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UNIVERSITY OF TECHNOLOGY, JAMAICA

COLLEGE/ FACULTY: Engineering and Computing

SCHOOL/ DEPARTMENT: SOE/Chemical Engineering

Final/ Redo Examination, Semester 3


Module Name:	  Chemical Engineering Thermodynamics 1

Module Code:	  CHE3003

Date:			  August, 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. READ EACH QUESTION CAREFULLY BEFORE ANSWERING
5. SHOW CLEARLY ALL EQUATIONS USED FOR CALCULATIONS
6. THE INTENDED MARK IS INDICATED AT THE BEGINNING OF EACH QUESTION
7. ANSWER MUST BE NUMBERED IDENTICAL TO THE QUESTION BEING ANSWERED
8. A FORMULA SHEET AND UNIT CONVERSION CHART ARE ATTACHED.


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



QUESTION 1 (25 marks)
a.) A Carnot engine receives 1250 kW of heat from a heat-source reservoir at 525°C and rejects heat to a heat-sink reservoir at 50°C. Determine the power developed and heat rejected? 													[8]
b.) An ideal gas with constant heat capacities undergoes a change of state from conditions 50°C and 1.5 bar to conditions 170°C and 8 bar. If the ratio of Cv/R = 3/2, determine ∆ and ∆													[8]
c.) An inventor claims to have devised a cyclic engine which exchanges heat with reservoirs at 30°C and 300°C, and which produces 0.45 kJ of work for each kJ of heat extracted from the hot reservoir. Is the claim believable? Why?						[9]

QUESTION 2 (25 marks)
One mole of an ideal gas, initially at 323.15 K and 150 kPa, undergoes the following cyclic processes in a closed system. It is first compressed adiabatically to 550 kPa, then cooled at constant pressure to 323.15 K, and finally expanded isothermally to its original state. If each step is mechanically irreversible with an efficiency of 55% compared with the corresponding mechanically reversible process, calculate Q, W, ∆U, and ∆H for each step of the process and for the cycle. Take Cp = (5/2)R and Cv = (3/2)R.

QUESTION 3 (25 marks)
Determine Z and  for steam at 523.15 K and 2.0 MPa by the following:
a.)  The truncated virial equation, with a value of B from the generalized Pitzer correlation. 												[18]
b.) The steam tables. 									[7]
										
QUESTION 4 (25 marks)
Chlorine is produced by the reaction:
4HCl (g) + O2 (g) = 2H2O (g) + 2Cl2 (g)
The feed stream to the reactor consists of 60 mol-% HC1, 36 mol-% O2, and 4 mol-% N2, and it enters the reactor at 823.15 K. If the conversion of HC1 is 75% and if the process is isothermal, how much heat must be transferred from the reactor per mole of the entering gas mixture?

TOTAL MARKS =100
END OF PAPER     


Formula Sheet



5 of 5













Adiabatic Process




Generalized Pitzer Correlation























[image: ]
[image: ]


[image: ]


[image: ]
[image: ]



[image: ]



[image: ]


image2.png
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)




image3.png
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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Table B.1

Molar Ve

mass %) T/K  Ptbar  Z cm® mol ™! TJ/K
Hydrogen 2016 —0.216 33.19 13.13 0305 64.1 20.4
Oxygen 31.999 0022 1546 5043 0.288 734 90.2
Nitrogen 28.014 0.038 1262  34.00 0.289 89.2 713
Airt 28.851 0035 1322 3745 0289 84.8
Water 18.015 0345 647.1 22055 0.229 559 373.2
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TABLE A-5

Saturated water—Pressure table (Continued)

Specific volume, Interal energy, Enthalpy, Entropy,
mikg Klikg Kikg Klkg - K
Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat. Sat.
Press., temp., liquid, vapor, liquid, Evap.. vapor, liquid, Evap. vapor liquid, Evap., vapor,
PkPa  TwC v Yo ur Uy Y B hy hy s S %

800 17041 0001115 0.24035 ~719.97 1856.1 25760 720.87 20475 2768.3 20457 4.6160 6.6616
850 17294 0001118 022680 731.00 18460 2577.9 731.95 20388 2770.8 20705 45705 66409
900 17535 0001121 021482  741.55 1838.1 2579.6 74256 20305 2773.0 20041 45273 66213
950 17766 0001124 020411  751.67 18206 25813 75274 2022.4 27752 21166 4.4862 6.6027
1000 179.88 0001127 0.19436  761.39 1821.4 2582.8 76251 20146 2777.1 21381 4.4470 65850

1100 18406 0001133 0.17745  779.78 18057 25855 781.03 19996 27807 21785 4.3735 65520
1200 187.95 0001138 0.16326 796.95 1790.0 2587.8 798.33 19854 27838 22150 4.3058 65217
1300 19160 0001144 015119 81310 17768 25809 81459 19719 27865 22508 4.2428 6.4936
1400 19504 0001149 014078 82835 1763.4 2591.8 820.95 19589 2788.0 22835 4.1840 6.4675
1500 19828 0001154 013171 84282 17506 2593.4 84455 19464 2791.0 23143 41287 6.4430

1750 20572 0001166 0.11344 87612 17206 25967 87816 1917.1 27952 23844 4.0033 6.3877
2000 21238 0001177 0.099587 906.12 16930 25991 908.47 18898 2798.3 24467 3.8023 6.3390
2250 21841 0001187 0.088717 03354 1667.3 2600.9 093621 18643 28005 25029 3.7926 6.2954
2500 22395 0001197 0.079952 958.87 16432 26021 961.87 18401 2801.0 25542 3.7016 6.2558
3000 23385 0001217 0.066667 10046 15985 2603.2 1008.3 17940 2803.2 26454 3.5402 61856
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TABLE

Superheated water (Continued)

Tv u nos v u o s v u nos

C miKka KWKy KIKkg  KUkg-K|mikg  KkIkg  KUKkg  KJKg K |mPkg  KiKkg  KIKg  KIKg-K
P = 1.60 MPa (20137°C) P =180 MPa (207.11°C) P =200 MPa (212.38°C)

Sat. 012374 25048 27928 6.4200 |0.11037 25073 27959 6.3775| 000959 2599.1 2798.3 6.3390
225 013293 26451 28578 65537 |0.11678 26370 2847.2 6.4825 0.10381 26285 28361 6.4160
250 014190 26020 29100 66753 012502 26867 29117 66088 0.11150 2680.3 29033 65475
300 015866 27816 30354 68864 014025 2777.4 30299 6.8246| 012551 2773.2 30242 6.7684
350 017450 28666 31460 7.0713 015460 28636 31419 7.0120| 013860 2860.5 31377 6.9583
400 019007 2050.8 32540 7.2394 (016849 20483 32516 7.1814| 0.15122 20450 32484 7.1292
500 022029 31201 34726 7.5410 019551 31185 34704 7.4845| 0.17568 3116.0 3468.3 7.4337
600 024999 32030 36939 7.8101 022200 32927 36923 7.7543| 0.19962 32915 3690.7 7.7043
700 027941 34735 30205 80558 024822 34726 39194 B.0005| 022326 3471.7 39182 7.9500
800 030865 36595 41534 82834 |027426 36588 41524 82284| 024674 36580 41515 81791
000 033780 38521 43926 84965 030020 38515 43919 8.4417| 027012 3850.0 43911 83925
1000 0.36687 40512 46382 86974 |0.32606 40507 4637.6 B8.6427| 029342 4050.2 4637.1 8.5936





image7.png
Table C.I Heat Capacities of Gases in the Ideal-Gas State'
Constantsin equation CJf/R = 4+ BT +CT?+ DI T (kelvins) from 298.15 1 Ty

Chemical species Cphs/R A 10°B  10°C 107°D
“Miscellzneons imorgaics

Axr 000 3509 3355 0575 ... -0016
Ammonia 1800 4260 357 3020 0186
Bromine 3000 4337 4493 0056 o154
Carbon monoside 250 3507 3376 0557 Zo03t
Carbon dioside 000 aa67 54T L5 1157
Carbon disulfide 1800 5532 6311 0805 0508
Chlorine 3000 4082 442 0089 —0344
Hydrogen 3000 3468 3299 0422 © Tooss
Hydrogen sulfide 200 au4 303 1490

Hydrogen chloride 00 352 3% 0623

Hydrogen cyanide 2500 4326 4736 139

Nitogen 2000 3502 3280 0593

Nitrous oside. 000 4sds 538 1214

Nitric oxide 000 350 3387 06

Nittogen dioside 000 4447 4082 L1195

Dinitrogen tetroride 000 9198 11660 2257

Oxyzen 2000 3535 3630 0506

Sulfur dioxide 2000 4796 569 0801

Sulfurtrioside 2000 6094 3060 105

Water 2000 4038 3470 1450
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Table C.4 Standard Enthalpies and Gibbs Energies of Formation at

208.15 K (25°C)"

Joules per mole of the substance formed

Sate A, 363,
Chemical species o) QoD (oD
Carbon dioxide [ @) 393500 394350
Carbon monoride © @ Thosss  Cuies
Hydrockloric scid jis @ 92307 95209
Sodivm hydeoxide NaOH. 5} 425600 —379404
Sodium hydeovide NaOH iy Zao150
Sulfr dovide 50, @ 20680 300104
Sulfuricacid S0, 0 Zsi3oe 690003
Sulfurcacid His0, (ag) Zqas30
ater HO 5] umis _nsSn
Water H0 o Dwss0 31
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