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Simulation Research on the Performance of Brush Seal Considering
the Effect of Friction Heat
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( Faculty of Mechanical and Electrical Engineering, Kunming University of Science and Technology , Kunming,

China, Post Code:650500)

Abstract: A three-dimensional ideal slice model of the brush seal including the rotor was established,
and the temperature field distribution of the brush seal and the rotor under different working conditions
was calculated through the commercial ANSYS series software. Based on the thermal analysis, the ther-
mal structure coupling analysis of brush seal was carried out. The results show that with the pressure
difference increase at upstream and downstream, the leakage rate of the brush seal increases gradually.
With the increase of the rotor speed, the leakage rate of the brush seal shows a slight downward trend.
During the temperature rise of the brush seal at the beginning of the work, the maximum temperature of
the brush seal firstly increases with the increase of time and reaches a stable state finally. There is mainly
adhesive wear between the bristles and the high-speed rotor. With the increase of time, the wearing ca-
pacity of bristles increases and the wear rate decreases.
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Fig. 2 Brush seal structure
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Tab. 1 Geometric parameters of brush seal model

i ¥oH
Tl 22 et 6./ (°) 45
M2 B d, /mm 0.15
il 22 [ B 6/ mm 0.05
fi 22 1< JE/ mm 7

¥ UF {47 ey 1/ mm 1
B PR G/ mm 0.2
il 22 HEH N 8
A dy /mm 37.92
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Tab. 2 Boundary conditions of brush seal model

Z # B
H A E A/ MPa 0.1~0.5
ABES1/MPa 0.1
H R E/K 300
ALRE/K 300
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Fig. 4 Schematic diagram of brush seal heat transfer
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Fig. 5 Thermal structure coupling model of brush seal
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Tab. 3 Parameters under four working conditions

T JE2 Ap/MPa 22 WK,/ MPa « m ! i & E Ar/mm R o/m e s FEHEHUGT R O/kW + m 2
1 0.1 271.45 0.206 25 5.95 99.94
2 0.2 542.90 0.256 25 11.91 497.07
3 0.3 814.34 0.306 25 23.81 1781.4
4 0.4 1085.79 0.356 25 47.63 5527.2
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Fig. 6 Temperature field distribution of brush seal
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Fig.7 Temperature distribution of bristle tip
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Fig. 8 Temperature field distribution of rotor
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Tab. 5 Friction heat flow and rotor thermal

expansion volume
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0 0 5 527.2
1 0.0259 5929.0
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7 850 502 8523 48.9 44.2 41.9

Z8 it R A TG IR AT 6 R A 22 4 e IR
BRSSO B ES RS
WEERE4. HP5IK4 )R Haynes25 /Fh—Fp

3 RIXBHBRS N

ISR 2P LR 9 B0
RN . TS5 O S 8, JE T
MR B AT HUBE RS U B 2 2
BSOS A A, AR AR LS
BRI (RS RR T SLTTR KI T
A BT - RO L

T R R R A
RBLIBIS 40 5146 7 B0 B 5t 0 L B L
B O 5 30 0 7 B T o
FHMRBREL, I TR, A, 20
P, HHT I SR SRR B B T
FERIE 56T —EAAGIES AL, 90
it AV, TR BB B
o (4)

H
Sf €, —BLBPRBBUR G F, —RIL 557
BRI 11415 H— A BDR RIS AL, = o
Ar, A — B )7 R AR BB 49 1
BB, AP BB R IR

AV, =C, -



»52- o @ N TOE 2022 4

ZUGHEC, =1.2 %10  mm* /(N - m) ,

(b) T-582

(¢) T.]E3

(d) L4

B 12 RIXZHBRERES
Fig. 12 Stable temperature fields of brush seal

hil 22 v B R e 1 F, AT S
K1
3w Ed

F,=>".
n 64 £3 Sinngr (5)

b od, —hil 22 B L —h 2209 B H & 5 Ar —il
2 SRR R E R 22 AR R SR
Tl BB BTN BT 22 MU K, S5l
Ar 1) PR AU oI ) F
il 2 s A B A LA ) B 75 30 R 22 S 25
FF ] AL AR ) S 457 40 a2 1R
AV, C, K, +Ar-v
At H (6)
4 Ar FIE T 0 i, A5 (6) A8 A 22 5 1A TR
5 o ) 4 0, 38 e AR 43 T A5 380 ) 2 o B i 4R AR

B2 A
K,(Ap) - Ar(t) - L (1)

¥, =€% 0T (7)
K C—HE RZNIE K, S5E2EA K, 2258
B HYSEETAHX, SRR A SHMAE L AR
6] ¢ ) pRER

6 25 T il 2244 K} Haynes 25 7EAS [ iR BV
Bl PN ) PR R, AR 4 b T 000 Xl 22 BE AR 3 30
P A5 R mE 13 iR

% 6 Haynes 25 ¥piEi4 g™’
Tab. 6 Physical properties of Haynes 25!

HE/K PR A/W - (m-K) ™' LKA 107 K
373 16.7 12.5
473 18.0 13.0
373 19.7 13.5
673 20.9 14.5
0.6
—a— T
—— T2
0.51 —e— T3
—v— T4
B
£
B | rerrenrrTITYTTTTTTTTY TR YY T YT TYYYYY
K
B T e sk Ak
it
H
=
1 L i

fif [a]e/h
13 Fl 22 R4 1< BE B e 181 2240 o 2%
Fig. 13 Variation curves of bristle wear lengths with time




52 1 e, 5B

JRE JEE MO0, ) Rl 2 B RE O ELBF O

« 53 .

SR, B TARRH B84 m, il 8 B9
A R AR H T, (ELRG 22 B BB A0 R T R Rl
LA BEAE TAF 10 h R B #AEIRE

4 # g

HEL TSR TR =40 R RS, 7 ANSYS R
FHRSER A, % i 20 3 g B4 o0 BT R DL R AR —
SitaR e BT U R ag

(1) i 0% o ) ot s e 2 2 52 Ul s 22 R i
AT e o 5 | 4 FEE AR A A9 TP %o X it e
SRR ELAR . (PR B P AR i ) 1 T2 Tl R 22 P
01, PRI 27 75 1 R A PR A 7 %o il =% et B 1
PR R

(2) FETAEFFIR BB, th 5675 Il 22 8] 7 A=
AR B A S B TR th w0 46 =R 2 R BT
fEHRENRATE . ¥ Tt — 2P R BE SR AR 2, Rl
SO B i g IR E B A R I 1] ) 38 A 2K B

(3) Ml o St A B 401 2 22 D G 35 B AL, Xk 4 o
T Rkl 8 B 0 B S A R R B TAR
BRI A A R o BRI o, B R T
o6 5 il 22 R I BEFE LA 10 h [ B ke e .

SH M

[1] 2= % ZFHEN koot 4. MRS SR st )] A
23 B EHL,2019,45(2) ;74 -84,
LI Jun, LI Zhi-gang, ZHANG Yuan-giao, et al, Research progress of
brush seal technology[ J]. Aeroengine,2019,45(2) ; 74 —84.

[2] Ry, 70 ¥, 7,5 U BB A R B A B
FERAHE[ T]. fias 50 24,2019 ,34(4) 737 743,
WU Shi-zhi, JIANG Ping, LI Ning, et al. Numerical calculation and
experiment on temperature field of friction heat generation of brush
seal[ ]]. Journal of Aerospace Power,2019,34(4) ;737 —743.

[3] HENDRICKS R C,SCHLUMBERGER S,BRAUN J M, et al. A
bulk flow model of a brush seal system[ R]. New York:91 - GT -
325,ASME,1991.

[4]7 DOGU Y,AKSIT M F. Brush seal temperature distribution analysis
[ J]. Journal of Engineering for Gas Turbines & Power,2006,128
(3): 1237 -1248.

[5] DEMIROGLU M. An investigation of tip force and heat generation

characteristics of brush seals[ D]. New York ; Rensselaer Polytech-

[10]

[11]

[12]

[13]

[14]

nic Institute,2004.

LR N SREL, BESE 0k, 55 BT — 4 SCHE R SRR Y ) =0
B S B A AT [T, HERE AL TR e, 2017 ,35(7) :
602 - 608.

TAN Yong-fa, LIU Mei-hong, KANG Yu-chi, et al. Investigation in-
to brush seal vortex separation point based on 2D staggered tube
bundle model [ J ]. Journal of Drainage and lrrigation Machinery
Engineering,2017 ,35(7) . 602 —608.

B, B0 E e, 45 BT 2 Al SUHEE ORI i il 20
B BRI T]. AR BARFRE R L2016, 56
(2) :160 —166.

HUANG Shou-qing, SUO Shuang-fu, LI Yong-jian, et al. Flows in
brush seals based on a 2 — D staggered tube bundle model [ J].
Journal of Tsinghua University ( Science and Technology) ,2016,
56(2) :160 - 166.

FREFYE, 04T, TR, 55 312U B ) 43 BB
[J]. HEHERLB T #2241 ,2018,36(5) 1420 - 425.

KANG Yu-chi, LIU Mei-hong, WANG Xue-liang, et al. Numerical
simulation of pressure distribution in bristle seal for turbomachinery
[J]. Journal of Drainage and Irrigation Machinery Engineering,
2018,36(5) :420 - 425,

B, FE0LE. R 2 AR I i i U R R A
RERFEE LT, TR PIEEER 2013 ,34 (11 ) 2030 - 2034.

QIU Bo, LI Jun,FENG Zhen-ping. Investigations on frictional heat
of brush seals with consideration of bristle deflections[ J]. Journal

of Engineering Thermophysics,2013,33(1) : 2030 —2034.

o H ), R S BT = A R A R
e AL BB O 5 [ 1], A2 80 J) 22 4), 2019, 34 (8)
1633 — 1643.

SUN Dan, LI Guo-gin, Al Yang-ting, et al. Numerical study on
heat transfer mechanism of brush seal based on three-dimensional
solid modeling [ J |. Journal of Aerospace Power,2019,34(8):
1633 - 1643.

FUCHS A,GOTTLER J,HAIDEN O J. Numerical investigation on
the leakage of brush seals| R |. Montreal : GPPS — NA - 2018 -
0118 ,GPPS,2018.

BAVLEY F J,LONG C A. A combined experimental and theoreti-
cal study of flow and pressure distributions in a brush seal[ C]//
Texas: International Gas Turbine & Aeroengine Congress & Ex-
position , 1993,

FLOUROS M, HENDRICK P, OUTIRBA B, et al. Thermal and
flow phenomena associated with the behavior of brush seals in aer-
o engine bearing chambers [ J]. Journal of Engineering for Gas
Turbines & Power,2015,137(9) :092503. 1 —092503. 12.
P, P SC. s (45 4 M) [ M. dbat: @& S 80E R



- 54 - e

e zh h T &

2022 #

[15]

[16]

[17]

[18]

#1,2006.

YANG Shi-ming, TAO Wen-shuan. Heat transfer ( 4th edition )
[ M]. Beijing: Higher Education Press,2006.

AR, T, FLREAR, 55 )5 SOt 45 Sl =X 85 o it O 4
TERRAE Sy A g e [ T]. 800 TR AR, 2015,35(9)
715 -721.

JIANG Sheng-ke , WANG Yan, KONG Xiang-lin, et al. Effects of
backing plate profile on leakage flow and temperature distribution
of the brush seal[ J |. Journal of Chinese Society of Power Engi-
neering,2015,35(9) ; 715 -721.

PEKRIS M J, FRANCESCHINI G ,GILLESPIE D R H. An inves-
tigation of flow, mechanical , and thermal performance of conven-
tional and pressure-balanced brush seals| J |. Journal of Engineer-
ing for Gas Turbines & Power,2014,136(6) :2141 - 2153.
HILDEBRANDT M,SCHWARZ H,SCHWITZKE C, et al. Effects
of the back plate inner diameter on the frictional heat input and
general performance of brush seals[ J]. Aerospace,2018,5(2) :
1-17.

P I S I N EEE e PO R B W SRR TR
PRI SE S BEFE )] HEREEAR 2020 ,41 (12) :2834 - 2839,
ZHOU Kun, PAN Jun, WANG Xiao-yan, et al. Experimental in-

vestigation for effects of back plate structure on leakage character-

[19]

[20]

[21]

[22]

istics of brush seal [ J]. Journal of Propulsion Technology,2020,
41(12) . 2834 -2839.

WITTRRL PN R, S R S e R B A T S e
WEELT]. PRPEALZE AR A2 40 ,2016,33(2) :1 - 5.

HU Guang-yang, SUN Dan, LIU Ning-ning, et al. Experimental
study on the performance of leakage and wear of brush seals[ ] ].
Journal of Shenyang Aerospace University,2016,33(2) :1 —5.
KSR, AL, B, 5. B 208 B 7 353 BB T 5
[J]. #uBEiFER ,2011,3(4) 249 -52.

LIU Xiao-xiao, REN Xian-jing, ZHANG De-ming, et al. Research
of the coating material on brush seal rotor surface | J |. Thermal
Spray Technology ,2011,3(4) . 49 -52.

TR Rl 2R A R I S L S Y AR £ B e BT 5
[D]. P2 Py 23 T K7 ,2020.

YAN Hao-yu. Study on wear characteristic of brush seal and their
impact on leakage characteristics[ D]. Xi’an:Xi’an University of
Technology ,2020.

M. AR FM (M) JEE: k2 Tk R
#,2015.

GUO Qiang, Handbook of Chinese and foreign metal materials
[ M]. Beijing: Chemical Industry Press, 2015,

(X # Za#)



