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Abstract: To study the impact of clearance variation on the leakage characteristics of rim seals, a
test rig on measuring rim seal leakage performance is established. The leakage flow rates of the
rim seal are measured when the pressure ratio ranges from 1.1 to 1. 5, with axial and radial
clearances varies by =10% and 4=20% , respectively. Numerical methods is used to analyze the
mechanism of how axial and radial clearances variations affect the leakage flow. The results
indicate that both the leakage rate and leakage coefficient of the rim seal increase with increasing
the pressure ratio, but the increment rate slows down with the increase of pressure ratio.
Notably. the trend of leakage coefficient slowing down with the increase of pressure ratio is more
pronounced. As the pressure ratio increases from 1.1 to 1. 3, the leakage coefficient is increased
by approximately 35. 8%, while the leakage coefficient is only increases by 17. 3% as the pressure
ratio increases from 1.3 to 1. 5. The overlapping section of seal teeth is the main structure that
affects the leakage performance of the rim seal. Hence, under the same conditions, the variation
of radial clearance has a greater impact on the leakage performance of rim seal than the variation

of axial clearance. Compared to the leakage rate at the design size, a 10% increase in the axial
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clearance would result in an average increase of 2. 0% in the leakage flow rate, while a 10%

increase in the radial clearance would result in an average increase of 5. 4% in the leakage flow rate.

Keywords: gas turbine; rim seal; leakage; radial clearance; axial clearance
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Fig. 1 Schematic diagram of the experimental system for the

rim seal leakage characteristic
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Fig. 2 Test rig for the rim seal experiment
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seal experiment
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Fig. 6 Comparison of prediction results with different turbulence

models and experimental result
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Fig. 7 Comparison of measured leakage rate and numerical

results at different axial clearances

=11, %5 THRA
® =12, 5 G A
A =13, 5% 3, PR
vV n=14, 4 TR
7=1.5, S L5 gL - a=1.5, i 5Ta
0.9
0.8
~ v
@ 0.7 : -
& Y. - V- - A
< 0.6 — — 7 .. -A
~ A .- A- -
sy R
=l ee——- -o-—" """
E 49— "®
= D &
03gp--="" ac ™ W
02 1 1 J
0.8w 0.9w 1.0w 1.1w 1.2w
Al ) B

&l 8 A[FIAR In] [ Bt it Js dt 45k S0 30 45 R 5 TG4 R L
Fig. 8 Comparison of measured leakage rate and numerical

results at different radial clearances

AR FE R o [ 0 N 38 DR 8 5 3 2 119 3
T FR AL B 22 38 K, DA B0 O U RGO Lt
ST 4 it s 90 S 25 v i 1) (] I s R 10 06
Ui L - 20 2. 000, A% 1 8] B 4 O 10 06 i
VRARIG R 5. 400, nf DL AR TR) 49 0 T A2 A% [ [8] Bt X
RS B 0 M T P RE R I L X R RO O
5 AT 0 T A T 0 R DA A 2 A IR K L P
EDIEI R PR RN RN A SRS )i IPN
P8 52 M o AT X it s 37 2 B R R
3.2 RETHMERYSHEERKYXER
TR 25 K ot T O 1, PRAR O R g
R AN RN
* 2/k (e +1) /x
) ()]
(3

2K
—1

myq —

«/Rgrlﬂo)$ /\/K




%5 ZEICEE A () B A X 2 % e i U L 3 R M ) S 125

Ao A HRIBGE R E A T, Ak 0 RE; Py it
MRV s R, J& AR H B e S 8 1 R BN

T I 2R B[R] — 7R LT 28R SE B itk Js 3 1 5
AU IR U B 2 b, S T B 4 R Y R RE T .
b o AR SCR TG 1 40 it U R B0 o R S % 8 B Y i
TRFEESEATIESE o AT AT A X

m /T
T TPA
A= (5)

S m Ry A S B A T U O R 5 A R () BRGE
M ;e = 4. 88 mm A A B ;7 = 320 mm 3L 5
1 J m K B

K9 Btz m BB 1. Ow B, A R & L T it I
FR ORI 147 1) 4 it A ) ) B 1) A8 Ak il £k, HE v 15 )
REER 1.3 R A-A B 2 07 BME , A-A #K
MAEER 4 e S, B9 A, % 3t s R
BB A R B 1S T 3 R, E B R Y R B B Y
BRI GE . qhm E Bk 1. 0c B, DL 1.3 JEH Y
M R B 3 R 1.1 38R 3] 1.3, s R 5%
BaK 35.8%, MR LM 1.3 B K3 1.5 B, il &R
B R 17, 3% 0 & X — B4 2 2 2 Tk
N8 TN P UK GRS N AIE N = N s = 2| I E I 1k
R MK o T A e A R R B KA T AR A 4 T
P IE BB R A i D DX LA R B i ) B30 5 A Ik B A
FE T R, DT 7E 58 i R HL e 3t s 2R 200 2 R4 K
PO 2R LG

4

-m-- 7=1.1 ——— =12
-A-- 7=13 —y—- =14
=15  —@--- WIEE 150
" c— S0 {1407
“A. \ - .
T A b 2 £
- s <
2 T T A HR
e 2
i Te~ 130z
VARt S -
~-me.__
m
1 1 1 120
0.9¢ 1.0¢ 1.1c p

e [ BT
B9 ORTR R He T kO 28 %505 e r) R e 2l 1) ) B
(PR
Fig. 9 Variation curves of leakage coefficient and
velocities between teeth with axial clearances

at different pressure ratios

AR TR I LT it T 2 250t i i () B2 A 3 K i
W /1N il i TR R Y R 1006 il U AR BCF 2 9800

zkxb. xjtu. edu. cn

6.3% ~10.5% . SR, 76 B A7 52 50 B, 0 45 1) 1 I
Ui 2k i o it v D BT %) 3 T 4 R, 3 X — R Y
2 PR Al ) [ R K 5 S0 A D AR G K, TR
F1%) 380 3 T R A R O A A K. PR AR B i 2k
T3 B AT 1A ) S RE K, A A5k U A TE B B R
PN P U Bl 451 % 15 R, DA T S S0 U O Y 3 R R
EVINS R ATRAE: DN S W E DRSS B8/
/)
3.3 REEHERRHASEEEKRNXER

Sk BIE 5 A ] ) Bt R %o 4 it it s AR P %) B2
AN T Al [ B A 1. Oc BF AN TR) R BB R ik U
FAE 4 ) AR

B 10 AT LA Y, Bl 3 A2 1 [ B A 384 K, it U
FOBCUL G, RIVAR [m) ) BB, 6 % 5 B 45 1 1) %85
PEREBE 22 . F A 04 3 S P W] L A ) [ BER /)N L AH
R NNl TR E3 2 N S B e % A A S T T
B AR 28 0ok %8 AT I AR A B R A A, DT 7
B DL T BOE B 0 g A i O 3 R
(4 R B 0 2R B3 0 A% S B . PR Ok i O R A
SRR bR N1 NS < I OB S S 1 B 95
1 ) B 388 R T /N AR AR I T X — B, AR A TT
DL T R R s L i AR Ak R A 5 7 i g fi) B
i —3,

-@-- n=1.1 ——— =12
-A-- =13 y—- =14
0.07 =15 - - VMR
0.06%.
\‘7,_-5, V- o
% 005 Ak N :
% Ses g £
§ - — - - _\& =
Z004f — ~ bi]
N =
_____ m------E-"N i
0.03pg-----" -
0.02
0.8w 0.9w 1.0w 1.1w
A2 I ) B

10 A IR He Ho T T J 2R 25 1A ) 3k B2 i A2 v 1] B 28 Ak
ith &

Fig. 10 Variation curves of leakage coefficients and velocities
between teeth with radial clearances at different

pressure ratios

3.4 BRETHREEEREEHERXA

ARTTWITT T 48 G B I 5 i 1 B 4 5 [A] B2 Al
(ORI L R IBCBURL TR BE SR 1. 3 B S ) T B M P
PAK(VSEIIIE




126 [N .

PN

%559 %

B 11 L 1.3 B, A () Al g 5 A28 ) () it 285 3
JE = W R AR R £k L Horb P, O S TR R I SR T
H I 11 AT DA A ] () B el 3.4 MR )
BEAR—0, 3 5 KA R E T, R B ) B A2 Ak i A2
oo SN, BB EERIAE 1.2 M0 5 8] i TR F G KT 2,
3N AN, AE 1.2 T A IR R OT X Ok R R
79. 8% UL L 1% B 45 44 YT AR T B R A TE
JEM A5 1.2 Z 080 00 78 R0 3 2 I i S
B TR AEH .

T 11 ) 51 11 (h) BT LLF H < B 25 il 1) i)
B A 38 A, 102 I T AR 9 K, K 14, 300
2.3 N A TR] 14 848 AR O 9 /1 5 i 5 A8 1) T B ) 3 K
1.2 100 1) A He BB s/ o s/ 15. 86,23 1 A4 [
8y e 38 R IO 48 R ROk I Tl 1) ) B A G R L 1.2
T V) P 4T 0 A0 007 38 L 6 I A-A T A ) 9
KA [ (] B A 5 Z A

1.4

L3p—a——a——8—=
—— R R

- 12 F —o- — RN 2
i -A-- BIENILD
oL v mERA
0—-—-_._____. _____ ~— —. —o
. T W PR
09 1 1 1 1
0.8¢ 0.9¢ 1.0¢ 1.1c 1.2¢
Zal e 1)
Ca) A [vi) il 1] ] o 28 s 5 28 A T 4R
1.4

—a— R
- 12 e — TR

v -A- - RS
KO i DY B
@ — @ — - —- PR
) P
0.9 . 1 1
0.8w 0.9w 1.0w 11w 1.2w

Pl T
(b)) A [7) 42 1] Ta] i 4 ot s s 7 728 e ith 2
11 TR 1.3 A ()l 55 A58 ro) 1) Bt 2 0 ff 2 I
Al 2k
Fig. 11 Static pressure variation curves in the sealed chambers
with different axial and radial clearances at a pressure

ratio of 1. 3

3.5 BEFHABRFBON

S ST AS ) R LT 8 B I 2= N B O R O 3N 1
BB 12 gyl TR RSP 3 AN B B (1. T
1.3 1. 5) I 25 B R % /P T A R R B I . AT

zkxb. xjtu. edu. cn

AT LU Y 00 O 28 %% 147 I A 2 B = B s —
AR T8 1X, 28 5 i e X I 1A 3 I 2 PRI
FRTEH B TR A i . el X — i AR R g B
FAT B o] Tt i H S AR E R, B
A o Bl A L R, % 0 T A O o R L 1L 5
JE FC IS U5 1R] 5 B e KT 3k 336 m/s. 0 1.1 FEHETR
W T R e KAV 130 m/s. PRI, 5 3 2 A9 9 1A
2ok % s AN 7 A R B0 i I R OO . LI A
DL B 7 A B it AR OO AR L T L R R
AN UN TR UNZB R 2 i ie @ IS 5 i e S I
F, AT S 30 9 57 10 ki 2R KR0S K R i

AR NITITR: N
HE @ s @000 e
0 75 150 225 300
% /(m s

(o)r=1.5
12 B [EIBR 1. Oc BN [R) b T %6 2k 25 5 4 1 3l
Al

Fig. 12 Velocity distributions in the meridional plane of the

rim seal with an axial clearance of 1. Oc under different

pressure ratios

E 13 2K 1. 3 B A [R) il 1] 5 428 ) (6] BiR 25 &
BEETFFHEE K, HE 14 (b ()T LA
B 25 g TR) B A B K, 2 o B R OB AR




5 5

ZESCHE LA ) B A8 X e 2 4 3 T AL 3 A A 1 S 127

Z M2e5d A-A T Ab B 3 R AR AE DT 5 2L
PR AR L AP R BE R R . IR 14 (DL (e
(D AT LA i B A28 1w () B 3 O i R 2 id A-A
AR ALk 114 308 L TR BR0G OAC  [RD AR o 30 % ™ A ) E [ 3
DX Jal 1T BRI R T 3 O O A 3 R A AT A O R
UL AT T A P9 P 2 3 T2 D/

| e

0 7 150 225 300
HE/(m e s™)

5
A
' {

() Fl i [F R 0. 8¢

r

() Jfi 1] [i] B 1. Oc

(ORI AR 1. 2¢

'\\'\
>

(DA EE 0. 8w

r

(&M AF 1. 0w

zkxb. xjtu. edu. cn

(DR AP 1. 2w
F13 FRL 1.3 B AN [ i 1) 55 428 o ) Bt 285 3 1 = /T THT
=K
Fig. 13 Velocity contours in the meridional plane of the
sealed chambers with different axial and radial
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