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Abstract: A quantitative calculation method of gas leakage in casing flange considering the rough
surface morphology and various distributed loads was proposed by using the parallel plate flow theory,
which combined the flow factor method and the relationship between contact pressure and contact gap on
the rough surface. The influence of internal gas pressure and axial force on gas leakage in casing flange
was studied by finite element method. The results showed that with the increase of internal gas pressure,
the leakage increased, and with the increase of axial force, the leakage decreased slightly. Finally, the
calculated results were compared with the experimental results of leakage, and the maximum errors of
leakage under the action of internal gas pressure and axial force were 3.5% and 3.6%, respectively, which

proved the effectiveness of the proposed calculation method.
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Table 1 Geometric parameters of finite element

model of casing flange mm
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S, AR NIBAR RGN T 22 N/ (KU TR 6 .
3 HRMITE

3.1 HERERZEMEESH

A R T T, R B AN R N SRR )
AE T HILIE 2 5% iy BB (X M 2 422 235 W 14 % foh
J153 A, AN 6 FiR o BLBHEAS RS 1 SRR
AILIFEL 4 4 1) Py X WA 26 422 235 ) 1) 42 M P 0 4 A
WK 7 B

$Ef % J1/MPa HEfl R 71/ MPa
155.8 166.1
1385 147.7
121.2 1202
103.8 110.8
86.5 92.3
69.2 73.8
51.9 55.4
34.6 36.9
17.3 18.5
0 0
ZI (a) WEBFE I N ZI (b) NEBEE J1 %
X 0.2 MPa X 0.3 MPa
BefilE J1/MPa BefihE J1/MPa
166.8 170.7
148.3 151.7
129.7 1328
111.2 113.8
92.7 94.8
74.1 75.9
55.6 56.9
37.1 37.9
18.5 18.9
0 0
Z . Z .
I () WIFBIE F14 I (d) FBFE 1K
X 0.4 MPa X 0.5 MPa

&6 R[] BRI T ) T 22 100 B e DX M A e e A Ay e
FE 34341
Fig. 6 Contact pressure distribution of the single sector
bolted structure on the mounting side under different

internal gas pressures

FH L 6 WAL, Bifi o PR SO R T 3G o, 2 ik
& 7 0 e KA AN T B 8, (E 32 5 A LR K, 42
il 7 i KA A 170.7 MPa, f/IME M 155.8 MPa.,
H L 6 T L, il 1 g 3G, B kR 0 Bk
432 W R K&, J5FEJy 170.7 MPa %] 159.1 MPa, 45
A6 REL 7 AT, Bl R 0 A 2 R 1B AR AL
b fe A, LI 2 AR L % I 4 Mk 7 3%
RN

=R IR I ML IR 222 i 4 R A T
Sl T, L TR 42 kT A 2% A R 7 A R AE £k R A
FEAR S, H I, AR BCH o — A 2 TR AT
G3HT o WS AR k[ B 43 A 60 i s 388 16 A 78 - A
52l

A BR T, S IBOR ] AR R 1

20220153-4



1 SCHEFE S, FLT R0 0] B A ML IR 2 2 0 ik s 1 B T 58 ik
Befil R J1/MPa Heful i J1/MPa A A B/ pum Al F] P/ pum
170.7 168.8 16.71 14.11
151.7 150.0 14.85 12.54
132.8 131.3 12.99 10.97
113.8 112.5 11.14 9.40
94.82 93.8 / 9.28 7.84
75.9 75.0 7.43 6.27
56.9 56.3 5.57 4.70
37.9 37.5 3.71 3.13
18.9 18.8 1.86 1.57

0 0 0 0

Z Z
IX (a) flm J12k 0 kKN IX (b) Bl 7324 20 kKN

£ 71/ MPa BefuhE J1/MPa

163.1 159.1
144.9 141.4
126.9 123.7
108.7 106.0
90.6 88.4
72.5 70.7
54.4 53.0
36.2 353
18.1 17.7
0 0

Z
IX (c) il 74 40 kKN Ix (d) Bl 7324 60 kN

V7 A [Vl T 2 30 B X A e R
FE A1 431
Fig. 7 Contact pressure distribution of single sector bolted

structure on the mounting side under different axial forces

FH T AL 2225 30 P By DX MR A 346 422 25 A0 1 42 fh ]
G3A, QL8 Fitz o AN [R A a] g VR T AL 42 2
300 5 DX MBS 3 2 R T 22 ok TR D B 43 A1, Anf&l 9
J7N o
FH ] 8 WAL, Bl A SO TR D 3G, 22 ¢
008 e KA fi [ Bt 2 3 VT B OR  Ra B, ey
A1 2B/ um

11.46
10.18
8.91
7.64
6.37
5.09
3.82
2.55
1.27
0

ﬁ (@) PHRFEF1 % ZI (b) PHSIE 1%
X 0.2 MPa X 0.3 MPa
Hefh B/ um 2 ik ] B/ pum

16.71

1485 008

12.99 17.63

11.14 15.11

9.28 12.59

7.43 10.07

5.57 7.56

3.71 5.04

1 86 2.52

0

ZI (©) WHIE S S ZI
X 0.4 MPa X

(d) WEBHET1 A
0.5 MPa

P8 TR A R T T 222 20 B DX MR A T2 e 4 ) 2 fh
Il Bt A

Fig. 8 Contact gap distribution of single sector bolted structure

on the mounting side under different internal gas pressure

Ix (b) fli 732 20 kN
Zf ] B/ pum

z
IX (a) fhIm) 12 0 kN
FEf I/ um

11.64
10.35
9.05
7.76
6.47
5.17
3.88
2.59
1.29
0

z
IX (c) %l 71k 40 KN

IX (d) il 7128 60 kN

PO ARVl ) T 22 3 B DA A SR ) e
()it 3 A1
Fig. 9 Contact gap distribution of single sector bolted structure

on the mounting side under different axial forces

6.96 um, iz KN 22.66 um. H K 9 A1, B & il
[51) 7 (R4 I0, 2 2 30 %) B R4 i ] B 22 38 4 9L /)
B, Fe/NN 9.40 pm, Fx KN 16.71 um. £54
&1 8 FHIE] 9 WA, 2 fioh [A] B 7 42 2k i A B K, JF
LA i TR B0 A PN [ S0 328 0 )
3.2 EXEEERE T

B B S AR E J170 0.5 MPa, Bl 17 718 0 kKN
i A BR JT 155 A B A 4% fil 1R 1 2 A B MAT-
LAB 7, g =(3) . 2 (4) F=l(6) 152 an
E 10(a) fr7n i it i il 8 . f 1B 10Ca) AT HIT&E T
DB L DX ) i O G R R A0, O S AR ALY
DXl A A, i 3 1Y) R B 0 A 5 L i R g 4y
AR ORHE— 2o (0 4 ik 1m] PRUSCH , 3l 5 =0 (3)
K (6) A BN E 10(b) Frs By ks iE . H
P 10Cb) AT, 22 ik 1] B 10y T T 3 0, P
AR, 5 T BB LAY IX 8k A, 554 fih 1] B A
I AR — B

() H T3 4 Yl O 3

20220153-5



39 %

(b)) 2ok 2 5 1 Y

() F i A0 A T 65 ¢ R 1

10 i ks A s 2 ]

Fig. 10  Schematic diagram of exporting leaked channel data

TEIEL 10(a) H A — L8 30 19 X B, i 2
i 46 DX I 2 fik R 30 0 kN, il i 2 (4) T
F1 Tt 308 0 v B — B ORI 2 sk K 77 O O kN
X ER, e AR B BeAh, m T A BRIC
THEA 2200 1 2 f TR PO RELARS 52 485 A (1 82 ), A L ]
BRI, A BROG I 5 ) 4 R 8 v 8] B
/N, A SR A R R . Lk bR
SO ik s 3 1 ik ] it S 1 T s 3 3 45 5
oK, WU 5 AR )7 B AY e R (ELAS B AN IET 10(ce)
71 FI) 2 fiph [5] 57 R0 32 ke 1 3 16K 45 3 4 1 ot s 0 1
(B 10 R 98 2 B R AFE Y, w5 B 7 [6]
ARG R FEZEHIAR A, S T T PR s ] 10
T )

P AL 225 30 P9 fik T 1 0142 i ) Bt o R
frIR AR Bl 25

Fa L A FIAL I Hh s 32 2R 52 O BR 20 A1, TR,
Y172 B DX A ST A R A ) B i T e A Y
P 10Ce) i s - A7 45 R0 0] Bt g B2 73 A1 AL A S A B
=HEFIEEAT UG Hh, B R A, dsr
A58 T 2 ey P 45 5kt el TECASE Y, i 11 BT

XIFRIII

P11 At T A R s T
Fig. 11 Schematic diagram of equal leakage channel model

B B LI 25 30 ARE D R FT AT, T RN
5 R BHLA R PR — 2 BLIE 223 b
B Ry, s RN R T o
H TR A L PO TR R AN TR A BE TR B
153 S0 TR ) 2 A 7 O X AR A R . R
CFD J7 i gE A7 Mtk s & 9 31550, 72 3T 3 i /o,
TRy S8 A0k T I it s A 8 % s e R R 2T 1,
H =R 22500 b O 12 fih i 1) B R AR
—H
3.3 HERKAFHFELR

fi =S e S AUALIRE 225 100 5 1 R S B 45 F U
B 12 s, i 22600 i 2 B S fF L sERSE
ARG | A AT R UL B DL R R R AR R AT 4 R
SN SR ARG I A 13 FioR . SLE BT
(22 3T AR LA B T 5 0 B — B

— falRA B
El

I HRJEAR
FA LT

WY gt . — _
g E— =) RS
[ L
lel . g} TR = | R
s e || i
st | | | snme
ER L+ 9 s 4L
L | A
AR L1 NS
R — L PR

12 SR GEAHR K
Fig. 12 Schematic diagram of the structure of the test system

20220153-6



SCAEFE A LT 25 A ) B A AL I 0 Wk k5 b 5 1

B 13 SR ARG
Fig. 13 Physical diagram of the test system

3.4 REDFEHBUES T

P 14 R 1S 0 50 S T il PR SR T g 44
T, S5 S5 RD s T U 30 AR 3 AR R p B R
v B . I 14 BEoR, Bl PSR AAR TR S 3
TG A B S B8 K, L A T U 3 A AR v
O3 A FEARAR | ¥ DDA 0 A2 BN . a0
1S Fro, B PN R R 34 e AR 19 5 R i ik
TG, B KA 29.60 m/s, &/ ME K 7.90 m/s.
FEANTR) P B A T VR FHT T D 3 2 A5 78 1) 3
A3 A A [, 3 T8 e DX A 9 e K, T A2
LA Ao7 B e /N o

JE/MPa S JE/MPa

4.00 4.00

3.67 3.67

3.34 3.34

3.01 3.01

2.68 2.68

2.35 \ 2.35 -
2.02 2.02

1.69 1.69

1.36 1.36

1.00 1.00

ZI (@) WEFE 1R ZI (D)L ST

X 0 kN X 20 kN
JE/MPa T/ MPa

4.00 4.00

3.67 3.67

3.34 3.34

3.01 3.01

2.68 2.68

2.35 2.35 ;
2.02 2.02

1.69 1.69

1.36 1.88

1.00 .
ZI () IIE SN ZI (d) WIHBE S K

X 40 kN X 60 kKN

B 14 BRSO B SAi 5E
Fig. 14 Effect of internal gas pressure on total

pressure distribution

T AN S 045 ) A4 A AL T U e 40 1 16 I .
HPET 16 7l A0, 580 ) i G e B P99 UM T D Y
ST PR 6 SR DR D A B 2

i/ (m/s) Pk /(m/s)
7.90 15.2 g
7.11 13.6
6.32 o 12.1
5.53 : 10.6
4.74 g 9.09
3.95 7.58
3.16 B 6.07
237 ! 4.55
1.58 i 3.04
0.79 B 1.52 e
ZI () NTBIE T ZI (b)FBIE J1 %
X 0.2 MPa X 0.3 MPa
TiLH/(m/s)
29.6
) 26.7
) 23.7
) 20.7
) 17.8
) 14.8
) 11.9
. 8.90
. o 5.94
ZI () IIE SN ZI () EE S K
X 0.4 MPa X 0.5 MPa

P15 AT T X 237 B

Fig. 15 Effect of internal gas pressure on flow rate distribution

S, PR AR Kk, O 25 K, T
ALK . RN, PSR T A 3 i ol e 4 i
S T TR B 498 K, PR I 3 . PR IET 16 T 7
TR AR R S 2 i S R 2 SRR 5
PR T8 AR FE— B, SR PR E T i B
TGN, 76 R K J1 28 0.5 MPa B 152 25 50 K,
H 3.5%,

P17 AR 18 o T Bl 1 o 3, 4507
AT TE) i it s 5 AR v A L Py B T T v AR AR 1Y
W 17 1AL, Sl AR p kT Y i A A
PR AR S K /N A 40 A1 2 TE AT AT 5% o, 35 A 6 e
14 43 A 25 S DA D9 A0 1) 0 52 B A . eR T 18 T

35
-u ARRICEE R
30F o suEhEH
= sl
E
2 20
i)
Z 15}
0}
5 1 1 1 1
0.2 03 04 0.5
PERE 1/MPa

16 BB S0 kI B 1) 5 )

Fig. 16 Effect of internal gas pressure on leakage volume

20220153-7



1125 3 324 %39 %
éﬁﬁdga L”f%g’a DAL Sy 1) 1 )t ) g 3G, 4 2 30 2 i T (1] B AR /)N,
ggz ggz r TV 22t B 2 980N, A ) o ik e e S AR /D
ggé ggé AN TR i) 77 U A ) SE IR 2 S S A R OT A
2.35 235 | IARHF— 30, SBE A PR 7 A 3G T m G
L9 169 - T W, 7R SR 40 KN B IR 2 K, R 3.6%.

1.00 1.00 UERR T A SO s A Rk o

Z Z
IX (a) I 714 0 kN IX (b) %l J1 4 20 kKN

S5 H/MPa JRUE/MPa
4.00 4.00
3.67 3.67
3.34 3.34
3.01 3.01
2.68 2.68
2.35 %gg

2.02
1.69
1.36
1.00

V4
IX (c) ) 717 40 kN

L
Ix (d) il 7324 60 kN

P17 Al o S A A R

Fig. 17 Effect of axial force on total pressure distribution

WL /(m/s) W/ (m/s)
20.50 @R 2090 [
1840 18.80
46.40 16.70
14.30 S 14.60
12.30 i 12.50
1020 §& 10.40
8.19 = 8.35
6.14 6.27
4.10 o 4.18
2.05 2.09

A Z
Ix (a) f J1 0 kN Ix (b) i J124 20 kN

TLiE/ (m/s) T/ (m/s)
21.40 21.60
1930 ¢ 19.40
17.10 e 17.30
15.00 & 15.10
1290 12.90
1070 10.80
8.80 e 8.63
6.43 i 6.48
4.29 : 432
2.15 2.16

7 Z
IX (c) 4l 7128 40 kKN IX (d) i 73 60 kKN

P18 i) o X i 3 A

Fig. 18 Effect of axial force on flow velocity distribution
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