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2. Clausius-Clapeyron equation (15 PtS) ... sssssnns
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Remarks:

- Do not spend time interpolating property values. Just select the value that’s closest
to the one you need.

- Allowed aids are 3 letter-sized sheets (6-pages) and an electronic calculator.

- To get full credit you must:

©)
©)

@)
©)
©)

indicate what the equations you use represent, and why they apply

if terms in the full equations are neglected, indicate why

state any idealizations about processes

indicate how properties are evaluated, i.e., indicate table number if relevant
show units on properties and final answer
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1. Heat pump (15 pts)
A heat pump, which operates on the ideal vapor-compression cycle with the refrigerant R-
1344, is used to heat a house. The mass flow rate of the refrigerant is 0.25 kg/s. The
condenser and evaporator pressures are 1400 kPa and 320 kPa, respectively.

a. Show the cycle on a T-s diagram with respect to saturation lines.

b. Determine the rate of heat supply to the house.

c. Determine the volume flow rate of the refrigerant at the compressor inlet.

d. Determine the coefficient of performance (COP) of this heat pump.
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2. Clausius-Clapeyron equation (15 pts)

Along vertical column of a particular liquid is kept isothermal at temperature - 5°C. The
material below a certain point in the column is found to be a solid; that above this pointis a
liquid.

The temperature is now changed to -5.2°C, and the solid-liquid interface is observed to

shift upward by 1.03 m. The latent heat is 8,368 ] /kg, and the density of the liquid phase is
1000 kg/m3.

What is the density of the solid phase?
Hint: Note that the pressure at the original position of the interface remains constant.

Note: The height value has been increased. The previous value produced an incorrect value
for the solid density.
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3. Free Expansion (15 pts)

Imagine a system where there is a rigid container of volume V; filled with van der Waals gas
of mass m separated from another rigid container that is evacuated by a membrane. If this
membrane is suddenly fractured, the gas expands and fills the volume of both containers,
V.

We would like to determine the change in entropy during this process. The change in
entropy can be described as:

ds = (as) v
“\av/y

as :
a. Canyou express (5) as a function of p, T, n, ¢y, ¢p, @, and/or B?
U

Hints:
d a ad
5),=-G)./(),;
U = (Z—g)v ds + (Z—g)s dV = TdS — pdV

b. A van der Waals gas has the following equation of state:
RT a

pzv—b_ﬁ

What is the change in entropy, S¢ — S;? Please provide a formula.

c. We now replace the van der Waals gas with an ideal gas and repeat the expansion
process. What is the change in entropy, S¢ — S;?
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Property tables

TABLE A-12 EyAattetel refrigerant-134a—Pressure table

Specific volume,

Fall 2023

ME 40

m3/kg Internal energy, kJ/kg Enthalpy, kJ/kg Entropy, kJ /kg - K
Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., Sat. liquid, Sat. liquid, Evap., vapor, liquid, Evap., vapor, Sat. Evap., vapor,
PkPa Tw °C vapor, v, Us 7 ug hy hge hg liquid, sy g Sg
60 —=36.95 0.0007097 0.31108 3795 205.34 20913 3.837 22396 22780 0.01633 0.94812 0.9644!
70 —33.87 0.0007143 0.26921 7672 203.23 210.90 7722 222.02 22974 0.03264 0.92783 0.9604"
80 —=31.13 0.0007184 0.23749 114 201.33 21248 11.20 220.27 23147 0.04707 0.91009 0.95716
90 —28.65 0.0007222 0.21261 1430 19960 213.90 1436 21867 233.04 0.06003 0.89431 0.9543¢
100 —26.37 0.0007258 019255 1719 198.01 21521 1727 21719 234.46 0.07182 0.88008 0.95191
120 —22.32 00007323 016216 2238 19515 21753 2247 21452 236.99 0.09269 0.85520 0.9478¢
140 —18.77 0.0007381 014020 26.96 192,60 21956 2706 21213 23919 011080 0.83387 0.9446.
160 —15.60 00007435 012355 31.06 19031 22137 3118 209.96 24114 012686 0.81517 0.9420:
180 —12.73 0.0007485 011049 34.81 188.20 223.01 34.94 20795 24290 014131 079848 0.9397¢
200 -10.09 00007532 0.099951 38.26 186.25 22451 3841 206.09 24450 015449 078339 0.9378¢
240 —5.38 0.0007618 0.083983 44.46 18271 22717 4464 202.68 24732 017786 075689 0.9347¢
280 —1.25 00007697 0072434 49.95 179.54 229.49 5016 19961 24977 019822 073406 0.9322¢
320 246 0.0007771 0.063681 5490 17665 23155 5514 19678 25193 0.21631 071395 0.9302¢
360 5.82 0.0007840 0.056809 5942 17399 23341 5970 19415 253.86 0.23265 0.69591 0.9285¢
400 891 0.0007905 0.051266 63.61 171.49 23510 63.92 19168 25561 0.24757 0.67954 0.92711
450 12.46 0.0007983 0.045677 68.44 168.58 23703 68.80 18878 25758 0.26462 0.66093 0.9255!
500 1571 0.0008058 0.041168  72.92 165.86 23877 7332 186.04 259.36 0.28021 0.64399 0.9242(
550 1873 0.0008129 0.037452 7709 163.29 240.38 7754 183.44 260.98 0.29460 0.62842 0.9230.
600 21.55 0.0008198 0.034335 8101 160.84 24186 8150 180.95 262.46 0.30799 061398 0.9219¢
650 2420 0.0008265 0.031680 8472 158,51 24323 85.26 178.56 263.82 0.32052 0.60048 0.9210C
700 26.69 0.0008331 0.029392 88.24 156.27 24451 88.82 176.26 265.08 0.33232 0.58780 0.9201z
750 29.06 0.0008395 0.027398 9159 15411 24570 92.22 17403 266.25 0.34348 0.57582 0.9193C
800 3131 0.0008457 0.025645 94.80 152.02 246.82 9548 171.86 26734 0.35408 0.56445 0.91853
850 3345 0.0008519 0.024091 9788 150.00 24788 9861 16975 268.36 0.36417 0.55362 0.91779
900 35.51 0.0008580 0.022703 100.84 148.03 248.88 10162 16769 269.31 037383 0.54326 0.91708
950 3748 0.0008640 0.021456 10370 146M 249.82 104.52 165.68 270.20 0.38307 0.53333 0.91641
1000 39.37 0.0008700 0.020329 106.47 144.24 25071 10734 16370 271.04 039196 0.52378 0.91574
1200 46.29 0.0008935 0016728 11672 13712 253.84 1779 15612 273.92 042449 0.48870 0.9132C
1400 52.40 0.0009167 0.014119 125.96 130.44 256.40 12725 14892 27617 0.45325 0.45742 0.91067
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LLIRRRR Kl Superheated refrigerant-134a

Sat.
50
60
70
80
90

100

110

120

130

140

150

160

170

180

Fall 2023

P =1.20 MPa (T, = 46.29°C)

P =1.40 MPa (T, = 52.40°C)

0.016728
0.017201
0.018404
0.019502
0.020529
0.021506
0.022442
0.023348
0.024228
0.025086
0.025927
0.026753
0.027566
0.028367
0.029158

253.84
25764
267.57
27723
286.77
296.28
305.81
315.40
325.05
33479
34463
354.57
364.63
374.80
38510

273.92
278.28
289.66
300.63
311.40
322.09
33274
343.41
35412
364.90
37574
386.68
39771
408.84
420.09

0.9132
0.9268
0.9615
0.9939
1.0249
1.0547
1.0836
1119
11395
11665
11931
1.2192
1.2450
1.2704
1.2955

0.014119 256.40 27617

0.015005
0.016060
0.017023
0.017923
0.018778
0.019597
0.020388
0.021155
0.021904
0.022636
0.023355
0.024061
0.024757

264.46
27462
284.51
294.28
304.01
313.76
323.55
333.41
343.34
353.37
363.51
37375
38412

285.47
29710
308.34
319.37
330.30
34119
352.09
363.02
374.01
385.07
396.20
40743
41878

0.9107

0.9389
0.9733
1.0056
1.0364
1.0661
1.0949
11230
11504
11773
1.2038
1.2298
1.2554
1.2808
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