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STUDY ON BEHAVIOR OF LIQUID NITROGEN IN POROUS MEDIA

S.W. Choi”' and W.I. Lee?
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2School of Mechanical and Aerospace Engineering, Seoul Nat'l Univ.

The process of flow through porous media is of interest a wide range of engineering fields and areas, and the

importance of fluid flow with a change in phase arises from the fact that many industrial processes rely on these
phenomena for materials process, energy transfer. Especially, the flow phenomena of cryogenic liquid subjected to
evaporation is of interest to investigate how the cryogenic liquid behaves in the porous structure. In this study,
thermo physical properties, morphological properties of the glass wool with different bulk densities in terms of its
temperature-dependence and permeability behaviors under different applying pressure are discussed. Using the
experimentally determined properties, characteristics of two main experimental results are investigated. In addition,
simulation results are used to realize the cryogenic liquid’s flow in porous media, and are compared with
experimental results. By using the experimentally determined properties, more reasonable results can be suggested in
dealing with porous media flow.
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Table 1 The main characteristic of nitrogen

top view
Pressure sensor
4 4 4 ¥ ¥ 4
Glass wool
1" inlet outlet ,],
side view

Fig. 1 Permeability measurement apparatus and
schematic diagram
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density 0.808 ke/m’ at boiling point . . . .
boiling point -195.79°C Table 2 Material properties of silicone oil
critical point -146.8°C at 3.39 MPa Specific gravity|  Viscosity | Surface tension
triple point -210.6°C at 12.53 kPa Model number) ™/ 55 at25C (Pas) | (mN/m)
latent heat 200 kJ/kg KF-96-100cs 0.965 0.097 209
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Fig. 2 Experimental apparatus for square section cylinder
and schematic diagram
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Fig. 3 Experimental apparatus for rectangular duct
and schematic diagram
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Table 3 Morphological porosity for glass wool

bulk density porosity
24 kg/m’ 99.04
48 kg/m’ 98.08
96 kg/m’ 96.16
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Fig. 4 Pressure distribution for permeability measurement
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Table 4 Specific heat of glass wool (Cp)

flo 12 e

—

Specific heat (J/kg- C)

oC Bulk density of Bulk density of Bulk density of
24 kg/m 48 kg/m 96 kg/m
20 893.38 868.72 856.39
0 893.38 868.72 856.39
-50 893.39 868.72 856.39
-100 893.46 868.76 856.40
-170 893.90 868.97 856.51
-190 895.94 869.98 857.01

Table 5 Thermal conductivity of glass wool
Thermal conductivity (W/m-K)

oC Bulk density of Bulk density of Bulk density of
24 kg/m 48 kg/m 96 kg/m
20 0.0379 0.0402 0.0444
0 0.0377 0.0401 0.0444
-50 0.0374 0.0399 0.0443
-100 0.0371 0.0398 0.0442
-170 0.0363 0.0393 0.0439
-190 0.0355 0.0387 0.0436
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Fig. 5 The result of Permeability measurement:
(a) 24 kg/m’ bulk density of glass wool,

(b) 48 kg/m’ bulk density of glass wool and
(c) 96 kg/m’ bulk density of glass wool
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Fig. 6 Experimental result of pressure distributions of 24 kg/m’
bulk density glass wool for square-section cylinder and
temperature profile in the same position with pressure
sensor, respectively:

(a) cryogenic liquid behavior (pressure-time graph),
(b) cryogenic liquid behavior (pressure-location graph)
and (c) temperature profile
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Fig. 7 Experimental result of pressure distributions of 24 kg/m’
bulk density glass wool with 0.2 bar pressure condition for
the rectangular duct:

(a) cryogenic liquid behavior (pressure-time graph) and
(b) cryogenic liquid behavior (pressure-location graph)
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Table 6 Pressure gradient between pressure sensor number 1
and number 2 for rectangular duct experimental result

0.2 barinlet | 0.4 barinlet | 0.6 bar inlet
bulk density pressure pressure pressure
dp/dx dp/dx dp/dx
24 kg/m’ -14.96 -34.60 -46.65
48 kg/m’ -18.27 -43.42 -60.07
96 kg/m’ -22.07 -53.24 -76.07
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cylinder simulation: (a) 1000s and (b) 4000s
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‘ (b)

Fig. 11 Phase contour of 24 kg/m® bulk density glass wool
with 0.2 bar pressure condition for rectangular duct
simulation: (a) 1000s and (b) 4000s
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Fig. 12 Comparison of pressure gradient between experiment and
simulation result in the sensor number 1 and number 2 for
24 kg/m® bulk density glass wool with 0.2 bar pressure
condition for rectangular duct: (a) experimental result and
(b) simulation result
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Table 7 Pressure gradient between pressure sensor number 1
and number 2 for rectangular duct simulation result

0.2 bar 0.4 bar 0.6 bar
bulk density | inlet pressure | inlet pressure | inlet pressure
dp/dx dp/dx dp/dx
24 kg/m® -24.64 -49.17 -65.42
48 kg/m’ -27.85 -56.87 -75.90
96 kg/m® -29.96 -61.73 -83.09
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