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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 

CHEMICAL ENGINEERING DEPARTMENT

CHEG 4011 P02 CHEMICAL ENGINEERING LABORATORY II
	1.
	Course number and name:
	CHEG 4011 P04 CHE LABORATORY II


	2.
	Credits and contact hours:
	1 credit hour; 4 contact hours



	3.
	Instructor’s or course 

coordinator’s name:
	Dr. Lealon L. Martin


	4.
	Text book: Title:
	CHEMICAL ENGINEERING LABORATORY MANUAL


	
	                  Author:
	Gabitto Antoine Martin 



	
	                  Publisher, Year & Edition:
	Prairie View A&M University


	 
	a. Other Supplemental material
	Holman, J. P., Experimental Methods for Engineers, 4th Ed., McGrawHill, New York, 1986. 

Fahien, R. W., Fundamentals of Transport Phenomena, McGrawHill, New York, 1993.

N. de Nevers, Fluid Mechanics for Chemical Engineers. 3rd edition, McGraw-Hill, 2005, ISBN: 978-0-07-256608-6

McCabe, Smith and Harriott, Unit Operations of Chemical Engineers, 7th Edition, McGraw-Hill, 2005, ISBN: 0-07-284823-5

Geankoplis, C.J., Transport Processes and Separation Process Principles. 4th Edition, ISBN: 0-13-101367-X



	5.
	Specific course information
	

	
	a. Brief description of the content of the course (catalog description)
	CHEG 4011 Chemical Engineering Laboratory II. (1-0) Credit 1 semester hours. Chemical engineering laboratory directed to separation processes such as gas absorption, fractional distillation, extraction, and drying. Study of reaction rates and equilibria in simple chemical systems. Emphasis is placed upon experimental data required for the scale-up to commercial scale equipment.


	
	b. Prerequisites or Co-requisites
	CHEG 3023 (may be taken concurrently) and CHEG 3043 (may be taken concurrently) and (SPCH 1003 (may be taken concurrently) or COMM 1003 (may be taken concurrently)) and (ENGL 1133 (may be taken concurrently) or ENGL 1143 (may be taken concurrently)) and PHYS 2511 (may be taken concurrently) and PHYS 2521 (may be taken concurrently) and CHEM 1021 (may be taken concurrently).


	
	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 Outcomes 3, 5, and 6 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. Demonstrate ability to perform quantitative physical measurements, operate, laboratory scale equipment. 
2. Demonstrate ability to plan, design, and evaluate experiments. 
3. Demonstrate ability to communicate effectively in oral and written formats. 
4. Demonstrate familiarity with commercial scale equipment. 
	Outcome 3

Students will have the ability to communicate effectively with a range of audiences.
Outcome 5
Students will have the ability to (1) function effectively on a team whose members together (2) provide leadership, create a collaborative and inclusive environment, (3) establish goals, plan tasks, and meet objectives.
Outcome 6
Students will have the ability to develop and conduct appropriate experimentation, analyze and interpret data, and use engineering judgment to draw conclusions.

	
	
	

	
	
	

	
	
	


	
	Laboratory Safety and Loss Prevention (Video Presentation) (3 hours)
Laboratory Safety and Loss Prevention Quiz (3 hours)
Design of Experiments and Quiz (3 hours)
Fractionation (Expt. No. 1) (3 hours)
Centrifugal Pump (Expt. No. 2) (3 hours)
Gas-Liquid Absorption (Expt. No. 3) (3 hours)
Bernoulli’s Law Verification (Expt. No. 4) (3 hours)
Friction losses in pipelines (Expt. No. 5) (3 hours)
Design of Experiments (Assignment project) (3 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

Instructor:  

Dr. Lealon L. Martin,  Lecturer




C.L. Wilson, Room 201F




Phone: (936) 261-9411




E-mail:  llmartin@pvamu.edu

Office Hours:

T 2:00 – 3:00pm; W 1:00 – 2:00pm; R 11:00am – 12:00pm

University Rules and Procedures
Disability statement (See Student Handbook):  

Students with disabilities, including learning disabilities, who wish to request accommodations in class should register with the Services for Students with Disabilities (SSD) early in the semester so that appropriate arrangements may be made.  In accordance with federal laws, a student requesting special accommodations must provide documentation of their disability to the SSD coordinator.  

Academic misconduct (See Student Handbook):  

You are expected to practice academic honesty in every aspect of this course and all other courses. Make sure you are familiar with your Student Handbook, especially the section on academic misconduct.  Students who engage in academic misconduct are subject to university disciplinary procedures.  Calculators are limited to basic scientific and graphing functions for exams and quizzes (those with USB or other data exchange port are prohibited).

Forms of academic dishonesty:  

1. Cheating: deception in which a student misrepresents that he/she has mastered information on an academic exercise that he/she has not mastered; giving or receiving aid unauthorized by the instructor on assignments or examinations. 

2. Academic misconduct: tampering with grades or taking part in obtaining or distributing any part of a scheduled test.  

3. Fabrication: use of invented information or falsified research.  

4. Plagiarism: unacknowledged quotation and/or paraphrase of someone else’s words, ideas, or data as one’s own in work submitted for credit. Failure to identify information or essays from the Internet and submitting them as one’s own work also constitutes plagiarism.    

5. Use or possession of textbook solution manual.  Since these are restricted by the copyright holder to teaching faculty only who are then prohibited from sharing with students, there is no legitimate way for a student to have a copy of the solution manual. 

Nonacademic misconduct (See Student Handbook)

The university respects the rights of instructors to teach and students to learn.  Maintenance of these rights requires campus conditions that do not impede their exercise. Campus behavior that interferes with either (1) the instructor’s ability to conduct the class, (2) the inability of other students to profit from the instructional program, or (3) campus behavior that interferes with the rights of others will not be tolerated. An individual engaging in such disruptive behavior may be subject to disciplinary action. Such incidents will be adjudicated by the Dean of Students under nonacademic procedures. 

Sexual misconduct (See Student Handbook):  

Sexual harassment of students and employers at Prairie View A&M University is unacceptable and will not be tolerated.  Any member of the university community violating this policy will be subject to disciplinary action.  

Attendance Policy: 

Prairie View A&M University requires regular class attendance.  Excessive absences will result in lowered grades.  Excessive absenteeism, whether excused or unexcused, may result in a student’s course grade being reduced or in assignment of a grade of “F”.  Absences are accumulated beginning with the first day of class.

Student Academic Appeals Process

Authority and responsibility for assigning grades to students rests with the faculty.  However, in those instances where students believe that miscommunication, errors, or unfairness of any kind may have adversely affected the instructor's assessment of their academic performance, the student has a right to appeal by the procedure listed in the Undergraduate Catalog and by doing so within thirty days of receiving the grade or experiencing any other problematic academic event that prompted the complaint. 

Laboratory Reports – written descriptions of lab. experiments including results, calculations, and conclusions. 

Laboratory Oral Presentations – one or more oral assignments, often groups, designed to supplement and reinforce course material 

Quizzes – announced or surprise in-class assignments to promote student accountability.  

Design of One Experiment – one proposed experiment on the lab. subject areas. It will be evaluated through an oral presentation and a written report.

Participation – participation is evaluated based on attendance, preparation, and active participation in each laboratory experiment – which compulsory for each individual student. Failure to arrive on time or failure to pass pre-lab quizzes amounts to a “zero” participation grade for that week’s lab experiment.      

Grading Matrix 

	Item (Averages)
	Weight %
	
	Grade
	Percentages

	Quizzes
	10
	
	A

B

C

D

F
	100-90

89-80

79-70

69-60

59 or below

	Lab Participation
	10
	
	
	

	Lab Reports
	40
	
	
	

	Final Presentation
	20
	
	
	

	Design of Experiments
	20
	
	
	


    Total                                      100

Course Procedures 

Academic Calendar (Attached to end of syllabus - You should check online schedule for the accuracy of dates)

Textbook Policy 

Students must acquire the textbook that is listed as “required” on the course syllabus.  The textbook must be acquired by the 10th class day. Students are not allowed to share textbooks with other 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.  In addition, your financial aid may be affected by the subsequent registration action(s).   

Go to http://www.pvamu.edu/pages/195.asp for the Roy G. Perry College of Engineering Textbook Policy. 

Conduct

1. Students will conduct themselves in a manner that is respectful to their fellow classmates and the instructor at all times.

2. Cell phones MUST be turned off during class time.  Students are NOT allowed to leave class to answer cell phones. 

3. Students are NOT allowed to wear caps/hats in class 

4. Arrive to class prepared to discuss lesson.   

5. Always bring essential tools: Textbook, paper, calculator. 

Submission of Assignments

All assignments are due by default one week after being given, unless otherwise stated.  All written assignments are due directly to the Instructor, prior to the start of class or the assignment will not be accepted. All assignments should be written on one side of the page only, and should use the appropriate cover sheet, with the name, assignment title and date. All pages should be numbered. Failure to use the correct format will result in the assignment grade being reduced by 20%.  

Course schedule

	Week 1
	Laboratory Safety and Loss Prevention (Video Presentation & Quiz)

Syllabus & Experiments Overview

	Week 2
	No lab – Labor Day

	Week 3
	All Topics*. All groups will perform a lab every other week.

	Week 4
	Submit Report

	Week 5
	All Topics*. All groups will perform a lab every other week.

	Week 6
	Submit Report

	Week 7
	All Topics*. All groups will perform a lab every other week.

	Week 8
	Submit Report

	Week 9
	All Topics*. All groups will perform a lab every other week.

	Week 10
	Submit Report

	Week 11
	Design of Experiments

	Week 12
	Design of Experiments

	Week 13
	Design of Experiments

	Week 14
	Final Report & Presentation

	Week 15
	


*Topics

Topic 1   Overall Column Efficiency

Topic 2   Centrifugal Pump

Topic 3   Fluid Flow in a Packed Tower

Topic 4   Fluid Flow in Pipes

. 

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).

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 the Chemical Engineering Department. 

· 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

· Dr. Martin’s critical evaluation of perceived problems that affected students’ performance. 
4.  New Plans for Addressing Problems

· Instructor’s plans for addressing the perceived problems the next time the class is taught.
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 4011 P04 CHEMICAL ENGINEERING LABORATORY II
FALL 2019 SEMESTER



Report Prepared by: Dr. Lealon L. Martin


Report Date:
December 19, 2019  



	Semester
	Analysis Type
	Number of Students
	Outcome 3
An ability to communicate effectively with a range of audiences.
	Outcome 5
An ability to (1) function effectively on a team whose members together (2) provide leadership, create a collaborative and inclusive environment, (3) establish goals, plan tasks, and meet objectives.

	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 Meeting

Expected Average
	Expected Average
	Class Average
	% Students Meeting

Expected Average
	Expected Average
	Class Average
	% Students Meeting

Expected Average

	Fall 2019
	Direct
	12
	75
	82.0
	100.0
	75
	81.0
	55.0
	75
	80.0
	50.0

	Fall 2018
	Direct
	16
	75
	82.5
	100.0
	75
	75.0
	38.5
	75
	79.7
	75.8

	Fall 2017
	Direct
	20
	75
	72.2
	75.0
	75
	60.0
	25.0
	75
	72.2
	75.0

	Implementation Summary
	
	Lab report format distributed to students and discussed.  A class on how to prepare reports/presentations added. 
	Evaluation of student participation in and out of the laboratory.    
	Practice sessions in laboratory describing procedures for data acquisition and analysis.  

	Perceived Problems
	
	Students still struggle to write logical conclusions based on a coherent analysis of data and theory. 
	Uneven participation in conducting the laboratory experiments and preparing the corresponding Lab. Report.  There is oftentimes poor communication between group members and poor project and time management among group members.
	Students perform well the data acquisition part of the experiment, but fail in data analysis.  This issue leads to wrong conclusions.  There is a severe lacking in their ability to extract deep insights and make connections between collected data and its correlation with theoretical expectations.

	Plans for Addressing Problems
	
	The instructor should

1. Spend time of reviewing various types of data analysis, although this should be covered well before the senior year.

 2.  Continue discussing the reports with the students.  

3.  Continue encouraging students to discuss their reports/presentations with the instructor BEFORE turning them in.  

4. Continue holding sessions to discuss reports and how to avoid common mistakes. 
	The instructor did:

1.  The instructor provided opportunity for confidential evaluations between group members.

2.  The instructor evaluates student participation by direct observation plus give individual quizzes when appropriate.   


	The following is recommended for implementation next course offering:

1. Draft data analysis will be required during lab. class. Quizzes will be administered to stress the need for proper data analysis.  

2. Students will be encouraged to check their lab. Reports before turning them in.

3. Sessions to discuss lab. reports mistakes. 

	Overall Trend over Periods
	
	Students’ performance continues to increase with respect to previous semesters. The performance increased is due to the oral presentations and second-chance revisions and resubmission of the first lab report. However, more work on writing reports and technical writing is needed. Hopefully this can be addressed in CHEG 3011.   
	The class average has improved reaching the expected average. However, more work is needed due to the slow percentage of students reaching the expected value.   Ways to motivate students are required. The instrumentation plan should be emphasized. 
	The class average has increased to reach above expected value.  However, more work is needed.   Ways to motivate students are required. 

	Were Expectations Met?
	Average≥70%? and 

≥70% students avg. ≥70%?
	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
CHEG 4011 P02 CHEMICAL ENGINEERING LABORATORY II Fall 2019

	
	Outcome 3
	Outcome 5
	Outcome 6

	STUDENT
	SCORES
	SCORES
	SCORES

	1
	74
	80
	95

	2
	74
	80
	70

	3
	74
	80
	48

	4
	74
	80
	90

	5
	74
	70
	95

	6
	74
	70
	90

	7
	74
	70
	85

	8
	74
	70
	0

	9
	97
	92
	98

	10
	97
	92
	100

	11
	97
	92
	98

	12
	97
	92
	92

	 
	
	
	 

	AVERAGE
	82
	81
	80





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

CHE LABORATORY II
FALL 2019
Instructor:  Dr. Lealon L. Martin
Title of Assignment


Outcome Measured Using this Assignment


    Check the complex engineering problem characteristics related to this assignment

	Assignment problem

	x
	Abstract

	x
	Theory

	x
	Procedure

	x
	Results and Discussion

	x
	Conclusions


Brief justification of why this assignment is suitable for this outcome


[image: image1.jpg]DEPARTMENT OF CHEMICAL ENGINEERING
CHEG 4011
CHEMICAL ENGINEERING LAB. 11

DESIGN OF EXPERIMENTS PROJECT

During the course students are expected to design and operate, or simulate, a typical course
experiment. The experiment will be chosen by the students from a provided list or students’
suggestions. The subject matter should be relevant to the subjects dealt with in the specific
laboratory. The work will be done by the same groups performing experiments. The chosen
experiment will be defended in an open presentation by the end of the semester. A written report
may be also required.

Procedure
The students should follow the following procedure:

Subject selection.

Define the goals and objectives of the experiment.

Research any relevant theory and previously published data from similar experiments.
Select dependent and independent variable(s) to be measured or controlled.
Describe an appropriate procedure for the experiment.

Select appropriate chemicals for the experiment to be conducted safely.
Select appropriate methods for measuring/independent variables.

Propose appropriate equipment and instrumentation.

9. Select the proper range of the independent variable(s).

10. Design a method to process the results.

11. Indicate what kind of conclusions you expect.

B o U

Students will be graded accordingly to how well they address the previous issues.

Deliverables
By mid-term the students should provide a one page summary including

Title.

Goals (one paragraph).

Abstract (one or two paragraphs).

Brief description of experimental procedure (one or two paragraphs).
Expected results (one or two paragraphs).

0 B 19 B

Final Presentation

On final week, or any suitable agreed upon time, each group of students will present their
design NEW experiment orally. The presentation will contain the same elements as a
formal laboratory report listed below:



[image: image2.jpg]1. Abstract.

2. Theory.

3. Procedure.

4. Results and Discussion.
5. Conclusions.

Students should include either simulated data or data from similar experiments as example of
what results are expected from the experiment and how the results should be handled. These
manipulations should include error and statistical analysis.

A discussion about the suitability of the experiment and the estimated accuracy should be
included in the discussion.

Revised by: Dr. Lealon Martin Date: August 2019




[image: image3.jpg]Design of Experiments

Analysis of a Fractional
Distillation Column

CHEG 4011-P04
Dr. Martin
Prepared by:

Cayla Guillory
Nigel Brooks Jr.
Saheed Ade
Michael Aliado
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[image: image5.jpg]Goals

Calculate at Total Reflux:

Overall column efficiency as a function of boil-up rate.

Average column temperature profiles.

Create a successful experiment where classroom fluid mechanic and separation topics are
applied by Prairie View Students in the Separations Lab.



[image: image6.jpg]Abstract

®  Scparation of an equimolar ethanol-water misture is carried out using alaboratory scale distillation
column

®  To determine the cohumn cfficiency as afunction of boil-up rate, at total reflux, plot the temperature
profles along the column and perform amass balance across the system.



[image: image7.jpg]Theory

o Distllation is amethod of separating and purfying liquids based on their relative bolling points of cach
individual component

®  More volatile components will move up the column, and less volatile components will cascade down the
column



[image: image8.jpg]Theory

o Column efficiency is given by the equation

g = Theoretical number of trays
= Thecreticd’ mumber of trays

Actual number of trays

e The number of theoretical trays can be determined by using the Fenske equation, shown below

N =

log (@ave)



[image: image9.jpg]Theory

‘The number of theoretical trays can also be found by graphing the equilibrium, feed, and operating
lines of the column. This is known as the McCabe-Thiele method.
The VLE graph for an ethanol-water binary system is shown below

e
10




[image: image10.jpg]Theory(cont)

For adistllation column operating at total reflux, assuming
constant molar overflow condition is satisfied,ic. that the
molar flow rates of both the liquid 2nd vapor phases are the
same atall stages.

A material balance can be considered between the r-th stage
and the top of the column (area enclosed by the dashed
rectanglein Figure 1). The material balances for the entire
misture and the volatle component are V=L and Vy,.,=
L gespectively

Here,x, and y, are the molar fractions at the -th stage. The
‘material balances yield the following operating line equation:

y=x




[image: image11.jpg]Aspen Simulation




[image: image12.jpg]Equipment

Anmfield UOP3CC Distillation column
Annfield interface device Windows PC with Armifield UOP3CC software installed.
Stopwatch.

Graduated cylinder.




[image: image13.jpg]Procedure

©  Setup the distllation column unil an effect of steady frotting/bubbling on alltrays and fotal refhx is
achieved

©  Allow for atleast 35 mimtes for equiibriom  conditions within the column to be achieved.
®  Take samples of condensate using graduated cylinder and a stopwatch to record the fime needed

©  Openvalve 3 to collect ethanol samples atleast three times and take the average valve to find boil-up
rate.

©  Using the refractive index, determine ethanol composition in the samples taken

©  Record the temperature value at the top of the column T1 and bottom T8 tray of the cohum to calculate
the average column temperature.




[image: image14.jpg]Results

Time(min)
0.145
0.163
0.177

average

volume(L)
0.190
0.193
0.198

T8(°C)
81
83
82
82

T1(0)
75
72
77
75

Boil-up(I/min)
731
709
67.8
712



[image: image15.jpg]Results (Cont)

Density of EtOH = 0.789 g/mL
Density of Water = 1.0 g/mL
MW of EtOH = 46.07 g/mol
MW of Water = 18.02 g/mol
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[image: image18.jpg]Boil-up Ratio Calculations

Boil-up Ratio = 1.0




[image: image19.jpg]Boil-up Ratio Calculations (cont.)

Boil-up Ratio =3.0




[image: image20.jpg]Boil-up Ratio Calculations (cont.)

Boil-up Ratio =5.0




[image: image21.jpg]Boil-up Ratio Calculations (cont.)




[image: image22.jpg]Tray Efficiency with Respect to Boil-up Ratio

The tray efficiency was
calculated using Fenske’s
equation, where we could 0655
obtain relative volatility at
different boil-up ratios

066

065

064

0635

063

Tray Efficiency with respect to Boil-up Ratio

J 2 4 6 8 10
Boil-up Ratio

12
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‘Potential Disturbances:

Column pressure has a direct effect on the relative volatiity of the key components in the column.

Changesin the column pressure can significantly affect product compositions.
Feed composition upsets: a feed composition change shifts the composition profile through the column resultng in alarge

upsetin the product compositions
®  Volatlity order can change: azeotropes



[image: image24.jpg]Safety/Cost

Safety:

e Non-hazardous materials

«  Moderately low/medium temperature.

o ProperPPE
Equipment: Armfield Distillation Column

s Cost-$60.000.00

e Low maintenance and minimal care required.
Timing

s Approximately 25 minutes per experiment

e Can be completed within the allotted class time.
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Lashavio Little
Cory Odeniyi
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[image: image28.jpg]OBJECTIVE

>  Demonstrate how a range of conditions affect the flow of fluid
> Examine laminar, transitional and turbulent flows
> Determine the conditions under which these flows occur in.



[image: image29.jpg]ABSTRACT

In this experiment we will determine the flow characteristics of the fluid by
inserting dye into the stream

> Wewill then compare the results with the calculated Reynolds number (Re)
to determine the transition of the fluid
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Prof. Osborne Reynolds conducted the experiment in the year 1883.
This was conducted to demonstrate the

existence of three types of flow :

1.Laminar Flow

2. Turbulent Flow

3. Transitional Flow



[image: image31.jpg]INTRODUCTION

1.Laminar Flow.

Laminar flow is defined as that type of flow in which the fluid particles move along well defined
paths or streamlines and all the streamlines are straight and parallel
Factors responsible for laminar flow are

> High viscosity of fluid

> Low velocity of flow
> Less flow area



[image: image32.jpg]INTRODUCTION

2. Transitional flow

YYVYY

Transitional flow is defined as a mixture laminar and turbulent flow
Laminar flow will be on the inside of the pipe

Turbulent flow will be on the outside of the pipe

The flow is unstable because if turbulence



[image: image33.jpg]INTRODUCTION

3.Turbulent Flow:
Turbulent flow is defined as that type of flow in which the fluid particles move is a zigzag way.
The Fluid particles crosses the paths of each other.
Examples are,

> Flow in river at the time of flood.
> Flow through pipe of different cross- section.




[image: image34.jpg]Dye filament

— /
Reynold’s Observation

(a) Laminar flow

1. At low velocity, the dye will move in a line Wavy filament

parallel to the tube and also it does not get
dispersed. m

2. At velocity little more than before the dye (b) Transition

moves in a wave form. /lefuscd filament
3. At more velocity the dye will no longer move == %;:i—::—“—’:: S====223
in a straight S e

(C) Turbulent flow




[image: image35.jpg]THEORY

> Reynolds number is a dimensionless number that is used
in order to predict the behavior of the flow in pipes.

> Afluids flow behavior can be characterized as laminar,
transitional, or turbulent

Reynolds number can be defined as:

R UD
=Y

Where,

R. = Reynolds number

U = Fluid Velocity, (m/s)
iameter (0.015 m)

V = Kinematic viscosity (0.89 x10~°m?/s)

®

©
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[image: image36.jpg]THEORY

> In order to calculate Re the flow rate and fluid vel ocity need to be cal culated first

Fl te, A
patitie (1) Flitid Veloeityu Gfsy= Lok Tate (m/s)

Flow rate,Q(L/s)= —g =0 3 Area (m?)

1000L = 1m® Area =1.767 x 10~'m?
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Laminar Flow: Re <2000

Transitional: 2000 < Re < 4000

Turbulent: Re > 4000

Laminar
Flow

Transition
Flow

Turbulant
Flow
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[image: image38.jpg]REYNOLDS APPARATUS COST

F1-10 hydraulics bench $6,968 (Armfield)

The F1-20 Reynolds demonstration apparatus, $4,701 (Armfield)
Graduated cylinder for measuring flow, $15

Stopwatch for timing the flow measurement $10

Thermometer $25

Shipping, handling, and Installation $350 (From Houston)

YYVYVYYY

Total Cost: $12,069
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[image: image39.jpg]EXPERIMENTAL SET-UP

\

Position the Reynolds apparatus on a fixed, vibration-free surface (not on the hydraulics bench), and
ensure that the base is horizontal and the test section is vertical.

Connect the bench outflow to the head tank inlet pipe.

Place the head tank overflow tube in the volumetric tank of the hydraulics bench.

Attach a small tube to the apparatus flow control valve, and clamp it to a fixed position in a sink in the
lab, allowing enough space below the end of the tube to insert a measuring cylinder.

The outflow should not be returned to the volumetric tank since it contains dye and will taint the flow

visualisation.
14



[image: image40.jpg]PROCEDURE

>

Start the pump, open flow control valve and bench
valve, fill tank head with water until it reaches the
overflow tube, ensure dye valve is closed

Add dye to the reservoir, and make sure it is
centered

Adjust the bench valve and flow control valve to
return the overflow rate to a small amount

Adjust the flow control valve to reach a slow
trickle outflow, then adjust the dye control valve
until a slow flow with clear dye flow is achieved.

Height adjustment screw

Head tank

Bellmouth entry

Inlet pipe

Glass pipe

Adjustable feet

Dye Reservoir

Dye flow control valve

Dye injecting needle

Overflow pipe

Glass marbles

Flow control valve

Outlet pipe
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[image: image41.jpg]PROCEDURE

A

A

Measure the volumetric flow rate by timing the
collected water

Observe the flow patterns

Increase the flow rate by opening the flow control
valve

Repeat the experiment to visualize a laminar,
transitional and turbulent flow

As the flow rate increases, adjust the bench valve to

keep the water level constant in the head tank

Dye Reservoir

Height adjustment scre
e ATl Dye flow control valve

Head tank Dye injecting needle

Bellmouth entry

Overflow pipe
Glass marbles

Inlet pipe

Glass pipe

Flow control valve

Outlet pipe

Adjustable feet
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[image: image42.jpg]RESULTS FOR LAMINAR FLOW

Volume | Time | Flow rate,Q | Flow rate, Q | Fluid Velocity, U Reynolds
(L) (s) (L/s) (mYs) (m/s) Number
03 23 00130 13000 x 107 0.0736 1240.4494
03 23 00130 13000 x 107 0.0736 1240.4494
03 28 00107 10700 x 107 0.0606 1021.3483
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[image: image43.jpg]RESULTS FOR LAMINAR FLOW

> Calculating the flow rate

Q=3
=0.0130L/s =0.0107 L/s

Q >
=00130L/s

0.0130L [ 1m _ 0.0130L ( 1m? _ 0.0107L ( 1m®
0= ( ) =" 1000L Q=73 1000L

s \1000L
~1.3000 x10-5m?/s 23000 x107°m®/s =1.0714 x107m%/s
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[image: image44.jpg]RESULTS FOR LAMINAR FLOW

> Calculating the fluid velocity

y, = 13000 x10m/s 13000 x10-5m?/s 10700 x10-m¥/s
1T 1767 x10-m? b= T w10 *T 71767 x10*m?
=00736m/s = 00736 m)s = 0.0606 m/s
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[image: image45.jpg]o1

RESULTS FOR LAMINAR FLOW

_ (0.0736m/5)(0.015m)

0.89 x10-6m2/s
=1240.4494

2

_ (0.0736m/5)(0.015m)

_ (0.0606m/5)(0.015m)

0.89 x10-6m2/s
=1240.4494

es =

0.89 x10-6m2/s
=1021.3483
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[image: image46.jpg]RESULTS

_ (0.0736m/5)(0.015m) _ (0.1064m/s)(0.015m) _ (03396m/5)(0.015m)
€17 0.89 x10~6m?/s 7 089 x10-°m?/s 77 7 0.89 x10-6m?/s
=1240.4494 =1793.2584 =5723.5955
_ (0.0736m/5)(0.015m) _ (01415m/$)0015m) | o _ (0.2428m/5)(0.015m)
€27 7 0.89 x10-°m?/s 57 7089 x10-6m?/s 87 770.89 x10-6 m?/s
=1240.4494 =2384.8315 =14092.1348
_ (0.0606m/5)(0.015m) _ (0.1545m/s)(0.015m) _ (03396m/5)(0.015m)
T 0.89 x10-6m?/s €T 0.89 x10-6m?/s @7 0.89 x10-6m2/s
=1021.3483 =2603.9326 =5723.5955
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[image: image47.jpg]DISCUSSION

As the flow rate increased the Re increased
A laminar flow, transitional flow, and
turbulent flow were seen as the dye went
through the pipe

=
>
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[image: image48.jpg]SAFETY

PROTECTIVE CLOTHING - Lab coat or Jackets MUST be worn all times
FOOTWEAR - fully covered shoes with strong grip
EYE PROTECTION — Goggles that are sealed from chemical spills

ELECTRICITY — Sometimes the floor may be wet. Therefore, cables must be suspended and not lying
on the floor. All cables and hoses should be routed to avoid walkways.

LAB MANUAL — All participants must fully understand the lab before starting the experiment.

FOOD AND DRINKS — There should be NO EATING in the laboratory. Smoking is strictly prohibited in
all laboratories.
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[image: image49.jpg]Conclusion

> The results confirms Reynolds Observation by showing all the three flow characteristics
> This experiment can be altered by adjusting other variables in Reynolds number equation
(viscosity, diameter, density) to see how these variables can affect fluid flow

24
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26



[image: image52.jpg]THEORETICAL RESULTS

Volume | Time | Flow rate, Q | Flow rate, Q | Fluid Velocity, U Reynolds
(L) (s) (LJs) (m's) (m/s) Number
0.3 23 0.0130 1.3000 x 10~ 0.0736 1240.4494
0.3 23 0.0130 1.3000 x 10~ 0.0736 1240.4494
0.3 28 0.0107 1.0700 x 10~ 0.0606 1021.3483

Volume Flow rate, Q | Flow rate, Q | Fluid Velocity, U Reynolds
(L) (Lfs) (m’s) (m/s) Number
0.3 0.0188 1.8800 x 107 0.1064 1793.2584
0.3 0.0250 2.5000 x 10~ 0.1415 2384.8315
0.3 0.0273 2.7300 x 10~ 0.1545 2603.9326

Volume Flow rate, Q | Flow rate,Q | Fluid Velocity, U Reynolds
(L) (s) (Ls) (m/s) (ms) Number
03 5 0.0600 6.0000 x 10° 0.339 5
0.3 7 0.0429 4.2900 x 10~ 0.2428 8
0.3 5 0.0600 6.0000 x 10~ 0.3396 5
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[image: image53.jpg]THEORETICAL RESULTS
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[image: image54.jpg]THEORETICAL RESULTS

_ 13000 X107 m/s

1.8800 X107 m¥/s

6.0000 X107 m3/s

= :
* 1.767 x10-*m?
=0.0736m/s

1.767 x10~*m?
0.1064 m/s

1.767 x10-*m?
3396 m/s

1.3000 X107 m3/s
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Uy= Us= - ily= -
% 1.767 x10~*m? Z 1.767 x10~*m? * 1767 x10~*m?
=0.0736m/s =0.1415m/s = 02428 m/s
1.0700 x107°m?/s 2.7300 x1075m3/s 6.0000 X107 m3/s
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1.767 x10-*m?
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[image: image55.jpg]THEORETICAL DATA

_ (0.0736m/5)(0.015m) _ (0.1064m/s)(0.015m) _ (03396m/s)(0.015m)
1T 0.89 x10~m?/s " " 0.89 x10-5m?/s Rer = 089 x10% m?/s

=1240.4494 =1793.2584 =5723.5955

|

_ (0.0736m/5)(0.015m) _ (0.1415m/s)(0.015m) _ (02428m/s)(0.015m)
€27 770.89 x10-6m?/s €7 7 0.89 x10-5m?/s 7 770.89 x10-6 m?/s

=1240.4494 =2384.8315 =14092.1348

_ (0.0606m/5)(0.015m) _ (0.1545m/s)(0.015m) _ (03396m/5)(0.015m)
T 0.89 x10-5m2/s T 0.89 x10-6m?/s 7 0.89 x10-6m?/s

=1021.3483 =2603.9326 =5723.5955
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[image: image56.jpg]Tray Efficiency

By: Zeshan Rizvi, Kinza Rizwan, Kayla Randall and Natalie
Russell




[image: image57.jpg]Goal of Experiment

Observe the continuousdistillation of an azeotropic mixture of ethanol
and water

Investigate the relationship between feed position and tray efficiency
Compare the theoretical tray efficiencies with the expected results.




[image: image58.jpg]Vapor-Liquid Equilibrium Data for Ethanol-
Water Binary Mixture

2

Ideal mixtures: One component is more
volatile than the other

o Distillation process depends on the
difference in volatility
Azeotropic mixture: same

concentration in vapor and liquid phase

y(Ethano1) (mo1/mol]
& e e ¢

© o1 02 03 04 05 08 o7 08 05 1
*(Ethano1) [nol/no1]




[image: image59.jpg]What is Distillation?

Distillation isa separations process in which vaporis formed by the heating of
a liquid.The vaporis then captured when cooled separate from the liquid.

Condenser

e
awmmnwnw[ e

1 oy e

In the rectifying section the aim is to
concentrate the lighter component in  Rectifring section
the vapor phase i
In the stripping section the aim is to mmim
concentrate the heavier component in ‘
the liquid phase




[image: image60.jpg]Hypothesis

We hypothesize that as we raise the feed tray location too
high, the tray efficiency will decrease and if we lower it the
tray efficiency will increase.




[image: image61.jpg]Murphree Tray Efficiency Formula

Murphee Vapor Ef ficiency for stagen

Yn — Yn+1

¥, = mol fraction of vapor leaving tray
Y1 =molfraction of vapor enteringtray

¥4 = theoretical mol fraction of vapor leavingat
equilibrium




[image: image62.jpg]Fixed Variables

In order to carry out this experiment, we
will fix all the variables, except the feed
position.

Fixed Variables: Independent variable: Feed location

Temperature Dependent Variable: Tray efficiency
Reflux ratio

Pressure of the column
Condenser duty
Number of trays

Feed composition




[image: image63.jpg]Distillation Apparatus

Armfield UOP3CC Distillation Column
8 theoretical stages
e Sieve Trays

® Reboiler

e 3 Feed Stage Locations
o Top
o Mid-point

© Bottom

Armfield UOP3CC Distillation Column




[image: image64.jpg]Estimated Cost

Materials/Equipment

Estimated Cost

Armfield UOPCC3 Distillation Column

Refractometer

1 Liter of Ethanol

3 Syringes

$60,000

$4,250

$110

$4

3 (50mL)Beakers




[image: image65.jpg]Experimental Procedure

A. Setting up the distillation column

1

Open the Armfield UOP3CC distillation column software:
on the laboratory computer.

2. Setthe pump to desired pump setting

Set the reflux ratio to 5:1 in the software interface.

B. Obtaining sample from travs

1. Obtain a syringe for sample collection.

2. Locatetray 5 and place syringe in port located on the
side of the column.

3. Obtain 3 samples each in the amount of 5 mL using
syringe.

4. Label sample and record temperature.

Repeat steps 1-4 at two additional feed positions. Feed Stage Locations on Column
10




[image: image66.jpg]Experimental Procedure

C. Using refractometer to determine composition (mol %) of ethanol

1. Tum on the refractometer and open dial for the prism so that it is
towards you

Clean the surface of the secondary prismwith an alcohol lens
wipe

Look through the eye-opening and rotate the measurement dial
until the boundary fine appears in the field of refraction view.

Rotate the color compensator knob to achromatize the boundary
line without any reddish or biuish tinge.

Carefully place a small amount of sample (2-5 drops) on prism
and obtain the refractive index. Refractometer

Repeat steps 1-5 for mutiple samples.




[image: image67.jpg]Feed Location for McCabe Thiele Method

Equilibrium Equilibrium
curve cunve

o tngsheatl smatraycioms Feed stage located one tray (oo high.




[image: image68.jpg]Optimum Feed Location for McCabe Thiele
Method

Optimum feed stage location.




[image: image69.jpg]Theoretical Results

Theoretical tray efficiency is 65%.

If the position of the feed is set to enter at the top of the column the
tray efficiency will decrease, if all other parameters that can affect tray
efficiency are held constant.

If the position of the feed is set to enter at the bottom of the column
the tray efficiency will increase, if all other parameters that can affect
tray efficiency are held constant.




[image: image70.jpg]Aspen Simulation Flow sheet




[image: image71.jpg]Theoretical Results

Distillate

Feedentersat tray 7 Feedcom. Bottoms

ethanol mol fraction 0.5 0.575281 0.0488412

water mol fraction 0.5 0.42472 0.951154
Feedentersat tray 5 Feedcom. Distillate Bottoms
ethanol mol fraction 0.5 0.581837 0.00955244

water mol fraction 0.418166 0.990434




[image: image72.jpg]Theoretical Results

Feedentersat tray 2

Distillate

ethanol mol fraction

0.582324

0.00663242

water mol fraction

0.417679

0.993348




[image: image73.jpg]Properties of Ethanol

Melting Point
Boiling Point
Flash Point

Physical and Chemical Properties
-130°F
170.8°F
57°F

Autoignition Temperature
Physical State

Appearance

685°F
Liquid

Clear



[image: image74.jpg]Safety: Ethanol

National Fire Protection Association
Health Hazard: Slight to moderate irritation

Fire Hazard: High flammability with ignition likely
under most conditions

Instability Hazard: Unstable if heated

Special Hazard: No common special character for
ethanol

Clear, coloress liquid with a srong
‘odor.Irating o the eyesirespiratory
tract Also causes: inhalation of high
‘concentrations can cause headache,
dizziness, nausea, and stupor.
Chronic: dermatiis, ver cirthosis via
ingestion. Flammab




[image: image75.jpg]Recommendation

o Conduct experiment in lab and collect experimental data
e Studythe effects of other variables on tray efficiency

o Temperature of the column

o Pressureofthe column

o Composition of the feed




[image: image76.jpg]Conclusion

Our theoretical data correlates with our hypothesis.
When feed location was lowered, distillate composition of ethanol increased, which implicates an
improved tray efficiency

When feed was raised, distillate composition of ethanol decreased, which implicates a lowering of
tray efficiency
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TASKS FOR OUTCOME 5
An ability to (1) function effectively on a team whose members together (2) provide leadership, create a collaborative and inclusive environment, (3) establish goals, plan tasks, and meet objectives.


CHEMICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

CHE LABORATORY II
FALL 2019
Instructor:  Dr. Lealon L. Martin
Title of Assignment


Outcome Measured Using this Assignment


Check the complex engineering problem characteristics related to this assignment
	Assignment problem

	x
	Abstract

	x
	Theory

	x
	Procedure

	x
	Results and Discussion

	x
	Conclusions


Brief justification of why this assignment is suitable for this outcome
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FORMAT FOR LABORATORY REPORTS

Reports will be graded as followed:

TECHNICAL ENGLISH TOTAL
ASPECTS

ABSTRACT 5 + 5 10
THEORY 10 + 5 15
PROCEDURE

(with schematic) 10 + 5 15
DATA & RESULTS 30 + 0 30
DISCUSSION 15 + 5 20
CONCLUSIONS _10 + 0 10

80 + 20 100%

Reports should include:

TITLE PAGE

The name of the experiment

The names of lab partners

The date

Optional: a photo of the experiment apparatus

Titles should be straightforward and informative, but not too wordy (i.e., Not “Lab #4”, but “Lab
#4: Pressure Drop Analysis to Evaluate Hydrodynamic Characteristics of Packed Bed Gas
Absorption™).

ABSTRACT
The abstract summarizes four essential aspects of the report:

1. The purpose of the experiment or the report

2. Key findings

3. Significance (or relevance) of those findings

4. Major conclusions drawn
It should also give a brief reference to theory or methodology. The information should clearly
enable readers to decide whether they need to read your whole report. One — three paragraphs,
100-200 words.

When writing your report, make sure your abstract is grammatically crisp.
o Be aware of tenses —“We performed the experiment” (past tense) but “Results suggest”
(present tense).
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e Do not mix tenses: — “the pressure drop is increasing when the air flow rate increased”
versus — “the pressure drop in the column increases as the air flow rate is increased.”

e Avoid contractions (e.g. use “do not” instead of “don’t”, “is not” instead of “isn’t”, etc.)

e  Write your report using the third person (he, she, it, they, his, hers, their(s)) rather than
the first person (I, we, my, mine, our(s)) or the second person (you, your(s)).

e Use the Active Voice when it is important to give instructions or directions, so that the
reader is informed about who or what (the subject) is doing the action to whom (the
object). Although the active voice is encouraged there may be instances where it may be
more appropriate to use the passive voice to avoid overuse of the first person in sentence
construction. Reference: https://www.englisherammar101.com/module-3/verbs-types-
tenses-and-moods/lesson-13/active-vs-passive-voice

e Do not include superfluous data — details are better placed in the relevant section of the
lab report, not the abstract.

e Avoid disjointed reporting —~AABBCC, not ABCBCA

o  Write tight sentences —shorter is better, but do not be afraid to use “-” or “()”’s

Example:

“Water is required for various needs: in agricultural irrigation; for direct population use —
sanitation and drinking water; for industrial process water use in fire suppression/sprinkler
system and thermal management and other industrial uses, for example the food and beverage
industry. Regardless of the end-use of the water, addition of biocides is routinely performed to
maintain a disinfected environment where microorganisms are maintained below some specified
contaminant level. This step is especially important if the water will be stored for any length of
time. The persistence of biocides in water after initial loading can prevent or mitigate biofouling
of process equipment, maintain personnel health and safety by preventing the transmission of
waterborne diseases such as Legionnaires disease and inhibit microbiological induced corrosion
in piping networks. This talk will discuss the meaning of appropriate water quality from the
industrial process water use perspective and provide an overview the treatment methods used to
achieve water quality objectives.”

THEORY
The Theory section should be more narrowly focused and detailed than the abstract. This section
should begin with an introduction or background to the experiment. Here you:
e State the objective of the experiment
o Provide the reader with background about the experiment. All background should be
relevant to the experiment, the data collected, and to the methods used to analyze the
data. All background material should be cited by reference... No opinions!
e Start by stating the topic of your report clearly and concisely, in one or two sentences, for
example:

“The purpose of this experiment was to study the hydrodynamic performance and characteristics
of a packed gas absorption column. [cite reference]. One important hydrodynamic characteristic
in a packed gas absorption column is the relationship between air pressure drop and air flowrate.
[cite reference]. This relationship was determined by conducting several experimental runs on an
Air-Water-CO; Gas Absorption apparatus at various gas-liquid flow conditions. [cite reference].
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As shown in Figurel, a gas absorption colurmn...”

Include one or more schematics here (with citations/references). NOTE: the schematic
referenced may already be included in the Procedure section, in which case, it is sufficient to
reference it rather than duplicate it in this section.

~

Owlug ]
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ﬂ Rotancter Pucking Inlet air
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Outlet liquid, Xe .

Figure 1. Schematic of CO./water absorption system

After your introduction, follow up with background theory or formulas needed to fully
understand the objective(s) of the experiment
o Labs are intended to illustrate important physical laws or principles —be sure to discuss
(and cite) any theory relevant to the report.
e Restrict your writing to what is needed to analyze data and compute results
e Theory should include an explanation of any equaticns that will be used in process data
Every formula should be explained. Every formula should be used. Every formula (and
its supporting information) should be cited by reference.

EXPERIMENTAL PROCEDURE

Describes the process in chronological order. Use clear paragraph structure, Explain all steps in
the order they achually happened — not as they were supposed to happen. 1f you have done it
right, ancther experimenter should be able to duplicate your experiment. This section should
include a schematic diagram of any equipment used in the experiment. If procedures are
standard, as in standard analytical chemistry analyses, reference the equipment make and model
and state that a standard analysis was done using the said equipment. No further description is
needed

DATA AND RESULTS
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This section deals with how to handle the presentation of data and how to relay information that
has been gleaned from the data. The data acquired during the course of the experiment is
referred to as the “raw data”. It is preferable to include a graphical presentation of the raw data
over tabulated data in the body of your report. This is especially the case if you are reporting
results from data acquisition software, where, oftentimes, the data are taken with respect to time.
In such instances, presentation of a single plot of the variable of interest vs. time, may be
considered representative of other such data. If the amount of raw data is excessive, consider
presenting it as an appendix, if inclusion of this data would add value to the report.

Your job is to extract the maximum information that you can from your raw data. To that end,
use the equations or formulas discussed in the Theory Section to provide insight about the
system under study. Display your calculated results graphically (first choice) or in a table, you
want to call special attention to the calculated results. Remember your calculated data should be
plotted against some variable(s) under study in the experiment to extract maximum information.
Statistical analysis of data whenever feasible is desirable, e.g. least square curve fit procedures
and calculation of standard deviations.

Include Sample calculations (only one sample per equation may be necessary), tables, and
figures.

Graphics need to be clear, easily read, and well labeled. Reference them in your discussion. Use
a couple of sentences to draw and focus the reader to your tables and figures. Graphs must
include axes labels, legend/key and a figure caption at the bottom of the graph. Tables must
include a table caption at the top of the table. Label Figures and Tables sequentially throughout
the experiment, so that you may reference them within the experiment if necessary.

DISCUSSION
In the Discussion Section you show that you understand the experiment beyond the simple level
of completing it.

e Explain. Analyze. Interpret.

e Explain: Focus on a question of understanding “What is the significance or meaning of
the results?” What do the results indicate clearly? What have you found?

e Analyze: Results should be discussed relative to how well they agree with theoretical or
expected results, or standard correlations. Analyze experimental error.

e Any scatter in the data should be explained if possible.

o Interpret: What is the significance of the results? What ambiguities exist? What
questions might we raise? Find logical explanations for problems in the data. A
significant amount of effort should be devoted to explaining the reasons for any
unexpected result.

o Explain what you know with certainty based on your results and draw conclusions.

e Analyze the strengths and limitations of your experimental design. Make
recommendations for improvements in either equipment or procedures.

CONCLUSIONS
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The Conclusions Section should provide a short summary about the report. It differs from the
abstract in that it includes a future-looking statement re: further studies, in addition to a general
statement of the results based on the experimental objectives.
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[image: image84.jpg]* Title Page

* Abstract — a short paragraph

* Introduction — a page

* Theory — a couple of pages

* Experimental Procedure — as needed

* Results/Discussion — as needed

* Conclusions — a short paragraph

* References — at least 5 references (not including lab manual)
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[image: image85.jpg]* Grade your own report before submitting it

* Technical Merit (65 points)
— Abstract (10 points)
— Introduction (10 points)
— Theory (10 points)
— Experimental Procedure (5)
— Results/Discussion (25 points)
— Conclusions (5 points)
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* Broader Impacts (35 points)
— Grammar and Mechanics (15 points)
— Structure and Organization (10 points)
— Technical language (5 points)
— Overall clarity (5 points)
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[image: image87.jpg]The name of the experiment

The names of lab partners

The date

Optional: a photo of the experiment apparatus

Titles should be straightforward, informative, and less than
twelve words (i.e., Not “Lab #4”, but “Lab #4: Pressure Drop
Analysis to Evaluate the Hydrodynamics Characteristics of
Packed Bed Gas Absorption”).
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[image: image88.jpg]* Include Sample calculations, tables, and figures

* Graphics need to be clear, easily read, and well labeled
— reference them in your discussion

— use a couple of sentence to draw and focus the reader to
your tables and figures

* Note on Appendices:

— providing a sample calculation is sufficient in the report.
Leave the remainder in an appendix

— raw data can be placed in an appendix.
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[image: image90.jpg]* Include Sample calculations, tables, and figures

* Graphics need to be clear, easily read, and well labeled
— reference them in your discussion

— use a couple of sentence to draw and focus the reader to your
tables and figures

* Discussion is the most important part of your report

— you show that you understand the experiment beyond the simple
level of completing it

— Explain. Analyze. Interpret.

— focus on a question of understanding “What is the significance
or meaning esults?”
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[image: image91.jpg]* What do the results indicate clearly?
* What have you found?

* Explain what you know with certainty based on your
results and draw conclusions
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Analyze experimental error

Relate results to your experimental objective(s)

Compare your results to similar investigations

Analyze the strengths and limitations of your
experimental design
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[image: image94.jpg]*  More narrowly focused and detailed than the abstract
¢ States the objective of the experiment

¢ Provides the reader with background about the experiment

— All background should be relevant to the experiment, the data collected, and to the methods used to analyze
the data

— This is also a good place to briefly describe the overall process or experimental apparatus under study and its
operation

— All background material should be cited by reference ... No opinions!
* Start by stating the topic of your report clearly and concisely, in one or two sentences, for example:

“The purpose of this experiment was to study the hydrodynamic performance and characteristics of a
packed gas absorption column. [CITE]. One important hydrodynamic characteristic in a packed gas
absorption column is the relationship between air pressure drop and air flowrate. [CITE]. This
relationship can be determined by measuring the pressure drop across a gas absorption column
apparatus at various gas-liquid flow conditions. [CITE].

As shown in Figure 1, a gas absorption column ...”
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Figure 1. Schematic of CO./water absorption system




[image: image96.jpg]* Provides background theory or formulas needed to fully
understand the objective(s) of the experiment

* Labs are intended to illustrate important physical laws or
principles — be sure to discuss (and cite).

* Restrict to what is needed to analyze data and compute
results
— Every formula should be explained
— Every formula should be used
— Every formula {and its supporting information) should be cited

by reference
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[image: image97.jpg]Summarizes four essential aspects of the report:

1. The purpose of the experiment or the report
2. Key findings

3. Significance (or relevance) of those findings

4. Major conclusions drawn

* Also: a brief reference to theory or methodology

* The information should clearly enable readers to decide
whether they need to read your whole report.

* One paragra -200 words.
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[image: image98.jpg]ABSTRACT (5-STAR rating on www.coursehero.com)

The Gas Absorption experiment was conducted in order to examine the air pressure drop
across the absorption column as a function of air flow rate with a different rates of water
flow. The result obtained is to be compared between theoretical values that has been
calculated. The experiment was run three times with different water flow rate which are 1.0
L/min, 2.0 L/min and 3.0 L/min. For every water flow rate, it was run for different air flow
rate of 20 L/min, 40 L/min, 60 L/min, 80 L/min, 100 L/min, 120 L/min, 140 L/min, 160 L/min
and 180 L/min. Graph of pressure drop against the air flow rate was plotted and it showed
an increasing pattern. The flooding point was recorded during the water flow rate of 3.0
L/min and air flow rate of 80 L/min. The value of pressure drop taken was 14 mm H20 with
3 mm H20 as compared in Appendix. Basically the pressure drop is increasing when the air
flow rate increased. The flooding happened when the air pressure from the bottom is too
high and pushed the water up. The percentage different between the pressure drop gained
from Appendix and the one recorded is 78.57%.
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The Gas Absorption experiment was conducted in order to examine the air pressure drop across the

absorption column as a function of air flow rate with a different rates of water flow. The result obtained

is to be compared between theoretical values that has been calculated. The experiment was run three

times with different water flow rate which are 1.0 L/min, 2.0 L/min and 3.0 L/min. For every water flow

rate, it was run for different air flow rate of 20--/mir—40-miR-60-Hmin-80-Hmir—100-Hmin 120
L1480 min160-Hmin-and-180-L/min. Graph of pressure drop against the air flow rate was

plotted and it showed an increasing pattern. The flooding point was recorded during the water flow

rate of 3.0 L/min and air flow rate of 80 L/min. The value of pressure drop taken was 34-mm-H20-with-3

mr-H2E as compared in Appendbe Basically the pressure drop is increasing when the air flow rate

increased. The flooding happened when the air pressure from the bottom is too high and pushed the

water up. The percentage different between the pressure drop gained from Appendix and the one

recorded is 78.57%.
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Avoid “no antecedent basis” — use “a” or “an” before using “the”

Be aware of tenses — “We performed the experiment” but “Results suggest”
Don’t mix tenses:

— “the pressure drop is increasing when the air flow rate increased” versus

— “the pressure drop in the column increases as the air flow rate is increased.”

— Wait ... didn’t | just mix tenses ?1?1?1?1 ... No, | did not.

Don’t include superfluous data — details are better placed in the relevant
section of the lab report, not the abstract

Avoid disjointed reporting — AABBCC, not ABCBCA
Write tight sentences — shorter is better, but don’t be afraid to use
Write in the ACTIVE VOICE — avoid the PASSIVE VOICE at all costs

un

or u()ns




[image: image102.jpg]preferentially dissolving one or more components of the gas mixture into the liquid phase. Our lab group performed an Air-Water-
CO, Gas Absorption experiment to study the hydrodynamic characteristics of packed columns. Specifically, we examined the
relationship between air pressure drop (across the column) and air flow rate - under different water flow conditions. To conduct the
experiment, we chose three distinct water flow rates. For each water flow rate, we measured (air) pressure drop across the column
at three different air flow rates. Analysis of the packed column data indicates that pressure drop increases monotonically as the air
flow rate is increased. We observed this pattern for each water flow condition tested, and throughout our experimental runs. These
observations represent our key experimental results for this lab. Additionally, we noticed that the column floods at air and water
flow rates above 80 L/min and 3.0 L/min, respectively. Flooding likely occurs because of elevated air pressure at the bottom of the
column — which forces water up the column instead of allowing water to flow downward, toward the outlet. Finally, we compared
our experimental results with theoretical values reported in the literature. While we captured the hydrodynamic characteristics of

the packed absorption column apparatus qualitatively in our experimental runs, we computed a 79% difference between our

recorded pressure drop measurements and literature values.
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Restates the abstract

Includes general statement of the results based on the
experimental objectives

Includes a forward-looking statement re: future studies
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In this lab experiment, we found that changes in gas pressure drop across a gas absorption column are

directly proportional to changes in the gas flow rate. Notably, we observed an increase in air pressure drop

across the column each time we raised the inlet air flow rate through the column. Moreover, we observed
this trend over the course of 9 experimental runs at each of 3 water flow rates ranging between 1.0 - 3.0
L/min with air flow rates ranging from 20 - 180 L/min. Additionally, we also noted that the column began to
flood under conditions when the air flow rate exceeded 80 L/min for water flow rates above 3.0 L/min.
While we successfully captured qualitative trends that are consistent with column hydrodynamic
characteristics, we evaluated a 79% difference between our recorded pressure drop measurements and

literature values. This suggests that our laboratory apparatus departs significantly from the performance of

industrial packed gas absorption columns. Other hydrodynamics characteristics, such as flooding velocities,

mass transfer coefficients, and mass transfer rates could be examined in future studies.
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* Using clear itemized structure:
— explain all steps in the order they actually happened

— not as they were supposed to happen

* If you've done it right, another experimenter should be
able to duplicate your experiment and results.
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Introduction to Pump Characteristics

Objective
To obtain head, power and efficiency graphs for a centrifugal pump (Pump 2).

Method
By taking readings from a centrifugal pump and associated sensors across a range of flow rates through
the pump.

Equipment Required

FM51 Series and Parallel Pumps Demonstration Unit IFD7. Pump 2 will be used for this experiment.
Armfield interface device

Windows™ PC with Armfield FM51 software installed

Theory
The operating characteristics of a centrifugal pump may be described or illustrated by using graphs of
pump performance. The three most commonly used graphical representations of pump performance
are:

e Change in total head produced by the pump, H;

e Power input to the pump, P,

e Pump efficiency, E

Total Head
The change in total head produced as a result of the work done by pump can be calculated as:

H, = Change in static head + change in velocity head + change in elevation

=Hs+ H, + He
where
Py — P,
Hs = change in static head = Fouw = Pin)
Py
where

Pin = fluid pressure atinlet in Pa
Pout = fluid pressure at outlet in Pa

(Note: Pressure and head are equivalent for water, as water is the benchmark against which other
liquids are measured. Water has a Specific Gravity of 1. If a liquid other than water is used, head is
obtained by dividing the pressure by the specific gravity)

(Vout - Vin )2

H, = change in velocity head = 29

where
Vin = fluid velocity atinlet in m/s
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Vout = fluid velocity at outlet in m/s
H. = Change in elevation = Vertical distance between inlet and outlet
=0.075 m for FM51

Power Input
The mechanical power input to the pump may be calculated as:
P = rotational force x angular distance

=2nnt

where
n = rotational speed of pump in revolutions per second
t = shaft torque in N.m

Pump 2 (12) [see Appendix] is run at its design speed, which is equivalent to a setting of 80% on the
variable-speed pump for a 50Hz electrical supply, or 100% for a 60 Hz supply. [Frequency of electrical
supply in US is 60 Hz]

Pump efficiency
The efficiency of the pump may be calculated as:
E =100 %2

m

where
P, = hydraulic power imparted to fluid

=HQpsg

where

Q = volume flow rate in m%/s

Pm = mechanical power absorbed by pump
=2nnt

Each of these parameters is measured at constant pump speed, and is plotted against the volume flow
rate, Q, through the pump. An example of this type of graphical representation of pump performance is
given in Figure Al.
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Figure Al
Examining Figure Al, the general performance of the pump can be determined.

The H-Q curve shows the relationship between head and flow rate. The change in head decreases as
flow rate increases (head increases as flow rate decreases). This type of curve is referred to as a rising
characteristic curve. A stable head-capacity characteristic curve is one in which there is only one
possible flow rate for a given head, as in the example here.

The Pn-Q curve shows the relationship between the power input to the pump and the change in flow
rate through the pump. Outside the optimum operating range of the pump this curve flattens, so that a
large change in pump power produces only a small change in flow velocity.

The E-Q curve shows the pump capacity at which the pump operates most efficiently. In the example
here, the optimum operating capacity is 0.7 dm?/s {dm® = decimeter cubed), which would give a head of
1.2m. When selecting a pump for an application where the typical operating capacity is known, a pump

should be selected so that its optimum efficiency is at or very near that capacity.

Equipment Setup
Ensure the drain valve is fully closed.

If necessary, fill the reservoir to within 10 cm of the top rim.

Ensure the inlet valve and gate valve are both fully open.
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Procedure
In the software, set Pump 1 to 80%. All the valves have been set for this experiment. Only change the
discharge valve position to change flow rate.

Allow water to circulate until all air has been flushed from the system.

Close the gate valve to give a flow rate Q of 0. (Note that the pump will not run well with the gate valve
closed or nearly closed, as the back pressure produced is outside normal operating parameters. The
pump should begin to run more smoothly as the experiment progresses).

Select the GO icon to record the sensor readings and pump settings on the results table of the software.
Open the discharge gate valve to give a low flow rate. Allow sufficient time for the sensor readings to
stabilize and then select the GO icon to record the next set of data.

Open the discharge gate valve in small increments, allowing the sensor readings to stabilize then
recording the sensor and pump data each time.

Using the arrow buttons on the software display, reduce the pump speed to 0%. Select ‘Save’ or ‘Save
As... from the ‘File’ menu and save the results with a suitable file name (e.g. the date and the exercise).

Switch off the IFD7.

Treatment of Data

Plot a graph of head against flow rate

Plot a graph of mechanical power vs. flow rate on one axis and efficiency vs. flow rate on the secondary
axis.

Examine and describe the shapes of the graphs obtained, relating this to the changing performance of
the pump as the capacity (flow rate) changes.

Determine the maximum efficiency and the flow rate at which it occurs and mark the point of maximum
efficiency on the performance curve.

Compare the shapes of the curves obtained to the example presented in Figure 1. Discuss any
similarities and differences between the example presented and Pump 2 on the FM51.
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Appendix 1~ Equipment Diagrams

FM51 Series and Parallel Pumps Demonstration Unit
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8 Equipment Diagrams

Figure 1: Front View of FM51 Series and Parallel Pumps Demonstration Unit
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Figure 2: Top View of FM51 Series and Parallel Pumps Demonstration Unit



[image: image113.jpg]CHEG 4011 - Chemnical Engineering Laboratary I
Separations & Fluid Mechanics

Appendix 2 - Piping, Valveand Pump Layout

PUMP 2 OUT

OUTLET PUMP 1 OUT
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Appendix 3 - Nomenclture

Pump Setting s % Measured
Pump Speed
(rotaton; n pm | Measured
Water Temperature|T °C Measured
Inlet Pressure P kPa Measured
Outlet Pressure Pou kPa Measured
Motor Torque: t Nm Measured
Volume Flow Rate |Q dm¥s |Measured
Dependent on temperature of water, obtained
Density of Water |p kg/m*  |from reference tables or automatically
calculated by the software.
Diameter of inlet pipe
Inlet Diameter o m
di = 00235
Diameter of outlet pipe
Outlet Diameter [ m
dou = 0.0175
Cross-sectional area of inlet pipe
Inlet Area A m*
4 ¥
A= of i
" [ 2 ]
Cross-sectional area of outlet pipe
Outlet Area A m* 2
Aout= ,{iu]
2
Inlet Velocity Vi mis Vin= &
A
Outlet Velocity Vou mis Vouts Q
Aout
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ABSTRACT /

Centrifugal pumps are one of the most ubiquitous pieces of equipment used in the transport of
low viscosity fluids through a pipe; whether it be water in a plumbing system or a mixture of liquid phase
compounds being processed at a plant. The objective of the lab was t6 analyze and confirm fundamental
theories regarding the effect of flow rate on the total head, power, and efficiency of the pump; as well
as using experimental data to prove them. We achievéd this by obtaining data from a centrifugal pump
on the FM51 Series & Parallel Pumps Demonsth\ﬁi Unit. During the operation of the pump, an outlet
valve leaving the centrifugal pump was manipulated to adjust the volumetric flow rate throughout the
system. The raw data was then-fecorded by the accompanying Armfield software as the flow
characteristics through theflow meter changed. Pump operating conditions such as power input,
efficiency, and total head produced were also recorded, and with the data, we graph total head, power,
and efficiency with respect to flow rate to show their characteristics curve. L/O

(5: conclusion/outlook) With the results obtained from the experiment we determined the best
efficiency point (the point whetysses and factors like turbulence appear to be at their minimum)
which the pump operates.

Introduction A/&a’( }-(//excn o It A é’vfno"w

This experiment aims to study the performance of differentreadings-from a centrifugal pump

using associa ensors across a range of flow rates throughout the pump to obtain head, power and
efficiency graphs. One important characteristic of a centrifugalplump is when the liquid slows down in

the pum'p casing, some of the kinetic energy is converted to g gnergy. It is the resistance to the

pum low that is read on a pressure gauge attached to the discharge line. A pump does not create
pressure, it only creates flow. Pressure is a measurement of the resistance to flow.

A centrifugal pump is used for transporting fluids by the conversion of rotational kinetic energy

to the hydrodynamic energy of the fluid flow. The rotational energy typically comes from an engine or 0/7/.,27

)
electric motor. They are a subclass of dynamic axisymmetric work-absorbing turbomachinery. }’51 )
\ o A

In this experiment, we have a current of water passing throughout the system including tw,
pumps. The goal of this lab is to analyze and confirm fundamental theories regarding the effect of flow
rate on the total head, power, and efficiency of the pump; as well as using experimental data to prove
them. Pump operating conditions such as power input, efficiency, and total head produced were also
recorded, and with the data, we graph total head, power, and efficiency with respect to flow rate to

show their characteristics curve.
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THEORY /

A centrifugal p}@s performance is measured using plot graphs of the pumps real
performance, other than using theoretical data through the use of equations. Real data is preferred
because it brings friction and shock loss from the directional change of the liquid when it leaves the
impeller into consideration, and decreases the amount of estimated work needed to predict the actual
performance of the pump. Shock loss is head losses resulting from changes in direction of flow or area of
duct. They also occur at the inlet ischarge of a system, at splits or junctions of two or more currents
of air, and at obstructions in ajrivays. Thegap‘hs’used to measure a pum%erformance is total head,

performance. Three graphical representations of pump performancea e change in total head

produced by the pump, Ht’(uump efficiency, E, and the power input to the pump, P_

Shonld Rave Jenn olakrcal o el
Total Head CCort; = / “ilv’._‘.

Total head is one factor used to mWormance, usually shown in a graph of
plots with actual head vs volumetric flow rate” Compared to a centrifugal pumps theoretical head which

Grepresented as a_s_t’rg’iwa& the actual head decreases as the volumetric flow rate increases-
actual flow ra ilFcontinue to decrease and will eventually approach zero ata highenough flow rate.

This’decrease in head is caused by the increase of fluid friction and shock loss associated with the flow
rate. The fluid friction increases along with the volumetric flow rate, while shock loss increases when the
flow rate further away for the rated value of the pump. Therefore when the volumetric flow rate is at
zero the developed head will be at its highest point (aka zero-head flow rate), which can be done by
blocking off the pumps discharge line [McCabe].

The change in total head produced as a result of work done by a pump is given as:

H, =H,+H,+H, [Equation 1] /—————@1/‘0
H, = change in static head + change in v/e'lFCWhe\a\d + CW fon

~PJ ,O (g) \\ [Equation fl]

5 H, = change in static head = (P

H, = change in velocity head

H_= change in elevation = Final height — Initial hei

es at the inlet and outlet respectively.

e

H, = (P, —Pi) and P, and P_  are the fluid pr

s

Pump power

Two values are used to determine the power of the pump; one being méchanical power input

P_, and hydraulic power imparted to the fluid P,. The hydraulic po increases with an
B
increasing flow rate; until reaching a maximum value near t?@cﬁapacit ore decreasing slightly.
The mechanical power on the other hand increases along mostof the flow rate of the pump [McCabe].

The point where the power is at its highest with respect to the flow rate is known as the Best Efficiency
Point (BEP). The farther away the flow rate is from the BEP, the higher the energy loss from mechanical
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( to hydraulic powey[Girdhar]. The energy loss is caused by fluid friction, as well as si{ock loss; oth of %
which change w”gespect to flow rate. Fluid friction increases as th w rat reases along with the
flow rate, while shock loss increases as the flow rate further away form the / which is caused by the

formation of “The loss in power is caused by fluid friction and shock Iosm@
to the conversion ofWkage i<the unavoidable reverse flow from the /

i i fg ring to the suction eye. This reduces the volume of the actual {
discharge from the pump per unit of power expended. Disk Friction is the friction between the outer \\

surface of the impeller and the liquid in the space between the impeller and the inside of the casing. '
Bearing loss constitute the power required to overcome mechanical friction in the bearing and stuffing

boxes or seals of the pump. ¥ 7
v hﬂ} TN { % i
e R B Fse
[Equatio}?\] -"”9 (;/ Wp-«/é( }w%
Lo th F
/U\?bé 'j otational Speed of Pump in Revolutions per Second | %ﬂn \7} T

t = Shaft Torque

p,=2*Q.* 0 *g [Equation 3] —-—~> (3/

P, = Hydraulic power im’pj_r_t’eﬂgh_e_plmp }{’ P
-
Q = Volumetric Flow Rate ot " l",,

P}

o Ly TS 7

0 = Density of the Liquid

g= Gravity

Pump Efficiency P /

The pump efficiency is the ratio of hydraulic and mechanical power. The efficiency rises rapidly
with flow rate at low rates, reaches a maximum at or near the rated capacity, then fallshe flow rate
approaches the zero-head value. Similar to the hydraulic power the flow rate increases so do the
efficiency of the pump, until the BEP is reached; after the BEP is reached the efficiency decreases with

an increasing flow rate.

The efficiency of a given pump can be calculated with the following equation:
E=100x(P,/P.) [Equation 4]
E = Efficiency of the Pump

P, = Hydraulic Power to the Pump
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Equipment Used

® FM51 Series and Parallel Pumps Demonstration Unit IFD7
e Windows PC with Armfield FM51 software installed

PROCEDURE
Before beginning the experiment, all the valves were checked to ensure that the system would run /
correctly for the use of a single pump. Once the system check was finalized, the pump was taken on-line

and allowed to run for a few minutes to flush air from the system. The pump was then programmed to
run at 80% speed. The flow and pump readings were recorded before continuing the run.

The inlet gate valve for the storage tank in the system was closed, giving a volumetric flow rate of 0.

/@it is detrimental to the lifespan of the pump to be operated in th&@he flow and

/N
bl
Gomns

operating conditions of the pump were recorded, and the discharge valve of the tank was opened

enough to induce a-low flow rate through the pump. The readings on the Armfield control software
were allowed (to stabilize before recording the conditions again.

The discharge valve opened in small increments, and the flow conditions being recorded once
his step was repeated until the valve was fully opened. Once all the
required dat@’was recorded, the pump was taken offline and the system was drained of its water. This
as repeated five times to mitigate erroneous data and minimize inconsistencies when
recording the data. An average of each run was taken for calculation purposes.
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We achieved this by obtaining data from a centrifugal pump on the FM51 Series & Parallel
Pumps Demonstration Unit. During the operation of the pump, an inlet valve leading to a storage tank
was manipulated to alter the fluid flow being monitored by a flow meter. The raw data was then
recorded by the accompanying Armfield software as the flow characteristics through the flow meter
changed. Pump operating conditions such as power input, efficiency, and total head produced were also
recorded, and with the data, wWotal hzﬁr, na_e?fﬁéncy wﬁ—ﬁ respect to flow rate to
show their characteristics curve. ,71; Viersnd
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Figure 2: FM51 Layout
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The purpose of the lab was to analyze the total head,power, and effi
rates; while also using our data to confirm theories behind the centrifugal pump. We achieve this by

obtaining data from the FM51 Series & Parallel Pumps Demonstration Unit, that utilizes a centrifugal
pump; as well as a software to analyze the data from the pump. We performed the experiment by
adjusting the outlet valve of the centrifugal pump as described in the procedure. The data that we have
obtained shows trends that relate the total head, power, and efficiency with respect to the volumetric

flow rate.
After the procedure was completed, the data was used to calculate the total head with respect
to the flow rate. This was done by following Equation 1, by adding together the calculated static head,

velocity head, and the change in elevation. The data points gained froWulation shows a
decreasing total head with respect to flow rate as shown in Figure 3.

Total Head vs Flow Rate%\
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Figure 3: Total Head with Respect to Volumetric Flow Rate
The highest possible head was not found, since

e cetrifugaP§ flow rate never reached zero during the
experiment to keep the pump from being dama vitation. Instead a best fit line was applied to

the data so that the highest possible head can be calculated. Applying x=0 to the equation 3.68 +
(-5.64x) + 2.21x"2 we can conclude that highest possible total head of the pump is around 3.68 meters.
It can also be observed from equation 3.68 + (-5.64x) + 2.21x”2 that the total head will approach zero as

the flow rate increases.

The mechanical and hydraulic power of the pump was calculated using Equation 2 and 3
respectively. Our data shows that the mechanical power increases along most of the flow rate of the
pump; while the hydraulic power increases with respect to flow rate until the flow rate reaches the BEP.
after the BEP the hydraulic power decreases with respect to flow rate as shown in Figure 4.
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Figure 4: Hydraulic Power with Respect to Volumetric Flow Rate

hich was found to be at
the further the flow rate
fer from mechanical to

Using equation 0.749 + 27.6x + (-30.2x"2) it is possible to calculate the BEP,
0.457 L/m giving a hydraulic power of 7.05 watts. It can also be observed th
from the BEP, the stronger shock loss and fluid friction will have on the tra

hydraulic power.

The efficiency of the pump was calculated using Equation 4, which uses the ratio between the
hydraulic and mechanical power. The relationship between the efficiency and the flow rate is shown in

Figure 5.
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Figure 5: Efficiency with Respect to Volumetric Flow Rate

Using the equation in Figure 5, the BEP can also be be calculated; which gives a similar value
when compared to Figure 4’s equation. The BEP is calculated to be 0.456 L/m.
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The purpose of this experiment was to reinforce understanding of the fundamental theory behind pump
operation through graphical representation of head, power and efficiency values, analysing and then
comparing ofr data with literature data and investigating areas where they-differ. We obtained/4 Bep
0.457|L/m and observed greater losses at higherflow-rates beyond trther investigations into
other performance parametefs such as impeller diamete#’can provide other methods of better
understanding the theories surroundi operations.
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Pressure drop in packed bed for two-phase flow

Objectives
1. To measure the pressure drops, as functions of air rate, for three water rates
2. Comparison of experimental pressure drops with predicted values based on literature
correlations
3. The flooding point under different conditions will also be determined.

Method
1. Measure the liquid flow and air flow using their respective rotameters. Liquid flow rotameter is
located above VR-3 and air flow rotameter is located above VR-1.
2. With the valve VR-3 fully open, vary the liquid flow rate by changing the pump speed (SC-1) on
the software.
Manipulate air flow rate with valve VR-1.
4. For a fixed value of liquid flow, measure the pressure drops (half column and full column) using
the water-filled manometers (see SOP) for varying values of gas flow.
5. Repeat this procedure for at least two additional values of liquid flow by manipulating VR-3.

w

Equipment Required
The Edibon CAGC equipment will be used.

About Edibon CAGC
The column is a cylindrical glass tube with a length of 1400 mm and inner diameter of 75 mm.

Column packing is glass Raschig Rings 10x10 mm supported by a perforated plate made of nylon with a
mesh that prevents the passage of the rings through the holes of the perforated plate. The specific area
of packing per unit of volume of packing (m?/m?) for this packing type is a = 440 m?/m?>.

Theory

In a gas-liquid absorption operation, the two contacting phases are a gas and water. The desired
outcome is to extract a solute or several solutes from the gas phase into the liquid phase, in order to
more easily separate the desired component from its original mixture. In this experimental setup
however, there is no solute phase. There are two bulk, contacting phases, air and water.

In this experimental setup, we have countercurrent flow of air and water through a packed column with
air flowing upward and water downward. The column is packed with Raschig Rings.

Question: Are Raschig Rings structured or random packings? What makes for a good packing?
Pressure Drop in Packed Bed (one fluid phase only)

The pressure drop experienced by a single fluid flowing through a bed of randomly packed solids is the
result of viscous (form-drag) and kinetic energy losses. It is given by the Ergun equation:

EEE e s

where L = packing length, - Ap = pressure drop, g. = conversion factor, p, = fluid density, and « = average
superficial velocity of fluid. The left side of the equation represents the modified friction factor and the
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terms on the right in Eq. 1 represent the viscous energy losses and the kinetic energy losses. This
equation can be rearranged to estimate the pressure drop for a given fluid flow rate.

The Reynolds number is based on the effective particle diameter D, and is given by:

Dot
Re = - Eq. 2a

where G’ = mass velocity of the fluid based on the tower cross section, and g = fluid viscosity.

When the packing has a shape different from spherical an effective particle diameter is used:

=5 605
D, = % a4 Eq. 2b

where the parameters gand 4, are provided or can be estimated. The bed porosity, &, is the fraction of
total bed volume that is void. The quantity 4, is the ratio of total packing surface are in the bed to the
total volume of the bed.

Pressure Drop in Packed Bed (gas/liquid counter-current operation)

In a packed tower of a given size with a given packing, and with a given liquid flow, there is an upper
limit to the flowrate of gas. This upper limit is termed the flooding velocity. The tower (or column)
cannot operate above this velocity.

At low gas flow velocities, the liquid flows downward through the packing and its path is unimpeded by
the countercurrent gas flow. As the gas flow rate is increased at low gas velocities, the pressure drop is
proportional to the flow rate to the 1.8 power.

At a gas flow rate called the loading point, the gas starts to hinder the liquid downflow, and local
accumulations or pools of liquid start to appear in the packing. The pressure drop of the gas starts to
rise at a faster rate. As the gas flow rate is increased, the liquid holdup or accumulation increases. At
the flooding point, the liquid can no longer flow down through the packing and is blown out with the
gas.

Pressure drop in random packings

Empirical correlations for various random packings based on experimental data are used to predict the
pressure drop in the gas flow. Fig. 10.6-5 shows the pressure-drop correlation for random packings by
Strigle.

Flooding pressure drop in packed and structured packings

It is important for proper design to be able to predict the flooding pressure drop in towers and hence,
the limiting flow rates at flooding. Fig. 10.6-5 does not predict flooding conditions. Kister and Gill (K2)
have developed an empirical equation to predict the limiting pressure drop at flooding. This equation is:

DPfiooa = 0.115E27 Eq. 3

Where Appooq is in in. HO/ft height of packing and F;, is the packing factor in ft™. This can be used for
packing factors from 9 up to 60.
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Exercise and Treatment of Data

1. Asthe gas flow rate is increased at low gas velocities, the pressure drop is proportional to the flow
rate to the 1.8 power (verify this).

2. Fortheliquid flow rates investigated in your experiment, identify the loading point.

3. For 3 data points for gas velocity, show how your measured value of 4p correlates to the Strigle
pressure-drop prediction.

4. Compare the calculated value of Apse.q against the value of Ap obtained for the onset of flooding
observed. Provide the values of liquid flow velocity as well.

References
1. “Transport Processes and Separation Process Principles”, 4 Ed. (Prentice Hall), Christie John
Geankoplis.

2. Perry’s Chemical Engineers Handbook.
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Figure 1. Packed bed tower (Edibon CAGC unit)

Figure 2. Packed Bed Column

Figure 3. Pressure drop characteristic for packed column

Figure 4. Pressure drop due to air flow rate manipulation
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1.
Introduction

/ Gas absorption is a basic operation of mass transfer that consists of the separation of some

components of gaseous mixtures by contact with an adequate solvent. Mass transfer separation
operations occur during the contact of two immiscible phases@i“his contact can be continuous, as
it occurs in packed columns or intermittent as it occurs in plate columns(ﬁixamples of processes
that demonstrate the importance of absorption are the recovery of solvent vapors or natural
gasoline from gaseous currents, the treatment of gases in refineries and the decontamination of
industrial gaseslgln this experiment the gas absorption unit will be use to show the absorption of
air into water in a packed column.&l‘ he gas and liquid flows counter-currently, and the packing
serve to provide the contacting and development of interfacial surface through which mass transfer
takes place. The gas absorption is also designed to operate at atmospheric pressure in a continuous
operation. A common apparatus used in gas absorption and certain other operations is the packed
tower@'he device consists of a tower, equipped with a gas inlet a distributing space at the bottom;
a liquid inlet and distributor at the top; gas and liquid outlet at the top and bottom, respectively;
and a supported mass of inert solid shapes, called tower packinqﬁThere are many types of random

packing available, for example Ceramic Ball saddle and the most common is the Raschig ring. O

These packing are used to increase the surface area of contact between the gas and the liquid
absorbenLUn a packed tower, there is a limit to the rate of ’%gi flow which is called as flooding
velocityDT he tower cannot operate if it exceeds this limit// At'loading point, which is the point in

which the droplets of liquid are carried up with the gas in packed column, the gas startto prevent

te /A-w Wé&rc i Lot bidor

peedht
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the liquid from flowing down, and thus, pools of liquid start to appear in the packing, The gas

absorption column (CAG), is a laboratory-scale unit designed to study hydrodynamic and

absorption processes in a packed columns/

Briefdescription of the Apparatus //67{«6"/'6’7 (i f_J

Edibon CAGC is acylindrical glass tube w1th alength of 1400 mm anﬂ'an inner diameter of 75mm.
The gas absorption column is a scale unit designed to sltlgy/ hydrodynamic and absorption
processes in packed columns. This system absorbs ammw or carbon dioxide from a mixture
with air in watery solution flowing down the column. The main parts of the unit consist of the

following packed column, liquid circuit (water) and gas circuit (air and carbon dioxide).

The packed column contains a glass cylindrical column filled with Raschig rings with two different
pressure sensors measuring the pressure in different parts of the column. In the liquid circuit, water
stored in a PVC tank is impelled towards the column by a gg.gl mp., It feeds the column through its
upper end using a glass diffusion shower. Afte J lhe Lolufn the liquid is returned to the
storage tank. The liquid flow that arrives in the column is_ nﬂca\suu.d by a flow sensor and a
flowmeter. While in the storage tank, lhrough aeration, thekCO an be desorbed from the liquid
previously filled in the column. Thc;@,as asa circuit consists of @2 nd air (supplied by ablower)
mixture current. Both gasco&yﬁurrunts are mixed, and later they enter the base of the column
through a side inlet located below the bed level so that the gaseous mixture is homogeneous as

possible. Both gas flows are measured by sensors and flowmeters.
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THEORY

Absorption or gas absorption is a unit operation used in chemical industry and increasingly in
environmental applications. It a mass-transfer process in which a vapor solute A in a gas mixture
is absorbed by means of a liquid in which the solute is more or less soluble [3]. Gas absorption is
a basic operation of mass transfer that consists of the separation of some components of gaseous
mixtures by contact with an adequate solvent. Mass transfer separation operations occur during
the contact of two immiscible phases. This contact can be continuous, as it occurs in packed
columns or intermittent as it occurs in plate columns. Examples of processes that demonstrate the
importance of absorption are the recovery of solvent vapors or natural gasoline from gaseous
currents, the treatment of gases in refineries and the decontamination of industrial gases. The gas

absorption column (CAG), is a laboratory-scale unit designed to study hydrodynamic and

absorption processes in a packed column.
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/ Gas absorption is the mass transfer of component in the gas phase to liquid phase. Mass transfer

rate is determined with the molecular diffusion rate. Desorption or stripping is inversely gas
absorption. Components transfer from liquid phase to gas phase with mass transfer operation in

desorption process. [2]

Absorption and distillation are separated from each other these points,

\ e In absorption process liquid is kept at below the boiling point, yet in distillation process
liquid should be kept at the boiling point for necessary separation process.
\ e In absorption process molecular diffusion is nearly unidirectional but in distillation process

molecular diffusion should be both direction between gas and liquid phase.

Absorption processes have two possible contacting types that are co-current and counter-current

/' operation.
/ Packed Bed Tower

Packed beds are used in many processes where liquid and gas phases are in contact. A packed bed
allows for a downward flow of a liquid over a solid packing, while having a gas flow moving in
the opposite direction [1]. Packed beds are primarily used in order to extract a substance from the
gas phase into the liquid phase sothat the desired component can be separated from its indigenous

mixture (manual). The inlet and out let streams are depicted in figure 1. 7 /
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Figure2: Packed Bed Column

When designing a packed bed there are a few things to consider such as the length of the column,

the packing height and the particle diameter [2]. These variables play an important part in the
efficiency of the packed bed as well as pressure drop. Pressure drop in a packed bed is the decrease
in pressure throughout the column that can be due to column packing, fluid resistance due to gas

and the accumulation of solid particles. Pressure drop can be calculated using the Ergun equation:

-s

,f
)7‘” Y

’ ) % -
_ 1s0mv'AL  (1-g) +1.75p(v) AL 1-£

Ap=2-p) ="} = >, —  Eq.1pgl53 2 /7‘ /\ 1\
Where Ap = pressure drop, u é average superficial velocrty of fl __packmg Iengt }. p= ﬂuld /
i R e /
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Pressure Drop Vs Air Flow Rate /7 C 4") ’

Pressure drop in a Raschig ring packing is illustrated ir/{3) nd shows the relationship between the
pressure drop in a packed column and air flow rate. It can be seen that as the air flow rate increases.. .
e e

the pressure drop also increases. m7
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Pressure Drop in Packed Tower and Loading- Flooding Zone

The pressure drop in column produces as aconsequence of fluid friction. Pressure drop is increased

as liquid level increases. As shown in the graph; pressure drop and gas flow rate are similar
e Bl e o P e

changed and lines are laying parallel to each other. Cross sectional area is smaller at higher liquid

velocity. If pressure drop values is reached the higher values of power that is provided by gas flow
rate, this zone is called as a loading zone. Increasing the pressure is lead to higher liquid flow rate
in the column. As increasing gas velocity, pressure drop increases and liquid get the continuous
phase. This point name is flooding point. If the pressure is increased to higher values, the column
can be filled with liquid. Flooding point depends on the packing method (wet or dry) and packing
material layout (random or regular). Maximum gas velocity can be reached as flooding velocity.

The average and economical values of the gas velocity should be as much as half of flooding

velocity or little bit more of flooding velocity. [3]

‘log gas rate

Figure 3: Pressure drop characteristic for packed column [3]
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1. General start-up procedure of gas absorption unit was performed by laboratory assistance.

2.The feed tank is filled with water, the flow should be kept constant for at least thirty minutes to

give a steady-state operation

3.All the valves are ensured to be closed except for the ventilation valve with the standard set at

VR-3 a steady state is attained and measurement is taken at VT-2 and VT-5(left and right).

4 valve VR-3 fully opened, the liquid flow rate is adjusted via the pump speed (SC-1) on the
software

5.The airflow rate is adjusted into different percentages in other to generate different results for
VT-2 and VT-5.

Results and Discussions

In this experiment the pressure drop within the tower was measured. Within the experiment the
water flow rate was changed three times and for each time the water flow rate was changed the
air flow rate was changed five times. To measure the pressure drop inside of the tower a u-tube
manometer was used. The pressure drop was determined by subtracting the pressure at the right
side of the u-tube manometer. This had pressure exerted from the atmosphere from the left side /

of the u-tube manometer, which has pressure exerted from an air compressor as shown in Eq. 1.
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As shown in figure 2, as the air flow rate decreased the pressure drop also decreased. This simply
means that the pressure drop and air flow rate within the packed bed are directly proportional.
Though the data illustrated in the figure above follow a consistent pattern through all three
experiments there is a possibility that an error could have occurred. There could have been
human error when recording the pressure at both sides of the u-tube manometer because of liquid

level fluctuations. To account for any variances in the data error bars where used. The error bars
+ .
account for (:) 3 mm of H,O. It can also be noted that the water flow rate has a direct effect on

the pressure drop. The pressure drop within the packed bed is directly proportional to the water

flow rate as well. The results shown Qﬁgur»e Zj;lgo agree with the theory of packed beds and is

also supported by hteraturef 4. \ J ) g
~— you. NEe? 5 o T

PR s B i e

. -
Conclusion 74'5- 2. Ve faee N
@p'jﬁ,{/ Yoo oLt rn A e e
fis lab experiment, we found that the water flow rate was increased at a steady rate, therefore “gw—e-{ b/

the data had a constant direction. Our expectations were matched because the reduction of the 2= 7 73,

percentage of airflow showed a reduction in pressure drop while an increase in flow rate led to an
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INTRODUCTION

This unit is designed to study the behavior of closed flows. It makes it possible
to study pressure drops in pipes as well as in different hydraulic accessories. The
losses by friction in straight pipes of different sizes can be studied on a certain
range of the Reynolds’ number. This way, the different types of flows are

classified as:

¢ Flow in laminar regime.

¢ Flow in turbulent regime.

Osborne Reynolds made a difference between laminar and turbulent flows in
pipes in his publication in 1883. Ludwig Prandtl, Thomas Stanton and Paul Blasius
analyzed the flow data in pipes later on in the beginning of last century, and they
created the graph that is well known as the “Stanton Diagram”. John Nikuradse
extended the work to cover the case of rough pipes, like the one supplied with this
equipment, which have different degrees of roughness in order to compare the

currents.

Friction in pipes is one of the classic laboratory experiments and it has always
had a place in the practical teaching of fluid mechanics. The results and the
underlying principles are very important for aeronautical, industrial and chemical

engineers.
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All the necessary instruments are included with the unit and it is supplied as a

complete unit.
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THEORY

Osborme Reynolds demonstrated that two types of currents could be

established inside a pipe.

— Laminar flow regime. There is a proportion relation

between the pressure drop and the current velocity.

— Turbulent flow regime. Pressure drop is proportional to

the square of the velocity.

He also observed that there was an area between one and the other behavior
where it did not exist a clear relation between the pressure loss and the flow

velocity.

He achieved to classify the kind of current regardless of the size and type of

pipe through a dimensionless parameter, the Reynolds number.

pud

Re = - €D
where:

p: The fluid density [kg/m?]

U: its velocity [m/s]

w: The dynamic viscosity [kg/m-s]

d: The pipe diameter [m]
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The kinematic viscosity v and dynamic viscosity [ can be related by means

of the following expression:

=
v=Le)

ud
Re = o (3)

being the Reynolds number in function of the velocity and the inner diameter of

the pipe and inversely proportional to the kinematic viscosity.

The following table indicates the values of the water kinematic viscosity

depending on the temperature:

[Temperature (°C)  [Kinematic viscosity (m2/seg).10-6
5 1.52

10 1.308

15 1.142

o 1.007

5 .897

B0 804

35 J2T

10 661

50 556
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The flows inside two geometrically identical pipes obey the same laws if
Reynolds numbers are equal. The similarity must extend to the internal rugosities
of the pipe, which play an important role. This means that the pressure drop

coefficients will be the same for two identical pipes.

One of the most accurate formulas for hydraulic calculations is the Darcy-

Weisbach law. This law is used to calculate the friction coefficient. It is determined

by:
LY (v?
w=fEE) ©
hf =h,—hy (&)
Working out the value of the friction coefficient, the following formula is
obtained:
D 2g
=0 ©
where:

hi: Height of the water column at the beginning of the pipe [m]
ha: Height of the water column at the end of the pipe [m]

hy: Pressure drop [m]

f: Friction coefficient [dimensionless]

L: Length of the pipe [m]

D: Inner diameter of the pipe [m]
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V: Average velocity of the fluid [m/s]
g: Gravity acceleration [m/s"2]

Flow and fluid’s velocity are related by means of this formula:

Q=Av="TDzv (@)

where:
A: Area of the section [m?]
v: Average velocity of the fluid [m/s]
D: Diameter of the section [m]

A Moody chart is used to obtain the rugosity coefficient. It represents the

friction factor fin function of the Reynold’s number and the relative roughness.
Relative roughness = Absolute roughness/Diameter of the pipe.

Other equation which is commonly used to make estimates of the rugosity is
Manning equation. Manning equations are normally used in channels. In case of
pipes, they are valid when the channel is circular and it is filled up partially, or
when the diameter of the pipe is very large. One of the formula’s disadvantages is
that they only take into account the empirically obtained roughness coefficient (n),
but not the viscosity variations related to temperature. The expression is the

following one:

h=10302 (2L ®)

D533

hy: Pressure drop [m]
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n: Empirical coefficient (dimensionless)
Q: Flow (m%/s)
L: Length of the pipe (m)

Apart from pressure drops due to friction, there are other kind of losses
which are originated at singular points (valves, elbows, tees, abrupt widenings...)
due to turbulence phenomena. The sum of these accidental or localized pressure

drops plus the friction losses give as a result the total pressure drops.

Except in exceptional cases, localized pressure drops can only be determined
in an experimental way. Due to the fact that they are generated by an energy
dissipation because of turbulences, they can be expressed in function of the kinetic

height corrected by means of an empirical coefficient (k):

h=k(2)  ©

2g
hy: Pressure drop [m]
K: Empirical coefficient (dimensionless)
g: Gravity acceleration (m/s?)
v: Velocity of the flow (m/s)

The K coefficient depends on the kind of singularity and the average
velocity inside the pipe. Approximate values of K are summarized in the following

table.
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VALUES OF K COEFFICIENT IN SINGULAR LOSSES
ACCIDENT K LD
Ball valve (completely open) 10 350
Straight-angle valve (completely open) 5 175
Safety valve (completely open) 2.5 -
Gate valve (completely open) 2 135
Gate valve (¥% open) 115 35
Gate valve (%2 open) 5.6 160
Gate valve (V% open) 24 900
Butterfly valve (completely open) - 40
Short radius elbow at 90° 0.9 32
Regular radius elbow at 90° 0.75 27
Long radius elbow at 90° 0.6 20
Short radius elbow at 45° 045 -
Regular radius elbow at 45° 0.40 -
Long radius elbow at 45° 0.35 -
Lateral outlet T 1.80 67

Apart from friction, as in any section of pipe, pressure drops due to gradual

widenings (diffusors) are generated by other singularities due to vortices formed
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because of the pressure differences. When increasing the section, velocity

decreases, and therefore the kinetic term, for that reason pressure must increase.

Sy [0 e s e b oo s L

The smaller the conicity angle () is, the lower the localized pressure drops
are. However, a greater longitude of the diffuser is needed, therefore the
continuous pressure drops increase. The objective is to calculate the value of “6” at

which the generated total pressure drop is minimum.

Gibson demonstrated experimentally that the optimum conicity angle is
about 6°, He provided the following empirical formula to calculate the total

pressure drops:

2 2.
LAY

h=2(1 —D—z;)zg (10)
h: Pressure drop [m]
: Empirical coefficient [dimensionless]
g: Gravity acceleration [m/s?]
Da: Inlet section [m]

Da: Outlet section [m]
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v1: Velocity of the fluid at the inlet section [m/s]

va: Velocity of the fluid at the outlet section [m/s]

According to Gibson, the values of A are the following ones:

0 6° 10° 15° 20° 30° 40° 50° 60°

A 0.14 0.20 03 0.4 0.7 0.9 1 1.1

The velocity increases in the narrow areas, so its pressure decreases as well.
Therefore, such conditions do not favor the vortices forming, thus almost all
pressure drops generated are due to friction. The values of K usually range from

0.02 to 0.04. In practice, these values are ignored.

When there is a widening or a narrowing, the velocity of the fluid will

change, therefore there will be a change in the pressure.

If pressure drops are not taken into account, the pressure difference will only

depend on the section variation:
AP = g(vf —vA  (10b)

Where:

V1: The velocity at the inlet [m/s]

V2: The velocity at the outlet [m/s]
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p: Density fluid [kg/m?]
AP: pressure increase [mmHg]
Venturi tube

Venturi tube was created by the Italian inventor Giovani Battista Venturi. It
is a device which generates a pressure loss when a fluid flows through it. In
essence, it is a straight tube, or narrowing, between two conical sections. Pressure
changes in the proximity of the narrow section. Thus, pressure drop and flow can

be calculated with a manometer.

hy
: e :
: ; hs
h ! '
\/
)
i
convergent divergent

/\

In the Venturi tube the flow from the main pipe in section 1 is accelerated
through the narrow section, where the fluid’s pressure decreases. Then, the fluid
expands itself through the divergent section to the same diameter of the main

section.

Velocity in section 2 (narrow) is determined by the equation:
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v, =C

2g(hai—ha)

)
()

hi: Manometric height at the inlet [m]

hz: Manometric height at the outlet [m]

C: Discharge coefficient [dimensionless]

Du: Inlet section [m]

Da: Outlet section [m]

va: Velocity of the fluid at the outlet section [m/s]

As the Venturi tube, the Pitot tube is also used to calculate the fluid’s flow

which runs through a pipe. The Pitot tube gives the measurement of the total

pressure. So, if it is compared to the static pressure, the dynamic pressure will be

obtained. The value of the fluid’s velocity can be calculated then with the dynamic

pressure.

The velocity of the fluid inside the pipe is determined by the expression:

g
v=Ca[E 2 = 2y —h)]2 (12)

Where:

V: Velocity of water [m/s]

C: Discharge coefficient [dimensionless]

Po: Total pressure at that point [Bar]
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Ps: Static pressure at that point [Bar]
hi: Manometric height at the inlet [m]

hz: Manometric height at the outlet [m]
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EXPERIMENT 1: Pressure drop due to friction in a rough pipe with an inner

diameter of 17mm
Objective(s)

— Determine the relation between the pressure drop due to
friction and the velocity of the fluid in a rough pipe with an

inner diameter of 17mm.
Experimental procedure
Step 1: Connect the hydraulic bench to the AFT/AFTB/AFTC/AFTP.

Step 2: Activate the “mushroom button” of the hydraulic bench with the V1, V2,
V3, V4, V5, V6, V7 and the regulation valve number 23 closed.

Step 3: Connect the unit and switch on the pump.
Step 4: Open the V1 valve and wait until all the air from the pipe is expelled.

Step 5: Connect the pressure taps of the corresponding manometer to the inlet and
outlet of pipe number 2. The manometric tubes will be chosen when there are

water column differences lower than 800 mm.
Step 6: Regulate with the regulation valve number 23 the flow which runs through
the pipe.

CAUTION: When using the Hydraulic Bench (FME00) once the flow
measurement has been done, the driver of the emptying valve must be lowered to

avoid that the drain tank is left without water and the pump seizes up. When
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another time-measuring process is performed, put up the driver to fill the

volumetric tank and, once the measurements are finished, put it down again.

Recording your Data

[Flow Q [Height hf [Flow Q [Height hf

l/min mm H20 _ V/min mm H20
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Results:

e Calculate the Reynolds number with the equations (2) and (3).

e Calculate the average velocity of the fluid with the equation (7).

¢ TFill in the following table.

Flow

Q

1/min

Velocity
u

m/s

Height
he
mm HO

Log(hs)

Log(u)
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Questions

Q1. Plot the pressure drop-velocity and identify the type of regime. In order

to appreciate these areas better, represent log (h) versus log (u).

log{h)

L T A O Y Y T |

Log (u)
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EXPERIMENT 2: Pressure drop due to friction in a smooth pipe with an

inner diameter of 16.5Smm
Objective(s)

— Determine the relation between the pressure drop due to
friction, and the velocity of the fluid in a smooth pipe with an

inner diameter of 16.5mm.
Experimental procedure
Step 1: Connect the hydraulic bench to the AFT/AFTB/AFTC/AFTP.

Step 2: Activate the “mushroom button” of the hydraulic bench with the V1, V2,
V3, V4, V5, V6, V7 and the regulation valve number 23 closed.

Step 3: Connect the unit and switch on the pump.

Step 4: Open the valve V4 and the angle seat valve number 7 and wait until all the

air from the pipe is expelled.

Step 5: Connect the pressure taps of the corresponding manometer to the inlet and
outlet of the pipe number 5. The manometric tubes will be chosen when there are

water column differences lower to 800 mm.
Step 6: Regulate with the regulation valve number 23 the flow which runs through
the pipe.

CAUTION: When using the Hydraulic Bench (FME00) once the flow
measurement has been done, the driver of the emptying valve must be lowered to

avoid that the drain tank is left without water and the pump seizes up. When



[image: image163.jpg]% Fluid Friction in Pipes
VA

CHEG 4011 [ CHEG LAB I [Fall 2019

another time-measuring process is performed, put up the driver to fill the

volumetric tank and, once the measurements are finished, put it down again.

Recording Your Data

[Flow, Q [Height, hr  [Flow, Q [Height, he

l/min mm H20 _ V/min mm H20
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Results:

e Calculate the Reynolds number with the equations (2) and (3).

e Calculate the average velocity of the fluid with the equation (7).

¢ TFill in the following table.

Flow

1/min

Flow

m/s

Velocity
u

m/s

Height
he
mm HO

Log(hs)

Log(u)




[image: image165.jpg]& Fluid Friction in Pipes
CHEG 4011 [ CHEG LAB I [Fall 2019

Questions

Q1. Plot the pressure drop-velocity and identify the type of regime. In order

to appreciate these areas better, represent log (h) versus log (u).

log{h)

L T A O Y Y T |

Log (u)
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EXPERIMENT 3:

Pressure drop due to friction in a smooth pipe with an inner diameter of

6.5mm
Objective(s)

— Determine the relation between the pressure drop due to
friction, and the velocity of the fluid in a smooth pipe with an

inner diameter of 6.5mm.
Experimental procedure
Step 1: Connect the hydraulic bench to the AFT/AFTB/AFTC/AFTP.

Step 2: Activate the “mushroom button” of the hydraulic bench with the V1, V2,
V3, V4, V5, V6, V7 and the regulation valve number 23 closed.

Step 3: Connect the unit and switch on the pump.
Step 4: Open the V3 valve and wait until all the air from the pipe is expelled.

Step 5: Connect the pressure taps of the corresponding manometer to the inlet and
outlet of the pipe number 4. The manometric tubes will be chosen when there are

water column differences lower to 800 mm.
Step 6: Regulate with the regulation valve number 23 the flow which runs through
the pipe.

CAUTION: When using the Hydraulic Bench (FME00) once the flow
measurement has been done, the driver of the emptying valve must be lowered to

avoid that the drain tank is left without water and the pump seizes up. When
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another time-measuring process is performed, put up the driver to fill the

volumetric tank and, once the measurements are finished, put it down again.

Recording your Data

[Flow Q [Height he low Q [Height he

l/min mm H20 _ V/min mm H20
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Results:

e Calculate the Reynolds number with the equations (2) and (3).

e Calculate the average velocity of the fluid with the equation (7).

¢ TFill in the following table.

Flow

Q

1/min

Velocity
u

m/s

Height
he
mm HO

Log(hs)

Log(u)
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Questions

Q1. Plot the pressure drop-velocity and identify the type of regime. In order

to appreciate these areas better, represent log (h) versus log (u).

log{h)

L T A O Y Y T |

Log (u)
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EXPERIMENT 4: Pressure drop in a gate valve
Objective(s)
— Determine the pressure drop of the fluid when it flows through
a gate valve.
Experimental procedure
Step 1: Connect the hydraulic bench to the AFT/AFTB/AFTC/AFTP.

Step 2: Activate the “mushroom button” of the hydraulic bench with the V1, V2,
V3, V4, V5, V6, V7 and the regulation valve number 23 closed.

Step 3: Connect the unit and switch on the pump.

Step 4: Open the valve V5 and the gate valve number 8 and wait until all the air

from the pipe is expelled.

Step 5: Connect the pressure taps of the corresponding manometer to the inlet and
outlet of the valve number 8 (gate valve). The manometric tubes will be chosen

when there are water column differences lower to 800 mm.

Step 6: Regulate with the regulation valve number 23 the flow which runs through
the pipe. It is recommended to start with a flow of 10 I/'min and increase 5 [/min for

each data taking.

CAUTION: When using the Hydraulic Bench (FME00) once the flow
measurement has been done, the driver of the emptying valve must be lowered to

avoid that the drain tank is left without water and the pump seizes up. When



[image: image171.jpg]Fluid Friction in Pipes

CHEG 4011 [ CHEG LAB I [Fall 2019

another time-measuring process is performed, put up the driver to fill the

volumetric tank and, once the measurements are finished, put it down again.

Recording your Data
Flow Flow Height Flow Flow Height
Q Q he Q Q hs
I/min m¥s mm H,0 l/min m/s mm H,O
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Results:

The value of K will be obtained from the equation (9). To calculate the velocity,

use the equation (7), taking into account the diameter of the pipe.

d=26.5mm.
Flow Velocity Height Flow Velocity Height
Q \% hy K Q v Iy

m’/s m/s mm H,O m’/s m/'s mm H,O
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Questions

Q1. Confirm that the loss coefficient K is constant for the gate valve in the whole

operation range.

Q.2. Plot the relation K-Q for each opening degree.

=

I N o |
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EXPERIMENT 5 (Optional): Flow measurement with the Venturi meter

Objective(s)

— Determine the flow that circulates through a pipe, relating it
with the pressure drop in such pipe by means of the Venturi

tube.

Experimental procedure
Step 1: Connect the hydraulic bench to the AFT/AFTB/AFTC/AFTP.

Step 2: Activate the “mushroom button” of the hydraulic bench with the V1, V2,
V3, V4, V5, V6, V7 and the regulation valve number 23 closed.

Step 3: Connect the unit and switch on the pump.

Step 4: Open the V6 valve and the diaphragm valve number 10 and wait until all
the air from the pipe is expelled.

Step 5: Connect the pressure taps of the corresponding manometer to the inlet and
the middle point of the Venturi meter (13). The manometric tubes will be chosen

when there are water column differences lower to 800 mm.

Step 6: Regulate with the regulation valve number 23 the flow which runs through
the pipe. It is recommended to start with a flow of 10 I/min and increase 5 l/min for

each data taking.

CAUTION: When using the Hydraulic Bench (FME00) once the flow
measurement has been done, the driver of the emptying valve must be lowered to

avoid that the drain tank is left without water and the pump seizes up. When
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another time-measuring process is performed, put up the driver to fill the

volumetric tank and, once the measurements are finished, put it down again.

Recording your Data

[Flow Q [Height he low Q [Height he

l/min mm H20 _ V/min mm H20
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Results:

With the equation (11) and ignoring the value of C, calculate the velocity of

the fluid taking into account the size of the inlet and middle sections.

D= 32 mm
Dy= 20 mm

With the equation (7) calculate the flow of the fluid.

Fill in the following table:

Flow Flow Velocity

Q Q V2

I/min m’/s m/'s

Qv

Venturi.
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Questions

Q1. Plot the measured flow and the flow obtained in the Venturi.

Qv

I I A A A s B A Sy
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In Your Lab Reports, be sure to include and address each of the
following:

Pressure Drops in Fittings and Straight Run of Pipe

1. On a dedicated plot for each fitting, plot the following:

a. Observed -AP vs. flow rate
b. Predicted -AP vs. flow rate using Eq. (9); get K from the table provided

¢. Predicted -AP vs. flow rate using the appropriate equation. Determine f from the
literature for the Reynolds number based on the diameter of and flow rate in the pipe
entering the fitting.

2. On a single plot for the straight run of pipe, plot:
a. Observed -AP vs. flow rate

b. Predicted -AP vs. flow rate using Eq. (4). Determine f from the literature for the

Reynolds number based on the diameter of and flow rate in your pipe.

3. In general, how well were you able to predict the pressure drops in the straight pipe length and

in the various fittings?
4. Was your modeling better for some fittings than others? Why?

5. Which method in general — number of velocity heads or equivalent length — was a more

accurate model in predicting the pressure drops of the fittings?
Venturi Tube (Optional)

1. For the orifice or Venturi tube, plot the observed pressure drop versus flow rate (gpm). Also

measure the pressure recovery.

2. Using Eq. (11) calculate the theoretical pressure drop vs. flow rate using literature venturi tube

coefficients. Present the curve on a plot. Also, calculate the pressure recovery also.

3. How well were you able to predict the pressure drop in the flow meter you studied?
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In this experiment, we examined the relationship between fluid friction and velocity of water

flowing through pipes with different diameter and a gate valve. Pressure measurements were taken

-
o . . (o
at multiple volumetric flow rates using a water manometer and bourdon pressure gauge. We

calculated the Reynold®s number for each of the flow rates, classified the flow regime, and used thea -y,

# - e » . . _hn\
Darcy-Weisbach equation to determine predicted pressure drop. Study of(tbe different pipes data

p__ortfzi 3-1-5’;hat pressure drop increases as the volumetric flow rate is increased. We analyzed this theory
for each flow rate, along with each of the different pipes. Furthermore, we noticed that the loss
coefficient for the gate valve was relatively constant with varying flow rates. Finally, we compared
the predicted pressure drops with the observed pressure drops. From our analysis, we observed that
our values correlated with predicted values for the 16.5 mm and the 17 mm pipe, but the observed
pressure drops for the 6.5 mm pipe were higher than the predicted pressure drop. Additionally, we

observed a monotonic relationship between pressure drop and fluid velocity, which correlates
< A

; reaf‘ts&_iv’ély, close to the expected behavior for turbulent flow regimes.

N
F
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The purpose of this experiment was to study the behavior of closed flows, as well as the
relationship between the pressure drop due to friction and the velocity of the fluid in different types
of pipes. One important hydraulic characteristic in the fluid friction of pipes is that pressure drop
increases as the volumetric flow rate is increased. This relationship can be determined by measuring
the pressure drop across each of the different pipes at various volumetric flow rates. As shown in
Figure 1, the velocity distribution is in a steady, laminar flow. The velocity distribution is directly
proportional to the pressure drop of the pipe (Antoine et al., 2019).

Fluid Friction is the force that is resisted with another fluid or within the fluid on its own. The
resistance occurring within the fluid is called viscosity (also known as thickness). Fluids that have
more viscosity, provide more drag or fluid friction. In a certain range of the Reynold/ s humber, the
friction loss in straight pipes of different sizes can be studied. Specifically, the different flow types

are classified as laminar and turbulent regimes. (McCabe, Harriot, 2005).

r=0—"7 IR

v “’_lzlpl‘Pz
max - 4p Ax

Figure 3: Velocity distribution in a steady, laminar flow
P ‘

In 1883, Osborne Reynoldsf’érfz J :édjthe difference between laminar and turbulent regimes in
pipes. Later, the “Stanton Diagram’;f\;;s developed by Ludwig Prandtl, Thomas Stanton and Paul
Blasius. They examined the flow data in pipes to create this diagram. The experiments of rough pipes

were carried on by John Nikuradse by the degrees of roughness to compare the different currents.
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is important in aeronautical, industrial and chemical engineering (Antoine et al., 2019).

Theory

During fluid flow in pipes, pressure drop is caused by friction between the pipe wall and the
fluid, as well as by minor losses such as change %ﬁilirection of the flow, changes in the flow area,
blockage in the flow, etc. Friction loss depends on two components which are (1) conditions of flow
and (2) the physical properties of the piping Systcﬁilf bimcnsionless Reynolds’ number (Re)
determines the condition of the flow. It does so by demons_,tratiﬁé that there are two types of fluid

(e

flows inside a pipe (McCabe, Harriot, 2005).

Reynold’s number

_pUd Where:
Re=—1 p: the fluid density (kg /m?)
- U: fluid velocity (m/s)
L u: the dynamic viscosity (kg/m - s)

d: the pipe diameter (m)

1. Laminar flow (Re <2100): Fluid moves along smooth streamlines; pressure drop is

proportional to the current velocity. H

2. Transitional Flow (2100 > Re > 4000): Fluid is considered a combination of laminar and

turbulent flow, visualized by more turbulence in the center of the pipe, and a presence of

%
laminar flow closer to the walls of the pipe.

3. Turbulent flow (Re > 4000): streamlines break up a{pd the fluid moves in an erratic

-
e

. 7 . .
manner; pressure drop is proportional to the square function of velocity.



[image: image186.jpg]The design of this experiment is limited to flow through round pipes of various diameters and

textures. Other equations used in this experiment are listed below:

Kinematic Viscosity

Where:

v: kinematic fluid velocity (m?/s)
p: the fluid density (kg/m?)

y: the dynamic viscosity (kg/m - s)

Equation used to convert pressure difference into a head measured

g Py —P 3 ' Where:
T™ pg ¥ hg: Pressure head (m)
P;: Upstream pressure (Pa)
P,: Downstream pressure (Pa)
p: the fluid density (kg/m?)

g: Gravity (m/s?)

Darcy-Weisbach equation to find major friction losses

Where:
h¢: Pressure head (m)
f: friction factor
gl L: Length of the pipe (m)
— D: Inner diameter of the pipe (m)
v: Average velocity of the fluid (m/s)
g: Gravity (m/s?)

Relative roughness (Can be obtained using a moody chart)
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k: absolute roughness
D: Inner diameter of the pipe (m)

Relative roughness = D
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Where:
A K: Empirical coefficient (dimensionless)
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Procedure J/-z}) 34

1. Before each experiment, connect the
hydraulic bench to the AFT flow bench and
ensure that the hydraulic bench has sufficient
level of water so that there will be no air

bubble in the pipes.

2. Press the water supply valve button (red

Figure 4 Diagram of Experiment

“mushroom-button”) of the hydraulic bench
with the appropriate valve open for each experiment.

Table 1: Pipe size and valve utilized in each lab

Experiment Open valve

Number

1 ) Valve to rough pipe with an inner diameter of 17mm

2 Valve to smooth pipe with an inner diameter of 16.5mm
3 Valve to smooth pipe with an inner diameter of 6.5 mm
4 Gate valve




[image: image188.jpg]3. Make sure all other valves in the system are
closed.

4. Attach the pressure taps of manometer to the
inlet and outlet of the pipe that is the subject
of that specific experiment. If the manometer

shows a difference of less than 800 mm H20

then switch to manometric tubes for more precise readings.
NOTE:

e For experiment 4, attach the first pressure taps to the inlet of the valve and second lead to
the outlet of valve rather than at the end of the pipe.

e For experiment 5, attach the first pressure tap to
the inlet and the outlet part part gf the Venturi
meter. /

5. Before recording any data using Low-pressure

manometer, check to see if it is calibrated:

a. Open a valve to any other pipe to which
the pressure leads are not attached

b. Close the valve to which pressure leads are attached and then wait for the P1 and P2
readings to align /

c. If the readings do not match then calibrate then calibrate with the help of your

laboratory instructor



[image: image189.jpg]6. Once all the equipment is set up, turn the valve open the appropriate pipe (refer to table #) and
. record pressure measurements.

7. Record as many readings as possible for different flow
| rates for each experiment.

8. Once you have recorded the pressure close the water

i supply valve and return equipment to their designated

place.

Results and Discussion

Experiment 1: (17mm Inner Diameter)
For experiment 1, we were asked to determine the relationship between pressure drop and velocity

for a 17mm diameter rough pipe. In order to better appreciate this relationship a log-log plot of

e

pressure drop versus vchu&@og plots are useful tools to easily demonstratw@w\er ]
s bl

relationship between variables. A log-log plot linearizes a plot and put it into slope intercept form. If
a log-log plot reflects a straight line, then the two variables that are plotted can be confirmed to have

, Vﬂw'c/
some exp(}nenfial relationship, where one variable is proportional to some power of the other

Variable‘./A simple way to demonstrate this is to look at the general form of a power relationship and
applying a logarithm, where the “x” variable is defined as the velocity of the flow in the pipe and “y”
is the pressure drop inside the pipe.

General form: y = Ax" v

Taking the log of each side: log(y) = log(ax™) — log(y) = log(a) + nlog(x) !f,/

If we let: log(y) =Y, log(a)=b, and log(x) =X

\

\
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Then we can rearrange the general form of an exponential function in slope-intercept form: y=mx+b 2
e e

[

In order to calculate our velocity, to plot ity we first used our measured flow rates to determine the

- average-velocity inside the pipe. Based on the design of the flow equipment, our original flowrates
were measured in liters per hour. We converted this to cubic meters per second and then divided our
volumetric flowrate by the cross sectional area of the pipe, in order to determine the average velocity
(U) flowing through the pipe. In addition to calculating the average velocity (U), we calculated the
Reynolds number for each flowrate. Applicable equations and a sample calculation is demonstrated
below.

From eqn (2) in the lab manual, we know that: v = % = 1.007 * 107® m?/sec /

Where: v is defined as kinematic viscosity / )
) h 4 s

p is defined as dynamic viscosity

p is defined as density %

From eqn (3) in the lab manual, we know that: Re = UV—D

Where: Re is defined as Reynolds number /
U is the average velocity U ok 1L g )

D is defined as the inner diameter of the pipe
b
few an (7 rom the b
We can also rcatT/z} ge eqn (7) from thc lab manual to define average velocity: U ==

&

( i e s
Where: Q is defined-as the’vﬁﬂimelric flowrate \ / a»/ / J "/ .) T g ol

.w+; % w?P
A is defined as the cross sectional area of the pipe | / ﬂ aw” J Z,./“?
Using these equations, we calculated the average velocity of the flow inside the pipe, as well as the
Reynolds number.

{068 L 1hr S L 1min .001m? 2778 x 10~ m3
— W — X %k * = 5 * —_—
Q= hr 60m min 60 sec 1L

w
A= Z(0.017m)2 = 2.2698 * 10™*m?

&q, -
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Experiment 1: Power relationship between pressure drop and
velocity of the pipe (17mm ID)
4.00
3.50 |
3.00 |
250 |
= |
% 2.00 |
S
150 |
1.00 |
0.50
0.0o L = T e — e en meeee o e = e —
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Log(V)

Figure 4.1 demonstrates the power relationship between pressure drop in the pipe and the velocity of the flow in
At N e F e S

the pipe.

In ﬁgure / 1, a linear relationship between pressure drop and flow velocity can be observed, if the
third data point is omitted. This implicates a power relationship between pressure drop and velocity.
The slope of the trend line is observed to be about 1.9887, and the y-intercept is 1.9996. This-implies
that .the pressure drop ought to be related to the velocity—by-the—foHowing retationship:—y=
(107-9996)x 19887 where “y” is the pressure drop.and “x is-the-velocity of the pipe. If we consider the

first velocity data point, 1.224 m/s, the power relationship would imply that the pressure drop-should

—then bet—

y = (10%996) x 1.2239%9887 ~ 148mm of H.0-

e hese prp e W D’W@Mf%‘aw
G@moﬂc f 9 7 Lits 7%/1%#}&// /
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The recorded pressure drop for this same data point is 190mm of H2O from table 4.1. The dillerence

between the recorded pressure drop and the anticipated pressure drop by virtue of the power

relationship implies some error in measurement./ The value of 148mm of HO is relatively similar to
190mm of H>O and demonstrates that the power relationship that was derived from the log-log plot 7

for experiment one can be useful in giving rough estimates of the pressure drop at different flow
P

~ velocities, Additionally, all Reynolds numbers.that were calculated were determined to be turbulent ‘
A LS R
OW.

m:—2-:\”)' s A ns
ot Mg

Experiment 2: (16.5mm Inner Diameter)
For experiment 2, we were asked to determine the relationship between pressure drop and velocity /

for a 16.5mm diameter smooth pipe/A log-log plot of pressure drop versus velocity was useﬂcl-:)

@;rmine this relationship as well. Using volumetric flow rate measurements in liters per hour, we

then calculated our respective velocities and Reynolds numbers. The sample calculation shown above

in experiment 1, can be referenced for calculation method.

Experiment 2: Power relationship between pressure drop and
velocity of the pipe (16.5mm ID)

3.00
|

2.50 |

2.00
= — =1.8495% + 1.3396 .=
B 150 R ) i ol R
S

1.00 :

0.50 des} )

0.00

0.00 0.10 0.20 0.30 0.40 0.50 0.60 0.70 0.80 0.90
Log(U)

Figure ,.2 illustrates the power relationship between pressure drop in the 16.5mm inner diameter pipe and the

flow velocity. uld 7&1,{ /h é lpol( l{/(_b i
e wL\/J Sho -;j /

fhery

10
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In Fig ;?2 a clear linear relationship is observed between the pressure drop and the flow velocity.
The straight line is an obvious indicator of the existence of a power relationship between the

pressure drop and the flow velocity. The slope of the trend line in Fig A2 is 1.8495 and

the y-intercept is 1.3396. This implies that the pressure drop ought to be related to the velocity by

({31

0!-33%6) 18495 where “y” is the pressure drop and “x” is the velocity

the following relationship: y= (1

of the pipe. If we consider the first velocity data point, 1.299 m/s, the power relationship would

) Al Jocw

imply that the pressure drop should thenbet——- —— e }— £ ¥
.. = Y -
y = (101.3396) % 1.20918195  35ymm 0}" ' ~',n/-=nf
et 2 2 &jﬂ‘/‘

The recorded pressu;e drop Fé‘f"iﬁis_safm?aa—t—agoﬂlt is 35mm of H2O from table 4.2. The anticipated
pressure drop determined by the power relationship in experiment two is significantly accurate in
predicting the actual pressure drop in the pipe, as it seamlessly mirrors the recorded pressure drop

during the experiment. Additionally, all Reynolds numbers that_ wcfé"é;lculated were determined to

=

be turbulent flow. ﬂw’/ FASr My /17
_______.—————-_"_’

C:l’)oér WK"*‘

Experiment 3: (6.5mm [nner Diameter)
For experiment 3, we were asked to determine the relationship between pressure drop and velocity

for a 6.5mm diameter smooth pipe. A log-log plot of pressure drop versus velocity was used to
determine this relationship as well. Using volumetric flow rate measurements in liters per hour, we
then calculated our respective velocities and Reynolds numbers. The sample calculation shown above

in experiment 1, can be referenced for calculation method.

s a[n(? i s rh

Q,TGW'M?/ Sr] fWUM }\y’/ f”‘/w\/\?S

0/[' },cz,/“/ / M%_ Wno/h&}//

/
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the pipe (6.5mm ID)
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Figure )3 illustrates the power relationship between pressure drop in the 6.5mm inner diameter pipe and the flow
velocity.

In ﬁgure/f(l a linear relationship between pressure drop and flow velocity can be observed. This
implicates a power relationship between pressure drop and velocity. The slope of the trend line is

observed to be about 1.6828, and the y-intercept is 2.4245. This implies that the pressure drop ought

€6y,

02.4245)x1.6828

to be related to the velocity by the following relationship: y= (1 where “y” is the pressure

drop and “x” is the velocity of the pipe. If we consider the first flow velocity data point, 5.023 m/s,

-

the power relationship would _imply-that the pressure drop should then be W/’w ’/
why? 7

>

———

(’ = (10%4245) x 5,02310828 ~ 4019 mm of H2 | e P
The recorded pressure-drop for this same data point- 15—%873 ﬁmm_ul H,O fromi table }/Tlﬂl/

difference between the recorded pressure drop and th¢ anticipated pressure drop by virtue of the [V
J
' 9
power relationship implies some error in measurement/./mlue of 4019mm of H,O is 7L 4 ; Ly
relatively similar to the recorded 3873.6mm of H2O and demonstrates that the power relationship

that was derived from the log-log plot for experiment | can be useful in giving rough estimates of

J e
et ) P 0
12 . 6



[image: image195.jpg]the pressure drop at different flow velocities. Additionally, all Reynolds numbers that were calculated

were determined to be turbulent flow.

Experiment 4: (Gate valve fitting with 26.5mm Inner Diameter)
In experiment 3, we were asked to determine the pressure drop of the fluid when it flows through a

gate valve, as well as confirm the loss coefficient K is constant for the gate valve throughout the
range of operation. The pressure drop was determined by measuring the manometric tubes at the inlet
and outlet of the gate valve. The observed pressure drops are listed in table 4.4, The loss coefficient

was calculated by rearranging eqn 9 from the lab-manual.- A <;¢1mple calculation is shown below.

- )
/ e o & plees 2 .
# ../ A//_-?// o1 7[4 g“é he

where: g is acceleration due to gravity, h\‘tﬁh&pres‘sme drop in meters, v is the average velocity in

m/s
2 B1’“)(0 107m)
K= = 1.22
(1.309 )2
S
Consistency of K at different Flowrates Q

1.40

1.20 == == :
1.00 ¥
0.80

4

0.60

0.40

0.20

0.00 / e I
6.00E-04 6.50E-04  7.00E-04 (’ 0E-04 8.00E-04 8.50E-04 ‘N}us-ua) 9.50E-04 1.00E-03  1.05E-03

\Flow Q (cubic metersfs)

Figure 4.4 shows the consistency of the loss coefficient K for the gate valve for different flow rates

13



[image: image196.jpg]The loss coefficient K stayed relatively consistent at the five different flowrates that were set for the
experiment. The loss coefficient stayed relatively consistent throughout the experiment for the
various flowrates. If the last data point is withheld in figure 4.4, the loss coefficient can be considered
to stay consistent for varying flow rates. There is a definite potential for error that could have occurred
when recording the manometer readings for each end of the gate valve. This error may have

propagated in our calculation of the K values.

Discussion Questions

Pressure Drops in Fittings and Straight Run of Pipe

Question 1

Exp. 4: Observed Delta P Vs. Flowrate and Predicted Delta P Vs.
Flowrate for Gate Valve

3500

3000

2500 o

2000 - &

1500 ' I W I 1
1000 =0

Pressure Drop (Pa)

500 |

0
6.0E-04 6.5E-04 7.0E-04 7.5E-04 8.0E-04 8.5E-04 S.0E-04 9.5E-04 1.0E-03 1.1€E-03

Flow rate (cubic meters/s)

—@—Observed —@Predicted

Figure 4.5 shows the observed and predicted pressure drops.versus the flowrate for a gate valve fitting
J "
The predicted pressure drop was calculated us‘rﬁg eqn 9 from the lab’'manual, as well as by using the
\\‘\——-—r"‘_f e

loss coefficient K from the table in the lab manual. From the table in the lab manual, the loss
coefficient for a completely open gate valve is equal (o 2. Plugging in this K value into eqn 9 from
WZq 4 8 43 ﬁ?ﬁw ’4""/0

| } At

~ ) ),
'7//(/27 54“(’ we
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the lab manual, the predicted pgf:iure drop was calculated. The raw data values for the predicted

pressure drop can be found ir(%able 4)5/ A sample calculation is shown below.

A4 PN )
h~== J )’ v hy =K v’ =72 L = 0.1747 H,0
gS ‘b = K\2g) = 2\zeogr) = O174Tmof Hy
9.81m Kg
Uy—“ P = pghy = (0.1747m of H,0) * +1000—% = 17138 Pa

7 ) 5

g )

|

Wy 6) Based(én Fig ﬁ 5, the observed pressure drop is lower than the predicted pressure drop. According

q to Fi 1g 5 pi cssure drop should progressively increase, as the flow rate is increased. What was
(

Wy e —,
f/' j observed in ]“1;, I 5.is comparative to what is expected, aside from the fourth data point m ﬁgure i S
d}?? . It is pos;ble that a human error occurred when recording the pressure drop for this particular data

i
[V .
point.
Question 2

r . .
Vﬁ‘/j" 14 Observed and Predicted(using eqn 4) Flowrates Versus Pressure Drop
(Jﬂ" 2 for Three Straight Runs of Pipe
"
m q), 140000
%ﬂ# /120000 T
Y & 100000 ,_%Zl"'
2 80000 F_%ﬁ
S 60000 A
2 7 i
: 4c}6@o %@ :
£ 2f000 -ttt ——
0 R W:m—ﬂ-*—i—’—'
_5000h0E+00 2.0E-04 4.0E-04 6.06-04 8.0E-04 1.0E-03 1.2£-03 1.4E-03

flow rate {cubic centimeters/s)

g Qbserved 17mm @~ Observed 16.5mm —#-— observed 6.5mm
s predicted 17mm —@=—predicted 16.5mm ~—@=—Predicted 6.5mm

Figure 4.6 shows the observed and predicted pressure drops versus flow rate for the three straight runs of plpes

with 17mm diameter, 16.5 mm diameter, and 6.5 mm diameter respectively. ? ;5' 40 “ //
Aol
The predicted pressure drops were determined using éqn 4 from the lab mgnuzﬂ In order to use eqn §e.¢/f5°v 2

4, “f” the friction factor, was first determined using eqn 5.54 from Unit Operations of Chemical

i —

WAJ»/ ’J 7//% @7“"7%&7?
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gj for friction factor calculations and pressure drop are found in the Appendix,” [“ablc .6 1; the raw data 7’

//r_ f

4

Engineering on page 116, which is a convenient method for determining the |friction factor for =
P

A )
turbulent flow when relative roughness cannot be determined. (McCabe, 200 he raw data tables Q\/’

Iy

=rs L/Zr.vL

for the 17mm diameter pipe. Table (!7 is the raw data for 16.5mm diameter pipe. Table f.8 is the raw )
4%

data for the 6.5mm diameter pipe. A sample calculation is listed below using Reynolds number data , ﬁl“ F=
[ 7S

? W from experiment 1: , 7 e nded

J{vv
o

iz

0.125
@032

b= FRE) y } 74\,3

where: L is the length of the straight run of pipe. The length of the pipe is measured as about 1.22m C{" ’k‘

Al Ak
f=00014+ where: f is the friction factor. S

0.0014 + 0125 =.0066
f= 20664032

m 2
1.22m (1-224;)
by = .0066( ) =.036m

0.017m/\ 2 *9_8122
S

m Kg
—AP =.036m » 9.81— * 1000 — = 353.16 Pa
s m

In Figur%ﬁ, the predicted pressure drops, using equation 4 from the lab manual, versus the flowrates
are fairly representative of what we observed. For the 17mm diameter pipe, the observed pressure
drop is slightly greater than the predicted pressure drop. This can be due to more reasons for friction

and pressure losses that are not accounted for in eqn 4 of the lab manual, or due-to-human errors /), %

/4.,46/7

associated -with-measurements that were recorded for the observed pressure drops in experiment 1.
it

For the 16.5mm diameter pipe, thiy/bscwed pressure drop sgu.lessl'y'é flects the predicted pressure

drop as the cuxys e superimposed and lying on top of one another. This demonstrates that

experiment 2 was successful in accurately recording pressure drops at different flow rates through

the 16.5mm diameter pipe. For the 6.5mm diameter pipe, the predicted pressure drop at different

16



[image: image199.jpg]flow rates is actually lower than the observed pressure drop through the pipe at different flowrates.
g
This demonstrates that eqn 4 from the lab manual ma/},' not be as accurate in representing pressure

drops at different flowrates for smaller diameter pipes. The difference-between-the predieted-and the
observed pressure-drops can also potential t i
“the pressure drops-inexperiment 3:— ‘//D e 0&; //‘/ et arc Mo 7 /(‘ i

'< '____. ; \) /J 74\‘/ 7&/% % W&/
(/"'_Q}'le.vtiorf 3 -
o

S T In g'éﬁErEf we were able to predict the pressure drops in the straight pipe lengths with fair accuracy
for the 17mm diameter pipe and the 16.5mm diameter pipe. However, for the 6.5mm diameter pipe,
the predicted pressure drops were far less for the same flow rates than the observed pressure drops.

|l The observed pressure drops for the gate valve are less than the predicted pressure drops for the same

\ 5 — — =

i varied flow rates. Overall, the common trend reflected in all observed and predicted pressure d;0;s‘ Ty

e T "Y
\ " is that the pressure drop increases as the flow rate increases: This trend is reflective of theory, that mt
| e B—— Hhe

the volumetric flowrate throughout the pipe remains constant. Due to the volumetric flowrate Pl (o

remaining constant, the values of the cross sectional area of the pipe and the average velocity must Yt

7t /3
) inversely change in order to still mathematically be equal to the same volumetric flowrate when _ﬁ:t: A
!

. . . . . . _ point:
/ passing through various cross sectional areas. If the cross-sectional area is decreased, an increase in
velocity of the flow is predicted and observed in the experiments. If the velocity of the flow is S

‘ increased, than a proportional increase in pressure drop is predicted and observed in the experiments
]

as well.

b P . /, \!
(_TQnuestton 4
;»“’t.{

the series of experiments, only the pressure drop behavior of one fitting is modeled, therefore in

/ order to compare models, further experimentation is required.
/
/

(T/W/M st Ahe < 7w0f% S 7 h
G o f——*‘[‘;‘“‘»

ey N
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T ,gtﬂvalglimngm—method was observed as a more accurate model to predict pressure drops of the
vaient ICngi-men
fittings. Throughout our experiment, an equivalent length of pipe was considered and the pressure

drop across the length of pipe was observed at various flow rates. For the gate valve fitting, the same

. ?
igg_gt was applied in observing and predicting the pressure drop. o/ A’f PATS

Conclusion

We successfully measured the pressure drop for different plpe dl‘l]IlGlLFb zomparcd the
 A—

observed pressure drops with the predicted pressure drops using the Darcy equation, and established

a relationship-between turbulent flow regimes and fluid velocity. We observed an increase in pressure
,},'H-f— p-b = - :J—_,})M‘q\?/'aﬂk {/J}K_f‘:y

drop when the volumetric flowrate was increased and established @:c relationship between
wut &
,,\/Aw}" ! head loss due to friction and fluid velocity. Furthermore, our results suggest that the Darcy-Weisbach

we /41, 7
pe ?LA 4 /UM equation is more useful for larger diameter pipes than smaller diameters. In the future, other factors

7 }7‘/c; impacting head loss due to friction should be considered, such as varying inner diameter, pipe length,

o f 7
7 l.

no
pre and additional fittings.

fe
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Appendix 3 “« ¥ D
“eters o m

This appendix includes the raw data for each experiment as well as all calculation made in order to obtain the

graphs references in Resul iscussion section. S ,:j / S
aw data experiment |:Table 4.1 o ‘j
0 L ¥ ) 2|0 i .
+ L)
2.778E-04 1.224 190.00 0664 |
~ 3.888E-04 1.713 334.00 28920
5.000E-04 2.203 203.87 37188
5.555E-04 2.447 ‘ 713.56 41316
 6.667E-04 2.937 815.49 49584
7.22204 | 3182 | 101937 53712
777804 | 3427 | @ 132518 57852
 8333FE04 | 3671 1427.12 61980
8.888E-04 3916 1529.05 66108 -
9.445E-04 4,161 1834.86 70248
100003 | 4406 203874 | 3.3¢ 74376
1.111E-03 4,895 2242.61 ¢ ; 8264Z §:j
g 74 ? ¢
Raw data experiment 2: Table 4.2 )
D ] = . =
i 0) b
16.67 2778604 | 1299 | 3500 | 15441 | 01137 /| 21290.727 M
2333 |  3.888E-04 1.819 | 6600 | 18195 _0.2759_7‘ | 29796.801 %
30 5).'(?00E-D4 2.338 104.007 i 2.017Q 03689 | 38315.646 \
33.33- ~ 5.555E-04 | 2598 | 130.00 2.1139 0.414§_ 42568.683
40 6.667E-04 3.118 182.00 2.2601 0.4939 51087.528
43.33 7.2228-04 | 3377 210.00 23222 0.5286/ | 55340.565
4667 7778604 | 3638 | 23500 | 23711 | 05608 | 59606373
50 8.333E-04 3.897 | 275.00 2.4393 0.5908| | 63859.410
5333 8.888E-04 4157 309.00 | 24900 0.6188| | 68112.447
~ 56.67 9.445E-04 4417 344.00 2.5366 0.6452 | | 72378.255 /
60 1.000E-03 4.677 374.00 2.5729 0.6700 \ | 76631.292
66.67 1.111E-03 5.197 446.00 2.6493 0.7157 85150.137
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FlowQ U Height hy Log(u)
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_ 15. 2.500E-04 7.534 754332 3.8776 0.8770 48630.445
16.67 2778604 | 8373 | 978503 3.9906 09229 | 54044.635
18.33 3.055€-04 9.207 11009.17 4.0418 0.9641 59426.404
Raw data experiment 4: Table 4.4
T T [ o I
FlowQ |  FlowQ [IWetoclty Height hi
{L/min) | (cubic meters/s) mmH20
4333 | 7222804 | 13 107.00
~ 46.67 7.778E-04 | 1.410 118.00 1.16
| 5D 8.333E-04 1.511 ~ 132.00 10131
5333 8.888E-04 1.612 150.00 1.13
56.67 9.445E-04 1.712 155.00 1.04
N S e
Experiment 4: Table 4.5 2 w Wren ; A Qé )
0 ' . s Wﬁ( ’AZ/ L
p JELIV? 5 A «
—i = /’\7 ia » ‘D”L /2
1.309 0475 /| 171348
1410 0203 1988.10
L I | R 28312
612 0.265 2598.54
i O Lt -3 . g
1712 0.299 2930.94 Vad A

; nzbf-ﬁ"f " 0.0056

Experiment 1: TableA.6

re drop

‘ #flction féctor f uredic;:: :r:ia o

~ 0.0066 0.0362
0.0061 0.0652

0.0057 0.1013

0.1219

- 0.0053 0.1682
0.0052 0.1937

0.0051 0.2208

L cann® }.

/ be OQ'/#'

22

354.85
639.19
994.05
1196.31
1649.90
1899.97
2166.27

predicted ziessure drop
eqnd ba
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2742.64
_3054.06
3379.19
4073.80

predicted pressure drop predicted pressure drop

‘ friction »?z;tctor f

eqn 4 mH20 ‘ eqnd Pa
. 00066 | 00417 . 40891
- 00060 | 0.0751 73669
0.0057 0.1168 1145.84
0.0055 . 10.1406 1379.06
0.0053 01939 1902.14
0.0052 0.2233 2190.56
0.0051 0.2546 2497.69
0.0050 02876 | 2821.45
0.0050 s loEz28 ) 3162.50
0.0049 0350 | 352173
0.0048 I 0.3972 3896.79
00047 | 04789 4698.11

15 _ . predicted pressure drop predicted pressure drop
factorf | "
‘ .. Mo ?". ’ eqn 4 mH20 egnd Pa

~ 0.0059 14244 | 1397381

- 0.0057 1.8686 B 18330.80

~ 0.0055 2.3614 23165.51
~ 0.0054 29075 2852265

0.0052 v 3.5029 34363.08

0.0051 4.1425 40637.67
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TASKS FOR OUTCOME 6

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

CHEMICAL ENGINEERING DEPARTMENT
OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET

CHEMICAL ENGINEERING LABORATORY II
FALL 2019
Instructor:  Dr. Lealon L. Martin
Title of Assignment


Outcome Measured Using this Assignment


Check the complex engineering problem characteristics related to this assignment
	Assignment problem

	x
	Application of Principles of Design of Experiments


Brief justification of why this assignment is suitable for this outcome
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. Explain the three most important requirements to select a suitable experiment

How far you should go on your theoretical search?
If you have a problem with one dependent variable and two independent ones answer,
a). How many experimental variables you should try to measure?

b). The range of the independent variables will determine what kind of domain? Sketch
and justify.

¢). Show how the errors in the independent variables will impact the dependent one.

If you propose to measure a physical property show a procedure to generate credible
experimental data.

Same, but if you are verifying a physical principle.
Should you consider more than one alternative to achieve your proposed goal?
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Outcome 3: An ability to communicate effectively with a range of audiences.





Outcome 5: An ability to (1) function effectively on a team whose members together (2) provide leadership, create a collaborative and inclusive environment, (3) establish goals, plan tasks, and meet objectives.





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





TASKS FOR OUTCOME 3





An ability to communicate effectively with a range of audiences.








Design of Experiment and Presentation











Outcome 3


An ability to communicate effectively with a range of audiences.








This assignment exercises students’ ability to organize, plan, design/prepare and use appropriate visual Aids for communication/presentation to a range of audiences (executives, technical and non-technical), ability to articulate subject knowledge (technical content), and appearance and ability to provide good oral delivery to a range of audiences.











Lab Report for Experiment 1 





Outcome 5


An ability to (1) function effectively on a team whose members together (2) provide leadership, create a collaborative and inclusive environment, (3) establish goals, plan tasks, and meet objectives.





This assignment enables students to demonstrate the ability to perform quantitative physical measurements, operate, laboratory scale equipment in working groups and, by extension, demonstrate the ability to plan, design, and evaluate experiments as a team.






































Design of Experiments Quiz





Outcome 6


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





The student’s ability to apply new knowledge as needed, using appropriate learning strategies based on design of experiments principles.
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