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Assignment (Project) assessing students’ ability to develop appropriate experiments, conduct experiments, analyze and interpret experimental data, and draw appropriate conclusions and recommendations using engineering judgement (Outcome “6”).


Detailed Course Syllabus

(Distributed to Students at the beginning of the Semester)

ABET Outcomes measured using course should be

explicitly listed in the syllabus

Course Description in ABET Format
MCEG 3021 Thermal Science Laboratory
	1.
	Course number and name:
	MCEG 3021 Thermal Science Laboratory



	2.
	Credits and contact hours:
	1 credit hour; 3 contact hours



	3.
	Instructor’s or course 

coordinator’s name:
	Dr. Yuhao Xu



	4.
	Text book: 
	Thermal Science Laboratory Manual and Lab Handouts distributed in class and posted on eCourses



	 
	a. Other Supplemental material
	Experimental Methods for Engineers by J. P. Holman, 7th Edition, McGraw Hill, 2001. ISBN-13: 9780073660554



	5.
	Specific course information
	

	
	a. Brief description of the content of the course (catalog description)
	MCEG 3021. Thermal Science Laboratory. (0-3) Credit 1 semester hour. This course includes experimental investigation of the performance of various thermal systems, such as engines, combustion unit, heat exchangers, nozzles, boilers and turbo machinery.



	
	b. Prerequisites or

     Co-requisites
	MCEG 3011 Measurement and Instrumentation Laboratory

MCEG 3013 Heat Transfer

ELEG 1043 Computer Applications in Engineering



	
	c. *Indicate whether a required, elective, or selected elective (as per definition provided) course in the program


	Required

	6.
	Specific goals for the course
	Students will be able to:

	
	a. specific outcomes of instruction (e.g. The student will be able to explain the significance of current research about a particular topic.)  


	(1) introduce procedures and instrumentation for verifying theoretical predictions with experimental measurements in thermal science;

(2) relate the differences between theoretical prediction and experimental measurements with underlying assumptions and the physical conditions of experiments; and

(3) introduce students to the analysis of experimental data and preparation of scientific reports.



	
	b. Explicitly indicate which of the student outcomes listed in Criterion 3 or any other outcomes are addressed by the course.
	This course addresses:

Outcome 6

An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions.


	
	Introduction (lab safety and lab report)                     (4.5 hours)

EES Programming                                                         (6 hours)

Lab 1 Natural and Forced Convection

  (Theory, Experiment, Report Feedback)                    (6 hours)

Lab 2 Fin Surfaces

  (Theory, Experiment, Report Feedback)                    (6 hours)

Lab 3 Fin-Tube Heat Exchanger

  (Theory, Experiment, Report Feedback)                    (6 hours)

Lab 4 Heat Pump System

  (Theory, Experiment, Report Feedback)                    (6 hours)

Experimental Development Project                         (10.5 hours)


	

	
	
	


Additional Course Syllabus Information
	Course Title
	Thermal Science Laboratory

	Course Prefix & No
	MCEG 3021

	Section
	P03

	Credit
	1 Credit Hour

	Instructor Name
	Dr. Yuhao Xu

	Office Location
	C.L. Wilson Engineering Building, Room 105B

	Office Phone
	936-261-9963

	Fax
	936-261-9969

	Email Address
	yuxu@pvamu.edu

	U.S. Postal Address
	Prairie View A&M University

P.O. Box 519, Mal Stop 2525

Prairie View, TX 77446

	Office Hours
	As posted. Tentatively as follows:

Mondays: 9:00 AM – 12:00 PM & 1:00 PM – 2:00 PM

Tuesdays: 9:00 AM – 9:30 AM & 11:00 AM – 11:30 AM

Thursdays: 9:00 AM – 9:30 AM & 11:00 AM – 11:30 AM

Or by appointment

	Course Location
	C L Wilson Engineering Complex 103

	Class Days & Times
	Mondays: 2:00 – 4:50 PM

	Catalog Description
	MCEG 3021. Thermal Science Laboratory. (0-3) Credit 1 semester hour. This course includes experimental investigation of the performance of various thermal systems, such as engines, combustion unit, heat exchangers, nozzles, boilers and turbo machinery. 

	Pre-requisites
	MCEG 3011

	Co-requisites
	MCEG 3013 and ELEG 1043

	Required Textbook
	Thermal Science Laboratory Manual by Paul O. Biney 
Posted on e-course

College of Engineering Textbook Policy – Students MUST acquire the required textbook that is listed on the course syllabus for this course.  The textbook must be acquired by the 10th class day. Students are not allowed to share textbooks with students who are currently registered in the same class. Failure to acquire (or show proof of purchase) the required textbook by the 10th class day will result in the student being administratively dropped from the course. The University will assess financial obligations for the course to the student as with any other dropped class according to the fee schedule as well as your financial aid may be affected.

If you are not financially able to purchase a required textbook for an engineering course prior to the 10th class day, you may apply to the College of Engineering Textbook Fund for a textbook voucher. The voucher can only be used at the Campus Bookstore.  This voucher is a loan and must be paid back to the College of Engineering prior to the start of pre-registration for the coming semester. If the loan is not repaid, a hold will be placed on your account. Additional information and application materials can be obtained from the Assistant Dean’s Office (SR Collins Rm 349) and obtained online at the College of Engineering website under student resources.
Please refer to http://www.pvamu.edu/pages/195.asp for the Roy G. Perry College of Engineering Textbook Policy. You will find Textbook Policies and Procedures, Textbook Application and Textbook Evaluation Form.



	Recommended Text
	Experimental Methods for Engineers by J. P. Holman, 7th Edition, McGraw Hill, 2001. ISBN-13: 9780073660554



	Access to Learning Resources:  


	PVAMU Library: 

  Phone: (936) 261-1500; 

  Web: http://www.tamu.edu/pvamu/library/  

University Bookstore: 

  Phone: (936) 261-1990;

  Web: https://www.bkstr.com/Home/10001-10734-1?demoKey=d


	Course Goals or Overview
	The Goals of this course are to (1) introduce procedures and instrumentation for verifying theoretical predictions with experimental measurements in thermal science, (2) relate the differences between theoretical prediction and experimental measurements with underlying assumptions and the physical conditions of experiments and (3) introduce students to the analysis of experimental data and preparation of scientific reports.



	Course Outcomes/Objectives
	On completion of this course, the students will be able to design experiments, conduct experiments, analyze and interpret experimental data.



	Course Requirements & 

	Evaluation Methods                  This course will utilize the following instruments to determine student grades and proficiency of the learning outcomes for the course. 



	                                             Requiring students to read ahead of time on the theory and method for 
                                             analyzing the experiments to be performed
Laboratory Reports:          Requiring students to write a detailed technical report following normal accepted standards to describe the method used to conduct the experiment, detailed analysis of the data, and interpretation of the results.
       Design Project:                   Requiring the students to design an experimental system to measure a given  

                                                    phenomenon.

      Class Attendance:                Daily attendance and participation in class discussion required.

	
	

	     Grading Matrix

	Instrument

Total

(%)

Experimental Development (Scaled by confidential Evaluation)
15
Lab Reports - Ability to Conduct Experiment

12
Lab Reports - Ability to Analyze & Interpret Experimental data

48
Attendance (1%), Lab Participation (2%),

TaskStream Submission (2%)
5

Tests
20
Total

100



	Grade Determination
	A = 90 - 100

B = 80 - 89 

C = 70 - 79 

D = 60 - 69 

F = 0 - 59

	
	    Note: The instructor reserves the right to alter it during the semester.




	Course Policy
	Academic Integrity

DO NOT COPY FROM PREVIOUS REPORTS

DO NOT COPY FROM ANYONE

PROTECT YOUR EES PROGRAM AND REPORT FROM BEING COPIED

Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is prohibited under any circumstance. Any detected actions of dishonesty will cause the failure of the class directly.

Assignments & Due Dates

Homework and Lab reports will be submitted at the beginning of class on the due day. Late submission is not accepted with the following exceptions:

    1. The submission is late due to circumstances beyond your control (i.e. illness with valid hospital records or doctor’s note, weather, etc.), or

    2. 50% penalty will be deducted from the assignment score if the assignment is submitted late but within 24 hours of the due time.

HARD COPIES ARE TO BE SUBMITTED FOR GRADING ON THE DUE DATE & TIME.

SOFT COPIES ARE TO BE SUBMITTED ON E-COURSE BEFORE OR BY THE DUE DATE & TIME 

Labs
No makeup labs will be given.  You cannot submit a lab report if you did not participate in conducting the lab experiment. You will be expected to conduct the lab in the allotted time period on the lab day.

Projects

You need to submit all the projects with one hardcopy printed out on paper and one electronic copy. The final project may be a team project.

Attendance

Class attendance is mandatory. Late class for more than 10 minutes will count as one absence. If you have 3 or more than 3 absence, you will receive an “F” automatically. 

Examinations
No makeup labs will be given unless due to circumstances beyond your control (i.e. illness, weather, etc.). You will be expected to complete tests/exams in the allotted class time.


How Mechanical Engineering Courses meet Department Objectives & ABET Criterion 3 
Specific objectives of the Mechanical Engineering Program are to produce graduates who will:

1. have the necessary knowledge and skills to enable them have successful careers in mechanical engineering and related fields; 

2. have leadership skills to advance their careers through increasing levels of responsibilities and leadership;
3. have the necessary educational background to successfully pursue graduate or advanced professional degrees and continuing professional development, and 

4. actively participate in professional and community services.
Program Outcomes and Assessment:

Engineering Programs must demonstrate that their graduates have:

ABET Student Learning Outcome 6: 
An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions 
ABET Student Learning outcome 3:

An ability to communicate effectively with a range of audiences  
Program Outcomes 

Covered by Course

Program Outcomes “6”, “3” as defined above

Program Outcomes

Measured by Course 

Program outcomes “6” as defined above

Data Used in Assessing
Outcomes in Course




1.
Laboratory Reports





2.
Experimental Development and Report





3.
Class Participation

Data Used to Show

Student Proficiency

in Outcomes


1.
Samples of student work in a Binder

2.
Excel Spreadsheet showing student performance and class average in outcomes
3. 
End of Semester Course Assessment report
THERMAL SCIENCE LAB

Fall 2019
TENTATIVE CLASS/LAB SCHEDULE

	Wk #
	Lecture and Lab
	Assignment 
	Assignment Due
	Graded Work Returned/

Sample Solutions Made Available

	1
	Introduction 1:

- Lab safety;

- Syllabus;

- Basics of EES
Theory of Lab 1:
  Lumped Capacity Convection Analysis
	
	
	

	2
	LABOR DAY HOLIDAY
	
	
	

	3
	Lab 1 Experiment

Introduction 2:

- Detailed analyses of experimental data using EES, including thermodynamic properties, plotting, parametric table, uncertainty analysis, etc.


	Lab 1 Report
	
	

	4
	Introduction 3:

- EES Q&A Session

- Lab Report Format
- MS Word Formatting
Theory of Lab 2: 

   Convection on Finned Surfaces – Triangular Fin
	
	
	Lab 1 Solutions

	5
	Lab 2 Experiment
	Lab 2 Report
	Lab 1 Report
	

	6
	Theory of Lab 3:

   Fin-Tube Heat Exchanger

Feedback of Lab 1 Report
	
	
	Lab 1 Report

Lab 2 Solutions

	7
	Lab 3 Experiment
	Lab 3 Report

(may be a group report)
	Lab 2 Report
	

	8
	Test 1 (rephrase, uncertainty readings and calculations, theories of labs, etc.)
	
	
	Lab 3 Solutions

	9
	Theory of Lab 4:

   Operations of a Heat Pump

Feedback of Lab 2 Report
	
	
	Lab 2 Report

Test 1

	10
	Lab 4 Experiment
	Lab 4 Report
	Lab 3 Report
	

	11
	Experimental Development Project (EDP) Session 1

Feedback of Lab 3 Report
	Project
	
	Lab 3 Report

Lab 4 Solutions

	12
	EDP Session 2
	
	Lab 4 Report
	

	13
	EDP Session 3
	
	
	Lab 4 Report

	14
	Test 2 (EES program, tables, plots, etc.)
	
	EDP Project Report
	

	15
	Review and EDP Project Feedback
	
	
	


End of Semester

Course Assessment Report

This summary contains the following Information

1.  Performance Statistics

· Total number of students in class

· The class average performance (stated as %) in each course outcome assessed in this class and the two previous times course was assessed. 
· The acceptable class average for the class in each outcome area as set by your Department. You cannot use any number of your choice
· Percentage of students who scored below the expected average in each outcome.

2.  Implementation Summary

· Brief summary of plans implemented during the semester based on last assessment report

3.  Perceived Problems

· Instructor’s critical evaluation of perceived problems that affected students’ performance. Realistic problems should be identified throughout the semester and summarized in this section of the report.

4.  New Plans for Addressing Problems

· Instructor’s plans for addressing the perceived problems the next time the class is taught. These should be specific enough for another instructor to implement. Most of these should be things that, you, the instructor can implement to help students to improve. Be creative.
5.  Overall Trend over last three assessment periods
· Instructors summary of overall performance trend for each outcome measured over the last three periods.
6.  Were Expectations Met?
· Answer YES if the class average was above the expected average and the stated percentage of students scored at or above the expected average, else answer NO.
END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT

MCEG 3021-P03 THERMAL SCIENCE laboratory
FALL 2019 SEMESTER
Report Prepared by: Dr. Yuhao Xu
Report Date: December 20, 2019
	Semester
	Analysis Type
	Number of Students
	Sub-Outcome 6.1
Ability to develop appropriate experiments
	Sub-Outcome 6.2
Ability to conduct experiments 
	Sub-Outcome 6.3 & 6.4
Ability to analyze and Interpret experimental data &
Draw appropriate conclusions and recommendations using engineering judgement
	Outcome 6
Ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgement to draw conclusions

	
	
	
	Expected/Acceptable Class Average/
	Expected Percent of students at or above average
	Class Average
	% Students meeting Acceptable Average
	Expected/Acceptable Class Average/
	Expected Percent of students at or above acceptable average
	Class Average
	% Students meeting Acceptable Average
	Expected/Acceptable Class Average/
	Expected Percent of students at or above acceptable average
	Class Average
	% Students meeting Expected/Acceptable Average
	Expected/Acceptable Class Average/
	Expected Percent of students at or above average
	Class Average
	% Students meeting Acceptable Average

	Fall 2019, P03
	Direct
	11
	70
	70
	80.5
	100
	70
	70
	90.2
	100
	70
	70
	78.6
	81.8
	70
	70
	80.8
	90.9

	Spring 2019, P02
	Direct
	16
	70
	70
	78.7
	100
	70
	70
	80.9
	75
	70
	70
	79.7
	75
	70
	70
	79.7
	81.3

	Fall 2018
	Direct
	24
	70
	70
	91.1
	95.8
	70
	70
	77.7
	79.l2
	70
	70
	79.9
	83.3
	70
	70
	80.2
	87.5

	Implementation Summary
	Items implemented from previous report or after meeting previous instructor
	Students were asked to use currently available lab equipment and materials to complete the experimental developmental project. 
	The class size was limited to 11 for improved teaching outcomes for this lab class.
Time was spent on reading uncertainty from instruments, rephrasing experimental procedure, and experimental safety. 
	The instructor should spent more time on explaining theories that are relevant to a specific experiment.
Sample analysis results were posted within 48 hours after the experiment was completed to help students complete their analyses early. 


	All of the implementation summary for the sub-outcomes were implemented for this outcome.

	Perceived Problems
	Perceived problems are directly related to the PC and the sub items under them
	Students did not review the assignment carefully so that the some of the required literature review sections were incomplete. 
	Some students did not know how to properly read the uncertainty from the instrument when worked independently.
	Some students cannot identify correct theory to help explain their experimental observations. Students needed improvements in writing the abstract and conclusions. Problems identified for Sub-Outcome 6.2 were also for this outcome.

Inability to have login access to EES software by students from off campus location was a big problem and immensely contributed to students’ inability to complete analysis. Sample analysis results were not posted on time, which affected students’ progress in trouble-shooting their programs. 

	As listed in the sub-outcomes.

	Plans for Addressing Problems
	Plans for address specific measures to address PC and their sub areas
	The following is recommended for implementation: students have weekly update to the instructor on the project process and receive feedback to further improve the quality of the final project report. .
	The following actions are recommended: More practice on reading uncertainty from the instrument is needed. 
	The following are recommended for implementation:

Off campus log in access to the analysis software, EES, should be provided to all registered students.
	As stated in the sub-outcomes.

	Overall Trend over Periods
	Ascertain if there were improvements over previous semesters
	Class average of 80.5% was above the expected 70%. 100% of students averaged >=70%.  Expectation was met at in this sub-outcome. 
	Class average of 90.2% was above the expected 70%. 100% of students were above the acceptable average, which was above the expected percentage, 70%. Thus, expectation was met. 
	Class average of 78.6% was above the expected 70%. 81.8% of students averaged >=75%.  Expectation was met at in this sub-outcome.
	Students performance was above the acceptable level this semester, and 90.9% of students had an average above the 70% level.

Overall expectation was met in Outcome "6".

	Were Expectations Met?
	
	YES
	YES
	YES
	YES



Grade Sheet Showing

Student and Class Performance in Outcomes

The computed semester average in each outcome 

as stated in the Assessment report are 

highlighted in boldface 

Grade Sheet Showing Student and Class Performance in Course Outcomes
MCEG 3021 Thermal Science Laboratory, FALL 2019 Semester
[image: image1.png]Sub-Outcome 6.1 6.2 6.3&6.4 6
Assignment Project TOT PERCENT L1 L2 TOT PERCENT L1 L2 TOT PERCENT TOT PERCENT
MAX PTS 100 100 100 20 20 r 40 100 80 80 r 160 100 300 100
Student #

1 80.50 80.50 80.50 16.0 20.0 36.0 90.00 66.7 60.1 126.8 79.22 243.26 81.09
2 80.50 80.50 80.50 18.0 20.0 38.0 95.00 59.6 73.2 132.8 83.01 251.32 83.77
3 80.50 80.50 80.50 13.0 19.5 32.5 81.25 50.5 62.1 112.6 70.38 225.62 75.21
4 80.50 80.50 80.50 18.5 20.0 38.5 96.25 70.7 69.7 140.4 87.74 259.39 86.46
5 80.50 80.50 80.50 19.5 20.0 39.5 98.75 75.8 69.7 145.4 90.90 265.44 88.48
6 80.50 80.50 80.50 14.5 20.0 345 86.25 52.5 60.1 112.6 70.38 227.62 75.87
7 80.50 80.50 80.50 16.5 20.0 36.5 91.25 59.1 78.3 1374 85.85 254.36 84.79
8 80.50 80.50 80.50 11.0 19.5 30.5 76.25 27.8 62.1 89.9 56.18 200.89 66.96
9 80.50 80.50 80.50 20.0 20.0 40.0 100.00 50.5 73.2 123.7 77.33 244.23 81.41
10 80.50 80.50 80.50 12.0 20.0 32.0 80.00 51.5 60.1 111.6 69.75 224.11 74.70
11 80.50 80.50 80.50 19.0 20.0 39.0 97.50 71.2 78.3 149.5 93.43 268.98 89.66
AVERAGE 80.50 90.23 78.56 80.76
STDEV 0.00] 8.23 11.16 6.92
Acceptable Average 70 70 70 70
% Students meeting

Acceptable Average 100.00 100.00 81.82 90.91
Outcome met? YES YES YES YES






OUTCOME SPECIFIC ASSIGNMENTS 

USED TO ASSESS OUTCOMES

(Provide at least two assignments used to specifically measure each outcome and justify the suitability of the assignments for the outcome being measured)



MECHANICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

THERMAL SCIENCE LABORATORY
FALL 2019
Instructor: Dr. Yuhao Xu
Title of Assignment


Outcome Measured Using this Assignment


Check the communication characteristics related to this assignment

	Ability to develop experiment                                                                                                                                                Requires students to                                                                                                                                                                                                                 

	x
	Identify the appropriate parameters or variables and relationships (independent, dependent and control variables),

	x
	Identify and select appropriate equipment or components for measuring the parameters                                                                            

	x
	Provide steps for setting up and conducting the experiment and

	x
	Identify data collection method to support experiments (if needed)

	Ability to conduct experiments

Requires students to 

	
	Conduct experiment while maintaining all safety precautions

	
	Demonstrate knowledge of how to use the equipment safely

	
	Collect and record data using appropriate units of measurement and significant figures

	Ability to analyze and interpret experimental data

Requires students to

	
	Present the data (raw /derived) in tabular or graphical form to meet the objectives and to aid in interpretation

	
	Use appropriate statistical analysis methods to analyze and interpret data

	
	discuss the raw and derived data/graphs and assess the validity of the results

	Demonstrate the use of engineering judgement in the development and analysis of the experiment                                                                   Requires students to 

	
	Draw appropriate conclusions and recommendations using engineering judgement. 


Brief justification of the suitability of assignment for the outcome



Sample graded student’s solution
MECHANICAL ENGINEERING DEPARTMENT

PRAIRIE VIEW A&M UNIVERSITY
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MCEG 3021 THERMAL SCIENCE LABORATORY

Fall 2019

EXPERIMENTAL DEVELOPMENT REPORT 

“The Performance of a Refrigeration System”

Submitted by

Anetor Asibor, George Cardoso, Carrie Conton, Brandyn Ginyard, Osato Idehen, Malcolm Jackson, Nicole Johnson, Ronnie Marshall, Adolfo Medellin, Malik Nelson, Kevin Williams

 On 

December 2, 2019

To

Dr. Yuhao Xu

Thermal Science Laboratory Instructor

MECHANICAL ENGINEERING DEPARTMENT

THERMAL SCIENCE LABORATORY
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Grading Rubric for Experimental Development Assignment
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Group Member Evaluation

The group should complete the table below for the members in the group who actively participated in the work. Distribute a total of 100 points to all of the members in your group. The total for all of the members in the group should not exceed 100 points.

	Name of Group Member
	Points
	Signature
	Comments

	Anetor Asibor
	9.091%
	
	N/A

	George Cardoso
	9.091%
	
	N/A

	Carrie Conton
	9.091%
	
	N/A

	Brandyn Ginyard
	9.091%
	
	N/A

	Osato Idehen
	9.091%
	
	N/A

	Malcolm Jackson
	9.091%
	
	N/A

	Nicole Johnson
	9.091%
	
	N/A

	Ronnie Marshall
	9.091%
	
	N/A

	Adolfo Medellin
	9.091%
	
	N/A

	Malik Nelson
	9.091%
	
	N/A

	Kevin Williams
	9.091%
	
	N/A

	Total (Should be 100 Points)
	100%
	
	


Letter of Transmittal

Anetor Asibor, George Cardoso, Carrie Conton, Brandyn Ginyard, Osato Idehen, Malcolm Jackson, Nicole Johnson, Ronnie Marshall, Adolfo Medellin, Malik Nelson, Kevin Williams
Mechanical Engineering Students
Dr. Yuhao Xu
Thermal Science Laboratory Instructor
Prairie View A&M University
C.L. Wilson Engineering Building





December 3rd, 2019
Dear Dr. Xu:
The following pages are a detailed report for Experimental Development Report on the “Performance of a Refrigeration System” for MCEG 3021 Thermal Science Laboratory. This report includes and addresses the theory and operation of the thermodynamics refrigeration system, the power requirement for compressors, the heat rejected by the condenser, the heat absorbed by the evaporator, the maximum theoretical and actual coefficients of performance for the refrigeration cycle, and the overall compressor efficiency. The lab was performed on October 14, 2019 and was submitted on December 2, 2019.
If you have any questions or concerns, please call or email us at any time.







Sincerely,
Anetor Asibor, George Cardoso, Carrie Conton, Brandyn Ginyard, Osato Idehen Malcolm Jackson, Nicole Johnson, Ronnie Marshall, Adolfo Medellin, Malik Nelson, Kevin Williams








Enclosure: Lab Report

ABSTRACT

The purpose of the experiment:

The purpose of this experiment was to evaluate the performance of a refrigeration cycle and to develop an experiment by utilizing the AMATROL T7082 Thermal Systems unit to develop an experiment that is easily repeatable with consistent results, and to develop an experiment that is theoretically stable as well as easily describable with undergraduate knowledge.

Brief description of the method used:

This experiment uses a Amatrol thermal systems unit to model a refrigeration system with a fluid for R134a. Temperature and pressure were taken at the inlet and outlet of the condenser and the evaporator along with the ambient temperature of the room and the current flowing through the compressor. The apparatus was allowed to run for 10 minutes and the pressures, temperatures, and currents were recorded. EES was used to calculate the heat gained and lost by the system as well as the COP and maximum COP of the Refrigerator. Data was analyzed in the EES software in order to calculate the necessary derived results for this laboratory experiment.
Significant results of the tests:

The results of the experiment were that the max COP and COP are 17.9 and 6.647 respectively. The power required was 0.4565 kW and the enthalpies at each state were h1=256.6 kJ/kg, h2=281.5 kJ/kg, h3=90.7 kJ/kg, and h4=90.7kJ/kg.

Major conclusions drawn from the results:

The conclusions drawn from the results were that the Refrigeration cycle operated steadily, and in an expected manner the data flow in a similar pattern, such as when the cycle was reversed as a heat pump.
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CHAPTER 1

1 INTRODUCTION AND LITERATURE REVIEW

This chapter presents the Problem Statement, Experimental Development Goals and Objectives, and Literature Review.

1.1 Problem Statement

This section is used to give background knowledge as well as to highlight the importance for the development of the experiment.

Air Conditioning and Heat Pumps Systems play a key role in industry, commercial, and residential applications by providing heating and cooling of living spaces, food storage, and various manufacturing processes. In these systems, a reversing valve is often used to change the direction of the refrigerant flow so that the cycle is changed from heating to cooling or vice versa.
1.2 Experimental Development Goals and Objectives

This section is meant to properly state the overall purpose as well as to state design constraints and desired outcomes.

1. Develop an experiment to investigate the performance of a refrigeration system by selecting a proper instrumentation available in the Department

2. develop an experiment that is easily repeatable with constant results 

3. develop an experiment that is theoretically stable as well as easily describable with undergraduate knowledge 

1.3 Literature Review

This section is meant to give a more detailed description on each individual component of the system.

A vapor refrigeration cycle consists of a working fluid (often called refrigerant) that is pushed through a cycle and undergoes various changes of state (from a liquid to a gas and back to a liquid). The gaseous refrigerant enters the compressor (1-2) at a low temperature and pressure and exits at a higher temperature and pressure. After the compressor the refrigerant goes through the condenser (3-4), which is essentially a heat exchanger. In this component heat from the refrigerant is absorbed. Next the refrigerant goes through an expansion valve (5-6) where it expands and releases pressure and the temperature of the refrigerant drops. Lastly the refrigerant goes through an evaporator (7-8) where it evaporates and absorbs heat. The schematic of a vapor-compression refrigeration cycle and T-s diagram are shown below in Figure 2.1. (Principles of Heat and Mass Transfer, Frank P. Incropera, David P. Dewitt, Theodore L. Bergman, Adrienne S. Lavine).
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· Figure 1.1 Schematic and T-s Diagram for the vapor-compression refrigeration cycle.

Reference: Thermodynamics, An Engineering Approach 7th Edition: Cengel, Boles

A reversing valve is a type of valve, it’s also a component in a heat pump system in which it changes the direction of refrigerant flow. In doing this, the heat pump refrigeration cycle is now changed from cooling to heating.The reversing valve has two states, the relaxed and energized. The energized state is usually achieved by reaching 240 volts AC. This is most commonly used in HVAC systems. In the relaxed state, the heat pump can be designed by the manufacturer to produce either cooling or heating. However, when energized, the reversing valve will produce the opposite transfer of heat in comparison to that in a relaxed state. Reversing valves are usually built within the heat pump by the manufacturer and if were to fail some how it would have to be replaced by an HVAC technician. Because the valve is an integral part of the refrigerant circuit, it is extremely important to follow the proper procedures when recovering and refilling the refrigerant so that it is not lost to the atmosphere.

CHAPTER 2

2 DEVELOPMENT OF THE EXPERIMENTAL SYSTEM

This Chapter presents the Description of Existing or New System that may be used, Changes that need to be made to Existing System or New System, Detailed Drawings for the Measurement Apparatus, and Equations for Computing the Performance of Major Components and the Cycle.

2.1 Description of Existing or New System that may be Used

This section discusses the details of the overall system chosen to complete this project. This section describes the ins and outs of the Amatrol T7082 Thermal System Trainer.

The Amatrol T7082 Thermal System Trainer. There are many refrigerants that can be used in a vapor compression refrigeration system.  Refrigerant 134a is currently one of the most widely used refrigerants today.  It is safe, stable, non-toxic, nonflammable, non-explosive, and economical to use. It does not harm the ozone layer as the previous CFC refrigerants did. The refrigeration system and the corresponding thermodynamic cycle are shown in Figure 1.6.
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· Figure 2.1 The AMATROL T7082 Thermal Systems Unit

2.2 Changes that need to be made to Existing System or New System

This section is meant to highlight errors in the current system as well as provide potential solutions. This section’s main focus is to discuss the changes necessary to convert this laboratory experiment from a heat pump cycle to a refrigeration cycle.

The main purpose of the refrigerator cycle is to cool or freeze an area by maintaining a low temperature. To obtain this valve 5 is opened to allow the refrigerant 134a to flow through the expansion valve. This allows the refrigerant to go from high pressure to low pressure and allow it to cool slightly. On the controller the mode was set to “C1” so that the flow went from Counter clockwise flow for a heat pump cycle to clockwise flow for the refrigerant cycle.

2.3 Detailed Drawings for the Measurement Apparatus

This section is used to give a simplified version of the whole apparatus in order to have simplified calculations. The following schematic is the apparatus with the changes made from section 2.2.

The schematic diagram for the refrigerator is shown below










· Figure 2.2 Schematic of Apparatus

2.4 Equations for Computing the Performance of Major Components and the Cycle

In this section, the variables used throughout this laboratory experiment are labeled and described in analytical heat transfer terms.

The absolute value of the work requirement by the compressor can be computed by

[image: image7.png]w,. = (h, — hy)













(1)

The heat absorbed by the evaporator can be computed by
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(2)

The heat rejected by the condenser can be obtained by
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(3)

The coefficient of performance, COP, of the refrigeration system is given by

COPR= qevap/wc









(4)

The maximum coefficient of performance, COPmax, of the refrigeration system is given by 
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(5)

The power delivered to the compressor is given by

[image: image15.png]Pcompressor = V * Icompressor












(6)

Where,

V – Voltage of the compressor

Icompressor – Current delivered to the compressor

TH – High temperature limit of the cycle

TL – Low temperature limit of the cycle

h1 – Enthalpy at state 1 of the cycle

h2 – Enthalpy at state 2 of the cycle

h3 – Enthalpy at state 3 of the cycle

h4 – Enthalpy at state 4 of the cycle

CHAPTER 3

3 EXPERIMENT ON THE REFRIGERATION SYSTEM

This chapter discusses the laboratory experiment’s objectives, theory, apparatus, uncertainties, procedure and raw data are reported.

3.1 Objectives of the Experiment

The objectives of this experiment are:

1. Show how the actual system operates with a capillary tube metering device.

2. Plot the actual heat pump cycle of the T7082 Thermal Systems trainer on T-s, p-h, and p-v diagrams

3. Determine power requirement for the compressor

4. Calculate the heat rejected by the condenser

5. Calculate the heat absorbed by the evaporator

6. Calculate the maximum theoretical and actual coefficients of performance for the refrigeration cycle

7. Calculate the compressor efficiency

3.2 Theory Associated with Experiment

This section explains this theoretical background of this laboratory experiment. Below, each component of the refrigeration system is explained in detail (this information is repeated from chapter 1.3).

Compressor

The first process encountered by the refrigerant is an adiabatic compression. Here, refrigerant in the vapor state is compressed to higher pressure in the compressor. The compressor is located between states 2 and 1. It is used to increase the pressure and temperature of the refrigerant; it should operate with refrigerant vapor only. This compression is adiabatic since only work is performed on the vapor and no heat is transferred in or out at this time. However, the compression itself causes a dramatic increase in the vapor temperature (based on the Ideal Gas Law).
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Figure 3.1 Compressor

Condenser

The second process is the transfer of heat out of the refrigerant at a constant pressure (i.e. isobaric process). During this process, the vapor condenses to the liquid state. This is carried out in the condenser.  The condenser is located between states 1 and 4. It is a heat exchanger to remove heat from the refrigerant vapor in order to condense it into liquid. The heat removed is used to achieve the space heating required.
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· Figure 3.2 Condenser

Evaporator


The final process is the transfer of heat into the refrigerant at a constant pressure (i.e. another isobaric process). During this process, the liquid evaporates into the vapor state. This change of phase is carried out at constant pressure. This allows the heat present in the thermal storage area to be absorbed at constant fixed pressure and temperature. The vapor begins as a two-phase mixture at state 3. As heat is added to the refrigerant, the remaining liquid is vaporized to a saturated vapor Further heat absorption will superheat the vapor until state 2 is reached.
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· Figure 3.3 Evaporator

Expansion Valve

The expansion valve removes pressure from the liquid refrigerant to allow expansion or change of state from a liquid to a vapor in the evaporator. The refrigerant enters the expansion valve at a high pressure and temperature. As a result of the expansion valve the refrigerant exits at a cooler liquid than it entered the valve. Although the opening with the valve reduces pressure, heat is not removed. The heat molecule within the refrigerant can disperse in a larger area.  The refrigerant is at its coldest when the pressure of the refrigerant is significantly reduced, which leads to the expansion of the valve helping the liquid enter the evaporator.

The pressure at both inlet and outlet of the expansion valve will closely resemble that at the compressor in most systems.  These similarities are caused by how close each component is to one another.  For pressure readings, there can be many different variations. This is due to factors such as resistance, which is can cause a slight pressure drop in the lines and coils of both the evaporator and condenser.
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· Figure 3.4 Expansion Valve

3.3 Detailed Experimental Procedure and Test Matrix

This section explains all steps taken in order to complete this laboratory experiment. These steps are very specific and thorough to allow for accurate results. The following steps are a complete but concise description of what was done during this experiment.
1. The refrigeration system is familiarized with the description in Figure 1.7. 

2. The instructor made sure the trainer was properly prepared for operation.
3. The power switch was located to ensure that it was in the OFF position.
4. The mode switch was located to ensure that it was set to STAND-BY.
5. The following sub-steps were performed to make sure the dual pressure controller is properly set. Note that that dual pressure controller has only an English gauge for the pressure in psi even though this lab is in SI units:
a. The cut-out scale was located to make sure it was set to 5 psi. If it is not, a standard screwdriver was used to turn its adjusting screw.
b. The cut-in scale was located to make sure it was set to 45 psi. It was adjusted if necessary.
c. The high-pressure cut-out setting was located on the right side of the pressure controller to make sure it is set to 200 psi. It was adjusted if necessary.

6. The refrigerant valves were reset to the following positions (if necessary): 
· VI – open 
· V2 – closed
· V3 – closed
· V4 –closed
· V5 – closed
· V6 – open
7. The electric cord was located and plugged into a standard wall outlet.
8. The power switch was turned to the ON position. On the LCD located on the electronic temperature controller, the room temperature should be displayed.
9. The room temperature displayed on the LCD of the electronic temperature controller was recorded. This temperature (Troom or Tair) was used to determine the theoretical coefficient of performance in the next step.
10. The following sub-steps were performed to ensure that the electronic temperature controller was set properly.

a. The button marked SET was pressed on the controller.
b. The up and down arrow keys were used to select °C on the LCD.
c. The SET button was pressed to again to enter the set temperature mode. The arrow keys were used to select 13oC for the set point. The compressor disengages when the set point temperature is reached. This temperature was set higher than room temperature for the unit to run constantly.

d. The SET button was pressed once again to enter the temperature differential mode. The arrow keys were used to set this to 6oC. This communicates to the controller a temperature set below the set point to engage the compressor (75oF in this case.)
e. The SET button was pressed again to enter the heating/cooling mode. The arrow keys were used to select “C1” on the LCD. This sets the controller for heating mode.

f. Lastly, the SET button was pressed once more, and the LCD was checked to ensure the ambient temperature was being displayed.
11. The mode switch was turned to the COOLING position and the blowers came on. The compressor should also engage. The direction of fluid flow was observed, and the fluid flow now flowed in the opposite direction of the cooling mode.
12. The unit operated for ten minutes to so that it could reach steady state conditions.
13. The following sub-steps were performed to determine the pressure and temperatures at each of the four locations. These were needed to determine the specific enthalpies at these locations in order to compute the coefficient of performance.
a. The pressure and temperature gauges were located for state I (PS-I and TS-I). The pressure in bat was multiplied by 100 to convert it to kPa.
b. The last six different readings of each pressure and temperature were recorded into Table 2. Record at least six different readings of each pressure and temperature using the Table 1.2.

The following is a list of measured variables (or test matrix) needed for this experiment to find our desired results:

· Condenser Inlet pressure

· Condenser Inlet Temperature

· Condenser Outlet Temperature

· Condenser Outlet Pressure

· Evaporator Inlet Pressure

· Evaporator Inlet Temperature

· Evaporator Outlet Pressure

· Evaporator Outlet Temperature

· Compressor Current Reading

3.4 Presentation of Raw Experimental Data

This section includes the charted raw data collected through this experiment. For this laboratory report, it was unnecessary to report the raw experimental data in a plotted form, so this data is presented as tabular data.

· Table 3.1 Pressure and Temperature Readings

	Pressure and Temperature Gauge Readings
	1
	2
	3
	4
	5

	Condenser Inlet Pressure PS1 (kPa)
	110
	140
	140
	145
	145

	Condenser Inlet Temperature TS1 (oC)
	6
	6
	5
	6
	5

	Condenser Outlet Pressure PS4 (kPa)
	200
	200
	250
	250
	250

	Condenser Outlet Temperature TS4 (oC)
	1
	3
	3
	3
	4

	Evaporator Inlet Pressure PS3 (kPa)
	1050
	1250
	1250
	1300
	1325

	Evaporator Inlet temperature TS3 (oC)
	24
	27
	28
	28
	28

	Evaporator Outlet Pressure, PS2 (kPa)
	1050
	1250
	1250
	1325
	1350

	Evaporator Outlet Temperature TS2 (oC)
	42
	48
	50
	58
	57

	Compressor Current Reading (Amps)
	4
	4.1
	4.2
	4.1
	4.2


CHAPTER 4

4 ANALYSIS TO MEASURED EXPERIMENTAL RESULTS

This section of the report will be analyzing our experimental data. EES was used for all experimental analysis. At the end of this section, a final table of experimental results will be put together to clearly view the experiment’s findings.

4.1 Detailed Sample Analysis

This section shows the formatted procedure created using the EES software. The equations shown in this chapter exhibit the steps taken to solve for the sample analysis results.

Figure 4.1 is formatted EES solutions for the fourth and fifth trial of the experiment. The average was taken and used in the sample analysis.
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· Figure 4.1 Formatted EES Equations
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· Figure 4.1 (cont.) Formatted EES Equations
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· Figure 4.1 (cont.) Formatted EES Equations

4.2 Detailed Uncertainty Analysis

This section shows the uncertainty of the major computed data. These uncertainty values are calculated using the uncertainty results attained from the “Uncertainty in Reading Experimental Variables on Instruments” data table. This data explains the overall accuracy of the results.

Figure 4.2 shows the uncertainty of the major components of this lab due to the uncertainty of the equipment used. This data shows the overall accuracy of all major measurements taken throughout the experiment.
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· Figure 4.2 Uncertainty Analysis of Major Computed Values
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· Figure 4.2 (cont.) Uncertainty Analysis of Major Computed Values

4.3 Presentation of Derived and Observed Results

This section shows the computed results from the first row of raw data from the experiment. This data can be used to verify the accuracy of the written EES program. Another way that this section verifies that the calculated data is correct is by displaying all of the variable’s units and looking for unit inconsistencies.

Figure 4.3 is the sample analysis after inputting the EES code.
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· Figure 4.3 EES Solutions with Units

Figure 4.4 clearly depicts the most important data sets from the overall sample analysis results with units. This table clearly shows all critical data that is easier to read than Figure 4.3. Table 4.1 is a summary of the results collected.

· Table 4.1 Summary of Results
	Quantity
	Value
	Units

	h1
	256.6
	kJ/kg

	h2
	281.5
	kJ/kg

	h3
	90.7
	kJ/kg

	h4
	90.7
	kJ/kg

	Quality at state 4, X4
	0.1742
	kg liq/kg mixture

	Wcomp
	24.96
	kJ/kg

	qcond
	190.8
	kJ/kg

	qevap
	165.9
	kJ/kg

	Pcompressor
	0.4565
	KW

	COP of Refrigeration
	6.647
	

	Maximum Possible COP
	17.9
	


CHAPTER 5

5 INTERPRETATION OF RESULTS AND CONCLUSIONS

The final chapter in this report will discuss and analyze the data found in the previous chapters. The analyzed data will be presented and then discussed in detail on their meaning. The findings from the experiment will be related back to the original objective. Finally, final conclusions and results and will be given.

5.1 Presentation of Graphs/Figures, Discussion and Interpretation of Results Presented by each Graph/Figure

Figure 3.1 shows the relationship between P vs h for R134a.
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· Figure 5.1 Pressure vs. Enthalpy for R-134a
The states of the refrigerator cycle 

In the first stage, the R-134 fluid runs through the compressor which rises the pressure while slightly increasing the enthalpy. Second, the fluid is condensed into a liquid by dropping the enthalpy and keeping the pressure constant. Before it enters the last stage of the evaporator, the liquid is ran through an expansion valve which drops the pressure. The evaporator then increases the enthalpy and lowers the pressure.

The effect of parameters values on the refrigerator cycle 

There is no parametric value change in these results.

Comparison for experimental results with theoretical results/prediction/trend
In theory, the refrigeration cycle should have a constant pressure heat rejection in a condenser. The results from our experiment express these same results

Statement on reasonableness of results

The results shown in the graph are reasonable because the h vale for a refrigerator is supposed to be identical at the beginning and end of the cycle.

Figure 3.2 shows the relationship between P vs v for R134a.
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· Figure 5.2 Pressure vs. Volume for R-134a
The states of the refrigerator cycle 

In this cycle the R-134a fluid starts in the compressor. The compressor increases the pressure but decreases the volume. After that the fluid is taken to the condenser where the fluid gets condense and the volume drops dramatically. The fluid is then transported to the expansion valve which drops the pressure and increases the volume. Lastly, the fluid is then evaporated which increases the volume again.

The effect of parameters values on the refrigerator cycle 

There is no parametric change in these results.

Comparison for experimental results with theoretical results/prediction/trend

In theory, the refrigerator uses the condenser to decrease the volume. The results taken from this experiment are parallel with this theory.

Statement on reasonableness of results

The results are reasonable because in order to raise or lower the temperature, the volume must be changed. Our results are parallel with this theory and each theory previously mentioned.

Figure 3.3 shows the relationship between T vs s for R134a
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· Figure 5.3 Plot of Temperature vs. Entropy for R-134a
The states of the refrigerator cycle 
The R-134a fluid goes through the compressor on the first stage. While in the compressor, the fluid’s temperature rises and the entropy value decreases. After the compressor, the fluid is sent through the condenser which drops the entropy and the temperature. Between stages 3 and 4 the temperature of the fluid is dropped. Lastly, the evaporator increases the entropy value which turns the fluid into a vapor.

The effect of parameters values on the refrigerator cycle 

There is no parametric change in these results.

Comparison for experimental results with theoretical results/prediction/trend

In theory, in any cyclic thermodynamic process the entropy will either increase or remain the same. This is also the case for the data presented from the lab. The entropy starts at a value and ultimately ends at the very same value.

Statement on reasonableness of results

These results are reasonable because theoretically refrigerators are designed to reject heat through the methods of changing pressures and entropy. The results show how entropy is lost through the by condensing the fluid in the effort of decreasing the temperature. The temperature is then lost through the cooling method, however, is gained back through the compressing process once again; hence the cycle.

5.2 Conclusions based on each objective and the results

Conclusions were drawn based on each of the experiment objectives. Each subsection restates the objective with the conclusion discussed in that respective section.

1. Show how the actual system operates with a capillary tube metering device.

2. Plot the actual heat pump cycle of the T7082 Thermal Systems trainer on T-s, p-h, and p-v diagrams

3. Determine power requirement for the compressor

4. Calculate the heat rejected by the condenser

5. Calculate the heat absorbed by the evaporator

6. Calculate the maximum theoretical and actual coefficients of performance for the refrigeration cycle

7. Calculate the compressor efficiency

Conclusions based on objective 1: Show how the system operates with a capillary tube metering device.

The capillary tube meter device is an isenthalpic process where the working fluid moves from a saturated mixture to a saturated liquid. It acts as an expansion valve for this process.

Conclusions based on objective 2: Plot the actual heat pump cycle of the T7082 Thermal Systems trainer on T-s, p-h, and p-v diagrams.

Figure 3.1 is a T-s diagram that shows the path on which the refrigeration cycle operates.

Figure 3.2 is a P-h diagram that shows the path on which the refrigeration cycle operates.

Figure 3.3 is a P-v diagram that shows the path on which the refrigeration cycle operates.

Conclusions based on objective 3: Determine the power requirement for the compressor.

The energy requirement of the compressor was calculated to be 24.96 kJ/kg.

Conclusions based on objective 4: Calculate the heat rejected by the condenser.

The heat rejected by the condenser was calculated to be 190.8 kW.
Conclusions based on objective 5: Calculate the heat absorbed by the evaporator.

The heat absorbed by the evaporator was calculated to be 165.9kW.

Conclusions based on objective 6: Calculate the maximum theoretical and actual coefficients of performance for the refrigeration cycle.

The maximum coefficient of performance was calculated to be 17.9 and the actual coefficient of performance was calculated to be 6.647.

Conclusions based on objective 7: Calculate the compressor efficiency

The compressor efficiency calculated was 54.67%.

5.3 Recommendations

Several recommendations can be made for this lab. The parts of the report should be assigned by the instructor to avoid confusion. This lab experiment was conducted by the use of a heat pump. The efficiencies were calculated along with the enthalpy values. In order to improve this lab we believe that making a variety of heat pump accessible to students would improve our results, and also improve understanding of thermodynamic devices. Also, there should be changes made to the existing system. The first change being a maintenance issue. The existing system currently has old gauges that are difficult to read and need replacing. A second solution to this is to install digital gauges for a better read out. The second change is to put the change is to relocate the condenser and evaporator to different rooms so the person performing the experiment can see a change in ambient temperature and therefore can get a deeper understanding of the importance for the direction of the refrigerant.
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ASSIGNMENTS FOR OUTCOME 6





An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgement to draw conclusions. 
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Outcome 6


An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgement to draw conclusions.





The project is assigned in order to evaluate the ability of students to develop an experimental work to evaluate the performance of a refrigeration system. For this assignment, students will have to develop and conduct an experiment and demonstrate the ability to collect, analyze, and interpret data.
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Figure . System Overview









