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Abstract: In order to investigate the impact of shaft elongation effects on the leakage and friction
heat transfer characteristics of brush seals, a numerical model for the leakage flow and friction
heat transfer characteristics of brush seals considering shaft elongation effects is established. The
flow and heat transfer characteristics of brush seals are analyzed by numerically solving the three-
dimensional Reynolds-averaged Navier-Stokes (RANS) equations and the local non-thermal
equilibrium energy equation of the porous media model. The nonlinear contact and shaft

elongation characteristics of brush seals are examined using the finite element method to explore
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the effects of different operating conditions such as rotational speed, pressure ratio, geometric
parameters like the radial gap between the front and rear plates and the shaft on the leakage flow
and frictional heat transfer characteristics of brush seals. The results indicate that when
considering shaft elongation effects, the leakage flow of brush seals decreases, while the
maximum temperature of the brush bristle bundle notably increases compared to cases where
shaft elongation effects are not considered. The leakage flow of brush seals increases with
increasing pressure ratio and the radial gap between the front and rear plates and the shaft, but
decreases with increasing rotational speed. As the pressure ratio increases, the maximum
temperature of the brush seal also increases, but the average temperature of the brush bristle
bundle decreases. With increasing rotational speed, the maximum temperature of the brush seal
significantly increases, with the maximum temperature of the brush bristle bundle increasing by
min ' to 4 000 r e

approximately 86% as the rotational speed increases from 1 000 r min '. As

the radial gap between the front and rear plates and the shaft increases, the maximum
temperature of the brush bristle bundle first increases and then decreases. This research offers
valuable insights for analyzing the flow and heat transfer characteristics of brush seals under

operating conditions.

Keywords: brush seal; flow-thermal-solid coupled model; leakage flow; frictional heat transfer
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Fig. 1 The brush seal finite element model

18 3k A PR AR B T A B R 22 5 T R
I3 ACABESE R B35 2 2L B

Qr = NFU (1D
_Q
a0 =y (12)

A N AT N ) 22 ARBG Fe O SRR Y 22 5 5%
ol TR BE 42 T3 s U O T el T R R 5 g Oy E AR RO
JEE 5 A A Rl 22 55 T Y v 42 f i AL

) 22 S B S 2 AT 1% JE 4% A 2000 6 A4 Rl 22 B
5 e B iR R T vy B T D RS AR BE 0 A R B 2 e AR
R 1. R ANSYS WORKBENCH #fF# T
FRh AT FROCAEE Y, A&l 2 BT 7s o 5% R e Bl i
4 PR AL A5 B e e B O AR A B ) &
HO AR AP AR T B (R R (8 5 Al A 1Y
EENE,

- pw
AR 4E(1 — )R’ (1%

R

AR, :J an T(r)Rdr (14
0

Ar = Ary + AR. + AR, (15
A ARCVAR, 43 5l O 0 3 RN ) 5 B fif
Kosp N B S E 0 B Tl R B A s o0 O B Tl e
o HIAAREE s R D9 HE A2 5 e O B Sl b1 A9 F
YLK AR B T Gr) g T Tl il J3E B9 422 18] 0 A1 bR KL 5




48 [N .

PN

% 58 &

Ar Arg 535038 1T B R 22 98T 95 8 RN 9 3 i 22
WT ¥,

2 () Sy B A R SR AL, 1] 2 (b) L R L
K 3R 2 000 ¢+ min B, R 22 R SR T
W E MR 220 0. 2 mm # K F 0. 55 mm,

i it /mm
0.350
0.310
0.270
0.240
0.200
0.160
0.120
0.086
0.048
0.011

Ch) e fh A< 25 (L 2k 2 4

() TSR A
PR 2 ) 22 3 2 T e A BR TR Y

Fig. 2 Shaft elongation finite element model of brush seal
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Fig. 3 Brush seal friction heat transfer diagram
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Fig. 13 Variation curves of the F; of bristle pack versus

pressure ratios and rotational speeds
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