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UNIVERSITY OF TECHNOLOGY, JAMAICA
COLLEGE/ FACULTY: Engineering and Computing
SCHOOL/ DEPARTMENT: Chemical Engineering
Mid-semester Examination 1, Semester 1

Module Name: 	  Chemical Engineering Thermodynamics 1
Module Code: 	  CHE3003
Date: 		  November 14, 2011
Theory/ Practical:  Theory
Groups: 		  B.ENG.3C
Duration: 		  2 hours

Instructions
1. ANSWER ALL QUESTIONS.
2. EACH QUESTION MUST BEGIN ON A NEW PAGE.
3. LEAVE TWO LINES BETWEEN PARTS OF A QUESTION.
4. SHOW CLEARLY ALL EQUATIONS USED FOR CALCULATIONS.
5. ANSWERS MUST BE NUMBERED IDENTICAL TO THE QUESTION BEING ANSWERED.
6. READ THE QUESTION COMPLETELY BEFORE ANSWERING.
7. THE INTENDED MARK IS INDICATED AT THE BEGINING OF THE QUESTION.

 (
*** 
DO NOT TURN THIS PAGE UNTIL YOU ARE TOLD TO DO SO
 ***
)

For ALL Calculations: Take the work done BY the system to be negative (-ve) and the work done ON the system to be positive (+ve). NO marks will be awarded for answers with incorrect sign convention.


Question #1 [25 marks]
A piston–cylinder device contains 0.15 kg of air initially at 2 MPa and 350°C. The air is first expanded isothermally to 500 kPa, then compressed polytropically with a polytropic exponent of 1.2 to the initial pressure, and finally compressed at the constant pressure to the initial state. Determine the boundary work for each process and the net work of the cycle.
				

Question #2 [25 marks]
a.) A geothermal power plant uses geothermal water extracted at 160°C at a rate of 440 kg/s as the heat source and produces 22 MW of net power. If the environment temperature is 25°C, determine (i) the actual thermal efficiency, (ii) the maximum possible thermal efficiency, and (iii) the actual rate of heat rejection from this power plant.				[15]
b.) A Carnot heat engine receives 650 kJ of heat from a source of unknown temperature and rejects 250 kJ of it to a sink at 24°C. Determine (i) the temperature of the source and (ii) the thermal efficiency of the heat engine.								[10]


Question #3 [50 marks]
[image: ]A two-phase liquid–vapor mixture of H2O with an initial quality of 25% is contained in a piston–cylinder assembly as shown in the Figure. The mass of the piston is 40 kg, and its diameter is 10 cm. The atmospheric pressure of the surroundings is 1 bar. The initial and final positions of the piston are shown on the diagram. As the water is heated, the pressure inside the cylinder remains constant until the piston hits the stops. Heat transfer to the water continues until its pressure is 3 bar. Friction between the piston and the cylinder wall is negligible. Determine the total amount of heat transfer, in J. Let g = 9.81 m/s2.

Total Marks = 100
***** END OF PAPER *****
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FACTORS FOR UNIT CONVERSIONS

Quantity | Equivalent Values
Mass 1kg = 1000 g = 0.001 metric ton = 2.20462 lby, = 35.27392 oz
1lby = 160z = 5x 107* ton = 453.593 g = 0.453593 kg
Length 1m = 100 cm = 1000 mm = 10° microns (wm) = 10'° angstroms (A)
=39.37in. = 3.2808 ft = 1.0936 yd = 0.0006214 mile
1ft = 12in. = 1/3yd = 03048 m = 30.48 cm
Volume 1m® = 1000L = 10° em® = 10° mL
35.3145 ft> = 220.83 imperial gallons = 264.17 gal
= 1056.68 qt
166 = 1728in> = 7.4805 gal = 0.028317 m* = 28317 L
= 28317 cm®
Force 1IN = 1kgm/s> = 10° dynes = 10° g-em/s? = 0.22481 Ibg
11bg = 32.174 Ibyft/s> = 4.4482 N = 4.4482 X 10° dynes
Pressure 1atm = 1.01325 X 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar
= 1.01325 x 10° dynes/cm?®
= 760 mm Hg at 0°C (torr) = 10333 m H,0 at 4°C
= 14.696 Ibg/in.? (psi) = 33.9 ft H,0 at 4°C
= 29.921 in. Hg at 0°C
Energy 1J = 1N'm = 10 ergs = 107 dyne-cm
= 2778 X107 kW-h = 0.23901 cal
= 0.7376 ft-Ib; = 9.486 X 10~ Btu
Power 1W = 1J/s = 023901 cal/s = 0.7376 ft-Ibg/s = 9.486 X 10~ Btw's
= 1341 %1072 hp
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THE GAS CONSTANT
8314 m*Pa/(mol-K)
0.08314 L-bar/(mol-K)

0.08206 L-atm/(mol-K)
8.314 J/(mol-K)
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TABLEA -1

Molar mass, gas constant, and critical-point properties

G Critical-point properties
as

Molar mass, ~ constant, Temperature,  Pressure,  Volume,
Substance Formula  Mkgkmol  RkJkg K* | K MPa m¥/kmol
Air — 28.97 0.2870 1325 3.77 0.0883
Carbon dioxide co, 44.01 0.1889 304.2 7.39 0.0943
Oxygen o, 31.999 0.2598 154.8 5.08 0.0780
Water H,0 18.015 0.4615 647.1 2206 0.0560

“The unit klikg - K is equivalent to kPa - m¥/kg - K. The gas constant is calculated from R+ R, /M, where R, + 8.31447 kikmol - K and M is the molar
mass.
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TABLE A-5

Saturated water—Pressure table

Specific volume, Internal energy, Enthalpy, Entropy,
m¥kg KJikg kJ/kg kllkg K
sat.  Sat. sat. sat. sat  sat sat st sat.
Press., temp. liqud,  vapor,  liquid, Evap. vapor, liquid, Evap.. vapor, liquid, Evap., vapor,
PKPa T, °C v Ve u Uy u, n hy hy s sq s

75 91.76 0001037 22172 384.36 2111.8 2496.1 384.44 22780 2662.4 1.2132 6.2426 7.4558
100 99.61 0001043 1.6941 417.40 2088.2 25056 417.51 2257.5 26750 1.3028 6.0562 7.3589
101.325 99.97 0.001043 1.6734 418.95 2087.0 2506.0 419.06 2256.5 2675.6 1.3069 6.0476 7.3545
125  105.97 0.001048 1.3750 444.23 2068.8 2513.0 444.36 22406 2684.9 1.3741 59100 7.2841
150 111.35 0.001053 1.1594 466.97 2052.3 2519.2 467.13 22260 2693.1 1.4337 57894 7.2231

175 11604 0.001057 1.0037 486.82 2037.7 25245 487.01 2213.1 2700.2 1.4850 56865 7.1716
200 120.21 0.001061 0.88578 504.50 2024.6 2529.1 504.71 2201.6 2706.3 1.5302 55968 7.1270
225  123.97 0001064 0.79329 520.47 20127 25332 52071 2191.0 2711.7 1.5706 55171 7.0877
250  127.41 0.001067 0.71873 53508 2001.8 2536.8 53535 2181.2 27165 1.6072 5.4453 7.0525
275 13058 0.001070 0.65732 54857 1991.6 2540.1 548.86 2172.0 2720.9 1.6408 5.3800 7.0207

300  133.52 0.001073 0.60582 561.11 1982.1 2543.2 561.43 2163.5 2724.9 1.6717 53200 6.9917
325  136.27 0.001076 0.56199 572.84 1973.1 25459 573.19 21554 2728.6 1.7005 52645 6.9650
350  138.86 0.001079 0.52422 583.89 1964.6 25485 584.26 2147.7 2732.0 1.7274 52128 6.9402
375 141.30 0.001081 0.49133 594.32 1956.6 2550.9 594.73 2140.4 27351 1.7526 5.1645 6.9171
400  143.61 0.001084 0.46242 604.22 1948.9 2553.1 604.66 2133.4 2738.1 1.7765 5.1191 6.8955
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TABLE

Superheated water

T v u h s v u h s v u h s

T mikg kg kg KikgK| mikg kg Kikg KikgeK| mikg Kikg kikg kikg-K
P 020 MPa 120210 P+ 030 MPs (133520 P+ 040MPa (143610

Sat 088578 25291 27063 7.1270| 060582 25432 27249 69917 | 04624225531 27381 6.8955
150 095986 2577.1 27691 7.2810| 063402 25710 2761.2 7.0792 | 0.470882564.4 27528 69306
200 108049 26546 2870.7 7.5081| 071643 26510 2865.9 7.3132 | 05343426472 28609 7.1723
250 119890 27314 29712 7.7100| 079645 27289 2967.9 7.5180 | 05952027264 29645 7.3804
300 131623 28088 30721 7.8941| 087535 28070 3069.6 7.7037 | 06548928051 30671 7.5677
400 154934 2067.2 32770 8.2236| 103155 29660 3275.5 8.0347 | 07726529649 32739 7.9003
500 178142 31314 34877 85153 118672 31306 34866 8.3271| 08893631298 34855 81933
600 201302 33022 37048 87793 134139 33016 37040 85915 | 10055833010 37033 8.4580
700 224434 3479.9 39288 9.0221| 149580 34795 39282 8.8345| 11215234790 39276 8.7012
800 247550 36647 41598 9.2479| 165004 36643 41503 9.0605 | 12373036639 41589 89274
900 270656 38563 4397.7 9.4598| 180417 38560 43973 9.2725 | 1.3529838557 43969 9.1394
1000 293755 4054.8 46423 9.6509| 1095824 40545 4642.0 9.4726 | 1.4685040543 4641.7 9.3396
1100 316848 42596 48933 9.8497| 211226 42594 4893.1 9.6624 | 15841442502 48929 95295
1200 339938 44705 51504 10.0304| 226624 44703 5150.2 9.8431| 16996644702 51500 9.7102
1300 363026 4687.1 54131 10.2029| 242019 46869 5413.0 100157 | 181516 46867 5412.8 9.8828
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