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


Module Name: 	   Chemical Engineering Thermodynamics 1
Module Code: 	   CHE3003
Date: 		   October 8, 2013
Theory/ Practical:  Theory
Groups: 		   B.ENG.3C
Duration: 		   1 hour & 45 minutes

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.
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 [20 marks]
The piston-cylinder apparatus shown in Figure 1 contains air at T1 = 25°C and P1 = 105 kPa. The piston is initially z1 = 0.64 m above the cylinder bottom and is held in place by a lock. The cross-sectional area of the piston is Ac = 0.05 m2. A weight is now placed on the piston. The lock is released and the piston falls. After a period of time, heat transfer between the air in the cylinder and the surroundings (which are at Tamb = 25°C and Patm = 101.3 kPa) restores the air temperature to T2 = 25°C. At this point, the piston is z2 = 0.58 m above the cylinder bottom.
[image: ]
Figure 1: Piston cylinder apparatus

a.) Determine the combined mass of the piston and weight. 				[10]
b.) Determine the work done (including direction) during this process. 		[5]
c.) Determine the heat transfer (including direction) this process. 			[5]
N.B. Clearly state what is being taken as the system.

Question #2 [20 marks]
One kmol of an ideal gas, initially at 303.15 K and 1 bar, undergoes the following mechanically reversible changes. It is compressed isothermally to a point such that when it is heated at constant volume to 393.15 K its final pressure is 12 bar. Sketch the process on a P-V graph and calculate Q, W, ΔU, and ΔH for the process. Take Cp = (7/2)R and Cv = (5/2)R.

Question #3 [30 marks]
Using the Soave/Redlich/Kwong equation, estimate the mass of ethylene (in kg) contained in a 0.25 m3 cylinder at 323.15 K and 115 bar. Justify your choice of equation.

Total Marks = 70

***** END OF PAPER *****
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Formula Sheet













For Vapour and Vapour-like Roots

Start with 

For Liquid and Liquid-like Roots

Start with 



4 of 4


[image: ]

[image: ]


[image: ]
image3.png
Table B.1: Characteristic Properties of Pure Species

Molar Ve

mass » T./K Psbar  Z. em3mol”! T,/K
Ethane 30070 0.100 3053 4872 0.279 145.5 184.6
Propane 44097 0152 3698 4248 0276 200.0 2311

Ethylene 28.054 0.087 2823 50.40 0.281 131. 169.4
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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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FACTORS FOR UNIT CONVERSIONS

Quantity | Equivalent Values
Mass 1kg = 1000g = 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
1t = 12in. = 1/3yd = 0.3048 m = 30.48 cm
Volume 1m’® = 1000L = 10°cm® = 10° mL
= 35314516 = 220.83 imperial gallons = 264.17 gal
Pressure 1atm = 1.01325 X 10° N/m? (Pa) = 101.325 kPa = 1.01325 bar

60 mm Hg at 0°C (torr) = 10.333 m H,O at 4°C
= 14.696 Ibg/in.? (psi) = 33.9 ft H,O at 4°C





image6.png
Table 3.1: Parameter Assignments for Equations of State

Eq. of State a(T}) o € Q v Z.
RK (1949) T 0 008664 042748 13
SRK (1972)  asrk(Ty; )" 1 0 008664 042748 173
PR(1976)  apr(Triw)' 1++v2 1-+2 007780 045724 030740

2
sk (Ty; @) = [1 + (0480 + 1574 — 0.176 2) (l - T,'/z)]

i
fapr(Ty; ) = [1 + (0.37464 + 1.54226 @ — 0.26992 ?) (1 = r,'/z)]
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