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Course Description in ABET Format

CHEMICAL ENGINEERING DEPARTMENT
CHEG 4104 CHEMICAL ENGINEERING LAB. 111

Course number and name:

CHEG 4031 CHEMICAL ENGINEERING LAB. Il

Credits and contact hours:

1 credit hour; 3 contact hours

Instructor’s or course
coordinator’s name:

Dr. Jorge F. Gabitto

Text book: Title: NA
Author: NA
Publisher, Year & Edition: | NA

a. Other Supplemental material

Holman, J. P., Experimental Methods for Engineers, 4™ Ed., or
newer, McGraw-Hill, New York, 1986.

Specific course information

a. Brief description of the content of
the course (catalog description)

CHEG 4104. (0-3) Credit 1 semester hours. Continuation of
CHEG 3011, but directed to sensors, reaction engineering and control
systems. 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

Senior standing.
CHEG 4303.

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

Required

Specific goals for the course

Students will be able to :

a. Specific learning outcomes

1. Demonstrate ability to perform quantitative physical
measurements and operate laboratory scale equipment.

2. Design, plan, and operate experiments.

3. Communicate proficiently in oral and written formats.

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

This course addresses:

Outcome 3

An ability to communicate effectively with a range of
audiences.

Outcome 5

An ability to function effectively on a team whose members
together provide leadership, create a collaborative and inclusive
environment, 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.

7 | Brief list of topics to be covered Topic 1 Laboratory Safety and Loss Prevention (Video

Presentation)

Topic 2 Design of experiments (Lecture)

Topic 3 Writing lab. reports (Lecture)

Topic 3 Conversion in a Tank Reactor (Expt. No. 1)

Topic 4 Conversion in a Plug Flow Reactor (Expt. No. 2)

Topic 5 Simulating behavior of one and two tanks in
series system (Expt. No. 3)

Topic 6 Level Control by a PID Controller (Expt. No. 4)

Topic 7 Design of Experiments (Assignment project)

*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.



Il ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS

Program Outcomes Assessed in this course

Outcome 3

An ability to communicate effectively with a range of audiences.

Outcome 5

An ability to function effectively on a team whose members together provide leadership, create a
collaborative and inclusive environment, 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.

Assessment Summary of Class Semester Outcomes Averages

Outcomes 3 5 6
Semester Class Semester Class Semester Class
Semester
Average (%) Average (%) Average (%)
72.4 72.8 75.3
Spring 2022
69.5 65.9 65.9
Spring 2021
82.5 79.5 87.1
Spring 2020

Comments on
Trend of Data
(Improving or
deteriorating)

The class average has
decreased significantly over
last semester. Most students
did not fulfill minimum
requirements. This behavior
may have been produced by
the emergency that
significantly changed the
teaching procedures. More
data points are needed to
determine whether it is an
anomaly or reflect a trend.

The class average has
decreased significantly over
last semester. Most students
did not fulfill minimum
requirements. This behavior
may have been produced by
the emergency that
significantly changed the
teaching procedures. More
data points are needed to
determine whether it is an
anomaly or reflect a trend.

The class average has decreased
significantly over last semester.

Students did not  fulfill
minimum requirements. This
behavior may have been

produced by the emergency that
significantly ~ changed  the
teaching procedures. More data
points are needed to determine
whether it is an anomaly or
reflect a trend.

Ideal Semester Class Average = 75% (or as defined by the program)




End of Semester Course Assessment Reports
Spring 2022 and Last Two Assessment Periods.

Each summary contains the following information.

. Performance Statistics

e Total number of students in class

e The class average performance (stated as %) in each course outcome assessed
in this class and the two previous times course was assessed.

e The acceptable class average for the class in each outcome area as set by your
Department.

e Percentage of students who scored below the expected average in each
outcome.

. Implementation Summary
e Brief summary of plans implemented during the semester based on last
assessment report

. Perceived Problems

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

. New Plans for Addressing Problems

o Instructor’s plans for addressing the perceived problems the next time the
class is taught. These should be specific enough for another instructor to
implement. Most of these should be things that, you, the instructor can
implement to help students to improve. Be creative.

. Overall Trend over last three assessment periods
¢ Instructors summary of overall performance trend for each outcome
measured over the last three periods.

. Were Expectations Met?

e 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.



Report Prepared by: Dr. Jorge Gabitto

Table 2.1. END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CHEGA4104-P02 Chemical Engineering Laboratory 111
Spring 2022 SEMESTER

Report Date: May 23, 2022
Semester Analysis | Number of Outcome 5 Outcome 6 Outcome 3
Type Students Ability to design and conduct Ability to function on multi- Oral & Written Communication
experiments. disciplinary teams.
Expected Class % Students | Expected Class % Students Expected Class % Students
Average Average Meeting Average Average Meeting Average Average Meeting
Expected Expected Expected
Average Average Average
Spring 2022 Direct 13 75 79.3 100.0 75 79.7 100 75 78.2 69.2
Spring 2021 Direct 15 75 67.7 33.3 75 67.5 333 75 67.5 333
Spring 2020 Direct 20 75 80.0 85.0 75 75.0 70.0 75 82.1 100.0
Practice  sessions in laboratory | Evaluation of student participation in and | Lab report format distributed to students
Implementation ::> describing  procedures  for  data | out of the laboratory. and discussed. A class on how to prepare
Summary acquisition and analysis. Design of reports/presentations added.
experiments lecture.
Students perform well the data Uneven participation in conducting the | Students could not write logical
Perceived acquisition part of the experiment but laboratory experiments and preparing the | conclusions and could not adequately
Problems ::> fail in data analysis. This issue leads | corresponding Lab. Report. comment on the results.
to wrong conclusions.
The instructor proposes: The instructor did:
The following is recommended for 1. Assign every group a group leader. The | 1. Samples of conclusions on research
Plans for implementation next course offering: leader is responsible for even student | report can be given to students.
Addressing participation. The leader evaluates student | 2. Instructor discussed the reports with
Problems 1. Draft data analysis will be participation in every report/presentation. | the students in class,and privately.

required during lab. class.
2. Quizzes will be administered

2. The instructor evaluates student
participation by direct observation plus

3. The students should be encouraged to

to stress the need for proper given individual quizzes  when | discuss their reports/presentations with the
data analysis. appropriate. instructor BEFORE turning them in. .
3. Students will be encouraged
to check their lab. Reports
before turning them in.
Overall Trend The class average has increased | The class average has increased | The class average has increased

over Periods

significantly over last semester. Extra
data are needed to figure it out if it is
due to the pandemic or a trend.

significantly over last semester. Extra data
are needed to figure it out if it is due to the
pandemic or a trend.

significantly over last semester. Extra data
are needed to figure it out if it is due to the
pandemic or a trend.




Grades Sheet Showing Student and Class Performance in Outcomes




Grade Sheet Showing Student and Class Performance in Course Outcomes

CHEG 4104-P02
SPRING 2021 SEMESTER

Outcome 5 Outcome 6 Outcome 3
Ability to design and  Ability to function on multi- Oral & Written
conduct experiments.  disciplinary teams. Communication
Student 1 5.95 7.25 7.35
Student 2 7.25 8.25 7.8
Student 3 9 8.35 8.3
Student 4 5.95 7.25 7.35
Student 5 7.25 8.25 7.8
Student 6 5.95 7.25 7.35
Student 7 9 8.35 8.3
Student 8 9 8.35 8.3
Student 9 9 8.35 8.3
Student 10 7.25 8.25 7.8
Student 11 7.25 8.25 7.8
Student 12 5.95 7.25 7.35
Student 13 7.25 8.25 7.8
7.39 (100.0%) 7.97 (100.0%0) 7.82 (69.2%)

Report | Report Il Report Il Report 1V  Pres

Student 1 5.4 6.8 6.5 7 1.7
Student 2 7.5 8.7 7 7.8 7.8
Student 3 9.5 8.6 8.5 8.5 8.1
Student 4 5.4 6.8 6.5 7 7.7

Student 5 7.5 8.7 7 7.8 7.8



Student 6

Student 7
Student 8

Student 9

Student 10

Student 11

Student 12

Student 13

54

9.5
9.5

9.5

7.5

7.5

5.4

7.5

6.8

8.6
8.6

8.6

8.7

8.7

6.8

8.7

6.5

8.5
8.5

8.5

6.5

8.5
8.5

8.5

7.8

7.8

7.8

7.7

8.1
8.1

8.1

7.8

7.8

7.7

7.8
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CHEMICAL ENGINEERING LAB. 111
SPRING 2022

Title of Assignment: Quiz 1

TOPICS COVERED IN QUIZ 1

1. Laboratory and Industrial Safety




CHEMICAL ENGINEERING LAB. 111
SPRING 2022

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 1

12






Laboratory and Industrial Safety Quiz

Question 1

1/1pts

1). Write out what PPE and SDS stand for:
i

Personal protective equipment and Safety data solutions
i

Personal protective equipment and Security data sheets
f

Personal protective equipment and Safety data sheets
i

Protective personal equipment and Safety data sheets
Question 2
1/1pts

2). What does an SDS contain?
i

Contains no information if a mixture
~

Describes only product usage
v

Contains safety and toxicological information
~

Contains manufacturer’s label information only

Question 3
1/1pts

3) How long do you rinse off in a shower or eyewash station if you get a chemical spilled on

you?
~

10 minutes
e

15 minutes
i

25 minutes
i

5 minutes

Question 4

14



1/1pts

4) A graduate student was working with concentrated sulfuric acid. She splashed some of the
acid onto her latex gloves and it quickly burned a hole through the gloves and caused a second-
degree burn. Why did the student suffer a second degree burn to her hand?

f

The glove that she was wearing was the wrong type for that chemical
r

She was not paying attention when she was using the chemical
i

She was using the chemical in an unsafe way
i

The area where the chemical splashed was not covered by the gloves

Question 5

1/1pts

5) Proper chemical storage includes all except:
f

Storing flammables in a household refrigerator and/or freezer
i

Dating the chemicals when they are received and opened
~

Storing alphabetically within their hazard classes
i

Keeping away from heat and sunlight

Question 6

1/1pts

6) What is the one thing you should not do with safety goggles?
i

Wear them with glasses
~

Clean them. It removes the protective coating.
r

Try different sizes to obtain the correct fit.
f

Remove the vent.
Question 7

1/1pts
7) Prescription glasses can replace the use of goggles

15



-~

Yes
r

Yes if nobody else is around
f

No
~

Depends

Question 8

1/1pts

8) It is fine to store glass and metallic objects together.
i

Sometimes
i

Yes
o

No
~

If the drawer is seldom opened.

Question 9

1/1pts

9) Flammable reagents should be stored
f

In the flammable cabinet
'

In the fume hood
i

In a household refrigerator or freezer
i

On the floor

Question 10

1/1pts

10) Good housekeeping in the laboratory environment (select all that apply)
v

Includes keeping a neat and tidy bench space.
I~

Allows easy access to emergency equipment



]

Eliminates fire hazards
-

Includes keeping empty boxes in the laboratory in the corner.

Quiz Score: 10 out of 10
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CHEMICAL ENGINEERING LAB. 111 — P02
SPRING 2022

Laboratory and Safety Quiz Grade Distribution

The course was administered online; therefore, there are not copies of the
individual assignments. The statistics for the course are:

Above average (> 9/10) = 12 students.
Average (> 8/10) = 2 students.
Below average (< 8/10) = 1 students.

Note: Students with grades below 8/10 had to retake the quiz.

18



CHEMICAL ENGINEERING LAB. 111
SPRING 2022

Title of Assignment: Quiz 2

TOPICS COVERED IN QUIZ 2

1. Design of Experiments




CHEMICAL ENGINEERING LAB. I11 -Y03
SPRING 2021

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 2
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Design of Experiments Quiz

Question 1
1/1pts

1. List two requirements to select an acceptable experiment.
f

Suitable subject and acceptable cost
-

Suitable subject and no matter the cost
i

Any subject matter and acceptable cost
-~

Suitable subject and no matter safety conditions

Question 2

1/1pts

2. How far you should go on your theoretical search?
f

Far enough.
'

It does not matter.
i

As far as possible.
~

Copy and paste everything you can.

Question 3

1/1pts

3. If you have a problem with one dependent variable and two independent ones, how many
experimental variables you should try to measure?

v

2
~

As many as you can.
~

1
~

It is not clear.



Question 4

1/1pts

4. If you have a problem with one dependent variable and two independent ones , the range of
the independent variables will determine what kind of domain?

f

Rectangle
~

Cube
r

Straight line
i

Triangle

Question 5

1/1pts

5. If you have a problem with one dependent variable and two independent ones, show how the
errors in the independent variables will impact the dependent one.

v

dy = dy/dx1 dx1 + dy/dx2 dx2
.

dy = Al dx1 + A2 dx2
i

dy = Al dx1 + A2 (dx1)"2
.

dy = dy/dx1 dx1

Question 6

1/1pts

6. If you propose to measure a physical property list the two steps to generate credible
experimental data.

e

Pick real value. Add and subtract experimental error
i

Pick any value. Add and subtract experimental error
'

Pick real value. Add experimental error
.

Pick real value. Subtract experimental error

Question 7
1/1pts
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7. If you are verifying a physical principle list the two steps to generate credible experimental
data.
o

Pick the equation representing the principle. Add and subtract experimental errors.
i

Pick the equation representing the principle. Report several values.
i

Pick the equation representing the principle. Add experimental errors.
'

Make-up some values. Add and subtract experimental errors.

Question 8

1/1pts

8. Which are the two kinds of experimental errors.
o

Random and deterministic.
~

Random and made-up.
~

There are not two Kinds.
~

Calculated and measured.

Question 9

1/1pts

9. Should you consider more than one alternative to achieve your proposed goal?
f

Yes
~

No
~

Maybe
.

As many as you can

Question 10

1/1pts

10. Should you consider cost?
f

Yes

24



-~

No
~

Maybe
-~

I do not know.

Quiz Score: 10 out of 10
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CHEMICAL ENGINEERING LAB. 111 — P02
SPRING 2022

Design of Experiments Quiz Grade Distribution

The course was administered online; therefore, there are not copies of the
individual assignments. The statistics for the course are:

Above average (> 8/10) = 9 students.
Average (< 8/10 & > 7/10) = 2 students.
Below average (< 7/10) = 2 students.
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Title of Assignment: Quiz 3

TOPICS COVERED IN QUIZ 3

1. Writing Reports




CHEMICAL ENGINEERING LAB. 111
SPRING 2022

SAMPLE QUIZ QUESTIONS and SOLUTION FOR QUIZ 3
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Writing Reports Quiz

Question 1

1/1pts

Figure captions and Table captions are placed:
Correct!

v

Below the Figure and above the Table
~

Above the Figure and Table
~

Below the Figure and Table
r

Above the Figure and Below the Table

Question 2

1/1pts

Figure captions and Table captions are labeled:
Correct!

v

Sequentially and in ascending order
i

If required, in any order
'

If desired, in any order

Question 3

1/1pts

Choose all the appropriate responses.
Theory section:

Correct!

v

Contains equations that are used to treat raw data
-

Contains inferences about the experiment
Correct!
v

Contains citations
Correct!

30



I~
Must refer to pertinent background information for the experiment being reported

Question 4

0/1pts

Abstract and Conclusions sections are similar except that:
~

Abstract contains a high-level summary of the experiment objective
Correct Answer
~

Conclusions contain forward-looking statements
You Answered
i+

Conclusions contain a high-level summary of the results
-~

Abstract contains forward-looking statements

Question 5
1/1pts
Data acquired using data acquisition software are typically:

Correct!
e

Timed data
~

Current vs. voltage
r

Response vs. rate
r

Dependent on length

Question 6
1/1pts

It is better to represent raw data (dependent variable vs. independent variable) as a:
i

Table
Correct!
)

Graph

Question 7
1/1pts
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Apart from the data points, a graph must contain the following elements:
-

Figure caption, axes labels with units and appropriate scale only
i

Axes labels, legend or key and appropriate scale only
Correct!
f

Figure caption, axes labels with units, legend or key, appropriate scale
i

Axes labels with units and legend or key only

Question 8

1/1pts

Which chart type should you use in Excel for plotting series data (dependent
variable vs. independent variable)

i

Bubble
r

Bar
~

Line
Correct!
)

Scatter

Question 9
1/1pts

The purpose of the Discussion in the Results & Discussion section is to:
~

Discuss what’s wrong with the results
Correct!
&

Explain, analyze and interpret the results
-~

Show the results
i

Explain and analyze the results

Question 10
1/1pts

32



The Discussion in the Results & Discussion section must be linked to:
~

Procedure
Correct!
)

Theory
r

Conclusions
~

Abstract
Quiz Score: 9 out of 10
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CHEMICAL ENGINEERING LAB. 111 - P02
SPRING 2022

Writing Laboratory Reports Quiz Grade Distribution

The course was administered online; therefore, there are not copies of the
individual assignments. The statistics for the course are:

Above average (> 8/10) = 7 students.
Average (< 8/10 and >7/10) = 4 students.
Below average (< 7/10) =2 students.
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CHEMICAL ENGINEERING LAB. 111
SPRING 2022

Title of Assignment: REPORT 1
TOPICS COVERED IN REPORT 1
Report 2 covered the following topic:
1. Kinetic determinations in a tank reactor (Expt. No. 1)
Obijective:
Determination of the conversion of a chemical reaction in a batch reactor. A

saponification reaction carried out with excess ethyl acetate is studied. Final
concentration of the limiting reactant (NaOH) is determined by titration.




CHEMICAL ENGINEERING LAB. 11l

SPRING 2022

RUBRIC AND GRADING SCHEME FOR LAB. REPORTS

Technical Content

2. Abstract/Objective
3.Theory

4 Results
5.Conclusions

Writing Content

6.0rganization
7 .Language
8.Write—up

9. Appearance

Laboratory Grading Sheet

Reports
Maximum Grade

5points
5 points
5 points
5 points

5points
5points
5 points
5points

Every report will be graded according to the items described in this grade sheet.

Technical Content Maximum Grade
Abstract/Objective 5
Theory 5
Results 5
Conclusions 5
Total = 20
Writing Content
Organization 5
Language 5
Professional content 5
Appearance 5
Total = 20
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Roy G. Perry
College of Engineering

CHEG 4104 - Chemical Engineering Lab I11

Experiment 1:
Conversion of NaOH in Saponification Reaction in a 3-Series CSTR

Group #2

Due Date: March 30, 2022

Submitted by: Submitted to:
Chad Gardner Dr. Jorge Gabitto
Anh Nguyen

Meredith Meyer
Franck Nangomoko
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Abstract
A continuous-stirred tank reactor is a common model for the estimation of key unit operation variables with
specified output. For this experiment, the Armfield CEP-MKkII stirred tank reactors model was used to observe
the second-order reaction of 0.1M EtOAc and 0.1M NaOH. The aims of the experiment were to investigate and
determine the conversion of a second order reaction in a tank reactor as well as to determine the reaction rate of
the reaction. The parameters considered for analysis were conductivity, concentration of NaOH, and residence
time. The steady state conversion was obtained as 0.62 at 25°C with the residence time of 264 seconds. The
constant rate of reaction was calculated as 0.162L/mol.s. The results were helpful in determining the condition of
operating variables to achieve a desirable conversion of the saponification reaction in CSTRs on an industrial
scale.

Theory
Reactor is an important equipment in every chemical process. Continuous stirred tank reactors (CSTRs) have
proven to be more energy efficient than batch reactors. Since the reaction is continuous, there is no need to go
through an empty-fill and heat up cycles. Despite being under further investigations for various processes, these
reactor vessels serve as great importance to the chemical industry. A CSTR consists of a tank and an impeller to
provide efficient mixing.

Figure 1: Schematic Diagram of CSTR
CSTR can be connected in series or in parallel. In this experiment, CEP-MKII Stirred Tank Reactors in Series is

used to analyze the steady-state fractional conversion of a limiting reactant in saponification reaction, shown in
Figure 2.
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Figure 2: CEP-MKII Stirred Tank Reactors in Series

The reactants used in the experiment are sodium hydroxide and ethyl acetate. The reaction is called
saponification reaction which its products are used in different fields, such as petroleum, cosmetics, and textile
industry.

The reaction is shown below.
NaOH +CHsCOOC;Hs — CH3COONa + C;HsOH
Sodium Hydroxide (A) + Ethyl Acetate (B) — Sodium Acetate (C) + Ethyl Alcohol (D)

Sodium hydroxide (NaOH) and ethyl acetate (EtOAc) are fed in equimolar. Each reactant has a concentration of
0.1M. The fraction conversion of limiting reactant is expressed by the change in flow rate of NaOH (component
A).

A fed to reactor — A leaving reactor _ Cy; — Cy(t)

X, (t) =
() A fed to reactor Cay

The saponification reaction occurs in a partially electrolytic solutions, the conversion can be obtained by
monitoring the changes in conductivity (k) of the reacting mixture in steady-state condition, including ionic
species Na*, OH", and CHsCOO". The reaction is expressed in ion form:

Na* + OH" + CH3COOC;Hs — Na* + CH3COO™ + C2HsOH

Since the conductivity «(t) is linearly dependent on the concentration of these three ions, it can be expressed as
the sum of ions’ concentrations (Cy+, Con-, Ccoo-) With their molar conductivities (Ayq+, Aor-» Acoo-) Which
COO  represents acetate ion.

K(t) = Cng+(t)-Ana+ + Con=(t)-Aon— + Ceoo-(t)- Acoo- (1)

The concentration of each ion can be expressed in terms of initial concentration of OH" (C§-), initial volume of
41



the reactant (V7°), and conversion (X), equation (1) is equivalent to:

vocsy- vocdy-(1-X) voecgy-X
k() = A= Anar + 25— (1)-Nou~ + 25— (0)- Acoo~ ®)

The relationship between conductivity k(t) and conversion (X) is then expressed in equation (3):

¥ = 2k(t)=Cp~ Ny o+ + Non™) (3)

C8u-(Ncoo~ —Nou-)

where Ayg+ is 50.1 S.cm?/mol, Aoy~ is 198.6 S.cm?mol, and Acoo-is 40.9 S.cm?/mol [2].

To determine the steady state conversion of the reactor, we look at the conductivity curve in the software. A
“flattening” of the curve indicates the steady-state conversion of the reactor.

Additionally, we analyzed the mean residence time (t) which is the average time that a reactant or product will
spend in the reactor.

Total reactor volume _ Vg

Q)

= Total volumetric flow rate T po

Rate of saponification reaction (ra) can then be determined by
Ta = kaCyCp
where A is NaOH, and B is EtOAc; ka is the rate constant with respect to A and C is the concentration. Since
NaOH and EtOAc are fed in equimolar, the rate of equation can be expressed in terms of initial concentration of
NaOH as:
—Ta = kACAoz(l_X)Z ®)
Assuming the reaction is elementary, the component mass balance equation is:
Fao = Fa+Vr(ra) =0
Since the volumetric flow rate is constant (V = V°), C, = F,/V°, and C, = C,,(1 — X), the mass balance
equation can be written in combining with equation (5) as:
VOCao = VOCao(1 = X) + VrksCao® (1 = X)? = 0 ®)

The reaction rate constant as a function of fractional conversion and the residence time can be written in
combining equation (6) with equation (4) as:

_Vr _ X

T=—/— = —
ve kaCao(1-X)?

U]
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Procedures

As the equipment was already set up, the experiment proceeded in the following steps:
1. Start the Armfield software for CSTR in series

2. Collect conductivity data until all 3 reactors in steady state conditions (“flat” conductivity curve) in
approximately 25 minutes

3. Make sure the pump speed controls to give 80mL/min flowrate and the agitator speed controller to 84%
max capacity

4. Switch on both feed pumps and agitator motor and click “Go” on the screen to record the data. The data
were obtained in a 10-second interval.

Results and Discussion

Feed flow rate of 80 mL/min 0.1M NaOH and 80 mL/min 0.1M EtOAc were used in the experiment. The
reaction was carried out at a constant temperature of 25°C and stirrer speed at 54% (6.43 rpm). Ten (10) minutes
after the start of the experiment, the steady state conditions were reached. Figure 3 shows the conductivity of
CSTRs as time elapses. The conductivity of the reaction mixture decreases as reaction takes place in all three
tanks. It is because as the reaction proceeds, the concentration of NaOH reduces resulting in a drop in
conductivity values.

Conductivity vs Time

|

Conductivity (mS)
O P N W b U1 O N 0 ©

®
°
* ]
¢
°
e
0 200 400 600 800 1000 1200 1400
Time (s)

®Tank1l ®Tank2 ®Tank3

Figure 3: Conductivity of 3 CSTRs over Time

Figure 4 shows the trend of conversion of NaOH in Tank 1 over time as it approaches steady state (starting from
140s). It is determined that the conversion of NaOH at steady state is 0.62. According to Figure 4, it takes 230s
(almost 6 minutes) for the CSTR to get 75% of its steady-state conversion.
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Conversion of NaOH vs time
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Figure 4: Conversion of NaOH in Tank 1 over Time

Figure 5 shows the dynamically change of the concentration of NaOH Ca(t) as the 1 CSTR approaches a steady

state. The concentration reaches a peak of 0.059M (at t = 130s) and gradually decreases to a steady state value of
0.038M in 540s (9 minutes).
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Figure 5: Concentration of NaOH vs Time approaching Steady State Condition

From Figure 3, 4 and 5, it clearly shows that as the reaction proceeds, the conductivity of the solution decreases,
the concentration of NaOH decreases, and the conversion of NaOH increases. The three variables, however, will
eventually achieve their own steady state value. Those values are important in any chemical processes as it
determines the efficiency of the process and desired rate of production.

The mean residence time of the first tank was then calculated using equation (4) to be 4.4 minutes (264 seconds)
in which the reactor volume was 0.7L and the total flow rate was 0.16L/min. The reaction rate constant ka at
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steady state was found to be 0.162 L/mol.s using equation (7). The reaction rate constant for the saponification
reaction would not change over time because the CSTR could be consider as a batch reactor. Therefore, the
volumetric flow rate is constant, and the reaction rate constant is constant under this experiment’s conditions.

Conclusion

Understanding the conversion of a second-order reaction in a CSTR is crucial in the estimation of unit operation
variables with specified output. The steady state conversion of NaOH was 0.62 after about 10 minutes of the
experiment running. The steady state concentration of NaOH leaving the 1% reactor was 0.38M. The result
showed that as the reaction proceeded the concentration of NaOH reduced resulting in a dropping of the
conductivity values; and the conductivity of the reaction mixture decreased as the reaction took place. The
overall time to reach steady state conditions was approximately 18 minutes. With different conditions (feed’s
flow rates, feed’s concentration, and temperature), the steady state conversion, the residence time, and the rate
constant of the reaction can be varied. Therefore, this experiment can be reconducted at different temperatures
and/or the feed stream’s conditions to determine the conversion of NaOH.
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Abstract

In chemical plants today, reaction processes are essential to produce products at a specific rate using known
reactants. To accomplish that, there are various kinds of reactors that can produce the products under these
circumstances. The purpose of this experiment is to be able to determine the conversion of a second order
reaction in a tank reactor. We are to identify the comparisons between operations of a real tank reactor and an
CSTR which is the ideal reactor. The CEP-MKI] stirred tank reactor in series unit will be used to find out the
conversion of reactant in a second-order reaction carried out in a 3-series CSTR configuration to study the fluid
dynamics in tanks. The purpose of the first two tanks in the reactor is to store and distribute the reactants. The
variable that we are measuring in this experiment is conductivity. In this experiment, we are to find the
conversion of the limiting reactant in a tank reactor by measuring conductivity.

Theory

To perform the experiment, the following reaction is used.
NaOH + H;COOC,H; — CH;COONa + C,H,OH
Sodium Hydroxide (A) + Ethyl Acetate (B) — Sodium Acetate (C) + Ethyl Alcohol (D)

The Reactants Sodium Hydroxide and Ethyl Acetate are used to produce Sodium Acetate and Ethyl Alcohol
through the stir tank reactor. Understanding that each reactant must have a particular set of conditions for us to
properly operate the series of reactors. Those conditions were set so that the two input streams have the same
molar flow, volumetric flow, and concentration. In terms of the two-molar feed flow the fractional conversion of
Sodium Hydroxide can be calculated.

The fractional conversion of Component A (sodium hydroxide) is given by:

A consumed in reactor A fed to reactor — A leaving reactoy
Xa= =

A fed to reactor B A fed to reactor

When a certain conversion is reached the tanks come to a point of steady state. This process can be observed by
monitoring the changes on the screen that shows you the conductivity of the effluent. This is caused by the
changes of the ions present. You may see on a graph the line starting to flatten indicating that the reaction is
reacting steady state.

To better understand the ions and the approach to steady state the following formula is written in terms of its
reacting ions.

Na™ + OH + H,COOC,H, — Na"+CH,CO0" + CH,0H (1)

They are four ions in this reaction present in the output stream. Knowing the chemicals and how they react is a
major component in this experiment. Initially, understanding that ethyl acetate is not completely dissociated in
ions, but sodium hydroxide is. In this experiment you will see that the concentration is linear to the conductivity
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of the reacting mixture.

The objectives of this experiment are listed below
e Determine conversion of a second order reaction in a tank reactor
e Study the dynamic behavior of a reaction proceeding in a stirred tank as it approaches steady state
e Study the effect that the conversion and residence time have on the overall reaction kinetics in tank
e Understand the limiting reactant
e Measure the Conductivity and Conductivity of the output solution.

Procedure
To perform this experiment, we are using the CEP-MKII Stirred tank reactors equipment in series unit.

1.Make up 2.0-liter batches of 0.1M sodium hydroxide and 0.1M ethyl acetate
solutions.

2. Remove the lids of the reagent vessels and carefully fill them with a
level approximately 50mm from the top. Refit the lids.

3. Conductivity data will be collected until a steady state condition is reached
in the reactor and this takes approximately 25 minutes. It is advisable to set
the data collection period to, say, 30 minutes.

4. Using the calibration graph for each of the feed pumps, set the pump speed
controls to give 80 ml/min flowrate (from each feed tank.)

5. Set the agitator speed controller to 10.0 (84% max. capacity.)

6. Switch on both feed pumps and agitator motor and initiate the data logger
program (or begin taking readings if no computer is being used).

7. It has been determined that the degree of conversion of the reagents affects
the conductivity of the reactor contents so that recording the conductivity
with respect to time using the Armfield data logger can be used to calculate

Results & Discussion

The experiment is conducted to determine the reaction constant and to determine the effect of residence time on
the conversion in continuous stirred tank reactor (CSTR). Continuous stirred tank reactors are used in this
experiment to predict the behavior of chemical reactors; thus, the dimensions of the reactor can be estimated.
Figure 1 shows the conductivity of series of CSTRs as time elapses. The conductivity of the CTSR is reaching
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steady state at different eslape times.

CSTR Reactor

./—_.-__ 4 Tank 1 €STR

= —— R
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Conductivity (ms)

Figure 1: CSTR Reactor vs Time

Figure 2 shows conversion vs time trend at tank 1 and expressing reactor reaching steady state. Figure 2 shows
directly proportional to the residence time which is value of conversion increases as the time increases. The

results show from the experiment a 0.14L/min value of conversion and residence time of 6 minutes to reach
steady state.
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Figure 2: Conversion vs Time
Conclusion

For this experiment, their series continuous tan reactor is used. The main objective is determining the reaction
rate and the effect of residence time on the conversion. The results show reactions proceeded the concentration of
NaOH reducing resulting in dropping of the conductively values. The overall time to reach steady state

conditions was 15 minutes. This experiment can be reconducted at different temperatures / feed streams
conditions to determine the conversion of NaOH.
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Abstract

The goal of this project is to determine a-conversion of a second order reaction in a tank (real) reactor.
Another goal is to seek out the comparisons between a real and CSTR, or ideal, reactor JH-isrelevantbecause;

- [Tank reactors help

acquire overall efficiency and are the most widely used and preferred reactors in the industry. Conductivity is the
only variable measured in the experiment, in the output stream. [There are 2 input streams and one output stream
for the equipment. In this lab, we were to make up 5-liter batches of 0.1M sodium hydroxide and 0.1 m ethyl
acetate solution. After the reagent vessel lids are removed, they are filled with the reagents until 50mm from top
is remaining. [Conductivity data is collected until steady state is reached. [The agitator is set and both feed inlet |

pumps are on as the data begins to be read and is documented.

For the results, as time increases, the conductivity increases until about 250 seconds and AFTER THIS
TIME the conductivity esrve remains constant threugheut—Steady state was achieved at 6.2uS/L. When it came
to the NaOH Conversion vs Time, [NaOH\ also increases with time before it, too, flattens out for the remaining
time. Steady state here was achieved at 600 seconds. Overall, to determine the conversion of a second order

reaction of a tank reactor, an experiment was done, and as time increases, [both the conductivity and NaOH

Theory:

Reactors are an important equipment to the overall efficiency of an industrial plant and the product to
produce. There are a variety of reactors to choose from depending upon what is being asked to produce. Common
reactors used in industrial plants are batch, continuously stirred tank reactor (CSTR), plug flow reactor (PFR),
and packed bed reactor (PBR).

Batch reactors are used for a variety of situations such as small-scale operations, testing of new products,
and for processes where it is hard to convert to a continuous operation (Fogler, 2016). Advantages of a batch
reactor is that there is a high conversion rate since the reactants can be left in the reactor for an extended period
of time (Fogler, 2016). Some disadvantages are that the labor costs are through the roof, there isn’t a wide variety
of products that can be made using this type of reactor, and it is difficult to go from pilot to industrial scale
(Fogler, 2016). A CSTR is used for liquid-phase reactions. The CSTR operates at steady state and is assumed to
be perfectly mixed unless stated. The CSTR reactor can either be ideal or nonideal (Fogler, 2016). Advantages of
a CSTR reactor is that it is a continuous reactor which leads to good temperature control (Fogler, 2016). A

disadvantage is that conversion is small in comparison to the volume of other flow reactors. A PFR or a tubular
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reactor operates a steady state similarly to the CSTR, but the phase that the reactor can accommodate are gases.
In this particular reactor, reactants are consumed as they flow down the reactor (Fogler, 2016). A PBR is unique
in comparison to the other reactors previously mentioned. This reactor is based on the mass of the catalyst used
in the product. The reaction occurs on the surface of the catalyst. \

In this particular experiment, an fideal CSTR reactor was used. The basic equation used for a CSTR to

find various aspects needed for reactors such as: conversion, stoichiometric coefficients is:

A+2B->Sc+4p (1)

a a a
Fp=F,,(1-X) (2
Fpy = Caovo (3)

This equation is based upon the limiting reactant which is given the letter A. Manipulating this equation
based on the location of the other variables used in the location results in the consequential equations to be
formed.

_Industrial safety is a critical component to the success of an industrial plant Industry safety is based upon
operations management of an event that can occur within the industry. The safety measures are put into place to
ensure the employees are protected to minimize hazards and risks that are associated when proper safety
precautions are not taken. Daily tips that are needed in any manufacturing plant are letting supervisors know
when the conditions are deemed unsafe, wearing proper PPE, prevent slips and trips, keeping work areas and

emergency exits clear, and to eliminate any potential fire hazard.

Procedures
1. Make up 5.0-liter batches of 0.1M sodium hydroxide and 0.1M ethyl acetate solutions.

2. Remove the lids of the reagent vessels and carefully fill with the reagents to a level approximately 50mm from
the top. Refit the lids.

3. Conductivity data will be collected until a steady state condition is reached in the reactor and this takes
approximately 25 minutes. It is advisable to set the data collection period to, say, 30 minutes.

4. Using the calibration graph for each of the feed pumps, set the pump speed controls to give 80 ml/min flowrate
(from each feed tank.)

5. Set the agitator speed controller to 10.0 (84% max. capacity.)

6. Switch on both feed pumps and agitator motor and initiate the data logger program (or begin taking
readings if no computer is being used).

7. It has been determined that the degree of conversion of the reagents affects the conductivity of the reactor
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contents so that recording the conductivity with respect to time using the Armfield data logger can be used to

calculate the amount of conversion.

Results & Discussion

Conductivity Curve
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steady state conversion of NaOH in the first tank is 45% when t > 600 secs.

Percentage Conductivity (uS/L)
25% 5.30
50% 6.15
75% 6.23

Conclusion

In closing statements, the group conducted an experiment to determine a-conversion of a second order reaction in
a tank (real) reactor as well as seeking out the comparisons between batch reactor, CSTR, or ideal reactor]. The
relevance of this experiment is because, with a second order reaction, there must be multiple tanks to store and
distribute reactants. Resulting from this experiment, we can conclude that as time increases, the conductivity
increases until about 250 second and the curve remains (constant. We achieved steady state at 6.2 of conductivity
in the tanked reactor based on figure 1 shown above. Form figure 2 expresses the relationship between the
conversion of NaOH and time. /As/ NaOH increases, we reach steady state at 600 seconds therefore one knows
that for the steady state conversion of NaOH in the first tank is 45% when time is greater than 600 seconds. From
there we can determine the concentration, conversion, and conductivity all changed with time, until the
reaction reached steady state, and residence time was determined. During the analysis of this procedure,
different linear relationships were found to aid in collecting, calculating, and confirming data. The linear
relationship between conductivity and conversion is inversely correlated and shows that with one, the
other can be calculated.

References
Fogler, H. Scott. Essentials of Chemical Reaction Engineering: Essenti Chemica Reactio Engi. Pearson Education, 2010.
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1. Abstract

A tubular reactor is a vessel through which the flow is continuous, usually at a steady
state, and configured so that conversion of the chemicals and other dependent variables are
functions of position within the reactor rather than time. Typical industrial uses of tubular
reactors are in gasoline production, oil cracking, synthesis of ammonia from its elements, and the
oxidation of sulfur dioxide to sulfur trioxide: tubular reactors can also be used as bioreactors or
for small scale production.

This experiment is carried out to study and determine the conversion factor X of the
solution for a given set of conditions in a tubular reactor, the effect of the reaction rate constant,
and the conductivity and conversion of NaOH. The two samples (sodium hydroxide and ethyl
acetate) had less contact time, resulting in a reduction in the conversion of the products (ethanol
and sodium acetate). In the results session of this report, three graphs represent the experimental
finding. The first graph. which is a plot of time versus conductivity, depicts that the plug flow
reactor is close to the ideal behavior of an ideal reactor. The second graph shows a plot of
position versus concentration A at a given time, which represents that as the fluid moves in the
plug flow reactor, the concentration increases. Finally, the third graph represents a plot of the
position versus the concentration of substance A, which shows that the plug flow reactor is not
far from an ideal reactor. In sum, the experimental step is shown to be close to its ideal step thus

suggesting that the real plug flow reactor produces near ideal behavior.
II.  Theory
The reaction:
NaOH + HSCOOCZHS =* CHSCOOHNn + CZHSOH
can be considered equi-molar and first-order with respect to both sodium hydroxide and ethyl

acetate — and second-order overall, within the limits of concentration (0 - 0.1M) and temperature
(20 - 40°C) studied. It is known that 1 mol of ethyl acetate reacts with 1mol of NaOH.
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A mass balance for can be conducted over the reactor (at steady state), in terms of the two

molar feed flows (F A and FB), resulting in an expression for the fractional conversion of NaOH

(component A), X . is as follows:

X A consumed in reactor _ A fed to reactor — A leaving reactor|
A~ " Afedtoreactor A fed to reactor |
Or,
X = A consumed in reactor _ A fed to reactor — A leaving reznor'
A Afedtoreactor A fed to reactor

The reaction is carried out in the tubular reactor which will eventually reach steady state
when a certain conversion of the starting reagents is achieved. A steady-state condition for this
saponification reaction can be observed by continuously monitoring changes in the specific
electrical conductance or conductivity (x) of the effluent that are caused by changes in the
concentrations of ions present in the effluent. It is assumed that a “flattening™ of the conductivity

curve - k(f) vs. ¢ - in a tank reactor indicates that the tank has achieved its steady state

; S
conversion, X; 4

To understand the connection between x(f) and X 4(0’ we must first recognize that this

saponification reaction occurs in a partially electrolytic solution. Rewritten in terms of its

reacting ions, the reaction can be expressed in its charge balanced form:
Na'+ OH + H,COOC,H ~Na'+ CH.CO0™ +C,H_OH ()

The reacting mixture features a measurable specific conductance due to the presence of

the ionic species N a’, 0H ,and CO0™ (representing acetate.) And the conductivity, x(t), of the

reacting mixture is linearly dependent on the concentration of these ionic species in solution, and

additive. As such, x(r) can be expressed as a sum of the contributions of Na*, OH ,and COO
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based on their respective concentrations (CN % Coa" and Ccoo’) and molar conductivities (
a

A A _and A )as follows:
Na oH coo

Kk(t) = Cna+(t) * Ana* + Con-() * Ao + Ceoo~(t) - Acoo- (2)
Fy+ Fou- F, -
K(6) = BNy + 72 () Aoy + T2 () Acoo- )
0o 700 1o 00
) = sz,‘z."’/\nm ¥ Ca:,}.fl 23] ([)'AOH"*’V:‘)—V'.‘;J([)'ACOO’ @)
Con- Con (1-X) ConX g
K{(t) = 2 Ana+ + 2 (®) " Aou- + > () * Acoo- 5)
S 0 o 9 x
M) = 2= Ay = 2L (E) Mgy = = L2 () Aoy~ + 22 (2)  Acoo-
(6)

[T cd
_ K0-=2=A, -2 Aop- 2 ()= Gy (Ayg++ Aon~)

- 9 = & Neoo=A6i=) 7
£0H (Acop-- Aoy-) o1 (Acoo= Aon

III.  Procedure

-

Make 3 liters of 0.1 M of NaOH and 3 liters of 0.1M of EtOAc.

L

Start the Edibon Software, select QRFT, and input a filename to save your data.

3. Switch on both pumps AB1 and AB2 using the software and adjust (if necessary) the
flow rates to ~6 L/Hour for each feed; check that the product discharges into the product
bottle.

a. Note that for our actual experiment, AB-1 is set at ~ 50 and AB-2 is set at ~55,
approximately pumping fluid at ~5SL/Hour.

4. Click on the icon for Take data and change the periodic time to 5 seconds.

5. Let the reaction run for 15-25 minutes or until the reactor has reached a steady state.

a. Note the flow rates of NaOH and EtOAc, and the conductivity readings.
6. Write down the steady-state conductivity value and use eq. (7) in the theoretical section

to calculate the value of the limiting reactant conversion.



IV.  Results and Discussion

In this experiment, we utilized the conductivity and time to develop the plot for the
tubular reactor by using the Edibon’s QRFT and QRUBL

Plot of Time Vs Conductivity
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Figure 1. Plot of Time vs Conductivity

The plot above is represented by a curve of conductivity and time. As we can see from
the graph, at time zero to about 194 sec, the conductivity is maintained at zero. Then the
conductivity increases rapidly before reaching steady state at about 504 sec and 80794
microsim/em with a conversion of 0.5577 . This plot can be compared to a representation of a
step response but in this case the step response is not ideal because it has an inclination and is not
instantaneous. However, the inclination shows that the plug flow reactor is close enough to the

ideal behavior of an ideal reactor. Thus, the experimental step isvery closeto its ideal step.
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Position vs Concentration of A at a Given Time
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Figure 2. Plot of Position vs Concentration A at a Given Time

In Figure 2., the graph shows that as the concentration moves in the plug flow reactor, the
concentration increases. At 72 seconds, the concentration produced was about 0.06M when it
reached the position of 0.2 in the plug flow reactor. At position 0.3, the concentration produced
was about 0.05M. As the time increases, the position in the plug flow reactor gets closer to its
output of the reactor. The yellow line represents the steady-state of the reaction. As the time
increases, the reaction follows the steady-state line more closely. For example, at 180 seconds, as
the concentration moves further in the plug flow reactor to position 0.5, the concentration
increases to about 0.16M. From position 0 to 0.4, the line follows the steady-state curve before

deviating.

The next graph below will represent the concentration C,, versus position in the plug flow

reactor experiment.
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Positionvs CA
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Figure 3. Plot of Position vs C,

Figure 3. Plot of Position vs C, shows the concentration and the position change of a
plug flow reactor. From position zero to one, we have, respectively, the input and output of the
reaction of the reactor. At 7.2 sec, the position of the plug flow reactor has not really changed. At
75.7 sec, the position of the plug flow reactor moved from 0.38. At 140 sec, the position of plug
flow reactor keeps moving to the output of the plug flow reactor to reach 0.65. At 210 sec, the

position reaches 0.98.

The green line “299” remains at a concentration of 0.5M. This line shows that there is no
reaction occurring as the concentration passes through the plug flow reactor. Line t=7.2 s, line
t=75.7 s, line t=140 s, and line =210 s represent the concentration moving in the plug flow
reactor without reacting. The plug flow reactor is indicated to be a real reactor because these
lines have a slope or inclination towards the end of where they stop in the plug flow reactor at
their particular times. However, since these lines have a slope near a vertical line, the plug flow

reactor is not far from an ideal reactor.
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The line labelled as t=steady-state reaction is the curved line that represents the steady
state at which a reaction is occurring. Line t=7.2 s reaction, line t=75.7 s reaction, line t=140 s
reaction, and line t=210 s reaction represent the concentration moving in the plug flow reactor
while a reaction is occurring. As the concentrations move through the plug flow reactor, the
reactant concentrations decrease since the reaction consumes the reactant to produce the product.
The area between the horizontal line (line 299) and curve line (line t=steady state reaction) is the
amount of limited reactants consumed. The more the concentration moves through the plug flow

reactor, the more of the reactants are consumed.
V. Conclusion

The experiment was carried out using a tubular reactor to study and determine the
conversion factor of the solution. 3 liters of 0.1 M of sodium hydroxide and 3 liters of 0.1M of
cthyl acetate were used to make sodium acetate and ethanol. The conversion of NaOH was
determined to be 0.557 at 504 seconds with a conductivity of 8079.4 microsim/cm. As the
concentrations move through the plug flow reactor. the concentrations of the products increase
and the concentrations of the reactants decrease. When the two reactants had less contact time in

the plug flow reactor, there was a reduction in the conversion. The experimental data shows that

the plug flow reactor is not an ideal reactor due to the step resy having an i ion instead

of being instantaneous. However. the experimental step is shown to be close to its ideal step thus

suggesting that the real plug flow reactor produces near ideal behavior.
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Abstract

The objective of this lab is to figure out the conversion factor (X) for a given set of conditions of
the tubular flow reactor. A conversion factor is the glue between different units and is always
equal to 1. If the conversion factor is wrong, it will make the conversion incorrect, and that could
have grave and unintended consequences in high stakes situations. This is important because a
tubular reactor, also known as a plug flow reactor, is usually large scale and used for fast
reactions and continuous production. There are high conversions per unit volume, low labor cost
and good heat transfer in a PFR, but poor temperature control. When discussing PFRs. there is
either one big tube or many short reactors in a tube bank. For the procedure, 3 liters of 0.1 M
sodium hydroxide and EtOAc are made and both pumps are switched on using the software. The
reaction runs for 20 minutes or until a steady state is gotten.Both flow rates of the compounds are
found and recorded. For the results, in the conductivity curve, steady state is achieved at 290s,
and steady state conversion is obtained at a total conductivity of 8,000 microS/cm. Between
conversion and time, as time increases the conversion rate decreases, coming to a steady state at
290s, same as the previous finding. The calibration curve is a downward slope. showing that as
conductivity increases, conversion decreases. In conclusion, we were able to get a conversion
factor from using the first and second order reactions and plugging that in with computerized
systems and tank reactors. Steady state was achieved.

Theory

The reaction:

NaOH + H3COOC2H5 — CH3COONa + C2H50H

Sodium Hydroxide (A) +EthylAcetate (B) — SodiumAcetate (C) + EthylAlcohol(D)

can be considered equi-molar and first-order with respect to both sodium hydroxide and
ethyl acetate —and second-order overall, within the limits of concentration (0 -0.1M) and
temperature (20 -40°C) studied.It is known that 1 mol of ethy] acetate reacts with Imol of
NaOH. A mass balance for can be conducted over the reactor (at steady state), in terms of the
two molar feed flows (FAand FB), resulting in an expression for the fractional conversion of
NaOH (component A), XA, is as follows:

XA = A consumed in reactor/Afed to reactor = (Afed to reactor —Aleaving reactor) / Afed to
reactor

The reaction is carried out in 3, 0.7 L tanks connected in series. The tanks eventually
reach steady state when a certain conversion of the starting reagents is achieved. A steady-state
condition for this saponification reaction can be observed by continuously monitoring changes
in the specific electrical conductance or conductivity (x)of the effluent that are caused by
changes in the concentrations of ions present in the effluent. It is assumed that a “flattening™ of
the conductivity curve -x(f)vs.t-in a tank reactor indicates that the tank has achieved its
steady-state conversion, X
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To understand the connection between x(f)and XA(t). we must first recognize that this
saponification reaction occurs in a partially electrolytic solution. Rewritten in terms of its
reacting ions, the reaction can be expressed in its charge-balanced form:

Na+ + OH- + H3COOC2H5 — Na+ + CH3COO- + C2H50H (1)

The reacting mixture features a measurable specific conductance due to the presence of the
ionic species Na+, OH-, and COO-(representing acetate.) And the conductivity, x(t), of the
reacting mixture is linearly dependent on the concentration of these ionic species in
solution, and additive. As such, x(f)can be expressed as a sum of the contributions of Na+,
OH-, and COO-based on their respective concentrations (CNa+,COH-.and CCOO-)and
molar conductivities (ANa +, AOH—, and ACOO-)as follows:

Kk(t)=CNa+(t) ANa++COH—(1) AOH—+CCOO~(1y ACOO— (2)
(t)=FNa+VANa++FOH-V(ty AOH—+FCOO-V(ty ACOO— (3)
()=VoCOH-02VoANa++VoCOH-0(1-X)2Vo(ty AOH—+VoCOH-0X2Vo(t) ACOO— (4)
()=COH-02ANa++COHO(1-X)2(): AOH~+COHOX2(1) ACOO~ (5)
(6)-COH-02ANa+—COHO2(1y AOH-=—COHOX2(1) AOH—+COHOX2(1) ACOO~ (6)

X=(t)~COH-02ANa+—COH02(t)y AOH-COHO2(ACOO——AOH-)=2(t)-COHO(ANa++AOH-)
COHO(ACOO-AOH-) (7)

Procedure

1) Make up 3 liters of 0.1 M of NaOH and 3 Liters of 0.1M of EtOAc.

2) Open the software, click START and input a file name to save your data.

3) Switch on both pumps using the software and adjust (if necessary) the flow rates to ~6 L/Hour
for each feed: check that the product discharges into the product bottle.

a. Note: for our actual experiment, AB-1 is set at ~ 50 and AB-2 is set at ~55, approximately
pumping fluid at ~5L/Hour.

4) Click on the icon for Take data and change the periodic time to 5 seconds.

5) Let the reaction run for 15-25 minutes, or until the reactor has reached a steady state.

6) Note the following readings: Flow rates of NaOH and EtOAc. and the conductivity readings.
7) Write down the steady-state conductivity value and use eq. (7) in the theoretical section to
calculate the value of the limiting reactant conversion.

Results & Discussion
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The graph obtained in figure 2 shows the relationship between conversion and time.
Steady state begins at the start of the reaction and towards the end around 290 seconds. Once
achieved it is maintained at steady state for the rest of the time interval.

Calibration Curve

Conversion

00 5000.000 6000.000 7¢

Conductivity (miscroS/cm)
Figure 3 : Conversion vs. Conductivity

The conversion achieved at steady state is obtained in figure 3. As shown as the
conductivity is increased the conversion decreases until itis close to reach steady state.

The fluid dynamic resident time tr is obtained by dividing the volume of the tubular
reactor by the volume flow which means it will take more than 4 minutes for the plug to move
from the input to the output and has a fast reaction time according to the Da number.

Conclusion

As we conclude the purpose of this lab was to figure out the conversion factor for a given set of
conditions of the tubular flow reactor. We leamed that a tubular flow reactor or PBR reactor is
usually used for a fast and continuous process, which is important if conversion is wrong and
could lead to drastic results. As for our results the conductivity curve, steady state is achieved at
290s, and steady state conversion is obtained at a total conductivity of 8,000 microS/cm.
Between conversion and time, as time increases the conversion rate decreases, coming to a
steady state at 290s, same as the previous finding. The calibration curve is a downward slope,
showing that as conductivity increases, conversion decreases. In the figure above we can see the
relationship between conversion and conductivity, like figure 1 we can see that we reach steady
state and with an conductivity about 8 thousand micro per seconds. Figures 2 and 3 also express
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that the value of Lambda increases as the conversion factors decrease as time progresses and
when Lambda remains constant, time versus conversion showing a flat line which expresses
there is no conversion and have reached a steady state.
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ABSTRACT
The goal of this experiment is to determine the conversion factor X for a given set
of conditions of a tubular reactor. Sodium hydroxide (C,) and ethyl acetate (Cp)
are used as reagents in this procedure. Here, three equal volumes continuously
stirred tank reactors are carried out in series and this takes place in an electrolytic
solution. At the end of the procedure, a steady state needs to be achieved by the
tanks and this is recorded once the desired conversion of the reagents are achieved,

thereby leading to the relationship between conductivity and conversion.

——
w
L —

78



THEORY
NaOH + H:COOC,Hs — CH3COONa + C,HsOH (@)

Sodium Hydroxide + Ethyl Acetate — Sodium Acetate + Ethyl Alcohol

This reaction can be considered equimolar and first-order with respect to both
sodium hydroxide (NaOH) and ethy] acetate (H3COOC;Hs) and second-order
overall, within the limits of concentration from 0-0.1M and temperature from 20-
40°C studied. It is known that 1 mol of ethyl acetate reacts with 1 mol of NaOH. A
mass balance can be conducted on the reactor (steady state), in terms of two molar
feed flows (F, and Fp) resulting in an expression for the fractional conversion of

NaOH (Xa):

_ Aconsumed inreactor _ A fed to reactor—A leaving reactor

Xa= A fed toreactor A fed to reactor
@
Or,
_ FAji—FA(t)
Xa)= ot
(3)

The reaction is carried out in 3, 0.7L tanks connected in series. The tanks
eventually reach steady state when a certain conversion of the starting reagents is
achieved. A steady-state condition for this saponification reaction can be observed
by continuously monitoring changes in the specific electrical conductance or
conductivity(k) of the effluent that are caused by changes in the concentrations of
ions present in the effluent. It is assumed that a “flattening” of the conductivity
curve- k(1) vs t in a tank reactor indicates that the tank has achieved its steady-state

conversion, Xa%.
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To understand the relationship between k(t) and X(t), we must first recognize that
this saponification reaction occurs in a partially electrolytic solution. Rewritten in
terms of its reacting ions, the reaction can be expressed in its charge-balanced

form:
Na*+ OH" + H3;COOC,Hs — Na* + CH;COO" + C,HsOH (€))]

The reacting mixture features a measurable specific conductance due to the
presence of the ionic species Na“, OH", and COO'". The conductivity, k(t) of the
reacting mixture is linearly dependent on the concentration of these ionic species in
solution, and additive. As such, k(t) can be expressed as a sum of the contributions
of Na*, OH", and COO" based on their respective concentrations (C ng+, C op. and C

coo- and molar conductivities (ANa+, AOH—, and ACOO") as follows:

Fyo+ Fou— F, -
x(t) = BEAyg+ +-5-(8) - Aou- + =5 (t) * Acoo- 5
V° Coy-

VoS, (1-X) 7068, X
K(t) = 538 Ao + 2R (6) Aoy~ + 2= () Acoo-| 6 |

€Dz oy (1-X) Cou X
K(t) = ZH A+ +OHT(f)'A0H‘ + o; () - Acoo-

CSu- ¢S €8s X CSux
M) = 2= Ay =SB (6) - Aoy~ = = “2E () - Aoy~ + L (8) - Acgo-
Son- on 0
¥ = x(t)- > Aya+— = (t)'AOH-_ 2 ()= Coy (Ay,++ Aon-)
- €2 - €%;; (Acoo— Aon—
_%&(ACOO'_AOH') on (Acoo=Aox~)
[ 1
1. 9 )
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PROCEDURE
1) Make up 3 liters of 0.1 M of NaOH and 3 Liters of 0.1M of EtOAc.

2) Open the software, click START and input a file name to save your data.

3) Switch on both pumps using the software and adjust (if necessary) the flow rates
to ~6 L/Hour for each feed, check that the product discharges into the product
bottle. a. Note: for our actual experiment, AB-1 is set at ~ 50 and AB-2 is set at

~55, approximately pumping fluid at ~5L/Hour.
4) Click on the icon for Take data and change the periodic time to 5 seconds.

5) Let the reaction run for 15-25 minutes, or until the reactor has reached a steady
state.
6) Note the following readings: Flow rates of NaOH and EtOAc, and the

conductivity readings.

7) Write down the steady-state conductivity value and use eq. (7) in the theoretical

section to calculate the value of the limiting reactant conversion.
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RESULTS
From the obtained results, graphs are plotted. The graphs below show plots of
conductivity and real tank reactor conversion against and time. In addition, there is
a graphical representation of conversion as a of function conductivity to analyze
the tank reactor’s conversion varies and relates with the conductivity. As shown,
time () is the independent variable whereas the conductivity and the reactor’s

conversion are the dependent parameters which vary with time. Below are graphs:

Conductivity and Conversion vs. Time

% 12 g
5 3
E*4
£ =
z g
=3 o8 2
g &
3 &
E 06 &
o 2 =
04 2

1 02

0 0

0 200 400 600 800 1000 1200 1400 1600 1800

tis)
—Conductivity —Conversion

Figure 1: Graph of Conversion and Conductivity against time
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Conversion, X as a Function of Conductivity

08

06

Conversion (dimensionless)

0.4
0.2
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Figure 2: Graph of Reactor’s Conversion against Conductivity

DISCUSSION
Based on the two sets of data points recorded, graphs were plotted. The above
graphs Figure 1 and Figure 2 are graphical representation the results. Figure 1
shows how the conductivity and real tank reactor conversion against vary with
time. Figure 2 on the other hand, shows a graphical representation of conversion as
a function of conductivity to analyze the tank reactor’s conversion varies and

relates with the conductivity.

In Figure 1, the fractional conversion of the NaOH is varied with time. Also, the
conductivity of the reaction plotted against time is observed to rise from 0 to about
a constant rate of 6.2 microS/L at time 300s. Conversion also is recorded for time 0
to be 0.45 and remains at steady state constants value till time 1600s when it
begins to steadily increases to about 1.7 which in actuality is not possible. The
highest attainable conversion is 1 which will only happen in a perfectly ideal
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system. With all the entropy in this world it is just not possible. This means all the
reactants will be consumed at the time Os to 1700s. The conversion and the

conductivity intersect at time 300s.

In Figure 2, the conversion can be described as inversely proportional to the
conductivity for this particular experiment. The conductivity increases as the
conversion decreases. The conversions in both Figure I and Figure 2 are
calculated from equation (7) from the theory. From analyzing the results, it can be

inferred that the reactor used in this experiment behaves as a real reactor.

CONCLUSION
The goal of this experiment is to determine the conversion factor X for a given set
of conditions of a tubular reactor. Using a Tubular Reactor, two reagents (NaOH
and EOA,), were fed through the reactor, it was then mixed to let it react with
respect to time. Using the collected data recorded by the conductive meter, located
at the output we have concluded that the conductivity and the conversion are
inversely proportional. We can see in figure 1 that as conductivity increases,
conversion decreases with time. Both eventually converges, reaching steady state
at approximately 325s. Likewise, in Figure 2 we observed that as the conductivity
increases, the conversion decreases. After our observation, we deducted that the

reactor used here behaves as a real reactor.

——
©
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1. To make a qualitative comparison of the response of a first order system (a tank with a drain)
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a. An open loop configuration set to different set point values.
b. A closed loop system in PID control using an industrial controller.

2. To calculate the values of k, and k, Kmax for the open loop system.
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Abstract

Industrial processes require specific levels to be maintained to ensure a process is carried out to
completion. Level control is also needed to maintain a safe operating environment and ensure
equipment is within good working condition. The purpose of this experiment is to analyze the
level response in a single tank with a drain, comparing the qualitative results of both the open
and closed loop systems. An additional goal of this experiment is to calculate T, (time constant)
and KK, for the open loop system. The experiment was carried out using the Edibon CEAC
Controller Tuning Trainer. The experiment involves running an open loop and closed loop
simulation, three runs for each, and changing the proportional gain. integral time for different
runs. The resulting data was graphed and calculations were made in order to analyze and
compare results of each configuration. From the data it can be said that the open loop control
system has a larger steady state error than that of the closed loop system. This could be due to the
inability to make adjustments automatically from feedback given. The closed system shows
slight oscillation in some graphs, but overall has less offset error than that of the open loop

control system.
Theory

Proportional-integral-Derivative (PID) is known to be one of the most common control
algorithms used in the industry not to mention its been universally accepted in industrial control.
PID controllers are simple to use and can function a wide range of operating conditions. CEAC
is one of the many software that can help us investigate the level response in a single tank with a
drain in an open and closed loop system. The tank consists of an inlet stream. outlet stream. flow
resistor.level transmitter.and a proportional pneumatic valve. The proportional pneumatic valve
is controlled by compressed air, by applying that pressure it allows how much the valve opens
and closes thus regulating the level in the tank. The first order level control system is formed
with water in the tank with 15m? and a flow resistance of 1.5Ns/m’. These parameters were
gathered by the output function. The output response is calculated by the inverse laplace
transform. In the industries, control engineers use PID to control input, desired operating values,

and current plant process values.
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The Valve equation: V is the flow rate, Kmax is the linear constant, and P is the pressure

signaled from the controller.
V=KnuP

(¢Y]

T, is the time it takes for 63.2% of the steady state value, therefore;

1, = 63.2(Steady State)/100
B =KA

_ kp Kynax Au
- (tps+1)s’

Y(s)

L(t) = kp Kppay Ou [1 — e7/™]
i
= '_':‘0 sY(s) = kp Kppax Au

TF global () = Loied
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Figure 1. In a closed loop system is an automatic control system in which an operation process is regulated

by feedback
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Figure 2. In an open loop system the output signal or condition is neither measured nor fed back for comparison
with the input signal or system set point.

Procedure

The CEAC software is used to simulate the controller by first opening the program and selecting
start. The level controller will be operated under an open loop configuration which is why the
appropriate box must be selected in step 1 as seen in the instructions below. This means that the
measurement signal will not be used to send feedback to the controller, rather it will operate in
manual mode. The proper parameters are set in steps 2-3 by entering the values into the
corresponding box. The area of 15 m? is given and refers to the area of the tank while the
resistance refers to the flow rate. A proportional term of 30%, an integral time of 0 sec and a
derivative time of 0 sec is entered as described in step 6. The initial set point value is set to 0 m
and then set to 5 m after introducing a disturbance. After the first order system stabilizes and
steady state has been reached, the data must be stopped. This procedure is repeated twice more
for the open loop configuration, with a K, = 10% and finally, with a K;=50%. The values of

these terms are changed to investigate the control response while maintaining a level of 5 m.

The open loop box must not be selected for the closed loop portion of the experiment as
described in step 1 of the closed loop instructions. The closed loop system allows for feedback

control. The control variable is being measured and the measurement signal is being compared to
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the set point. The difference is fed to the controller and the controller determines how the flow
rate should be changed. The proportional gain is set to 50 %. the integral time is set to 5 sec. and
derivative time set to 0 sec as explained in step 6. The set point is changed from Om to 5m. The
valve position, or the percentage that the valve is opened is also measured in this step. The
closed loop process is repeated twice. Once with K, = 30%, integral time = 5 sec, derivative time
= 0 sec. Lastly, the process will be set with parameters K, = 50%, integral time = 5 sec, and
derivative time = 0 sec. Changing the values of K; and integral time allows for the investigation

of control response while maintaining a level of 5 m in a closed loop system.

Instructions:

QOpen Loop

1. Check the “Open Loop™ Checkbox in the “Systems™ Box.

2. Choose the “first order system™ in the “Systems™ Box and set a tank area of 15m2 with
an output flow resistance of 1.5 N*s/m* and delay time (DT) = 0 s. The other parameters,
time constant and gain are not accessible.

3. Adjust the period and amplitude of the Time Graph to 200 s/Div. and with 2.5 A/Div,
respectively.

4. Click “Load System™ to start.

5. Click Save Data. You will notice that the Time Graph displays the SP and PV.

6. Choose a value of PROPORCIONAL BAND (K;) = 30%. Maintain INTEGRAL
TIME(s) and DERIVATIVE TIME (s) at zero.

7. Set the initial Set Point value at 0 m and the final Set Point value at 5 m.

8. Check that the first order system stabilizes. Estimate the (i) time constant, tp (ii) the
time taken for the system to stabilize and (iii) the offset between amplitudes of the level
(PV) and the setpoint (SP).

9. Repeat for K; = 10% and 50%

Closed Loop

1. Ensure that the “Open Loop” Checkbox in the “Systems” Box is unchecked.

2. Choose the “first order system™ in the “Systems™ Box and set a tank area of 15 m? with
an output flow resistance of 1.5 N*s/m® and delay time (DT) = 0 s. The other parameters,
time constant and gain are not accessible.
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3. Adjust the period and amplitude of the Time Graph to 200 s/Div. and with 2.5 A/Div,
respectively.

4. Click “Load System” to start.

5. Click Save Data. You will notice that the Time Graph displays the SP, PV and OP —the
proportional pneumatic valve position.

6. Choose a value of PROPORCIONAL BAND (KP) = 30%, INTEGRAL TIME(s) = 0
and DERIVATIVE TIME (s) = 0.

7. Set the initial Set Point value at 0 m and the final Set Point value at 5 m.

The Edibon CEAC control system consists of a tank with a drain that allows for water to flow
out. The inlet is connected to a proportional pneumatic valve that increases or decreases the flow
rate by opening and closing. An overflow sensor and level transmitter, which sends the signal to

the controller. A schematic for the Edibon CEAC system can be seen below in Figure 3.

! Proportional Pneuntatic Valve Set Point: SP(m)
1

Valve Water Height Measured: h(m)

Input Flow: g(m3/s)
O/P(%) Output Flow: qo(m3/s)
4——0/P: Valve Position = 0 Water Volume: V(i)

Tank
1
—p= Water Height
_______ 'sp
Input flow 9
q Water Tapk
0 v
0

Tank Area( A) e f

Figure3 . A schematic of the Edibon CEAC Control Simulator

|
|
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Results and Discussion

This experiment was carried out for three different proportional open loop systems and three
different closed loop systems. Two consisting of proportional and integral control, and one that is
proportional only. Figure 4 below shows the graphs for the open loop systems and Figures 5 and
6 are the closed loop systems.
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Figure 4. Comparison of open loop control system with different K values

For the open loop system, similar behaviors are observed every time the set point is changed.
‘When the set point is increased to 5 meters, an observation in all three graphs is that the process
variable over shoots the set point by approximately 2.4 meters to 2.5 meters, before it reaches
steady state. All three of the graphs in Figure 4 show direct, monatomic, and stable responses
creating an offset from the set point. The set point and process variable then converge as the set
point is manipulated to zero.

The time, setpoint, and process variable data were given for the entirety of the experiment. The
data for K, Proportional band percentage of 10%, 30%, and 50% were analyzed and used for
calculating the 1, (Equation 2), and K, K., (Equation 6), which were then used to find the Global
Transfer Function(Equation 7).

Using the graphs in figure 4, the steady state was approximated. The data in Table 1 shows the

calculations that were done.

Table 1: Calculation for finding the Global Transfer functions for the three open loop systems

Kp=10% Kp=30% Kp=50%
Steady State (m) | 7.38 7.389 7383
Time of Stability | 187 184 168
187
e® (m) 242 2.47 242

400
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Taup (s) 66 46 42

Kp (sYm"2) 4.4 31 2.8

Kmax 033 0.47 0.52

kpkmax 1.452 1.457 1.456

TF Global (5)= 1.452/(66s+1) | 1.457/(46s+1) | 1.456/42s+1)
Kp30Ki5KD O Kp 50 Ki 5 KD O

Figure S. Comparison of PI control for closed loop system with different K, values

For the closed loop system, different behaviors are observed each time a step or set point is
changed in the system. A qualitative observation on Figure 5 shows that when the set point is
increased to 5 meters in the tank, the level over shoots the set point before a short oscillation is
observed, which quickly steadies. This transformation, or system reaction to the setpoint change,
can be summarized as direct, oscillatory and convergent. The inlet flow valve opening, OP, also
reacts to the set point change in a direct proportion to achieve steadying of the flow. When the
system’s setpoint is taken back down to zero, the system reacts successfully because of its direct,

monotonic and convergent behavior.
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Figure 6 P- only closed loop system

Figure 6, also is also a closed loop system, such as Figure 5, but with the integral and
derivative values both set to zero, the system reacts differently. When the level is set to 5 meters,
the behavior is direct, monotonic and divergent, which means the system yields an offset or a
steady-state error at approximately 0.5 meters. Although the margin of error increases by about 1

meter, the same behaviour is observed when the setpoint is taken back down to zero.

Conclusion

Comparisons of the systems, close and open loops, show that the open loop not only creates a
steady-state error when the setpoint is raised, but that it is much bigger compared to that of the
closed loop. Not having a feedback response created the opportunity for a much larger offset
from the setpoint. Due to this, it is recognizable that all of the graphs look very similar even
though the Proportional band percentages were different.

It can be observed in Figures 5 and 6 that the only resulting offset is very close to the size of the
step. This indicates that closed loops can better control processes that open loops. The two
systems show little to no difference when the system’s setpoints are returned to zero which might
be because at that point, the two systems allow little to no flow into the tank. If the setpoints
were reduced to 1 meter instead of zero, it might have given a better indication of how these

systems behave in a step down situation.
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proportional to the rate of change of the error. The “D element” is sensitive to disturbances. This
element is capable of making an estimation of the future error and can decrease or increase the
speed of corrections.

Equation (1) below is the equation of the level curve recorded during the experiment. Utilizing the
final value theorem, the long- term value is given by,

g
- i"o SY(s) = kp Konax AU )

The result from this equation proves that there is an offset in the open loop response as Au is multiplied by
the factor KpKmax.

£
L) = k,,K,,mAu[l —e ’P] 2)
After manipulation we can use it to find z,,.
kpKimax
TFglabal(S) = T+l 3)

This equation is the product of the transfer functions in the open system. As previously stated.
the lab will prove pivotal in analyzing the system to differentiate key aspects of an open and
closed system as well as analyzing the set point under different process conditions to investigate
how the system is maintained.

Procedure

Equipment

Proportional Pneumatic Valve CEAC Set Point: SP(m)
TUNING T Water Height Measured: h(m)
Input Flow: g(m3/s)
Output Flow: go(m3/s)
Water Volume: V(I)

4

| 90
’ I Tank Areal A) =0 0
Flow Resistante (R)
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Open Loop System Method

1. In“Systems” box, check “Open Loop™.

In “Systems” box, choose “first order system” and ensure tank area was set to 15 m? with
output flow resistance set to 1.5 Ns/m35 with a delay time (DT) of 0s.

Adjust period and amplitude graph by setting s/Div to 200 and Amp/Div to 2.5.

Click “Load System” to start and save data

Set proportional band (Kp) to 30% and maintain integral and derivative time to 0.

Set initial set point to 0 m and final set point to 5 m.

Repeat for proportional bands (Kp) equating 10% and 50%.

N

N we W

For the three (3) trials with different proportional bands (10%, 30%, & 50%), ensure that the first
order system stabilizes. Once stable, estimate the time constant, Ty, the time taken for the system
to stabilize, and the offset between amplitudes of the level (PV) and the setpoint (SP).

Closed Loop System Method
1. In “Systems” box, uncheck “Open Loop™

Figure 1. Schematic diagram of Edibon’s CEAC Controller Tuning Trainer open loop system.

2. In “Systems” box, choose “first order system” and ensure tank area was set to 15 m? with
output flow resistance set to 1.5 Ns/m5 with a delay time (DT) of 0s.

Adjust period and amplitude graph by setting s/Div to 200 and Amp/Div to 2.5.

Click “Load System” to start and save data

Set proportional band (Kp) to 30% and maintain integral and derivative time to 0.

Set initial set point to 0 m and final set point to 5 m.

Repeat for proportional band (Kp) = 30%, integral time(s) = 5, derivative time(s) = 0, and
proportional band (Kp) = 50%, integral time(s) = 3, and derivative time (s) = 0.

NAU W

For the three (3) trials with different proportional bands (10%. 30%, & 50%), ensure that the first
order system stabilizes. Once stable, estimate the time constant, tp. the time taken for the system
to stabilize, and the maximum offset between amplitudes of the level (PV) and the setpoint (SP).

Results and Discussion

Open loop system is a type of process control system where the control variable is independent
of the process output variable. The measuring device is not connected to the controller meaning
that the controller output is changed manually. This system is also known as manual mode or
non-feedback system. Diagram 1 shows the open loop system for our experiment.
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Control signal to
valve: Pressure Manipulated

I~ Signal variable: Flow IN
e Proportionsl £ Process: Level —
+ Control =

Pneumatic Valve

Level transmitter

Diagram 1: Open Loop System

In figure 2, the offset is the difference between the amplitude of the level (PV) and the set point
(SP). It was expected to be 2.431 m because it was derived from the highest recorded PV = 7.397
m and the highest SP = 4.966 m which was supposed to be 5 m.

Open System, Kp= 30%

\

Amplitude {m)
o B N W s U N

o

100 200 300 400 500
Time (s)

— QP e PY/

Figure 2: Open Loop System for K, = 30%
In figure 3, it shows the open loop system for K, = 50%, which resulted in similar trends when

Ky =130%. The offset was calculated to be 2.434 m as the maximum PV = 7.395 m and

maximum SP = 4.961 m. This shows the open system has a wider range for an offset between set
point water level and actual level.

104



Open System, Kp=50%

o~

Amplitude {m)
O B N W & nn O N

0 100 200 300 400 500 600
Time (s)

—CP PV

Figure 3: Open Loop System for K;, = 50%

The Closed Loop system is a type of process control system that utilizes feedback signals to
adjust itself to make sure it is at the desired set point. The control variable is dependent on the
output variable. Diagram 2 shows the closed loop system for our experiment.

Control signal to
valve: Pressure Manipulated

= signal variable: Flow IN
€ Fi(s) Actual Level
PID Controller | = (9 proportional il Process:Level il —
& Pneumatic Valve Control
La (s
‘ = () Level i

Diagram 2: Closed Loop System

Figure 4 - 7 illustrates the closed loop system for when the K is at 30% and 50% with changes
to the integral time and derivative time. These graphs recorded the data of PV, SP, and OP,
which is the position of the valve and how much of it is open in terms of percentage.
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Closed System, Kp= 30%
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Amplitude {m)
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——SP e OP e PV

Figure 4: Closed Loop System for K, = 30%

Closed System, Kp= 50%
12
10

Amplitude {m)
>

—

350

0 50 100 150 200 250 300
Time (s)
—eSP e OP e PV

Figure 5: Closed Loop System for K, = 50%

350
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Closed System, Kp = 50%, integral time =5 secs
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Figure 6: Closed Loop System for K = 50% and Integral Time = 5 secs

Closed System, Kp= 50%, Integral Time= 5 secs,
Derivative Time= 5 secs

8
o
£ 6
3 —
g 5
a
E 4

3

2

0 50 100 150 200 250 300
Time (s)
——SP e OP e PV

Figure 7: Closed Loop System for K;, = 50%, Integral Time = 5 secs, and Derivative Time = 5 secs

Both types of systems are significant and used based on their need in the industry. The outputs of
both systems often differ as the data and theory is backed up. Open loop systems have more
offset than closed loop systems. For example, the open loop system had a larger offset of 2.434
m at Kp = 50% while the closed loop system had an offset of 0.374 m showing the difference in
error and how the system is efficient in keeping desired conditions.
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With the analysis of the data measured, we were able to record the level of the water, L(t), in the
tank over time, t. Based on the global transfer function, the open loop response is direct,
monotonic, and convergent. With the equation below, we can find that the long-term value will
converge to 7.5 m over time.

lim

sY(s) = kp Kmax Au

s—=0

Knowing that the change in U is 5 m, we can calculate that k,Kyax will be 1.5. With the recorded
data of L(t) and t, we can find the 7 using the formula below. At 315 secs, L(t) = 7.391 m. By
manipulating the formula below and inserting the known values, we can derive that 7, =74.44

Lt = kp Kpnax Au [1 — € _[/T”]

To get the TF;lchal, we combined the known values that we calculated, which resulted to be .0199
or approximately 0.02.

k,K
I i pNmax
global( ) _Ts A
= 15 s
‘IFglnbal = m =.0199

Conclusion

For this experiment we are asked to make a qualitative comparison of the response of a first order
system. We focused on two methods, open loop, and closed loop. We also needed to calculate the
values of 7p and kK for the open loop system. For open loop, the response is direct, monotonic,
and convergent. The long-term value will converge to 7.5 m over time, and kyKyax will be 1 and
Tp = 7444 We can conclude that open loop systems tend to have more of an offset than closed loop
systems. We can see from the data that the open loop system had a larger offset of 2.434 m at K,
= 50% while the closed loop system had an offset of 0.374 m. This showed the difference in error
and how efficient the system was at maintaining desired conditions.
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Abstract

Industrial processes require specific levels to be maintained to ensure a process is carried out to
completion. Level control is also needed to maintain a safe operating environment and ensure
equipment is within good working condition. The purpose of this experiment is to analyze the level
response in a single tank with a drain, comparing the qualitative results of both the open and closed
loop systems. An additional goal of this experiment is to calculate 7p (time constant) and kpKmax
for the open loop system. The experiment was carried out using the Edibon CEAC Controller
Tuning Trainer. The experiment involves running an open loop and closed loop simulation, three
runs for each, and changing the proportional gain, integral time for different runs. The resulting
data was graphed and calculations were made in order to analyze and compare results of each
configuration. From the data it can be said that the open loop control system has a larger steady
state error than that of the closed loop system. This could be due to the inability to make
adjustments automatically from feedback given. The closed system shows slight oscillation in

some graphs. but overall has less offset error than that of the open loop control system.

Theory

Proportional-integral-Derivative (PID) is known to be one of the most common control algorithms
used in the industry not to mention its been universally accepted in industrial control. PID
controllers are simple to use and can function a wide range of operating conditions. CEAC is one
of the many software that can help us investigate the level response in a single tank with a drain in
an open and closed loop system. The tank consists of an inlet stream, outlet stream. flow
resistor.level transmitter,and a proportional pneumatic valve. The proportional pneumatic valve is
controlled by compressed air, by applying that pressure it allows how much the valve opens and
closes thus regulating the level in the tank. The first order level control system is formed with
water in the tank with 15m? and a flow resistance of 1.5Ns/m®. These parameters were gathered
by the output function. The output response is calculated by the inverse laplace transform. In the
industries, control engineers use PID to control input, desired operating values, and current plant

process values.
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The Valve equation: V is the flow rate, Kmax is the linear constant, and P is the pressure signaled
from the controller.

V=KmaP (1))

Tpis the time it takes for 63.2% of the steady state value, therefore;

Tp = 63.2(Steady State)/100 )
w=KpA 3)
ky K, Au
Y(s) = 22—,
(tps+1)s @

L(t) = kp Kppax Bu [1 — e7%]

©)]
4l sY(s) =k, Kppax Au
P p fmax ®
_ kpKmax
F glohal T ———
TF gibal (9 =20 o)
Control Tilet Level
s ! EEMTEN oo DR T
Value |
|
‘. A — Tevel Level |
Level Transmitter

Figure 1. In a closed loop system is an automatic control system in which an operation process is regulated
by feedback
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Setpoint
{Desired value) +

Level Transmitter

Figure2. In an open loop system the output signal or condition is neither measured nor fed back for comparison with
the input signal or system set point.

Procedure

The CEAC software is used to simulate the controller by first opening the program and selecting
start. The level controller will be operated under an open loop configuration which is why the
appropriate box must be selected in step 1 as seen in the instructions below. This means that the
measurement signal will not be used to send feedback to the controller, rather it will operate in
manual mode. The proper parameters are set in steps 2-3 by entering the values into the
corresponding box. The areaof 15 m? is given and refers to the area of the tank while the resistance
refers to the flow rate. A proportional term of 30%, an integral time of 0 sec and a derivative time
of 0 sec is entered as described in step 6. The initial set point value is set to 0 m and then setto 5
m after introducing a disturbance. After the first order system stabilizes and steady state has been
reached, the data must be stopped. This procedure is repeated twice more for the open loop
configuration, with a Ky = 10% and finally, with aK;=50%. The values of these terms are changed

to investigate the control response while maintaining a level of 5 m.

The open loop box must not be selected for the closed loop portion of the experiment as described
in step 1 of the closed loop instructions. The closed loop system allows for feedback control. The

control variable is being measured and the measurement signal is being compared to the set point.
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The difference is fed to the controller and the controller determines how the flow rate should be
changed. The proportional gain is set to 50 %, the integral time is set to 5 sec, and derivative time
set to 0 sec as explained in step 6. The set point is changed from Om to 5m. The valve position, or
the percentage that the valve is opened is also measured in this step. The closed loop process is
repeated twice. Once with K, = 30%, integral time = 5 sec, derivative time = 0 sec. Lastly. the
process will be set with parameters Kp = 50%, integral time = § sec, and derivative time = 0 sec.
Changing the values of Kp and integral time allows for the investigation of control response while

maintaining a level of 5 m in a closed loop system.

Instructions:

Open Loop

1. Check the “Open Loop™ Checkbox in the “Systems™ Box.

2. Choose the “first order system™ in the “Systems™ Box and set a tank area of 15m2 with
an output flow resistance of 1.5 N*s/m® and delay time (DT) = 0 s. The other parameters,
time constant and gain are not accessible.

3. Adjust the period and amplitude of the Time Graph to 200 s/Div. and with 2.5 A/Div,
respectively.

4. Click “Load System” to start.

5. Click Save Data. You will notice that the Time Graph displays the SP and PV.

6. Choose a value of PROPORCIONAL BAND (Kp) = 30%. Maintain INTEGRAL
TIME(s) and DERIVATIVE TIME (s) at zero.

7. Set the initial Set Point value at 0 m and the final Set Point value at 5 m.

8. Check that the first order system stabilizes. Estimate the (i) time constant, 7p (ii) the
time taken for the system to stabilize and (iii) the offset between amplitudes of the level
(PV) and the setpoint (SP).

9. Repeat for Kp = 10% and 50%

Closed Loop

1. Ensure that the “Open Loop” Checkbox in the “Systems™ Box is unchecked.

2. Choose the “first order system™ in the “Systems™ Box and set a tank area of 15 m* with
an output flow resistance of 1.5 N*s/m* and delay time (DT) = 0 s. The other parameters,
time constant and gain are not accessible.
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3. Adjust the period and amplitude of the Time Graph to 200 s/Div. and with 2.5 A/Div,
respectively.

4. Click “Load System” to start.

5. Click Save Data. You will notice that the Time Graph displays the SP, PV and OP — the
proportional pneumatic valve position.

6. Choose a value of PROPORCIONAL BAND (KP) = 30%, INTEGRAL TIME(s) = 0
and DERIVATIVE TIME (s) =0.

7. Set the initial Set Point value at 0 m and the final Set Point value at 5 m.

The Edibon CEAC control system consists of a tank with a drain that allows for water to flow out.
The inlet is connected to a proportional pneumatic valve that increases or decreases the flow rate
by opening and closing. An overflow sensor and level transmitter, which sends the signal to the
controller. A schematic for the Edibon CEAC system can be seen below in Figure 3.

: Proportional Preuniatic Valve Set Point: SP(m)
1

Water Height Measured: h(m)
Input Flow: q(m3/s)
O/P(%) Output Flow: go(m3/s)
0 Water Volume: V(i)
Tank
T T T T T T T T T T T Nevel Transmitten

o

Tank Area( A) - e f
-------------------- Fow R-Lsistuce (R

Figure 3. A schematic of the Edibon CEAC Control Simulator

Results and Discussion

This experiment was carried out for three different proportional open loop systems and three
different closed loop systems. Two consisting of proportional and integral control, and one that is
proportional only. Figure 4 below shows the graphs for the open loop systems and Figures 5 and
6 are the closed loop systems.
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Figure 4. Comparison of open loop control system with different Kpvalues

For the open loop system, similar behaviors are observed every time the set point is changed. When
the set point is increased to 5 meters, an observation in all three graphs is that the process variable
over shoots the set point by approximately 2.4 meters to 2.5 meters, before it reaches steady state.
All three of the graphs in Figure 4 show direct, monatomic, and stable responses creating an offset
from the set point. The set point and process variable then converge as the set point is manipulated
to zero.

The time, setpoint, and process variable data were given for the entirety of the experiment. The
data for K, Proportional band percentage of 10%, 30%, and 50% were analyzed and used for
calculating the 1p (Equation 2), and KpKmax (Equation 6), which were then used to find the Global
Transfer Function(Equation 7).

Using the graphs in figure 4, the steady state was approximated. The data in Table 1 shows the

calculations that were done.

Table 1: Calculation for finding the Global Transfer functions for the three open loop systems

Kp =10% Kp=30% Kp=50%
Steady State (m) [ 7.38 7.389 7.383
Time of Stability | 187 184 168
(187

400



e(t) (m) 2.42 2.47 2.42

Taup () 66 46 42

Kp (¥m"2) 44 31 2.8

Kmax 0.33 0.47 0.52
kpkmax 1.452 1.457 1.456

TF Global (s)= 1.452/(66s+1) | 1.457/(46s+1) | 1.456/42s+1)

Kp30Ki5KD O

sp

op

Kp 50 Ki 5KD O

Figure S. Comparison of PI control for closed loop system with different Ky values

For the closed loop system, different behaviors are observed each time a step or set point is

changed in the system. A qualitative observation on Figure 5 shows that when the set point is

increased to 5 meters in the tank, the level over shoots the set point before a short oscillation is

observed, which quickly steadies. This transformation, or system reaction to the setpoint change,

can be summarized as direct, oscillatory and convergent. The inlet flow valve opening, OP, also

reacts to the set point change in a direct proportion to achieve steadying of the flow. When the

system’s setpoint is taken back down to zero, the system reacts successfully because of its direct,

monotonic and convergent behavior.
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Figure 6 P- only closed loop system

Figure 6, also is also a closed loop system, such as Figure 5, but with the integral and

derivative values both set to zero, the system reacts differently. When the level is set to 5 meters,

the behavior is direct, monotonic and divergent, which means the system yields an offset or a

steady-state error at approximately 0.5 meters. Although the margin of error increases by about 1

meter, the same behaviour is observed when the setpoint is taken back down to zero.

Conclusion

Comparisons of the systems, close and open loops, show that the open loop not only creates a
steady-state error when the setpoint is raised, but that it is much bigger compared to that of the
closed loop. Not having a feedback response created the opportunity for a much larger offset from
the setpoint. Due to this, it is recognizable that all of the graphs look very similar even though the
Proportional band percentages were different.

It can be observed in Figures 5 and 6 that the only resulting offsetis very close to the size of the
step. This indicates that closed loops can better control processes that openloops. The two systems
show little to no difference when the system’s setpoints are returned to zero which might be
because at that point, the two systems allow little to no flow into the tank. If the setpoints were
reduced to 1 meter instead of zero, it might have given a better indication of how these systems

behave in a step down situation.
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Abstract

Process control is a mechanism that is used to monitor the algorithms and operational variables of industrial
processes. The information that is gathered via monitoring is used to adjust the operational variables to achieve
the desired product output specifications. The proportional-integral-derivative controller is deemed to be the most
stable and accurate. It uses a control loop feedback mechanism to manipulate the operational variables. The goal
of this experiment is to reveal how the behavior of a proportional-integral-derivative controller is influenced by
inputting varying proportional, integral, and derivative constants. The EDIBON software is used to generate the
results, which simulate the input conditions. By graphing the generated data, the behavior of the proportional-
integral-derivative controller is shown to be the most efficient. It brings the level sensor reading to setpoint in the
shortest amount of time. By conducting this experiment, an understanding of controller parameters and their
effects can be gained.

Theory

Controllers are used for applying the accurate and responsive correction to a control function to allow for the
safe and stable operation of a processing unit.* A proportional-integral-derivative controller (PID) is a popular
control loop mechanism used in industrial control systems. This feedback or backward control mechanism waits
for an error to occur before an action enacts. Figure 1 displays the primary elements of a control loop: system,
sensor, controller, and actuator (valve).

Lu L
GvaLve — Gsvstem L 4 >
7y
Lc
e(s) Lm L
GCONTROLLER ~ [€¢—— <« Gsensor l——
o+

Figure 6. Basic Control Loop Setup and Elements

PID controllers use three control terms (proportional, integral, and derivative) to influence the controller output
to achieve optimal control. The controller continuously calculates the error, (e(s)), by comparing the measured
valve with the specified setpoint (SP). The controller also determines a strategy to minimize and eliminate the
error. The proportional term acts directly on the error in a linear way. The integral term has a memory and
integrates values of the error. The derivative term predicts a short time into the future. The following equations (1
— 4) show the mathematical output of the controller. Equation 1 expresses the output, (Au(s)), in a real domain.?
Equation 2 through 4 expresses the output in a Laplace domain.

1 “PID Controller.” Wikipedia. Wikimedia Foundation, March 12, 2020.
https://en.wikipedia.org/wiki/PID_controller#Control_damping.
2“Virtual Lab Level Control Lab Manual.” CHEG 4031. Prairie View A&M University, n.d. Accessed March 30, 2020.
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t de(t)

Au(t) = kpe(t) + k; | e(r)d(t) + kp T (Eq.1)
\_Y_l
P - “Present” | - “Past” D - “Future”
e(s)
Au(s) = kpe(s) + k; —~ + kpse(s) (Eq. 2)
ki
Au(s) = e(s) {k,, +=+ sz} (Eq.3)
k; kps? + kps + k;
G(s)=kp +?+k05=f (Eq.4)

Other controllers include P, PI, PD, and PID. PID or full mode controllers are considered to be the most
efficient as they typically converge to the true value the fastest if the optimal values for ke, ki, and kp
(proportional, integral, and derivative constants).*The correct selection of the constant parameters for the PID
typically yields optimal behavior for the system: direct, monotonic, and convergence.

Procedure

The Edibon UPCN equipment and software is used to show the effect of PID settings on the behavior of a full
mode controller used for level control. The experiment involves inputting various sets of values for kp, ki, and kp
(the P, I, D constants) of the PID1 controller. After the constant values are set, a step signal in set point is
produced by altering the set point value to a higher value.® The output level is documented, and an analysis of the
plot characteristics display the influence of different sets of values on the output response.® A detailed, step by
step procedure is listed below.

1. Press START in the top left corner.

2. Adialogue box will ask you for a file name. The measured data will be recorded in this file.

3. Input a set of values for the P, I, and D parameters of the PID1 controller. Select CONTROL 1 (Level) in
the bottom left side and then input the constants values.

Press record and set the time interval (in seconds) between data.

Change the set point to the value listed in Table 1.

Run the experiment for 5 minutes or until steady state is reached.

Repeat the procedure for the three times listed in Table | for each type of controller, P/PI/PID.

After the third set press STOP and retrieve the data file.

Repeat the whole procedure for the other two types of controllers. After changing the controller type
ALWAYS reset the set point to the original value (120 mm)

10. Process the three data files for the three separate controller setups.

© © N g

Results and Discussion

By following the procedure listed in the prior section, the result for each controller output was obtained. The

3 Bequette, W. B. Process Control. Fifth Edition to First edition. Prentice Hall, 2002.
4 Bequette, W. B. Process Control. Fifth Edition to First edition. Prentice Hall, 2002.
5 “Virtual Lab Level Control Lab Manual.” CHEG 403 1. Prairie View A&M University, n.d. Accessed March 30, 2020.
6 “Virtual Lab Level Control Lab Manual.” CHEG 4031. Prairie View A&M University, n.d. Accessed March 30, 2020.
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procedure led to the level sensor reading obtained in each trial. Through plotting the setpoint versus the sensor
reading, the behavior of the controller was determined. Figures 2 through 4 show the results of the experiment.

P Controller Results

—Setpoint

——Level

000 200 400 600 800 10.00 12.00 14.00
Time (min)

Figure 7. Proportional (P) Setting Results

Figure 2 shows the effect of the proportional setting on the system. The figure shows level readings versus the
time. As time increases, the level reduces and the constants for ke increases. The constants for ke varied between
1, 2, and 5, respectively. For ke=1, the behavior is direct, monotonic, and it converges. However, there is an
offset. For ke=2, the behavior is direct, slightly oscillatory, and converges. For kp=5, the behavior is direct,
highly oscillatory, and converges.

Pl Controller Results
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Figure 8. Proportional-Integral (PI) Setting Results

Figure 3 shows the effect of the proportional-integral setting on the system. The figure shows level readings
versus the time. As time increases, the level reduces and the value for ke remains constant. The constants for ki
varied between 5, 2, and 0.5, respectively. For k=5, the behavior is direct, slightly oscillatory, and converges.
For k=2, the behavior is direct, moderately oscillatory, and converges. For k;=0.5, the behavior is direct, highly
oscillatory, and converges.
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PID Controller Results
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Figure 9. Proportional-Integral-Derivative (PI1D) Setting Results

Figure 4 shows the effect of the proportional-integral-derivative setting on the system. The figure shows level
readings versus the time. As time increases, the level reduces and the value for ke and k; remains constant. The
constants for kp varied between 0.2, 0.5, and 2, respectively. For kp=0.2, the behavior is direct, slightly
oscillatory, and converges. For kp=0.5, the behavior is direct, moderately oscillatory, and converges. For kp=2,
the behavior is direct, highly oscillatory, and converges.

Since the behavior is direct for all the trials, this proves that the sign of ke must be negative to mirror the
decrease of the level, or the root of the numerator is less than zero. The behavior of the majority of the results is
oscillatory. This means that the roots of the denominator are complex or imaginary. Since the denominator roots
are complex, the roots will only converge if the real part of the roots are negative.

Conclusion

In the experiment, the behavior of a PID controller was analyzed by graphing the data generated from the
EDIBON controller software. The system regulated the level by use of the PID controller that automatically
operated the element of the loop, which is the control valve.” The results show that in comparison to the
proportional and proportional-integral controllers, the PID controller allowed for the sensor level to reach the
setpoint in the most efficient manner. Convergence was apparent, and there was minimal oscillation for each of
the three PID trials. The first PID trial, with a kp value of 0.2, achieved the setpoint in approximately two
minutes. This was the fastest time of the three PID trials. By decreasing the value of kp, the setpoint was reached
quickly and without significant oscillation. Manipulation of controller parameters was necessary in order to
determine the optimum parameter values.
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Abstract

This experiment is concerning the effect of PID (proportional-integral-derivative) controller
parameters on level control. The equipment used is a hydraulic unit with centrifugal pumps and a
variety of control valves for the PID controller. The objective of this experiment is to show the
effect of the proportional, integral, and derivative settings from the behavior of the PID controller
used for level control. P, 1, and D constants are set in the PID controller in which it produces a step
signal in a set point by changing the set point value from the initial value to one higher. The output
levels are recorded and analysis the plot characteristics for different set of values. Results showed
the proportional constant values increasing from 1 to 5, the estimated steady state error occurred
frequently for set point values 100, 80 and 60 showing over shooted or under shooted values
compared the level. For the derivative constant, the level values were between became closer to
the set point values (ranges 100-99.9, 79-84, 51-60 for each set point) due to the derivatives
characteristic of “anticipating” the error as a result it decreased the magnitude of the error
occurring. For the integral constant, the persistent errors that occurred were reduced as the integral
constant is decreasing from 5 to 0.5.

Procedures

The experiment consists in inputting different sets of values for the P, I, and D constants of the
PID1 controller. How to do this is explained in detail after the procedure. After setting the values
of the controller three constants, a step signal in set point is produced by changing the set point
value from the initial value to one higher. See the values in Table | below. The output level values
are recorded and an analysis of the plot characteristics shows the influence of different sets of values
on the output response.

1) Press START in the top left corner.

2) A dialogue box will ask you for a file name. The measured data will be recorded in this
file.

3) Input a set of values for the P, I, and D parameters of the PID1 controller.

4) Press record and set the time interval (in seconds) between data.

5) Change the set point to the value listed in Table 1.

6) Run the experiment for 5 minutes or until steady-state in reached.

7) Repeat the procedure for the three times listed in Table | for each type of controller,
P/PI/PID.

8) After the third set press STOP and retrieve the data file.

9) Repeat the whole procedure for the other two types of controllers. After changing the
controller type ALWAY'S reset the set point to the original value (12 0 mm)



Results & Discussion

The purpose of this experiment was to observe how changing PID controller parameters affect
the level control in a tank. PID controllers calculate an error by measuring the difference
between a desired set point and a measured process variable. The controller then applies a
correction based on proportional, integral, and derivative terms. In this experiment the
proportional, integral and derivative parameters were changed and the output variable of the
controller was measured. In order to see the impact of changing each control parameter, a graph
was plotted.

Output of a P controller

1—\__ :

\ A -

Level (mm)
[T
N Y (2] ) o N ey
o o o o o o o o

0 100 200 300 400 500 600 700 800
Time (seconds)

Setpoint Output Process variable

Figure 1: Output of a P controller

The first parameter changed in the experiment is the K1 which represents the proportional
gain. From the hypothesis, it’s expected to see an increase in the speed of the control system
response as the proportional gain is increased. This is shown on the graph by the slope of the
output variable. The value of the proportional gain is increased from 1 = 2 when the set point
decreases to 80mm. That is indicated on the graph by a steeper slope of the output variable at the
point the setpoint changes from 100 > 80 compared to the slope at the point the setpoint goes
from 120 - 100. According to the hypothesis, as the value of K increases even further the value
of the process variable will eventually begin to oscillate. In this experiment when the setpoint
decreases to 60mm the K value is increased to 7 and oscillation can be observed in Figure 1,
thereby confirming the hypothesis.

Next, a graph of the controller including the integral parameter is plotted.



Output of a PI controller
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Figure 2: Output of a PI controller
In this graph the integral time parameter T-is introduced and decreased as the setpoint
decreases. According to the hypothesis, increasing the integral time should decrease the
steady state error. The graph shows that the output process variable closely follows the
level of the setpoint when the setpoint is set to 100. Once the setpoint decreases to 80 and
integral time decreases from 5 - 1, some oscillation between the setpoint and output
variable can be observed. The setpoint continues to decrease to 60 and integral times goes
from 1 - 0.2. At this point, a lot of oscillation or error between the value of the setpoint
and output variable can be observed. This confirms the hypothesis is correct as the error
or difference between both levels is greater whenever the integral time value is low.
Finally, a graph of the controller including the derivative parameter is plotted.
Output of a PID controller
140
120 —
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Figure 3: Output of a PID controller



In this graph the derivative time parameter Txis introduced and changed as the
setpoint decreases. According to the hypothesis, increasing the derivative time
should increase the speed of the overall control system response. In the graphs we
can see the slope of the output process variable is very steep whenever the
setpoint is changed. This indicates that the system response is very quick to
match the new setpoint. However, a large derivative time also makes the control
system sensitive to noise and unstable. When the setpoint decreases to 60 and
derivative time increases to 1, the control system becomes unstable and starts
oscillating. For this reason, most control systems use a small derivative time to
avoid instability.

Conclusion

In this experiment the effects of changing the proportional, integral and
derivative parameters in a PID controller were observed. According to the
hypothesis increasing the proportional and derivative parameter increases the
control system response speed while increasing the integral time parameter
decreases the steady state error. After analyzing the data from this experiment, the
hypothesis was verified. Graphs were utilized to show how the controller responded
to each change by comparing the setpoint values to the values of the output process
variable (water level). In the future, it would be interesting to determine the ideal
parameter values for optimum operation of a control system.
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Abstract

Process control is the ability to be able to adjust a process to get a desired output. The variable we
will be controlling is the flow rate to keep the level constant by using a controller. We are to
compare the set point to the process variable by using a controller that will eliminate the
disturbance rejection and to be able to track and maintain a set point. In this experiment we are
measuring the proportional control of level by the level sensor within different time frames. The
purpose of this experiment is to show the behavior of a proportional-integral derivative controller
by inputting selective values for proportional, integral, and derivative constants. From the results
we were able to conclude that the PID controller was the most effective because we were able to
receivel our set point in a short time period.

Theory

In industrial industries the application that is used to control and or adjust the feedback of various
temperatures, pressures, flows and many other processes is known as the PID controller. There
are 3 levels of control of the application known as the Proportional, Integral, and Derivative hence
the name PID. The focus is to force feedback to the related set point that is selected whether that
is P, I, D, PD and or PID. Proportional term constitutes the bulk of your control response. It
produces and outputs that is proportional to the error value. The given equation for proportional is
P,y = K, x & (error) and Kp being your proportional gain. Now, The Integral term is the
accumulation of the instant error over time. Which is a sum that offsets the results of proportional
control only. When you add the two you can get exceptionally good control and eliminate offset.
The Equation is then as follows: I, = K; fae(r)dr . Lastly, The Derivative Term predicts system
behavior, achieves stability faster. This term is rarely used in practice. The term is given by:

Dout = KD de(:).

Together the output is as follows:

de(t)
dt
Using the controller in full mode will give the best true value with the fastest values for Kp, Ki,

Au(t) = Kye(t) + K; foe(r)d(r) +Kp

[Commented [JG23]: Good structure. Grade= 4




and Kd.

The objectives of this experiment are listed below.
e To show the effect of the Proportional, Integral Derivative settings on the behavior of a
three-term P1D Controller used for level control.
e Perform a qualitative review of the effect of proportional, integral, and derivative settings
on level control for UCPN.
o Determine the best control level|

Calculate control actions
and multiply each by Error

P add up all 3
(subtract PV |
from SP) +

sp + Errpr I+ Controller
I QOutput

PV

Figure 1 Demonstrates a simple explanation of how a PID controller works. Using the SP and PV to create the error
and go into using the P, I, PI, and PID.

Procedure

To perform this experiment, we are using the EBIDON UPC process unit. The equipment that we
will be using is a hydraulic circuit with a bottom tank, an upper

process tank, both dual, two centrifugal pumps, two flowmeters with manual

control valve, three on/off solenoid valves, a motorized proportional valve, and it also includes
flow sensors, temperature sensors, and electric heating coil, and PH sensor. This equipment is
used to measure level, flow, temperature and PH regulation.

1. Press START in the top left corner.

2) A dialogue box will ask you for a file name. The measured data will be recorded in this
file.

3) Input a set of values for the P, I, and D parameters of the PID1 controller.

4) Press record and set the time interval (in seconds) between data.

5) Change the set point to the value listed in Table 1.

6) Run the experiment for 5 minutes or until steady state is reached.

7) Repeat the procedure three times listed in Table | for each type of controller,
P/P1/PID.

8) After the third set press STOP and retrieve the data file.

9) Repeat the whole procedure for the other two types of controllers. After changing the

Commented [JG24]: Good theory. Some incorrections.
Grade= 4




controller type ALWAYS reset the set point to the original value (12
10) 0 mm)
11) Process the three data files.
Results & Discussion

The figure below shows plots of on/off controls with a set point of 60,80,100 and different Kp
values for different process controllers. By investigating P, PI, PID for (figure 1,2,3) were plotted
set points versus sensor readings

P-CONTROLLER

——Seriesl Series2 Series3

120 ==y Kp=1 25
100 \.4.\

80 u e Kp=5

SET POINT (MM)

60 |\

0 100 z00 300 400 50( 600 700 800 900
TIME (SEC)

Figure 1: Proportional (P) Results

Figure 1shows the time increases, as Kp increases closer output to the set point. The Kp=1
is direct, monotonic then converges. The Kp=2 is direct and oscillatory and converges. The Kp=3
is direct, oscillatory and converges. The oscillations of each Kp value changes with setpoint.
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Figure 2 shows the results of the proportional-integral setting in the system. In this graph at the
time increases the kp remains constant. The Ki=5 is direct, monotonic and converges. The Ki=2 is
direct, oscillatory and converges. The K1=0.5 and is direct, oscillatory and converges.

PID CONTROLLER

ies1 Series2 Series3

120 Kp=1, Ki=5,Kd=0.2 2.5
Kp=1, Ki=5.Kd=0.5

80 Kp=1, Ki=5,Kd=1

LEVEL (MM)

TIME (SECS)

Figure 3: Proportional-Integral-Derivative (PID Results

Figure 3 shows the results of the proportional-integral derivative setting on the system. In
this graph at the time increases the Kp and Ki remain constant. The Kd=0.2 is direct, monotonic
and converges. The Kd=0.5 is direct, oscillatory and converges. The Kd =1 id direct, oscillatory
and converges.

Conclusion

In conclusion, the purpose of this experiment was to get a clear understanding in the relations of
proportional, proportional-integral, and proportional integral derivative constants to also see
which method of constant would be the most suitable for our experiment. In this experiment our
team used the p, pi, and pid controller to collect data in a process control system. After comparing
each graph while using the ebidon upc process unit, pid controller was the most effective level
controller, being that we were able to collect the data on it faster than any other controller
throughout the system.
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Abstract

o An experiment was conducted to investigate the effect of different parameters of PID
controllers on the response to changes in liquid level set-point values in a tank.

= The main objective of the experiment was to observe the effect of proportional gain,
integral fime and derivate time on the response of the system to steps in set-point
values.

> To demonstrate this, three controllers including the P (proportional) control, the Pl
(Proportional — integral) control, and PID (Proportional Integral Derivative) were used.

o The results showed that when there was an increase in proportional gain, offset
decreased but was never eliminated. Oscillatory behavior also increased.

o Integral time will eliminate offset but increasing its value will cause increased oscillatory
behavior in the system.

o Increased derivative time will increase the size of oscillations.

o A full PID conftroller produces a response that is direct, convergent and with minor
oscillatory behavior. It also reduces the time to reach steady-state when compared
with P and Pl controllers.

Infroduction

o Most chemical processes require rigorous control of their operational parameters such
as temperature, pressure, flow rate and the composition of components.

> The control process involves operating the process equipment within safe limits and
that the variables are within a desirable set point.

o A process confrol loop had four fundamental components including; controller,
actuator, the process, and a fransmitter or sensor.

> The controller - compares actual signal value with the desired set point to calculate an
error and generates appropriate action.

o The actuator - receives an electrical signal that changes manipulated variable to
return the control variable back to its set point.

> The sensor — measures the process control variable and sends a signal to the controller.

15



Theory

o The PID controller participates in feedback control loops in a variety of applications where a
continuously modulated control is crucial.

o Control is achieved by continuously calculating an error value eft).
s The error is the difference between an idealized set point (SP) and the process variable (PV).

s After the error has been determined the controller applies corrective measures by utilizing
proportional, integral and derivative terms.

= The output variable for PID controller is therefore given by the following equation.
i
u(t) = Kye(t) + K; f e(r)dr + Kdd 20
0

dt

Where; K, is the proportional constant, K;is the integral constant and Kis the derivative
constant.
The standardized form of the above equation is as follows.
i
u(t) = Kye(t) + 11'(_(_{ e(t)dr + Kded 1)
iJo

dt

Procedure

Initiate the collection of data by pressing the start button in the top left comer of the monitor
screen.

Initicte

Input Input a set of values for P,

Press record and input a time interval (in seconds) between the recording of data.
Alter the set point in accordance with a value provided in the given table (Table
Run the experiment unfil a steady-state is achieved,

Repeat steps 1-6 for each of the three types of controllers.
After data has been collected for the third controller, press STOP on the monitor screen and
refrieve the data file.

Reset the set point to the original value {120 mm) and repeat the whole procedure for the two
types of controllers (PID2 and PID3).

Process and analyze the three final data files that have been refrieved. and D parameters of the
PID1 controller.
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Results and Discussion — P-controller

o At a gain value of 1, the system was
deviated from set point and there was
off-set.

o When value of gain is doubled, the
offset is reduced, however, oscillations
in the system appear.

—r— o Further increases in the value of the
gain to 5 results in reduction in offset
but system shows more oscillatory
behavior.

° We can conclude that increasing the
proportional gain increases oscillatory
behavior.

Figure 1: Level control using P-controller

Results and Discussion — Pl Controller

o For Pl-controller, similar procedure is
carried out by fixing the controller
proportional gain.

= However, the integral time is varied. With
an integral time of 5, the offset was
eliminated, and system was stable with
only minor oscillations.

° However, reducing the value of integral
time to 2 produces more oscillations in
0 80 5w system.

= Further reduction in the value of integral
time to 0.5 results in bigger oscillations,
however, system converges to the set
point after certain period of time.

= Pl controller eliminates offset.

o Increasing integral time reduces
oscillatory behavior.

Figure 2: Level control using Pl-controller



Results and Discussion — PID Controller

o For PID controller, the values of
proportional gain and integral time are
fixed, and the derivative time is varied.

o With a value of integral time of 0.2, the

system was stable around set point but

——Setpoint increasing to 0.5 results in production of
1 more oscillations.

¢ Further, increase in derivative time value
causes more oscillations in the system.
W X0 40 %0 60 0 0 90 = PID decreases convergence time.

= Increasing derivative time produces more

oscillations.
Figure 3: Level control using PID-controller

Conclusions

> The experiment focuses on the demonstration of different types of controller (P, Pl and
PID) for the control of fluid level in a tank and the effect of the values of different
controller parameters (gain, derivative time, integral time) on the behavior of liquid
levelin a tank.

¢ Increase in proportional controller gain decreases offset but increases oscillatory
behavior.

= By increasing the integral time, offset is eliminated but it produces oscillations which
increase with the decrease in integral fime value.

> As derivative time increases the amplitude of oscillations increase.

o A PID controller with small proportional gain, high integral time, and small derivative
time produces the best response to steps in set-point values.
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Safety

Safety considerations for the lab where the following:
Safety googles
Lab coat

Closed-toe shoes

Thank you
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» What isa PID controller?

» What are typical uses of PID controller?

» What isthe Objective of the experiment?

» Conclusionsdrawn from experiment

Process Controlsis an important aspect of
industrial processes within as it provides skills l[,kxm,.m(s]

to analyze and measure several ways to
control different parametersin that specific  spamsn ol process Variable (PY)
PID >

process Wy PRocess »

Proportional-Integral-Derivative (PID) R el
controllersare used to assist in regulating A
process variablesto a desired set point sson L

The objective of the experimentis to
analyze these three behavioral settings on
the effect of level control

Utilizing the equation below, the output )
responses willbe analyzed thus determining t) = e() + K; rt Ndr + K
best control for the system u(t) Ky O+ K -‘o e(r) Ka

d e(t)
dt ’




Procedure

>

Input different sets of valuesfor the P, |, and D i \@ UCPCNCV
constants o -
et s

Change set point value from the initial value of 120
mm to decreasing values of 100 mm, 80 mm, and

60mm

Repeat the procedure for the P/PI/PID controller

variations

Data Table

sc-1
FLoW SENsOR

Sensor de Cavdal_—

AvS-
SOLENOID VALVE
Vélvulo Solenoide

c1
FLOW MeTER
Covdolimetro

VR

aB-1
Pump
Bomba

Run (action) Setpoint (mm) Ky T: Ta
1(P) 100 1 0 0
2(P) 80 2 0 0
3(P) 60 5 0 0
1 (PI) 100 1 5] 0
2 (PI) 80 1 1 0
3 (PD) 60 1 0.2 0
1 (PID) 100 1 5 0.1
2 (PID) 80 1 5 0.2
3 (PID) 60 1 5 1
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Results & Discussion (1 of 3)

P controller has the most
unsteady response
compared to the other
two.

Major offsetsand
overshoots of the system

P Controller

300

Pl Controller combines
proportional and integral
controllers

Eliminates offset

vel (mm)

Loy

Mostly used in pressure
control, temperature =
controland flow control

500 600 800

Time (sec)

Pl Controller

600 %00
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Results & Discussion (3 of 3)

PID Controller
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» Relevance

» Results
» Best Controller?

» What graph frend shows

25



Questions

References

» EDIBONinternational || DlrecTorkéZOlS June04). UCP: Computer controlled process control
sysfem (th e\@ciromc CONT L\/ALVE [\/l eo ﬁ\e] Retneved April 25, 2022, from

» “PID Controller,"Wikipedia.https://en.wikipedia.org/wiki/PID _controller#Control damping
» “Process Control,” Bequette, W. B., Fifth Edition to First edlition, Prentice Hall {2002).

» “Process
s/ 7w

> Librefexts
hif /

ollers - P, Pi & P\D al thwneenth

haineeringfoolbox.com/pi

26






S

Level Control using a
PID Controller

Ojevwe Sarah Emedo, Chima Louis, Tysiannah Anderson, Ebuka Louis, Clifton Collins

Presentation Overview

Abstract
Theory
Procedure

Results and Discussions
Conclusion

28




A

bstract

Find PID effect on a level control for a UCPN
P values vs. Pl values vs. PID values

PID controllers widely used in the industry
Helps with regulating temperature, flow, pressure, speed
Many types of control loops

What are controllers?

Attempt to control the error between a measured process variable and desired

setpoint
3 controllers used in industry
ll_'.

O P controller
Figure 1: PID Control Loop

O  Plcontroller Plant /

Process

o  PID controller

y(t)
e
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Control Loops

e Manual or automatic
e Feedback control and non-feedback control

o Open loop: control actions are independent of the output

o Closed loop: control actions are dependent of the desired output
e Types of control loops

o Feed-forward control

o Cascade control

o Feed-forward with feedback

Control Loop used for Experiment

Setpoint (Level in Maniuiated
the Upper Tank) Varlable Disturbance
(fiowrate)

Control Signal

+ e
' ..' .'

. .

Controlled Variable (Level in Upper
Tank)

Process Variasle {Level)

Figure 2: BFD Control Loop
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1. Select UCP unit equipment

2. Open control and acquisition software

3. Select start in upper left corner of main control
scheme on the main screen

4. Dialog box input name of lab and choose
location to store the data

5. Control 1 select level in the button left side

6. Input the set values of the controller for the P, |,
and D parameters

7. Select take data to record and set the time
interval(sec.) between data

8. Change the set point to value listed in Table 1

Process Description

The experiment consists of inputting different sets
values for the P, |, and D constants of the controller.
After setting the values of the controller three
constants, a step signal in set point is produced by
changing the set point value from the initial value to
one higher. The output level values are recorded
and an analysis of the plot characteristics shows the
influence of different sets of values on the output
response. The experiment ran until steady state was
achieved or 5 minutes, whichever was first shown.
This occurred a total of 12 times, broken down into
3 chunks.

Procedure

9. Run the experiment for 5 minutes or until steady state is
reached

a. Pump AB-1 must be activated and the proportional
valve can be operated (by means of control loops) to perform
different controls.

b. For safety reasons, AR-1 will be always switched off
when the type of control is changed, the control is removed,
there is not enough water, etc.

10. Repeat steps 6-9 four more times for each controller
(P/PI/PID)

a. REMEMBER to reset the set point to the original value
(120mm) after changing the controller types

11. After the last set is done press STOP and retrieve the data
file

12. Process the three data files

pH Senor

On/Off Level
Switch

Level Senor

Pneumatic valve

Top tank

Temperature Sensor
Pump Speed

Electric Heating Element Controller

Variable Area
Flowmeters

Solenoidal valves
Variable Area
Flowmeters

Bottom tank.

Two Centrifugal
Pumps

Figure 3: UCP Equipment
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Results and Discussion

Figure 3: Proportional Integral level
control in UCPN

Figure 2: Proportional level control in
UCPN

Figure 4: Proportional Integral Derivative

]

AL PN

Conclusion

We able to analyze the behavior of our PID Controller used for level control

We were able to locate the values for Proportional, Proportional-Integral , and Proportional-

Integral-Derivative

e Having control over the time, temperature, flow, pressure and speed are very vital to any
process.

o We can conclude that these fundamentals of Proportional, Integral Derivative settings are vital

to any process being designed or created in the industry of engineering.
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Questions?
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