10-103

10-151 An ice chest made of 10-cm thick styrofoam is initially filled with 45 kg of ice at 0°C. The length
of time it will take for the ice in the chest to melt completely is to be determined.

Assumptions 1 Heat transfer is steady since the specified thermal conditions at the boundaries do not
change with time. 2 Heat transfer is one-dimensional. 3 Thermal conductivity is constant. 4 The inner
surface temperature of the ice chest can be taken to be 0°C at all times. 5 Heat transfer from the base of the
ice chest is negligible.

Properties The thermal conductivity of styrofoam
is given to be £ = 0.033 W/m-°C. The heat of
fusion of water at 1 atmis %, =333.7kJ/kg .

Analysis Disregarding any heat loss through the
bottom of the ice chest, the total thermal resistance
and the heat transfer rate are determined to be

A, =2(0.3-0.03)(0.4—0.06) +2(0.3—0.03)(0.5— 0.06) + (0.4 — 0.06)(0.5— 0.06) = 0.5708 m>
A, =2(0.3)(0.4)+2(0.3)(0.5) + (0.4)(0.5) = 0.74 m>

ot = = 0.03m = 1.5927°C/W
kA;  (0.033 W/m.°C)(0.5708 m?)
R, - ! =0.07508 °C/W

conv

hd, (18 Wim?2.°C)(0.74 m?)
Riat = Reposs + Rogpy = 1.5927+0.07508 = 1.6678 °C/W

conv
T,-T —0)°
s le | _@8ZOFC 609w
Ryw  1.6678°C/W

0=

The total amount of heat necessary to melt the ice completely is
QO =mh; =(50kg)(333.7 kl/kg) =16,685k]

Then the time period to transfer this much heat to the cooler to melt the ice completely becomes

Ar= 2 166850000 _ o370 105 s =276 h =11.5 days
O 16.79J/s
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