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ASSESSMENT RESULTS FOR CURRENT AND PAST THREE PERIODS
Program Outcomes Assessed in Course

Assessment Summary of Class Semester Averages for Outcomes

End of Semester Course Outcomes Assessment Reports

I1l. HOMEWORKS
Summary of Topics covered by homeworks
Original Homework Questions & Master Solution used
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

IV. PARTIAL EXAMS
Summary of Topics covered by Partial Exams
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)

V. FINAL EXAM
Summary of Topics covered by Final Exam
Above Average (Graded original work)
Average (Graded original work )
Below Average (Graded original work)




Course Description in ABET Format

CHEG 4303 Y01
Process Control

Course number and name:

CHEG 4303 Process Control

Credits and contact hours:

3 credit hours; 3 contact hours
*Engineering topic

Instructor’s or course
coordinator’s name:

Dr. Jorge Gabitto

Text book: Title:

“Process Control”

Author:

Bequette, W. B.

Publisher, Year & Edition:

Fifth Edition to First edition, Prentice Hall (2002).

a. Other Supplemental material

“Process Dynamic and Control”, Seborg, D. E., Edgard, T.
F., and Mellicamp, D. A., First edition or later, John Wiley
and Sons (1989).

Specific course information

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

Process Control. (3-0) Credit 3 semester hours.
Dynamic response and control of chemical process
equipment such as reactors, heat exchangers, distillation
columns. Use is made of fundamental techniques of
servomechanism theory such as block diagrams, transfer
functions, and frequency response, stability analysis and
control loop design. Unsteady state modeling and
computer simulation of simple control systems.

b. Prerequisites or
Co-requisites

Senior standing in the Chemical Engineering major.
CHEG 3063 and MATH 4173

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

**Required

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

Students will be able to :

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

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




1. To develop competence and confidence in
using and designing analog controllers
and sensors for safe operation of
industrial and laboratory processes.

2. To develop conceptual understanding of
the mechanisms which control fluid flow,
level, heat transfer, and mass transfer
processes.

3. To develop understanding of modeling
and simulation of industrial processes.

Outcome 1.

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

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

4. To develop competence in solving
practical control problems used in
industrial processes.

7 | Brief list of topics to be covered

Topic 1. Introduction (2 classes)

Topic 2. Modeling and simulation (4 classes)

Topic 3. Solution of differential equations by Laplace transform (5
classes)

Topic 4. Block diagrams and transfer functions (5 classes)

Topic 5. Proportional, integral and derivative control (4 classes)

Topic 6. Stability and tuning (4 classes)

Topic 7. Three partial exams and final exam (4 classes)

* For all Engineering programs, indicate subject area from the following: Math, Basic science, Engineering topic or Other
** 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




End of Semester Course Assessment Reports
Fall 2021 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

e 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

e 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.



END OF SEMESTER COURSE OUTCOME ASSESSMENT REPORT
CHEG4303-Y01 Process Control

Report Prepared by: Dr. Jorge Gabitto
Report Date: December 20, 2021

Fall 2021 SEMESTER

Outcome 1 Outcome 7
Number of An ability to identify, formulate, and Ability to use the techniques, skills, and modern
Semester Analysis Type Students solve complex engineering problems by engineering tools necessary for engineering
applying principles of engineering, practice
science, and mathematics.
Expected Class 9% Students | Expected Class % Students
Average Average Meeting Average Average Meeting Expected
Expected Average
Average
Fall 2021 Direct 25 75 78.8 68.0 75 75.0 68.0
Fall 2020 Direct 32 75 87.0 81.3 75 81.7 78.2
Fall 2019 Direct 41 75 91.6 96.9 75 85.8 84.4
Implementation Class discussion about problem solving | Class discussion about computer techniques and
Summary techniques.  Strong  emphasis  on | use of spread-sheets. Strong emphasis on

>~

procedures discussed in class. Informal
problems given that concentrated on
solving techniques.

procedures discussed in class.

Perceived Problems

> >

Students could not conceptualize, identify
the physical laws, and analyze problems
that are different from an example problem
they have seen before.

The availability of a tutor will help.
Tutoring on advance math could also help.
Computer learning assignments helped to
produce some improvement.

Students were not familiar with use of MatLab
and appropriate computer software.

Influence of the Covid-19 pandemic noticed.
Problems with remote classes also noticed.

Plans for Addressing
Problems

The instructor should:

1. The instructor reduce the time spent on
giving notes on the board by making
copies of notes for students, it is
recommended that this be continued in
subsequent semesters. 2. Need to continue
providing tutoring assistance to interested
students. 3. More problem sections to be
offered.

The instructor should:

1. The instructor introduced new examples in
class.

2. Need to provide tutoring assistance to
interested students.




Overall Trend over
Periods

Students’ performance was above
average. There was a decrease compared
to previous semesters. Improvement is
needed.

Students’ performance was average. However,
there was a decrease in performance with
respect to previous semesters. Need more work
on improvement plan.




Grades Sheet Showing Student and Class Performance in Outcomes




Grade Sheet Showing Student and Class Performance in Course Outcomes

Student 1

Student 2
Student 3

Student 4

Student 5

Student 6

Student 7

Student 8
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CHEG 4303-Y01

FALL 2021 SEMESTER
5th  Fina Outcome
HW | 1

9 10 8.6
75 825 7.4
1 825 5
1 8.5 9.25
8 7 7
5 9 7.25
9 8 8.35
9 8 7.35
7 1.75 7
9.5 9 9.25
95 7.55 8.1
7 725 8.35
8 7.9 8
7.5 7 7.6
9 8.4 8.75
8 8.5 75
10 9 10
1 55 2.95
1 8.5 3.8
6 6.5 4.15
9 825 7.85
10 8.75 9.85
10 10 8
10 7.1 9.6
7 9.2 5.65
197.0

7.88

Outcome
7
9.5
7.5
5
4.75
7
7.25
8.35
7.45
7
9.25
8.1
8.35
8
7.6
8.75
7.5
10
2.95
3.8
4.15
7.85
9.85
10
9.6
8.1

187.5
7.5



CHEMICAL ENGINEERING LAB. 111
SPRING 2021

Title of Assignment: Homework 1

TOPICS COVERED IN Homework 1

1. Derivation of Transient Equations



PROCESS CONTROL
FALL 2021

Homework Questions for Homework 1



CHEG 4033
Process Control
Homework 1

1). Derive the model mass equation, for a CSTR reactor with a first order reaction,
A = Product
Assume: constant temperature and density. Use: mass balance for species A
2). Derive the model equations, energy, for a CSTR reactor with a first order reaction,
A = Product
Assume: constant density. Use: energy balance for species A, energy generated by reaction, a heater,
and heat transfer to the outside.
3). Derive the model equations, mass, for a Batch reactor with a first order reaction,
A = Product
Assume: constant density. Use: mass balance for species A
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PROCESS CONTROL
FALL 2021

Title of Assignment: Homework 3

TOPICS COVERED IN Homework 3

3. Laplace Transform



PROCESS CONTROL
FALL 2021

Homework Questions for Homework 3



CHEG 4033
3™ Hom eWork

13, Calculate the Laplace equivalent of the following equations:

* A step of size Du
o A pulze of integral P
*  Sin(wt)

¢« dTfdt=xru

2). Calculate the Laplace equivalent of the following equations:
e dTfdt=(u;-T)+u: A+ uz B,

where T is the output varisble, & and B are constants and uy, Uz, and ws arethe deviations
variables for the input temperature (Ti), input flow (Fi) and input heat flow (Qe), respectively.

. T fdt? + dTfdt A= {u; — T) + vz B + dugfdt,

where T is the output variable &, B, and Care constants and uy, uz and us are the deviations
variables for the input temperature (Ti), input flow (F) and input heat flow (Qe), respectively,

31 Describe qualitatively the foll owing dynamic responses to a step in the input vanable:

Hint: Analyze response at short times, functional description, and convergence of the
eight systems shown above, 4 given by solid lines and 4 given by broken lines.
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CHEG 4033
3" HomeWork

1). Calculate the Laplace equivalent of the following equations:

A step of size Du

A pulse of integral P
Sin(wt)

dT/dt=xeu

2). Calculate the Laplace equivalent of the following equations:

TedT/dt=(u,-T)+u, A+u3 B,

where T is the output variable, A and B are constants and us, u,, and u; are the deviations
variables for the input temperature (Ti), input flow (Fi) and input heat flow (Qs), respectively.

T dzT/dtz L dT/dt A= (u:,—T) +u; B+ du;/dt,

where T is the output variable, A, B, and C are constants and us, uz, and us are the deviations
variables for the input temperature (Ti), input flow (Fi) and input heat flow (Qs), respectively.

3). Describe qualitatively the following dynamic responses to a step in the input variable:

Hint: Analyze response at short times, functional description, and convergence of the
eight systems shown above, 4 given by solid lines and 4 given by broken lines.
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CHEG 4033
3" HomeWork

1). Calculate the Laplace equivalent of the following equations:

A step of size Du

A pulse of integral P
Sin(wt)

dT/dt=xpu

2). Caleulate the Laplace equivalent of the following equations:
T dT/dt=(ui—T)+u, A+uz B,
where T is the output variable, A and B are constants and u,, u,, and u; are the deviations
variables for the input temperature (Ti), input flow {Fi) and input heat flow (Qf), respectively.
Tp d*T/dt? + dT/dt A= (u, — T) + u, B + du,/dt,

where T is the output variable, A, B, and C are constants and ui, uy, and us are the deviations
variables for the input temperature (Ti), input flow {Fi) and input heat flow (Qg), respectively.

3). Describe qualitatively the following dynamic responses to a step in the input variable:

Hint: Analyze response at short times, functional description, and convergence of the
eight systems shown above, 4 given by solid lines and 4 given by broken lines.
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PROCESS CONTROL
FALL 2021

Title of Assignment: Homework 4

TOPICS COVERED IN Homework 4

4. Dynamic Behavior



PROCESS CONTROL
FALL 2021

Homework Questions for Homework 4
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BIOENGINEERING
SPRING 2021

Title of Assignment: Homework 4

TOPICS COVERED IN Homework 4

1. Transport Phenomena in Biological Systems
2. Sterilization



CHEG 4033
4 Homework

1). Calculate the Laplace equivalent of the following equation:
T d’T/dt? + dT/dt A= (u; — T) + B du./dt,

where T is the output variable, A, B, and 1, are constants and u, is the deviation variable.

2). In a previous problem the following system transfer function has been obtained:
Y(s)=k/(t?s?+251s + D) U(s)
a). Calculate the qualitative response to a positive impulse disturbance (U(s) = P).
b). If k is positive comment on short time behavior.
¢). If £ and t are positive will the system oscillate? What kind of oscillations?

d). Which is the value of the system long time respond? Same for short time.

3). Derive the appropriate control block flow diagram using the attached P&I D.

F1

CaT = _ﬂ

F2

4). In a previous problem the following system transfer function has been obtained:
Y()=k/(t?s?+2Cts + D U(s)
a). Calculate the qualitative response to a positive step disturbance (U(s) = AU/s).
b). If T is positive comment on stability.
¢). If £ and 7 are positive will the system oscillate? What kind of oscillations?

d). Which is the system long time respond?
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PROCESS CONTROL
FALL 2021

Title of Assignment: Partial Exam |

TOPICS COVERED IN Partial Exam |

1. Derivation of Transient Equations



CHEG 4303
Process Control

lst Test A
1). Derive the transient model equations for filling a_tank. Use: total mass balance (L). All parameters are constant.
2). Derive the transient model equations for a semi-batch reactor with a first order reaction, A — Product. Use: mass

balance for limiting reactant A (Ca).

Semi-batch reactor has only one input and no output. See diagram below, Cy = input of the i-species, A in this case.

Be careful that Vr changes with time. It is NOT constant.
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CHEG 4303
Process Control
15¢ Test A

1). Derive the transient model equations for filling a_tank. Use: total mass balance (L).

All parameters are constant.

2). Derive the transient model equations for a semi-batch reactor with a first order
reaction, A — Product. Use: mass balance for limiting reactant A (Cy).

Semi-batch reactor has only one input and no output. See diagram below, Cq = input of
the i-species, A in this case. Be careful that Vr changes with time. It is NOT constant.
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CHEG 4303
Process Control
15t Test D

1). Derive the model energy equation (T), for a batch reactor with a first order reaction,
A — Product. Use: energy generated by, a chemical reaction, a heater, and heat transfer
to the outside.

2). Derive the transient model equations for a semi-batch reactor with a first order
reaction, A — Product. Use: mass balance for limiting reactant A (Ca).

Semi-batch reactor has only one input and no output. See diagram below, Cr = input of
the i-species, A in this case. Be careful that Vr changes with time. It is NOT constant.
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PROCESS CONTROL
FALL 2021

Title of Assignment: Partial Exam 11

TOPICS COVERED IN Partial Exam I

1. Laplace Transform
2. System Transient Behavior



CHEG 4303
2" Test A

1). Calculate the Laplace equivalent of the following equation:

e d?T/dt? = (u1 - T) + A dud/dt,
where T is the output variable, A, B, and 1, are constants and u; is the deviation variable.

2). In a previous problem the following system transfer function has been obtained:

Y(s)=2/(4s%+4s+1) U(s). The system responds to a positive pulse disturbance (U(s) =
1).

a). Comment on short time behavior.

b). Will the system oscillate?

c). Will the system response be stable?

d). Which is the value of the system long time respond? Same for short time.

Justify all your answers.
3). Derive the appropriate control block flow diagram using the attached P&I D. Fi is the
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PROCESS CONTROL
FALL 2021

Title of Assignment: Partial Exam 111

TOPICS COVERED IN Partial Exam 111

1. PID Controllers
2. Closed Feedback Loops



PROCESS CONTROL
FALL 2021

Problem Statement for Partial Exam 111

CHEG 4303
Process Control
3rd Exam A

1). Calculate for the simplified two block (process and controller) block diagram the response to a
negative step change (- 2/s) if the controller is a PI. Calculate the long term value. Plot the
response.

Use: Gea(s) = (0.5/s + 1), Gsys(s) =2/ (5s + 1).

2). Calculate the qualitative behavior of a closed control loop that has the following roots:
Zeroths (top): z1=-0.5,z2=-0.2,

Poles (bottom): p1 = -1, p2 and p3 are complex numbers with real part = -2 and imaginary parts
= 3 and -3, respectively. Justify and plot the response.
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CHEG 4303
Process Control
3rd Exam D

1). Calculate the qualitative behavior of a closed control loop that has the following roots:
Zeroths (top): z1 =-0.5, 22 =- 0.2, Poles (bottom): pl = -1, p2=- 0.5, p3=0.5.
Justify and plot the response.

2). A system is described by the following transfer function, Geys(s) =1/(2 s+ 1).
a). Describe the dynamic behavior of the system for a PD controller, Gea(s) = 1 +
0.5s.
b). Calculate the long-term behavior for a step = -1/s.
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PROCESS CONTROL
FALL 2021

Title of Assignment: Final Exam

TOPICS COVERED IN Final Exam

Transient Equations Derivation
Laplace Transform

Dynamic Behavior

Feedback Closed-Loop
Dynamic Behavior



PROCESS CONTROL
FALL 2021

Final Exam Sample Questions

CHEG 4303

Process Control
Final A

1). Derive the transient model equations for a CSTR with a first order reaction,

A — Product. Use: mass balance for limiting reactant A (Ca).

2). Derive the appropriate control block flow diagram using the attached P&ID.

F1

Lsp

LT L 3l

ANN -

o/ V V \

3). Calculate for the simplified two block (process and controller) block diagram the response to a negative step
change (- 2/s) if the controller is a P1. Calculate the long-term value. Plot the response.
Use: Gea(S) = (1 /s + 1), Gsys(s) = 2/ (45 + 1).

v

4). Calculate the qualitative behavior to a positive step (1/s) of a closed control loop that has the following transfer

function: Giowa(s) = (s + 1) / (s> + s + 1).
Justify and plot the response in a'y vs t graph.
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CHEG 4303
Process Control
Final B

1). Derive the model energy equation (T), for a CSTR reactor with a first order reaction,

A — Product.
Use: energy balance, energy generated by reaction, a heater, and heat transfer to the

outside.

2). Derive the appropriate control block flow diagram using the attached P&ID.

alametith S 2
Fi T; :
: Tse
1
=5 :
FT 1
NV =]
I [
i v
Or

3). Calculate the qualitative behavior to a positive step (1/s) of a closed control loop that
has the following transfer function: Gow(s) = (s -1) / (s* +s + 1).
Justify and plot the response in a y vs t graph.

4). A system is described by the following transfer function, Gsys(s)=2/(3 s + 1).
a). Describe the dynamic behavior of the system.
b). Calculate the long-term value of the response to a step = 1/s.
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CHEG 4303
Process Control

Final D

CSTR reactor with a first order reaction,

1). Deriv
). Derive the model cnergy equation (T), fora

A = Prod
uct,
cater, and heat transfer to the

Use: ,
.Cncrg) balance, energy generated by reaction, @ h
outside.

2). Derive the appropriate control block flow diagram using the attached PI&CD.

) O
Lsp

< E--"
NNAN H——

QF/\/V\

o0 block (process &
(2/s) if the contro

3). Calculate for the simplified tw nd controller) block diagram the
response to 2 positive step change ller is a P Calculate the long-term
value. Plot the response.

Use: Gea(s) = (2/s * 1), Gsys(s) = 2/(3s+1).

4). Calculate the qualitative behavior to a positive step (1/s) of a closed control loop that
has the following transfer function: Guou(s)=(+1)/ (s*+3s+1)

Justify and plot the response inay vst graph.

Scanned with CamScanner



P
~L®
/C‘_‘l < Y
#’\'A'i !\Q i @® ... vl txam 5 : v
= e 2) Geats) = (2/5+ 1), Genel) = 2/Cs2 10— y
Y:*o* \g o Gea G~ ___:L_Z'——— A= [
KF\“ (sm,(%f"” ) 1 o
- . :
’@:n\g oo GeaGSIS™ Jareraear | 38 Mw N e
< e i = : ; = . s —
‘(}-.\“’* St C_7 ¢ — -——-—m—(:‘ca S e i e ——
co BT CSESEE
/ W \a —— — l t Gen )é(“’ (35/-4M§—“) o
o1 - -—9—""— = L
[ R p— S PP B R—
@*,\g_m_—_ﬁﬁv M}W i
@*\a , i i o DR Bt
> o el A
&_:: HERERTITT i S
L y = PEEEE. W W
Fv GET™Y (TE | E
F' 38 = bls — oy /—T\\\S WCU\d
Z . ) N\)Wl _ ‘-{70 — \\'QL\' T
bt gz -y x T - A = 1 2 le-wd W "" o (omﬂe)c__
. ey ST 4 A
R asc\\\mw e bedac; L LtoO 7§ I
L) Betn L. KLG;\\.\ ("‘ \\(C T o 5 \u_‘ L I

| NN R QYT (JU'( ¥ u\ﬁiv

Siep ko Fird e

Long term valve .. —
M= Sapes— : ULS) /___'.'»ASL oS
o W . A .
—— 53 3546 _A_;\_/u Pt ed response
(T T S L:‘:Sjg\j,,f:_io\; A A
- ’ | 35”’"‘3"‘ l‘“” w v _grop LY
‘a [ Vong+erm : PZa WXl —
> g g ot =
B R —— 2 -
4 I S~ 0 BERATHE =
. B | e 7

Scanned with CamScanner




|

LY

\

i ) e CEAN - o o oo —
s (§t42e+)) L. T A e
D e (VRS CTrran V() - __:CE;:
A N L ot

| s 8 e
S NV 3 b

S|

Q) Top % S=1| —> pireck

ad

\/~@\
e

Y Bettom s 5,8, = =3 £ -
T

@

b

L —6=

1 s -2 3% o N

= % ‘z_ b

& S . osuwarory [

i Q) o Q{ &

- $.,5.F= 7 4O — (onvergence P

Plot o~

i 24 B o) / \ i ’-\ “\ @
l 557 S | f ﬁ./\ ~

2y \h'///./’/“ \l \‘l \/ p- |

// / N ¥ =

B ' ~+AHE — P

¥ =gl !\/jh\// R %

: >

IE Y ) - @

T @

& o Mg tAV c

G

f

{

(

/

5

Scanned with CamScanner



i\

D (TR Firsy crder BAGION RELEON L.
A — pProdud l Lo
MedRl EVtrgy fauation

\
|

9938

j
|

R DibpRety - H(Ele\?‘D S,
Cho T pwountable term:

I

25 = [
"G“\Q T 0 s U (mernal EMV‘N?,,WV_“W” e e
_,G\—\o’#' - T Tl i muss T2 A —
"H#,,fV ,‘eﬂ,nem\ B I L TR aen :
"{‘*\0 W -0V 4 cene = Acc. F f*l\ torms rmaln g 00

— —W (O rite et sn\\\q\m Flows A5 pass Flavs
H | yecreRtsaleyaepecunitglensit o,
o i o lnie = Mogho T Gen. = gec- "B =G

s _ Webin = Weothoa *Gen.=W9¢ -
= ?f ) . l NOW e canpgtae W=t 8T U=¢T ~ o 49

iy Nm_(:t’_miu\ _\“9\:\'_(—3’(\}{1—,60\‘, t gthn. = mly z LI, B e

- WR oW T WIS (ASR thert will e fliwee cases

CF  gRneration £ PNRNOR . & : -

! Gen. = Gen. Fiom (e Fxi. (.1('h "l’crn(:\\,n\ﬂ-t ot
! Gen. oy heed L4 1!/ gavivonnating-

S Gons =\ ARom )0 Bt g A (T =T
nd e final gauation favr“‘ Vi jo

By = Flop 7 Velehtlon = 5.4 tghur T -T\—mm@

l
|
'! I e rose  200500mil Enoan we Cone WwaTdwee
l

= —r

L

\ €
|
®

o

Scanned with CamScanner



o = Ja kS (y

L9 Y
-‘\(S\ = Lgp=\L (’5\

NOW WE (O oW PULGRE 11§ Yuhetiovs a\ge bvai@lly

10 Fnd QY tygnfElr Yundion

_________ i From g4V, 1 O e e
e b gy CLEB * 1F W N mo&e !\)\osmlfhw‘f viing €q. T
e 9qex .
= W —L > gpa Lt ‘
Y5 *Aear gl 3‘392_ @
R A From €q.3
Lse = Lra 4 \”‘,‘3_&&73&
e L aswsﬂm D= ea
\ -_-,_._.f)s S o ‘”\75?*
|92 ]
om 1t SSysﬂcg\ ANl
i
Tk
Dty

Scanned with CamScanner




BELOW AVERAGE



T —— P(OPWtq,_ Roenddieq
1y o ——Toot  toyws mnoold e 1
| QO \WItthhed ey ly

MRM_QM Ten=acc i
_Ala_jnﬁ TReN U2 Attt (3 PR o)

‘(\anub
%‘—\%’—@)\U'W\T Oup WA N\ 0 TCUeT
S Y / lecy

rﬂm\q,_CP_MQgc_Lp LU PR R Py (
1T

=] e ARCUTCoo®-—T = e CUAT

A= (

='=|- ESO\\A 2O e, WONDTONIC , DN @ein T

\(M‘t’ \\> - \Y\\ltm 1 NGO D\UCYae T

l~1 |

__UJJ (()Q,L\\\\\\()\ U eyt

: S_(M(LHJ_LU\X Lo
\,\m u,\\\;t VAT SO e

ﬂ

\ﬁ([f A (\mo\\ CyaMOGILLL
l 18 & W . l \

e (X, \J\U\ CLONC Y CONEA e (VT

- D(U‘QWLC RS jpwaneeot CLONC Cpfis

= -

-? 04 = (K =y

ks N H (en S

el I] ekt 0D ST ¢e

B— - —
5_; | . ;zL \=Y ey

a il /1, A0yS ! [as ) y .
:_' f: I l‘"\s *1\

Scanned with CamScanner



o

(S
L =

v g & B
0.65,\% -
ot \uaﬁ

QR - A0 ‘:‘36’\”57{\//—__1
SNy )

Lt Dr&aﬂtﬂx—%g__,/(ﬁb o

il

) vz — ot O

e

A

> st i’

%

LESIZ=T B I, I,

T = e e s 8

e Se e
\ \ b x(;

ub = e AP S el ¢
- e S — u‘ﬁﬁ——ﬁ\'t
— > L 2> 15 VA . 4 H q

- ===
O o = /-ATS \ —
el "= \\\\)W\{%\tb\! 9\ \ :

o < \266\1 y \)L )Qa—‘%—
RO (Wonntonul) = TSROt e JALY
Q0 L aeeS e,
@ Ataeint . BecaoSl S fole \\
N VDN oA //
| Ay edotnt L
| // Z t‘u}\‘\)'\"\b e A
L ’ /\ PV e o (.LJ \ {ﬁ?\ji

".“\\ = ( 7 J\S) O\S’\ O
VR

l ey x4
II — P O
R N ]
N 4S

Scanned with CamScanner



LR ——

:EZELUC@UELFE

——— 13 Xty 111_:533\6‘ = ovaec
“\\\\! LG ) =
“ﬁ\_:ﬁl\ﬁ\ﬁtﬁ)_;gﬁi—_L ¥ > ki

— = @ iz

S 111 o i A S
— = = i

c)—->

PYODAATLOL AAIIC
10 a0

o

>4

P = ¢ 11 = e e il e

Scanned with CamScanner



CHEG 4303

Process Control
Final C
1). Derive the model energy equation (T), for a CSTR reactor with a first order reaction,
A — Product. Use: energy balance, energy generated by reaction, a heater, and heat
transfer to the outside.

2). Describe qualitatively the following dynamic responses to a step in the input variable:

e e -

Hint: Analyze response at short times, functional description, and convergence of
the eight systems shown above, 4 given by solid lines (positive step) and 4 given by
broken lines (negative steps).

3). Calculate for the simplified two block (process and controller) block diagram the
dynamic response to a positive step change (1/s) if the controller is a PD.

Calculate the long-term response. Plot the response.

Use: Gea(s) = (0.5s + 1), Gsys(s) =2/(2s+ 1)

4). A system is described by the following transfer function, Gsys(s)=1/(3 s +1).

a). Describe the dynamic behavior of the system.
b) Calculate the long-term value to a positive step (1/s).

Scanned with CamScanner









