ME462 – Thermal Design

2003-2005 Catalog Data: (4R-0L-4C) Applications of the thermodynamic, heat transfer, and fluid flow principles to the modeling and design of thermal systems. These systems include pumps, fans, and heat and mass exchangers. A project which includes designing, construction and testing a fluid or thermal device or system provides the focus for the course.
Textbook:
Hodge, B. K. and Taylor, R. P., Analysis and Design of Energy Systems 3rd Ed., Prentice Hall (1999)
Reference: 
Undergraduate texts on Thermodynamics, Fluid Mechanics and Heat Transfer

Professor:
Andrew Mech, Thomas Adams
Goals:
To provide seniors with the opportunity to synthesize material from fundamental thermal-fluid science courses in order to complete a project of practical import within an environment mimicking a real world professional engineering firm.
Objectives:
To provide the background and basic skills for:

· Problem Definition

· Information Gathering

· System modeling and optimization 

· Documentation for design, construction and testing
· Design construction and testing

· Design and model revision
Prerequisites

· ES202 Fluid and Thermal Systems, ME302 Heat Transfer

Course Topics:  (Varies by year and instructor)

· Introduction to Engineering Equation Solver (EES) software 

· One week in class guided design project
· Fluid Mechanics: Equation of motion, form of major loss term, friction factor, minor losses, noncircular cross sections, system behavior, parallel piping systems 

· Heat Exchangers: Fundamentals (Double pipe as a model), other configurations, generalized LMTD method, effectiveness-NTU method, general analysis considerations, fouling factors, testing, uncertainty analysis

· Heat Transfer: Conduction - conduction resistances, convection 

· Prime movers - Pumps: Performance maps, system curves, cavitation, net positive suction head 
· Dimensional Analysis: Method of repeating variables, pump affinity laws 

· Prime movers - fans 

Computer Use:

For homework problems, detailed modeling for project, for preparation of detail drawings and preliminary and final written reports



Laboratory Projects:



Design, construction and testing of a fluid thermal device, usually a heat exchanger
Class/Laboratory Schedule:

	Lesson 
	Topic 
	Reading
Assignment 
	HW Set 
	Stuff Due/Notes 

	1/Mar 7
	Course Preliminaries - Intro to EES
	
	
	

	2/Mar 8
	Warm up project, EES tutorial
	Thermo book on power cycles, Heat Transfer book on radiation
	
	

	3/Mar 10
	Warm up project, EES tutorial
	
	
	

	4/Mar 11
	Warm up project, EES tutorial
	
	
	

	5/Mar 14
	Fluid Mechanics: Equation of motion, form of major loss term
	Review ES202 Fluid notes; 1.1-1.2
	LE5_HW
	

	6/Mar 15
	Fluid Mechanics: Friction factor
	1.3
	1.5 (a), 1.5 (b)
	

	7/Mar 17
	Fluid Mechanics: Minor losses, noncircular cross sections
	1.3
	1.6
	Space Project memo

	8/Mar 18
	Fluid Mechanics: System behavior, Parallel systems
	1.4
	LE8_HW
	HW1

	9/Mar 21
	Fluid Mechanics: System behavior, Parallel systems
	1.4
	1.17 
	

	10/Mar 22
	Heat Exchangers: Fundamentals (Double pipe HXRs as a model)
	2.1-2.2 (to page 107)
	2.7 (a)
	

	11/Mar 24
	Heat Exchangers: Fundamentals (Double pipe HXRs as a model)
	2.1-2.2 (to page 107)
	2.7 (a) with || flow, 2.9 modified
	

	12/Mar 25
	Heat Exchangers: Other HXR configurations, Generalized LMTD method, problem solving session
	2.1-2.2 (to page 107)
	Finish LMTD problems (All are due as HW.)
	HW2

	13/Mar 28
	Heat Exchangers: E-NTU method
	2.2 (pp. 107-121)
	2.5
	

	14/Mar 29
	Heat Exchangers: E-NTU method
	2.2 (pp. 107-121)
	Review problem 2.16
	

	15/Mar 31
	Design workshop
	
	
	

	16/Apr 1
	No class today
	
	
	HW3, Design choice memo

	17/Apr 11
	Heat Transfer: Conduction - conduction resistances
	2.3 (pp. 121-144)
	LE17_HW
	

	18/Apr 12
	Heat Transfer: Convection concepts review
	2.3 (pp. 121-144)
	Complete Convection Concept Review, 2.11 modified
	

	19/Apr 14
	Heat Transfer: Convection examples
	2.3 (pp. 121-144)
	
	

	20/Apr 15
	Heat Exchangers: General analysis considerations - Dh vs. De, fouling factors
	Review 2.2, 2.3 (pp. 144-147)
	
	

	21/Apr 18
	No class
	
	
	

	22/Apr 19
	No class
	
	
	

	23/Apr 21
	Basic Optimization: Software makes it easy
	Chapter 3
	
	

	24/Apr 22
	Optimization II: Simple economic considerations; Design report requirements
	Eng. Des. text on Econ, Chapter 3, Econ. Handout
	LE24_HW
	

	25/Apr 25
	Heat Exchangers Testing: Demo and ALE
	Chapter 3 
	Finish HXR testing exercise
	

	26/Apr 26
	Heat Exchangers Testing: Demo and ALE
	Chapter 3 
	
	

	27/Apr 28
	No class
	
	
	

	28/Apr 29
	No class
	
	
	Design report, HW5

	29/May 2
	Prime movers - pumps: Intro to pumps
	4.1-4.3, 4.5
	LE29_HW
	

	30/May 3
	Prime movers - pumps: Performance maps, system curves
	4.8
	4.2 (a) and (d)
	

	31/May 5
	No class
	
	
	

	32/May 6
	Prime movers - pumps: Cavitation, net positive suction head
	4.9
	4-14
	Construction, HW6

	33/May 9
	Prime movers - pumps: Dimensional Analysis exercise
	4.6
	
	HW 6

	34/May 10
	Prime movers - pumps: Affinity laws
	4.6
	4-4
	

	35/May 12
	No class today
	
	
	

	36/May 13
	Prime movers - fans
	5.7
	
	Testing, HW7

	37/May 16
	Quiz
	
	
	HW7

	38/May 17
	No class - (Optional writing workshop 7th hour only)
	
	
	

	39/May 19
	No class - (Optional writing workshop 6th hour only)
	
	
	

	40/May 20
	No class
	
	
	Final report


Professional Component:


Engineering Science: 25%

Engineering Design: 75%
Please check ( √  ) the Learning Outcomes that this course covers. 

Ethics – A recognition of ethical and professional responsibilities

When given the opportunity, students will:

_____  1. Demonstrate knowledge of professional codes of ethics.

_____  2. Evaluate the ethical dimensions of professional engineering, mathematical, and scientific practices.
Contemporary Issues - An understanding of how contemporary issues shape and are shaped by mathematics, science, & engineering

When applying the principles of mathematics, science, and/or engineering to a technical problem, students will:

_____  1. Demonstrate an awareness of how the problem is affected by social concerns and trends.

_____  2. Demonstrate an awareness of how the proposed solution(s) will affect culture and the environment.
Global - An ability to recognize the impact of global societies on citizens and professionals

When given the opportunity, students will:

_____  1. Demonstrate an awareness of the development of cultures and societies.

_____  2. Show an awareness of the relationships of nations and the interdependence of peoples around the globe.
Culture - An ability to understand diverse cultural and humanistic traditions

When given the opportunity, students will:

_____  1. Perform, interpret, analyze or otherwise engage in artistic, literary, and/or other forms of culture.

_____  2. Recognize the importance of contributions of peoples from other cultures to the students’ professions and personal lives.

_____  3. Evaluate an issue or problem from other cultural perspectives.
Teams - An ability to work effectively in teams

When assigned to teams, students will:

___√_  1. Share responsibilities and duties, and take on different roles when applicable.

___√_  2. Analyze ideas objectively to discern feasible solutions by building consensus.

___√_  3. Develop a strategy for action.
___√_  4. Listen openly, actively and critically.

Communication - An ability to communicate effectively in oral, written, graphical, and visual forms

When performing communication tasks, students will:

___√_  1. Identify the readers/audience, assess their previous knowledge and information needs, and organize/design information to meet those needs.

___√_  2. Provide content that is factually correct, supported with evidence, explained with sufficient detail, and properly documented.

___√_  3. Test readers/audience response to determine how well ideas have been relayed.

___√_  4. Submit work with a minimum of errors in spelling, punctuation, grammar, and usage.
___√_  5. Present information visually using drawings, graphs and sketches.
_____  6.  Deliver oral presentations with clarity and professionalism.
Problem Solving - An ability to apply the skills and knowledge necessary for mathematical, scientific, and engineering practices

___√_  1.  Inspect and define the problem.

___√_  2.  Identify the basic principles and concepts that apply to the situation.

___√_  3.  Use appropriate resources to locate pertinent information.
___√_  4.  Build appropriate model(s).

___√_  5.  Solve the problem by choosing appropriate tools. (analytical, experimental, and numerical)

___√__  6.  Check a solution using appropriate criteria.

Interpreting Data - An ability to interpret graphical, numerical, and textual data

___√_  1. Collect and present data in an accurate and orderly way.

_____  2. Use appropriate statistical procedures to analyze and evaluate the information contained in a data set.

___√_  3. Analyze the data and draw supportable conclusions from the result.
Experiments - An ability to design and conduct experiments

_____  1. Identify the problem and develop a hypothesis.
_____  2. Select measurement techniques to collect appropriate data and justify that selection.
___√_  3. Estimate experimental uncertainties.

Design - An ability to design a product or process to satisfy a client's needs subject to constraints
___√_  1.  Understand the problem.
___√_  2.  Develop a design specification that addresses customer/client needs and constraints.
___√_  3.  Carry out a conceptual design by generating multiple solutions that address the issues above, evaluating the feasibility of the solutions, and choosing the appropriate solution.
___√_  4.  Carry out a detail-level design using appropriate design tools and methodologies.
___√_  5.  Test and refine the implementation until the product or process design specifications are met or exceeded.
_____  6.  Document the finished product or process as appropriate for the discipline according to standard practice.
_____  7.  Present and transfer the product or process and documentation to the client.


Continue to Learn and Educate One's Self                            

_____  1.  Learn new information independently.
Instructional Items are in italics.  These are for information only, and you do not have to fill anything in this part of the form.

We Change Our Courses by information learned by grading, adding new subject matter, Feedback from Industry & Alumni, Student Evaluations, departmental discussions, and other ways.  Based on these inputs, you may decide to make some changes in the course.  This is a type of continuous improvement and should be documented.  Please indicate modifications you plan to make and the reasons why.  (i.e. I plan to give more/less homework because the students indicated that they wanted more on the comments in the course evaluations.)

End of  quarter 





Complete a week or two after the end of the quarter to prepare for the next time the course is taught.  These can be completed by hand if it is easier for you.

Evaluation of the course:

What was good?  

I emphasized the design-as-application aspect of the course a bit more this quarter than in the past with the hope that students would see the course in its proper perspective – not to introduce fundamental concepts, but to apply them to do something of value. This worked fairly well. It is apparent, however, that students must be constantly reminded of this appropriate perspective. This is no doubt due in part to the tremendous number of previous analysis-based courses taken by the students before taking this course.
A bit of timed was freed up at the end of the course for the students to “reconcile” their projects. That is, for the students to adjust their designs and/or models so that the two were more in line with each other. No doubt the students in this quarter felt (or at least wrote that they felt) the importance of being able to somewhat accurately predict the performance of their design under different conditions.
What wasn't so good?  

Though most design teams seemed to understand the importance of “reconciling” their designs, not nearly enough of the teams did so accurately. Part of this may be an inherent limitation of the time constraints of the course. (Ten weeks for design-test-build is a tight schedule indeed!) Nonetheless, it would be beneficial to all involved to have the students close this loop more effectively.
Next Time I/We Plan to Modify the Course by Changing/Trying (five to ten sentences)


As motivation for achieving the above, I would like to try giving the students a grade-based incentive to “reconcile” their designs. Currently, the technical accuracy portion of the design teams’ grades is based on how far off predictions of design performance are from the reported experimental values. If, by adjusting the design and/or model and testing again these values come more in line with each other, perhaps the previously assigned testing grades can be adjusted accordingly.
Continue to use this format of recording what we currently do to improve our courses every time the course is taught

