2019 4F 2 A
ERTEST B

[ DA N e 3

Journal of Northwestern Polytechnical University

Feb. 2019
Vol.37 No.1

https.//doi.org/10.1051/jnwpu/20193710129

REHFESKS LHSOREEE FHUERR

L, AAH, T &F

(PYIE Tk K= i ShEIRBe, BRiY P% 710072)

B B A THRRRHSHEE PRSI PARAS ZANEL T T, ERRHZRE T2 L
W TG BNARG A A AR A AT T A, SRE, KN RAGHEEERIRREE
F A WL RN I B A B R AR T B o E K, ALH T REKRE R =1.7%,
5%t BB TR RFEKRIEMT 6%, " H iR mAR G E N AR MR AR SR T R AR B
LA RO R E MG . R AR RANIZAEE 10% 7t A TIE B A2 % ok h Ak, A2 3
JBEGRET, R B MR ANAZ e Akt v a9 31T IR a9 AS A AR AT AE IR B R TR EG

% @ ORI SRR AR R R
RESYES V2313 STERARERD: A

iz B bl se e R A AR A, TAERT
T RS Z AR 2, MR ERRR SR
AFE I BORFE St G, A T RIE IR 4%
G NJEEML TR, UG AT A, I, FE R
H— e AR RS HL S AR S e gt ™R
i, R B R S YR 7 Bk = R R AR,
T ] 336 38 404 A3 W] LK 8 485 e s AR gk A 144
H, RIS E S0 B B B 8OR
{HL TR) B ot 3 48 A3l Tk R AR Y BT R I A
KU R, W TR G BRI, AR S
TE A 2 ROR | R B X A

[ A i B % B PN R T T Y
IR TN sE, R B AR S R
WAL WIS, K& B ™S A B 1 1) i 2 2
PPV /IN , U U 0 S I A B R B v g AR
(I BSF, At T AN [ Bl R L ART 2 550000 5 Wi F R A 5% 3%
B TR ST S0 % B ™ A0 8 Ui 1 52 M R A
], B0 5 2 A7 B 2 A B R
BB ERE A T B E Y RS
Ivi) = 7 22 ) () A B AR FH S B b Al s & 1, i
HFGE N R 58 448 7 BTSN 35 I B M SR A
YERIDLE | Paniagua %51 48 HBH™ 0 Y FHZEAE
FHS 205 185 0 0 R 30 s R R R e

%5 B #5:2018-03-04

X E4S:1000-2758(2019)01-0129-08

SE A TS5, Jenny 100 R BLE SR N
1% RN, 5% 156 485 108 18 30 19 Fie K 3 1k s 3
30%, Regina %" 9256 & BUE SN 1.2%
VN B T W I B R AR BT R N 7%
fen, I (8] SF- 125 /) 42 [n] 32 7% 4 4% &, Schadler
250 S 3o S FIVR (LSS RUIE 9T T 308 4 8 2 s 1A 1y
e A X, K B R S Ak B T 30%
i, PSS T 3 R T R 1 RS PE R AR

ME R ST A B, e 2 RS BRI
Tt R AR RE H Y, (E R AIF 5T A4 T 5 S T B S
W5 N R AR S TARH, Bz e B R
Xt b iE R A R, R, AR SO A [
JEEE T, KRS T R R 1 R S B R S i
S IR 2 A E O HEAT B T, B AR —
IR GRS AR E W TR FIAR
NS E AR H AR A, BT B R
Uie- v i AR A 2 8 RE AL

1 HEEBENHERE

1.1 ®FRER
24 3 B E 1 B B T 2 B A WL S 5

E2WH . BE A RFI#IES (51876176,51576163) YL H)

EZ BT L (1991—) , PYIL Tl KRB 50 A, FE G4 MR T sh A ) 240 5T



130 wWodk Tk ok

LISAL.5 Zim %t 5255 & M58 4, TE 4 iy JLAa] A0
SNBSS 12] . BN T+ 1,
AN U™ e Sk B A A EUR 1) TR K
WE 1 PR A T FEREEA 2 mm, B R
JEh 500, B I A 40 1 JL AT A 8h S80S LS
Bk 13]

ki HehiR 1k 3
— Eifi / Tt \ 7(2&“1‘ / g2 \ —
2 mm
-
50%
L8]
B 2700 t/min >0 ™™

Bl R R

1.2 HETTEMMERIS

BAERA R CFX B SR A = 2R 5 i 7R A
S 1) Navier-Stokes ( N-S) 77 #2, ffi H shear stress
transport (SST) k- Jii ALY, 25 [A] B HCR H B
XU = B ) B ORI 22 BRhiA% =, TR
AR AR,

THEI s 58 HE %2 36 ¢ 54 ¢ 36 fijfb
2032, Bp5nt g At 2 50 2.3 #i 2
ANIE T Bl A A U T AR
FUR I, QB 1 ez, =6 O 3 3 ™ J A ) T 5
WS QL 2 Fs , 28 A TG PR Sk S 1 3155 I A%
SEE N 783 T1, B RIBIUY 1% 3 M R L A
] A& AR 18, 8 i TRURIABIL I A 43 0 Jn %, B T 265
— 2 MRS RS A 0.001 mm, ff3E T BE 4 — 2 M
)y MEIFE 1 2240, i R i T R Y oK

K2 AR AT R A

1.3 BR&EE

THERHLE 1 s, F53 o 2 700 ©/min, T
SR AR DO R HE O RS AhE R
JE, RN 328.15 K, B R 140 kPa, 1 H il o) 1
Ko MRS O R iy R [
BETRCROGH 38 TS RER , B AR 0 i

¥ iR 55 37 &
HEHE RS e RORANE R SR 323.

15 K, ¥iim e R, (injection ratio) & S b i 5
FRMEZL,R, 4794 0,0.5%,0.9%,1.3% Fi
1.7% , IF11 58 To B ™ AR (endwall ) 19 T80 2F 47 %
Lo a8 THIR I i i A0 S TH R FR & P T B A
FE T I B A SR IS R g e AR,
FEF TR Bt 2t 2 /> ) A% 1 i — 4> 5
If el 90 YR TE] 2, 18 3 O R, = 0.9% Ik
SER TR A 2 AN s 0 M oS R R A A Ak,
FE R EOE SO S R S EaE 0 RREZ L, H
BRI, 2S5 3 1500 ASEHE] A 26 A7 sl
R L0 I A SR MR A AR TR

M | mm
h Il f |(| HJ f lJ I(\ |(( ’L“l

300 1000 1300
i TR 25

0.73F

0.71

HERE

0.6

\D

0.67

B3 R,=0.9%MHHEE ¥ 5 i s i s R 82z ik

1.4 HEEHE

H T UEAR SO R e A 4 T
R,=0 B 28 0 B ERK R -4, o
A F 51 T 8% YT A 1) 5% K Ad, BV HRAR R
o Lh

on_Pz
%:%—R (1)

K, Py A Frm gt 00 8] ) o V-2 0 R 2E
P20 1 50% BY9Sm- il s2 K Ab, P, ok b A
JE, P, YR

F AL 4 W] HIAE R A S AR AR R 38 R At
PR 2 AR BRI R X, 3 A T 10% i i A
80% M- 125 BRI, BCAE S48 %65 AR 97 140 457 B I bR 79
AR LS,

KIS 251 T R, =0 IS i 1H ] ) o 271
ARV AR 0 A, AT LAE R, =0 BFEU(E T
BTV = A 5 SR S R & RAE




B, A5 A g™ RS B AR W T W RUET Y 131

Ly

%
40
04 %20
0
il

b) AR
B4 R,=0 WS8Rk R s

a)

HZ AR ZE AR KT 2.8% , H XTI 10% M- Bt
UTHE B UG RT 80% - w3 BF AT I 48 YR I B A
THIEARIR YT, LR R 4 TRl 5 BY4E 1A A1 AR SCR
FHRBUE 710 T AER SO 2% B 7™ ikt e 3
TR SRR

] \
0.8 % }»1‘%
"
= 5
0.4 :
I
!
0 . —, .
65 70 75 80
s /()
5 R,=0 B m A% 1 AR
2 FEROW

21 RHBHW
2.1.1 F&EidiE

Bl 6 45t T AN R i b i 36 T s R A0
A, B Ak bR B i Al ) 5% 4 o i Ak, i R
TR R B0E L
P-P,
P —P, (2)
K, P, R as s R ) B R, P, R
Sy e ) B S PO R R T Y
Hh s

AT UL B, AN TR AR ) A7 52 380 7™ S0 B4 5 T
FREEANI] , 7E 5% W ik, W 7 TH i R EUN 30%

C, =

—=— endwall
—— R;=0

—— R;=0.5%

0 04 03
TR iE K
a) S5%ME

0 04 03
TR K
b) 50 %

K6 SR kR

) 2 A AR FF IR R NI — B RE L B 2 B &, U
TE 60% ~90% il [7] 5% 4 2 [] , B 2 1 7™ i 12 34 Jin &
FERBI B, WIEET KRS R, =1.7% , H &
AEE AN T 6%, T 50% M AL, W Sy 1 R
FBCA IR R/ N 45% ~ 90% il 17 5% K 2 1]
i R B Ik 2 ) R el T ) A
NTCEF AR B R, = 1.7% , %0 I 2 5 K3 hn 1
3.5% ., Ti/ANTR] 0w Ak 1 7 T 2R K0 7 O
AR REEARAE . RS SRR, BN
IR T ) 43 A B ) S AR R A R I ) T —
A8 S 2308 43, %o it KR A 52 T e K

B 74T R, =0.5% 0 B4 H OO TR 2042
[ 8 2 LR S WA SR Tt T S S R 40 A

Forp Az 1) 3R S ARRIE AR, AR 1) RSy
EACEE = 3, B T 3R M2t — AN il
B AR R] B — N5 i o R, B P AR s
THE— AT TR IR AR DI ™ 3 X 5k
BEE 254k, ik A 1 B s, T BT ER R,
A A8 1 118 DX 3 A v AR e R X R B iy
G, WA A DX 3 32 LA v oA T ik T R B i
W T A o 1 DI 2 R AR SRR, BRI



132 wWodk Tk ok

5537 4

¥ iR

2/5T. 3/5T, 4/5T,

0/57, 1/5T,

Bl 7 R, =0.5% AN ] i 220 J7 4% H 01 A8 o i 2 2 €

DI B T R, B B e s, S R
DI B SR, AR R W] BRGS0 4/5T,
207 S P ) T T 6T S I T T 3 S
DB R, A0 0/5T, BFZI TR . RS, AR
1RIEAR K A AE 0 Rl X3k, 3587 SR R A A
St R, BT S ECE
20 3, LAt R iz g B > i R4 X
B, 538 2 A SRS NIGE AL T asaE E v
56 AN T U AR AR T ™ H A A B )
I3 AT 55— MRS A I
HTFBAAREIEIRE A LN, K8 AT
0.5% A B IR 3G = B R RAE R AR AL ™
A AT, LASR AR TR ™ H X 3 g 2%
OISR R R TR

Tv Ps
Tt in B Rgln P[,in <3)

S TPy A O RRALAE ¢, R

AS = cpln[

FOHHAAE R, R SR B, T, P, A > 1l i R e
JE, FERRR T AR ORTEE RO, e R AT L
T 28 MW 2% B A [ e 200 3t 7 S0 5 B A & B AE
F 5 8 By AT L 3R A T v A 1
DRI, 2 2™ R O X (AR T HE bR AR ), A R T
FEH IS BRI R . R O R R X
W1 RRARKIB (R T HERR R ) &l TR
AN REEREA SRR EBIR, MifE K E 7
(R RS 27 B/, PR B8 T LR IR, AN TR ) 1 5
PR SRR AR AR B ORW & AR AR R, R, =
0.5% M}, i T 5% 2 BUN 0 BFZ15] 4/5T, 1) %)
BRRNRIINL BT A AW 3l , 3™ I 0 6 &
WLk B AWt h, X 5 E 7 Lk A fZk B HXE
i, 7E R, =0 Fl R, =0.9% it 7] LI EE 5] 2 A~ X 35
(AR Ak, , W8 BH H 20 I R A A ) 2 3K
AT Bt 2R AR DX IR 7™ M 37 DX 3 A 0
ARk,

M 3 B A AT LUK R, B
BRI, R RAAR XA W )N | 5 R X
BASBEIE K, R, = 0 B FU7E S 0 0 g T B
i, R, = 0.9% B} e S0 B3l X3 & A R SR
[RIESE, T LA & B 7™t 90 6 R4 v /e S g T
Ui, B2 77 1A, R R T DX 3 ) R
AU/, 156 df 7 A B0 4% BRI W g T ) 4
%ﬁﬁﬂﬂw B EA FREE S, BT

Fm Bl 2 E 7 A ZEAE ], 1 R 3 i e P
tﬂfjﬁiﬁﬁﬁﬂﬁﬂﬁﬂ%ﬁ LIl 6 AT LA B, I 2
37 I A FEAE P A IR T R B M Y
FEAWT

AS/ kg KD
m m
39 15 21 27 33

NN CNNARNA

0/5T. 1/5T, 2/5T, 3/5T, 4/5T LuES]
a) R=0

0/5T. 1/5T, 2/5T, 3/5T, 4/5T, il
b) R,=0.5%

- - - - -

, NN
1 1\
0/5T. 1/5T, 2/5T. 3/5T. 4/5T, Kt

o) R=0.9%

K8 M 0.5%M &R =K



5511 B, 55 e g™ RS Bl S e W E W RE N 133

212 F&aEdw
El9 e Mo T Frast O sn =K,
E R T 10% M5 3] 90% M= A & J5 1 147
EhRN RS A
Ma
032 0.38 0.44 0.50 0.56 062

l '
a) endwall b) R,
c) R1 0.5 % ‘

Ll.’ .L;A_.’

e R=13% ) R=17%

F 9 it O Dis

ME AT LU i R o T — 0 0 e R
MLIF A9 057 B AFAE 2 AR X, 2 AN X2 8] %
BRI, BEE B R RN, A B AT
X1 PO E AR 1) ) i ey ) A8 8, JC ™ AR
BHIRHX 1AL TF29 9% R, = 1.7%RHIX | &4
FHE B2 10% W e, 4 1B rb i ok X R, )
FisF, 88 T8 F R % R DX 2 AN/ D TG d 7 e Ak 2
R,=1.7% =3 X 2 )\ 75% M =50 /N8 55% M-, JH]
)Y AN B 4 /N X3 2 A e e R X 2-1 7
Todt R 3 A AR R BB 35% i HE R, =1.7%
IFSEAH R o W T T s ZU AR 0™ A it 7 A 1 9
Y 38 ) sl sk i s 2850 2 A 45 38 1 v ] ) o 3 [X
AW/, AR HLI A B A ) o AR A
SR = 2 P et | R N T N 72 E 2 s v B
MG ZEME R 3 T8A 1 455K 6 Il JyiH
(R R Tt i, AT DA — 20 HE W ™ 8 3 Yy 3 2E A
XA e 2HEE A A TR,

B 10 25 T 6 A A0 Fe ) a5t F A 1) 36 i
W, TR, 53] 109% M 5 Z B A7 1E B i
() IR A5 ), 2 - B 065 e 7 TRT 4 S RN g T 43
SCLATE R, #R W% 808 38 i (hub passage vortex,
HPV) . 10% M &3 20% &5 2 [8) 477 W1 5 19 1E
SEAE R, 2 Pl O AR A I ) T AYZ S HAE
JHTE S BRI 1, Bk A 6 8 2 2% 7% % (hub
trailing shedding vortex, HTSV) , Bl & /™ i &= 134

T, HPV F1THTSV AR W 42 1] [a] i v 5 1) £ 3, 6 &
FPERERET HPV R HTSV B 38 4% 43 B T 29 5%
12%M 151, R, = 1.7% W43 50 7 15 31 2 6% F1 139% it
1o, X551 O H A AR A I DX 1 AR 1) S S A
— 3, T E O T e e A 3 g
YEF, I HL AR S 2RI 10 3 ZE A F B, SRR AR R 2
FE AR AN B A B HE 2% 8% B3I 114 3 1
Ry R 3, [, HPV R X 38k A5 BT o /N i
HTSV 1 it et W {8 I S B3R AR, 32 e T 3™ H A 1Y
B RN P AR AR v B W e — 0 A Y
T, i T — M A s LT 2 R

B LR g T R T 22 T8) Y R 22 00N, U B
555, P, HPV F HTSV & i — YR i 2k bE

357 S AN T 0/ | 3355 W% T R 3 0 48 )
A —8, 27 LRl LR B, L?f??fﬁ
A B B 3 A B RAR B

M AR /)N

B /(10757

| ___aaaa— |
20-12 -4 04 12 20

. HTSV

HPV
a) endme b) Ri= (T‘L
-
¢ R=05% d) Ri=09 L
e) R=13% f) R=1.7%

FL10 S ag e i 0l o 309 o 2 14

22 HEEESH

B AR E R B AL AR E H AT A — A
IS TR PAYAS [i] i 220) 2 o 38 82 1) 34 7 AR A st 2R D7) 1)
B TC i AN, ARG A I 1) 3 B2 38 3l R 8K (velocity
fluctuation coefficient) , 11 HH T S mas i O
FEWE S R B = K, AT LUK B R, =0 A T IC 3™
JEARTE 10% M 25 LAT B 73 A B4R AR K . & 28, 10%
I ) e 2 IX e N 5 22 AR R I AR Y R B
DIl 1 5E4iA 2t I 7 AR 8 AT T B L TR
SANRREVALE, B LLA] DLA E & AR AE R 330
2 DI I8 20 1 BH SR /) o TR A I R IR X
BT, 109 s LA 8 sl i Xl e 4T 2k



134 wWodk Tk ok

¥

5537 4

IR 2 P92 R Y T A 0K 3 902 30 DXk, o2 R
ARSI

8 Ty
0.00 0.02 0.04 0.06 0.08 0.10

a) endwall - b) R=0 .
¢ B b 9
3
IE—T £ AA; = 47 -
c) Ri=0.5% d) Ri=09%
’ e y p
e) R=13% ) R=1.7%

FU11 S i F R i s R B B

P12 Sy dsb ™ s A v ] 47 B 5 ZE 1P 31 10% M=
() S X BRTE O B 220 ) 2 TR 2 43 A, T LR B R,
=0 I IR 5 T 0 A8 1) v R 2 0B 2l I AS T A3
37 A P 3 O FE AR AR T HLak 2 2
JEE W BN AR B A ™ s A D93, ] 12a) h
(1% [53 FE T 7s , (SCF /0 i 1 R 5 I A% ] 8 11 2 77
Wi, MIE 8 WA LIE H R, =0 B 3h ™ i 1 3% 2E 1
FHAR S % it S s o 0 A A 2w AE AR N, B
I 7E R Al RS R BAb | Rl VR FH DX B 32 3
DX 3 74 8 8 0 2 A ) b KA

U BB R B o A S T
JEEVR B AR L, 33002 i T 3™ SO AR TE AR R A
2 RSB s R 10 B, O BRI
AFE R N 12b) T Sk B R X il
PR ARNT 2 38 38 2 5 0 s /K P o A e A
B Esem, ME 11 Faf A, R, =0.5%1F, 10%
1) 1 0 2l X IR B 5 2 M 1 S R a8 X S
SO D3l 1 R I8 2l o B P S i 3 FRL XS Y
SEMRRNRINLE TRV S 0 0% T U X TR §
BN 10% M85 2Z [8] 0 BT — AN 8] 1 43 A 358 8 10 3
R DX 3, 2 3o B SxoF o7 ) R s P M O B, AN AL
I, 5 10% 055 3] 70% 5 1Y X8 3 1948 ) 75 [l
T S, FVR TR i R 30 5 X0 1 A, X3

SR ) A T R A AR B A Y B R 6 AT
T, NER 3 ) g T T B R R N T
1), 3 52 6 3 3 P BT I v T 1 3 R R
B = A3, B TR AR AR, Ok H
BRN R 6 T 1] 25 1 AR sl 55 , X
1 AU Bl B BN, RIS R [ ™ e A
1A 7™ VR FH S T 48 5, X 3 1) 88 1 11 1) 33 26
PRI T 224 b — U 9 & J AR L B4 3 58
By, (A X 2 A8k 3 114 J] ] A4 ] i Rl AR 2 7
N SR UL, 2 B AR B B
b 1 5] Y S = s P 1 B T A N =
SYIMTRIAL 2K AR AR 9 B A FH 75
WEBhBER e [ A TR 11 A ™ A R ol 45 5k
WSS

v./ (ms ™)

b)  R/=0.5%

B 12 0 B 20 A b (BRI 109 M 2 32 3 2R TR 26

R T HE AN VLA AE b B E H I Bh Ak
L3 AT 3 A TR S A O 5%
BB BRI 20 A 0 R R B3 A, 5% W v L A 5]
13a) 7R, #2280 FR 224 b i Rl ok =8 i 0F 101 A
JETCE L34S AT LR B, Tok gk | i T4
PR A, S it 2 30 DX I 3 v ()4 BT
FEUE 3, A5 R % 37K 7 £ Ak 43 50 0.008 Al
0.014, JCH™ A, i TR AR E L,
TCI 2 T 2 30 X 3 3+ i) e 05 s B A o
18, 73 9% 0.006 F1 0.011, 3X 5 38 i % 5h R 50
St —3. R, =0.5%} KRN R BTN Bl X
B R 3 ETEE 0.012 1™ H AP s (45 18 i
] B R 3l B TFE) 0.018 3t 55 1 R O 3 R 8
oA —2, BIL, R AAR A ™ AN (U T
TR 0BT R AR 2 A
1AL T A S



B, A5 A g™ RS B AR W T W RUET Y 135

§igin higin
a) endwall

i
C) R=0.5%

B 13 Smdsih O 5% mEi s 258

S, B8 AL TS T I, ok AR
AR ER HRE0S T 16] % 1 O s 3 e
BRI 1090 M- 7 3 [ 3 16] 4 B2 28 DX AR E 10 3l
5o O R T B L RS e ) 45 Y 1 R 2

&’

ARSCAEA R B R A g RS b

Ui 1) g Z TB] 9 AR RE W T RO AT T RS,
RS T B SRS L 307 5 7 4 ) 320 A A E
RS2, FEESRIT

1) B 3 T g ™ U A S ZE A R
3 A AL 0 A e SR, AR T R s A
W e > BE R S A, 5 RS 1 T A T e AR
GBS B O A e
X I T T A ] [ R O ) B 2l 6 B8R SR Vs e T

MHIFER , B 25 1) 109 M i 3 R 3 30 DX 3 A e
SE W LB

3) JCE IR, KR AR e R i R Bl
SN IBIZE A B 7 A N, O EL 28 AR BR
P R AL A S 16 g 1 A St
KACHREAL, HBE )G, ok AR TARBE
FE R AN [ M MAE 1T AR AL PR 5 A X
T BIE M, B BRI, ok AR

AR IR, 2 168 B S JBE XA T USRS

AR IR R AN W)y, ok 8 R E 1 B ™

2) B TSN AR P bk DRSO, 12 AR RS AT

R AR, R RAAR AL T F 0 R X

SEH

(1]
(2]

[3]

(4]

(5]

(6]

(7]

(8]

LIU Huoxing, AN Yuge, ZOU Zhengping. Aerothermal Analysis of a Turbine with Rim Seal Cavity[ R]. ASME 2014-GT-25276
SONG Liming, ZHU Peiyuan, LI Jun, et al. Effect of Purge Flow on Endwall Flow and Heat Transfer Characteristic of a Gas
Turbine Blade[ J]. Applied Thermal Engineering, 2017, 110(3) : 504-520

JIA Wei, LIU Huoxing. Numerical Investigation of the Effects of Rim Seal on Turbine Aerodynamic Design Parameters and End
Wall Flows in Low-Aspect Ratio Turbine[ J]. Computer & Fluids, 2013, 74(5); 114-125

ZENG Jun, ZHANG Weitao. Numerical Simulation of the Interaction between Rim Seal and Main Annulus Flow in a Four Stage
Low-Pressure Axial Turbine[ R]. ATAA-2015-3416

POPOVIC I, HODSON H P. The Effects of Parametric Variation of Rim Seal Geometry on the Interaction between Hub Leakage
and Mainstream Flows in HP Turbine[ R ].ASME 2012-GT-68025

ONG J, MILLER R J, UCHIDA S. The Effects of Coolant Injection on the Endwall Flow of a High Pressure Turbine[ J]. Journal
of Turbomachinery, 2012, 134(5) . 051003-8

BOUDET J, HILLS N J, CHEWS J W. Numerical Simulation of the Flow Interaction between Turbine Main Annulus and Disc
Cavities[ R]. ASME 2006-GT-90307

PANIAGUA G, DENOS R, ALMEIDA S. Effect of the Hub Endwall Cavity Flow on the Flow-Field of a Transonic High-Pressure



B
gl

136 PEode T ok ko o i

Turbine[ J]. Journal of Turbomachinery, 2004, 126(10) ; 578-586

[9] JENNY P, ABHARIR S, ROSA M G, et al. Unsteady Rotor Hub Passage Vortex Behavior in the Presence of Purge Flow in an
Axial Low Pressure Turbine[ R]. ASME 2012-GT-69256

[10] REGINA K, KALFAS A I, ABHARI R S. Experimental Investigation of Purge Flow Effects on a High Pressure Turbine Stage
[J]. Journal of Turbomachinery, 2014, 137(4) ; 041006-8

[11] SCHADLER R, KALFAS A I, ABHARI R S. Modulation and Radial Migration for Turbine Hub Modes by the Rim Seal Purge
Flow[ R]. ASME 2016-GT-56661

[ 12] BEHR T. Control of Rotor Tip Leakage and Secondary Flow by Casing Air Injection in Unshrouded Axial Turbines[ D]. Dresden:
Dresden University of Technology, 2007

[13] SCHUEPBACH P. Influence of Rim Seal Purge Flow on Performance of an Endwall Profiled Axial Turbine[ D]. Swiss: Swiss

Federal Institute of Technology, 2009

[14] 5KfhkE, DR, BGET>TRIHR 5 TR WA R ¥ BUEATFT[T]. AR, 2014, 35(4) : 470-478
ZHANG Jinghui, MA Hongwei. Unsteady Numerical Investigation for Effects of Rim Sealing Flow on Performance of a Turbine
Rotor[ J]. Journal of Propulsion Technology, 2014, 35(4) : 470-478 (in chinese)

Numerical Investigation of Unsteady Interaction between
Rim Seal Flow and Upstream Vane

YANG Fan, ZHOU Li, WANG Zhanxue

(School of Power and Energy, Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: To investigate unsteady interaction mechanism between the rim seal flow in turbine stator-rotor cavity and
main flow, detailed unsteady numerical simulations of the flow field and unsteady characteristic of the vane were
conducted under different rim seal mass flow rate. The results show the blockage effect resulting from the egress flow
leads to the pressure to increase and static entropy to reduce on the latter half of suction side near the hub. From the
case without a cavity to R,=1.7%, at 5% span, the maximum pressure coefficient increase on the suction side rea-
ches 6%. Moreover, the blockage effect causes the velocity to decrease at vane exit. Furthermore, the rim seal flow
results in the decrease in lateral pressure gradient, causing the strength of hub passage vortex and hub trailing shed-
ding vortex to reduce. Without rim seal flow, the ingress flow contributes to decreasing unsteady fluctuation from the
hub to 10% span. When there is rim seal flow, unsteady fluctuation continues to reduce due to coupling effects of

the egress flow from the ingress and the egress flow form the cavity inlet.

Keywords: cavity; vane; ingress; egress; unsteady
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