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Numerical and experimental investigation on flow and heat transfer
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Abstract: The flow and heat transfer characteristics between stages of multi-stage brush seals were
theoretically analyzed, and the experimental pieces of multistage brush seal with two different structures of
raising the blacking plate height and reducing the thickness of brush bundle were designed and machined.

The characteristics of leakage and temperature distribution between stages were experimentally studied
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under high temperature static, normal temperature dynamic and high temperature dynamic conditions. A
solution model for the flow and heat transfer characteristics of three-dimensional solid multi-stage brush
seals was established, and the influences of operating parameters on flow and heat transfer characteristics
of two different structures and the same multi-stage brush seals were studied by numerical and
experimental comparison. The research showed that there were two different types of multi-stage brush
seals, i.e.: raising the blackplate height and reducing the thickness of brush bundle; their interstage
temperature increased with the increase of upstream and downstream pressure difference under high
temperature static and dynamic working conditions, and decreased with the increase of upstream and
downstream pressure difference under normal temperature dynamic working conditions. In high
temperature dynamic working conditions, the interstate temperature was generally larger than that under
high temperature static working conditions, and the leakage was generally smaller than that under high
temperature static working conditions. The temperature between the second stage of the multi-stage brush
seals of the three structures was higher than that between the first stage, the temperature between each
stage of the same structure was the highest, the structure of reducing the thickness of the brush bundle was
the lowest, the pressure difference between the upstream and downstream of the last stage of the brush
bundle of the same structure was the largest, and the pressure drop distribution was the worst. The
structure of raising the blacking plate height had the highest leakage, followed by the structure of reducing
the thickness of brush bundle, and the structure of the same level had the lowest leakage.

Keywords: multi-stage brush seals; flow and heat transfer characteristics between stages;
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Fig. 1 Schematic diagram of multi-brush seals of the same

structure at all levels

35

30 VEHA 3.0 s G 22
s RN 25 T e i
E 50 EHH 2.0 4 .
s : : :

1.0

A7 & /mm

K2 Lol B g AR A R T

Fig. 2 Multi-brush seals pressure change diagram at all levels''”

R 22 7K TR ™ He 1 BE A I vy, Xof %2
Gk X B 7 A BRI . & G 22 5
18] Y R AR — AR DL 2807 AR 10 B 1, 05
— I8 73 IS il 22 i S AR 7 A B A A 1) A AT
i 22 AR, U UL Ik 4% G 22 N 3 1 it e A%
B BRI R R AR I 3 B . th TR
IR 4544 22 0 R 2 Al 22 1T e T R 2 K
AR 2 5 Rl 22 2 ) |l 2245 2 R AR ] A EE 4
TIBRIGR, 77 HE ) BESE B R Tt

O il 22 55T ) T34 @ Rl 22121 53
O G TR A @ IR SR 22 R R w0
® B e P F w4

3 ZhlAEENR S PR A
Fig.3 Schematic diagram of flow heat transfer of

multi-brush seals

4 KPR E R
Fig. 4 Schematic diagram of differentiated multi-brush

seals at all levels

T IRIBAR UG R o AR T 45 SO R 4544 22 25X
WES, HHOR T s G AR, &g 22 R
e T 3 728 A S ¥ A, R G 22 bR i e 22 D,
PR I EE AL D
12 ZRRIXFHRIPERZH TR

AR SCHET T IR 7 A SR A SRR B K
Gy (RAZS KA, — BB v R 2 30 XU 50, 22 G kil
S BRI 3 1 P ) 5 A

div(p,U) =0 (1

. _ 0p 01 07y 0T,
div (p,ul) ——a+ B + oy + %

op . or,, 0T, . 0T,

SCHR [17) B2 T 4% 9% 5 A 25 R 3 4 div(pol) =—od it v, @
T PEL, ANIET 4 Bz o R ZE AN 25 2 B BT IR PR . dp dr. 01, Ot
. . ) div(p,wlU) = ——+ + +
i BE MR U B 1o | il 22 SRS AR U i/ N ELIY 22 5 7 0z Ox Oy 0z
. U\ ] @ o ( 0T\ o 0T
e T sl ) e )
Owp) dp) dwp) B(ur.) O(ury) Bt 1)

ox oy 0z

Ox dy 0z

a (VTX}') + 6 (VTY)’) + a (VTZ)’) + a (Wsz) + a (WT_VZ) + a (WTzz)

ox oy 0z

0x oy 0z

20220308-3



EEIET 539 %
SR divE R IE, o, WIRIAA R (E5OBE. T ) & RRIK T 55K iE 7 2 s

KW, T VIR JT, e MEEE, K, M B RREA
B U R, p MET L, ucvow 535 x, y, 2z R
Hr g, ¥
K,=0.0244+563x107 (T -273) (4
A SR 5 E AL RN
_ Wl T/Tol (T +8)
K T+S
A pg M 27315 K IF 25 K36 B, 4=1.716 x 107°
kg/(m-s); FEAEUREE S=116 K; T,=273 K.,
Jil) 22 1 AR 3o A s ol A

0 oT 0 oT\ 0 oT
E(Kba)'i‘a—y(l(ba—y)ﬁ'a—Z(KbE):O (6)
b K, R 22 5 48 R 8. AR SO 22 6

Haynes25, H A N C€,=385.204 J/(kg'K), K, 5
TR N

K, =8.84+0.02(T -273) D

(5

(U HL IS 1 5 OB R R g, = —/l(a—y)
y=0
P AT 0, 9 A R T ) A B

X PGSR, ] g=q.. BOATAS i A X

ge=0(T,—T.) = —A(ﬂ)

8
oy (8)

y=0

1.3 ZHERXTHEZERITE
AR SCRAEL F 22 G0 35 1 % 8] 3 1% s

P, T 08 AT AR BRI AL L ¢, HOHR A2
18101,
q=u-Ar-ky-v (9

Ao N BRI, Ar il 22 5% TR0 bR e T
HORCTHE Ar} 0.06 mm), k, il 22 5, k,
BUE 2 2% SCHk [18-20], v WG FRIMAHE . A
SCSEY A ) 2248 KLl Haynes25, 1B 48 PR 4 o U(E
Ty 0.3 1 g T AT 4 R ) AL R R
1) 22 G i) 2% B B PO E(E g

®1 BEZHRRETH

Table 1 Unit friction heat flow calculation

F%  ApMPa  k/(MPaim)  v/(m/s)  g/(kW/s®)
1 0.05 135.73 75.4 184.21
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4 0.20 54291 160.2 1565.54
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Fig. 5 Actual drawing of brush seal experimental device
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Influence analysis of temperature distribution between
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