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(FREHE HEP

Investigation on Compressor Blade Load Distribution in Endwall Regions
ZHOU Zheng-gui, WU Guo-chuan

Power Engineering Dept. ,Nanjing University of Aeronautics and Astronautics,
Nanjing 210016,China
Abstract: In order to find out the effects of blade load distribution on the flow in endwall boundary
layers, three sets of planar cascades were designed,in which the blade loads tending to blade front,middle
and rear parts,are numbered as No. 1,No. 2 and No. 3 respectively. The static pressure on the blades and
the cascade outlet flow fields are investigated by experiments and three dimensional Navier-Stokes equation
methods. The following conclusions were drawn : The performance of the No. cascade # 3 is inferior to that
of 2 cascades # 1 and #2;In the endwall region of cascade # 2,the flow outlet loss is smaller but the devi-
ation angles are larger and the pressure elevating ability is weaker than those of cascade #1;In a given inlet
endwall boundary layer, the variation of the blade force defect is positively correlative to the blade force
variation ; In the corner region formed by the blade suction surface and the endwall,corner vortex does not
induce obvious decrease of pressure on the suction surface of blade rear part in the endwall region; The out-
let vortex strength of cascade # 2 is smallest.
Key words: end-wall boundary; layer; compressor blades; planar cascade; flow fields



F16E oM
2001 4F 4 H

MW HER Vol. 16 No. 2
Journal of Aerospace Power Apr. 2001

XEHE . 1000-8055(2001)02-0142-05

2 = W 32 X B i R ST BE 2 Wi SE IS B

it

HoOR
(R AR K BRIRS 30 1% B, 1195 BT 210016)

WE: ACH X RB-199 R & EESHL, LR 5 T 2 O A 6 85 w28 1 5E I w28 x4 Al A 2k 330 57 19
SOME L ARAG Tk O e R R SR 1) W AR AR AR AL, DA R BE VUM 1 AR 3 ST, RB-199 LR BE R SUHLHE
il 2 b £ T 40 52 50 08 2S5 R M X T B S B O b 2 0 el o KL o R R R A R 3 L A R RE R A

MAEEENSEMME.
%X 8 W\ ERH; BEW; BA; ek
hESES. V231.3; 0357.5

—

1 Bl B

FEMLZE R B HLI B E Y Pl b, — A a3
FaE PR B A 3R O W AL, T
BN R EEE R HE REEN
R ESHUERE MR AR . BT
5ok A A o S AL R A B R R e B B 5T
JoH R RS RSP BT PR A LK
Bomak BRI EREEN ), AXEEEN YR
¥ HETEREREREP K% 5 Fottner H#R G 1E
W, ST A KRB RB-199 A% & &
JESHLERE MR E R LR T/, AXER
ST A S R W 2 R A e o % R R
PLPERE AR E R M SE R AR .

12

HAH

XERFRIREE: A

2 KEREFRMAE

LB ESAHLN RB-199 & 3hHLH A% & K

FESHL, HE i B s M 4 5
4.68 kg/s,13860 r/min il 2. 87. A XX LK K&
) B (S 2% A T 40 U B O L SCER (6 1, T 1 48 i
TELRAGMSUERmEE., B & 8n
BdRiEN I1—J, K J RARRE T 1=1,2,3 41
MRFZEWETFHO EFHOMBTHO,

BB RA 3 A R o AR R LLERAE 3
b A ] W A8 B A F O W A2, I 7E A SO b 43 3
F By BesBs ARFRUM 3 FhEEH, N 2 iR . BESH,
V038 1 7 — A2 B PR TR 38 18 10 B N &2 36 0 0 [
F ¥ BRSO i AR (B 3D

1.5

2.4
———2.5

)
0 ie
2 8x

2.3
\ 1.4

e

S G -
L

w |

111

5 ¥

RER/AL)

hEE

REESH

B SR RGN RE E

KFS H H#A: 2000—08—25; #EITHM: 2000—10—30

EEB AT : $RA959—), B, ARAMEMEKERB 53 N1 ¥ B




2

B « S AR Bl O B ML BB R W SE R B 5T 143

B2 #O08EBEN

B3 #OEMEERESR

3 XRERKRHETDH

ERBFKEERAERAE 0°—~128° L H
WhHER , FEEESHH#ORE 1.1 B AmY
SFE 3 AW E &, RA 3 FLIESHFi Rk i FE W &
WS ARBEE Eh EEMS B MAE. X
BB RERIFEREMBE 3 M KA
S B AT 8 8N IR E T A R R R S 5
fi. B4 A THREMAN 60°H B Zitgm 2 M (FE
A XA 60°— B, Fn)Jg 1. 1 FR M A4 SC W) w AR
Wiz . BRMEEEX K& EM Mach 84K,
S WA o (4 xf 2 BE 5 Rl 2R 07 ] B 3 A K, IR
B w578 X Y 8K I 0 1ol 4 2K

s AHTHEIOCRBAMBERANLZES
M A EA LS O e R R AR, 1. 1 BE R
W AR Fi s . 5 SE M S5 R W L, W AR X N O
£ @ K ,Mach B3 & , Md EBK. R 6T
S M 5IREERK, 188X N E
EdEAK.

B 6 B~ & J& i s AR 46 4 1 O 30°, 60°,90°
M 120°0} B, B EEFEXN RSB SHEELHE
B FHEW ., RERERY, A EA = R AR
B, ESHLME R« fRCR o FEHAERT

E 0.350
B 0.335
= 0.320
: 0.305
L 0290
& 0275
= 0.260
0.245
b 0.230
0.215
0.200

B4 60°—p BRI 5 ESHLEE O i

L e T O



144 i = 83 N % W % 16 %

1.0

08 &g
‘=07
0.6
0.5
0.4
30
28
26
24— 120°8;
221 o
€20
1.8
1.6
14
1.2

1.0 i 1 1 1 Losiad Nl 1 ]
45 50 55 60 65 70 75 80 85 90
M.

AR L R B |

Bl 6 Ja 1 AR A X EESHLAE T A R

W, o AR M 22T 77 B 3h » T ELBE & JA 1 By 22 £y
0 FEE S AR B A 3% K, X PP i A 38 3

AT A2 R iR R BUR -
PRSC - PRSD
APRSy = — PRS, X 100%

o PRS: Ml PRSp 43 AIRm Xt B AER 76 Hi &
M TS S RA H SR B EIPLRE
FEH. P 7 45 i it DO R A i) ey 28 £ AR AL 0 R R

S S N 4l s s i e i i A 8 B B e S e i

APRSu/(%)

=20 ""a0 80  80- 100

i)
120

B 7 e AR A X SOPL AR R R R K O R e

PLisdRE LK . B 7 FEREH .5 0<
60°HsF , i 4i FE H 45 2k 6 JA 160 e 28 £ B 38 K i
o, B AR R 24 0> 60°)F , Wi Tk i B 45 5% B A 1)
W2 f AR AL AR 18 . AR BUR B KESHL
B I SR I 28 AR B K290k 60°, B 7 HPEERIERM,
P76 55 T neea = 607 B X 7 5 A 1) W6 28 A3 19 P i
EHBREAHENFERATARENHHREL. B8

TG SRR




e —————————— e . SRS

ol i b

%2 M

R HSEENHRESIEERHEZRIR 145

i R I G R B T R B AL I B R —
TX— R YA m R =>600 , T aFHEHEM
sE 2, T HAEYT & Fe & 7 =93. 3% Ab Wi Ik [E

neea/ (T2

B 8 A Xt B ML 9 IR HEA5 2K i R i

18_:—,.:T.QQ_°-§3 o a5
15-74,—__693-Md Em e el e
F—— 90%swid _ _ | /7T >

nred/( %)

B 11 60°F1 90°FFFE X B It B A8 X Fe KAl
W % FE Hb R 4k 19 B i

R AR B B K L AE 7m0 <S93. 3% YR HE

OB 2k 5 B B K A & AR B AR AL
B WL B /0, £58 15 58 5[] e 5 I 2 Y ) G0 I e R
BEAR R /N S I W i E 4R R B/ D — N E B R
H.

9 By 60°— B F1 60°— B, Rt WAL i
ST, ESISHEAHLRESER. REREN,
BT By LSRR AR R B G E
K5 DT {38 45 JHC X B S L 44 B A Wi 9% s HG 48 2K )
EWPL B SR,

B 10 2% 60°F1 90°JE i ey 28 X FE TALAFHERY
. BT IER AR A S (B 3)JE REAEE
E SR A B K Bk, 6818 X B X X
B FESHA TEKNEA T TAE, Xmsh M
B B B R K, BT I B B B R SUVL I S
¥R AR BOA LS, K ER R 0B RAT.
B 11 A 45 51 87 X i i S HE 45 2k A9 B2 TR

Y 1R

30
28| —¢— uniform

—— 60°-swir
—e—— 90"-swid

v
o
2

N MY
IS
! o i S

L9y

B 10 60/ 90°FRIY X ie o W A5 Xf FE SHLAFHE RO B
XA

4 # g

AXEREREH RB-199 A& HEESIH
LI KA, B X T RS B o b 2 S AR X
ZRESHHEMRERERANWERAEEER
HESEME. KXLREGEREN:

(1) J& 1o P W 70 e 78 R A< ML A B EE 2K
HHEN TR, SEER M AT B, maHE A
Ji] B A5 5 PR SOHL A % o A 1 R, X R R TR AR
Wi oE .

(2) 4 1 B A M 0<<60°RT, M 4k FE Hb 4 %
I R 1 B A g 9 486 K T 38 K, AR T X 0>
60°J5 » M IR FE LU 451 2% B J 1 AR A O BB AR o %




146 m o= & h ¥ % 16 #

']'E R [2] Calogeras J E, Johnson R L, Burstadt P L. Effect of Screen-
(3) I:E’—:\,UL% ﬁXU‘Eﬂ#&}E E H_,‘ bﬁ 55& Bg % Urn] ?ﬁ Induced Total-Pressure Distortion on Compressor Stability
A i [R]. NASA Technical Memorandum, TM X—30,1974.
L I‘E% yin % E le] ! Dﬂﬁﬁ% Hﬁ%ﬁ 9& .l ﬁiﬁ’ [3] Longley J P. Measured and Predicted Effects of Inlet Distor-
X #Eﬁ L= %ﬁ Mred = 93 B%ﬂ:ﬁ@‘l%k @ tion on Axial Compressors[R]. ASME Paper 90—GT—214.
(4) ﬁﬁ?ﬁﬁ&“ﬁ@ﬁi":& m% %E% ['EJ ﬁﬁi [4] Reid C. The Response of Axial Flow Compressors to Intake
WA ABsh, kEREH 28EE, mHEMNWIREE Flow Distortion[R]. ASME Paper 69—GT—29.
Hﬂ%ﬁ 9& BtJ = "ﬂ LKLEI‘E’\E ﬁ’})'é Eq -2 ﬂl"ﬂ A j( i [5] Williams D D. Review of Current Knowledge on Engine Re-
sponse to Distortion Inflow[R]. AGARD—CP—400,1986.
% % I ﬁ . [6] Jahnen W. Untersuchung von Stroemungs-Instabilitaeten in
Einem Mehrstufigen Axialverdichter unter den Einfluss von
[1] Calogeras ] E,Mehalic C M, Burstadt P L. Experimental In- Eintrittsstoerungen [ D ]. Universitaet der Bundeswehr
vestigation of the Effect of Screen-Induced Total-Pressure Muenchen, Doctor Dissertation,1998.
Distortion on Turbojet Stall Margin [R]. NASA Technical
Memorandum, TM X—223,1971. (ﬁ&éﬁﬁ %ﬁ;ﬁ)

Inlet Distortion Effects in a Five-Stage Compressor
HU Jun =
(2nd Dept. ,Nanjing University of Aeronautics and Astronautics,Nanjing 210016,China)
Abstract: The inlet flow distortion effects in a five-stage compressor have been investigated experi-
mentally. The inlet total pressure distortion and swirl distortion have been generated by inserting perforated
screens and guide vanes respectively into the compressor inlet duct. It has been found that both inlet total
pressure distortion and swirl distortion have strong effects on the performance and stability of the compres-
sor. With the increase in the angular width of the low inlet total pressure,both the pressure ratio and effi-
ciency of the compressor decrease, and the loss of surge pressure ratio of the compressor increases when the
distorted sector angle less than 60°. The inlet swirl distortion has a stronger effect on the loss of surge pres-

sure ratio than the influence of inlet total pressure distortion.

Key words: compressors; stability; distortion; performance
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