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1. (18%) The rate of heat transfer between a certain electric motor and its
surroundings varies with time as

Q= _0.2[1 _ e(‘o.osx)]

where t is in seconds and Q is in kilowatts. The shaft of the motor rotates
at a constant speed of o =100rad/s, and applies a constant torque of
3= 18N.m to an external load. The motor draws a constant electric power
input equal to 2.0 kw as shown. Obtain an expression for the time rate of
change of energy of the motor.

&= 18 Nom

Welec e 2.0 kW o= et 100 rad/s

Wshaﬂ

N/
I ) ~0.2{1 - e{~0.080] ky
%Q

2. (12%) A household freezer operates in a room at 20°C. Heat must be
transferred from the cold space at a rate of 2 kw to maintatn its
temperature at -30 °C. What is the theoretically smallest ( power ) motor
required to operate this freezer?

3. (20%) A 1| m® rigid tank contains air initally at 300 kpa and 300 k. A
valve is opened and air is allowed to escape slowly until the pressure in
the tank drops to the atmospheric pressure of 100 kpa. The air in the tank
is observed to have undergone a polytropic process ( Pv" = constant ) with
n = 1.2. Determine the heat transfer for this process. R = 0.287
kparm’ / kg:k

Idcal-gas properties of air

CV boundary T h r [ [ °

¥
K kJ/kg kJ/kg kdfikg - K}

200 199.97 0.3363 142,56 1707.0 1.29559
210 209.97 0.3987 149.69 15120 1.34444
220 219.97 0.4690 156.82 1346.0 1.39105
230 230.02 0.5477 164.00 1205.0  1.43557

Py =300 kPa

240 24002  0.6355 171.13 10840  1.47824
d PV'? = const, 250 25005 07329  178.28 979.0 151917
260 26009  0.8405 18545 887.8 155848
270 27011 09590 19260 808.0  1.59634
280  280.13  1.0889  199.75 738.0 1.63279
285  285.14 11584 20333  706.1 165055
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290 290.16 1.2311 206.91 676.1 1.66802
295 29517 1.3068 210.49 6479 168515
300 300.19 1.3860 214.07 - 6212 1.70203
305 305.22 1.4686 217.67 5960 1.71865
310 310.24 1.5546 22125 5723 173498

315 315.27 1.6442 22485 5498 175106
320 320.29 1.7375 228.42 5286  1.76690
325 325.31 1.8345 232.02 508.4  1.78249
330 330.34 1.9352 235.61 489.4  1.79783
340 340.42 2.119 242.82 454.1 1.827 90
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4. (15 %) Consider a Carnot-cycle heat pump having 1 kg of nitrogen gas in a
cylinder/piston artangement. This heat pump opcrates between reservoirs at 300
K and 400 K. At the beginning of the low-temperature heat addition, the pressure
is 1 MPa. During this process the volume triples. Analyze each of the four
processes in the cycle and determine

(Cpy =10416 kI /kg-K, Cv,=07448 kJ/ kg-K, k=14)
(a) The pressure, volume, and temperature at each point
(b) The work and heat transfer for each process

5. (15%) In an air-standard Otto cycle, all the heat transfer q,, occurs at constant

volume. It would be more realistic to assume that part of the g,, occurs after the

piston has started to move downward in the expansion stroke. Therefore,
consider a cycle identical to the Otto cycle except that the first two-thirds of the

total q,, occurs at constant - volume and the final one-third occurs at constant
pressure.. Assume that the total q, in this cycle is 2400 ki/kg, the pressure and

temperaturc at the beginning of the compression process arc 100 kPa, 25°C, and
the compression ratio is 10. Calculate the maximum pressure and temperature

- and the thermal efficiency of this cycle, and compare the results with a
conventional Otto cycle having the same given variables.

(Cpo = 10035k /kg-K, Cv,=07165k)/kg-K, k=1.4) |

6. (20%) Dteremine the low-pressure Joule-Thomson inversion temperature
limu, =
I’—»O/ J

as predicted by an equation of state, using the van der Waals equation

s RT a . . 27 R*1? RT,
P=————inwhich g=2-2"c j- 2L
v—b v 64 P 8P,




