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A system with two-inlets and insuiated ail the way as shown in figure I, the
temperature of inlet 1 is superheated water vapor at T;;=160°C, mass flow rate
M; ;=1Kg/min, the temperature of inlet 2 is saturated water vapor at T,;=100°C, mass
flow rate Mi;=2Kg/min. At initial state, the system is vacuum and valves are closed,
when the two valves are opened simuitancously, we found the system pressure is 1.5
bar after 1 min, the valves are then closed again very quockly. Please identify the
system final state (Saturated? Superheated? or Compressed?) (10%)? And system
final temperature T {10%).

i M; =1Kg/min
'g T, =160°C
ﬁ Superhested water vapor
/ P;=1.0 bar
/
/ /
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M; y=2K g/min

T;3=100°C (7777777773

Saturated water vapor ﬁ?fffffffffffffffffﬁ
P.z=1.014 bar.

Figure 1
Given a Van Der Waals Gas, which is (P +%}(V—b}:R‘F, please solve for a, b,

in terms of (R, Tc, Pc), where R is gas constant, Te and P represented the critical
temperature and critical pressure of the gas. (20%)

Water vapor snters the turbine at 0.8Mpa- 400 °C - and the cixlet from the turbine is at
(.2Mpa, 200 °C. During this process, there is heat exchange between turbine and its
environments, assume the environmental temperature is 25 °C, and 0.3Kg/s of vapor
could generate 100K'W for this turbine machine. According to these data, do you
think it violate the second law of thermodynamics? (20%)

Superheated Water Vapor:
0.8Mpa 400 °C he=3267.1K3Kg | Sg=7.5716K)Kg°K
0.2Mpa 200°C | hg=0870.5K)Kg | Sg=7.5066KIKg, K
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Steam Table for Properties of Saturated Water (Liquid-Vapor)

Sk

SRR R 3R

Tetnp. |Pressure |Internal Energy Enthalpy Enfropy
€0 (Gars)  (KIKg) Kieg) (K3, °K)

Sat. Liquid {Sat. Vapor [Sat. Liquid [Sat. Vapor [Sat. Liquid |Sat Vapor

uf Us. he hg st | sg
50 |0.0235 [20932  [24435  [20933 o2l 038 [3.0763
5 Jo1s76 23021 [2as0 [23023  peoos  |ogero  [7.9913
60 101994 [251.11  [24566 25113 [2609.6  [0.8312  |7.9096
165 |p2so3 2202 [2463.1 o206 - [26183  [0.3935 - [7.8310
70 [03119 [292.95  laae99 . ho29s  |ez68  lo9sio . [|7.7353
75 |o3838 [31390  arse 1393 - 6353 (10155 |7.6824
80 [04739 [33486  Pag22 33491 637 10753 Teiz
85 . (05783 [355.84  [24884  [355.90  [26159  [1.1343  [7.5445
90  |0.7014 [37685  pasas 137692 [660.1  [L192s  |7.4791
95  [0.8455 [397.88  [25006  [397.96  [2668.1  [125 74159
100 |1.014 |41894  |25065 41904  foe76a  [13069  [7.3549
110 {1433 |s61.14.  [25181 14613 26915 L4185  [723%7
120 1985 |s03.5 . [25293  [so371 P63 [1.s276  [1.1296
130 [2701 54602 [25399  [54631  [27205  [L.63a4  [7.0269
140 [3613 58874  [25500  [589.13  [27339 - [L7391  |6.9299
150 |a758 |631.68 (25595 6322 lss  |iseis lew3m
160 16178 67486  [25684  [675.55  [27581 119427 167502
170 {7917 [71833  [25765 71921 127687  [2.0419  [6.6663
180 {1002 [762.00  [25837 (76322 . 7782 [213%6 165857
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Properties of Superheated Water Vapor _
T¢0) _ [s®IKg)  h(KIKe) IS KIKeK)
P=1.0bar=0.1Mpa (Tsat=99.63°C)
iSat, 2506.1 2676.1 7.3549
160 25067 26762 73614
120 2537.3 271602 7.4560
160 2597.8 2795.66 7.6451
1200 2658.1 28753 7.8343
240 2720.06 2955.88 7.9761
280 2782.02 3036.46 8.1180
320 2843.98 3117.04 8.2560
360 2905.94 3197.62 8.4017
400 2967.9 32782 8 5435
T{C) 1 (K1Kg) h (KJ/Kg) S (KJ/Kg,’K)
P=1.5bar=0.1 5Mpa (Tsat=111.37°C)

Sat. 75197 2693.6. 7.2233
120 2533.3 2711.6 72642
160 25952 - 127920 7.4536

200 2656. 2873 7.6430
220 12687.1 2908.4 7.7142
240) 2718.2 2943.8 7.7854
280 2780.4 3014.6 79278
320 [2842.6 3085.4 8.0902
360 . |2904.3 3156.2 £.2126
400 2967.1 3277 8.355
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4. Ciive the brief description of the Kelvin-Planck Statement (5%) and Clausins
Statement (3%) and explain what is the inequality of Clausius {or write down the
equation) {5%)

5. Please draw the T-% diagram for the ideal Reheat Ramkine Cycle (5%) and explain
why It is pecessary since there is very little gain in efficiency from reheating the
steain., (5%}

6. (a} Please prove the enthaipy change ( Ak ) is only function of the tevnperature, and
nothing t do with the volume change or pressure change for an ideal gas with
constant heat capacity Cp. (10%)

(&) If there is ﬁstate equatton P(V-b)=RT, where b is constant and R is gas constant,
the heat capacity of the gas is constant too, Cp. Please calculate the enthalpy change
{ Ady ) from state 1 (T, Pi) to state 2 (T3, Py) (5%)



