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Secondary flow analysis for non-axisymmetric endwall

on the high-load compressor cascade

WU Ji-chang'*, LU Xin-gen', ZHU Jun-qiang'
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Chinese Academy of-Sciencessy Beijing 100190, China;
2. Graduate University 'of Chinese-Academy of Sciences, Beijing 100190, China)

Abstract: The effectiveness of a non-axisymmetric endwall on a high-load compressor
cascade was discussed. “First of all, the trigonometric function was used to complete non-ax-
isymmetric endwall profiling. Then the method of calculating the mixed-out secondary loss
for the compressor cascade was established. Finally, the detailed numerical simulations
were conducted on the cascade flow field with non-axisymmetric hub endwall. Numerical re-
sults show that with the non-axisymmetric hub endwall, the loading distribution near the
endwall would be changed and the secondary loss would be reduced in both the design and
off-design condition. It has been indicated that the mass average total pressure loss can de-
crease by 9. 4% in the design and by 7. 7% and 11. 8% in the off-design condition (£3°),
respectively, When the non-axisymmetric contour height equals to be 4% of blade span, the

secondary flow loss should be the lowest.
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Fig. 2 Computational mesh for non-axisymmetric

endwall

BWAHRAE TN RIUR A NUMECA/Design3D
Xof 77 A B XoF A i B 45 A4 194 s AL A P S O B i
77 VR4 B AU B 3R T Jameson 1Y
A BRI ZE 48 A TF 455 Spalart-Allmaras i it
FIRIXT A0 X Ak bR R T 19 = 4 5 i F ¥ Navier-
Stokes 77 B 173K A >R H 0 20U By Runge-Kut-
ta VA I ) E 2 DASRAS 5 M O 3 T RO,
SR HIT 22 8 RS 1 | Jeg T IR ] 28 KRB 22 01 I 45
I S . Dy 1 DR AIE R T S BT 8 B 1Y
DA% TE SS 1 I R DXCICR T T O B I A% T i
(AR e 2 A BE R T H R A%, A% 525k 60
T NS FRAR G e A0 < AR S0 50 2 R
JECEIRL L T 2 AU BE TR R L T A BRI
EZURLS SL
3 ZREBMRITERE

W&l 3 B R TR Sk 140 06 Bl 5% 4K
AR AT b o R 8 K SR A A3 W AE T 905 U 50 v
S BABIR G, S T S AN [ R Sl X FR i BE L TS
2RO AN [ AU Y R AR R LG BB T L AR SOR
DL 8 0 T 2 80K TF 3T sh 4 4 L i 2 DL SE
BRI A B Aoy B, g S 2 )
P2 B R AR 2 T T VR BT X AT SR
B I T A R B IR R AR SCHE S AL 3 TR
F8y 4 A L A S A Y 2 TR T 43 S 6 TE 5
Sl T R R i o8 A B IR I . 7EHE O,
H B K /INFN 5 1] R 2 AN ¥ A 0 L I AR E L B
A B RN Ry 1 B BB AS T x4 A 44
F BT & s7 1 koK 58 2 B IR 5 A m S 4 fhom

EE Unixed
Umixed — lf uZdy (1)
SJo

FI Al ST L S8 BRI B T A SR ) R T
VAT I . y T 1) B B 57 SR A

1
pmixed = (OJ (uZ)Zd(y/s) -
0
1 2 1
o[ wdcs o] +[ paco @
0 =— Unixed um;xeds+ﬁwuzdy (3)
Vmixed : J‘l
) =10
! b

L)

d(y/s):|2 +

2

o
Vi

% dCy/s)

4

f I{Vﬁj dCy/9

REA
"Lﬂjz

i

[a Bk

Kl 3 JHEBIR R R pFE AR R R
Fig. 3 Control volume used for derivation of

mixed-out profile losses

AT A K Hi Bernoulli J7 72 7] 15 58 4
BIRIE A A R B R A

1 1 2
pOmixed = PJO(MZ)Zd( y/b) - p[J‘O uzd(y/b):| +

1
JO podCy/s) + %Pvfnixed
W] 58 4430 J5 By 745 2 ik =0k
Po — Pomixed

Ypmixed = =

pOmixed - Pmixed
1
1| Gacy/o 2 — 1
0

)2
Yo

C, NEFIE A% L ML A

—1 (5



T 4 AR RO T 57 P DL U0 3 4 1365

% 6 01
1
II:L o dcaro.
L
IZ:JO %21 dCy/s)

EAT UL B 2, 76 15 5 B () Iy b B v, O
WA A8 R I R R ) BT Ak A 467 B A R U X
A R AR R 1 iy R B O AR OET . A A5
Sl HE A IR ) SO S R T A 380 4 4 R 4 AR 45
RN R AR S AE Y R IR S B TR AR O B R UG
T ST 1 P R R B R R G R 22 AR i RE
30 % ~ 35 Yo I Ji 155 B 1 S L Y 8 i Jig v AT DA
P33R 3 U SR WA o0 i Bl BT i)
B 5 B LG Bl R (0. 97<<R..<<1. 03), B IL7F
I T P OAS T SR R i BE DXL AR AR 1] 45 TR 4
IR B 5 R A B (5 MR R T I R b ) A IR A
Xof R i B ek VR AL A8 R L TSR A
s

D G 7 8 AR 36 T R0 0 S8
BT F RE E i R b U sh Bk

2) M 7 B AR 5880 1 S 80RO
TR (5) AT 3 [ iy BE 21 i Ji v 0 18 TR 0 U

3) R DA 2) W I 2k Z R, B ASE] 2R A
I Ji P 4 35 1 O Bl A K

4) DA Jig v S RO ARl A R N
G B I AR

5) O 3 WIK Z 2, BRI A
I Ji PN 430 A R A Ok

4 HEERES

4.1 BHBATHEERSN

TE T 345 1B P H LAY baseline 48 26 Bl X R vt
BE ,non_axis [CFEARRI X FRumEE. [ 4 AT
FE O XA N BE i BE 10 %6 A1 50 %6 PR AN A [a] i &5 4k
Al XoF K it B R A Bl T R S B I B ) T R 2 T R

RO A, HoE SR
C, = -L=P (6

por — D1

P T A Bl X K i B AR TG ) ok AR o A5 3
RE THT [X 38 2 3 52 00 L I 2 18 R T AL AR
& 4 (a) s (b) AT LU HY , A Sl % FR g BE X 50 6 i 55
A F) i e 2R B0 ) ¢ 5 L R I GRS i W ) T
JE & D710 A A8 Ak i 6 T i BE P10 96 i
Ab 4 R 2R B003 A 5 W A I LA B R 5 6 ~
10 %6 BFF 3T+ 2 I 97 a7 i K B0 o7 B AR R 8
AR G5 7 R 25 A BT b R e FE K. T

2 DX R R Y D AT LT SR
ARHh X i B Ji R T T P A ORI Bl

1.0
T 0.5 T
’,,...«--F"# ,;::-7""-*I
" oo 0 A
—— Non_axis \ o
S -0sf” [
0 20 40 60 80 100 0 20 40 60 80 100
Axial position/% Axial position/%
(a) 10905 (b) 5090|755

Bl 4 0 AN TR i R R R A
Fig. 4 Near endwall and midspan surface pressure
distributions for baseline and non_axis

at design incidence

K5 25T O T T SRl X Fkasig BE I Al
ot v B B B P T R ET 140 %6 Fi 5% K AL By BUE
e 2B 2 Pl ] A B a5 SR/ A o BE
H A bR S BN B T R BB, B R R

Cn & Py — 22 %8
P\ =P
K por s po S0 N DM IE B RN 2 M B p
SR B 1T

D e
04 08 120!

yis
(b) Non_axis

(a) Baseline

B 5 0BT 140 Vo %l ) 52 A Ak AN T] i BE JE 2 1y
TR KRB A B
Fig.5 Secondary loss distribution at 140% axial
chord plane for baseline and non_axis

at design incidence

WIS Har LUA H -5 il os Bk s BE 45 F4 AH LE
A b Xk Pk i B 45 A A SR PR I 0 AT 5
R BB A S A U ) A T i BE DX
AT SR D AR A = A T —
S TR A DX TR AR /D o AT T R R 8 i BE S B
A B s R 0 R VRN . 20 9. 106, =t
AT T 1) T A R A8 R A TR D 2



1366 it = &

VIR 5 26 &

8 V0. AR A A b of o S B i Y S B ot R s g TG A
W 3 T s 22 /N — 78 R BE A T Il
YU AR 53R JBE AT 8 309 55 — U A R 9 H A9

Bl 6 Xt Hgn i 1 0" Af I A b X A g BE 25 4
SR RIS e UM B i P A e 5% 4 o7 8 Ak

PS ss (SRR ps

ss i
409417 5% [ baseline

20%4lim15% [ baseline

S8

2095111 5% 5 non_axis 4094 1] 5% 1 non_axis

18 AL R R e I R 1 43 A, AE R ) L
TEARZE 40 D0 M Ak, R AE SCANTR : BCE i
BT Ak 1 I B R A S R Y E SR 2
HE R TR IR A L B S 3 A A
F4 4% D7 6] b R Y 2.

95T I hasels

SS
65% 4111 3% |- non_axis

Ps S8 - Ps
95%4’_[B|n| 0% & non_axis

PEL 6 ¥ A [ Faly o 0 T 0 i B U R R i R

Fig. 6 Secondary flow streamlines distribution on différent axial sections near the endwall

MIEL 6 A] LLFE Y 7E 20 U6 Bl 1] 5% 48T A
SR P b X e i B A2 A £ 1 M S 2 o L T B IE
R FEE 52 5383 ) 30 3 o AT A 2R ] A TR R i BE T
23 T T B 55 4k TE_ 40 0 il ) 5% K Ak, SR T bR
o ity B 55 A 7 I AR KB 30 o e 1 g T M 1
HC B S ) T A o TR I L
A A R B W 388 3 7S o T A 2R T AR X R g BE
Jei s AT B4 T 3 3 AT Sl B, H o A% 1] 18 g i
AT He 7 TR P 36 3 I T R o A 1 R R
s e 65 Vo dh 1] 5% KAk b XS Bk i BE BT X1 4 8
T B U T S 90 R R T 1 9 TP A% [ I ) T
¥ sl AH 2 ATTAR o 4 A A I e L 2R AR b xd
o S B S S 0 W g TN 1% 3 T e iR R 9SS L AR
T T 3 T s RO S b A B A BT
5iR 5 75 95 0 fl 16] 52 < 8T AL, il 0T B g BE 4 38
1035 1 =T AH EE L 5 B TR0 O A A AR
A BT SR FH Il 0 A o BE 245 449 i o 2l 6 T ) T
Iy T R BT P R R DR /INET AT O35 Y e T
. i Loy A Al LLFE AR OGS R s BE el /) 1 S 768
JE 3 155 0 7 122 R B TR 22 B T TR G
éﬁ’ﬁ A AR IR S T T e 5 R L L i % B R

I8 Y J7 [h).

4.2 FRIABABTHESERSH
K7 FE 8 ol 4y T AR BT oM (£3°) R

S BE LODG 50 Vo PY AN ATl - w8 Ak ol o ok sy BE

‘‘‘‘‘

+— Baseline
0 20 40 60 80 100
Axial position/%

(a) 10%0]75

0 20 40 60 80 100
Axial position/%

(b) 5091} 55

B 7 3 T TR R R RO
Fig. 7 Near endwall and midspan surface pressure
distributions for baseline and non_axis

at +3° incidence

-0.5 w/’ " hadne] 05 \/d [+g::n"n:l

0 20 40 60 80 100 20 40 60 8(} ]00

Axial position/% Axial position/%0

(a) 109017 (b) 50%0} 55

B8 —3 Ty T AS[E] i v e e R B A
Fig. 8 Near endwall and midspan surface pressure
distributions for baseline and non_axis

at —3° incidence



5 6 0]

B A AR B RE TR 0 ML U B A B 1367

AR S X ¢ S B O A A - R 3 T R R R A
FERE M P R LA 5 BT A A O B 4 A
AL Al Jal 0T i BE X 50 06 It g Ak B 1 1R R K3 A
SR A 555 o U/ M I R g T T A T
BEAT e AR A TR 30T S B BID 10 06 1 v Ak 1) 5
BT AT R R R, I i 3R 23 67 Ay ] AR

B9 10 g th T AR BOTE IO (237 R
SR FH Al 0T ok i B 11 A il % i B S BE I R 2%
140 Yo fha) 52 A Ab B B R UK R B s K. W LR
P55 b X R B A B SR T A S X S B - A
HH AR R A5 R AR RO A e A O R S R A
AT i B D3 T AT R R R D A
BRUAE A5 100 - — o2 R 0 2 DX T B AT IO/ 5
TR AR N Bk BE(EL ) DR 100 A0, 105,
W 2 o A R B T A A A X 2 R D A B A
& R g A T 22 s/ 40 4T e
T U A S TS T R k.

Cpl Cpl

0.6 C 0.6

| o5 105

0.4 04

' 03 0.3

;02 e 0.2

0.1 L 001

0 o

NES 0.1 0.1
0 04 0812 .

Vs Vi
(a) Baseline (b) Non_axis

B9 3BT 140 Yo v 5% 4 Wb AN [ o BETE 2 1)
TR K RO K
Fig. 9 Secondary-loss distribution at 140% axial
chord plane for baseline and non_axis

at +3° incidence

yis
(b) Non_axis

(a) Baseline

4.3 AEIEMmMERHELEMEANLEEER

AR AT X AN [) 19 =l X o B s R i (i 1R AT
T HAE TR L BT o AE AH [R] A% 43 A FAH 5] 7
HEH RS TR — R B BT U AN R [ i . B
3% A% SWU M T A1 A2 TE &
A Al X ik sty BE 35 TR R (A 4 06 MR AE 0 T A AN AR
WM (30 T BB TR Z5 R AT TR
BT E11 S 0° T T DU A B (P g R
10 Y61 50 %6 I ey A 1A Ah 1Y) 6 T 2R 8K 0 A . DAL vp
ATLLE R 10 %6 8 mm Ab , SR FH A b 6 FR ity BE i
TG AE A 3 Y6 A0 5 Yo iy i, I 6 T A 8 1K 0 A
A6 H HEAT Ry 1 AN T R 25 3R e AR 4. TR
FHBRAE R 4 Yo W i B, R 7 181 R g 18 e 22 A8 4k
B S, R S0l 2 E W T FE 30 %6 ~ 60 %6 Bl 2k 5%
K X sk Py 22 B G /0. 2SR R e N
700 s s W T T RO i a2 B A
Sl YT i W (P 3o G i ST R TR AN S R A M L
A5 S e T W T 43 RO s B
AT W R sh. 5tk 78 50 %6 i s # i AL,
VU A Sl Ak vy B R (P ) o B i U X6 b R e g I
(3 o3 AR RN /I o A TR D04 A, 1 B 52 i 1) il
% 60 %6 ~80 Y0 A% Jay & X 35k, &l o AT DL A
L R b g 2400 i H Y Ak = A o AR R
BE /N R 7 TR g T A R 25 DT 4 e E ek
553 Vit BE UL I R IO IR i B BT R T A 2R
Oy TR (AR

0 20 40 60 80 100
Axial position/%
(b) 50%0| 55

0 20 40 60 80 100
Axial position/%6
(a) 1091 &5

B 10 —3°BUMAT 140 Yol il 5% K A0 7] it BE I 201
TRk RO
Fig. 10 Secondary loss distribution at 140% axial
chord plane for baseline and non_axis

at —3° incidence

B1L O XA P A oy B2 M AN AS () I i T R o A
Fig. 11 Near endwall and midspan surface
pressure distributions for four endwall

heights at design incidence

K12 23 5 Bt B R PSS ] i 22 e (.
Gk X P S BE ) P P T % 140 D0 RO AR B R R
i R T SN e T D0 i v S R o [ DG
Uit BE W (EL 70 ) R 300, 4 %0, 5 00 M I, SR T AR Bl
Xt o i BE 4 A 4O T AL - 1 AR A T A T A
Hedi e ZRH5053 A1, vl st 101 AR A9 B R KL R



1368 it = &

9526 %

04 08 130!

yis
(e) Baseline

P12 OHCAA T PO A o I I, 140 O il 17 5% b
AN [ i BE TR X110
TR R BN =
Fig. 12 Secondary loss“distribution at 140% axial
chord plane for baseline and four endwall

heights at design incidence

= AT RURAE L SR AE D 400 i i R
R AR FR O X /D s 2 AR AR AN D5 T - D
o5 41 R DX AR e /0 5 48 % d R B /) » T A
{E 9 300 A1 500 ey i o 453 2% 38 B ob A A2 AL B/
53 UM AEL 7 00 W g s DR A 0 B e Al G P
S B TR AR 20 9K I A 114 BRI AL A D ) 5% AR
A A5 SR P AV Bl X6 S B A S 52 S 30 9 3555 — UK U A
RIVE R A BGEEAL T RSB IR T — R
BB DT B I T 0 R R R, B
ARSCH T SCOHL A, 2R T I S R AR B 2
(CFD) R IR AR IE AL 7 95 X S BE 447 AR Bl X6 A i
OIS, G WR R 2 BB 4 06 I BE A 2 0 A A 4
4ER.

4.4 MHZTHEEEBRARARREAES
AT

B0 AN T) 118 S il xof Bk i B JLART A B AR A
I 32 T Ui 5 4 B TR T A R R R T B R
£ 2 FiR.

DU/ 3 R AR T A B R T R ARk
REER R 3 PR,

M 2 HRl LU . 2R F AR Gl T R v BE i A
RE A RAAIK 1 101 8 AT A R B B L LR R B AE
Bt dof B b 9. 4%, HEAE BT 2o/ T 2 51
W 7.TYR 11,8, N 3 ATLLE L YRR
Ti] 11 Al b R g B (L BT L T H A 45 SR R 4 %0t
o (L1 50 1) R I 48 2 e/

*2 RE&BREEEA_ARBATHELER

Table 2 Computional secondary loss at mixed-out plane

mEEER B, SHSH, —3° 0° +3°
Mg 0,078 _0.074 0.098

Baseline RIS 0,044  0.042  0.059
sea TR 0.034 0.032 0039

BIRWE @itk 0.076  0.070  0.094
Non_axis A% 0.046  0.041  0.058
TR BE 0.030  0.029 0.036

F3 AEERBEETRNRERRTESER
Table 3 Computional secondary loss for

different endwall heights

T A i (A L& TR AR R
3% M 0.033
495 S s 0.029
5% I Bl 0.032
7% M55 0. 040

5 & i

1) #5857 0 g A TR CHL I B
SRR IRBK A U R TR 7 ik BE H R
ST b S R U A 2K 4 7 AL

2) MARH CFD Ak #4704k B3t i 3k b
X i BE 1 2R B B8 R W) e 974 TR CPIL A A
IO AR BT SO T B R 2R T A A
DA SR AR IO L 58 A 1B IR AL — IR
PURBEAR T 29 9. 400 s MR AR BT oM T 00



5 6 0]

S B A AR RO PR i BE TR g B4R R SCHL I M A 3 2

1369

PRI T 7. 7% M1 11. 8%.

3) MR FH A [ g A 1 A b XoF A ity B 5, 24
S I g R TE R 7 43 A D TR T T R g T
(4 25 . B XA S e 0 far FE ASCHL I T 3 S0
R 4 % I 25 BE 15 210 AH X 5 0 B 45 SR L (A5 K
TR IR/

S 2% 3k

[1] Howell AR. Fluid dynamics of axial compressors[]J] . Pro-
ceedings of the Institution of Mechanical Engineers, 1945,
153:441-452.

[ 2] Rose M G. Non-axisymmetric endwall profiling in the HP
NGVs of an axial flow gas turbine[ R]. ASME Paper 94-
GT-294,1994.

[ 3] Hartland J,Harvey N M, Seaman P.et al. Improveing the
efficiency of the turbine using non-anxiymmetric end walls
Part [ : exprerimental validation[ R]. ASME Paper GT-
2002-30337,2002.

[47] Harvey N W,Rose M G, Taylor M D, et al. Non-axisym-
metric turbine endwall design Part [: three dimensional
linear design system [ J ]. Journal of Turbomachinery,
2000,122(2) :278-285.

[ 57 Hartland J C, Gregory-Smith D G, Harvey N W, et al.
Non-axisymmetric endwall design Part [« experimental
validation[ ] |. Journal of Turbomachinéry,.2000, 122(2):
286-293.

[ 6] Hoeger M, Cardanione P, Fottner, L. Influence-of endwall
contouring on the-transonic flow in a compressor blade
[R]. ASME Paper GT+2002-30440,2002.

[ 7] Torre D,Véazquez R,De la Rosa Blanco\E,et al. A_ncw al-

[8]

[10]

[11]

[12]

ternative for reduction of secondary flows in low pressure
turbines[ R]. ASME Paper GT-2006-91002,2006.

Harvey N W. Some effects of non-axisymmetric endwall
profiling on axial flow compressor aerodynamics Part [ :
linear cascade investigation [ R]. ASME Paper GT-2008-
50990,2008.

Harvey N W,Offord T P. Some effects of non-axisymmet-
ric endwall profiling on axial flow compressor aero-dynam-
ics Part | :multi-stage HPC CFD study[ R]. ASME Paper
GT-2008-50991,2008.

XUE ARG Wk = K, A5 T o BE 3 3l /N T8 8 0 Al — ik
AR S BB AE T SELT ], HfEBEE AR . 2008.29(3) :355-359.
LIU Bo, GUAN Jiwei, CHEN Yunyong, et al. Numerical
investigation for effect of non-axisymmetric endwall profi-
ling on secondary flow in turbine cascade[ ] ]. Journal of Pro-
pulsion Technology,2008,29(3) :355-359. (in Chinese)
JFIRF FERA, BB, S i BE 3 R FR 7R W A
ML R LT, 0028 3 91244, 2009, 24(5) : 1101-1107.
LU Jialing, CHU Wuli, HU Shuzhen, et al. ‘Application of
endwall contour on” subsonie”axial flow compressor stage
[J7. Journal of Aerospace Power,2009,24(5):1101-1107.
¢in Chinese)

A, PR, sk B, A5, I U O AL AR
X R A 48 i B ) RTELT 78 [0 ], TR A B4 412, 2009, 30
(3):385-388.

HU Shuzhen, LU Xingen,ZHANG Hongwu, et al. Numer-
ical.investigation of a subsonic axial-flow compressor rotor
with the implementation of non-axisymmetric hub endwall
[J]. Journal of Engineering Thermophysics,2009,30(3):
385-388. (in Chinese)



