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ABSTRACT: One dimensional numerical modeling was carried out for the melting behavior
of dry snow and the unsaturated flow when heat was supplied from the bottom surface.
Discrepancy between the previous experimental data and the present numerical results is
substantially reduced by considering the density change of water permeation layer due to the
infiltration of meltwater. In the parametric study for effective thermal conductivity, it was
found that the effect of this parameter to the behavior of snow melting is minor. Sensitivity
analysis showed that the melting time is most sensitive to changes in supplied heat flux,
snow temperature, and bulk density, whereas snow bulk density and residual saturation have
a significant effect on the height of water permeation layer in snow.
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Fig. 1 Schematic on melting process of snow
with meltwater drainage (model 1).
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Fig. 2 Schematic on melting process of snow
without meltwater drainage (model 2).
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Table 1 Governing equations and boundary conditions for each period
Period Governing equation Boundary condition
aT, .
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Fig. 3 Comparison of experimental and numerical
results for the change of water permeation
layer height with time (model 2).

Table 2 Initial conditions for analyzing model 2

Initial snow temperature, T -5C
Initial snow density, o, 550 kg/m’
Initia! total height, Hg,; 0.025 m

Snow grain size, d 0.00015 m
Supplied heat flux, s 2,000 W/m?
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Table 3 Various equations for effective thermal
conductivity of snow

Case Equation
oy =0.307%10 ~20,+1.96x10 ~°0?
Illangasekare for, p,<450 kg/m* (42)
and Walter® ko= 2.89%10 ~%0,—0.805
for, p,2450 kg/m? (43)

oo et ol ko= k,+(1.75%10 °p,
ao et al.
+1.105x10" %0 ) ki~ k) (44)

Tuteja and  key = 2.093% 107! +7.95x10~*

Cunnane® +2.511 x10™ 20} (45)
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Fig. 4 Comparison of water permeation layer’s
height for various equations of effective
thermal conductivity.
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Table 4 Initial conditions for analyzing model 1

Initial snow/air temperature, T/ T, -10T
Initial snow density, o, 300 kg/m’
Initial total height, Hj,; 0.04 m

Initial height of air layer, E— Hy,; | 001 m

Snow grain size, d 0.0004 m
Supplied heat flux, g 2,000 W/m®
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Fig. 5 Graphical representation on the melting
behavior of snow for model 1.
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Fig. 6 Temporal variation of the air temperature
during period 1 and 2.
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Table 5 Input data used in sensitivity analysis

Input
Initial  Initial  Spow

Case Residual snow  snow  grain gf&t
saturation denstt?' temp. size (Wim?)
(kgm) (¢) (mm)
Baseline 0.1 300 -10 0.4 2000
1 0.07 300 -10 0.4 2000
2 0.1 400 -10 0.4 2000
3 0.1 300 -13 0.4 2000
4 0.1 300 -10 0.6 2000
5 0.1 300 -10 0.4 1400

Table 6 Output data used in sensitivity analysis

Output

Height of water
permeation layer
(fully developed) (m)

Case Melting time (min)

Baseline 0.02860 45.30
1 0.03078 44.01
2 0.03037 57.51
3 0.02966 46.35
4 0.03028 4491
5 0.02870 64.62
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Fig. 7 Melting efficiency according to the
change of initial snow density.
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Fig. 8 Melting efficiency according to the
change of supplied heat flux.
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