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1. A stationary piston-cylinder device contains 2 kg of air at 27°C
and 100 kPa. The air is now compressed to a pressure of 500
kPa according to the relation PV'* = constant. Determine the
following:

(a) the initial volume of air. (5%)

(b} the final volume of air. (5%)

(c) the work input during the process. (5%)

(d) the change in total internal energy of the system (AU). (5%)
(e) the amount of heat transfer (Q) during the process. (5%)

Gas constant of air, R =0.287 kJ/kgK ; Idea gas properties of air are

given:

Terxtp]eqrilture Er_l_t};zal_py Relative Pressure Intem—aL]:i.nergy
® | (g o (k/kg)
250 250 0.733 178
300 300 1.39 ‘ 214
350 350 2.38 ' 250
400 401 3.81 286
450 452 5.76 323
500 503 8.41 359
550 555 11.9 397
600 607 16.3 435
650 660 21.9 473

2. Given the properties for T is temperature, p is pressure v is
specific volume, u is specific internal energy, s is the specific
entropy, R is gas constant, and a,b are constants. Please answer
the following problems.

(a)Prove that Gibbs relation as 7Tds=du-pdv and physical
means of relatioﬁ ?{79)

(b)Find (%)T value and physical means for a ideal gas.(6%)

(¢)Find [—g—ij value for a gas whose equation of state is

T

(p—v%x\f—b)ﬂr.(s%)
(d)Find (g—;] value and physical means for a gas whose
. :

equation of state is p(v-#)=R7.(6%)
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3. There is 100 m® of an air-water vapor mixture at 0.1 Mpa, 30C,

55% relative humidity. Please determine the dew point, mass of
air and mass of vapor (4% each). If the air-water vapor mixture

is cooled to 15°C, please find the mass of the condensed water.

(6%) Please see Table A.1 for the thermodynamic properties of
water. ‘

¥2 R

 #3 R

TABLE A.181 Thermodynamic Properties of Water (ST Units)
TABLE A.1.181 Saturaied Water: Temperature Table (SI Units)
Specific Volume, m*/kg Internal Energy, kl/kg Enthalpy, kl/kg Entropy, kl/kg K
Temp. Press. Sat, Sat. Sat. Sat. Sat. Sat. Sat. Sat.
°C kPa, MPs Liquid Vapor Liquid Evap. Vapor Liquid Evap. Vapor Liquid Evap. Vapor
T P ¥ Ve 4y Hy Uy hy hu hy S Se
001 06113 0.001000  206.132 000 23753 23753 0.00 25013 25013 9.1562  9.1562
5 0.8721 0.001000  147.118 2097 23613 23822 2098 24896 25105 89496  9.0257
10 1.2276 0.001000 106377 4199 23472 23892 4199 © 24777 25197 87498  8.9007
15 17051 - 0001001  77.925 62.98 23331 23960 6298 24659 25289 85569 8.7813
20 Co001002  57.790 83.94 23190 24029 8304 24541  2538.1 8.6671
25 0001003 43359 10486 23049 24098  104.87 24423 25472 85579
30 4.2461 0.001004 . 32.893 125,77 22908 24166 12577 24305 25562 8.0164 84533
35 5.6280 0.001006 25216 14665 22767 24234 14666 24186 25653 7.8478  8.3530
40 7.3837 0.001008  19.523 167.53 22626  2430.1 24067 25743 . 7.6845  8.2569
45 95934  "0.001010. 15258 188.41 22484 43 23948 25832 06386 75261  B.1647
50 12350 0001012 12,032 20030 22342 p L 25920 - 0.703% 73725 80762,
55 18458 0.001015°  9.568 23009 22199 26009 07679, 72234 719512
60 19941 0001017  7.671 25109 22055 26096 08311  7.0784  7.9095
65 25033 0.001020  6.197 272.00 26182 08934 69375  7.8309
70 31.188 0.001023  5.042 292.93 26268  0.9548  6.8004
75 38578 4131 5138777 2353 10154 65670
80 47390 3407 334.84° 26437 - 107527 65369
85  57.834 _ 2.828 355.82 26519 11342 64102
90  70.139 0.001036  2.361 376.82 2660.1 11924 6.2866
95  84.554 0.001040 1982 397.86 2668.1 12500  6.1659
100 010135 0001044 16729 418.91 26760 13068 60480

4. Please explain the meanings of “enthalpy of formation” (3%) and
‘adiabatic flame temperature” (4%).
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5. One wish to produce refrigeration at -30°C. A reservoir, shown

in figure is available at 200°C and the ambient temperature is 30
‘C. Thus, work can be done by a cyclic heat engine operating

between the 200°C reservoir and the ambient. This work is

used to drive the refrigerator. Determine the ratio of the heat

transferred from the 200°C reservoir to the heat transferred from

the -30°C reservoir, assuming all process are reversible. (10%)

Tambient

Qm2

Qmi QL

Tambient Tcold

6. A Carnot refrigeration cycle is analyzed for the production of 1

kmol of liquid helium at 4.2 K from saturated vapor at the same

temperature. (The enthalpy of evaporation for helium at 4.2 K is

83.3 kJ/kmol)

(2) What is the work input to the refrigerator for the cycle with an
ambient at 300 K? (10%)

(b) What is the coefficient of performance for the cycle with an
ambient at 300 K? (5%)
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