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mainstream flow in high-pressure turbine

ZHANG Shenzhan'?, WEN Fengbo', ZHAO Zhiqi',
CUI Tao', WANG Songtao'

(1. School of Energy Scienceé and Engineering,
Harbin Institute of Technology, Harbin 150001, China;
2. Beijing Aerospace Technology Institute, the Third Institute,
China Aerospace Science and Industry Corporation Limited,

Beijing 100074, China)

Abstract: In order to research the effects of the rim seal on the mainstream flow in a
high-pressure turbine, the mainstream flow features of the original no-coolant gas ingestion
and the four kinds of seal types for a turbine stage were compared. The analysis of computa-
tional grid independence and reliability validation for the numerical method was performed to
guarantee the accuracy of the numerical calculation. The study shows that seal structure will
reduce the efficiency of rotor and the stage power. The sealing flow injected through the rim
seal interacts with the boundary layer of the mainstream flow, changing the flow of the par-
tial areas. The mainstream flow separated at the outlet of the seal will increase the energy
loss of stator and affects the development of passage vortex in the turbine stage. It plays a
significant role in the formation of secondary flows as the major contributor to the aerody-

namic losses in turbine passages. The rounded shape inside the compound seal has a reduced
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influence on aerodynamic performance of the mainstream.

Key words:

high-pressure turbine; rim seal; mainstream flow field; rotor;

passage vortex; aerodynamic performance

e R I e T A OE T 1Y = R SRS T g -
T2 18] e A 0 25 AR R s LR S L A0
REE S IS BOR AR B 48 B R 57 L R &
SR YA NI — [ R E R

B E RS ERABIRE N SR
Jr ¥ B4 I S 5 ) S T R e 3 O Y BN AR L A X
TUCHFR A G T REIER . A %R
() McLean %5 () BF 58 & BLAR /N — 3B 43 % [t
2301 i %G 1Y M BE RIS B 1D O SRR AR AR R Y B
M o 30 2 X L A5 M 2 AR B 3 Ut (root injection) X
BT R R BB B B U AR DA S R AR R 5 e
K. Burd 285 BF 5T A5 H A 0 S
82 A 1 TR A 5 B, DT AE S BE Ab ™ AR BN
B v o0 A . Paniagua™™ & 3 3 7™ ¥ S0 K
25 WAV v e R 30 6 Bl b T 2 A it R 0 D TS Y
PO, BAMRES R R RS RET R
SO6F 3 It Y BELAG R B o 7™ AR S £ B 1) 3
R 7E 3, DT 5 B0 8 OR B K. B A5 B
AR R A R S A AR M S R ) R
W o X6 Bt~ AT 1) 52 i B S B I

B 2 B 7 0 LA 245 Ra X Jf 77 255 2R gy X9 2
A EEA R ARt A AR b 2
() JLART 5 4 S L i 2l 1) 52 ) 5 i 245 S R 6 512 55
T {E B KR 22 . Blanco S5 B 584
HOR I EH ™ S5 40 3l 25 5 | S J ¥ U sl 46 A8 114 g 28
M RSBk O BRI 0 5 2l 28 o X —
YR B 45 7 R B | B 25 A RE S A AL R
Wik B . fF O AL %8 4% B 7™ 45 #4975 T » Schuler,
Erickson 551" A N SR & & 3 45 b 2 48 v
JR & W R BN PR AR RN R i
E BTN By A N 12 -2 (S 1 2 iy i
Popovic % % BB 7 [m] 37 X 38k ) 457 B B K /N
S M 5 7 A P DL R S ORI O B R AIE
FEWESE T E ™8 R T L AT S 800 3™ R8O8R 3 3h
2R B 5w L A5 T AN AR AE — PR A Y ™ L
] 25 46 RN RST i 45 78 B A = 10 161 P 368 7™ 0O
R BRI X B b TR TR B N S 45
HARS s 28171k . Erickson % 2 1 Jf:
L3 TR F A0 55 0 U K 7 G i B < Bl
A ENROCR I . WFFE L5 R R KRN
[ XU LE 25 28 T 34 A b e 0 57 B 4T 1 2 H1 8K

BRI TV E AR AR TR L 3 T R
KWK o

£ b R SO B AR5 R B IR AR
FH LA B A [ 6 7 T L AT 45 F vl B R B4 7 28R
BRI E AT T WESE B B 25 A LA AR
X 8 PSR -5 R B R AL Bh A R T ST O
ARIFET FETT - HLsk XS A [ 2 7= 4548 254 T AN T
e AU U S I TR JC R Sl R S 4
) 4 8 5 W ) AR BBOBIE 5 . DA G, AR SC L S v T T
RO — R S ORI N G A8 SR R Al T
FESE B S SR P i Y f) = b 5 7 25 K M) P RC(E A
LT B o3 b ™ 1 ACHE 7 R LA B S A T
VBl AE AR T A BIF 500 3 3B T RE Y R
W AL L A5 1 7 B U B BV LA L B
P REBCF 1 & 45

1 MRARKRBERMTE

1.1 MRAR
BT R A W AR AR — R S BR O  A S
ERE 0 0.5C, ~0.4C, (C, H 3h il )
5% A Bl ) 0 1 R DU R A5 A A B
(FED fimEH™ R D EHEHTED
VIR A & B il LA i ™ Or % O,
F AR 8 B Ry 0. 3C, . = B 45 K 1 2L {k
RSFUL A AmEATE B 1 iR, UG ik
H e A R ™ S B L B LAy = st 4 A
R B = RS R R R A 2 BR
WEFE W] 100 0 ™% A0 it 2 DAl TR 5
GO By R DA B = 4 R B 1 AR AL
HIFE] 520, 2% 1 15 %0, R E e A E
T BB 5 A 7 A SCRIFFE R DO A 3 B 2R 45
SEE AN H W AN a4 5k 0,0.5%,
1.0%.1.5% k3t 16 N Ik 1 s, AT
B T J5 22534 K 05 K BN S8 8 e LT .
S L
R, = m./m, (D
Horpon, HRA W m, HER R .

SR e

v:GrHr (2)



%50 K AR S < e e I e Ve ARORT R IR Bl M 1R 5 T 1217
2.78 250 2.78 i 278
40° +T | 1.56 40°
580 % 580
bt [
- -+ <
N o @ L ..03 o
= T
& S
|
1 1.96 '\gsa 1
we 2 s
(a) /" HE (b) k™ () Iz ™
BI1 S5 4 0 4 R T R S E 28 CHL7 . mm)
Fig.1 Two-dimensional dimensions and coolant gas injection types of rim seal (unit;mm)
Nz R )%
N = Twn (3)

(a) £ 4% pE (b) i) daf P

(c) BiFH™ (d) I R ™

P2 I TR] ™ 540 1 R = 4R LK
Fig.2 Three-dimensional amplification diagram

of different rim seals

®1 FRHEEHMHEASHELOTRAE
Table 1 Research plan of different rim seal types and
seal coolant gas flow ratios
i 775 4
WL/ % =1 g2 FE3 FE4
0 FEIL FE21 FE3F FEA
0.5 FEL2 FHE22 FHE32 FHHE4L4-2
1.0 FEL3 HE23 FHHE33 HHE4L3
1.5 FEIA4 FE2-4 FHE34L FEIA4

Fo T Sy ke & [ fA BE 1T OC T = il i) HLHE » 0 D 3l
M5l n B RBCH LG, st A TR,
H, gl

71

)]
Ho o, HICETEHRAE. T Hahit A0 B p.
R T ER R pr IS AT B E.y AL
L.

i BBk R AL

4 Y;Vli Y4
Gi) (G
(YT
! (p;)
Forpopy EeTH OERE, po N ERITE O R CRp
it H D, po HEH AL SE,
IS N

1

P2\ v P2\ ¥
() (py;])
- (5)
Hrpre g ge ik 28 p, sl A A

X
Te W IE T R EL
Co = (p.— p)/ (0. 500" ") (7
FOf p, JS M R L b, S R PRI 0 N
L NS Eibee S oE S Y

H, =<%Tﬁ[1——< (4)

71

)7

(5

¢ =

1

(6)

Er:




1218 i o= 3

AN S ¢

% 33 &

652 20 A 1k
0" = 0—0,)/ —0) ®
Horp 0, DRI ML 00 AR AEMEE 0 AT — A
.

S 36 v R FH T A R O E e kB A BT

P 9
P —p.
Horb oovo. F oo 23000 SR 228 L T UE H LA
e 7 SR T AR 7R B R BT B VR (kg/m®)
i S PR E

(10)

Hop C, F0 C 53 31 o8 TG i 49 A Ui A HS 0 5 62 9
HARAK., REFEHWH RS RE R
Fe Ry F 7™ J0 = N ROR
1.2 HETEFESNEILXERIE
BE 7 Ik Bk

A R A ANSYS CFX % {4 5k fi# RANS
(Reynolds-averaged Navier-Stokes) J5 2 , it Vi A5 %
W SST (shear stress transport) £ AL, 33X Bh 0 (H )7
2 HETHZ 8 T e AL e sE . SCRRLL6 ]
rh LA 1] 56 5 e 7 435 g A0 S O A A F 5 X
BB S 2 RN X b B Uy R HEAT T A SR
Uk, HorbSCERL 16 ]H BIFGE G il 1] 46 2 B 4 1
BRI AN 3 7 o il o) % 5 % b 445 ) 1) s [
wmE 4 Jrs.

SCHR L6 ] i 3 T8 0 4 SR T 22 S 25 4 Ak
POAS o PRAIE R 3 DR " <1, 0l SST i ¥t

1.2.1

) ) I' L] )
= Stator«———» Rotor

B i o

[Stator Roto
disc disc

S A A b

Fig. 3 Axial rim seal geometry model™®

Vel 4 il ) 6 5 2 45 A 0 A % R R

[16]

Fig.4 Mesh of axial rim seal

PR 5 2. R ANSYS CFX 84 BU{H K fiit
RANS J7 o #4538 o0 # 1k 388, 3l ot e
5.

AR SCRF 5 1) 7™ 5 AL A5 80 55 Sk (16 ] R
ARSI T AL, L I A 38 38 R 3 77 4% ) 35 R FH 45 4
PS5 IE AR 73 (14 T Bt AR ), Sk [16 ]
H 4 B 7 125 R R IE Xt T AR SR Y

SCHREL6 45 T e it R % I s B Ak G e 4
JE 7 22 50T TR Ti) 4 3 A 0 7 G B 0 R B B0
TR S LB AE T A, & 5 FE 6 fiR.
MER AL R B E TSRS LREY S R
U o HRIE2EHE B T AR SCR A B T vk 1 nT
.,

0.6

—— Numerical simulation
o Experimental result

0 0.2 04 0.6 0.8 1.0
0/(°)
5 Fd G I BE AL TG A 40 IR 1 2 B0 1 o At
Fig.5 Circumferential dimensionless pressure coefficient
distribution at the hub downstream the

stator trailing edget'®

12,2 AR LA Jo e M S uE

TEA S, 32 338 18 R HH NUMECA #%
ferp g H-O-H B A&, an 8 7 frs . B =450



551 K AR S < e e I e Ve ARORT R IR Bl M 1R 5 T 1219
1.0 Ooo
o
08 oa
o
0.6
&E
o
04
02F
O Experimental result
—e— Numerical simulation (c) NNz Al ™
0 5 10 15 20

C 0

W

6 AR

Fig. 6 Dimensionless efficiency of rim seal'*

P73 A

Fig. 7 Mesh of mainstream passage

(a) flie] 7™

(b) f e EH™

&8 LA M %
Fig.8 Mesh of rim seal

K ICEM H (g 25 k4 AL A% 181 8 firs . #F 3
LA T P PRUE KB4 XA v E 1 L
H R I ) T %) T SR I D T 1 R 2 LA K R
T v BE T R XY v (EAE 5 DL AE R
S5H9 N DR UER FB 43 IX 3 v {HAE 1 LA . &l 8
PRVEM XS v {ETE 5 LI, T 2 SST Jifi Jii A%
RUBY R,

R2HM VIR RS, PR SRS Y
WL Ty R B R AR L RE i R Al U T R 9 3 07
M2 /NT-10 B I T s .,

FURIE M A% (N & & 50 77,105 J7
210 77,300 J7.430 J7.600 J5, ™45 4 B 4% %
BUTE 2 B, WA ZE N 6 J7.16 J7.60
T3 .140 J5.250 J7.400 J7,

R2 HHEHBREH

Table 2 Boundary conditions

SR BE
FEHA O EJE/Pa 300000
FEHRA O EIE/K 465. 82
F O R E/Pa 111823
B A O EIR/K 400
FWA MR/ (kg/s) 0.21829164

™A DR E/ (kg/s) 0~0. 003274375

HEREME A B S o 1,020, il i 3t
AT H I A T T A R AL iR e Bl i AR R
o FBOM st AR A T R ) AR, WL 9 A
10,1 10 o Z Syt e 5 ) A B

WA 2 RS B R 3 — 7 B B L 3 g
H B BUL RAR T (5 %6 s b BT R ) 4 A
Bl & E U A% B H B R AR AN R, THE S
B ELSE I 5 A I 3N BE U 5 3 G A



1220 it = 3 ¥ %33 %
KA H TC G, R BRGE F 7™ 55 44 1) 19X A I O P o, i 1490
7T HAIE, 28 1, R 300 T3 By 3 0 18 0 R A% A 14851
140 77 69547 O 305 28 151 B A2 4 A 0 i
IR 03RO AR H 0 i
=
0.078 3 O
L 2 1465
0.077 =
Z 1460
. 0076 Z
5 g 1455
£ 0.075F
2 N 1450
2 0.074F
= i 1445 L L
= s 0 0.5 1.0 1.5
:‘_JIJ 0.073 3 R."h%
= 0.072 ':—
e BILL BB L e 2 1
0.071 F Fig. 11 - Variation of the stage power with the coolant
0.070 SRVTTTUEY TVNR FUN FYT FOTR FOVRT FROE TP FRRTL OO gas flow ratio
| 2 3 4 5 6
Number of mainstream mesh/10°
. 0.970
B9 st a5 2 8 B0 R 3 9 1 s A AR 1k
Fig. 9 Variation of energy loss coefficient of
rotor with the mesh number of the mainstream (A L
;'G'u
120 5 0,960
=
- !
- o
i3
200} £ 0955
i =
180
0.950
nﬂ_’
= 160 F
g | 1
% 140 _ DO 5
(=} [ e——\ =5x|03
m R/%
(. N =1.05%1(¢ '
— N =2, . N e N - A
A 12 S O A 20 AR
100 - —-—Nn:=4.3x]06 Fig. 12 Variation of rotor efficiency with coolant
| | "\'ruluzﬁxl?ﬁ | | . gas flow ratio

0.055 0.075 0.085

0.065
Zlm
& 10 A[W] 32 3 38 18 ) AS 00 Bl RS S 2 1
JES A R o= 1 o

Fig. 10  Surface pressure distribution of rotor root
along span under different mesh number

of mainstream

2 HEHSERESW

2.1 BESHESW

XF L Ty 2 B A DL K R R R
BBE B ™A W R (RO B AR L A an & 11~
Kl 13 FiR

I A A 1T MR 12 45 B AR
R NS i [ e b W N WSS D
A 6 2 A R A 2l B R K T R A
PRA DG B . J7 58 15X IO 4 % ) A M Bl I 2
W /NG fe o B O T 6 2, i W IR R
EPAB IR A B 0 3 3 3 S R R
M 13 0T LU B AR B IR 2T
W73 S I RE B A0 AR O KL LR e R
VR ORI O Al — B R R R L O
S 1 X L A I RE R A8 R AR B R HRE T R
2,075 3 MITT R A B/ o HrHE  J7 58 3 4t
(1 25 i 38 1V R R R R AR S A 1 1 2
FEJE D8/ T EA e AR 1) Bl i 3 i

=
o
J=
\



51 [ A = Y SR (o = R e W B b A W R e A=A LR =AL ] 1221
0.075 220
—a— Without gap i
ool o=l g 200 |-
—v— Case 2
—p— Case 3 3
g 0065 ¢ Cascd 180 F
w N
2 s |
2 0.060 Z 160 F
3 g
£ 0055 2 140F
g5 & I
3 i
= 0.050 120 -
—— Case 1-4
v Case 2-4
W04 10 —p— Case 3-4
——p—Case 4-4
0.040 L L 80 L e
0.5 1.0 1.5 0.06 0.07 0.08 0.09
R /% Zim
(b) RI=1.S‘}F

& 13 ¥ Uk BL B ORI i I BB R 4 R R B e B
Fig. 13 Variation of energy loss coefficient of

stator with coolant gas flow ratio

B RS s TR 1M R 2 5K RN T
BG5S B R A TR X RE 1 9 30 5
JZ PR P A B A B . BN, B A
R S I X TR B R R Bl T RE R TR
RK,

2.2 MHMEHEEMTHHRDBEAENSH

H T e A R EL R A X U B R AR
T s Sy Xt AN [ b 77 245 g W A1) ¥4 SR 2 T S M)
A DX 590 A St AR SRS (10 %6 i v A ) A 8 T P g
Sy A e &l 14 FroR .

MASS TS E] 1. 0% W, 2 3-3 Fir
A4-3 7 it IO 4 Bl i KR S R T 4 A 2% F L A
{18 TET B e A U AR 0 ik R R R . M R
T LA B 1.5 00 i, B i ML L T R 7 43 A
LR A A 7= A A B S S I T . ZF L

2207
180
£
% 160 i
S 140
[=H
120~
100k —te Case 2-3
[ ——p— Case 3-3
[ ——Case 4-3
80 L, P A | . I .
0.06 0.07 0.08 0.09
Zim

(a) R=1.0%

P 14 S AR AR A I TR g 0 A

Fig. 14  Pressure distribution on rotor root surface

J5 % 3-3 5y A3 gt B i ik D g U R B
SR 1
2.3 HEASHREMEESHTWHARERR
HHEEER

ST ANEOR 5 B A AR A DL R &
TN S B ™ 1 e e, 80 B ™ E 2026 A
80 Y4 J& 1) 7 ¥E 07 o B R &l 15 iR, Bl B SS
W 118 L PS N FE Sy PO R EE A R, B
HIET 20 %6 F10 80 Yo J& 1) 1 5 A7 B b A O £k 43 A R
B E VOB anE 16~E 18 iR,

0% 20% Shroud  go% 100%
SS PS
Hub
90

B 15 ™ H O 20 %0 F 80 %4 J& 1 5 BE v & s 2
Fig. 15 Schematic diagram of 20% and 80%
circumferential pitch position at the

outlet of rim seal



1222 fii =

(c) BIAE™

(d) IRy E ™
Bl 16 % (R =0%)

Fig. 16 Flow field structure (R;=0%)

Vimfs) =10 -6 -2 2 6 10

(c) M AE™

(d) Iz
F 17 #H™E RGN (R =0.5%)

Fig. 17 Flow structure of rim seal coolant gas

(Ri:O.S%)

WA R 16~ &l 18 Al A E R A
FE B R B 18— AN BE s » 75/ U2 7 B 7
SN NP SR S Y S Wask R OB I U

(o) £ Fr st ™ (d) Inzs
K18 R IS ET (R =1.500)
Fig. 18 Flow field structure of rim seal coolant gas

(Ri:1-5%)

AN ST B T A H SR, 2 U LIS R E) 1004
I, 7558 3 AT 58 A X I A 3% — DX ) 2 Wi 9
FNGRRIER T Or 5 3 M55 4 W5 h 45k L (115
B UM T2 IR BN T g BE L Y G
T U 8 ORI A R 1 U S TR i BEL AR
o A5 T2 3 i A T 8 B B 08 RS 7 A W B B
TR — A~ 1 5 e i » 7 58 1 v e 16 i it e
J7 %8 2 P A SR s/N  BEIT A R L
FLHTT S 1S AV R S0 L 3l R S 555

VR AR ) T AR A I A T 0 A
O WA o B B0 U A RS DR 3R 1)
EAAR BOREBE S o Sl X H T 58 3 M54 4tk
3T BN 1] JEE G0 A I B JE T R
8L BIPIR S AT S AR b {HL 25 (1 45 2 5 DX ™
2.4 HEWEREAEES S

B 19~ & 21 DA% 1) 38 B (V) I3 Aii = &L 4y
A AT 1 ) B 3 3 A AN ¥ K s 4 822 ik
B F A EAE A EKEh ) .

YNV S S 7 AR T A AR
AR AR ) B8 0 A X3 b W 2 3 o s )
FEREPEX — K., N THEIMTE LR
— DX A i T B T AR Y RO, BT R AR £
FR A 1) T2 A XA AR AR /N v O 582 %



551 KA TR 45 - i PR e TV AR TR AR M R A S 1223

[T
V/ms) -9 -6 -3 1 4 7 10

(a) 3 A HERTTT (b) 4 e a7 iy
;L
(c) 4 T b (d) Iz reE 0t 3t ™ i
u
() B HEBTS (F) fhia) 5T
u
(g) BB 5 (h) Iz ™5

Pl 19 et RS A2 16 S JEE 43 A (R = 0%6)
Fig. 19 Distribution of radial velocity in front of
and behind the outlet of different rim seals
(Ri=0%)

V/(m/s) -9 & =4

CONK

(a) B HETAT (b) filiragde ™ iy

(c) I H i (d) IR 7 T

(S

(e) ™48 (F) Hlifa) 7 5
L L
(o) HEEM™G (h) s e o £ 1S

B 20 dF 7™ 1S £ 1) 3 B 40 A (R =0. 5%0)
Fig. 20 Distribution of radial velocity in front of
and behind the outlet of different rim seals

(Ri=0.5%)

Fiimls) -9 -6 -3 710

4l &

(a) £ 4EBAT (b) &EIHJ#TF““‘I

Y Y

(c) MM (d) Iz it A

(S | Vo

(e) B4k S (f} RS e
(2) BB (h) s 09 s

B 21 B O AR A A (Ri=1. 0%6)
Fig. 21 Distribution of radial velocity in front of
and behind the outlet of different rim seals

(Ri:1.0%>

) 3K — DX Sl /)N

LAV AW E A E AT, e R
0. 526+ 5™V STE 5 Ui A ELAR T I O 5
LA 58 2 X A5 R R S A FE R R b £
YER . A6 B ™ 5 i ik AR X3, 78 1 X Ry B AR
A8 1o SRR AR B O R AR AR 53 A =R B R L i R
AR 55 30 W T 0 A7 A — A TF 9 A ) R 1) DX B
J7 5 2 XN X SR /D
2.5 HELASMNIHBEANRRZENZIMD

Ry T 20 W B R AE Bl i 38 E U Bl R
3 o T NI 1 1 1 I VA S TR R
Q) EE 22 FE 23 Fir,

(e b s ™ 25 0 B Ve I A LS R
Bl 7 T Y i AR AN B R T g
EE@E?%E?*[@@L??TW/J\»@‘]%E% W& e

B R . X i T AE AR WA A R
5 FWAE B R T AR A 8 B B AR Y i i
AR, A2 T 38 TE I R e .

BV S A LA R B R [R5 25 R R L B
- 3E A N Y E TR RN T, B R
WRE L5V R 2 R 3 E 4 hshntiE
T 1 38 G s R DT ) W D RS JF B
W R TR B R T R 3 TR 4 IR,



1224 fii =

Qs -5714 -2286 1143 4571 8000

(c) IR ™

& 22 Bl g R W)l 467 B A i 2
(Ri=0%)
Fig. 22 Vorticity contours of different

axial positions of rotor passage

(Ri=0%)

Qs

-5714 2286 1143 4571 8000

| m—
s I W\
e
e
L) UYY
e

(a) il ™

(b) # k™

() I s i s =

P 23 By A (e il 1 o B e A
(Rizl- 5%)

Fig. 23 Vorticity contours of different axial positions

of rotor passage (R, =1.5%)

3. & i

AR SCRAT T i 8 —— 2 sl i v Sl WF 5 %) 4L A
FEERE LA T7 35 20 B 7 I A B 45 )5 20
TR AEAL . 23 T AE A [ B 0 R R L A
(7 7= 45 F TR W TV B AL Bl R A DR
518 Y = I T SR A A AR AL BEAT X LEAT ST . 15 3
LU 458

D FE AR A WA THEOT -t T 8w
F T3 03 A5 B AN B 50 o 2 30 0L 1 1) B 7 I N IR AE
5 T w9 I T O e ] r) o7 R O WD B AR BT
B EE A O TR 1) AR A e R
585 o AN [ ES FESE K TR B0 SN Bl I 0 R
R TE DT 58 207 %8 305 %8 4 gl it g g i —
0368 2k B T ) 56 J3E B ORC

2) AT B G F T O R
SR B AR R AR DB 7R ) — B
WA R J7 5 3 MITT 5 4 X0 AY I 4 64 3h i 2k
FRANG IR G i RE R R R B/ T R
3 FNT7 58 A XN A By et AR 2 T ) 43 A it 22
DARITR AT S N L R G P NRY G €111 DA S
WIETT 5 2. /MR TT R 1

3) MEF U B LI R B — AR R £
VT U I 2 Xk T R di A I B B AR
FH A5 R U B T AR T 0 Ak S A i B ) B
PR A TS . Jr 5 3
J7 58 4 1A 3 U A AP PR R A R I A v R
UL BEA

SV AN Bl I T R O B R T 1 X5 4
A BEAE B AW LAY R SE i 3 il
T P 73 T Y0 BT 9 496 O S N A W g i L O L
WA A, J7 % 3 FOTER 4 WL P
25 3 26 A R R PR Ve O AR 1 i T X
VAL I B b ol B8 i v A ik Bh M R E N Y



551

KA Jr 45« i T e ™ AR U AR Sl M R Y S e

1225

I TE i 4 RE U L X RS AR TR RIE A Bt
K 3 T — 0 %9 i T 4 iR R -t A O I L 3 Y
BRI

4) LR IR B G 2 BN S S5 Al 1 A0 B
e T LUK BT A 3 B ™V SO B LU LR O
53 RIJT 58 A B S H X T 18 58 B AR B PE BE R )
BN ARAE B AR A L B R B

S 3k :

L1 REmedh X0 R ARIE T 1% 56 8 7™ 08 A% 32 Il 3 ) 5
LT ]. MR R RS 59T, 2008, 21(4) 1 16-21.
TANG Xiaodi, LIU Huoxing, ZOU Zhengping. Experi-
ments on the effects of wheelspace coolant injection on the
main flow in turbine cascade[ J]. Gas Turbine Experiment
and Research,2008,21(4) :16-21. (in Chinese)

[ 2] MCLEAN C,CAMCI C,GLEZER B. Mainstream aerody-
namic effects due to wheelspace coolant injection in a high-
pressure turbine stage:Part [ aerodynamic measurements
in the rotational frame[]]. Journal of Turbomachinery,
2001,123(4) :697-703.

[3] MCLEAN C,CAMCI C,GLEZER B. Mainstream aerody-
namic effects due to wheelspace coolant injection in a high-
pressure turbine stage:Part [ aerodynamic measurements
in the stationary frame[ ] ]. Journal of Turbomachinery,
2001,123(4) .687-696.

[4] BURDS W,SATTERNESS C J.SIMON T W. Effects of
slot bleed injection over a contoured endwall on nozzle
guide vane cooling performance:Part [[ thermal measure-
ments[ R]. ASME Paper 2000-GT-200,2000.

[ 5] PANIAGUA D. Influence of the hub endwall cavity flow
on the time-averaged and time-resolved aerodynamics of
axial HP turbine stage[ R]. ASME Paper GT-2002-30185,
2002.

L6 1 WIAAAR, X KR, WIZ. T8 %0 da ™ AR It S5 A 8 A X 2 i
Wy sz FZE L) ], 8 IR el 38 5 A 58, 2009, 22 (4) : 25-
29.
HU Songlin, LIU Huoxing, MING Lei. Effect of the hub
cavity flow on the flow structure of an axial HP turbine
[J]. Gas Turbine Experiment and Research,2009,22(4) .
25-29. (in Chinese)

C7] R R ARIE, 4. 538 3™ < ok 3 6 R 38 =ik

[8]

[10]

[11]

[12]

[13]

[14]

[16]

A L) ], kAR . 2006.27(6) :515-520.

ZHOU Yang,NIU Weimin, ZOU Zhengping.et al. Effects
of coolant injection from rim seals on secondary flow in a
high-pressure turbine[ ] ]. Journal of Propulsion Technolo-
gy+2006,27(6):515-520. (in Chinese)

TURNER M. Multistage turbine simulation with blade-
vortex interaction[ R]. ASME Paper 95-GT-288,1995.
BLANCO E D L R. Effect of the leakage flows and the up-
stream platform geometry on the endwall flows of a tur-
bine cascade[ R]. ASME Paper GT2006-90767,2006.
BLANCO E D L. R, HODSON H P. Effect of upstream
platform geometry on the endwall flows of a turbine cas-
cade[R]. ASME Paper GT-2005-68938,2005.

SCHULER P,DULLENKOPF K,BAUER H J. Investiga-
tion of the influence of different rim seal geometries on
hot-gas ingestion and total pressure loss in a low-pressure
turbine[ R]. ASME Paper GT2010-22205,2010.
ERICKSON R,SIMON T W. Effects of stator/rotor leak-
age flow and axisymmetric contouring on endwall adiabatic
effectiveness and aerodynamic loss[ ]J]. Heat Transfer Re-
search,2011,42(1) :45-64.

SCHULER P.DULLENKOPF K,BAUER H ]. Investiga-
tion of the influence of different rim seal geometries in a
low-pressure turbine [ R]. ASME Paper GT2011-45682,
2011.

POPOVIC I,HODSON H P. Improving turbine stage effi-
ciency and sealing effectiveness through modifications of
the rim seal geometry[ R]. ASME Paper GT-2012-68026,
2012.

POPOVIC I, HODSON H P. The effects of a parametric
variation of the rim seal geometry on the interaction be-
tween hub leakage and mainstream flows in high pressure
turbines[ ] ]. Journal of Engineering for Gas Turbines and
Power,2013,135(11) :1823-1833.

FUFEAR B BB v ], 45, 45 40 2 B 0T 40 2 0 B
P2 B BERE ST L) . 3 ) TR 24, 2014, 34 (4) : 280-
291.

KONG Xianglin, TAO Jiayin, FENG Zengguo, et al.
Effects of geometrical parameters on sealing performance
of turbine rim seals[J]. Journal of Chinese Society of Pow-

er Engineering,2014,34(4) :280-291. (in Chinese)

(h#.THR A





