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UNIVERSITY OF TECHNOLOGY, JAMAICA
COLLEGE/ FACULTY: Engineering and Computing
SCHOOL/ DEPARTMENT: Chemical Engineering
Mid-semester Examination 1, Semester 3


Module Name: 	   Chemical Engineering Thermodynamics 1
Module Code: 	   CHE3003
Date: 		   June 26, 2012
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 mark will be awarded for answers with incorrect sign convention.

Question #1 [15 marks]
The following heat engines produce power of 75000 kW. Determine in each case the rates at which heat is absorbed from the hot reservoir and discarded to the cold reservoir. 
a.) A Carnot engine operating between heat reservoirs at 476.85 oC and 26.85 oC. 		[7]
b.) A practical engine operating between the same two heat reservoirs but with a thermal efficiency of 65% of the maximum possible value. 						[8]

Question #2 [20 marks]
One mole of an ideal gas, Cp = (5/2)R and Cv = (3/2)R, is compressed adiabatically in a piston/cylinder device from 300 kPa and 298.15 K (25°C) to 800 kPa. The process is irreversible and requires 40% more work than a reversible, adiabatic compression from the same initial state to the same final pressure. What is the entropy change of: 
a.) the gas?
b.) the surrounding?

Question #3 [25 marks]
H2O at 5000 kPa and 80 oC enters a horizontal boiler through a 25 mm - diameter tube with a velocity of 3 m/s. The product from the boiler is then sent to a turbine where 42500 kJ/kmol of shaft work is produced. The exhaust from the turbine is carried through a 300 mm - diameter tube and is at 100 kPa and 150 oC. Taking the boiler and turbine (together) as the system, what is the heat transfer rate in kW? 			

Question #4 [40 marks]
An ideal gas initially at 600 K and 1 MPa undergoes a four-step mechanically reversible cycle in a closed system. In step 12, pressure decreases isothermally to 300 kPa; in step 23, pressure decreases at constant volume to 200 kPa; in step 34, volume decreases at constant pressure; and in step 41, the gas returns adiabatically to its initial state.
a.) Sketch the cycle on a PV diagram.
b.) Determine (where unknown) both T and P for states 1, 2, 3, and 4.
c.) Calculate Q, W, ∆U, and ∆H for each step of the cycle.
Take Cp = (7/2)R and Cv = (5/2)R.


Total Marks = 100

***** END OF PAPER *****


Formula Sheet
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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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TABLE

Molar mass, gas constant. and critical-point properties

cas Critical-point properties

Molar mass, ~ constant, Temperature,  Pressure,  Volume,
Substance Formula__ Mkgkmol  RKJKg K* | K MPa mékmol
Nitrogen N, 28013 0.2068 1262 339 00899
Carbon dioxide co, 4401 0.1889 304.2 739 00943
Water H,0 18.015 0.4615 647.1 2206  0.0560
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TABLE A-5
‘Saturated water—Pressure table

Specific volume, Intemal energy. Entropy,
mikg Klkg Klkg K
sat. sat. sat. Sat sat.
vapor, Evap.,  vapor, vapor, liquid, Evap., vapor,
v g Yy h s sy 5
75 9176 0001037 22172 21118 24961 38444 22780 26624 12132 62426 7.4558
100 9961 0001043 16941 20882 25056 41751 22575 26750 1.3028 60562 7.3589
101325 99.97 0001043 16734 20870 25060 41906 22565 26756 1.3069 60476 7.3545
125" 10597 0001048 13750 20688 25130 44436 22406 26849 13741 59100 7.2841
150 11135 0001053 11594 20523 25192 46713 22260 26931 14337 57894 7.2231
175 11604 0001057 10037 20377 25245 48701 22131 27002 14850 56865 7.1716
200 12021 0001061 088578 20246 25291 50471 22016 27063 15302 55968 7.1270
225 12397 0001064 079329 20127 25332 52071 21910 27117 15706 55171 7.0877
250 12741 0001067 071873 20018 25368 53535 21812 27165 16072 54453 7.0525
275 13058 0001070 085732 19916 25401 54886 21720 27209 16408 53800 7.0207
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TABLE

‘Superheated water

T v u n s v u h s v u h s
‘C mikg  KkIkg  KIkg  KIKg-K| mikg  kikg KKy Kikg-K| mekg Kikg  kIKg KIKkg-K
P =001 MPa (45.81°C)" P = 005 MPa (8132°C) P = 010 MPa (39.61°C)

sat' 14670 24372 25839 8.1488| 32403 24832 26452 7.5031 | 16041 25056 26750 7.3589
50 14867 24433 25020 81741
100 17.19 25155 2687.5 B8.4489| 3.4187 25115 26824 7.6953 | 16959 25062 2675.8 7.3611
150 19513 25879 27830 8.6893| 38807 25857 27802 7.0413 | 19367 25829 27766 1.6148
200 21826 26614 28796 B8.0049| 43562 2660.0 2877.8 81502 | 21724 26582 28755 1.8356
250 24136 27361 20775 9.1015| 48206 27351 29762 83568 | 24062 27339 29745 B8.0346
300 26446 28123 30767 9.2827| 52841 28116 30758 85387 | 26389 28107 30745 8.2172
400 31063 29603 32800 9.6094| 62004 29689 32793 88659 | 31027 29683 32786 B8.5452
500 35680 3132.0 34897 9.8998| 7.1338 31326 34893 0.1566 | 3.5655 3132.2 34887 8.8362
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TABLE A-

‘Compressed liquid water

Tv v n s v u n s v u h s

C mPkg KUKy KIkg  kVkg-K|mPkg  KiKkg  KIkg  KJKg- K| mPkg  KIkg  KIkg  KIkg-K
P = 5 MPa (263.940) P = 10 MPa (311.000) P =15 MPa (342.16°C)

Sat 00012862 11481 11545 2.9207 |0.0014522 1363.3 1407.8 33603 |0.0016572 15855 1610.3  3.6848
0 00009977 004 503 00001 |00008852 012 1007 0.0003 |00009928  0.18 1507 0.0004
20 00003996 B361 8851 02954 |00009973 8331  93.25 0.2943 00009951 B3.01 97.93 0.232
40 00010057 16692 171.95 05705 |0.0010035 16633 176.37 0.5685 |0.0010013 165.75 18077 0.5666
60 00010149 25028 25535 0.8287 |0.0010127 249.43 259.55 0.6260 |0.0010105 248.58 26374 0.8234
B0 00010267 33382 33896 1.0723 | 00010244 33268 342.94 10691 | 00010221 33159 34692 10658
100 00010410 417.65 42285 13034 | 00010385 416.23 42662 1.2996 |0.0010361 414.85 43039 12058
120 00010576 50191 50719 15236 |00010549 50018 510.73 15191 |0.0010522 49B.50 51428 15148
140 00010769 58580 59218 17344 |00010738 58472 59545 17283 |0.0010708 58260 59875 17243
160 00010385 57255 67804 19374 |00010954 67006 681.01 18316 |0.0010820 667.63 68401 19258
180 0.0011240 759.47 76509 21338 |00011200 756.48 767.68 2.1271 |0.0011160 753.58 77032 2.1206
200 00011531 B47.92 85368 2.3251 | 0.0011482 84432 B855.80 2.3174 | 00011435 B840.84 85800 23100
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