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Evaluation and Simulation of Leakage of Multi-Level Series Seal

Liu Yang ", Yujianping ,Sun Chong,Cui Zhanpeng and Liu Zhanging
(Beijing Special Engineering Design Institute, Beijing 100028, China)

Abstract Mathematica modds have been success ully developed to numerically Smulate leakage of the multi-level series sedl. In
the leakage smulation of 3-level series sed ,the rationship between the leakage rate ,leak quantity ,and time was evauated. In this
caxe ,the amulated and the experimenta results agree fairly wel ,showing the smulation works. The rules derived from the smulation
may work wel in desgn of multi-level series sedl |leak detection and sfety evduation of high pressure tanks.
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Fig-1 N-levd series sed structure and itsgas circuit mode
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Tab.1 Parameters and conditionsof N-leve series sed

Vi:P(t) Vi Mg Vi

Rn:Rn Qn(t) Gu(t) R,(1< n< N)
Po: Po Mg Po=1.01x10° Pa
Van: Pan(t) Vo Qen(t) Gen(t) Men(t) Va(lsnsN-1)
Vi:Pis(t) Vi

Rn: Qus(t) Gps(t) Ry(1<n< N)

Ven: PCnS( t) QCnS( t) GCnS( t)

VQ—,(lS n< N - l)

P1(0) = Pio, P1s(0) = Pigy, Pcn(0) = Peo =

Po, Pcns(0) =0, Qn(0) = Qns(0) =0(n>1) ;

P1( ) = Pop( ) = Po, 0
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N 1 N , (1) :
1 1 P(t) =fi(t t 89 (8)
N A r Pu(t)
1 N R, 2 ,
Ry Vi1 Vi
Ri: Qu(t) = (Ma(t)/My) Y2(Py(t) -
P@) P (a

Pa (1)) / Ry
Qis(t) =Qu(t) Pus(t)/ Pu(t)
Rv: Qn(t) = (Mo/ Men- 1 (1)) Y2
(Pen-1(t) - Po)/ Ry
Qns(t) =Qn (t) Pon- 1s(t) / Pon- 1 (1)

Q1(t)dt
Pis(t)/ Pi(t) = Piso/ Pio

Vit Pi(t) Vi = PypVy -

Ver: Paa(t) Va = PeoVer +| Qe (t)dt
Qci(t) = Qu(t) - Q2(t)
Qais(t) = Qus(t) - Qas(t)
n(2<n<N- 1) ,
(1) n(lsnsN-1)
Men(t) M1 Mo
Ven

. Mecn (1)

Mcn(t) = F(Pen(t) ,Pens(t)) ,(1<n<N- 1) (2)
t:0 500 ,MCn(t) ‘Mo -M1

M (1)

(2) n(2<snsN-1)

Rn(2<sn<N-1)

Qn(t) = (Men(t)/ Mcn- 1(1)) Y2 (Pen- 1 (1) -

Pen (1) / Ry (3

QnS(t) :Qn(t) Pns(t) / Pa(t) (4)
(3 n(2snsN-1)

Ven(2<nsN- 1)

Pcn(t) Ven = PcnoVen +J. QCn(t)dt (5)

Qen(t) =Qn-1(t) - Qn(t) (6)
Qcns(t) =Qn-1s(t) - Qns(t) (7)
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Fig.2 Timeevolutions of the presure and leakage rate
ina N-level seals
(b) Leakage rate curve

(a) Pressurecurve

(c) Leakage quantity curve
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(3) On - 1s(t)
Pen - 1s(t)
, Qn-1(t)
(4)
PioV1

, Vi
Pi(t) =Pp>PR N
3

P,

2 N
Tab.2 coonditionsof N-level series sed

P1= Pio, P1s(0) = Pig, Pcn(0) = Pcno = Po, Pens(0) =
0

Qn(0) = Qus(0) =0(n>1); 0

&) Q) = Q{0 = =QOn(f), (IT=sns
N)

(2) : Peas(t)/ Peqy(t) = Pigf P, (1S nsN- 1)

R, Oi(0) Rz 0:(0) Ry1 Ona(1) Ry OM(®)

| P /\VCJP{:I(‘) v la(’)/\%l‘ ]PCN-I(M. I:
branch IT b(m);" branch N-1 branch N‘[

3 N

=

(P> Pow 2 Py)
Fig-3 dSmplified gascircuit of N-level series sed
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Vi:Pi= Py, Pis(0) = Pig
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Tab.3 Initid conditions and their smulation resultsof a 3levd series sed
/
Va | Ve Q1b Q2b [OFD P1 | Piso| Pcio | Pciso| Pcoo | Poaso| Po Qs Qss Ty T,
1 10 50 le- 6 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 1.01]3.33e- 7|1.58e- 7] 3.54| 17.33
2 10 50 le- 6 le- 6 le- 7 2.0211.01)1.01 0 1.01 0 1.01[8.33e- 8]3.96e- 8]11.93] 81.48
3 10 50 le- 6 le- 7 le- 6 2.0211.01)1.01 0 1.01 0 1.01[8.33e- 8|3.96e- 8| 4.27 | 59.27
4 10 50 le- 7 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 1.01]8.33e- 8/3.96e- 8] 4.99 | 58.78
5 10 50 le- 7 le- 7 le- 7 2.02]11.01)1.01 0 1.01 0 1.01]3.33e- 8/1.58e- 8]35.39|173.33
6 10 50 le- 6 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 0 6.68e- 7|3.17e- 7| 2.54 | 5.22
7 10 50 le- 6 le- 6 le-7 [2.02{1.01]1.01 0 1.01 0 O |1.66e- 7[{7.91e- 8] 9.71| 37.66
8 10 50 le- 6 le- 7 le- 6 2.02]11.01)1.01 0 1.01 0 0 1.66e- 7|7.93e- 8] 6.02| 10.11
9 10 50 le- 7 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 0 1.73e- 7|8.23e- 8| 7.18| 7.35
10 10 10 le- 6 le- 6 le- 6 2.0211.01)1.01 0 1.01 0 1.01[3.33e- 7{1.58e- 7] 1.14] 5.35
11| 100 | 100 le- 6 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 1.01]13.33e- 7|1.58e- 7] 11.4| 53.5
12 | 1000 | 1000 le- 6 le- 6 le- 6 2.02]11.01)1.01 0 1.01 0 1.01]3.33e- 7|1.58e- 7| 114 535
13| 958 | 1829 |0.97e- 6| 1.11le- 6]1.25e- 6] 2.02] 1.01] 1.01 0 1.01 0 1.01[3.66e- 7|1.74e- 7| 136 668
14 ] 958 | 1829 10.97e- 6f{1.11e- 6{1.25e- 6]/ 2.02] 1.01{ 1.01 0 1.01 0 0 |7.32e- 7[3.48e- 7] 91.5| 211
15] 958 | 1829 10.97e- 6f{1.11e- 6{1.25e- 6] 2.02] 1.01{ 1.01 0 1.01 0 0 3.67e- 7 199
Vca Ve,
4
4.1 25 x10° pressure— leakage time
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0 0.05, (3)
3 1.1m?,
Vi Vo Ve mm®; Qi Q2 Qab Pa- m*/ ,
S; Pio Pims Pcio Pas Pco Pcoosn Po,
, 5.2.2
10° Pa; Qs Qss ( ) | 2 3
, Pa-m¥s: T, T 0.97x10°°% 1.11x10°° 1.25x 10" ° Pam*/ s
: h 5 10 5.2.3
2 atm(2.02 x 10° Pa) ,
50 % ,
5 50 Pa ,
5.1 , 5h, 10 min,
ZQJ —230E, 5 x
10" " Pa-m®/s , 5h
5.2 5.3
5.2.1 ,
6 , 3 14, 91.5 h,
, 211 h  Pa Pe
(1) 2m Qss 7
7
, , , 8%
(2 : ,
1
2 3 , ,
®0.31 ©0.33 ©0.34Pm 6
12 , , (1)
) 958 1829 mm°
6
1- 2 - ;3 - 4 - ;5 - ;6 - )7 -
8- 9 - ;10 - ZQF230E 11 - 2x 74

Fg.6 Schematic diagram of the experimenta set-up and detection system

1- hdium gasjar ;2 - pressure redud ng velve asemiy ;3 - vecuum vave;4 - pressure meter ;5 - fore chamber ;6 - dgtd pressure meter ;7
- 3levd series s ;8 - chamber ;9 - vacuum gauge;10 - ZQJ230E hdium lesk detector ;11 - 2% Z4 auxiliary vacuum punp
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Fig. 7 Smulation and measured results of |eakage pressure
and rate of the 3-level =eries sed
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