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Analytical calculation of leakage rate for natural gas pipelines
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Abstract: As the leakage rate is one of the important factors of natural gas pipeline operation that have not

been well defined, it is necessary and important to give an analytical equation for the leakage flow rate of

natural gas pipelines to improve the accuracy of simulation and estimation of leakage accidents. Based on

the theories of thermodynamics and fluid mechanics, together with the use of ideal gas equation of state,

adiabatic equation and energy conservation equation, the natural gas leakage process was studied and

divided into two leakage phases, the critical phase and the sub-critical phase. Equations were obtained for

calculating the leakage flow rate of the whole leakage process, and examples were given to analyze the

influences of various parameters on leakage flow rate.
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Sketch of gas leakage

2 EAKIR

RRYETF T R GE g sy oy Y FEBROE 14k
7"

dEcy 1,y
L2t (ot i =0 (D

L Ec 2 BEHABMNGE, T hoh HASR
MIEERE . T - kg 'y o MR D GB O W
JE. me sy om BERAKMIEER, kges ' ¢
JERFE, s, WHIARM NG DX (2 A

Eey = me, T (2)
Hrp om BESRIAEBN KL E4) i, kg
RN ERHE, T (kg KDY TR
RARAMIREE . Ko SRS P LA b TR A 25 AR
BER) BRI, AP

he =¢,T. (3)
L o, BRARAWELEEME, T (kg
K)oty Tt i b o 5 A U R, K
L @ A ) ARAKX (D 153

d%omﬂw (eTe+ 4 )i =0 1

(TR o AR 6 I 1 )
WUCHR (5~10 MPa). 7 L2 I L TF 46 it 3 6
— B . FRBEIR ) I A TR R ) 2 BT
I IR B

2\ .
p?<ﬁcr = <m>h I (5)

A p RRAMIET), Pas k2 RIRALAA
REG B ARG RS H s T bR “or” R
5l SR XTI S8 Prik. i /L il e <
i AR I SRS . AR, B U AR Y AN R
11 RIRSUR LA S #RAS W AR 3R 88 1 T
HEBENRENZ LR TR ELZ )G, it
AL SRS HE A g M A . PG, B
e L W B 70 D9 P PR AN [ (4 o B, RIDAE S s
AR A e 5 AR 285 1) s 5 10 s o 5 R i s 11 Ak <
U O I 5 R 285 1 s 5 1 s B B

3 e Rt e M B

T2 SEMIR B BE . R E J1 5 438 R IR SR
HH RN T I SR . BI R (5) . R 114k
SRIBLA TG FORA . Fite. fE3t (D o

2k



55 8 ]

XU RLAE TR A A i T 5 Y A R . 2123 -

M::Apﬂh::A¢(z%7)”‘ﬁ%mvg%§;;; <
AP P REEREG p ERARIWEE, ke -
m o BEiE . TR RIS S R BRSO R AR T
FHEP KRR E m o] i ARSI RS
o BeE ToRL e m. 5 8 AR R B 4 0 72 07
fe. O AR EA

dT A( 2 N 2R,
gt D5 () AR =0 ®
XA (8) B, 153

T= o 1 (9

[lJr%(ﬁ)Hsﬁ%mr]
A oo MW H TR B IERE, m s ' K
(9) g5 T RARAME U ok A rP 4 0 PN A RO L 2 Bl
IR ) A AR A O o T Y UM B T s Il AT LA
9 Hy BEAR AU Y 26 PG 7R Oy BROR AR . DR G
U A T A R 3R A R AR Al

1 2
— 2 N\ =
7)7:RL‘,I/::7“0[1+k21< >k1¢AC'¢1T:|1ﬁ (10)

] %
Horp
o ::éggf, o = E%SEJ?TO an
0

TR E A T AR U (10) ML
X I ) SR S I HEAT R B, B0 A 214870 A T O g

kA1

;h:m{1+5%i%?y7 (12)

Hrp
mwzmwziif%¢%u (13)
K, e A R TR A X H AR TR

TSR T Z /N TR SR LER S B0 R 2
X G MfRE. T, X A2 @R E

2 m o\ 2
Tg/e*ln'u[ <P7ir> k+171 (14

AT LUHER MR TF B 0 FE 2R « 2 ]
ﬁilzﬂjﬁﬁ/ﬁﬁzg (kg+s ) H

E:>lYMM:9ﬁP4«1+@iiﬂ%yq}<w>
T Jo T 2

4 T Aol OB

BN N 5T N R R ) Z R T AR
. By (5) AEETR R RN, REHEA
T SR B BE . i B U B B AR B R OR Y
DX O 10 Ak A B Sl AR A e B . A

T AR R R A AR AT L S T g I i R B
WL, s (D W5, Kk, mF
c= V2h—hoO (16)

2 (B) - (5) 7 ]-
w2 () - (%) ] o
X (16) B, b KRR WML, T -
kg ', BEAE (), & 3. & a6, X D)
AR A SRS R RO BRACAR (D i
fragm, 15

m = Aé

%fgkkaﬂu(géz)
Hep, GElh

=
A | 2 Do\ F
G*¢x/VQ—1RH«pU> (19

X (18) gt A B e DL S B, HRMAHE
TE P D 28 A STV I S i U o B3 B 1 12 T A 1 Ak R A
Moz, FE

2 mo[ Po % 2 }
T = 77— = Lo e (20)
k=1 mo (pm> Fr1 L

4
1 1
§=2-1 > @D
Fe 2 ] i 51
o k=1
VG — _ A, P\ EP 2
(k— DG “”";;n—g[<p> (25) }
(22)
Hrp
! _2n—1 _
A" - 22"(77!)2 4 An - n An—l ’ Ao 1 (23)

N (22) gy 7 A T8 1 I S s B BOE GE A
4 1 7 B IS 1) B A2 AR 00 o SRAT s g B ek ] 79 728 1
FK A e A R D7 R AT LASK A I B I 1] 4 A
KA. Bk, BE ARSI, JFXT I
KT M LR po T R AL E R L
L BRAE AR ot et i 5 A B AT SR A5 b U R

e ()T ()T R e

MR, Wl LA (18) 15 Iy Bl [a]
DR SN

dp _ EGP e (%)

T

Bl (25 RAR (24), 5153

= =]
k k

(ﬁﬁ -1 D



o 2124 - k. T 2 i %59 B
1 k—1
: P \ T P\ E 90
= maG —1 26 ‘
me ( Der ) < D sur ) (26) © 80 hole diameter: D=20mm
N | critical time: 7,=4885.13s
B (26) ATLLESE, A HEEEE m.,. i 70 o critical phase
= 60t «  sub-critical phase

e AR Toow WAL LU AE W M 51 B BE A it U 5
Ao T po AT H I SR AT B OR AT AR B A A
YRGS R DT RER AT T 1) T B AR UACIR 2505 72
S ma . BEH

1

27
Hor
s ()T o

5 & x4

HRRSMEELER d=295.5 mm, FK
L=1400 m, MWW IE S p,=8. 8588 MPa, X
LR T, =42°Cs MG % N KRR R4 4
HERAESZELRN KRRy i M=
21.22184, R=391.78 ]« (kg C) ', B4k
Aitbk k=1.3; WEAMLEAESEARRNK: pu =
101. 325 kPa, T.,=25.15C, %4, MiZZEL
F18y 42 1) ] RE 8% 70 T T =B 0 A IS 0 5 — I TR) ) 2l 9
P45 T W

RS ey n - (R ¢ S A D S B A
SR B B R AR A0 T A G 72 £ B I TA) 1Y 2 Ak 1
B, SR nE 2~ 6 PR

2. B3 g T AE MR LA 20 mm
BF A R U A DL K N s ) B ] Y A2 A1

Ol mE 2 LRIHRASR AT AL, ERRTEX
6

5 hole diameter: D=20mm
critical time: 7,=4885.13s
a critical phase
= sub-critical phase

release rate/kg * s~
W

e

0 1000 2000 3000 4000 5000 6000 7000
leaking time/s

&l 2 G BB B LA % T i 5B B i U R
Wi B [ 9 722 15 0
Fig. 2 Release rate changing with time during
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