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Numerical Simulation of Leak Rate of Channel Type Positive Pressure Standard
Leak Filled with Porous Foam Metal
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Abstract
pressure standard leak holes under different operating conditions, a mathematical model was established by filling

In order to address the mechanism of leakage rate variation for similar channel-type positive

the channel-type leak holes with porous foam metal. Numerical simulations were conducted to analyze the impact of
different operating conditions on the leakage rate of the channel-type positive pressure standard leak holes, and the
velocity field distribution inside the foam metal was also provided. The results show that under constant air source
pressure, compared with Air, He and D,, H, has the largest leak rate, and the leak rate of the leak hole increases with
the increase of air source pressure. Under the condition of constant pore diameter or porosity, the leakage rate of
channel type positive pressure standard leak increases with the increase of pore diameter or porosity, and decreases
with the increase of channel type positive pressure standard leak length. Nonlinear change of porosity can
effectively improve and control the leakage rate. This study provides valuable reference significance for the
production and development of positive pressure standard leaks, leak detection in metrology, and optimizing and
designing sealing system performance by controlling leakage rates.

Keywords Porous media, Porosity, Particle diameter, Leak rate, Numerical simulation

Bt [ 2 i 7 0 AR R FLAE AR TR TR T 5 A AL ) R, 4 22 AL VR 4 i 1A T3 8 78 O AR L O
TSR RORY R BCEASTADL 1 7 12 43 0 A3 BT 1 AN ) 080 2% AP IS X 38 306 28 T A o T L s 23 14 52 ), [ s 2 8 6L K 42 I 9
FH A . AR, AR E SRR R, 5 Air. He DL D, A EE, H, SRA A 355K L0 The 56 Bt 08 7 AR 3 K
T3 s o 0 A FLAR SR AL BRZE A5 R R, 380 30 A8 T A v FL 1) 5 I 7 LA L B 3 1 8 KT 348, i 0 A8 T P s o
LA B8 R 1 g AR s AR et AL B R BE A A R TR R I R A KD o IR X I B AR eI LI 2R 7= FUR e |
D5 T RS AR, DA il Sk AL R 1T i R g vk ey AR AL T A MMEN S E E XL

KR A0 fBE LR R BUER
FESEES: TB774 SCERARIAAD: A doi: 10.13922/j.cnki.cjvst.202212003

BEE B2 BOR R R AP 5 s e g, i A 0E
Pl FL) 2 0 T T Tl Hve L Tl o
SR LR A AR AR e 1 R KT
KA, 3 R — A R AL, FKZ 0 IE
Pt £ L, P 52 e R T AR o e L IR 3R A

Wi B HA: 2022-12-02
E€WE: LT NS HRPHTRIBIE (2022-03)
* BE 2 A : E-mail: zhangzl@simt.com.cn

HAMZ, RGO IE R, 15 br A T L R
RONE SR T LA K L B B 45 45
A,

AN AN [F) B B SR RIS R R T3 26 1R 1, IE
Js o v i FL 3 3 B BIF 50 2 224l 1 AR 22 AR, o,


https://doi.org/10.13922/j.cnki.cjvst.202212003
mailto:zhangzl@simt.com.cn

932 H = B

ST 5 I NI S 543 &

FEFIFH Hy. He. D, = F R IEAT 58 b5 o U FL I
RN AR LR AR, W 5% K B0 T 56 2 RS i o ) 348 ki
R, SRR, fEmais <, WaiE s, maig
LA, 8 38 R IE A v T LR R B R 7 AR A,
SCUSSE PR, AR E IR T 40 kPa Y& 1F T,
T L AT R A 5 6 7 BIE b e R, Be b, i A 2
B T AL KN T, SIRRRES A
A AR M T, 5T R B S IR FL A FLAE KT 5 um
i, ACHARAE 1 AR 1 T FL P 35 09 3 8l BT LA AR 2 Al
AR A,

Gt T I 288 289 143 3 0 O TR AR T AL, 72 R
AR A FIFLBR SR . R [E LA . AN TR IE A v
FLA BE 451 T 30 1 28 fh B A S LB A 1 —
) AR N N o N DN W SO S T
W5 Z2FLUL TR 4 R B 78 Tl 1 2 0 AR TR AL, SR
FH BB A 0y 32 O S B AR A . FE R IR R
1000 Pa—40000 Pa 2514, 20 BIWF A [l A4, BI:
Air, He, D,. H,, fLB% | LA LA GE AR s FL 1Y
B U FLIR R R M o I 5T X Tl Y A 7=
Mg R THEAR TAE ., #56R AL s 32
B RGEFRUEA MERTE T3

1 HREIEST

1.1 ipIEtEE
A0 T8 T 1F R A o U AL A B B RN 1 TR
W 1(a), AFZERIFSARELES: Air, He, D,, H,, M

Y
(a) L
adiabatic wall
g
= g ) — d,=0.03m
= ? porous medmn'a X
gas inlet T gas outlet
le /=0.08 m
®) adiabatic wall

(1) £=1000y7+0.3
(=0.01 m<y<0.01 m)

1 SEE R bR AT LA AR (a) 338 BARHEIR AL LT R
o, (b) ZALIIR & Jm 45
Fig. 1 Channel type standard leak hole physical model. (a)Geo-

(1) &=—1000y>+0.4
(~0.01 m<y<0.01 m)

metric dimensions of channel type standard leakage

holes, (b)porous foam metal structure

&1 Air.He.D,.H, 7 298 K £ TRt S
Tab. 1 Physical properties of air, helium, deuterium and hydro-
gen at 298 K conditions

¥ kg/m’ R kg/(m-s)
=5 1.185 2.63x10°
ax 0.164 1.96x10°
IR 0.167 1.25x10°
£ 0.081 8.92x10°

HE d,=0.02 m 1F Hbr o T FL A 2F F1 sk Al oK
9 2 FL I TR 4 35 7T 19 1E R AR v AL NS, 2L
K4 R INFLAR, 435 R 6 pm, 8 pm, 10 pm, H i
RUIE FRARMEIR LA B 143 315 € 4 0.08 m, 0.12 m,
0.16 m, )7 AR IE bR s L F e, i
W TR B N T S R R KN, £
FLIEIA & R LB R A 2 N R 1(b) s, 2Lk
4 )& 43 i BAT TEE I FLBR S 6=0.3 5 0.4, 3 5 I
DL SE s A A FLBR A . AN R 2R B SR Y
YIS BN £ 1 R,

1.2 HFER

AR FEFEHFIE Air, He, D,. H, il it Z fLA T
T 1E A T L N S HLEE R THR T, th AR TR
JE 37T 3 U LT AR AR A AN ], R, 2R
SO 5 03 Gl 2| R NI SR TroN

A
anz (1)
KT
=— (2)
\2nd?P

KB HRBS UTREREZ . H
sk (1), RIS A R, LR L RHE
JUBE, AR SR LRI RAE RO S 1F s o e £L A0 145
d;; 3 (2) ", Kyl Boltzmann %4, T RS kS 2#
IE 298 K, d WMy FHE, p M A E
VIE-3

MK, <0.001 B, SRS AT LA VEE S
s, A TG R, BRI 24 0.001 <
K, <0.1 B}, 23 o il R4 ab B, 7T DUE AR &
S TR EN; 24 0.1 <K, < 10 B, i P 24K, > 10
B, S

EF %t 100 Pa—40000 Pa [ F1 S MG i 1F A5
HER LR ST HIB AR B3], 45
& Jzs S Bk R 7 p > 300 Pafif, K, <0.001, K
K AR &R B R ) p > 600 Pafi),



o1 M X1

#k 45 Z2 LU IR S IR S0 )30 1 R I R A TG AL I 3 A B AR 933

K, <0.001, AR5 A AR B R p>
800 Pa i}, K, <0.001, J Ak s M4 K< A
PE RS p > 1000 Paif, K, < 0.001, K i
AR SC 32 AR T U A R Rl I SRR T R ISR
I, 6 BGIE A K e 7915 L 1000 Pa-40000 Pa £ 47
G3HT

HRAE B A A 52 14 38 18 AL 1 bR o R L IR R
(R TE) R, VR DA i

(1) 738 18 7 OF AR i e L N T sl o 4 AR
PO NI DESE 2R/

() ZHLMEK S B IS0 | S m ., wiik S
[ R[] Ay e A A5 328 5

(3) TR B E A, 20 T S

(4) MO TR 4 R TS L 30 A Rl e TADIR A,
BH 4 22085 .

FEF DL AR, AR S 18 A I AR v TR AL
TR 4 DX ek g e ol A A R

8uf an

a7 % =0 (3)
g(uf% +vf%—\;f): —g—§+%(m%)+

TEZX (3)-(5) H, ueFlve 23 AR x iy Iy ) - 1)
HEE, BT mfs, ERIRTR, & RIRSLERR, pFRIR
TR % B, 07 kg/m's pFRARFE T, B0 N/m?; p
FORBENPRERE, BT kg/(m-s); Hob KoMK 4 B N
FRBE R, i m?, BN

oo d-&
150- (1 —£)?

X (6) 1, d, W Z ARS8 LA, B pm;
e AICH AR, TRk &R LI,

L F AT

(D) R Si=gi=0p=p L=
L f0x 0y » 0y

(6)

0

ou 0v_ 0Op 0p
(D%ﬁil"ﬁlj:a_a_y_o,a—a_y—o

2 HEARE
AR SC R ¥ il 5 B AN A S5 4R SIMPLE &

DT BB A, Bl 5 R A B XU X, O
AR R A LB R R P A SR B
(UDFs) RS2 PR, [, 35 B YCsobnifE R 107, 5% A4
HERI IR 1

FERBL At R v, TR AR 2 A8 AL A%
W 2 Fiw, A T S0 iE A ) 0 i, R FH DU AR TR i)
VA 4 50K 43 AT 0 A 5t 308 3 R 1 R s o T FL T %
IFEI o e 2 Fhml DL B, BE2 RS KON 741 2
A 1127, TRIEAEAL T 0.004%; MBI 1127 4
SRR R H) 12243, H(EAAL T 0.002%; L35 KM
AR 237303, IeFR(EAEAL T 0.001%. A T 1548t
AL [B] AR AR, 1B A% E R 12243 SEAT AR
G3HT

R2 MIAEIRSL LT
Tab. 2 Grid independence
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Tab.3 Experimental date "”

and simulated leakage rates of
three different positive pressure standard leak at vari-
ous pressures under air as the gas source

SPESME (kPa)  FEGEER"™ (mL/min) BHUZSR (mL/min)

5 101.3 100.32
10 10.48 11.38
100 187.8 186.08
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Fig. 4 Variation of leakage rates with pressure for different (a)

constant porosity and non-linear porosity, and (b) differ-

ent orifice diameters under H, gas as the source
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