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Three-dimensional Dynamic Study on Leakage and Diffusion of Natural
Gas Pipeline Station
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Abstract: In view of the problems caused by the leakage and diffusion of natural gas in natural gas pipeline yards on safe
production, a study on the law of natural gas leakage and diffusion in natural gas pipeline yards is carried out. We adopt
professional software simulation method, use FLACS software to model, set boundary conditions to solve, study the influence
of different wind speeds, different wind directions and different leakage rates on natural gas leakage and diffusion, and combine
the relevant standards of the natural gas industry on the combustibility of natural gas pipeline stations in optimizing the position
of flammable gas. The research results show that the greater the leakage rate and the lower the wind speed, the larger the volume
of combustible gas in the station area, the wider the spread of combustible gas cloud, and the higher the degree of danger. At the
same time, the hazard degree of downwind leakage is less than that of other directions. It is recommended that the flammable
gas detector in the receiving and dispatching tube area should be set at 1 m away from the receiving tube, and the height should
be set at 2 m. This research provides important theoretical support for the safe operation of natural gas pipeline stations.
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Tab.1 Calculation results under five different grids
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Fig.2 Schematic diagram of monitoring point distribution
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4 (42.5,93.0,0.5) 16 (46.5,94.0, 0.5)
5 (43.5,93.0,0.5) 17 (39.5,95.0,0.5)
6 (44.5,93.0,0.5) 18 (40.5,95.0,0.5)
7 (45.5,93.0,0.5) 19 (41.5,95.0,0.5)
8 (46.5,93.0,0.5) 20 (42.5,95.0,0.5)
9 (39.5,94.0, 0.5) 21 (43.5,95.0,0.5)
10 (40.5,94.0, 0.5) 22 (44.5,95.0,0.5)
11 (41.5,94.0,0.5) 23 (45.5,95.0,0.5)
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Tab.3 Simulation working condition parameter setting
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Fig.3 Comparison of experimental and simulated values
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Fig. 4 Gas cloud development under different leakage rates
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Tab.6 Alarm time of monitoring points under different leakage rate conditions (30 s)
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(kg-s™) m 194 20#  21#  22% 23 24#  19% 204 20# 224 3% 244
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Fig. 8 Gas cloud development under different wind speeds
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Fig. 9 Variation of flammable gas cloud volume under different
wind speeds
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Tab.7 The longest distance of flammable gas diffusion under different
wind speed conditions (30 s)

Mg/ SRR PR /m
(m-s7!) H/m? X Y VA
0 530.31 26.4 36.1 83
3.1 422.19 355 23.0 7.6
8.0 289.26 34.7 16.5 5.0
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Tab.8 Alarm time of monitoring points under different wind speed conditions (30 s)

W/ R R/ PR RAREAE A [H]/s KB T GBI E) /s
(ms™) m 19# 20# 21# 22# 23# 24# 19# 20# 21# 22# 23# 24#
0.5 029 024 030 0.31 025 033
0 1.0 0.64 036 030 037 039 031 0.41
1.5 0.68 0.43 0.36 0.45 0.46 0.38 0.50
2.0 0.53 0.44 0.59 0.57 0.46
0.5 2.23 1.42 0.59 0.29 0.24 0.33 1.65 0.82 0.31 0.25 0.40
31 1.0 2.50 1.51 0.65 0.35 0.29 0.59 1.78 0.85 0.37 0.30 0.66
1.5 1.60 0.69 0.42 0.36 0.89 0.45 0.37
2.0 072 052 044 0.91 0.55  0.46
0.5 1.05 0.81 0.41 0.27 0.24 0.41 1.12 0.90 0.50 0.29 0.25 0.43
8.0 1.0 1.21 095 048 033 029 061 1.40 1.01 053 036 030 0.67
1.5 1.30 1.03 0.55 041 036  2.53 1.45 1.09 059 044 037
2.0 3.14 1.90 0.66 0.52 046 338 328 073 057 049
03 T A5 XU AR g sg e, 5 DR SR Z i it . 53X
~ AR AR B B, BRI OB AN T B
. . W 77 1) 5 XL A B R SR I B IR 2
= SREN, B RFREER R T AUA, R d i KRR e
3 T:Lﬁi,iﬁﬂ LB, 254k 12~ B 13 LK
£ 01 . R -
& o fmesm 9 g, g 5 ik T AR ) OEX3Z5%) ATER S
Ao STV €irlich G Zi= Y\
Y0 s 10 15 0 2 ®9 FEREEE FAMSEY HRITEREG0s)
. ) Tab.9 The longest distance of flammable gas diffusion under different
THERIE 1)/ wind direction (30 s)
B 10 AEASETE—SUANSELIERS.0m/s) Rl URBY 3 S /m
Fig. 10 Gas monitoring at different heights at the same m X Y Z
monitoring points (8.0 m/s) HIR(-X) 422.19 35.5 23.0 7.6
03 ¢ FN(+Y) 372.89 33.2 222 74
' PR (+X) 119.28 25.0 17.9 25
o~ JEX(-Y) 564.78 42.1 33.2 15.0
g
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Fig. 11 Monitoring situation of the different monitoring point 0 20 40 60 80 100 120
with a height of 0.5 m (8.0 m/s) IR IR ] /s
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%E 9 j\:l Z< IE] J—L IJ—J A #FT T o —MMKTJL%& Fig. 12 Changes in the volume of combustible gas clouds under
B 12~ B 13 R AR, FE T 1.6.7.8 different wind direction
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Fig. 13 The development of gas cloud under different wind direction
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Tab. 10 Alarm time of monitoring points under different wind direction (30 s)

U L 3/ IRE—GACE RN s IAE) G R /s
m 194 204 214 204 234 244 19% 204 21# 224 234 24#
0.5 223 142 059 029 024 033 165 082 031 025 040
FR(=X) 1.0 250 151 065 035 029 059 178 085 037 030  0.66
15 160 069 042 036 0.89 045 037
2.0 0.72 052 044 091 055 046
0.5 1207 1167 1003 030 025 033 1478 1426 1377 032 026 042
BRL(+7) 1.0 1222 1196 1021 037 031 041 1507 1484 1400 040 032 062
15 1287 1214 1080 044 037 049 1535 1506 1457 047 038 9.43
2.0 1320 1258 1105 054 045 571 1569 1535 1493 057  0.50
0.5 030 024 028 032 025 030
FIRL4X) 1.0 038 029 033 042 030 036
L5 046 034 040 048 036 042
2.0 0.60 043 049 044 052
0.5 1532 1542 1536 026 021 028 1582 1608 1622 029 022 029
(Y 1.0 1648 1602 1587 034 027 036 1750 1658 1640 037 028 040
15 1799 1704 1635 042 034 046 1826 1768 1701 045 036  0.58

2.0 19.54 18.64 1724 0.53

0.43

9.68 19.83 19.05 17.89 0.58 045
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