SecondLaw_08

The temperature of a 12 0z (0.354 1) can of soft drink is reduced from 20 °C to 5 °C by a
refrigeration cycle. The cycle receives energy by heat transfer from the soft drink and
discharges energy by heat transfer at 20 °C to the surroundings. There are no other heat
transfers. Determine the minimum theoretical work input required. You may ignore the
aluminum can in your calculations.
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SOLUTION:
A schematic of the situation is shown below.

surroundings

Apply the First Law to a system consisting of the can and the refrigeration equipment,

AE‘sys = Qimo + Won s (1)
sys sys
where,
AEsys = AEcan + AEret. cycle, (2)

where changes in kinetic and potential energies are ignored for the can so AEcan = AUcan. Furthermore,
since the refrigeration equipment operates over a cycle, AE:et. cycle = 0. Hence, Eq. (1) becomes,
AUcan = _QH + Won = W(m = AUcan + QH . (3)

The change in the can internal energy is,

AUcan = mC(Tcan,f— Tcan,i), (4)
where the soft drink is modeled as an incompressible substance since it’s a liquid. The parameter m is the
mass of the can and c is its specific heat.

The heat transferred out of the system may be found by applying the Entropy Equation,

2

50. —
AS,, = J‘ Ono 15" 5 - Q, =T,0 -T,AS,,,, (5)
» T T,
where,
ASsys = AScan + ASret. cycle. (6)

Since the refrigeration equipment operates on a cycle, ASef. cycle = 0. The absolute temperature at the
boundary of the system where the heat is transferred out of the system is 7 and o is the entropy produced
during the process due to irreversibilities.

Substituting Eq. (5) into Eq. (3) and simplifying gives,
W, =AU, +T,0-T,AS,, . @)

Since we’re interested in the minimum amount of work required during the process, consider the case when
o= 0 (an internally reversible process). Recall that o> 0 when irreversibilities are present. Since the soft
drink is assumed to be an incompressible substance,

Tcan,f
AS, ., =mcln| — |. ®)
Substituting Egs. (4) and (8) into Eq. (7) (with o= 0) gives,
Tcan,f
Won,min = mc(Tcanf - Tcan,i ) - THmC ln K > (9)
Tcan,f
Won,min =mc (Tcan,/' - Tcan,i ) - TH ln E . (10)
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Using the following parameters,
m = (1000 kg/m*)(0.354 1)(10 m3/1) = 0.354 kg (assume the density of liquid water)
c = 4.2 kJ/(kg.K) (assume the specific heat of liquid water)
Tcan,f =5°C=278K
Tcan,i =20°C=293K
Tu =20°C=293K

= VVin,min =0.591k

If we assume the soft drink is a compressed liquid instead of being incompressible, then the change in
entropy is,

ASs\()da = mASsoda = mI:SI (Tsoda,f) Yl (Tsoda,i):l ’ (1 1)

where sc(7T, p) = s(T). Treating the soda as water and using Table A-2 in Moran et al., 8" ed.,
Si(Tsodar=5 °C) = 0.0761 kJ/(kg.K),
S Tsodai =20 °C) = 0.2966 kJ/(kg.K),
=> ASsoda =-0.0781 kJ/K,

which is identical to the result found using the incompressible substance model.

A

T soda,i f= = = = ——

T sodaf |= === =

v

Ssoda,f K
Ssoda,i
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