of Profiling the GuideV aneCasx:adeof Stagesw ith Snall Ratiosof Diane-
ter to L ength Tepllenergetlka, 1962, (8): 42- 46
, 1994, 15(2)+-147- 152
W ang Zhongq| L ai Shengkali, et al A erodynam ic Calculation of Turbine Stator Cascadesw ith Curvilinear L eaned B lades
and Some Expemental Results Symposium Paper of 5- th ISABE, India, 1981
HanW anjin,W ang Zhongqi Relationship betw een Static PressureD istri- bution onW alls and Secondary Flow L osses in
Rectangular Turbine Stator Cascadesw ith L eaned and CurvilinearB lade atD ifferent Incidences NTERFLU D 1st Inter-
national Congresson Fluid Handling Systen s, Germany, 1990
Kobayashi K, HonjoM , et al V erification of Flow Patterh for/Three- D-imensional- Designed Bladse M ECHE C423/
015, 1991
,1990,-11(4); 404- 407
Sulllvan T S, et al Energy Efficient-Engine Fan Test HardNareDetalled Design Report NA SA CR- 165148, 1980
Breugelmans F A H, Carels Y5 et al Influence of Diihedral on the-Secondary Flow in a Two- D imensional compressor
Cascade A 9V E J of Engineering forGas Turbine-and Pow-er, 1984,-106(3): 578- 584
Breugelmans F A-H, et al Influence of \IncidenceA ngle on-the Secondary Flow in compressor Cascadew ith D ifferentD i-
hedral D istributionISABE, Beijing, China, 1985: 85- 7078
: 912035, 1991:
Shang Erbing, W ang Zhongqi, et al “The Experimental Investigation on the Compressor Cascades w ith L eaned and
Curved Blade A 9V E Paper, 1993: 93- GT- 50
, . . ,1995,16(1): 29- 34
, . . , 1995, 16(3): 284- 289
, . . ,1997, 18(1): 54- 57
, . . , 1994, 25(5): 30-

33

) . . , 1994, 9(3): 255- 258

, . . , 1995, 10(4): 365- 368

) . . ,1997,12(2):
1996

11996
PW 4084 . ,1992, (6): 50- 52
—V 2500 , , 1986, (1): 23- 29

TubbsH,ReaA. A erodynamic D evelopment of the High Pressure Compressnr for the A E V 2500 A eroengine ImechE
C423/023, 1991
,CAA 9% PT- 42, , 1994
. . ,1990, 5(2): 113- 117
, . . , 1988, 3(3): 215- 218
, : 1989: 55- 65
,1993,8(2): 31- 34

TweedtD L, OkIIShI T H, et al Stator Endw all Leadlng Edge Sveep and Hub Shroud Influence on Compressor Perfor-
mances A M E Pgper, 1986 86- GT- 197



13 1 Vol.13 No.1
1998 1 Journal of Aerospace Power Jan 1998

FULL- L ENGTH PAPERS

AEROELASTIC TAILORING FOR ROTOR BLADES

OF TRANSONIC SV EPT FANS
Zhou Sheng, Yuan W ei, Guo Enm in
(4thDept Beijing University of A eronautics and A stronautics, Beijing 100083)

ABSTRACT In order to raise the fan stage pressure, asan mportantmeasure to
enhance engines thrustAv eight ratio, there are wo restrictive factors First of all, the increase
of rotor tip wheel peedw ill strengthen the shock waves in rotor passages, w hich decrease
the efficiency. Then the strengthened shock w aves could induce theonset of stall flutter. For
the turbofansw ith snall bypass ratio, the stall flutter-isthemain typeof aeroelastic instabili-
ties in the transonic fans Both the above- mentioned two restrictive factors for raisng the
stage pressure ratio are correlated closely with 3>-shock wave structure and the largescale
separation zone induced mainly by 3D “interaction of-the\shock wave w ith boundary layer.
How ever, the 3 shock wave structure-inside rotor passages is correlated w ith the satial
curve of rotor bladeleading edge closely. So, how-to-design the gatial curve of blade leading
edge becomes an-important frontier problem-of the turbomachinery aerodynamics During de-
signing process of some modern transonic svept fans, a kind of integrated aerodynamic/
aeroelastic tailoring progran hasbeen used T he aeroelastic tailoring, amain part of the inte-
grated tailoring, is-described, and an example has been shown in thispaper.

KeyW ords Fans A eroelasticity Flutter T ransonic aerodynam ics
Shock w ave structure

A SURVEY ON APPL ICATION

OF CURVED BLADESTO COM PRESSOR CASCADE
Zhong jingjun, Su Jiexian, Wang Zhongqi
(College of Energy, Harbin Institute of Technology, Harbin 150001)

ABSTRACT Based on themechanign of controlling the secondary flow w ith the
help of the curved blades in turbomachinery, the soecificities of application of the curved
blades to the compresor cascade are considered A survey on current situation of the re-
search, practical application and progpects of the curved blades for compresor cascades is
made acoording to theworkspublished at home and abroad, asw ell as the resultsof our ex-
perimental investigations

KeyW ords Compresors Cascades Curved blades



