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Abstract: Based on Van der Waals

L [ Liquid ph&sc leakage of horizontal]
equation and theory of fluid mechanics, [P llquid ammonta tnk
Gas phase Flash ratio Fv <<0.1
the liquid real-time continuous leakage  wgesion | A [ .
o . . . Liquid ph il iquid leakage
model of horizontal liquid ammonia tank R PR Jf/u : v
was established considering the changes I i [Tankpressurechange] [“q““’c}jg;fg“ge f"e“]
of tank pressure and liquid surface area. oo Van der Waals P
. . . (a) d=5mm ey . cquation area
Mathematical modeling of a horizontal 26000 - :
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Assumption of

with PHAST simulation results. The 0TI 1s 14 12 10 08 06 incompressibility ofliquid

o Liqud el height, 1 /n
results showed that the decreasing range

of liquid level height # grew slowly and then increased quickly, the decreasing range of liquid leakage mass flow rate

de, /dh,

company was performed by this model,

and the calculation results were compared

Om and liquid leakage rate v and the increasing range of liquid leakage mass m decrease slowly. At the beginning of
leakage, Om and v were the maximum values, at the end of leakage, m was the maximum values. When the diameters
of leakage hole were 5, 30 and 100 mm, leakage time ¢ were 29884.027, 837.289, 77.550 s, Om(max) were 0.552,
19.913 and 221.160 kg/s, v (max) was 46.733 m/s, m(max) were 10255.649, 10339.923 and 10572.760 kg, respectively.
The deviation between the calculation results of the model and the PHAST simulation results was less than 24%. From
the analysis of parameter variation and risk emergency, the model had the certain applicability for the theoretical
calculation of liquid leakage in horizontal liquid ammonia tank.
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Fig.1 Structure diagram of horizontal liquid ammonia tank
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Fig.2 Modeling flow chart of liquid real-time continuous
leakage in horizontal liquid ammonia tank
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Table 1 Parameters related to storage and leakage of
horizontal liquid ammonia tank

Parameter Data
Tank type Horizontal tank
Storage material Liquid ammonia
Volume, V/m? 30
Specification @2.6x5.6 m
Filling factor 0.8
Initial liquid level height, 7o/m 1.95
Storage temperature, 7/°C 25
Storage pressure, p,/MPa 1.65
Ambient pressure, p)/MPa 0.1
5
Diameter of leakage hole, d/mm 30
100
Height of leakage hole center from 0.6

tank bottom, /;/m
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Liquid leakage mass rate, O, _/(kg/s)

Liquid leakage rate, v,/(m/s)
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4.3.1 PHAST 24k &

PHAST(Process Hazard Analysis Software Tool ) {4
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Table 2 Key meteorological parameters of PHAST simulation

Ambient Wind Relative Atmospheric Sun Phase of Outdoor release Whether flashing is
temperature/'C speed/(m/s) humidity stability radiation release direction allowed at the hole
25 1.5 0.7 E 0.5 liquid Level No flashing
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Table 3 Calculation results of theoretical model and PHAST simulation

Diameter of leakage hole, d/mm Parameter Calculation result of theoretical model PHAST simulation result Deviation
5 Om-s(max)/(kg/s) 0.552 0.644 16.667%
ty/s 29884.027 22746.600 23.884%
mykg 10255.649 11618.140 13.285%
30 Om-m(max)/(kg/s) 19.913 23.187 16.442%
tw/s 837.289 655.176 21.750%
my/kg 10339.923 11900.820 15.096%
100 Omi(max)/(kg/s) 221.160 257.613 16.483%
t/s 77.550 60.633 21.814%
my/kg 10572.760 12188.870 15.286%
432 g1 55%r 10572.760 kg

RS 4 45 B 5 PHAST IS5 SR W% 3.
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fBh, IR GG I 2 MR I B R K, S Rz N T
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100 mm B}, WHRFREERE] ¢ 5 29884.027, 837.289 Fil
77.550 s, Om(max)A 0.552, 19.913 1221.160 kg/s, v(max)
N 46.733 m/s, m(max) AN 10255.649, 10339.923 Fl
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