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1. (a) Give at least three reasons which causes the Irreversible processes (3%)

(b) At reversible process, write the entropy change dS in terms of (8Q , T 1 (2%)

(¢) If kinetic energy and potential energy can be neglected in a typical process, which
thermal property would be keep at constant for the throtting process (2%)

(d) Write down the Clausis Statement (2%) and Keylvin-Planck Statement (2%)

(e) Write down the equation of the Clausis inequality (2%)

(f) Write down the Thermal Efficiency of the engine, 1y, in terms of (Qc, Qu) , where Q.
is the heat dissipate from low temperature reservoir, Qy is the heat input to the hi gh
temperature reservoir(2%)

(g) Given the following picture and given the following names: saturated vapor,
saturated liquid, subcooled liquid, superheated vapor, and (saturated vapor +
saturated liquid). Please point out which is which for a, b.c, d, e. (5%)

T

2. Please answer the following question:

(a) The differential of pressure obtained from a certain equation of state is given as the
following. Write down the equation of state for the gas. (10%)

; - 3a’
dp= (S - yar s R 3Ty
V-b Vv V-by v

(b) Please derive the internal energy change du as the function of the partial differential
equation dT and dV with coefficient C,, P, T and V (5%). Where C, is the heat
capacity of the gas at constant volume

(c) According to the state of equation from problem (a), please prove internal energy
change du is temperature function only. (5%)
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3. A well-insulated rigid tank having a volume of 0.283 m’ contains saturated water vapor
at 99.63°C.. The water is rapidly stirred until the pressure is 1.5 bar.
(a) Sketch the T-V diagram from state 1 (initial state) to state 2 (final state)(4%), and
mark down the temperature and pressure at each state (6%)
(b) Determine the water mass in the tank in Kg (5%)
(¢) The work of the propeller during the process, in KJ (5%).

— Boundary

4. Explain

(a) What is the closed system (2%)

(b) What is the isolated system (2%)

(c) What is the isothermal process (2%)

(d) What is isochoric process (2%)

(e) What is the adiabatic process (2%)

(f) Intensive properties and give two examples (4%)

(g) Extensive properties and give two examples (4%)

(h) A power cycle operating shown as the following figure, calculate the thermal
efficiency if it is Carnot Cycle (2%)
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5. Following figure shows a simple vapor power plant operating at steady state with water

circulating through the component. The mass flow rate of the water is 109K g/s. kinetic

and potential energy effect are negligible. The turbine and pump are well insulated.
Assume there is no pressure drop on steam generator and condenser, Determine

(a) The pressure P4 (1%) and P3 (1%) in bar

(b) The temperature in state 2 T in C (2%)

(c) Evaluate enthalpy ha(1%), h, (2%)and ha(1%) in (KJ/ Kg)

(d) Evaluate Qi in (KJ/s) (2%), turbine work in KJ/s (2%) and pump work in KJ/s (2%)

(e) The thermal efficiency of the power plant (2%)

() If this plant is operated when operates between the same two thermal reservoirs, then
what is the maximum thermal efficiency of the cycle? (2%)

(g) The mass flow rate of the cooling water passing through the condenser, in Kg/s (2%)
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782 Tablesin SI Units

TABLE A3 Propertics of Saturated Water (Liguid-Vapor): Pressure Table

Specifie Volume Internal Energy Enthalpy Entropy
m'kg kifkg kilxg Eifkg K
Bat. Sat. Sai, Sat, Sat, Sat. Sat, Sat.
Press:. | Temp. Liguid Vapor Liguid Vapor Liguid Evap. Yapor | Liguid | Vapor | ‘Presy
har & pe X107 n, s I fy b By 5 g1 ba

810 |
7587
8133 |
B304
8995

1274
| 1336
e
1436
147.9

10223
LU26S
1.0300
10331

L0360 |

L6722
10732

10786 |

1.0836
10882

239

3993
31.240
2,732

07187
06038
0.5243
0.4628
0.4140

003244 = : : ‘

700 | 2859 | 13513 | 002737 | 12576 | 25805 | 12670 § 1501 | 27721 | 31211 | 58133 | 700
80.0 ‘ ws1 | a2 | 002352 | 13056 | 25698 | 13166 | 14413 | 27380 | 32068 | 57432 | 800
tz«{w 3034 | L4178 | 002048 | 13505 | 25578 | 13633 | 13789 | peas | 32838 E 56772 | 900
[ a1 } 14524 | D01R03 | 13930 | 25444 | 14076 | 13170 | 27247 | 33396 | 56141 | 100.

Wo. 132 | vasse | oowses | 1am7 | 25208 | aason | 12555 | 27056 | 34205 | siss27 | o

1785

1UR.3
2124

0.1944
0.1318
0.09963
(.07998
0.06668

28920
317.5%

34044 |
353879 1

376.63
391

535,10
56115
583.95
60431

761.68
84316

24684
L 24776
24839 |
2489.6
24945 |
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25372

2543.6

| 25469

900.44 |
959.11 |

25536
25576

25836
25945
2600.3
2603.1

| 2604.1

535,37

36147

58433 1 2
o474 | 2
#2325 | 21207

762.81 |
B4 .84 |

G0B.79
D621
0084

20153
19473
18907
1841.0
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164 Tables in 8l Units

TABLE A-4  Properties of Superheated Water Vapor

T v u h § o # h 5

°c o mYkg Kikg  Kikg  kikg K mkg  kWkg  kikg kifkg K

pa 0,06 bar = 0006 MBy
(T = 36167C)

po= (L35 bar = 0036 MPa
(T = 7269°0)

28025 -

160

33302 8
200 36,383 987971 9
240 39,462

9693 5606 | 26010 | 280061 81510
1398 6228 | 26604 | 28784 | 83237
6758 | 27203 | 29568

BARZE

S1774 | 29690 i 3279.6 § l 8.6 | 32792 | 9.0291
440 54851 | 30335 | 33626 ; 9.9633 9.400 | 30332 | 33622 | 91490
500 §9.467 % 31323 | 34890 | 10.1336 10192 | 3132.1 | 888 | 93194

o= 007 bar = 007 MPa
T = B295°0)

4434 P2 He

87086

p = 1.0 bar = (.10 MPa
(T = 99463°C0

2.841 § 259941 27982 78278 1,984 | 25978 | 27962 | 76597
200 3308 i 26501 | 28767 0012 2172 | 26581 | 28753 T.8343
240 27193 | 29558 §.1611 2359 1 27185 | 2954.5 1 70948

3103

400 29682 | 32780 29679 | TR B.43S
440 4698 E 303291 33618 B.B286 3288 | 30326 | 33614 | 86636
8000 50951 JUBLE | 48R3 85991 3565 | 31316 | 34881 B.8342

p = 1.5 bar = 0.15 MPa
T = 1

LHLATC)

p = 3.0 bar = 0,30 MPa
(T = 133.55°C)

2729

200 1444 | 26562
1570 | 27172 | 29527

50127186 | 303LR |

28053

7.3115
2WATE | TATH
0286 | TA2W

4407 291 ) 30921 ] 336071 84TY 1094 30306 % IS8T 845
SO0 27RO 31312 MRTG | 86466 1187 § 31300 % 34860 | 3251
600 268571 33007 | 37045 1 R9I0 1341 | 33008 | 3703.2 85892
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TABLE A4 (Comtinued)
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op)
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640
00
40

480
520

0.06788
007341 | 28
007872

T =

01037

01110,
.11587

34621
3536.6

3905.9
3999.6 |

66218 004331
6.7690 004739
0.05122

0.06859

33410

T v i h B v u h 5
oy omMkg.  kike  kike  kikg K m¥kg  kikg  kitkg . kikgo K
p = 40 har = 4.0 MPa p = 60 bar = 6,0 MPa
250, 4«;} (To = 2I564°0)

63782
5408
#6853

Fra260 12T

7= 80 bar = 8.0 MPa
= 2?5?{}6“{?;

(05481

00878

0.05102

33300
34439
3520.4

| 37383

38524

T BSI90

39787

74720

76198 007352 | 34531 | 38941 ) TA234

7.7141 0.07677 | 35283 | 3989.2 | 7.5190
p = 100 bar = 10.0 MPa

(T = 311.06°C)

002911
0.03160

0.02641

0.04048

28324

3{396 54

70131

p =120 bar = zﬂ 0 MPa

D07355
(102576

0.0278

2896.1
20844
3068.0

i

34252 | 38

3T
32933
M0L8

03610 BERA
003781 ”‘iim 7439574

71283 33880 31
7.2812 004358 | 34347 4 3BT0S 71687
73782 0.04%60 1 35121 | 38681 72670
p= 140 bar = 4.0 MPa
33630

(T = 2

62586
64154

001954
002157 |
002343

6.1474
£.3143
84610

7.0749 030751 341571 38462 | 69930
71746 0.03225 | 3495.2| 39467 | 7.0952

)




