Master Syllabus

MNE 220: THERMODYNAMICS I 

University of Massachusetts Dartmouth, College Of Engineering

Course Overview (Introduction on Student Syllabus)
Welcome to Thermodynamics.  Thermodynamics is the study of energy transformations and relationships among properties of substances.  In this course, you will learn not only how energy is produced, distributed and consumed, but important implications on energy utilization in modern society.
In addition, Thermodynamics will change how you think and, if mastered teach, you valuable problem solving skills that are applicable to a wide range of engineering problems.  Thermodynamics is a “big picture” subject.  You will do best if learn to think about the broad scope of the problem before you tackle the small details.  

As in any engineering subject, the ability to solve problems is a critical skill.  Just as important is the ability to document and convey a solution.  Therefore, you will be strictly graded (on both homework and exams) on the quality of your written solution.  You must use the template provided the first day of class.  Specifically, you will lose credit if you do not format your work in a GIVEN, FIND, SKETCH, SOLUTION, ANALYSIS format.  Because numbers are meaningless without units, you are required to show units and conversion factors in all calculations.  Always write equations in symbolic form before inserting numerical values.

Learning Outcomes
Course Specific Learning Outcomes

1. Be able to organize and solve engineering problems in the thermal systems area within a context of real world applications

2. Be familiar with basic terminology and concepts of thermodynamics including open and closed systems, temperature, pressure, internal energy, zeroth law
3. Graphically represent thermodynamic processes on process diagrams and understand the physical significance
4. Determine properties for real substances and ideal gases using tables, computer software and relationships such as the perfect gas equation of state
5. Derive and solve for work and heat for a variety of applications
6. Derive and apply conservation of mass and energy for closed and open systems for various types of process
7. Write down and apply the second law the Clausius and Kelvin-Planck statements of the Second Law
8. Apply the increase in entropy form of the second law for closed and open systems for various types of process
9. Apply conservation of mass and the first & second Laws to find heat, work, and efficiency of various processes and cycles
University Studies (This course satisfies the University Studies requirement 2B – Science in the Engaged Community)

1. Analyze and evaluate the use of scientific information in the context of social, economic, environmental or political issues.

2. Apply scientific theories and knowledge to real-world problems.

3. Effectively communicate scientific information in writing.       

Textbooks (Always bring your textbook to class We will use the property tables):  

Moran, M. J., Shapiro, H. N., Boettner, D.D., and Bailey, M.B., Fundamentals of Engineering Thermodynamics, 7th ed, Wiley 2011.
Grading:
25% 
Homework, class participation, and quizzes

10%
Exam 1

15%
Exam 2

15% 
Exam 3

35%
Final Exam

Homework:
Assignments from spring 2012 are attached.  These are changed each semester, but the attachment is representative.  The following are homework policies.  
· It is your responsibility to convey an understanding of the problem and its solution.  You must follow the template and organize your work so that I can follow it to receive credit.  This is good experience because written communication is an essential engineering skill.  

· Homework shall be neat, stapled, worked on one side of the paper, using engineering paper, following the template.

· Homework is due at the beginning of class on the due date.   Late assignments will not be accepted.  

· You are responsible for any assignments distributed via Email and must check it daily

· Collaboration and group study are encouraged; however, copying another students work without participating in the solution is forbidden. Classroom work supplements the reading.  Sometimes you will be assigned problems that we have not covered in class (sometimes intentionally, sometimes by accident).  You are still responsible for their completion.

	
	Date
	Topic
	Reading

	
	30 Jan

1 Feb

3 Feb
	Basic Concepts
	Chapters 1

	
	6 Feb

8 Feb

10 Feb
	Introduction to the first law
	Chapter 2

	
	13 Feb

15 Feb

17 Feb
	Evaluating properties
	Chapter 3

	
	20 Feb

21 Feb

22 Feb

24 Feb
	Holiday

(Tuesday) 
	

	
	27 Feb

29 Feb

2 Mar
	First Law of Thermodynamics for flow systems

EXAM 1(Chapters 1-3)
	Chapter 4

	
	5 Mar

7 Mar

9 Mar
	Transient System Analysis
	Chapter Section 4.4

	
	12 Mar

14 Mar

16 Mar
	The Second Law of Thermodynamics


	Chapter 5

	
	19-23 Mar
	SPRING BREAK
	

	
	26 Mar

28 Mar

30 Mar
	Entropy

	Chapter 6



	
	2 Apr

4 Apr

6 Apr
	EXAM 2 (Chapters 4-6)
Internal Combustion Engines
	Chapter Sections 9.1-9.4

	
	9 Apr

11 Apr

13 Apr
	
	

	
	16 Apr

18 Apr

20 Apr
	Holiday 

Vapor Power Cycles
	Chapter 8

	
	23 Apr

25 Apr

27 Apr
	
	

	
	30 Apr

2 May

4 May
	EXAM 3 (IC Engines, Vapor Power Cycles)
Gas Turbine Power Cycles
	Chapter Sections 9.5-9.8

	
	7 May

9 May

11 May
	
	

	
	14 May
	
	

	
	18 May 
	(Monday) 8:00-11:00  FINAL EXAM
	


University Studies Course Rationale:

Thermodynamics is a natural fit to meet the University Studies “Science in the Engaged Community.”  While the course “thermodynamics” is inherently focused on the science of energy transformations, the real world examples that I use in class allow the student to relate to real world situations, which improves interest and promotes physical understanding and intuition.

As evidence of how the course is taught, the overview statement at the top of the master syllabus is the statement that has appeared on my class syllabus since I started teaching the course in 2004.  As indicated, the student learns about energy transformations, methods to improve efficiency, economics and the inherent tradeoffs involved.  
The relationship of the course to specific University studies objectives are as follows: 
1. Analyze and evaluate the use of scientific information in the context of social, economic, environmental or political issues.

· Energy is arguably the most pressing societal problem of the time and naturally fits into discussions of policy, economics and environment.  For example, one issue discussed is regulation of thermal pollution from power plant cooling water and the tradeoff with efficiency.

2. Apply scientific theories and knowledge to real-world problems.

· The entire course, Thermodynamics” is related to energy transformations and relationships between properties of engineering materials.

3. Effectively communicate scientific information in writing. 
· Engineers must be able to communicate scientific results to both a technical and a non-technical audience.  In the course, I stress in both homework and on exams, the formulation of engineering results that demonstrates the assumptions made in a problem and the logical process through the solution.  The course also includes written assignments on two homework problems as discussed below.      

Course Catalog Description (downloaded from the 2012-2013 online catalog):

MNE 220 - Engineering Thermodynamics I
3 credits 
3 hours lecture
Prerequisites: Prerequiste: CHM 151 or CHM 153 and MTH 112 or MTH 114
The fundamental concepts and basic principles of classical thermodynamics. The Zeroth, First and Second laws of thermodynamics are formulated with recourse to empirical observations and then expressed in precise mathematical language. These laws are applied to a wide range of engineering problems. The properties of pure substances are described using equations of state and surfaces of state. Reversible processes in gases are analyzed by means of the First and Second laws. A representative sampling of engineering applications is discussed and analyzed.
Supporting documentation for the University Studies Assessment

Assessment is accomplished each semester with in accordance with the MNE ABET accreditation requirements.  It is proposed that the course will continue to be assessed using the current assessment process, which will be amended to include the three University Studies Objectives
Attached are two documents:

1. Homework problems from Spring 2012.  The questions are annotated with US1, US2 and US3 in to indicate the University studies objectives defined above.  Every semester taught, similar problems are required of each student, although the content is revised to reduce the use of prior years homework.


2. Each Mechanical Engineering course is assessed every semester taught as part of the Accreditation process.  The process has each of the course objectives scored by identifying specific homework or test questions and class averages on the questions.  The University Studies objectives will be added to the currently used assessment rubric.  The results of these assessments are maintained in the course history file for the course. A copy of the 2010 MNE 2020 assessment.  Under this proposal, Enclosure (1) of the assessment will be expanded to include the three University Studies Objectives.
Sample Homework (Assignments from Spring 2012 Course Offering)

Revision 10/18/2012:  Based on the recommendation of the University Studies Committee, which indicated that the connection to first University studies objective should be strengthened, specific assignments will be given to integrate the University Studies objectives into the curriculum.  Naturally, these assignments will require that the instructor steer the students with some appropriate background material, which will require some background class discussion.  This will not only improve the University Studies connection, but also illustrate the relevance of the course to a broader context.
On four selected assignments throughout the semester, the students will be required to submit a short essay on the social, economic, environmental and political implications of the technical material presented in the class.  

Submit a short essay on the societal implications of __ (See list below)         _.  Your essay is to be approximately one typed, double spaced page using a 12 font New Times Roman.  You should include in your discussion pertinent social, economic, environmental and political implications.  You will be graded on the quality of your writing and the breadth of your analysis; however, you are free to express whatever political philosophy you choose.

Potential topic areas (to be rotated and adjusted each semester)

· The tradeoff in energy usage by transporting either generated electricity or transporting fuel

· Increasing CAFE  standards in automobiles

· The real hydrocarbon use in electric vehicles (where does electricity come from?)

· Tradeoffs between modernizing existing power plants and constructing new plants

· Power plant thermal pollution 

· The effect of requiring closed loop cooling tower cooling systems on commercial power plants

· Dispatcher controlled residential loads, such as hot water heaters

· From a thermodynamic point of view, explain why athletes perform worse on hot days

· Environmental tradeoffs for compact fluorescent lights

· Relative risk and safety record of various electrical generation sources (hydro, nuclear, coal, natural gas)
Assignment 1—Due Wednesday, 8 February

Policy Notes:

· Ensure that your work is formatted as required in the handout.
· Late Homework is not accepted 

· Homework is due at the beginning of class.  If you are late, your homework will not be accepted.
Assignment:

US3 Go on to the http://www.howstuffworks.com/ and follow the link for gasoline engines.  Write a type written report with diagrams that explains the operation of a four stroke gasoline engine.  You should include as a minimum:

1. A discussion of the four strokes (intake, compression, power and exhaust)

2. The purpose of major parts, piston, cylinder, valves, camshaft, crankshaft, connecting rod, spark plug

3. Define the following terms: 

a. Displacement (relationship with bore and stroke)

b. Compression Ratio

c. Octane

d. 2 Stroke

e. 4 Stroke

f. Fuel injected

g. Overhead Valve

h. Overhead cam
4. What is the function of the flywheel

5. How is fuel and air mixed

6. How is engine power controlled

Exercises on page 27 (These are short answer and do not require the template) – 2, 4, 6, 9, 12, 14

Template not required for these short questions, although you must show all units and work.

1. Problem 1.4 (Note problems start on page 27)

2. Problem 1.5

3. Problem 1.6

4. Problem 1.9 a 

5. Problem 1.26

6. Problem 1.31

7. Problem 1.51

8. Problem 1.52

Full problems using the template:

1. US2 Problem 1.36

2. US2 Problem 1.49

3. US2 A 30,000 lbm truck is at the top of  a 2000ft high mountain.  Assuming that it is in neutral so that there is no engine drag and neglect wind resistance, calculate the amount of heat that must be dissipated by the brakes as it descends the mountain.

Assignment #2—Due 15 February

Assignment:

US3 Go on to the http://www.howstuffworks.com/ and follow the link for diesel engines.  Write a type written report with diagrams that explains the operation of a four stroke diesel engine.  You should include as a minimum:

1. A discussion of the four strokes (intake, compression, power and exhaust)

2. How is fuel and air mixed

3. how is engine power controlled

4. On a gasoline engine, the amount of air that enters the engine is throttled.  On a diesel, there is always a full charge of air.  Explain the difference.

5. US1Why is a diesel engine more efficient than a gasoline engine? 
Short answer (Template not required):

1. 1 kg of water is heated up one degree Celsius. Calculate the heat added.

2. What change in elevation would give an equivalent change in potential energy as the thermal energy provided in 1 above?

3. What velocity would give an equivalent kinetic energy as the thermal energy provided in 1 above?

4. US1/US2 If electricity costs $0.17 / kW-hr, calculate the cost of using a 10 amp, 120V hair dryer for 5 minutes.

5. Problem 2.53

Full Problems using the template:

1. A 15 horsepower motor consumes 14 kW of electricity.

a. US2 Calculate the heat loss of the motor (kW).

b. US1/US2 Calculate the efficiency of the motor.
c. US2 How long would it take this motor to raise a 2000kg  weight 25 meters

2. US2 Calculate the absolute pressure in tank A. (Answer in Pa)
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3. US2 A 1500 kg car traveling at 75 mph is brought to a dead stop with the brakes.  During the braking process, the car descends 30 meters in elevation.  Assuming that the breaks are made of steel, and that they have a total mass of 20 kg, calculate the temperature of the brakes after the stop. Note that
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.  You may find the specific heat of the brakes in the tables in your book. State any other assumptions in your calculations

Note: Exam 1 is on 29 February. This exam will be closed book and notes.  You may use the table’s book, which includes conversion factors and the formula sheet I handed out.

Assignment #3—Due Wednesday 29 February

1. Complete the table below for water. You are not required to use the template, but you must show your work on an attached page.


	Temp

C
	Pressure

MPa
	Specific

Volume

m3/kg
	Internal

Energy

kJ/kg
	Specific

Enthalpy

(Note 1)

kJ/kg
	Specific

Entropy

kJ/kg/K
	Quality

(Note 2)
	Phase

	 83
	0.2
	
	
	
	
	
	

	
	0.5
	
	
	
	5.33
	
	

	300
	
	
	
	2556
	
	
	

	264
	
	
	
	
	
	0.21
	

	175
	15
	
	
	
	
	
	

	
	2
	
	
	
	6.403
	
	

	
	2
	0.09766
	
	
	
	
	

	52
	
	
	
	
	2.75
	
	


Note1: Account for pressure correction in the case of a SCL

Note 2: Quality is zero for Sat liquid and one for sat vapor.  For SCL and SHV it is “n/a”

2. US2 A 1 horsepower motor (shaft power out is 1HP)  is operating in a room with an air temperature of 25oC.  The motor has an efficiency of 78%.   The motor gives off heat in accordance with Newton’s law of cooling:
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The convective heat transfer coefficient 
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 and the motor is 1 foot long and 8 inches in diameter.  The area
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is the total surface area including the sides and ends.  Calculate the steady state temperature of the motor.
3. US2 Air in a piston cylinder undergoes a three process cycle.  Initially, the air has a specific volume of 3cubic meters per kg and a pressure of 120kPa.  The air is compressed and heat is removed for an isobaric process until the volume is reduced to one third of its original volume.  Next the air is heated at constant volume.  In the third process, the air is expanded in a reversible, adiabatic process in which 
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 to the starting point.  

a. Draw the cycle on a Pv diagram.  Explain the significance of the figure.

b. Determine the net work of the cycle.

c. Is this a heat engine or a refrigeration cycle.

4. US2 A rigid tank, which has a volume of 0.1m3, contains 1kg of water at 100oC.  A 3 kW heater is energized.  

a. Calculate the time until the tank reaches 200oC.  What is the pressure in the tank?

b. Calculate the time until the tank reaches 400oC.  What is the pressure in the tank?

c. Draw the process on a Pv and Tv diagram with respect to saturation line; label the initial conditions and parts as 1, 2, and 3.
5. US2 A piston cylinder contains 1m3 of air at 330kPa and 50oC.  Heat is added until the volume doubles.  Calculate the heat added in kJ.  Assume the process is isobaric.  

a) Using constant specific heats

b) Using the air tables

6. US2 A rigid tank contains 1 m3 of air at 330 kPa and 50oC.  Heat is added until the Pressure doubles. Calculate the heat added in kJ.

a) Using constant specific heats

b) Using the air tables


Assignment #4—Due 16 March  

1. Template not required (Clearly show your work) Show that.

a. For a constant volume process in a closed system 
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; list any assumptions required.  Discuss two methods this can be solved for an ideal gas (tables or constant specific heats).  Discuss two methods this can be solved for liquids (tables or constant specific heats).

b. For a constant pressure process in a closed system 
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; list any assumptions required. Discuss two methods this can be solved for an ideal gas (tables or constant specific heats).

c. Why are constant specific heat calculations not applicable for wet vapors?

2. Write a general form of the first law of thermodynamics and identify and discuss the significance of each term.  Simplify this expression for 

a) closed systems

b) Steady flow /single flow (steady state with a single inlet and single outlet)

Problems:

1. US2 A hot air balloon is used in 15oC air.  Develop a graph that shows the lifting force per cubic meter of balloon as a function of temperature in the balloon.


2. US2 A rigid container contains 2 kg of water vapor mixture in a volume of 1.5 cubic meter at 100 oC.  It is then heated with an electrical resistance heater.

a) Determine the initial pressure of the steam in the container.

b) Calculate the amount of heat that must be added to reach a pressure of 0.3MPa

c) Calculate the amount of heat that must be added to raise pressure to 1 MPa.

d) What is the pressure when the vapor  becomes superheated

e) If the heater is 2 kW, determine the time required to go from the initial point to 1 MPa.

f) Calculate the total boundary work done by the system.

3. US2 A Piston Cylinder contains air at 400 kPa and 70oC.  It is then heated at constant pressure until its volume increases by a factor of three.  Determine the heat added and the work done, using:  

a) Air tables.

b) Constant specific heats.

4. US2 10 gallons per minute of water flows through a heater and must be raised from 50 to 110oF.  Calculate the rate of heat supplied.  
a) Solve using tables

b) Solve using constant specific heat assumptions.

c) Assuming a 220volt heater, calculate the current required for an electric resistance heater.
5. US2 A Nozzle accelerates 1.5 kg/s saturated steam adiabatically and reversibly from initial conditions of 5MPa to a final pressure of 1MPa. (Hint 1: Adiabatic and reversible means______)  (Hint 2: Ignore inlet velocity)

a. Determine the exit velocity 

b. The required exit area.

Assignment #5—Due 2 April  

Note Exam 2 is on 2 April.

1. Complete the following table.  You must show your work (including interpolations):

	
	
	
	Specific
	Internal
	Specific
	Specific
	
	

	
	Temp
	Pressure
	Volume
	Energy
	Enthalpy
	Entropy
	Quality
	Phase

	
	C
	MPa
	m3/kg
	kJ/kg
	kJ/kg
	kJ/kg/K
	
	

	1
	180
	0.4
	
	
	
	
	
	

	2
	180
	
	
	
	
	5.123
	
	

	3
	180
	3.6
	
	
	
	
	
	

	4
	306
	
	
	
	1962
	
	
	

	5
	
	2.644
	
	
	
	5.907
	
	

	6
	475
	2
	
	
	
	
	
	


2. Understanding the first law of Thermodynamics. 
a. Derive the value of flow work.

b. Derive the general form of conservation of energy in the form
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c. Simplify this expression for closed/ stationary systems

d. Simplify this expression for steady flow single inlet and single outlet
e. Simplify this expression for a mixing chamber
3. US2 A steam turbine receives 200,000 kg/hr of steam.  The steam enters the turbine as 5MPa saturated steam and is expanded to 10 kPa.  Assume that the turbine has an efficiency of 
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a. What would be the reading on a pressure gage attached at the turbine outlet?

b. Draw the process on a T-s diagram

c. Draw the process on an h-s diagram

d. Calculate Turbine power

e. Calculate the quality of the exit steam (Note:  This is NOT the quality of the isentropic expansion)
4. US2 5 kg/min of 25oC water mixes with 7 kg/min of 72oC water in a mixing chamber.  Calculate the temperature and flow rate of the exit stream.

5. US2 A stream of water at 10oC is mixed with a stream of water at 75oC.  An outlet stream of 30kg/s at 50oC is required.  Calculate the required flow rates of the two inlet streams.

6. US2 Water at 30oC  is pumped from 100 kPa to 5MPa in a pump with an efficiency of 72%.  

a. Use 
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 to determine the ideal pump work.

b. Calculate the real pump work.

c. Calculate the temperature rise of water flowing through the real pump

7. US2 Water falls over the edge of a waterfall that is 40m high.  
a. Use an open system and the SFEE for single flow to determine the velocity of the water just before impacting the bottom using an open system approach.

b. Use the first law for a closed system to determine the velocity of the water just before impacting the bottom  .

c. If the kinetic energy in the falling water is converted to internal energy upon impact, determine the temperature increase in the water. 
8. US2 A building heater uses steam to heat air.  The air has a volumetric flow rate of 25 cubic meters per minute and enters at 15oC and standard atmospheric pressure.  It is to be heated to 25oC.   The air is heated with saturated steam that enters at 1.5  bars and exits at 70oC, 1.2 bars. 

a. Calculate the required flow rate of steam in kg/hr.

b. If the air velocity entering is limited to 3m/s, calculate the required flow area for the air.
Due Monday 9 April 2012
1. US2 An evacuated chamber with a volume of one liter is connected to a steam pipe that is carrying steam at 280oC, 150 kPa.  A valve is opened allowing the chamber to fill.  Determine the final temperature in the chamber.  Determine the mass of steam in the chamber.

2. US2 A tub contains 100kg water initially at 20oC.  A fill valve is opened allowing 40oC water to enter at a rate of 10kg/min, while water is removed at the same rate.  How long will it take the tub to reach a temperature of 35oC?


Due Monday 16 April 2012
Short answer:  No Template required

1. List 10 irreversible processes that you do every day.  (For example, you take a shower—I hope—which mixes hot and cold water)

2. US1Prove the equivalence of the Kelvin-Plank and Clausius statements of the second law 

3. US1Using the definition of a Kelvin temperature scale, prove that the maximum thermal efficiency for any heat engine is the Carnot efficiency.

4. Explain the significance of internally reversible.  Explain how heat transfer between two reservoirs may be irreversible, but internally reversible in both reservoirs.

5. US1Give an example of a PPM1

6. US1 Give an example of a PPM2

7. US1 Explain the difference between LHV (Lower heating value) and HHV (higher heating value).

8. US1Which of the following processes are impossible in accordance with the second law:

a. An electrical generator with an efficiency of 100%

b. A device that takes a shaft work input and converts it into heat.

c. A device that takes heat rejected in a condenser and through a process of vacuum optimization and digital feedback controls converts that heat into a work output.

d. A heat engine that operates with an efficiency of 100%.

e. A heat pump that operates without a work input.

Problems

1. US1/US2 A geothermal power plant is a heat engine that receives heat from a groundwater supply at 1750C.  A total of 18MW of heat is available at this temperature.  The local environment is at 25oC.  Determine the maximum power available from the power plant. 

2. US1/US2 A heat pump has a second law efficiency of 48%.  It supplies heat to a room at a rate of 46,000 Btu/hr in order to maintain the temperature at 70oF.  The environment is at a temperature of -10oF.  Determine the power required to drive the compressor.

3. US1/US2 The environment in a certain area is 15oC.  Plot the maximum efficiency of a nuclear power plant as a function of the maximum allowable temperature in the reactor core.

4. Text problem 5.17

5. US1/US2 Text problem 5.40

6. US1/US2 Text problem 5.61

Due Friday 27 April 2012

1. Short answer—Template not required.  Find the entropy changes for the following processes:

a. Air is compressed isothermally in an internally reversible process from 1 atmosphere to 2 atmospheres.  Explain why a reduction in entropy in this case does not violate the second law of thermodynamics.

b. Saturated steam is expanded in a turbine from 10 MPa to 10 kPa, with an exit quality of 97%.

c. Steam at 100 psia, quality 96% passes through a throttle valve to a final pressure of 10 psia.  Determine the exit temperature and the entropy generated.

d. Air at 100 psia, 73oF passes through a throttle valve to a final pressure of 10 psia.  Determine the exit temperature and the entropy generated.

e. 10 kJ of heat is transferred from a body at 100oC to a body at 73oC.  


2. (Quiz/Exam Topic) US1Using the increase in entropy principle, prove that the Carnot efficiency is the maximum theoretical efficiency for any heat engine.


3. (Quiz/Exam Topic) Using the increase in entropy principle, prove that heat transfer must occur from a high temperature to a lower temperature.


4. US1/US2 Using the increase in entropy principle, prove that the example problem worked in class is possible. 
A mechanical engineer from UMass Dartmouth claims to have designed a system to air-condition without a work input.  The system he proposes will use waste 400 kJ/min of heat from a factory chimney at 300 oC and will move 1000kJ/min from a building at 20 oC to the outside at 30 oC.  Evaluate the merits of his claim.

5. US2 4 kg/s of water at 25oC is mixed with 2 kg/s of water at 70oC water.  Calculate the rate of entropy generation.


6. US2 A rigid, heavily insulated container is divided with a diaphragm.  Part is evacuated to a perfect vacuum and part holds 2kg of air, initially at 50oC in a volume of 1m3.  A diaphragm is popped and the air expands instantaneously to fill a volume that is now 1.5m3.  Determine the final temperature of the air and the entropy generation.


7. US2 Air is isentropically compressed in a compressor from 300K, 100kPa to a final pressure of 250kPa.  Note, the compressor is an open system working under steady state conditions.
a. Use the air tables to determine the work required and the exit temperature. 

b. Determine the work required if the isentropic efficiency is 83%.

c. Use constant specific heat data (including the ratio equations based on k) to determine the work required and the exit temperature.

Due: Turn in on Exam Day  

Note: Your Final Exam is scheduled for Friday 18 May at 8AM.

1. Prove that 
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for an isentropic process for an ideal gas with constant specific heats.

2. US2 A gasoline engine (assume ideal) has an 8 to one compression ratio.  Pressure doubles during the heat addition process.  Air enters at 20oC, 1 atm.  Assuming COLD AIR STANDARDS:

a. Determine the pressure, temperature and specific volume at each point in the cycle.

b. Determine the net work and thermal efficiency

3. US2 A gasoline engine (assume ideal) has an 8 to one compression ratio.  Pressure doubles during the heat addition process.  Air enters at 20oC, 1 atm.  USING THE AIR TABLES:

a. Determine the pressure, temperature and specific volume at each point in the cycle.

b. Determine the net work and thermal efficiency

4. US2 A diesel engine (assume ideal) has an 18 to one compression ratio and a 2 to one fuel cutoff ratio.  Air enters at 20oC, 1 atm.  Assuming COLD AIR STANDARDS:

a. Determine the pressure, temperature and specific volume at each point in the cycle.

b. Determine the net work and thermal efficiency

5. US2 A diesel engine (assume ideal) has an 18 to one compression ratio and a 2 to one fuel cutoff ratio.  Air enters at 20oC, 1 atm.  USING THE AIR TABLES:

a. Determine the pressure, temperature and specific volume at each point in the cycle.

b. Determine the net work and thermal efficiency

6. US2 A gas turbine engine has a pressure ratio of 9.2 to 1 and operates on an ideal Brayton cycle.  Assume air enters at 25oC and 101kPa, and that 750kJ/kg are added in the combustion chamber.  

a. Analyze the cycle using cold air standard assumptions.

b. Analyze the cycle assuming air standard assumptions that account for variation in specific heats using your air tables.

7. US2 A gas turbine engine has a pressure ratio of 9.2 to 1.  Assume air enters at 25oC and 101kPa, and that 750kJ/kg are added in the combustion chamber.   The compressor and turbine efficiencies are 85% and 89%, respectively.   There is a pressure drop in the inlet piping of 2 kPa,  a pressure drop in the outlet piping of 3 kPa and a pressure drop in the combustion chamber of 12 kPa.   Analyze the cycle using air standard assumptions that account for variation in specific heats.   Determine the mass flow rate of air required to produce 60MW. 

8. US2 Work this problem out using the tables in the book.  Show all of your work: A power plant operates on an ideal Rankine steam cycle using water as the working fluid.  The condenser operates at 10 kPa and the steam is supplied to the turbine at 12 MPa, 600oC. Perform a complete analysis of the cycle to determine the properties at each state point, the heat transfer and work of each process, and the net work and thermal efficiency.

Mechanical Engineering Course Assessment

Course: 
MNE 220 – Engineering Thermodynamics 1

Semester:
Spring 2010

Course Coordinator: P. D. Friedman 


Instructor(s): P. D. Friedman
Enclosures:

1. Assessment Summary 

2. Course Objectives – Included as part of Enclosure (1)

3. Course syllabus and Policy Statement

4. Examinations 

5. Student work Samples

6. Additional information the Course Coordinator or Instructor deem appropriate for historical archiving, such as copies of new handouts, assignments, details of new teaching methods.

PREVIOUS COURSE DEFICIENCIES: 

List the deficiencies identified the previous time the course was taught. For each deficiency describe the remedial action that was implemented, and discuss its effectiveness.

Deficiencies from last semester


a. Physical understanding of engines was weak.  This will be further addressed in the lab portion of the thermal capstone course. –Improved See Final Q6(72%)

EVALUATION: List the primary methods for evaluation.  

Homework/ Quizzes

Exams

ACQUIRED ABILITIES: For each of the “Course Objectives” in enclosure (2), state the effectiveness with which the students demonstrated these skills. Numerical justification based on graded assignments or exams is expected (for example, “65% of students got the question on coordinate systems correct.”)  For abilities that were identified as weakly demonstrated, suggest reasons why this is the case, and propose changes that can improve the situation.

Data is included in the tables in enclosure 1.  

Exam 1 scores were low – even among passing students, the average on exam was 56%.  This is by design and does not represent a deficiency, just strictly graded examinations.

Homework quality was high and improved throughout the course.  By hiring a good TA who holds standards, the high quality of homework is enforced.  

Overall assessment:  The course met its objectives and the exams and homework were effective assessment tools.

Current Deficiencies and recommended corrective action

Performance on Problems 1 and 2 on Exam 1 were very weak.  Retest of problem 1 was done by Quiz 2 on 3 March.  This raised average from 31 to 68. The average among passing students was raised to 71%.

Positive experiences, success stories and general suggestions for future consideration

Recurring statement: Extra problem session was extremely useful.  Attendance was generally greater than 30 students.

The course has been altered to bring more cycle analysis in the present course and shift exergy analysis to the new thermal capstone course.  The current breakdown proved to be successful for the current course.  The thermal capstone course will be evaluated the first time that it is offered in the Fall of 2010.

Enclosure (1)—Assessment Summary

The tables below summarize how each objective was assessed by exam questions.  Typically a large number of students fail MNE 220.  The below table includes only the results of students that passed the course.

	Course objectives:

A student will be able to:
	Means to acquire
	Means to assess and evaluate
	ABET and Departmental Criteria
	Assessment

	1. Be able to organize and solve engineering problems in the thermal systems area within a context of real world applications
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, b, c(1), e, g1, h, i1
	E1Q1(79%), E1Q2(54%), E1Q9(69%), E2Q8(51%), E2P1(58%), E3P1(61%), FP1(74%), FP2(85%), FP3(49%)

	2. Be familiar with basic terminology and concepts of thermodynamics including open and closed systems, temperature, pressure, internal energy, zeroth law
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, e
	Numerous exam questions.  Objective met.

	3. Graphically represent thermodynamic processes on process diagrams and understand the physical significance
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, g1
	E1Q4(89%), E1P2(51%), FQ9(85%), FP2(86%)

	4. Determine properties for real substances and ideal gases using tables, computer software and relationships such as the perfect gas equation of state
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, b, e, k1
	E1Q6(70%), E2Q6(67%), E2Q7(47%), E3Q8(78%), E3Q9(43%), E3P1(61%), FP1(74%), FP2(85%), FP3(49%)

	5. Derive and solve for work and heat for a variety of applications 
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, e
	E2Q6(67%), E2Q7(47%), E2P1(58%), E2P2(37%), E3P1(61%), FP1(74%), FP2(85%)

	6. Derive and apply conservation of mass and energy for closed and open systems for various types of process
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, e
	E2P1(58%), E3P1(61%), 

	7. Write down and apply the second law the Clausius and Kelvin-Planck statements of the Second Law
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, g1
	E3Q4(57%), E3Q5(91%), E3Q6(68%), E3P1(61%), FQ11(68%)

	8. Apply the increase in entropy form of the second law for closed and open systems for various types of process. 
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, e, g1
	E3Q1(66%), E3Q2(36%), E3Q4(57%), E3Q5(91%),FQ10(99%), FQ11(68%), FQ12(78%)

	9. Apply conservation of mass and the first & second Laws to find heat, work, and efficiency of various processes and cycles
	Lectures, readings, and homework
	Homework, in-class questions, examinations
	a, e, g1


	FP2(85%)


Analysis:  

a. The final exam was comprehensive and covered basic principles and various thermodynamic cycles.  Question averages for every question except question 7 were passing.  Problem 3 results were 49%.  This topical area will be covered in much greater depth in MNE 421.  

b. High failure rate in course eliminated a number of weak students.  All students that passed the course showed an ability to organize their problems and demonstrate methodical documentation of a solution.  Weak students will repeat course prior to taking fluid dynamics.

c. Overall assessment:  The course met its objectives and the exams and homework were effective assessment tools. 

Student score summary (Sorted By Average)

	Name
	Letter
	Final Ave
	Final Exam
	Exam 1
	Exam 2
	Exam 3
	Homework
	Quiz

	
	A+
	95.6106
	99
	97.5
	93
	91.5
	96.2963
	85.5263

	
	A
	87.7908
	87
	80
	72
	98.5
	95.8025
	92.1053

	
	A
	86.0594
	94
	84.5
	59
	91
	93.0864
	71.8421

	
	A
	85.8957
	87
	86
	84
	85.5
	88.0247
	76.3158

	
	B+
	81.1386
	83
	70
	79.5
	74.5
	90.8642
	76.3158

	
	B+
	81.1238
	85
	82
	68
	78.3333
	90.9877
	60.5263

	
	B
	78.9763
	90
	49.5
	69
	61.5
	93.7037
	84.2105

	
	B
	77.2096
	81.5
	54.5
	76
	67.5
	94.0741
	57.8947

	
	B
	76.8933
	89
	64
	64
	54
	91.1111
	68.4211

	
	B
	76.8853
	87
	65
	60
	70.6667
	88.5185
	52.6316

	
	B
	76.6889
	75
	77
	69
	69.5
	90.7407
	76.3158

	
	B
	76.3439
	88
	73
	52
	72
	85.0617
	52.6316

	
	B
	75.4085
	77
	64
	66
	73.5
	91.8519
	55.2632

	
	B
	75.1293
	89
	51
	76.5
	35.5
	91.9753
	73.6842

	
	B-
	73.2499
	82
	75.5
	52
	62.5
	85.3086
	55.2632

	
	B-
	73.2039
	83
	68.5
	54
	65
	79.5062
	71.0526

	
	C
	70.4995
	81
	48
	40
	81
	82.8395
	52.6316

	
	C
	69.9875
	88
	40
	40.5
	64
	86.0494
	46.0526

	
	C
	68.875
	70
	58.5
	52.5
	68
	85.8025
	65.7895

	
	C
	68.1327
	72
	64.5
	43.5
	58.5
	91.1111
	59.2105

	
	C
	67.6583
	70.5
	50.5
	66
	68
	76.6667
	50

	
	C
	67.5402
	71
	66.5
	40.5
	67
	84.4444
	60.5263

	
	C
	67.4406
	71.5
	61
	46
	59.5
	82.716
	78.9474

	
	C
	66.6032
	74
	33.5
	51.5
	58.5
	87.1605
	68.4211

	
	C
	66.5779
	67
	57.5
	52
	49
	95.679
	61.8421

	
	C
	65.3127
	72
	63.5
	53.5
	55
	74.9383
	50

	
	C-
	64.5653
	58
	45
	56.5
	67
	90.7407
	61.8421

	
	C-
	64.5482
	76
	44
	34.5
	56
	87.037
	51.3158

	
	C-
	64.0771
	68.5
	48
	50
	59
	78.642
	64.4737

	
	C-
	63.0517
	60
	53
	52
	57.5
	86.1728
	61.8421

	
	D+
	61.6132
	71
	35.5
	56
	49.5
	70.4938
	65.7895

	
	D+
	61.4408
	56
	64
	45
	54.5
	85.8025
	67.1053

	
	D+
	61.1961
	64
	41.5
	52
	49
	86.2963
	44.7368

	
	D+
	61.0954
	61
	49.5
	41
	56.5
	86.0494
	59.2105

	
	D+
	60.1172
	65
	47
	44.5
	45.5
	86.2963
	38.1579

	
	D
	59.7139
	58
	42
	37.5
	59.5
	86.5432
	67.1053

	
	D
	58.8554
	51
	40
	42
	71
	86.7901
	53.9474

	
	D
	58.4703
	74
	40
	24
	41
	77.6543
	65.7895

	
	D
	58.0873
	61
	34.5
	45
	38.5
	85.0617
	75

	
	D
	56.3791
	58
	37
	40
	50.5
	78.8889
	60.5263

	
	D
	55.5066
	58.5
	22
	48.5
	50.5
	78.3951
	46.0526

	
	D
	54.516
	38.5
	47.5
	38.5
	67
	83.5802
	75

	
	D-
	50.974
	61.5
	32
	41
	46
	49.8765
	64.4737

	
	F
	47.9553
	50
	46.5
	32.5
	36.5
	68.3951
	35.5263

	
	F
	46.2416
	47.5
	33.5
	40.5
	33
	68.642
	30.2632

	
	F
	45.5133
	30
	37
	53
	26
	86.7901
	42.1053

	
	F
	41.9212
	42.5
	46.5
	32
	23
	58.8889
	47.3684

	
	F
	37.8641
	29
	17
	32
	29.5
	78.0247
	23.6842

	
	F
	30.344
	
	19.5
	29
	33.5
	85.5556
	38.1579

	
	F
	18.4656
	
	58.5
	31
	
	30.6173
	36.8421

	
	F
	17.8178
	
	29.5
	25
	
	46.0494
	38.1579

	
	F
	17.7774
	
	34
	23.5
	43
	16.4198
	22.3684

	
	F
	8.52492
	
	0
	26
	
	19.5062
	14.4737

	
	W
	
	
	34.5
	
	
	
	

	
	W
	
	
	40.5
	11.5
	
	
	

	
	W
	
	
	14.5
	
	
	
	

	
	W
	
	
	0
	0
	
	
	

	
	W
	
	
	26.5
	13.5
	
	
	

	
	W
	
	
	33
	37
	
	
	

	
	W
	
	
	35.5
	12
	
	
	

	
	W
	
	
	34.5
	
	
	
	

	
	W
	
	
	38.5
	28
	
	
	


Enclosure (3) 

MNE 220: THERMODYNAMICS I—Spring 2010 

University of Massachusetts Dartmouth, College Of Engineering

M/W/F 9:00-9:50 Dion 110
Instructor 

Dr. Peter Friedman- Office: Violette room 219 

Email: pfriedman@umassd.edu  



Phone: 508-999-9280 (x9280)

Office hours: TBA (Feel free to stop by but best to call or Email for an appointment)
Welcome to Thermodynamics.  Thermodynamics will change how you think and, if mastered teach, you valuable problem solving skills that are applicable to a wide range of engineering problems.  Thermodynamics is a “big picture” subject.  You will do best if learn to think about the broad scope of the problem before you tackle the small details.  

As in any engineering subject, the ability to solve problems is a critical skill.  Just as important is the ability to document and convey a solution.  Therefore, you will be strictly graded (on both homework and exams) on the quality of your written solution.  You must use the template provided the first day of class.  Specifically, you will lose credit if you do not format your work in a GIVEN, FIND, SKETCH, SOLUTION, ANALYSIS format.  Because numbers are meaningless without units, you are required to show units and conversion factors in all calculations.  Always write equations in symbolic form before inserting numerical values.

Textbooks (Always bring your textbook to class We will use the property tables):  

Moran, M. J., and Shapiro, H. N., Fundamentals of Engineering Thermodynamics, 6th ed, Wiley 2008.
Grading:
25% 
Homework, class participation, and quizzes

10%
Exam 1

15%
Exam 2

15% 
Exam 3

35%
Final Exam

If you believe that there is an error in your grade, it is your responsibility to demonstrate where.  You should, therefore,  maintain all of your graded material until after final grades are posted.
Exams:

· It is your responsibility to convey an understanding of the problem and its solution.  You must follow the template and organize your work so that I can follow it to receive credit.  
· If you have an approved religious or other reason for missing any class date, provide me with a written list of any dates within one week of the beginning of the semester.

· Missed exams without a valid excuse accompanied by appropriate documentation (medical report, police report etc…) will result in a grade of zero. 

· Materials allowed on exams: 

· You bring pencil, paper, calculator 

· I will supply property tables book, formula sheet and conversion factors.  

· No cell phones may be turned on or sitting on desks during the exam.

Homework:

· It is your responsibility to convey an understanding of the problem and its solution.  You must follow the template and organize your work so that I can follow it to receive credit.  This is good experience because written communication is an essential engineering skill.  

· Homework shall be neat, stapled, worked on one side of the paper, using engineering paper, following the template.

· Homework is due at the beginning of class on the due date.   Late assignments will not be accepted.  

· You are responsible for any assignments distributed via Email and must check it daily

· Collaboration and group study are encouraged; however, copying another students work without participating in the solution is forbidden. Classroom work supplements the reading.  Sometimes you will be assigned problems that we have not covered in class (sometimes intentionally, sometimes by accident).  You are still responsible for their completion.

Quizzes: You must be seated by the start of class or you will receive a zero on a given quiz.  If you are present, you should always submit a sheet so that I can at least give you credit for attending: 

1. To ensure that you are attending and keeping up with the material

2. To evaluate the class’s understanding of concepts

Syllabus

	
	Date
	Topic
	Reading

	
	25 Jan

27 Jan

29 Jan
	Basic Concepts
	Chapters 1

	
	1 Feb

3 Feb

5 Feb
	Introduction to the first law
	Chapter 2

	
	8 Feb

10 Feb

12 Feb
	Evaluating properties
	Chapter 3

	
	15 Feb

16 Feb

17 Feb

29 Feb
	Holiday

(Tuesday) 
	

	
	22 Feb

24 Feb

26 Feb
	First Law of Thermodynamics for flow systems

EXAM 1(Chapters 1-3)
	Chapter 4

	
	1 Mar

3 Mar

5 Mar
	Transient System Analysis
	Chapter Section 4.4

	
	8 Mar

10 Mar

12 Mar
	The Second Law of Thermodynamics


	Chapter 5

	
	13-21 Mar
	SPRING BREAK
	

	
	22 Mar

24 Mar

26 Mar
	Entropy

	Chapter 6



	
	29 Mar

31 Mar

2 Apr
	EXAM 2 (Chapters 4-6)
Internal Combustion Engines
	Chapter Sections 9.1-9.4

	
	5Apr

7 Apr

9 Apr
	
	

	
	12 Apr

14 Apr

16 Apr
	Vapor Power Cycles
	Chapter 8

	
	19Apr

21 Apr

23 Apr
	Holiday


	

	
	26 Apr

28 Apr

30 Apr
	EXAM 3 (IC Engines, Vapor Power Cycles)
Gas Turbine Power Cycles
	Chapter Sections 9.5-9.8

	
	3 May

5 May

7 May
	
	

	
	10 May
	
	

	
	17 May 
	(Monday) 8:00-11:00  FINAL EXAM
	


Enclosure (4) – Examinations

Exam 1 (26 February 2010) (Copied with spaces and page breaks removed)    
Questions—total 50 points (Short answer—Template not required—but show your work).

1. (4) State, in words, the first law of thermodynamics.

2. (3) Is work a property? Explain.  

3. (3) Briefly state the state postulate for simple compressible systems.

4. (7) Draw a T-v diagram for water that shows the saturation dome.  Label the critical point.  Draw 2 isobars and indicate which pressure is higher -- indicate the saturation temperature corresponding to the higher isobar.  Label all regions on the drawing including SCL, wet, SHV Sat liq, Sat vap.  Indicate the critical point

5. (7) A heat engine with an efficiency of 35% produces 45 HP.  Calculate the rate of heat input in BTU/hr.   
6. (6) A 3 lbm ball is dropped 15 feet.  Determine its kinetic energy just before impact (ft-lbf
7. (6) Determine velocity of the ball in problem 6 just before impact (ft/s).
8. (6) Determine the enthalpy of water at 1.5 bar and an entropy of 5.73kJ/kg/K.  Show your work.  

9. (8) Oil is stored in a tank with an open top as shown below.  Atmospheric pressure is 101.7 kPa.  The density of the fluid is 800kg/m3.  Determine the pressure reading on the gage in kPa.

[image: image16.wmf]5 meters



Problems

2. (20 Points) The system in a heat engine is a closed system that undergoes four processes in a cycle.  The cycle efficiency is 40%.   Process 1-2 is an adiabatic in which the system energy increases by 5kJ. Process 2-3 is an isochoric heat addition process.  Process 3-4 is an adiabatic process in which the system energy decreases by 15 kJ.  Process 4-1 is an isochoric heat rejection process.  You may assume that potential and kinetic energy are not significant to the problem.

   
Given:





Sketch:
1-2: Adiabatic, 
[image: image17.wmf]5
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2-3: Isochoric heat addition process
3-4: Adiabatic, 
[image: image18.wmf]15
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4-1: Isochoric heat removal process

Find:

Complete the missing values in the table:

	
	Process 1-2
	Process 2-3
	Process 3-4
	Process 4-1

	Q (kJ)
	
	
	
	

	W(kJ)
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3. (30 Points) A piston cylinder contains 1.2 kg of water at 5 bars and 50oC.  It is heated in an isobaric with a 800 Watt heater until the temperature reaches 180oC.

Find:

a. The initial volume (m3)

b. The final volume (m3)

c. The heat added (kJ)

d. The time to complete the process 
e. Show the process on a T-v diagram with respect to the saturation curve.

f. The boundary work completed (kJ)

Exam 2 (29 March 2010)  (Copied with spaces and page breaks removed)

Questions—total 50 points (Short answer—Template not required—but show your work).

1. (5 Points) Adiabatic and reversible implies _____________________. 

2. (5 Points) What are the implications of the state postulate for a simple compressible system?
3. (8 Points) Use constant specific heats to solve this problem:  0.1kg/s of air passes through a small air turbine.  The temperature of the entering air is 28oC and the exiting air is 5oC.  Calculate the power produced by the turbine. 

4. (6 Points) Starting with the general form of the first law:
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simplify for steady state single flow.

5. (6 Points) Write the energy balance for a mixing chamber with three inlets and 2 outlets.  Clearly state any assumptions. 

6. (6 Points) 2kg of air is heated from 300K to 400K in a rigid container.  Calculate the heat added using the tables.

7. (6 Points) 2kg of air is heated from 300K to 400K at constant pressure.  Calculate the heat added using the tables.

8. (8 Points) A heat engine with a thermal efficiency of 35% produces 300kW of shaft power.  Calculate the rate that heat is rejected.
 Problems

1. (20 Points) A warehouse is heated with a steam to air heat exchanger.  Air enters the heat exchanger  at 13oC at a flow rate of 13,000ft3/min where it is heated to 18oC.  On the other side of the heat exchanger, steam enters at 2bars and a quality of 98% and exits at 2bars, 50oC.
Find:

a. The mass flow rate of the air (kg/s).

b. The mass flow rate of the steam (kg/hr). 

2. (30 Points) Water is pumped to the top of a tank at a flow rate of 10kg/s.  The tank is 110 meters high and it is vented to atmosphere.  The entering water is at 20oC.  The pump has an efficiency of 76% and it is driven by a motor with an efficiency of 88%.  The velocity in the pipe is 3m/s.
Find:

a. The ideal pump power.

b. The real pump power.

c. Diameter of the pump (cm).

d. The exit temperature of the water.

e. Electrical power supplied to the pump.
Exam 3 (26 April 2010)  (Copied with spaces and page breaks removed)

Questions: Template not required, but appropriate calculations must be shown.
1. (6 Points) With calculations, prove that the following process is irreversible: Air at 300K, 1000kPa enters a throttle valve where the pressure is reduced to 100kPa.
2. (6 Points) Derive the relationship 
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3. (3 Points) Adiabatic and Reversible implies ________________.

4.  (8 Points) Using the increase in entropy principle, prove that maximum thermal efficiency for any heat engine is the Carnot efficiency.
5. (8 Points) Using the increase in entropy principle, prove that heat flows from high temperature to low temperature

6. (9 Points) List 6 irreversibilities (sources of irreversibility)

7. (7 Points) An air conditioner needs to remove heat at a rate of 100kW from a room at 20oC and reject it to the environment 33oC.  Calculate the minimum power that must be provided to the air conditioner.

8.  (6 Points) In a gasoline engine, air (initially at 100kPa, 22oC) is isentropically compressed with a compression ratio of 9.3.  Assuming constant specific heats, determine the final temperature.

9. (6 Points) In a gasoline engine, air (initially at 100kPa, 22oC) is isentropically compressed with a compression ratio of 9.3.  Using air table data, determine the final temperature.
10. (3 Points) (True / False) According to the second law, it is theoretically impossible for a motor to take an electrical work input and convert it entirely into shaft work.
11. (3 points) (True / False) The entropy of a system can never be made to decrease.

12.  (3 points) (True / False) The entropy of an isolated system can never be made to decrease.
13.  (2 Points) (True / False) An irreversible process can be “Internally Reversible” to a system under examination.





Problems
1. (30 Points) An air conditioning system has a mixing chamber in which outside air at 32oC is mixed with chilled air at 12oC in proportions so that the outlet is 17oC.  The system needs to supply air at a flow rate of 100 kg/min of air at these conditions.  Pressure throughout the process is one atmosphere.
Find:

a. The mass flow rate of both outside air and the chilled air.

b. Volumetric flow rate or outlet air

c. The rate of entropy generation (kW/K)

d. In your analysis, prove that the process is irreversible.

Final Exam 17 May 2010 (Copied with spaces and page breaks removed)

Questions: Template not required, but appropriate calculations must be shown.
1. (3 Points) Circle One: T/F All reversible heat engines operating between the same temperatures have the same efficiency
2. (3 Points) Circle One: T/F Entropy can be created.

3. (3 Points) Circle One: The following statement is true (Sometimes, Never, Always): An Adiabatic and Reversible Process is isentropic.

4. (3 Points) Circle One: The following statement is true (Sometimes, Never, Always): The entropy of a system decreases in a process.

5. (3 Points) Circle One: The following statement is true (Sometimes, Never, Always): The entropy of an isolated system decreases in a process.

6. (4 Points) List and explain the strokes of a four stroke gasoline engine.
7. (5 Points) What is meant by “air standard assumptions”?, “cold air standard assumptions”?

8. (5 Points) Explain the significance of the state postulate. 
9. (5 Points) Draw a T-s diagram for water.  Include two isobars and indicate which is at higher pressure.  Label the critical point and all of the phase regions on the figure. 
10. (3 Points) Isentropic by normal usage implies _________________ and ________________.

11. (6 Points) Use the increase in entropy principle to prove the Clausius statement of the second law of Thermodynamics. 
12. (6 Points) Under what conditions is the relationship 
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valid?  Derive the relationship
13. (6 Points) An Ocean Thermal Energy Device is proposed in a location where warm water at the surface is available at 92oF and deep ocean water is available at 36oF.  Determine the maximum possible thermal efficiency for a device operating between the two temperatures.   
Problems:

1. (15 Points) A water solution has a used in an industrial cleaning process must be heated to a temperature of 85oC from an initial temperature of 20oC.  A process tank used to prepare the solution holds 0.5 m3 of the solution.  It is insulated to prevent heat loss and equipped with a stirring device that adds 1.0 kW of shaft work.  It is desired to heat the fluid from 20oC to 85oC in 1 hour.  Assume that the properties of the solution are equal to water.

Find:
a. Determine the size heater that should be installed on in the tank.

2. (15Points)  Solve this problem using cold air standard analysis (I.e. Use constant specific heat values for air at 300K).  A gasoline engine is to be modeled with an ideal Otto Cycle.  The engine receives air from the atmosphere at 25oC and 100kPa.  During the heat addition process, 500 kJ/kg is added.  The compression ratio is 8.5. 

Find: 

a. Calculate the pressure and temperature at each state point in the cycle.

b. Calculate the net specific work of the cycle (kJ/kg) and thermal efficiency (%).

c. Using the air tables calculate the temperature at the end of the compression stroke and the work of the compression stroke (kJ/kg).

3. (15 Points)  The turbine of a power plant receives 100,000 kg/hr of saturated steam at 10 MPa.  The turbine efficiency is 87%.  The turbine exhaust is at a pressure of 10kPa.  From there, the steam is condensed in a condenser where it exits as a liquid at 30oC and 10kPa.   The condenser is cooled with cooling water that enters as liquid at 18oC and exits as liquid at 20oC.

Given:    



Sketch:

Find: 

a. Exit quality of the steam from the turbine (%).

b. Turbine power (kW).

c. Rate of flow of cooling water in the condenser (kg/hr)
d. The rate of entropy generation in the condenser (kW/K).
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