Chapter 19 Problem 43 ¥

Given

m = 94,000 kg

T, =0C =273 K
Ty = 15°C' =288 K
Ly =334kJ/kg

Solution
Find the entropy change when melting ice and then heating the water.

The heat flow into the ice during melting is
AQ =mL; = (94,000 kg)(334 kJ/kg)
AQ =3.14 x 10 J
The melting of the ice is at constant temperature. Therefore, the entropy change is

CAQ 3.14x10

AS T 273 K

=1.15x 10° J/K

Since the temperature changes as the water is warming we must integrate to get the entropy change.
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The heat required to warm water is
AQ = mcAT
Therefore, for infinitesimal temperature changes
dQ = mcdT (2)

Substituting 2 into 1 and integrating gives

Ts
medT’ 15
AS—/ T = mcln (i)
T

AS = (94,000 kg)(4184 J/kg - K)In (

288 K
2713 K

AS =210 x 10" J/K

AS = ASpmetr + ASuarm

ASipr = 1.15 x 10° J/K +2.10 x 10" J/K = 1.36 x 10° J/K
ASy =136 MJ/K
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