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Fluid-structure interaction investigation on the flow field and mechanical

characteristic in brush seals with bristle deflections
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Abstract: Bristle deflections have important influence on the flow field characteristic and
mechanical characteristic. The problems of the leakage, hysteresis and bristle fracture pro-
duced by the deflections of bristle are very prominent. The flow field characteristic and dy-
namic characteristic in brush seal were predicted using a three-dimensional computational
model with consideration of bristle deflections depending on two-way fluid-structure interac-
tion and moving grids techniques. Firstly, based on the cantilever beam theory, the mechan-
ics model of bristle was analyzed. Secondly, based on the fluid solid coupling method verified
with the theoretical model and experimental results, the flow field characteristic, the law of
bristle deflections, the mechanical characteristic and hysteresis characteristic were predicted.

The research results show that the bristle deflections caused by forward flow impact is oscil-
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lating gradually, and the maximum stress of the bristle root is also oscillating gradually de-

pending on the bristle deflections. Bristle deflections increase the clearance between the bris-

tle and the rotor surface, which leads to the increases of leakage; as the bristle row number

increases, the leakage decreases rapidly, then decreases slowly, and finally tends to be a sta-

ble value. The increase of the axial clearance between the last row bristle and the back plate

makes the relative pressure coefficient decrease, and the axial clearance can effectively reduce

the hysteresis characteristic.

Key words:

brush seal; bristle deflections; flow field characteristic;

mechanical characteristic; fluid-structure interaction

il 3% o B DI R A R 0 4 fih 3 B
B IR L2 A Bl B AR i B AL AR R O B B AL AT AR
K Bl TS e S AL T LG A T LE SR BE B A W
P& T2 R S LT g B T A T U 1) i B 0T )
R s R 22 75 T8 7 AR Tk R B R LW S AL
JOE R 22 9 5 W7 540 4 ] AR R g L B HE R
W il 33 ) 7 P B A A 2

[ A A2 2 o i) =X P BB AR 1 R O T 5
AR BA SRR SE T il X% B RE O 9T 24
T R R ) S R T AS J5 T AR I R
T, [ Ah Dogut™ @57 1 & i Fa s bl 30 % 5 2 LA
J A A, %of 2 [ it i) 2% a0 T O O 2l R R R A
TRUEBEE. E N R AR T 2 AU
JRASE R R A W AR SR 7 0k BB T 5T 1 Rl =X
5 ot Tk Do 3 B R SR o DR 3R L A T A e T
Rl A Lelli 558 43 5 7 1 Wi 2 %% 5 30 4 ) 2%
L5 T4 R WA AR AR R RUE E 5T T 22 A
ST AEN T B E M. Chew 5507 3 T 2 4L
SR RL A B R T AR R A LT e ) 22 A2
LGRS 89 % 55 W7 2 B R [ A gk 30 OB HE AR
SEHN I T Z AL A TR B 5 T X% S
RN R 5 Wi PR 2R O X S A DAL #E AT T 43 A
FERW W 2 B ) 22 78 AR B AR R 2 A R
il 22 7 HE 3 — 2 SR AR o A Rl 22 5 AR 2
[F1] 49 A AR o gt Y IR 2 X1 O 1] A 4 1)
R A SR TR S TR K2R T 2
FLA AL L HR T # AR AR T ik 3 25 16 Rl
22 S FE ) i 3 7 5 T 2 R A A IR S T

A SCISE UL 1] 7 11 R A 55 2l 9 B2 AR 57
T 7% JE R 2278 1 1) il U B R S 5 S e A
A AR AR S SR AR ALY Sl SR ) BB A Y 1
H 4 ) 2788 2 5 S 36 A 3 ) itk D - A SO
U BT A ST T A 2 R AT 0 e 38 i, 7 1 Al

B BIRSE T R 2 S R] R R AR S RE A g 53 A
R s LU AT T A TR 2E 1 2 A 22 HERLCT
il 22 1% 72 A8 WA LA B ) 2 728 2 o 3t s ek R Rl 22 )37
JIHY LR s X LEAE 52 T A (8] il 1 18] 5 %o fi X% 5
G EREREA R AR

1 RI£2THTERERKER

TER R 2252 J3 oy Hrin P 1 R il 22 3% <5l
AT 45 722 AT L g 4 o 7 49 A3 28 A 1
YRR SRR AL R 22 AT AR B B

M( 2) :—%q([—x)z 1

¥
q

ST 10)

vy

(a) Wil 2L 2 qfE T 4
EI I k2 s g

Fig. 1 Force analysis of a bristle
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Fig. 3 Schematic of fluid-structure interaction analysis
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