
Heat and Thermodynamics. Rec 9

Recitation 9

1. Consider a household refrigerator that uses HFC-134a as a refrigerant, operating be-

tween the pressures of 1.0 bar and 10 bar.

(a) The compression stage of the cycle begins with saturated vapor at 1 bar and ends

at 10 bar. Assuming that the entropy is constant during compression, find the ap-

proximate temperature of the vapor after it is compressed. (You’ll have to do an

interpolation between the values given in Table 4.4.)

(b) Determine the enthalpy at each of the points 1, 2, 3 and 4 and calculate the

coefficient of performance. Compare to the coefficient of performance of a Carnot

refrigerator operating between the same extreme temperatures.

(c) What fraction of the liquid vaporizes during the throttling step?
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2. Show that for a van der Waals gas the Joule-Thomson coefficient is given by b −
2a/RT = −µCP , where a and b are the van der Waals constants. Hence show that in

the case of such a gas the inversion temperature Ti is given by Ti = 2a/Rb.

3. According to Hill and Lounasmaa, equation of the He
4 inversion curve is

P = −21.0 + 5.44T − 0.132T 2

where P is given in atmospheres.

(a) What is the maximum inversion temperature?

(b) What point on the inversion curve has the maximum pressure?

4. (a) Compute the entropy change for the following reaction, with all reactants and

products in their standard state at 298.15K:

C2H6(g) + 3.5O2(g) → 2CO2(g) + 3H2O(`)
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where the molar absolute entropy of compounds are

So
H2O = 69.91 JK−1mol−1

So
O2

= 205 JK−1mol−1

So
CO2

= 213.74 JK−1mol−1

So
C2H6

= 229.6 JK−1mol−1

(b) Use the data of part (a) to compute the entropy change for the same reaction at

400 K. where molar heat capacities at constant pressure Cm
P are

(Cm
P )H2O = 75.291 JK−1mol−1

(Cm
P )CO2

= 37.11 JK−1mol−1

(Cm
P )O2

= 29.355 JK−1mol−1

(Cm
P )C2H6

= 52.63 JK−1mol−1

Assume that the heat capacities are independent of temperatures.

5. Between 0oC and 100oC, the heat capacity of Hg(`) is given by

CP,m(Hg, `)

JK−1mol−1 = 30.093− 4.944× 10−3 T

K

Calculate 4H and 4S, if 1.75 moles of Hg(`) are raised in temperature from 0.00oC

to 75.0oC at constant pressure P .
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