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Heat Conduction Problem for melting of a slab contacting with well-stirred fluid

by

Hirakazu Sek1 and Tomoaki KoMORI

Abstract

The approximate analytical solutions and the numerical solutions for melting of a slab,
which was contacted with a well-stirred fluid at the surface, were derived and the experiments
of melting a solid paraffin were performed. The approximate analytical solutions were obtained
by solving the conduction equations with suitable boundary conditions, according to the
procedure of Neumann’s exact solutions, moreover, a precise value of the modulus were made,
as the stability criterion for the practical computations of the numerical solutions. The
solutions were compared with the experimental results for the temperature profile within the
paraffin and the fusion front motion with time during the melting process. By the experi-
mental results, the position of the fusion front was proportional to the square root of time and
the calculated results by the solutions agreed well with the experimental results.
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Table 1 Physical properties of solid paraffin

b3 o 840 (kg/m*)
& %; Cn 0.53 (kcal/kg’C)
N ) ': 6
8 ; § ‘J sz 0.84 [kcal/kg”C]
Pofin 4 8 Cn 0.34 Ckcal/kg’C)
AT )
> X K, 0.14 (kcal/m hr°C)
\2 84,8, K, 0.23 (kcal/m hrC)
= K, 0.33 (kcal/m hr'C)
L | 5 ot maH o COUPLES L, 22.0 (kcal/kg)
3 WELL-STIRRED VESSEL7 INSULATION l‘z 9 0 [kcal/kgj
™ 4 SAMPLE CONTAINER 8 VALVE M
9 HEATER Th 57.0 ey
Fig. 4. Experimental apparatus T, 38.0 [§0D!

Table 2 Operating condition for experiment

T; 22.0 m 64.1 A 0.0092
T, 1485 HA, 1.0 M 19
T, 22.0 h 50.0

T's=8.46—45.96+153.0
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1 BOTWHO—ETHS37 7 1+ v OHEBLEE A EREhR = EME L 2T Eic L b,
ZREBORR Y —KER L HEUMCER RS = L RTEL,

2 Neumann DOFFEHEML, HEBEOMLBYRMO 1/2 RICHEIT 5 &EML - BIFEEITE
AfES X OBER E L <—FK L1,
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(FBRI544E 5 A24 A2E)
Nomenclature
A = suiface area of the sample (m?)
Ag, = effective area of heat transfer to the air (m?)
a = number of divisions in phase 1 G
b = ndmber of divisions in phase 2 =)
¢ = number of divisions in phase 3 G
C, = specific heat (kcal/kg’C)
C, = specific heat of medium fluid (kcal/kg°C]
h = heat transfer co-efficient (kcal/m?hr°C)
H’ = heat transfer co-efficient (kcal/m?*hr°C)
K = thermal conductivity (kcal/m hr°C)
L, = heat of transformation at T, [kcal/kg)
L, = heat of transformation at T, (kcal/kg]
M = total mass of medium fluid (kg
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m = increment of time =
m, = mass velocity of medium fluid (kg/hr)
N = total number of divisions !
n = increment of space —
T = temperature rcl
T. = temperature of the air c)
T, = transformation temperature rca
T, = transformation temperature °C)
T, = temperature of medium fluid °ca
T.,s = temperature of medium fluid at inlet of the well-stirred vessel rca
x = distance (m)
(Greek letters)

8 = position of transformation surface (m)
& = position of transformation surface (m]
# = time thr)
x = thermal diffusivity (m?/hr]
o = density (kg/m?]
(subpcripts)

l=phase 1,2=phase 2,3=phase 3
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