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Abstract >> The investigation of cryogenic liquid pool spreading is an essential

procedure to assess the hazard of cryogenic liquid usage. In this experimental
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study, to measure the evaporation velocity when the pool is spreading, liquid ni-
trogen was continuously released onto unconfined concrete ground. Almost all

of the reported results are based on a non-spreading pool in which cryogenic lig-
uid is instantaneously poured onto bounded ground for a very short period of
time. A simultaneous measurement of the pool location using thermocouples
and of the pool mass using a digital balance was carried out to measure the
evaporation velocity and the pool radius. A greater release flow rate was found to
result in a greater average evaporation velocity, and the evaporation velocity de-
creased with the spreading time and the pool radius.
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Fig. 1. The experiment apparatus
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Fig. 2. Concrete ground with the thermocouples
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Fig. 3. Design parameters for the funnel
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Fig. 4. Spill rate Qs with time for the three nozzles
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Table 1. Pool radius and evaporation velocity with time (to be continued)
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Case i Time (s) Radius (m) | Pool area (m%) | O (kg/s) 0s (kg/s)
1 15.86 0.05 7.85E-03 3.43E-02 1.41E-03

2 28.72 0.10 3.14E-02 3.41E-02 1.34E-03

3 40.75 0.15 7.07E-02 3.38E-02 1.26E-03

! 4 52.88 0.20 1.26E-01 3.35E-02 1.19E-03
5 90.84 0.25 1.96E-01 3.25E-02 9.44E-04

6 126.16 0.30 2.83E-01 3.13E-02 6.93E-04

1 16.23 0.05 7.85E-03 3.43E-02 1.41E-03

2 25.05 0.10 3.14E-02 3.42E-02 1.36E-03

3 37.67 0.15 7.07E-02 3.39E-02 1.28E-03

2 4 57.15 0.20 1.26E-01 3.34E-02 1.16E-03
5 98.25 0.25 1.96E-01 3.23E-02 8.93E-04

6 135.11 0.30 2.83E-01 3.09E-02 6.24E-04

1 14.59 0.05 7.85E-03 5.64E-02 1.36E-03

2 26.22 0.10 3.14E-02 5.57E-02 1.25E-03

3 42.53 0.15 7.07E-02 5.46E-02 1.08E-03

. 4 51.53 0.20 1.26E-01 5.40E-02 9.83E-04
5 66.80 0.25 1.96E-01 5.26E-02 8.09E-04

6 79.68 0.30 2.83E-01 5.13E-02 6.51E-04
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Table 1. Continued
Case i Time (s) | Radius (m) | Pool area (m%) | O, (kg/s) 0> (kg/s) 0s (kg/s) E (m/s)
1 15.01 0.05 7.85E-03 5.64E-02 2.66E-03 1.36E-03 8.47E-03
2 32.33 0.10 3.14E-02 5.53E-02 2.31E-03 1.19E-03 2.09E-03
4 3 41.53 0.15 7.07E-02 5.47E-02 5.43E-03 1.09E-03 9.19E-04
4 52.73 0.20 1.26E-01 5.39E-02 6.25E-03 9.69E-04 5.10E-04
5 62.74 0.25 1.96E-01 5.30E-02 5.99E-03 8.57E-04 3.23E-04
6 82.24 0.30 2.83E-01 5.10E-02 5.64E-03 6.18E-04 2.18E-04
1 14.15 0.05 7.85E-03 9.08E-02 3.53E-03 1.28E-03 1.39E-02
2 26.51 0.10 3.14E-02 8.86E-02 3.24E-03 1.07E-03 3.41E-03
s 3 34.89 0.15 7.07E-02 8.69E-02 9.55E-03 9.26E-04 1.49E-03
4 42.00 0.20 1.26E-01 8.52E-02 1.55E-02 7.94E-04 8.22E-04
5 48.14 0.25 1.96E-01 8.35E-02 1.14E-02 6.71E-04 5.20E-04
6 59.06 0.30 2.83E-01 7.91E-02 1.37E-02 4.13E-04 3.42E-04
1 13.79 0.05 7.85E-03 9.08E-02 3.63E-03 1.29E-03 1.39E-02
2 25.79 0.10 3.14E-02 8.87E-02 3.33E-03 1.09E-03 3.41E-03
6 3 34.50 0.15 7.07E-02 8.70E-02 8.04E-03 9.34E-04 1.49E-03
4 45.04 0.20 1.26E-01 8.44E-02 1.14E-02 7.34E-04 8.14E-04
5 52.00 0.25 1.96E-01 8.23E-02 1.01E-02 5.90E-04 5.12E-04
6 60.89 0.30 2.83E-01 7.85E-02 1.35E-02 3.82E-04 3.40E-04
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Table 2. Comparison among experimental results

Liquid Ground material Release method Pool type Result
. : E=1.29x10"
Present work LN, Concrete Continuous Spreading 139%102 m/s
4
. 9) ) . E=4.23%10
Zabetakis and Burgess LH> Paraffin wax Instantaneous Non-spreading 127107 m/s
5 : e E=3.10x10"
Takeno et al LH, Lime stone Instantaneous Non-spreading ~1.80%10° m/s
. o . E=5.92x10"
Olewski et al LN, Concrete Instantaneous Non-spreading ~8.38%10° m/s
. 7 ) ) . E=5.70x10"
Olewski et al LN, Concrete Not-known Non-spreading ~8.05%10™ m/s
. Insulating concrete, soil . E=8.50x10"
4) 4 s ) B
Reid and Wang LNG sand, dry polyurethane Instantaneous Non-spreading ~1.20%10° m/s
SIALS}T] Q)= olA]| EZo] =HlAy =X O olF Int. J. for Numeircal Methods in Fluid, Vol. 3, 1983, pp.
=t »RT Al EH TESE S0= PP
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o] Q7] wjiof, ZHEr =X 9slojs= A7t (LGF) on water”, National Technical Information Service,
w2 ko] ZAuto] T Qsich US Department of Commerce, 1980.
L 2 ogke] Do b = 1a10d o — 4. R.C.Reid and R. Wang, “The boiling rate of LNG on typical
FEREO F4E TSI ST, 5 dike floor materials”, Cryogenics, Vol. 18, 1978, pp. 401-404.
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