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


Module Name: 	   Chemical Engineering Thermodynamics 1
Module Code: 	   CHE3003
Date: 		   October 16, 2012
Theory/ Practical:  Theory
Groups: 		   B.ENG.3C
Duration: 		   1 hour & 50 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
 ***
)

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 [20 marks]
a.) The manufacturer of the device for producing power claims that it accepts a heat transfer at a rate of H = 3.0 kW from a low-grade source of geothermal heat at TH = 80ºC and rejects heat at rate C to the atmosphere at TC = 20ºC. The device operates at steady state and produced work at a rate of = 2.5 kW. There are no other heat or work transfers from the device.
i.) What is the rate at which the device rejects heat to the atmosphere, QC?	[2]
ii.) Is this device possible? Justify your answer.					[8]

b.) Two Carnot engines in series between two reservoirs maintained at 500 oC and 40 oC, respectively. The energy rejected by the first engine is utilized as the energy input to the second engine. Determine the temperature of this intermediate reservoir between the two engines if the efficiencies of both engines are the same.					[10]

Question #2 [40 marks]
The figure shown below is the P-V diagram for a thermodynamic cycle that is executed by m = 18 lbm of nitrogen gas. Assume that nitrogen behaves according to the ideal gas law with .
[image: ]
(a.) Determine the temperature at each of the states shown in the figure.			[8]
(b.) Determine the enthalpy and internal energy change for each step of the cycle. 	[10]
(c.) Determine the work done and heat transfer for each step of the cycle. 		[16]
(d.) What is the efficiency of the cycle?							[6]
Question #3 [40 marks]
Two air streams enter an industrial heating unit, as shown in the figure below. Stream 1 enters at T1 = 40ºC, P1 = 150 kPa with a volumetric flow rate of 1 = 0.30 m3/s and stream 2 enters at T2 = 25ºC, P2 = 100 kPa with a volumetric flow rate of 2 = 0.10 m3/s. The heating unit is equipped with an electrical resistance heater that draws e = 11.5 kW. The air exits the unit at T3 = 55ºC, P3 = 105 kPa. The heating unit experiences a heat transfer with the surroundings at T∞ = 25 ºC. The heating unit operates at steady state. Model air as an ideal gas with constant specific heat capacity, .
[image: ]
a.) Determine the mass flow rate of air exiting the heating unit at state (3).		[10]
b.) Determine the rate of heat transfer FROM the device to the surroundings.		[13]
c.) Determine the total rate of entropy generation resulting from operating the device.	[17]


Total Marks = 100

***** END OF PAPER *****
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TABLE A1

Molar mass, gas constant, and critical-point properties

Critical-paint properties

Gas

Molar mass, ~ constant, Temperature,  Pressure,  Volume,
‘Substance Formula M kgkmol R KI/kg:K* K MPa m/kmol
Alr — 2897 0.2870 1325 377 00883
Carbon dioxide co, 24.01 0.1889 304.2 739 00943
Hydrogen (normal) 2.016 2.1240 333 130 00649
Nitrogen N, 28013 0.2968 126.2 339 00899
Oxygen 0, 31.999 0.2598 1548 508 00780
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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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