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Numerical method of flow and heat transfer characteristics
of brush seals

LI Hao, SUN Dan, ZHAO Huan, ZHANG Guochen, FENG Yuzhong

(Key Laboratory of Advanced Measurement and Test Technique for
Aviation Propulsion System, Liaoning Province,

Shenyang Aerospace University, Shenyang 110136, China)

Abstract: Numerical methods for the flow and heat transfer characteristics of brush seals
were studied, and the porous media, steady-state solid and transient fluid-solid-heat coupling
models of brush seals were established respectively. An experimental device for leakage flow char-
acteristics of brush seals was designed and built. On the basis of verifying the accuracy of the nu-
merical method by experiment, the differences of three numerical methods were compared and
analyzed, the flow and heat transfer characteristics of brush seals were studied. The sealing and
heat transfer mechanism of brush seals was revealed. The research results showed that: under
the working conditions, the error between the leakage calculated by brush seals porous media,
steady-state solid and transient fluid-solid-heat coupling model and the experimental values was
9.8%—17.1%, 8.1%—10%, 6.92% —9.01%, respectively. The calculation speed of brush
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seals porous media model was faster, but experiment was required for correction of the porosity;

the turbulence model had great influence on the flow and heat transfer characteristics of steady -

state solid model; the transient fluid-solid-heat coupling model considered the interaction among

flow, bristle and frictional heat, and the calculation accuracy was high, but the calculation time

was longer. At the same pressure ratio, the temperature of bristle pack gradually increased from

upstream to downstream, and the highest temperature of bristle pack increased with the increase

of pressure ratio. The main reason for sealing of brush seals was attributable to the throttle effect

of air flow through brush wire gap resulting in energy dissipation of leakage air flow, and the con-

vective heat transfer between the leakage gas flow and the brush wire surface was the main form

of friction heat dissipation of brush seals.

Key words: brush seals; flow and heat transfer characteristics; porous media model;

steady-state solid model; transient fluid-solid-thermal coupling model
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Fig.1 Flow and heat transfer calculation process of

brush seal porous media model
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brush seals steady-state solid model
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Fig.3 Flow and heat transfer calculation process of

brush seals transient fluid-solid-heat coupling model
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Table 1 Structural parameters of brush seals

FEELH SR HfE
il #2 FL 4% /mm 0.08

il 22 )5 /mm 1.80
il 22 £ /mm 11.0

il 22 HE 51 ] B/ mm 0.008
Jo BARJSE BE /mm 0.50
¥ HZ/mm 129

T it /mm 0.20

Ja AR AR B /mm 3.00
AHE R 2255 J5 B4 Al 1 [ B /mm 0
405 % /mm 1.00
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Table 2 Calculation value of boundary condition

R AR SRS S

#EO R E 0.15~0. 40
HE R /K 290.0
1§/ MPa 0.10
AR E /K 300. 0

P A E 1.5~4.0

A/ (kW /m®) 836. 15~4 968

%/ (r/ min) 20 000
W A UL PR 5 A I /ms 4.0
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Table 3 Porosity correction of porous media model

JE 16 IEHir AL B 3 & IE J FLERR
1.5 0. 266 0.257
2.0 0. 266 0. 249
3.0 0. 266 0.240
4.0 0. 266 0.231
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with different numerical models
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sealing mechanism
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Fig.13 Temperature distribution cloud images of bristles

domain for different numerical methods of brush seal
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