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Influence of Rim Seal, Shaft End Seal and Unloading Hole on the Axial
Force of Rotor-Stator Cavity

DU Xiangyu, JIA Xingyun
(College of Electrical and Mechanical Engineering, Beijing University of Chemical Technology, Beijing, China, Post Code; 100029)

Abstract; In order to solve the problem of difficult adjustment of rotor axial force occured frequently in a
gas turbine test process, based on a direct dynamic test method for aerodynamic axial force of rotor-stator
cavity, the influence law of rim seal radius, shaft end seal structure and unloading hole on the aerody-
namic axial force of rotor-stator cavity was studied systematically by comparative experiments. The experi-
mental results show that the axial force of the wheel disc decreases by about 74. 1% when the radius of
the shaft end labyrinth seal increases from 22 mm to 42 mm. Compared with the straight comb tooth, when
the shaft end labyrinth seal tooth has a 5° inclination angle, the axial force is reduced by about 71.1%.
When the clearance ratio of the shaft end labyrinth seal increases from 1.14% to 1.82% , the axial force
decreases by about 87.7% . In addition, the circumferential arrangement of unloading holes can also re-

duce the aerodynamic axial force by about 50.3% . The research results demonstrate when the axial force
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of the gas turbine rotor is unbalanced, the axial force of the rotor can be adjusted effectively by adjusting

the labyrinth seal radius, inclination angle, clearance ratio and increasing the unloading holes.

Key words: gas turbine, rotor axial force imbalance, rotor-stator cavity, labyrinth seal, unloading hole
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Fig. 1 Illustrations of aerodynamic axial force test bench of rotor-stator cavity
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and flow rate of rotor-stator cavity

4.2 HHIRE S B H SRS E 18970
ARG HT AT R R0, BRFEHILES 7k 1) g % 48]

o s TR B 2 B R S ) R e v L e A
FER R SR 5 1 T E] B A T 1 T R R
FEIA R 2R By % B 2K B B U7 TOU R B LA SAN TR
BB A X — BRI S Sl 1 S aE

Al ity o 2 A A X Y R 2 R )
HNEBEREMW, F 48R TR E w5
s s, IR 4 Ca) AR, Y5k ok
EHEAEM 22 mm BERE] 42 mm B - F RN
(R e FE F1 N 6.5 kPa FREH] 1.8 kPa, [ 2
72.3% ;A ERCR Bl R g 79. 5N 9820 F] 20.6 N,
W2 T4, 1% ; 24k 22 38 il o ok 8 %% 242 31 62
mm , 5 — SR N B B R RS 1.6 kPa, 7=k
1) fe R ) 18/ 3) 16,0 N,

—un— a=22mm, 3=1.14%, 6 =0°
80 e =42 mm, 3=0.60%, 6 =0°
A a=62 mm, 3=0.40%, 6 =0°

i 7
60 P
Z /
E 40 - -
& /‘
20 + oY
A
&
| | |
0 2 4 6
JE S1/kPa
(a) b1 7T H504E
— = @=22 mm, B =1.14%, 6 =0°
18 L e =42 mm, 3 =0.60%, 6 =0°
A% Ao 4262 mm, B=0.40%, 0 =0°

ME/m? « h!

12 /'
JEF1/kPa

(b) FERIEE

B4 HREZEHERMNE -BERMRNEREN G

Fig. 4 Influences of labyrinth seal radius on axial

(=)
)
A
=N

force and flow rate of rotor-stator cavity

HITE 4 (b) R il ok B 4 0242 0 42 il 62
mm FIRI LR — I oA s ) AR A 1 00 T ot
SR 5 T i 2 AR 22 mm 1RSS4 AR
R, IR , AL A A AR B 3
Ry 2 R 2 A 2 W T A B U T AR



556 M

Fhiml T, 45 FE G B Tl o e S FL G e - 2 A e v B 2 - 131 -

MR I e - R N AN
SEEORBIRZE I sl il ) J1 8D

P 5 R 1 Dk T[] Bt AL 147 (6 Tl 170 7 -5
EHEORATEPIRE

—a—a =22 mm, B=1.14%, 0 =0°
80 F —e =22 mm, B=1.14%, 6 =5°
—A—q@ =22 mm, B=1.82%, 6 =0°

/
60 - /./

Z

E 40 1
&

20 | ././
&£
0 2 4 6
JE J1/kPa
(a) Bl F1 I HHE

—a— =22 mm, B=1.14%, 0 =0°
e =22 mm, B=1.14%, § =5°
— A =22 mm, B=1.82%, 0 =0°

18

WiE/m? « h!

14 |

wj[ /
|

Iy
/

12 |

1

0 2
& S1/kPa
(b) MR LR

6

5 ETERRE R SR - fRRE AR
RERFN
Fig. 5 Influences of tip clearance and comb tooth
inclination angle on axial force and flow rate

of rotor-stator cavity

HIEL S (a) AT, 24 B = 1. 149 i ok 5 %
FROE BB FE A 0° 38 131 SOENF s — 4 14 1) 0
JEIIN 6.5 kPa FFEH] 1.9 kPa, FEAIEZ) 70. 8% ,
AR R J7 e 79,5 N /D F] 23,0 N, D2
71 1% A5 K B B HE TR 0. 5 mam 3
IEN0. 8 mm B, B B 1 1. 14% HEANE] 1. 829% B, %
— F I N A B R SN 6.5 kPa %31 0.7 kPa, [
1624970, 8% , 7= W JEe KAl S 1 79. 5 N k> 51
9.8 N, VA/LL87.7% . HIFE 5 (b) AIAI, 15 TR
H0.5 mm(B=1.14% ) Wi 0ok e
BRI e 630 2K 2 35 RO 160 £ 8 K 1) 5°
SR D 2B B TR ) 0. 8 mm (B =

1.82% ) i A5 5% — i il ie B /e B 1 T
AU AR, IR R 3 R Tk B
R TUT[A] Bt 2 0 2 08 T it e, T A 5o T ) i
A T A S ) A O 1A X L2 B0 T
i SRR N AR 28 HBEAEFR B AROK -, 77 A A Bl
CIPARVR 52 NS Y A - bu Y= A 2 N LT 2y
1507 RE 6 1L k28 s s T 2, DA T 52 Bk 1) g 19 v
BRI
4.3 AEREEhEENEFL X S BhHA A 1 B R0

Kl 6 S/ JoEnfar £ % — 28 i ) g B

O .

—n— AL
80 | o AEHAAL
z 60 -
-R
=
& 40 P
/.
/
20
1 1 1
2 4 6
& 71/kPa
(a) Hlire) 7RI s
= AL
18 1 [ o AEIRFFL

16 /

WiE/m? -« h!
.\.

12+ /

2 3 4 5 6
FEF1/kPa
(b) W EIXBHHE
Eo #RAE/ETILITE - &M E N RREMZIN

Fig. 6 Influences of wheel disc unloading hole on

axial force and flow rate of rotor-stator cavity
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