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UNIVERSITY OF TECHNOLOGY, JAMAICA

COLLEGE/ FACULTY: Engineering and Computing

SCHOOL/ DEPARTMENT: SOE/Chemical Engineering

Final/ Redo Examination, Semester 1


Module Name:	 Chemical Engineering Thermodynamics 1

Module Code:	 CHE3003

Date:			 December, 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. 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 ARE ATTACHED.


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

[image: ]QUESTION 1 (30 Marks)
A piston–cylinder device initially contains 0.15 kg steam at   3.5 MPa, superheated by 5°C. Now the steam loses heat to the surroundings and the piston moves down, hitting a set of stops at which point the cylinder contains saturated liquid water. The cooling continues until the cylinder contains water at 200°C. Determine: 
a.) the final pressure and the quality (if mixture). 					[14]
b.) the boundary work. 									[6]
c.) the amount of heat transfer when the piston first hits the stops. 			[5]
d.) and the total heat transfer. 								[5]


QUESTION 2 (20 marks)
a.) Consider two Carnot heat engines operating in series. The first engine receives heat from the reservoir at 1800 K and rejects the waste heat to another reservoir at temperature T. The second engine receives this energy rejected by the first one, converts some of it to work, and rejects the rest to a reservoir at 300 K. If the thermal efficiencies of both engines are the same, determine the temperature T. 					[8]

b.) A 25-kg iron block initially at 350°C is quenched in an insulated tank that contains 100 kg of water at 18°C. Assuming the water that vaporizes during the process condenses back in the tank, determine the total entropy change during this process. The specific heat of water at 25°C is cp = 4.18 kJ/kg.°C. The specific heat of iron at room temperature is cp = 0.45 kJ/kg.°C									[12]


QUESTION 3 (25 marks)
Using the virial equations of state, calculate the volume occupied by 23.2 g of n-butane at 258.3oC and 30.0 bar.
										
QUESTION 4 (25marks)
Consider a cylinder fitted with a piston that contains 2.0 mol of H2O in a container at 1000 K. Calculate how much work is required to isothermally and reversibly compress this gas from 10.0 L to1.0 L in each of the following cases:
a.) Using the ideal gas model for water.							[5]
b.) Using the Redlich-Kwong equation to relate P, v, and T. where a = 14.24 JK1/2m3/mol2 and b = 2.11x10-5 m3/mol								[5]
c.) Using steam tables									[15]



TOTAL MARKS =100
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Formula Sheet















  






Where, Pc is the critical pressure in bars and Trn is the reduced temperature at Tn
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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 B.1_Properties of Pure Species

Molar e
I armol! LK
010 0 kanol

‘Methane 1604 0012 1906 4599 0% 956 14
Etbane 30070 0100 3053 4872 0279 1455 1846
Propane 4007 0152 3698 4248 0276 2000 811
Buane S8123 0200 451 3796 0274 255, m1
a-Pentane 0252 497 B 0270 31 3092
Hexae 0301 076 3025 0266 371 319
a-Heptane 100204 0350 402 2740 0261 a8 3716
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TABLE A4

‘Saturated water—Temperature table

Specific volume, Intemal energy. Enthalpy, Entropy,
mikg Kkg Klikg Klkg K
Sat. st sat. sat. sat sat sat sat.
Temp. press. liquid  vapor, Evap. vapor. liquid, Evap. vapor, liquid, Evap. vapor,
TC PukPa A W v by by 5 s 5

150 47616 0001091 039248 63166 19274 25591 63218 21138 27459 18418 4.9953 68371
155 54349 0001086 034648 65319 19103 25635 65379 20980 27518 18924 4.9002 67927
160 61823 0001102 030680 67479 18930 25678 67547 20820 27515 19426 A.8066 67492
165 70093 0001108 027244 69646 18754 25719 69724 20656 27625 19923 47143 67067
170 79218 0001114 024260 71820 18575 25757 71908 20485 27679 20417 46233 66650

175 89260 0001121 021659 74002 18394 25794 74102 20317 27727 20906 45335 66242

180 10028 0001127 019384 76182 18209 25828 76305 20142 21772 21392 44448 65841
185 11235 0001134 01739 78381 18021 25860 78519 19962 27814 21875 A4.3572 65447
190 12552 0001141 015635 B0G00 17830 25880 B07.43 19779 27853 22355 4.2705 65058
195 13988 0001148 014089  B28.18 17635 25017 82978 19500 27885 22831 41847 64678

200 15549 0001157 012721 B5046 17437 25842 85226 19398 27920 23305 40997 6.4302
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TABLE A-5

‘Saturated water—Pressure table

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

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 1004.6 15085 26032 1008.3 17949 28032 26454 3.5402 6.1856

3500 24256 0001235 0.057061 10454 1557.6 26030 1049.7 17530 28027 27253 3.3091 6.1244
4000 250.35 0001252 0.049779 10824 1519.3 2601.7 1087.4 17135 2800.8 27966 3.2731 6.0696
5000 26394 0001286 0.039448 11481 14480 2597.0 11545 16307 27942 29207 3.0530 59737
6000 27558 0001319 0.032449 12058 1384.1 2580.9 12138 15708 27846 30275 2.8627 58902
7000 28583 0001352 0027378 12580 1323.0 25810 12675 15052 2772.6 3.1220 2.6927 58148
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TABLE A-6

‘Superheated water

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

C mPkg KUy KUy KUKg-K|m¥kg KIKg  kIkg kIkg-K |mPkg  KIkg  KJKg  KJKg-K
P+ 250 MPa (22395:C) P+ 300 MPa (233.85:C) P+ 350 MPa (242.56:C)

Sat. 007995 26021 28019 62558 |0.06667 26032 28032 6.1856 0.05706 26030 28027 6.1244
225 008026 26048 28055 62629
250 008705 26633 28800 64107 |0.07063 26447 28565 6.2803| 0.05876 2624.0 2820.7 6.1764
300 009804 27622 30096 66450 (008118 2750.8 20943 6.5412| 006845 2738.8 2078.4 6.4484
350 010979 28525 31270 68424 |000056 28444 31161 6.7450| 007680 2836.0 3104.9 6.6601
400 012012 20398 32401 70170 [0.00938 20336 32317 60235 0.08456 2027.2 32232 6.8428
450 013015 30262 33516 71768 010789 30212 33449 70856 0.09198 3016.1 33381 7.0074
500 013999 3112.8 34628 7.3254 [0.11620 31086 3457.2 7.2359| 0.09919 31045 34517 7.1593
600 015031 32885 36868 7.5079 013245 32855 36828 75103 011325 32825 36789 7.4357
700 017835 34603 30152 7.8455 014841 34670 39122 7.7500| 012702 3464.7 39003 7.6855
800 019722 36562 41402 80744 016420 36543 41469 70885 0.14061 36525 41446 7.9156
000 021507 3849.4 43803 82882 (017988 3847.0 4387.5 82028 0.15410 3846.4 43857 81304
1000 023466 4049.0 46356 84807 019540 4047.7 46342 8.4045| 0.16751 4046.4 46327 8.3324
1100 025330 42547 48879 86804 (021105 42536 48867 85055 0.18087 4252.5 48856 8.5236
1200 027190 44663 51460 88618 022658 4465.3 51451 87771| 019420 4464.4 51441 87053
1300 0.20048 46834 54095 90349 |0.24207 46826 54088 8.0502| 020750 46818 54080 8.8786
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TABLE

Superheated water (Continued)

Tv u nos v u o s v u n s

C mPKkg  Kikg  KIKkg  Kkg-K|miky  KIKg  KUKkg  KJKQ-K |mPkg  KIKg  KIKg  KIKg-K
P+ _1.00 MPa (179.88:C) P+ 120 MPa (187.86C) P+ 1.40 MPa (195 04:C)

Sat. 019437 25828 27771 65850 |0.16326 2587.8 2783.8 65217 014078 25018 27889 6.4675
200 020602 26223 2828.3 6656 016934 2612.9 2816.1 6.5909 (014303 26027 2803.0 6.4975
250 023275 27104 20431 69265 (019241 2704.7 29356 6.8313 (016356 2698.9 2027.9 6.7488
300 025799 27937 30516 7.1246 (021385 2789.7 3046.3 7.0335 (018233 27857 3040.9 6.9553
350 028250 28757 3158.2 7.3020 023455 28727 31542 7.2139 |020020 28697 3150.1 7.1379
400 030661 20579 32645 7.4670 |0.25482 20555 3261.3 7.3793 (021782 20531 3258.1 7.3046
500 035411 31250 3479.1 7.7642 (020464 3123.4 34770 7.6779 |025216 31218 3474.8 7.6047
600 040111 32075 3698.6 80311 033395 3296.3 3607.0 7.9456 (028597 32951 36955 7.8730
700 044783 34763 30241 82755 (037297 34753 30220 81904 (031951 34744 3921.7 81183
800 049438 36617 41561 85024 (041184 3661.0 41552 B.4176 |035288 3660.3 4154.3 8.3458
900 054083 38539 43048 87150 [0.45050 38533 43040 B.6303 |038614 38527 43933 85587
1000 058721 40527 4640.0 89155 0.48928 40522 4639.4 B.8310 (041933 40517 46388 8.7595
1100 063354 42570 4891.4 91057 (052792 4257.5 48910 0.0212 |045247 42570 48905 8.9497
1200 067983 44600 5148.9 02866 056652 4468.7 51485 0.2022 (048558 44683 5148.1 9.1308
1300 072610 46858 5411.9 0.4593 |0.60500 46855 5411.6 03750 |0.51866 46851 54113 9.3036

P+ 1,60 MPa (201.37: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 29508 32549 7.2394 016849 20483 32516 7.1814| 015122 29459 3248.4 7.1202
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 036687 4051.2 46382 86074 (032606 4050.7 4637.6 8.6427| 0.29342 4050.2 4637.1 85036
1100 030589 42566 48900 88878 035188 42562 4889.6 B8.8331| 0.31667 42557 48891 8.7842
1200 042488 4467.9 51477 00689 037766 4467.6 51473 00143 033980 4467.2 5147.0 8.9654
1300 0.45383 46848 54100 9.2418 |0.40341 46845 54106 9.1872| 0.36308 46842 5410.3 0.1384

P+ 9.0 MPa (303.35:C) P+ _10.0 MPa (311.00:) P+ 12,5 MPa (327.81:0)

Sat.  0.0204892558.5 27429 56791 |0.018028 25452 27255 56150 | 0013496 25056 2674.3 5.4638
325 002328426476 2857.1 58738 | 0019877 26116 2810.3 57596
350 002581627250 2957.3 6.0380 | 0022440 26096 20240 59460 | 0016138 26240 28266 57130
400 002996028492 31188 6.2876 | 0026436 28331 3097.5 6.2141| 0020030 2789.6 3040.0 6.0433
450 0033524 29563 32580 6.4872 | 0029782 29445 3242.4 6.4219| 0023019 20137 32015 6.2749
500 003679330563 3387.4 66603 | 0032811 30470 33751 65095 | 0025630 30232 33436 6.4651
550 003988531530 35120 68164 | 0035655 31454 35020 6.7585 | 0028033 31261 34765 6.6317
600 0.0428613248.4 36341 6.9605 | 0038378 32420 36258 6.9045| 0030306 32258 3604.6 6.7828
650 004575533434 37552 7.0954 | 0041018 33380 3748.1 7.0408| 0032491 33241 37302 6.9227
700 004858934388 38761 7.2229 | 0043597 34340 3870.0 7.1693| 0034612 34220 3854.6 7.0540
800 005413236320 4119.2 7.4606 | 0048620 36282 4114.5 7.4085| 0038724 36188 41028 7.2967
900 005056238206 43657 7.6802 | 0053547 38265 4362.0 7.6290 | 0042720 38189 43529 7.5195

1000 0.0649104032.4 46167 7.8855 |0.058301 4029.0 46138 7.8349 | 0046641 40235 46065 7.7269

1100 0.070224 4240.7 48727 80791 |0.063183 42385 48703 8.0289 | 0050510 42331 48645 7.0220

1200 0.07540244542 51336 82625 |0.067938 4452.4 51317 8.2126 | 0054342 4447.7 5127.0 B.1065

1300 0.0807334672.9 53995 8.4371 |0.072667 4671.3 53980 8.3874 | 0058147 4667.3 5394.1 8.2819

P+ 150 MPa (342.16:C) P+ 17.5 MPa (354.67:) P+ 20.0 MPa (365.75:C)

Sat. 0010341 24557 2610.8 53108 | 0.007932 2390.7 2529.5 51435 |0.005862 2294.8 24121 4.9310
350 0011481 25209 26031 54438
400 0015671 27406 29757 58819 |0.012463 26843 2002.4 57211 [0.000950 2617.9 28169 55526
450 0018477 2880.8 31579 61434 |0.015204 2845.4 3111.4 60212 0012721 28073 3061.7 5.9043
500 0020828 2098.4 33108 63480 |0.017385 2072.4 3276.7 62424 |0014793 20453 32412 6.1446
550 0022945 31062 34504 65230 |0.019305 30858 34236 6.4266 0016571 30647 3396.2 6.3390
600 0024921 3209.3 35831 6.6796 |0.021073 31925 3561.3 65800 [0.018185 31753 35390 65075
650 0026804 33101 37121 6.8233 |0.022742 32058 3603.8 67366 0019695 32814 36753 6.6593
700 0028621 3409.8 38391 69573 | 0.024342 33075 38235 68735 0021134 33851 3807.8 67991
800 0032121 3609.3 40911 7.2037 | 0.027405 35097 4079.3 7.1237 |0.023870 35001 4067.5 7.0531
900 0035503 3811.2 43437 7.4288 | 0.030348 38035 4334.6 73511 |0026484 37957 43254 7.2820
1000 0038808 4017.1 4509.2 76378 | 0033215 4010.7 4592.0 7.5616 |0.029020 4004.3 45847 7.4950
1100 0042062 42277 48586 78339 | 0.036029 4222.3 48528 7.7588 |0.031504 42169 48470 7.6933
1200 0045279 44431 5122.3 80192 | 0.038806 44385 5117.6 7.0449 |0.033952 44338 51129 7.8802
1300 0048469 46633 53903 81952 | 0.041556 4659.2 5386.5 81215 |0.036371 46552 5382.7 B8.0574
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