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Instructor: Dr. Nabila Shamim
Assistant Processor, Department of Chermical Engineering, Prairie View A & M University

ABET OUTCOME 7: An ability to acquire and apply new knowledge as needed, using
appropriate learning strategies

Specific Aim:

Being curious and constantly looking for inspiration are critical parts of leamning. To be
successful as an engineer, education must be broad, and you must think out of the box. The
project requirement aims to encourage a habit of lielong learning about innovation, creative
thinking, team work and many other aspects of the engineering world. The goal of this
requirement is to help inspire the habits of being open to new ideas or problems and solve it as
a successful, innovative engineer.

Assignment: An open-ended problem regarding unit operations in chemical engineering

For Example: Hydraulic Folding Boom Sprayer Development and Fabrication

Guideline for the project:

() Inquisitive studies on the problem and acquire knowledge and data for solving the
problem.

(i) Gather information on relevant fundamentals, theory / concept (demonstrate technical
competence) and relate them to the assignmentiproject.

(i)~ Effectively use the library and online resources for research, read magazines, journals,
and other print or online materials 5o as to be aware of current developments in the discipline;
and provide and properly site the sources in alist of references in the literature review section
and other relevant sections of the report.




SAMPLE ASSESSMENT REPORT 
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5. Supporting Outcomes Specific Assignments (Minimum of 2 per outcome except for Project Reports where one is enough)
5.1
Assignments assessing students’ An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions   (outcome “6”) 

5.2 
Assignments assessing students’ An ability to acquire and apply new knowledge as needed using appropriate learning strategies.  
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5.3
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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 

CHWMICAL ENGINEERING DEPARTMENT

CHEG 3023 UNIT OPERATIONS

	1.
	Course number and name:
	CHEG 3023 UNIT OPERATIONS



	2.
	Credits and contact hours:
	3 credit hours; 5 contact hours



	3.
	Instructor’s or course 

coordinator’s name:
	Dr. Nabila Shamim



	4.
	Text book: Title:
	UNIT OPERATIONS OF CHEMICAL ENGINEERS



	
	                  Author:
	McCabe Smith 



	
	                  Publisher, Year & Edition:
	McGraw-Hill Book Company, New York, 2005, 7th Edition



	 
	a. Other Supplemental material
	Fluid Mechanics for Chemical Engineers, N.de Nevers. McGrow Hill Book 2005 3rd Edition



	5.
	Specific course information
	

	
	a. Brief description of the content of the course (catalog description)
	CHEG 3023 Unit Operations. (3-0) Credit 3 semester hours. The fundamental conservation laws in fluid statics and dynamics are derived and solved analytically and numerically. Analysis of incompressible flow; laminar and turbulent flows in pipes; hydraulic machinery; and introduction to compressible flow. Direct applications to problems encountered in practice will be emphasized.



	
	b. Prerequisites or Co-requisites
	CHEG 2053 Material and Energy Balance



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


	Required

	6.
	a. Specific goals for the course specific outcomes of instruction (e.g. The student will be able to explain the significance of current research about a particular topic.)

Students will be able to :


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

The specific goals for the course specific outcomes listed on the left column will address the following student learning outcomes:

	
	1. Perform literature survey, use search engines and databases and design and analysis of a practical process in fluids. 


	Outcome 7
An ability to acquire and apply new knowledge as needed using appropriate learning strategies. 

	
	2.  Understand and be able to apply the fundamental conservation (mass, momentum, energy) equations in fluid mechanic to solve practical fluid statics and fluid   flow problems in engineering. 


	

	
	3. Be proficient to prepare a written report on the process and present research analysis clearly.


	

	
	4. Conduct fluid mechanics experiments, analyze and interpret data, and use engineering judgment to draw conclusions and present these in a well formatted technical laboratory report.

	Outcome 6

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




	
	Introduction, Fluid Properties                              (4 hours)

Fluid Statics  and its applications                         (6 hours)

Fluid Flow Phenomena                                         (7 hours)

Basic Equations of Fluid Flow                               (4 hours)

Dimensional Analysis                                           (4 hours)

Incompressible flow in pipes and channels          (6 hours)

Transportation and Metering of Fluids                 (3 hours)

Pumps                                                                   (9 Hours)  

Turbomachinery                                                   (4 hours)

Laboratory Experiments                                      (15 hours)
	

	
	
	


*Required courses are required of all students in the program, elective courses (often referred to as open or free electives) are optional for students, and selected elective courses are those for which students must take one or more courses from a specified group

Additional Course Syllabus Information

CLASS HOURS:
5:00 PM - 6:20 PM
TR

CLASS ROOM:

ROOM: 104  Gilchrist

OFFICE:

Rm 202 G C.L. Wilson Building

OFFICE HOURS:            M 9:30-12:30 PM

CLASS PUNCTUALITY:

The class roll will be checked within the first five minutes of the class period.  Anyone who comes in after the roll is checked will be considered late.

CHEATING AND PLAGIARISM
Students are referred to the University Policy about cheating and plagiarism.  It shall be the policy in this course to discourage cheating to the extent possible, rather than to try to trap and to punish.  On the other hand, in fairness to all concerned, cheating and plagiarism will be treated severely wherever it is found.

Because a large part of the learning experience comes from interaction with your peers, students are encouraged to discuss assignments with each other.  The material submitted for grading must, however, be the product of individual or assigned group effort; anything else constitutes cheating.

Goals: 

The goal of this course is to prepare the students in the following:

1. An ability to apply engineering design to produce solutions.

2. An ability to Identify and list the design objectives and constraints

3. An ability to define the design requirements, strategy and methodology

4. Report information regarding unit operations in chemical engineering.

5. Perform research analysis on chemical engineering unit operations.

6. Design and analyze equipment utilized in unit operations in chemical engineering.
GRADING POLICY

	Items
	Weight %

	2 Projects 
	15 %

	Final Project and Presentation
	15%

	2 Tests
	30 %

	Quiz/Class Participation/Assignments
	15 %

	Final
	25 %


Grade Scale: 
A = 100 - 90

B = 89 - 80

C = 79 - 65

D = 64 - 50

F = 49 or below

TESTS & TESTING POLICY

• Tests will occur in class and will consist of closed and open book portions.

• NO MAKE-UP EXAMS WILL BE GIVEN. A missed exam due to an excusable absence will not be added into the students Test Average; therefore, only three tests will count for that student. Only the hardcopy edition of the text may be used on open book exams. NO EXCEPTIONS!

• No electronic device will be allowed including iPads and eReaders.

• No graphing calculators are allowed for any test or quiz. Students must purchase a small scientific calculator to use on exams. A cell phone cannot be use as a replacement for a graphing calculator on an exam.

• No bathroom breaks are allowed during a test or a quiz. If a student leaves the room during this time, their exam/quiz will be collected and considered finished by the student.

• Any sightings of a cellular phone during an exam or a quiz will automatically result in a grade of zero for that student, and the student will be referred to the department head. Such meetings must take place within a week of the violation.

QUIZZES

• Quizzes will be given throughout the semester. Quizzes will be based on material covered in class and project assignments.

ASSIGNMENT POLICY & GUIDELINES

• Practice problems have been provided for students on the tentative lecture schedule. These problems are for your independent practice and not for weekly submission.

• Specific assignments will be given throughout the semester as the instructor examines the specific need of the class.

• These assignments may be computer based or involve the textbook.

• Students must submit these assignments during a given time frame. NO late submission.

• If a student chooses to disobey the university’s honor code and copy the solution manual instead of submitting the student’s own independent work, the student will receive a grade of zero on the assignment and will be referred to the department head. Such meetings must take place within a week of the infraction.

• All homework assignments must be submitted on engineering paper.

• Write only on the front of the paper.

• Staple assignment if it is more than one page.

• Write your name, date, and assignment number on the front page.

• Number your pages! From time-to-time, students staple the pages out of order.

• Homework is due at the beginning of the class period. Late homework assignments will NOT be accepted!

CLASS ACTIVITIES AND PARTICIPATION GRADES

· Class activities will often occur each week.

· No late or replacement assignments will be accepted.

· These activities may be computer based or involve the textbook.

· Students must submit these assignments during a given time frame.

· Cellular phones must remain turned off at all times during the class. Laptop use is prohibited in class. No exceptions, zero tolerance. Penalty of up to 10 points for using electronics in class.

PROJECT 

· projects will be discussed as class continues and due dates will be assigned for each project. 

· The final project will be discussed during midterm of the semester and report and presentation will be due at the end of the semester. 

· The projects will cover various fluid flow and heat transfer processes and the units associated with them. 

· The projects will require a technical report that discusses the results of the assignment. Students should not print insignificant tables and graphs to simply add pages to the report. Assignments should be completed by group of students and submitted in class and online.

BOOK POLICY

• The textbook for this course is REQUIRED. Students without textbooks will eventually fail the course; therefore, all students without a hard copy (or special cases) of the textbook will be dropped from the course on the 7th class day based on the policy of the College of Engineering.

• Books can be purchased through the bookstore or online.

FINAL EXAM PROCEDURES

• The comprehensive final exam will have a closed book and open book section.

• All students are required to take the final exam. No exemptions are given.

• It is the student’s responsibility to arrive on time for the exam with all of the needed materials.

NOTE:

1.
Please read the UNIVERSITY CLASS ATTENDANCE POLICY (undergraduate


catalog, 2005-2007, pp. 111).

2.
Please read the University Policy on Academic Honesty (undergraduate catalog, 


2005-2007, pp. 111-116).

DISABILITY REQUIREMENTS:

Do you have any special needs in this class related to a disability?  If yes, please contact your instructor as soon as possible. (Undergraduate Catalog, 2005-2007, p. 61) Any student who has, or believes they may have a disability that requires accommodations is advised to contact the Office of Students with Disabilities at 936-857-2610 in Evans Hall Room 315.)
UNIT OPERATIONS 

FALL 2019
TENTATIVE CLASS SCHEDULE

TENTATIVE LECTURE SCHEDULE Fall 2019

	Week
	Lecture Topic


	No. of

lectures 
	Grading

	1
	Chapter 1: Definitions and Principles
	2
	

	2
	Chapter 2: Fluid Statics and Its Applications

Labor day holiday 9/2

GENERAL ASSEMBLY: 9/11
	2
	

	3
	Chapter 3: Fluid Flow Phenomena
	2
	

	4
	Chapter 4: Basic Equations of Fluid Flow
	2
	

	5
	Chapter 4: Basic Equations of Fluid Flow
	2
	

	6
	Chapter 5: Incompressible Flow in Pipes and Channels
	2
	

	7
	Chapter 5: Incompressible Flow in Pipes and Channels
	1
	Exam 1

10/10

	8
	Chapter 6: Compressible Flow
	2
	

	9
	Chapter 7: Flow Past Immersed Objects
	2
	

	10
	Chapter 7: Flow Past Immersed Objects

Chapter 8: Transportation and metering of fluids
	2
	

	11
	Chapter 8: Transportation and metering of fluids
	2
	

	12
	Chapter 11: Principles of Heat flow in fluids
	1
	Exam 2

11/14

	13
	Chapter 11: Principles of Heat flow in fluids 

PROJECT DUE: 11/15 Presentation

Thanksgiving Holiday Nov 
	2
	

	14
	Presentation
	2
	

	15
	Review for Final December 3, 2019
	1
	

	
	Final Exam Period:

Date will be posted soon
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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.
5.  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

CHEG 3023-UNIT OPERATIONS

FALL 2019 SEMESTER



Report Prepared by: Dr. Nabila Shamim



Report Date:
December 16, 2019  



	Semester
	Analysis Type
	Number of Students
	Outcome 7
An ability to acquire and apply new knowledge as needed using appropriate learning strategies
	Outcome 6
An ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions.  

	
	
	
	Expected Average
	Class Average
	% Students Above  Expected Average
	Expected Average
	Class Average
	% Students Above Expected Average

	Fall  2019
	Direct
	21
	70
	88
	100
	70
	85
	100

	Fall 2018
	Direct
	28
	70
	90
	100
	
	
	

	Fall 2017
	Direct
	35
	70
	86
	100
	
	
	

	Implementation Summary
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	A group project was given to the students related to practical issues so that they can visualize the problems. 

Student builds hands on system to demonstrate their project.

Students gave reports and oral presentation of their project.

Students did hands on projects on Bernoulli’s principle, Friction and static pressure head.
	Lab manual were prepared and made available through e-course.

 Basics of report writing were explained in the class.

 Instructor emphasized that students should read the manual carefully before writing the lab report. The instructor also clearly stated the required components of the assigned report during the lab session.

	Perceived Problems
	
	The major problems were: 

1. Students faced trouble to conceptualize, identify the laws, and analyze a fluid, pump or drag problems that is different from an example problem they have seen before

2. Lack of desire to study to improve even when counseled to do so repeatedly. 


	Students had problems with interpretation of the results and did not adequately show how engineering judgement was used in the conclusions

	Plans for Addressing Problems
	
	The following is recommended for implementation: 

1. Project went really well, need to work more on team work. Team and individual assessment were taken each week and at the final to address issues on group. Instructor can open discussion on google doc and can get more updates frequently. 

2. Students need to be motivated to study 

3. College/Department should set admission requirements at a level to allow quality students into the College of Engineering because a large percentage of the students do not have the necessary background and motivation to succeed in engineering. 


	The following is recommended for implementation the next time the course is offered.

Examples of proper interpretation of data and how to support conclusions with engineering judgement will be emphasized the next time this outcome is assessed.



	Overall Trend over Periods
	
	The average has trended to above 85% for the last three semesters. The instructor emphasized the importance of technical writing skills, data analysis and presentation and also how the lab reports’ grades can improve their overall grades. The problem was fixed. The performance has been dramatically improved.
	The average for this outcome 85. Students conducted two experiments on fluid mechanics and the average is above 80%.

	Were Expectations Met?
	Average≥70%? and 

≥70% students avg. ≥70%?
	YES
	YES


Table 1. END OF SEMESTER COURSE  OUTCOME ASSESSMENT REPORT

CHEG 3023 Unit Operations

Fall 2018 SEMESTER



Report Prepared by: Dr. Nabila Shamim 
Report Date:
December 18, 2018  
	Semester
	Analysis Type
	Number of Students
	Outcome e
Ability to apply knowledge of mathematics, science, & engineering
	Outcome i
Ability to recognize the need for and the ability to engage in life long learning

	
	
	
	Expected Average
	Expected Percent of students at or above average
	Class Average
	% Students Above  Expected Average
	Expected Average
	Expected Percent of students at or above average
	Class Average

%
	% Students Above Expected Average

	Fall 2018
	Direct 
	28
	75
	70
	71
	65
	75
	70
	90
	100

	Fall 2017
	Direct
	35
	75
	70
	68
	58
	75
	70
	86
	100

	Fall 2016
	Direct
	35
	75
	70
	75
	54
	75
	70
	90
	97

	Fall 2015
	Direct
	25
	75
	70
	80
	87
	75
	70
	92
	100

	Fall 2014
	Direct
	24
	75
	70
	75.3
	70
	75
	70
	76
	75.7

	Implementation Summary
	
	Review problems were given for each topic and most of them were solved in class. Instructor gave in class activity and group works.

Short quizzes were taken throughout the semester to review the problems.  

Scheduled and extra office hours were provided to address student issues

JOVE online resource was used to provide clear visual about fluid dynamics, piping network.
	A group project was given to the students related to practical issues so that they can visualize the problems. 

Student builds hands on system to demonstrate their project.

Students gave reports and oral presentation of their project.

Students did hands on projects on Bernoulli’s principle, Friction and static pressure head.

	Perceived Problems
	
	Students are not good in recognizing simple problem statements; they have problems in unit conversions, understanding basic equations like pump head, and power. Students cannot relate the knowledge to the practical field. The class time was only 50 min so instructor could not go to individual groups to discuss each and every issue.
	Few Students faced trouble to conceptualize, identify the laws, and analyze a fluid, pump or drag problems that is different from an example problem they have seen before. They are starting to finish the project at the last moment. not all students were involved in the project.



	Plans for Addressing Problems
	
	Tutor and grader help is suggested.

More hands on / laboratory projects related to fluid dynamics can help them to understand better.
	Project went really well, need to work more on team work. Team and individual assessment were taken each week and at the final to address issues on group.

Instructor can open discussion on google doc and can get more updates frequently.

	Overall Trend over Periods
	
	The Class performed below average.
	The Class performed above average 

	Were Expectations Met?
	Average≥75%?

70% students avg. ≥75%?
	NO
	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
CHEG 3023 Unit Operations Fall 2019

[image: image1.emf]OUTCOME 6 OUTCOME 7

OUTCOME 7.1 OUTCOME 7.2

TOTAL PERCENTPERCENT PERCENT

100 100 200 100 100 100

87 79 166 83 83 90

80 94 174 87 90 98

90 85 175 87.5 84 95

90 85 175 87.5 84 95

98 84 182 91 95 95

90 85 175 87.5 84 95

98 84 182 91 95 95

90 85 175 87.5 84 95

87 79 166 83 83 90

87 79 166 83 83 90

90 85 175 87.5 84 95

87 79 166 83 83 90

80 94 174 87 90 98

80 94 174 87 90 98

90 85 175 87.5 84 95

80 94 174 87 90 98

87 79 166 83 83 90

98 84 182 91 95 95

98 84 182 91 95 95

80 94 174 87 90 98

98 84 182 91 95 95

AVERAGE 88.80952 85.47619 174.2857 87.14286 88.36363636 94.52380952

SDEV 2.769489 4.806929994 2.805081233

EXPECTED AVERAGE 70 70 70

% STUDENT ABOVE AVERAGE 100 100 100




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)



CHEMICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

UNIT OPERATIONS
FALL 2019
Instructor:  Dr. Nabila Shamim

Title of Assignment


Outcome Measured Using this Assignment


    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	
	Theory

	
	Experimental Setup

	
	Experimental procedure

	
	Results analysis and Discussion


Brief  justification of why this assignment is suitable for this outcome


[image: image2.emf]
[image: image3.emf]
Project 2

Verification of Bernoulli’s Principle
Objectives:

1. To demonstrate the use of piezometer for the measurement of total head.

2. To verify the Bernoulli's Principle.
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Bernoulli's Theorem Demonstration

EXPERIMENTAL APPARATUS

The test section 1A is a duct of varying circular cross-section provided with pressure tapings whereby the static pressure may be measured simultaneously at each of the seven sections. A probe is also provided which may be positioned to read total head at that section of the duct. The probe may be moved after slackening the gland nut 1F. This nut should be retightened by hand,

The pressure tapings and the probe are connected to a bank of manometer tubes 1С. The rectangular frame on which the test section is mounted may be rested in either of two positions, 

so that the test section can be used with its axis vertical or horizontal. The manometer bank should be on the same side of the frame as the test duct.

Water is supplied to the apparatus inlet through a one-inch flexible tube. Another one-inch tube should be taken from the apparatus outlet 1G to a calibrated vessel for finding the flow rate. The outlet valve 1H is adjusted in conjunction with the water supply valve to give the required flow rate and system pressure.

To reverse the direction of flow through the test duct, the plastic brackets holding the duct can be removed, the couplings undone, and the duct can be reversed.

THEORY

If a fluid of density p flows through a duct of cross-sectional area A with a flow velocity V which is uniform over the cross-section, then

Volume flow rate or discharge = Q = VA

Mass flow rate = m = ρ*Q = ρ*v Ą, and a mean flow velocity v is defined by

v=Q/A

Except where otherwise stated, it will be assumed that the velocity is uniform over every cross-section of the flow.

This assumption is approximately true in many cases and is very convenient; but the student should note that it is never completely true or real flow and that its validity may be under test in several of the experiments which he performs.

CONTINUITY EQUATION

Referring to figure 2,

For steady flow   [image: image6.png]


        

For incompressible flow [image: image8.png]



DERIVATOIN OF BERNULLI'S EQUATION FROM THE ENERGY EQUATION

The equation stated above is the general steady state energy equation. To obtain the Bernoulli’s equation from it, the following assumptions will be made.

1. Process in control volume is isothermal. 2. There is no shaft work. 3. Frictional work is negligible. 4. The internal energy of the fluid is a function of temperature only.

Under the four assumptions above, the steady state energy equation reduces to:

PROCEDURE

1. Connect the apparatus as described in Figure above with the test the horizontal position converging in the direction of flow. Withdraw the total head probe to the end of its travel. Set the manometer bank in place and adjust the leveling screw to bring the tubes vertical.

2. Close the water supply valve. Open valve 1H and then carefully open the water supply valve to fill the apparatus and manometer tubes with water. The manometer tubes should be allowed to spill as necessary to discharge all pockets of air from the system. Close the water supply valve to bring the manometer levels just below the tops of the tubes. 

3. Carefully open the two valves and adjust them to provide that combination of flow rate and system pressure which will give the largest convenient difference between the highest and the lowest manometer levels.

4. Insert the total head probe to the location of each tapping point and note the total head at each location.

5. Note the scale reading of each manometer level.

6. Take three sets of readings of volume and time to find the flow rate with a calibrated vessel. Adjust the flow rate

7. Repeat

ANALYSES OF DATA

1. Calculate the volumetric flow rate stating all assumptions made during the

calculations. 

2. Calculate the velocities for each set of reading using the given dimensions at the

tapping points.

3. For each orientation and flow type, calculate the total head at each tapping point

using the Bernoulli's equation.

4. For each orientation and flow type, plot calculated total head and measured total head vs the three different positions for the five different flow rates on the graph sheet.

5. Show the static pressure head and calculated values of velocity head for each flow rate vs position

a. Make one graph for each flow rate.

b. Make each graph the same size.

c. Use identical scales on all graphs.

d.  Label the graphs so that the different heads are clearly identifiable.

6. From your graphical results, comment on the validity of Bernoulli's Equation for

(a) convergent flow and (b) divergent flow.

7. What is the effect, if any, of the orientation of the test duct?

8. What is the effect, if any, of the flow rate through the system?

9.  If Bernoulli's principle were satisfied exactly, how would your graphs look?

10. What possible reasons are there for the differences between the calculated total

head and the measured total head?

11. Which values do you consider most reliable?

Observation

	Time
	Volume of water
	Volumetric flow rate 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


	NO. of data
	Volumetric Flow rate
	Manometer Reading
	Measured Total head 

	
	
	Position 1
	Position 4
	Position 6
	Position 1
	Position 4
	Position 6

	1
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	


Calculated Value

	Q (volumetric flow rate)
	Velocity
	Velocity Head
	Pressure  Head 
	Total Head

	
	V1
	V2
	V3
	V21/2g
	V22/2g
	V23/2g
	P1/ρg
	P2/ρg
	P3/ρg
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	


CHEG 3023-PO1
Unit Operations
Verification of Bernoulli’s Principle
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Caleb Myers

Abeshai Bernard

Ozem Onye-Franklin

Xavier Williamson

Dorinda Ntim

10/29/2019

INTRODUCTION

Specific Aim

To verify Bernoulli's theorem for an incompressible fluid 
Objective

To verify Bernoulli's principle (law of conservation of energy) and to plot the head, kinetic head and total head Vs the points along the pipeline
Statement

Bernoulli's Principle is essentially a work energy conservation principle which states that for an ideal fluid or for situations where effects of viscosity are neglected, with no work being performed on the fluid, the total energy remains constant. Bernoulli's Principle is named in honor of Daniel Bernoulli. This principle is a simplification of Bernoulli's equation, which states that the sum of all forms of energy in a fluid flowing along an enclosed path (a streamline) is the same at any points in that path.
Theory

If a fluid of density (p) flows through a duct of cross-sectional area (A) with a flow velocity (v) which is uniform over the cross-section, then 

Volume flow rate or discharge (Q) = vA

Mass flow rate (m) = ρQ = ρvĄ

Mean flow velocity (v) is defined by v = Q/A

Except where otherwise stated, it will be assumed that the velocity is uniform over every cross section of the flow. This assumption is approximately true in many cases and is very convenient; however, it is never completely true or real flow and that its validity may be under test in several of the experiments which he performs.

CONTINUITY EQUATION 

For steady flow, 

ρ​1A1v1 = ρ2A2v2
For incompressible flow,

A1v1 = Q = A2v2
DERIVATION OF BERNOULLI'S EQUATION FROM THE ENERGY EQUATION 

The equation stated above is the general steady state energy equation. To obtain the Bernoulli’s equation from it, the following assumptions will be made. 

1. Process in control volume is isothermal.

2. There is no shaft work.

3. Frictional work is negligible.

4. The internal energy of the fluid is a function of temperature only.

Under the four assumptions above, the steady state energy equation reduces to:

(P2 - P1)/ρ + 1/2α(vb2 - va2) + g(zb - za) = 0

Bernoulli principle was constructed through the Mechanical Energy Balance Equation. This equation was derived as a statement related to the first law of thermodynamics which incorporates, energy, work and heat transfer. The mechanical energy balance can be written in terms of energy per mass where energy into the system equals energy coming out of the system. The properties involving this equation are pressure, density, change in height, gravity and if dealing with FPS units, “gc” as well, work shaft for systems involving pumps; friction, if the system has a pipe or a non-smooth material; velocity and efficiency. The Bernoulli principle eliminates work shaft and friction ultimately allowing us to assume that there is no pump in the system and our material is not a pipe or rough surface.

EXPERIMENTAL SETUP


EXPERIMENTAL PROCEDURE

1. Connect the apparatus as described in the Figure above with the test the horizontal position converging in the direction of flow. Withdraw the total head probe to the end of its travel. Set the manometer bank in place and adjust the leveling screw to bring the tubes vertical.

2. Close the water supply valve. Open valve 1H and then carefully open the water supply valve to fill the apparatus and manometer tubes with water. The manometer tubes should be allowed to spill as necessary to discharge all pockets of air from the system. Close the water supply valve to bring the manometer levels just below the tops of the tubes.

3. Carefully open the two valves and adjust them to provide that combination of flow rate and system pressure which will give the largest convenient difference between the highest and the lowest manometer levels.

4. Insert the total head probe to the location of each tapping point and note the total head at each location.

5. Note the scale reading of each manometer level.

6. Take three sets of readings of volume and time to find the flow rate with a calibrated vessel. Adjust the flow rate.

7. Repeat.

ANALYSES OF DATA

0. Calculate the volumetric flow rate stating all assumptions made during the calculations.

0. Calculate the velocities for each set of reading using the given dimensions at the tapping points.

0. For each orientation and flow type, calculate the total head at each tapping point using Bernoulli's equation. 

0. For each orientation and flow type, plot calculated total head and measured total head vs. the three different positions for the four different positions for the four different flow rates on the graph sheet.

0. Show the static pressure head and calculated values of velocity head for each flow rate vs. position. 

0. Make one graph for each flow rate.

0. Make each graph the same size.

0. Use identical scales on all graphs.

0. Label the graphs so that the different heads are clearly identifiable. 

RESULTS AND CALCULATION
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Figure 3: Calculation of Volumetric Flow Rate

Assumptions

· Steady State flow
· The fluid is an incompressible fluid hence the density
· For the Bernoulli’s Equation used in each calculation the head is in terms of meters (m)
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Figure 4: Calculation of Velocities using Calculated Areas


[image: image12.png]Velouny vieaq
Fa-R vz ya(ze?
B )

"'; éﬁ(/uam)

& (govy)

2=

e 2
—i = (152 M5 _ oSz
a9 ’7(:;1')) T

v i
—< W’J = 0:03474 M
2y

Z(amis)

v =@.|$\;1MI5> — p.oWd ™M
73 W

Teessee wead

%—‘ =h, :;sa.s,v\.tq X102 =0.2525 M

EIN

- 6:23im

%l:hz - 23 mm X3

28003 =0980M

Lo e

- 0 CopF M

¥ SURt s RN
A fi = oo 4 gpzSINNS = (s e
Al
= 0.3esTM
2 § ;0.28mM =
_VLY?:. {‘nz - 0-034%4
79 75
023U TFM

,230m =
i v i T foh ~ oonrt £ 0

'R





Figure 5: Calculation of Velocity, Pressure, and Total Heads


Table 1: Raw Data

	Time (s)
	Volume of water (mL) [1mL=1cm3]
	Volume of water in m3 [1 cm3=10-6 m3]
	Volumetric Flow rate (m3/s)

	3.24
	332
	332*10-6
	10.24*10-5

	4.58
	340
	340*10-6
	7.42*10-5

	3.83
	400
	400*10-6
	10.44*10-5

	14.03
	348
	348*10-6
	2.48*10-5


Table 2: Calculated Data

	No. of Data
	Volumetric Flow rate (m3/s)
	Manometer Reading (mm)
	Measured Total (mm)

	
	
	Position 1
	Position 4
	Position 6
	Position 1
	Position 4
	Position 6

	1
	10.24*10-5
	287
	224
	225
	282
	280
	247

	2
	7.42*10-5
	282.5
	231
	230
	260
	260
	250

	3
	10.44*10-5
	286
	219.4
	230
	290
	292
	250

	4
	2.48*10-5
	278
	238
	238
	241
	239
	239


Table 3: Calculated Data (Continued)

	Vol. Flow rate (m3/s)
	Velocity

(m/s)
	Velocity Head

(m)
	Pressure Head

(m)
	Total Head

(m)

	
	V1
	V4
	V6
	V21/2g
	V24/2g
	V26/2g
	P1/ρg
	P4/ρg
	P6/ρg
	
	
	

	10.24*10-5
	0.209
	1.14
	0.209
	0.00223
	0.0662
	0.00223
	0.287
	0.224
	0.225
	0.2893
	0.2902
	0.227

	7.42*10-5
	0.1512
	0.8256
	0.1512
	0.00117
	0.03474
	0.00117
	0.2825
	0.231
	0.230
	0.28367
	0.2657
	0.2312

	10.44*10-5
	0.2127
	1.1610
	0.2127
	0.0023061
	0.0687
	0.002306
	0.2860
	0.2194
	0.230
	0.2883
	0.2881
	0.2323

	2.48*10-5
	0.0505
	0.2758
	0.0505
	1.29*10-4
	0.0039
	1.298*10-4
	0.278
	0.238
	0.238
	0.2781
	0.2419
	0.2381


GRAPHICAL REPRESENTATION
NB: For all graphs, the legend key is below:
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Figure 6: Graph of observed total head and calculated total head vs. position for flowrate            Q = 10.24*10-5 m3/s
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Figure 7: Graph of observed total head and calculated total head vs. position for flowrate            Q = 7.42*10-5 m3/s
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Figure 8: Graph of observed total head and calculated total head vs. position for flowrate            Q = 10.44*10-5 m3/s
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Figure 9: Graph of observed total head and calculated total head vs. position for flowrate            Q = 2.48*10-5 m3/s

DISCUSSION
i. From your graphical results, comment on the validity of Bernoulli’s Equation for 

. Convergent Flow

. Divergent Flow



Figure 10: Simple Diagram of a Venturimeter

From point 1 to point 4, the graph of total head vs. position reaches a maximum.  This implies that pressure is at a maximum for a point of convergence, which makes sense because of that fact that water particles are trying to force themselves into a small area, thus increasing the total head.

From point 4 to point 6, the graph of total head vs. position decreases from the maximum point of convergence.  On this interval, the diameter of the tube is increasing which gives an increasingly larger area for the fluid to flow through.  Since pressure is equal to force divided by area, a continually increasing area will result in a decreasing pressure, which explains why the total head decreases on this interval.

i. What is the effect, if any, of the orientation of the test duct?

As the test duct became smaller (point 1 to point 4), the velocity increased as pressure decreased in order for the various total heads to be constant.  Conversely, as the duct got larger (from point 4 to point 6), the velocity decreased as pressure increased. 

i. What is the effect, if any, of the flow rate through the system?

Controlling the flow rate of the system directly affects the velocity head values.  As mentioned before, flow rate (Q) = v*A, where v = velocity and A = area.  Since flow rate and velocity are directly proportional, increasing the flow rate will in turn increase the velocity of the running water.  This in turn will increase the velocity head (a measure of length) since velocity head is given by:

v2/2g

Because velocity is on the numerator, that means that it will contribute directly to the velocity head and cause an increase corresponding with the increase in the volumetric flow rate.  Conversely, a decrease in the volumetric flow rate (Q) will directly affect the velocity head in the opposite way and cause it to decrease as well.  Naturally, since total head is equal to the sum of the velocity and pressure heads, changing the volumetric flow rate will affect the value that is achieved for the total head measurement.

i. If Bernoulli’s principle were satisfied exactly, how would your graphs look?

If Bernoulli’s principle were satisfied exactly, the two lines in the graph of position vs. total head would be the same, since the observed values would be equal to the calculated values.  The lines of these graphs would increase and converge to a certain point (from point 1 to point 4), and then decrease and diverge until arriving from point 4 to point 6.

i. What possible reasons are there for the difference between the calculated total head and the measured total head?

The possible reason that the calculated and observed total head values are different is that there could have been an error in our volumetric flow rate. When we calculated the volumetric flow rate we hand-timed putting in and taking out the graduated cylinder from the stream of running water; therefore, we could have a slightly different velocity which affects the velocity head, making the total head slightly different.

 

i. Which values do you consider most reliable?
The value for volumetric flow rate is probably the most reliable.  We were able to directly control the volume of water that would enter the graduated cylinder over a certain amount of time by sticking the cylinder under the faucet at t = 0s and stopping the clock when the cylinder was being removed.  This gave us a very accurate volume over a tested amount of time, allowing us to divide and yield a reliable volumetric flow rate.  Another reliable set of data is the set of total head values that we observed in the experiment by looking at the level of the water in tube 8.  This was a control tube that we used to tell the total head of tubes 1, 4, and 6.  All we had to do to obtain this data was to read the meniscus of the water in order to obtain values in terms of water length (mm).  When compared to our derived total heads, we aimed to derive values that were close to the observed.

i. Limitations 

Our error for this project can be identified by comparing experimental values for total head with calculated values.  The equation for the total head is the sum of the velocity and pressure heads, or

[image: image18.png]


 + [image: image20.png]oz



 
In theory, the total head should be the same, no matter what point in the system you are observing from.   In other words, 

vi2/2g + Pi/(ρg) = vj2/2g + Pj/(ρg)

Where i and j represent any two manometer tubes out of the six we considered for the experiment.  When measuring the total head during the experiment, we found the total head of manometer tube 1 to be equal to that of tube 4, totaling to 260mm.  Manometer 6 yielded a total head of 250mm, which meant that there was a 10mm deviation from the total head of the first two manometers.  Because we cannot assume ideal circumstances, it is natural to have values that differ slightly.  We calculated values for total head by diving volumetric flow rate (Q) by tube area (A) to find velocity and using the height (in mm) of the water in the manometer as the pressure head.  From there, all that was left was to calculate the respective velocity and pressure heads and add them.  The calculated total head values that we ended up getting were 283.67mm, 265.7mm, and 231.2mm.  When compared to the observed values, our experimental total heads for positions 1 and 6 were 20mm off, while that of position 4 was only 5mm off.

i. Methods to Improve

To improve this lab in the future it is very important to make sure that group exhibits more accurate timekeeping when calculating the volumetric flow rate. Without accurate timing it disrupts the volumetric flow rate, which makes the velocity, velocity head, and essentially the total head deviate from their true values.

CONCLUSION

The purpose of this lab was to confirm Bernoulli’s Equation through a pipe. In Bernoulli’s Equation the Mechanical Energy Balance Equation is equal to 0 due to the pipe not having any friction or shaft work. Also, there was no change in height, therefore eliminating z1 and z2 from the equation. The velocity v2 is neglected due to the tank being much larger than the pipe. We acquired the necessary data as a class and divided into 4 groups with the common goal of finding different volumetric flow rates, pressures, velocities, velocity heads, and pressure heads. We calculated the volumetric flow rates by timing how fast a graduated cylinder reached a certain volume. After calculating our velocity by using volumetric flow rate and area, we were able to find the velocity head as well as the pressure head. When we calculated the total head, we found that the experimental and calculated values were not that far off in numbers. After doing this lab we thoroughly understand how Bernoulli’s Equation is executed.  In the future, we can ensure that we yield more accurate results by being more careful about our volumetric flow rate calculation.
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Outcome 7


 An ability to acquire and apply new knowledge as needed using appropriate learning strategies.”


71:  Acquire new knowledge using the appropriate learning strategies


7.2:   Students are able to demonstrate appropriate use of the new knowledge to solve problems oral presentation.





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





ASSIGNMENTS FOR OUTCOME 6





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








LABORATORY REPORT # 2











Outcome 6


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








The students’ ability to identify relevant laws and equations, develop the experimental methodology, and analyze and present the resulting data.











Figure 1 (Left): Experimental Setup


Figure 2 (Right): Experimental Setup (with Components)





Series 1 = Observed Total Head


Series 2 = Calculated Total Head





PROJECT REPORT 





Outcome 7


An ability to acquire and apply new knowledge as needed, using appropriate learning strategies.  (Written Communication)








The student’s ability to apply new knowledge as needed, using appropriate learning strategies.






































Oral Presentation








Outcome 7


An ability to communicate effectively with a range of audiences


(Oral Communication)








Project presentation Slides for Oral communication


The slides and performance criteria based rubric for grading the oral presentation is provided to demonstrate student performance in oral presentation.
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