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UNIVERSITY OF TECHNOLOGY, JAMAICA

COLLEGE/ FACULTY: Engineering and Computing

SCHOOL/ DEPARTMENT: SOE/Chemical Engineering

Final Examination, Semester 1


Module Name:	  Chemical Engineering Thermodynamics 1

Module Code:	  CHE3003

Date:			  December, 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. FORMULA SHEET, UNIT CONVERSION CHART AND PROPERTY TABLES ARE ATTACHED.

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

QUESTION 1 (25 marks)
a.) Four moles of an ideal gas in a piston/cylinder device is compressed isothermally but irreversibly at 160°C from 3.5 bar to 7.5 bar. The work required is 37% greater than the work of reversible, isothermal compression. The heat transferred from the gas during compression flows to a heat reservoir at 50°C. Calculate the:
i.) entropy changes of the gas, 						[3]
ii.) entropy changes of the heat reservoir, 					[7]
iii.) total entropy change.							[2]

b.) A nuclear power plant generates 620 MW; the reactor temperature is 415°C and a river with water temperature of 60°C is available.
i.) What is the maximum possible thermal efficiency of the plant, and what is the minimum rate at which heat must be discarded to the river?		[6]
ii.) If the actual thermal efficiency of the plant is 43% of the maximum, at what rate must heat be discarded to the river, and what is the temperature rise of the river, if it has a flowrate of 305 m3/s?					[7]


QUESTION 2 (25 marks)
A system consists of 2 kg of carbon dioxide initially at 1 bar and 300 K. The system undergoes a reversible power cycle consisting of the following steps: 
· 1 - 2, an isochoric process to 4 bar, 
· 2 - 3, polytropic expansion with an exponent of 1.28,
· 3 - 1, isobaric compression to the initial state.
Assuming that carbon dioxide follows the ideal gas model with Cp = (7/2)R and Cv = (5/2)R and neglecting kinetic and potential energy effects:
a.) Sketch the cycle on a P-V diagram.							[4]
b.) Calculate the work associated with each step of the cycle.				[9]
c.) Calculate the heat associated with each step of the cycle.				[8]
d.) What is the thermal efficiency of the cycle?						[4]

QUESTION 3 (25 marks)
Fifty kmol per hour of sub-cooled Toluene at 325 K and 3 bar is superheated to 650 K in a steady-flow heat exchanger. If saturation temperature (Tsat) for Toluene at 3 bar is 426.9 K, estimate the exchanger duty (in kW).
												

QUESTION 4 (25 marks)
Calculate Z and  (m3/mol) for ethylene at 303.15 K and 8 bar by the following equations:
a.) The truncated virial equation with the following experimental values of virial coefficients:
               				[8]
b.) The Soave/Redlich/Kwong (SRK) equation.						[17]

TOTAL MARKS =100
END OF PAPER    
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Formula Sheet
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Truncated virial equation





For Vapour and Vapour-like Roots

Start with 

For Liquid and Liquid-like Roots

Start with 


Riedel’s equation

Where, Pc is the critical pressure in bars and Trn is the reduced temperature at Tn.

Watson’s equation
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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: Characteristic Properties of Pure Species

Molar Ve

mass ® TJK  Pebar  Z. emPmol™!  T,/K
Carbon dioxide ~ 44.010 0224 3042 7383 0274 940
Ethane 30070 0.100 3053 4872 0279 1455 184.6
Ethylene 28054 0087 2823 5040 0281 131, 169.4
Methane 16043 0012 190.6 4599 0286 98.6 1114
Propane 44007 0152 3698 4248 0276 2000  23L1
Toluene 92141 0262 5918 4106 0264 316, 383.8
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Table C.1: Heat Capacities of Gase:

the Ideal-Gas State

Constants in equation € ;°/R = A + BT + 4+ DT~2 T (kelvins) from 298 10 Tinax.
Chemical species Toax  CjS IR A 1088 106c 105D
Miscellaneous organics:

Acetaldehyde CH0 1000 6506 17978 —6.18
Acetylene CaHy 1500 5253 1952 ~1.299
Ethanol CoHgO 1500 8948 20000 6002
Ethylbenzene CgHig 1500 15993 55380 ~18.476
Methanol CHO 1500 5547 12216 450
Styrene CygHy 1500 50192 ~16.662
Toluene C7Hg 1500 0290 47052 15716
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Table C.3: Heat Capacities of Liquids

Constants for the equation Cp/R = A + BT + CT?

Chemical species  Cpy /R A 10° B 100C
Ammonia 9.718 22,626 —100.75 192.71
Ethanol 13.444 33.866  —172.60 349.17
Ethylene oxide 10.590  21.039 —86.41 172.28
Methanol 9.798 13.431 —51.28 13113

Toluene 18.611
‘Water 9.069

6.79 16.35
1.25 —0.18
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Table 3.1: Parameter Assignments for Equations of State

Eq. of State a(Ty) o € Q w Z;
VAW (1873) 1 0 0 s 2164 38
RK (1949) 7,71 1 0 008664 042748 13
SRK (1972)  aspk(Tri)' 1 0 008664 042748 173
PR(1976)  apr(Tr; @) 1++2 1-+2 007780 045724 030740

Tasrk(Tri @) = [1 +(0.480 + |.574w-0.176w2>(| - ,‘/2)]2

fap(Tyi @) = [1+ 037464 + 1542260 0269920 (1= 772) |
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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





