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A Styroform box used to keep drinks cold at a picnic (Fig. 17.25a)
bas total wall area (including the 1id) of 0.80 m® and wall thickness
2.0 cm. It is filled with ice, water, and cans of Omni-Cola at 0°C.
What is the rate of heat flow into the box if the temperature of the
outside wall is 30°C? How much ice melts in one day?

SOLUTION
IDENTIFY: The first target variable is the heat current #. The sec-

ond is the amount of ice melted, which depends on the heat current
(heat per unit time), the elapsed time, and the heat of fusion.

SET UP: We use Eq. (17.21) to describe the heat current and
Eqg. (17.20), Q = mL,, to dcicrminc the mass m of icc that melts
due to the heat flow.

EXECUTE: We assume that the total heat flow is approximately the
same as it would be through a fiar slab of area 0.80 m® and thick-
ness 20 em = 0.020m (Fig. 17.25b). We find & from Table 17.5.
From Eq. (17.21) the heat current (rate of heat flow) is
Hh-ic 2)30°C - 0°C
H=kA = = (0.010 W/m - K)(0.80m?) e
=12W =12]JJs
The total heat flow Q in one day (86,400 5) is
Q = Hr = (123[s)(86400s) = 1.04 X 10°]

The heat of fusion of ice is 3.34 X 10° Jfkg, so the quantity of ice
melted by this quantity of heat is
¢
L

1.04 X 10°
T 334 % 10° Iikg

m =

=31kg

www.brightkidspjue.com

EVALUATE: The low heat cucrent is a result of the low thermal
conductivity of Styrofoam. A substantial amount of heat flows in
24 hours, bul a relatively small amount of ice melis because the
hear of fusion is high.

17.25 Conduction of heat across the walls of a Styrofoam cooler.

Page 16

{a) A cooler at the beach

{b) Our sketch for this problem
A=0.80x.
TH =30°C T;; - 0°C
Tee
K
2.0¢cn

a
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