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Evaluation of the Heat Conduction Model of Concrete Ground on Which
LN2 Non-Spreading Pool Forms

MYUNGBAE KIM"? T, LE-DUY NGUYEN', KYUNGYUL CHUNG', YONGSHIK HAN', SUNGHOON CHO'

1Department of Plant Technology, Korea Institute of Machinery & Materials, 156 Gajeongbuk-ro, Yuseong-gu, Daejeon
34103, Korea

2Department of Plant Machinery & Systems, University of Science and Technology (UST), 217 Gajeong-ro, Yuseong-gu,
Daejeon 34113, Korea

TCorresponding author :
mbkim@kimm.re.kr Abstract >> In this study, evaporation of LN2 non-spreading pool on concrete

_ plate was dealt with experimentally. The thermophysical properties of concrete,
Ezsﬂzzd ig QZtgcl)er,zzOC)zzli which is a composite material, were obtained by minimizing the difference be-
Accepted 19 October, 2021 tween the numerical analysis results obtained from the assumed properties and

the results from experiments. The thermal energy required for evaporation of the
liquid pool is supplied from the concrete plate and the wall of the container. As
a result of the measurement, the thermal energy flowing in from the wall was
negligible compared to the one supplied from the concrete plate. It was found
that the measured evaporation rate of the liquid pool by the heat energy supplied
through the concrete plate agrees well with the PTC model except for the initial
section of the experiment. The validity of the semi-infinite assumption and the
one-dimensional assumption, which are the main conditions of the PTC model,
was also verified through experiments. The evaporation rate model in the
non-spreading pool discussed in this study can provide a basic frame for the one
in the spreading pool, which is a meaningful result considering that the spread-
ing pool is very realistic compared to the non-spreading pool.
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Nomenclature

A : area or cross-sectional area of vessel, m’

k : thermal conductivity, W/m/K

m : mass of liquid nitrogen in the vessel, kg

m : mass evaporation rate, kg/s

q : heat flux, W/m®

R : radius of vessel

T : temperature, K

t : time, s

v @ vaporization velocity, m/s

z : distance from the ground surface, m

o : thermal diffusivity, m’/s

A ¢ latent heat, J/kg

p : density of liquid nitrogen, kg/m’
Subscripts

a : ambient
B : boiling point

. concrete

o

: ground

. vessel

g 2 ©

: wall
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Table 1. Thermocouple location

Thermocouple ID Depth from the surface (mm)
TC2_1
= 2
TC2 2
TC20_1
— 20
TC20_2
TC50_1
— 50
TC50_2
TC135_1
— 135
TC135_2
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