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5.1
Project Assignment assessing students’ ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors. (Outcome 2).

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 3013 Heat Transfer
	1.
	Course number and name:
	MCEG 3013 Heat Transfer



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



	3.
	Instructor’s or course 

coordinator’s name:
	Dr. Yuhao Xu



	4.
	Text book: Title:
	Fundamentals of Heat and Mass Transfer



	
	                   Author:
	Theodore L. Bergman, Adrienne S. Lavine, Frank P. Incropera, and David P. DeWitt



	
	                   Publisher, Year & Edition:
	John Wiley & Sons, 2011, 7th Edition



	 
	a. Other Supplemental material
	Fundamentals of Heat and Mass Transfer, Frank P. Incropera, David P. DeWitt, Theodore L. Bergman, and Adrienne S. Lavine, 6th Edition, John Wiley & Sons, 2006.



	5.
	Specific course information
	

	
	a. Brief description of the content of the course (catalog description)
	MCEG 3013 Heat Transfer: Credit 3 semester hours.

Study of the fundamental modes of heat transfer, conduction, convection, and thermal radiation, separately and in combination. Theoretical, numerical, and design methods of analysis of steady, transient, single, and multidimensional problems will be emphasized.



	
	b. Prerequisites or 

     Co-requisites
	MATH 2043 Differential Equations

MCEG 3063 Fluid Mechanics



	
	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) display and apply an understanding of the various ways or modes (conduction, convection, and radiation) in which heat can be transferred and relate these to other engineering requirements using the First Law of Thermodynamics Analysis.

(2) evaluate, compare, and assess the significance of heat transfer in multi-mode applications.

(3) address heat transfer design requirements in processes or devices subject to specified or implied constraints. 

(4) determine the local rate of heat transfer and the relationship it has with thermodynamics properties, fluid flow properties, and other non-dimensional properties (e.g., the Reynolds and Biot numbers).

(5) apply engineering approximation, methodology, design, and analysis (empirical, analytical, and numerical) of both steady and transient problems in both simple and complex geometries.



	
	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 1

An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics. 

Outcome 2
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors. 



	
	Introduction to heat transfer                                         (3 hours)

Introduction to conduction                                           (3 hours)

One-dimensional steady-state conduction                    (3 hours)

Two-dimensional steady-state conduction                   (3 hours)

Transient conduction                                                    (3 hours)

Introduction to convection                                         (4.5 hours)

External convection                                                   (4.5 hours)

Internal convection                                                       (3 hours)

Free convection                                                            (3 Hours)

Heat exchangers                                                            (3 hours)
Radiation processes and properties                               (3 hours)

Radiation between surfaces                                          (3 hours)

	


Additional Course Syllabus Information
	Course Title
	Heat Transfer

	Course Prefix & No
	MCEG 3013

	Section
	Z01 (CRN: 17042)

	Credit
	3 Credit Hour

	Instructor Name
	Yuhao Xu, Ph.D.

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

	Office Phone
	936-261-9963

	Email Address
	yuxu@pvamu.edu

	Office Hours
	Virtually on Zoom (Meeting ID: 927 1800 8735; Passcode: 938091).

Tentatively as follows:

Mondays: 10:30 AM – 12:30 PM

Tuesdays: 10:30 AM – 11:30 AM
Thursdays: 2:00 PM – 5:00 PM

Or by appointment.



	Class Days & Times and Location
	Internet-Asynchronous


	Catalog Description
	MCEG 3013 Heat Transfer: Credit 3 semester hours.

Study of the fundamental modes of heat transfer, conduction, convection, and thermal radiation, separately and in combination. Theoretical, numerical, and design methods of analysis of steady, transient, single, and multidimensional problems will be emphasized.


	Pre-requisite(s)
	MATH 2043

MCEG 3063

	Required Textbook
	Fundamentals of Heat and Mass Transfer, Theodore L. Bergman, Adrienne S. Lavine, Frank P. Incropera, and David P. DeWitt, 7th Edition, John Wiley & Sons, 2011.

ISBN-13: 978-0470-50197-9.
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 https://www.pvamu.edu/engineering/textbook-policy/ for the Roy G. Perry College of Engineering Textbook Policy. You will find the Textbook Policies and Procedures, Textbook Application and the Textbook Evaluation Form


	Recommended Text
	1. Fundamentals of Heat and Mass Transfer, Frank P. Incropera, David P. DeWitt, Theodore L. Bergman, and Adrienne S. Lavine, 6th Edition, John Wiley & Sons, 2006.

2. Fundamentals of Heat and Mass Transfer, Theodore L. Bergman, Adrienne S. Lavine, Frank P. Incropera, and David P. DeWitt, 8th Edition, John Wiley & Sons, 2017.

3. Heat and Mass Transfer: Fundamentals and Applications, Yunus A. Cengel and Afshin J. Ghajar, 5th Edition, McGraw-Hill Education, 2014.

4. A Heat Transfer Textbook, John H. Lienhard V and John H. Lienhard IV, 4th Edition, Dover Publications, 2011. 

5. Experimental Methods for Engineers, Jack Holman, 8th Edition, McGraw-Hill Education, 2011. 



	Access to Learning Resources:  


	PVAMU Library: 

Phone: (936) 261-1500
Web: http://www.pvamu.edu/library/
University Bookstore: 

Phone:  (936) 261-1991;

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


	Course Goals or Overview:
	Heat Transfer is a junior-level course intended to establish a basis for engineering synthesis, analysis, design, and experimentation in the thermal science area.



	Course Outcomes/Objectives:
	The objectives of this course are to (1) establish a fundamental understanding for the various ways or modes (conduction, convection, and radiation) in which heat can be transferred; (2) establish an analytical basis for determining the local rate of energy transfer and the relationship it has with thermodynamic properties, fluid flow properties, and other non-dimensional parameters (e.g., the Reynolds and Biot numbers); (3) establish a basis for engineering approximation, methodology, design, and analysis (empirical, analytical, and numerical) of both steady and transient problems in both simple and complex geometries; (4) form a basis for advanced study and design involving combined mode heat transfer; (5) establish the basis for advanced studies in the thermal science area; (6) establish a basis for other design courses and projects.



	Course Requirements & Evaluation Methods
	This course will utilize the following instruments to determine student grades and proficiency of the learning outcomes for the course:



	    Reading:
	Requiring students to read sections of the textbook ahead of time and become proficient in solving heat transfer problems.

	    Homework:
	Requiring students to perform basic analysis of problems and submit formal homework presented using the required format.

	    Tests:
	There will be a total of THREE tests.

Students are required to join synchronous sessions to take the tests. The dial-in information will be posted on eCourses one day prior to the test day. 

	    Project:
	Requiring students to use class materials to solve an engineering problem and apply engineering design to produce solutions that meet specified needs.

	    Class Attendance:
	Daily attendance and participation in online discussions are required.
Students are required to have access to computers to watch lecture videos and participate in online discussions. 

	
	

	Grading Matrix 
	Instrument

Total

(%)

Homework Assignments (Many for Practice only)
5
Project
10
Test 1

25
Test 2
25
Test 3
35
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

Academic dishonesty of any sort (plagiarism, cheating, fabrication or facilitation) is prohibited under any circumstance. There is a zero-tolerance policy for academic dishonesty. Cheating whatsoever will result in an automatic ‘F’ in this course, and the matter will be turned over to the appropriate student disciplinary committee. 

Use of E-Course, PVAMU email, and Taskstream

All class-related materials will be posted on E-courses. All emails will be sent to students’ registered PVAMU email addresses. Students are responsible for checking their PVAMU email frequently.
Assignments & Due Dates

Homework problems will be mainly for practice to get students ready for the tests. The instructor will select questions at random from homework assignments to grade for points. Homework needs to be submitted on eCourses on the due date. Late homework will not be accepted unless accompanied by written sickness or emergency excuse from the appropriate authority and accepted by the course instructor. 

Attendance

Class attendance is mandatory by watching lecture videos posted on eCourses and taking exams. If you have 3 or more than 3 absences, you will receive an “F” automatically.
Lecture videos will be posted on eCourses approximately two to three times per week, with the first video for the week posted by Tuesday.

Examinations
All tests are open book (hard-copy of the textbook only). There will be NO make-up tests given during the semester except under documented emergencies (for instance, medical emergency of him/herself and close relatives, with valid hospital records or doctor’s note).


MCEG 3013 Heat Transfer, Fall 2020
Tentative Topics and Schedule
(Note that the schedule may change based on the needs during the semester)
	Week #
	Dates
	Chapters*
	Topics Covered

	1
	8/24/20 – 8/30/20
	1
	Introduction to heat transfer

	2
	8/31/20 – 9/6/20
	2
	Introduction to conduction

	3
	9/7/20 – 9/13/20
	3
	One-dimensional steady-state conduction

	4
	9/14/20 – 9/20/20
	4
	Two-dimensional steady-state conduction

	5
	9/21/20 – 9/27/20
	5
	Test #1, Tuesday, 9/22/20, 11:45 am – 1:05 pm
Transient conduction

	6
	9/28/20 – 10/4/20
	5

6
	Transient conduction

Introduction to convection

	7
	10/5/20 – 10/11/20
	6

7
	Introduction to convection

External flow

	8
	10/12/20 – 10/18/20
	7
	External flow

	9
	10/19/20 – 10/25/20
	8
	Test #2, Tuesday, 10/20/20, 11:45 am – 1:05 pm

Internal flow

	10
	10/26/20 – 11/1/20
	8

9
	Internal flow

Free convection

	11
	11/2/20 – 11/8/20
	9

11
	Free convection

Heat exchangers

	12
	11/9/20 – 11/15/20
	12
	Radiation processes and properties

	13
	11/16/20 – 11/22/20
	12

13
	Radiation processes and properties
Radiation between surfaces
Project Report due: Thursday, 11/19/20, at 2 pm

	14
	11/23/20 – 11/29/20
	13
	Radiation between surfaces
Thanksgiving Holiday

	15
	11/30/20 – 12/6/20
	
	REVIEW

Test #3, Friday, 12/4/20, 6:30 pm – 8:30 pm (Tentative); Note Test #3 is a comprehensive test.


*Note: These reading assignments are from chapters of the required textbook. The suggested readings provide an alternative presentation of materials. The text includes many more materials than is covered in class.

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 1: 
An ability to identify, formulate, and solve complex engineering problems by applying principles of engineering, science, and mathematics. 
ABET Student Learning Outcome 2: 
An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors. 

Program Outcomes 

Covered by Course

Program Outcomes “1” and “2” as defined above

Program Outcomes

Measured by Course 

Program Outcomes “1” and “2” as defined above

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 3013-Z01 Heat Transfer
FALL 2020 SEMESTER
Report Prepared by: Dr. Yuhao Xu
Report Date: December 16, 2020
	Semester
	Analysis Type
	Number of Students
	Outcome 1

Ability to identify, formulate, and solve complex engineering problems (CEP) by applying principles of engineering, science, and mathematics.
	Outcome 2

Ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors.

	
	
	
	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 average
	Class Average
	% Students meeting Acceptable Average

	Fall 2019, P01
	Direct
	22
	70
	70
	67.4
	54.5
	
	
	
	

	Fall 2018, P01
	Direct
	30
	70
	70
	56.5
	16.7
	
	
	
	

	Fall 2020, Z01
	Direct
	27
	
	
	
	
	70
	70
	75.6
	70.4

	Implementation Summary
	Items implemented from previous report or after meeting previous instructor
	Outcome 1 was not assessed in Fall 2020. 
	More example problems were used/presented throughout the semester to help students understand the complex processes in the design and applications of heat transfer systems.

	Perceived Problems
	Perceived problems are directly related to the PC and the sub items under them
	Outcome 1 was not assessed in Fall 2020.
	Students’ ability to understand and apply the appropriate equations learned in class needs to be improved. 

Students’ skills in writing a professional report needs to be improved. 

	Plans for Addressing Problems
	Plans for address specific measures to address PC and their sub areas
	Outcome 1 was not assessed in Fall 2020.
	The following plan is suggested:

1. Assign the project earlier in the semester so that students have more time to work on it and write the report. 

2. Discuss more about the applications of certain sections so that students can use the relevant knowledge in their design project. 



	Overall Trend over Periods
	Ascertain if there were improvements over previous semesters
	Outcome 1 was not assessed in Fall 2020.
	The class average was 75.6%, which is above the expected class average. 70.4% of students had an average above the 70% level.

The overall expectation was met in Outcome "2".

	Were Expectations Met?
	
	Outcome 1 was not assessed in Fall 2020.
	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 3013 Heat Transfer, FALL 2020 Semester
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OUTCOME SPECIFIC ASSIGNMENTS 

USED TO ASSESS OUTCOMES


Mechanical Engineering Department 
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

MCEG 3013 Heat Transfer
FALL 2020

Instructor: Dr. Yuhao Xu
Title of Assignment


Outcome Measured Using this Assignment


Check the engineering design characteristics related to this assignment

	X
	Involves  identifying the specific needs to be met by defining/understanding the problem  and developing plans for the project to satisfy the need

	
	Involves conducting a  review of the literature and performing preliminary design by generating alternative ideas/solutions and applying creativity 

	X
	Involves performing detailed engineering design leading to specification and fabrication/selection  of components for system being designed.

	
	Involves consideration of  one or more of the following (Please check those involved in this assignment.)    

	
	
	Public health

	
	X
	Safety and welfare

	
	
	Global factors

	
	
	Cultural factors

	
	
	Social factors

	
	
	Environmental factors

	
	
	Economic factors

	
	Involves fabrication and testing of model or prototype


Brief  justification of why this assignment is suitable for this outcome



MCEG 3013 Heat Transfer Course Project

Fall 2020
Design of an Insulation Layer to Prevent Fire Hazard

Due: November 19, 2020, at 2:00 pm

Taskstream submission is required.

PROJECT DESCRIPTION

Heat dissipated from an engine in operation can cause hot spots on its surface. If the outer surface of an engine is situated in a place where oil leakage is possible, then when leaked oil comes in contact with hot spots above the oil’s autoignition temperature, it can ignite spontaneously. Consider an engine cover that is made of a stainless steel plate with a thickness of 1 cm and a thermal conductivity of 14 W/m∙K. The stainless steel plate is covered with a 5-mm-thick insulation (k = 0.5 W/m∙K). The inner surface of the engine cover is exposed to hot air at 350(C with a convection heat transfer coefficient of 7 W/m2∙K, as shown in the figure below.
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The 2-m-long engine outer surface is cooled by air blowing in parallel over it at 7 m/s, in an environment where the ambient air is at 60(C. To prevent fire hazard in the event of oil leak on the engine cover, the engine outer surface should be kept below 180(C. It has been determined that the 5-mm-thick insulation layer is not sufficient to keep the engine outer surface below 180(C.

To solve this problem, you are asked to design a new insulation layer so that the engine outer surface temperature will be kept below the fire hazard limit of 180(C for the safety operation of the engine. Complete the following tasks for this design project. 

(a) Discuss your new design of the insulation layer to satisfy the safety operation requirements. 

(b) Compute the outer surface temperature with your design to justify that your design is a viable method for keeping the outer surface temperature below 180(C. Evaluate the air properties at 120(C. Clearly list all the assumptions you use for your calculations. Show all steps in your calculations and type equations directly in Microsoft Word. 

(c) In addition to your design proposed in (a), briefly discuss another method that could be explored to keep the engine outer surface temperature below the fire hazard limit of 180(C and explain why. (Note that no additional calculations are needed for this step.)

REPORT REQUIREMENTS

A detailed report should be submitted for the project, and the following contents should be included:

1. (2%) A “Cover Page” with the course number and name, section number, semester, and your name. See the next page for a sample cover page.

2. (3%) A “Project Description” page that includes the original problem (as provided in the previous page of this document).

3. (5%) A “Abstract” page summarizes your design, your calculations/justifications, and other potential designs you would propose. 

4. (80%) A detailed presentation of all technical components of your design (i.e., Tasks a-c in the “Project Description” section).

SUBMISSION

5. (10%) Upload your report in Microsoft Word format (.doc or .docx), which include all the contents described in the “Report Requirements” section, to both Taskstream and the “Project Submission” portal on eCourses (Canvas).

Sample of student’s solutions:


MECHANICAL ENGINEERING DEPARTMENT

PRAIRIE VIEW A&M UNIVERSITY

[image: image3.png]



MCEG 3013-Z01

Heat Transfer

Fall 2020

COVER PAGE

REPORT ON

“Design of an Insulation Layer to Prevent Fire Hazard”
Submitted by

Mustafa Jaffara

On 

November 19, 2020
To

Dr. Yuhao Xu
PROJECT DESCRIPTION

Heat dissipated from an engine in operation can cause hot spots on its surface. If the outer surface of an engine is situated in a place where oil leakage is possible, then when leaked oil comes in contact with hot spots above the oil’s autoignition temperature, it can ignite spontaneously. Consider an engine cover that is made of a stainless steel plate with a thickness of 1 cm and a thermal conductivity of 14 W/m∙K. The stainless steel plate is covered with a 5-mm-thick insulation (k = 0.5 W/m∙K). The inner surface of the engine cover is exposed to hot air at 350(C with a convection heat transfer coefficient of 7 W/m2∙K, as shown in the figure below.
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The 2-m-long engine outer surface is cooled by air blowing in parallel over it at 7 m/s, in an environment where the ambient air is at 60(C. To prevent fire hazard in the event of oil leak on the engine cover, the engine outer surface should be kept below 180(C. It has been determined that the 5-mm-thick insulation layer is not sufficient to keep the engine outer surface below 180(C.

To solve this problem, you are asked to design a new insulation layer so that the engine outer surface temperature will be kept below the fire hazard limit of 180(C for the safety operation of the engine. Complete the following tasks for this design project. 

(a) Discuss your new design of the insulation layer to satisfy the safety operation requirements. 

(b) Compute the outer surface temperature with your design to justify that your design is a viable method for keeping the outer surface temperature below 180(C. Evaluate the air properties at 120(C. Clearly list all the assumptions you use for your calculations. Show all steps in your calculations and type equations directly in Microsoft Word. 

(c) In addition to your design proposed in (a), briefly discuss another method that could be explored to keep the engine outer surface temperature below the fire hazard limit of 180(C and explain why. (Note that no additional calculations are needed for this step.)

ABSTRACT

1. The purpose of the project:

The project focuses on preventing fire hazard in the event of oil leak on the engine cover. The temperature set around the outer surface of the engine was stated to be kept below 180 (C to ensure a safety environment for the engine. According to the project, the current insulation on the engine cover contains a stainless steel cover with a 5-mm thickness. A new design of the insulation layer is required to improve the thermal resistance of the engine cover.

2. The significant results of the project:

The engine cover with layer of insulation is subjected to convection heat transfer on the inner and outer surfaces. The results conducted in the project showed the calculation of the 5-mm thick insulation and record a temperature above the required temperature set (180 (C). Further detailed analysis was computed to reduce the temperature to a safe cover insulation for the engine. The steps taken to reduce the temperature recorded was to add more thickness to the layer. This resulted in a reduction to the temperature until it was below 180 (C. Another method was conducted which included increasing the air blowing parallel over the engine cover 10%. This resulted in recording a temperature below 180 (C.

3. The conclusions from the project:

The project focused on ensuring a safety method required to prevent hazardous events. From the project analysis, the project showed different methods in preventing fire hazardous events of oil leak on the engine cover. The new design of the insulation later satisfied the safety operation requirements by keeping the temperature below 180 (C.

Project Calculation Analysis:

From the given components, detailed calculations were made to prove that the given analysis recorded a temperature above 180 (C:

Given: 

	Stainless steel plate
	1-cm

	k-value of plate
	14 W/m*K

	Cover insulation
	5-mm

	k-value of cover insulation
	0.5W/m*K

	Inner surface temperature
	350 (C

	hi
	7W/m 2K

	plate length
	2-m

	Velocity of air blowing in outer surface
	7m/s



	Ambient air temp
	60(C

	Required temp for safety
	180(C

	Temperature of air flow
	120(C


Required: 

Maintaining a final temperature below 180(C.

Assumption:

Atmospheric pressure = 1atm, critical Reynolds number = 5*105. 

Properties of air at 120(C (Table A-15): 

k=0.03235 W/m*K, v = 2.522*10-5 m2/s, Pr = 0.7073.

Analysis:

Reynolds number for the 2-m-long plate:

ReL= [image: image6.png]VL _ _(m/sxZm)  _ 5551149 > 5% 10°

v 2.522%10"°m?2/s



 

The Reynolds number is between 5*105 and 107, the equation combines laminar and turbulent relation for the Nusselt number:

Nu = [image: image8.png]"L — (0.037
k



ReL0.8 -871) *Pr1/3 = [0.037(555114.9)0.8-871] (0.7073)1/3 = 522.857

Convection heat transfer coefficient on the engine outer surface:

[image: image10.png]h = Nu k_ 599 86(0 03235W/m*K



 ) =8.457 W/m2*K

Calculating thermal resistance of each layer:

Rconv,i  = [image: image12.png]


 (inner surface)

Rss = [image: image14.png]koo A



 (stainless-steel layer)

Ri = [image: image16.png]k; A



 (insulation layer)

Rconv, o = [image: image18.png]


 (outer surface)

ARtotal = A(Rconv,i + Rss + Ri + Rconv,o) =  [image: image20.png]


+ [image: image22.png]LSS + -l d

kSS

Li
k;



 + [image: image24.png]



ARtotal = [image: image26.png]7W/m?2xK
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 =  0.27181m2*K/W 

ARconv,o = [image: image32.png]


 = [image: image34.png]g8 457



 = 0.11824 m2*K/W

Calculating heat flux through different layers. 
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Solving for Ts,o ,        Ts,o [image: image37.png]Rconv,o
= 0 (T = Top) + T
Rtotal




Ts,o [image: image39.png]0.11824 m2xK /W
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Comments:

The given application proves that the listed components after calculations record a temperature of 186.2[image: image41.png]°C



 which is above 180[image: image43.png]°C



. 

a)

Project Adjustments:

From the components given in the project description, a design of a new layer was one of the methods to improve the thermal resistance of the insulation on the engine cover. After computing different methods and calculations, increasing the insulation thickness proved to improve the thermal resistance and reduce the temperature below 180[image: image45.png]°C



to prevent fire hazard in the outer surface of the engine. The presented thickness size in the project was 5-mm. increasing the thickness to 15-mm and keeping the material of the cover would be sufficient for project requirement. 

b)

Project Analysis #2: 
Given: 

	Stainless steel plate
	1-cm

	k-value of plate
	14 W/m*K

	Cover insulation
	15-mm

	k-value of cover insulation
	0.5W/m*K

	Inner surface temperature
	350 (C

	Q
	7W/m 2K

	plate length
	2-m

	Velocity of air blowing in outer surface
	7m/s



	Ambient air temp
	60(C

	Required temp for safety
	180(C

	Temperature of air flow
	120(C


Required: 

Maintaining a final temperature below 180(C.

Assumption:

Atmospheric pressure = 1atm, critical Reynolds number = 5*105. 

Properties of air at 120(C (Table A-15): 

k=0.03235 W/m*K, v = 2.522*10-5 m2/s, Pr = 0.7073.

Analysis:

Reynolds number for the 2-m-long plate:

ReL= [image: image47.png]VL _ _(m/sxZm)  _ 5551149 > 5% 10°

v 2.522%10"°m?2/s



 

The Reynolds number is between 5*105 and 107, the equation combines laminar and turbulent relation for the Nusselt number:

Nu = [image: image49.png]"L — (0.037
k



ReL0.8 -871) *Pr1/3 = [0.037(555114.9)0.8-871] (0.7073)1/3 = 522.857

Convection heat transfer coefficient on the engine outer surface:

[image: image51.png]h = Nu k_ 599 86(0 03235W/m*K



 ) =8.457 W/m2*K

Calculating thermal resistance of each layer:

Rconv,i  = [image: image53.png]


 (inner surface)

Rss = [image: image55.png]koo A



 (stainless-steel layer)

Ri = [image: image57.png]k; A



 (insulation layer)

Rconv, o = [image: image59.png]


 (outer surface)

ARtotal = A(Rconv,i + Rss + Ri + Rconv,o) =  [image: image61.png]


+ [image: image63.png]LSS + -l d

kSS

Li
k;



 + [image: image65.png]



ARtotal = [image: image67.png]7W/m?2xK



+ [image: image69.png]0.01 0.015
14W /m=*K 0.5 W/m=x*K




 + [image: image71.png]1
8.457 W/mx*K



 =  0.29181m2*K/W 

ARconv,o = [image: image73.png]


 = [image: image75.png]g8 457



 = 0.11824 m2*K/W

Calculating heat flux through different layers. 

[image: image76.png]| Q.

_ Too,i - Too,o _

Ts,o - Too,o

ARtotal

ARcomJ,O




Solving for Ts,o ,        Ts,o [image: image78.png]Rconv,o
= 0 (T = Top) + T
Rtotal




Ts,o [image: image80.png]0.11824 m2xK /W
— QU8 MBKIW ah00 . 600C) + 60°C = 177.5°C < 180°C
0.29181 m2K/W




Comments:

After replacing the 5-mm layer insulation to a 15-mm layer insulation, the temperature recorded in the outer surface was 177.5[image: image82.png]°C



. The installed design proved to help prevent fire hazard of the engine covered. 

c) Another method proven to improve the thermal resistance of the outer surface of the engine was to increase the velocity of the cooling air blowing parallel to the engine cover. The velocity provided in the project description was given at 7 m/s. increasing that velocity up to 10% would prove efficient to the project requirement and keeping the temperature of the outer surface below 180[image: image84.png]°C



. 

Project Analysis #3: 
Given: 

	Stainless steel plate
	1-cm

	k-value of plate
	14 W/m*K

	Cover insulation
	15-mm

	k-value of cover insulation
	0.5W/m*K

	Inner surface temperature
	350 (C

	hi
	7W/m 2K

	plate length
	2-m

	Velocity of air blowing in outer surface
	Increasing 7m/s by 10%

= 7.7m/s

	Ambient air temp
	60(C

	Required temp for safety
	180(C

	Temperature of air flow
	120(C


Required: 

Maintaining a final temperature below 180(C.

Assumption:

Atmospheric pressure = 1atm, critical Reynolds number = 5*105. 

Properties of air at 120(C (Table A-15): 

k=0.03235 W/m*K, v = 2.522*10-5 m2/s, Pr = 0.7073.

Analysis:

Reynolds number for the 2-m-long plate:

ReL= [image: image86.png]VL _ _G7m/s2m) 6106265 > 5% 105

v 2.522%10"°m?2/s



 

The Reynolds number is between 5*105 and 107, the equation combines laminar and turbulent relation for the Nusselt number:

Nu = [image: image88.png]"L — (0.037
k



ReL0.8 -871) *Pr1/3 = [0.037(610626.5)0.8-871] (0.7073)1/3 = 625.77

Convection heat transfer coefficient on the engine outer surface:

[image: image90.png]h = Nu— 625. 77(0 03235W/m*K



 ) =10.122 W/m2*K

Calculating thermal resistance of each layer:

Rconv,i  = [image: image92.png]


 (inner surface)

Rss = [image: image94.png]koo A



 (stainless-steel layer)

Ri = [image: image96.png]k; A



 (insulation layer)

Rconv, o = [image: image98.png]


 (outer surface)

ARtotal = A(Rconv,i + Rss + Ri + Rconv,o) =  [image: image100.png]


+ [image: image102.png]LSS + -l d

kSS

Li
k;



 + [image: image104.png]



ARtotal = [image: image106.png]7W/m?2xK



+ [image: image108.png]0.01 0.005
14W /m=*K 0.5 W/m=x*K




 + [image: image110.png]1
10.122 W/m=K



 =  0.25237m2*K/W 

ARconv,o = [image: image112.png]


 = [image: image114.png]10122



 = 0.09879 m2*K/W

Calculating heat flux through different layers. 

[image: image115.png]| Q.

_ Too,i - Too,o _

Ts,o - Too,o

ARtotal

ARcomJ,O




Solving for Ts,o ,        Ts,o [image: image117.png]Rconv,o
= 0 (T = Top) + T
Rtotal




Ts,o [image: image119.png]0.09879 m2xK /W
— 209879 MTK/W 350 — 60°C) + 60°C = 173.5°C < 180°C
0.25237 m2K /W




Comments:

After changing velocity of the cooling air blowing parallel to the outer surface cover of the engine from 7m/s to 7.7m/s (10% increase), the outer surface temperature reduced below 180[image: image121.png]°C



. This method proved efficient to prevent fire hazard from the outer surface of the cover engine. 
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ASSIGNMENTS FOR OUTCOME 2





Ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factors.





Design of an Insulation Layer to Prevent Fire Hazard








Outcome 2


An ability to apply engineering design to produce solutions that meet specified needs with consideration of public health, safety, and welfare, as well as global, cultural, social, environmental, and economic factor.





This course project is designed to assess students’ ability to design an insulation layer for an engine to prevent fire hazard. Students need to design an insulation layer, perform heat conduction and convection calcuations, and justify their design. 
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