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Numerical Study on Extent of Hazardous Area for Sonic Jet
Release Using Equivalent Leak Diameter

Ch0| Seung Ho***, and Choi, Hyoung Gwon™*

Abstract

In this study, three-dimensional x—e turbulence numerical simulations were conducted to analyze the extent of hazardous area
for the sonic jet leakage of flammable gas. Incompressible fluid flows were simulated based on an inlet boundary condition estimated
using the theory of “equivalent leak diameter” to prevent the direct simulation of sonic flows near the leakage hole. Numerical
simulations of 20 methane leakage scenarios providing the lower explosive limit contour showed shapes of the hazardous area
with a maximum height of approximately 12-14 times larger than the maximum width, owing to convection. The extents of hazardous
area determined using computational fluid dynamics (CFD) were approximately 5%-10% lower than the results obtained with 1
m over based on IEC 60079-10-1. For scenarios in which quantitative data were not calculated using IEC 60079-10-1 due to low
release rates, CFD provided quantitative data for the extent of hazardous area, showing nonlinear relationships with the pressure
and diameter of leak holes.
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Table 1. Properties of Methane

Property Methane (CH4)
Molecular Weight (kg/kmol) 16
Specific Heat Ratio 1.299
Specific Gravity 0.555
Explosion Range (%) 5~15

——— Zero Velocity
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1.25% Concentration ’/{‘ \\\ . 0% Concentration

(25% of Methane LEL) /
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Leak hole —\ Sonic Velocity

Fig. 1. Schematic of Sonic Jet Flow
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Table 2. Gas Release Rate (kg/s)

S (mm?)

p (kPa(@) 1 2.5 5 10
150 4.30E-04 | 1.07E-03 | 2.15E-03 | 4.30E-03
250 6.00E-04 | 1.50E-03 | 3.00E-03 | 6.00E-03
500 1.03E-03 | 2.57E-03 | 5.14E-03 | 1.03E-02
800 1.54E-03 | 3.85E-03 | 7.70E-03 | 1.54E-02

1,000 1.88E-02 | 9.41E-03 | 4.71E-03 | 1.88E-03
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Fig. 2. Schematic Boundary Condition and Equivalent Leak Diameter
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Fig. 3. Simulation Modeling
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Table 3. Hazardous Distances (m) by CFD
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Fig. 5. Maximum Hazardous Distances (m)

Table 4. Characteristic of Release

P (kPa(G)) 2 () P (kPa(G) 2 ()
1 2.5 5 10 1 2.5 5 10

150 0.18 0.28 0.38 0.56 150 0.0129 0.0323 0.0646 0.1292
250 0.24 0.37 0.50 0.72 250 0.0181 0.0451 0.0903 0.1806
500 0.30 0.50 0.72 1.02 500 0.0309 0.0773 0.1545 0.3090
800 0.40 0.64 0.91 1.28 800 0.0463 0.1158 0.2316 0.4632
1,000 0.45 0.72 1.02 1.43 1,000 0.0566 0.1415 0.2830 0.5660
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Fig. 6. Chart for Hazardous Area Distances

Table 5. Hazardous Distances (m) by IEC

S (mm?)

P (Pa(G)) 1 2.5 5 10
150 < 1.0 < 1.0 < 1.0 < 1.0
250 < 1.0 < 1.0 < 1.0 < 1.0
500 < 1.0 < 1.0 < 1.0 1.12
800 < 1.0 < 1.0 < 1.0 1.39
1,000 < 1.0 < 1.0 1.07 1.55

Hol= 1 m H|FEe R =, HE3t gho] A=A e
ot B4 i Al F A ART 1 m oo ®
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Table 6. Difference of Hazardous Distances (m)

Hazardous distance (m)
S i D IEC Doiff'.
(mm?) (kPa(G)) 60079101 CFD (%)
10 500 1.12 1.02 10
10 800 1.39 1.28 9
5 1,000 1.07 1.02
10 1,000 1.55 1.43 8
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