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Abstract: Numerical simulation was carried out with 32 models that are designed according to the principle

of orthogonal test to study the effects of the main parameters including outer diameter D, , inner diameter D, ,

bristle diameter d, bristle lay angle 8, bristle back width B, fence height H; and pressure drop Ap , rotor speed

N, temperature T on leakage characteristics of brush seals, when the clearance between the brush and rotor is ze-

ro. The results show that there are obvious differences between the parameters about the influence on leakage

within the scope of the parameters. In all of the parameters, the rank of importance on leakage characteristics is

Ap—D,—D,—B— d—>H,—B—T—N. The geometry for the least leakage can be inferred based on the

above test, and it is minimum leakage by numerical simulation.
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Fig. 1 Diagram of brush seal structure
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Fig. 2 Computational results with correction compare with
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Table 1 Levels of factors

puter .Inner Bristle Bristle Brist?e Fe.nch Temperature l?ressure Rotor

Levels diameter diameter diameter lay angle  pack width height difference speed
D,/mm D./mm d/mm BI°) B/mm H,/mm T/°C Ap/MPa N/(x/min)

1 122 94 0.09 40 0.9 0.8 400 0.05 20900

2 124 104 0.11 45 1.1 1.0 450 0.10 24035

3 130 110 0.13 50 1.3 1.2 500 0.20 38000

4 136 112 0.15 55 1.5 1.5 550 0.30 45000




634 Eiic

20184

Pressure/kPa
150

140

Q
]
=
o
oz
B
S
as]

Fig. 5 Distribution of pressure

Porous medium

Back plate

32 tEFEENS

R2~425 M T 32 IEACI I R E A
S E WA B 4 S . BLAE DLW A A 1 R ol
T2 R — 2 1 o

B, W 2 A A R AR KR T R 58 1S bR
B FE K, Hoe

Ki(X)= 1 (]5)

Ao X % KRR i=1,2,
3,45 K P E X BUR i KOE I i 50 45 bR 1 F 1
{5 m" R P2 XS i KT i B 5 7 45 30
U 42 5 n S B2 X BES § A K OF B A TE A8 I e
EJR

R 5 AR AR B 09 K, LR B m o O AR B
AT 22 19 7K T (8 A W5 A A, 75 00 O 4 B 4% DR R Ok
AL B R H P B P T O

WL Pl 7 AT LR B, A5 A PR 2% K ST 75 Al X i U
{1 5 W F LA S 1 X 51

(1) 25 TR S 42 0 18, T a2k 772 £ S O 42 2
2 B8 R A 3R TR M DR A0 R 1, i 2 R
(6) ~ (9) T 1 Z LA R 00 () L 2 A5

(2) i 25 W R P A% 1 18 A, il e 7 3 O
B 2 W o B P M BRI AR R A A3k (6) ~
(9) AT /1 Zo FL AN T AR (1 FL I 3 A5 A /8

(3) B 25 5 P04 B e 8 A 18 A, Y O 7 A 1 7

A AR R ) R ™ 1 T 2 B R K
(4) Bt 255 il 22 A B9 3 O, Rl 08 7 1 it s 6
PRSI B, X R D il 22 B AR K il 242 5K(9)
TR Al 2% AN A B Rl 22 R AR /N B R Bl 2
2 (6) ~ (8) Al I Z LA BB AU A LB R 2 B s
(5) it 25 il 2CHEB A BE A 3 ) 2 7= 1 s
SR Z RN o I TN O i 22 HE B A RS O, iR X
(9) 1T i1 HL b 2% AR A AR I Il 22 S AR BRI B ol
NI(6) ~ (8) AT HNZ LA AR AL B FL BB A BT/
40 -
35t
30+ + F
25| \_ L L

—r

Leakage m/(g/s)

O L 1 L 1 L 1 L ] 1 L L L 1
120 128 136 90 102 114 0.8 12 1.6
Outer diameter Inner diameter Fench height

D /mm D/mm H /mm

40
35t
30}

1 U

] | ~

Leakage m/(g/s)

0 L 1 L 1 1 L L L I 1 L 1 1
0.08 0.12 0.16 40 48 56 0.8 1.2 1.6
Bristle diameter Bristle lay angle Bristle pack width
d/mm PI°) B/mm
40
351
30+

25+ 3 .

201 m—a—"
| |

/

st e

- .\-

Leakage m/(g/s)

0 L L 1 1 J L L 1 I 1 L L 1 1
400 480 560 0.0 0.2 04 20 30 40
Temperture Pressure difference Rotor speed
7/°C Ap/MPa N/(kr/min)
Fig. 7 Variation of leakage with changes in the level of

factors



$39% 3 HE T IE A I VR AR 2 T A P RIS 635

Table 2 Results of orthogonal test

Geometry parameters Aerodynamic parameters Leakage
Coses T m  Dymm dmm BC)  Bhom Hjmm TC Ap/MPa N/(r/min) mi(e/s)
1 122 94 0.09 40 0.9 0.8 400 0.05 20900 5.04
2 122 104 0.11 45 1.1 1.0 450 0.10 24035 7.20
3 122 110 0.13 50 1.3 1.2 500 0.20 38000 14.27
4 122 112 0.15 55 1.5 1.5 550 0.30 45000 17.24
5 124 94 0.11 45 1.3 0.8 500 0.30 45000 41.69
6 124 104 0.09 40 1.5 1.0 550 0.20 38000 9.93
7 124 110 0.15 55 0.9 1.2 400 0.10 24035 8.53
8 124 112 0.13 50 1.1 1.5 450 0.05 20900 1.63
9 130 94 0.13 55 0.9 1.0 450 0.20 45000 40.10
10 130 104 0.15 50 1.1 0.8 400 0.30 38000 48.02
11 130 110 0.09 45 1.3 1.5 550 0.05 24035 2.48
12 130 112 0.11 40 1.5 1.2 500 0.10 20900 10.58
13 136 94 0.15 50 1.3 1.0 550 0.10 20900 21.18
14 136 104 0.13 55 1.5 0.8 500 0.05 24035 6.46
15 136 110 0.11 40 0.9 1.5 450 0.30 38000 60.36
16 136 112 0.09 45 1.1 1.2 400 0.20 45000 19.12
17 122 94 0.09 55 1.1 1.5 500 0.10 38000 10.92
18 122 104 0.11 50 0.9 1.2 550 0.05 45000 3.99
19 122 110 0.13 45 1.5 1.0 400 0.30 20900 26.15
20 122 112 0.15 40 1.3 0.8 450 0.20 24035 9.95
21 124 94 0.11 50 1.5 1.5 400 0.20 24035 32.04
22 124 104 0.09 55 1.3 1.2 450 0.30 20900 22.82
23 124 110 0.15 40 1.1 1.0 500 0.05 45000 4.63
24 124 112 0.13 45 0.9 0.8 550 0.10 38000 7.16
25 130 94 0.13 40 1.1 1.2 550 0.30 24035 66.35
26 130 104 0.15 45 0.9 1.5 500 0.20 20900 52.87
27 130 110 0.09 50 1.5 0.8 450 0.10 45000 3.92
28 130 112 0.11 55 1.3 1.0 400 0.05 38000 2.99
29 136 94 0.15 45 1.5 1.2 450 0.05 38000 14.69
30 136 104 0.13 40 1.3 1.5 400 0.10 45000 19.39
31 136 110 0.11 55 1.1 0.8 550 0.20 20900 18.23
32 136 112 0.09 50 0.9 1.0 500 0.30 24035 29.79
33 122 112 0.09 55 1.5 0.8 550 0.05 45000 1.31
Table 3 Level’s intuitive analysis of leakage
L Factors
evels P £ K K@ K® g™ K" K KW
1 0.01184 0.02900 0.01300 0.02290 0.02598 0.01756 0.02016 0.00524 0.01981
2 0.01605 0.02133 0.02213 0.02142 0.02201 0.01775 0.02008 0.01111 0.02035
3 0.02841 0.01732 0.02268 0.01935 0.01685 0.02004 0.02140 0.02456 0.02104
4 0.02365 0.01231 0.02214 0.01591 0.01513 0.02462 0.01832 0.03905 0.01878
Table 4 Range analysis of leakage
Rm R RY Rr® RY R & R RY

0.01657 0.01669 0.00968 0.00699 0.01085 0.00706 0.00308 0.03381 0.00226
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Table 5 Variance analysis of leakage

Parameters SS df MS F Significance
D, 0.155448 3 0.005149 1.20374 Significant
D, 0.015175 3 0.005058 1.182498 Significant
H, 0.013306 3 0.004435 1.036854 General
d 0.013834 3 0.004611 1.077974 General
B 0.013267 3 0.004422 1.033811 General
B 0.013965 3 0.004655 1.088177 General
T 0.012866 3 0.004289 1.002537 General
Ap 0.023681 3 0.007894 1.845287 Very significant
N 0.012833 3 0.004278 — —

e 0.012833 3 0.004278 — —
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