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2. Description of Outcome "1" and its Performance Criteria

Outcome 1:     

An ability to identify, formulate and solve complex engineering problems by applying the 

principles of engineering, science, and mathematics  

Sub-Outcomes and Performance Criteria 

1.1:  Identify & Formulate CEP (i-vi) based on Engineering , Science , and Mathematics 

1.2:  Solve CEP (i-vi) based on Engineering , Science , and Mathematics 

3. List of Courses Used to Assess the Outcome
Outcome 1 is assessed in the following courses: 

CHEG 3043 Equilibrium Stage and Separation Processes 

CHEG 3063 Chemical Reaction Kinetics and Reactor Design 

CHEG 4033 Process Dynamics and Control 

4. Summary Assessment Results and Continuous Improvements

for Outcome “1” over the Assessment Years.

The average performance for all students in the 3 courses used to assess outcome 1 for the past Four academic 

years are shown below 



 

 

 

 

 

Problems identified and recommended actions to be taken to address problems 

 

1. At the course level 

 

Problems Identified in the Various Courses Recommended Actions to be Taken 
Basis for 

Action 

1. Student sometimes still attempted problem 

solving without proper use of identify and 

formulate steps.  

2. Inability to do analysis on software. A new 

version of ASPEN delayed the 

interpretation of the assignment. 

3. Students could not conceptualize, identify 

the physical laws, and analyze problems 

that are different from an example problem 

they have seen before 

4. Student inability to identify control 

variables, constraint, and formulate 

material and energy balance equation 

needed to solve a chemical engineering 

problem 

1. Promulgate active learning in class and continue assignments 

with collaborative learning. 

2. Continue with activities that introduce simulation software 

like Aspen/HYSYS and effective use of Excel spreadsheets. 

Include high quality handouts that will clearly describe the 

procedure for using of these tools and how to interpret the 

data generated by these tools. 

3. In keeping with using the simulation tools, instructors should 

give smaller assignments that build to the final design project 

using HYSYS.  

4. The instructor should give students a grading rubric, which 

highlights the importance of the actual data interpretation 

process.  

5. More tutoring is needed, TA for higher level classes are 

required. Instructor can work one to one with student and can 

be more involved. 

6.    Discuss more scenarios and give more course assignments. 

Though the 

expected target 

average for 

student 

performance 

was met but , 

the aggregate 

percentage of 

student 

meeting the 

expected 

average was 

62 % which is 

below our set 

target of 70 %  

 

 

2. At Department Level 

(1) Faculty members in the program met periodically to review data from the Program Outcome 

Assessment Reports.  The weak areas of outcomes performance were identified.  Perceived 

problems were discussed in this forum. Faculty were provided with the data collected from 

student exit surveys for their review, as well as input from the Industrial Advisory Council 

(IAC).   

(2) Introduction of a new 2-credit hour course CHEG 1022, Introduction to Computations in 

CHEG, which will be taught in the spring semester of the freshman’s year.  CHEG 1022 will be 

an introductory course of important chemical engineering concepts and computations. Students 

will learn how to classify problems based on their mathematical nature.  Topics include basic 

introductory calculation involving material and energy balances, fluid flow phenomena, 

fundamental thermodynamics and kinetics, and introductory software and simulation tools such 

as Visual Basic and CHEMCAD.  This new course (CHEG 1022) will ensure our students 

acquire the skills needed in subsequent courses. The new course will build on our revamped and 

re-organized course CHEG 1021, Introduction to Chemical Engineering, and will be a pre-

requisite for CHEG 2053, Material & Energy Balances. 

(3) An additional program-level action that resulted from faculty consideration of exit survey 

findings to address teaching quality is the introduction of teaching observation of an instructor by 

fellow department colleagues 
 

Basis of Action: 

The students’ performance average for Outcome 1 in the last three academic cycles (2018-2019, 

2019-2020 and 2020-2021) met the target average of 75%. However, the aggregate percentages 

of students (66 % and 62 %) meeting the expected average in the previous two academic cycles 



(2018-2019) were below the set target of 70 % except for the last academic cycle (2020-2021/ 

72.5 %) which exceeded the set target. The reason for this improvement could largely be due to 

the implementation of a significant portion of the recommended actions both at the course and 

departmental levels in the last academic cycle (2020-2021). 

 

 

 

 

 



 

 

 

 

 

6. Sample Assignments and Justification  of suitability of assignment for 

measuring the outcome in : 

 
CHEG 3043 Equilibrium Stage and Separation Processes 

CHEG 3063 Chemical Reaction Kinetics and Reactor Design 

CHEG 4033 Process Dynamics and Control 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 
 

 

OUTCOME “1” SPECIFIC ASSIGNMENTS  

           USED TO ASSESS THE OUTCOME IN 

 

SEPARATION PRCESS 
 

Note: This section needs to be repeated for the other 

courses in which outcome "1" is assessed. 

 

 

 

 

 

 



 1 

 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

EQUILIBRIUM STAGED SEPARATION PROCESSES 

SPRING 2021 

Instructor:  Irvin W. Osborne-Lee 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

X science 

X mathematics 

 
Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

PROJECT 1 - Flash and Flash Cascade Separation Design  

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics. 

The design tasks lead to an open ended solution and involve an inter-related set of 

steps that require the student to employ math skills, knowledge of science including 

thermodynamics, and engineering concepts.  Students must demonstrate 

understanding of phase equilibrium, ability to use material and energy balances, and 

skills with graphical methods and chemical process simulation.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

EQUILIBRIUM STAGED SEPARATION PROCESSES 

SPRING 2021 

Instructor:  Irvin W. Osborne-Lee 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

X science 

X mathematics 

 
Brief justification of why this assignment is suitable for this outcome 

 

 

 

PROJECT 2 – Graphical & Simulation Design of Distillation Column  

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics. 

The design tasks lead to an open ended solution and involve an inter-related set of 

steps that require the student to employ math skills, knowledge of science including 

thermodynamics, and engineering concepts.  Students must demonstrate 

understanding of phase equilibrium, ability to use material and energy balances, and 

skills with graphical methods and chemical process simulation.  
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Sample graded student’s solution 
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

EQUILIBRIUM STAGED SEPARATION PROCESSES 

SPRING 2021 

Instructor:  Irvin W. Osborne-Lee 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

X science 

X mathematics 

 
Brief justification of why this assignment is suitable for this outcome 

 

 

 

PROJECT 3 – Design of Liquid-Liquid Extraction System and 

Comparison of Alternatives  

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics. 

The design tasks lead to an open ended solution and involve an inter-related set of 

steps that require the student to employ math skills, knowledge of science including 

thermodynamics, and engineering concepts.  Students must demonstrate 

understanding of phase equilibrium, ability to use material and energy balances, and 

skills with graphical methods and comparison of alternative cascade configurations. 

simulation.  
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Sample graded student team’s solution 
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

SEPARATION PRCESS SPRING 2020 

Instructor:  Dr. Nabila Shamim 
 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

X involves wide-ranging or conflicting technical issues, 

 has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

X mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
  

 

TEST  1 

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering problems  by 

applying principles of engineering, science, and mathematic.  
OUTCOME 1.1 Ability to identify and formulate Separation problems using the principles of 

mathematics, engineering, and science. 

 

The questions on this section of Test 1 tests the students ability to identify relevant 

laws and equations, formulate the differential equation needed to solve the problem, 

and apply knowledge in mathematics to solve the resulting differential equations to 

solve mass transfer problems 

 

 



Problem Statement & Grading Scheme 

 

 
Problem 7 (a-d) (35 points) Nickel carbonyl (A) is produced by passing carbon monoxide (B) at 

350 K and 1 atm over a nickel slab ( catalyst bed) . The following reaction takes place at the 

solid surface: 

 

                                           
 

The reaction is very rapid, so that the partial pressure of CO at the metal surface is 

essentially zero. The gases diffuse through a film with a thickness L = 0.7 mm.  

 

 

Ability of Identify Engineering Problem 

a. List all the assumptions; simplify the general mass transfer equation for species A using 

stoichiometry of the reaction.                                                                              (5 Points) 

 



 

b. Develop a concentration profile for the given system and specify your boundary 

conditions.         ( 6 Points) 

 

 

 

 

 

 

 

Ability of Formulate Engineering Problem 

c. Develop and formulate equation for the flux of species A.                                ( 10 Points) 

 

Ability of solve Engineering Problem 

d. Estimate the rate of production of nickel carbonyl (A), in mole/scm
2 of solid surface at 

steady state. The composition of the bulk gas phase (z = 0) is 35 mol% CO. The binary 

diffusivity is DAB = 20.0 mm
2
/s.       ( 10 Points) 

e. What would be the rate of disappearance of carbon monoxide (B) in mole/scm
2
  

          ( 4 Points) 

 

 

 



Sample Graded Student Work 

 

 



 



 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

SEPARATION PROCESS SPRING 2020 

Instructor:  Dr. Nabila Shamim 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

X mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

Exam 2 

Outcome 1 
An ability to identify, formulate, and solve complex engineering problems  by 

applying principles of engineering, science, and mathematic.  
Outcome 1.2    

Ability to solve complex distillation problems using science, and mathematic. 

 

Exam 2 identifies students ability to solve complex separation process problems 

using graphing tools. Using McCabe-Thiele method to calculate distillation problems 



Problem Statement & Grading Scheme 
 

 

Separation Process CHEG 3043 PO 2 (Spring 2020):  

 Exam 2 Time: 2 Hrs Date: April 22, 2020 

Total points: 100 

 

STUDENT NAME: ………………………. ……………………….DATE: ………………….. 

 

 

 

Open Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO COLLABORATION 

 

 

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS 

 

ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE 

 

 

Student Signature: ………………………………………………. 



 

Problem 1 (55 Points) Acetone is removed from aqueous streams by distillation The feed 
contains 10 mol% acetone . The distillate must have a purity of at least 95 mol % and the 
aqueous effluent must not contain more than 1 mole % acetone. The feed enters the column is 
saturated liquid.  
 

1. Draw a schematic diagram of the process and label all the parts of the distillation 

column         10 Points 

2. Calculate Minimum number of theoretical stages Nm   15 Points 

3. Calculate Minimum reflux ratio Rmin       10 points 

4. Develop the equation for the rectification column    10 points 

5. Estimate the number of ideal stages required ( you can use a schematic diagram and 

then show your steps how to estimate the no of stages).   10 points 

 

 

 

 



Problem 2. (25 Points) Calculate the feed line slope for the following two cases 

a. A two phase feed where 75 % of the feed is vaporized under column conditions 

b. A liquid feed subcooled by 35oF, given the average liquid heat capacity is 30 

Btu/lbmol oF and latent heat is 15000 Btu /lbmol. 

c. Draw schematic diagram of the effect of feed condition on the feed tray for the 

above two cases. 

Problem 3.  ( 20 Points) An air stream at 70oC and carrying 0.055 kg water per kg dry air is 

adiabatically contacted with liquid water until it reaches equilibrium. The process is continuous 

and operating at steady state.  

1. What is the percent humidity of the incoming air stream?  

2. What is the percentage humidity of the air stream leaving? 

3. What is the humidity [mas/mass] of the air stream leaving 

4. What is the temperature of the air stream leaving? 

  

 

 



Sample Graded Student Work 

 

 
 

CHEG 3043 Test 2 

Chiebuka Ejimadu.pdf
 



 
 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

SEPARATION PROCESS SPRING 2020 

Instructor:  Dr. Nabila Shamim 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

X involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

X involves diverse groups of stakeholders 

 includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

X mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

Final Project 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering problems  by 

applying principles of engineering, science, and mathematic.  
Outcome 1.2    

Ability to solve complex Absorption and distillation engineering problems using computing 

tools. 

 

The project tests the students ability to solve complex separation process problems 

using graphing and computing tools. Using Aspen - HYSIS develop a simple process 



Problem Statement & Grading Scheme 

Final Project CHEG 3043 
 

This is a group project. The project is due on May 1, 2020.  

Also upload the completed project in Task stream under Assignment (Outcome 1)  

 

Odd Groups :  A conceptual design for the production of Methanol. 

Even Groups:  A conceptual design for the production of Ethyl Benzene. 

 

For both Odd and Even Group 

a. At least 95% purity of product is required and the bottom must not have more 

than 1 % of the product. 

b. Estimate the number of ideal stages required number of minimum stage 

c. Estimate the number of ideal stage for feed entry 

d. Composition profile as a function of theoretical tray 

e. Temperature profile as a function of theoretical tray 

Use literature to find more information on the reactor and the detail process for 

separation using ASPEN. 

 

Project Goals 

The goals of the project are  

(1) to give the students more experience with real world problems beyond the scope of 

those typically included in undergraduate textbooks,  

(2) to connect major concepts from the course, using material balance, energy balance 

and phase equilibrium equations 

(3) to provide students with opportunities to explore industrial applications in areas of 

interest. The activity connects course concepts to real world applications and requires 

students to design their own case studies through exploring the research and patent 

literature. 

Having zoom update meetings with the instructor will help to keep the project stay on 

track. A detailed project rubric is given below. 



Final report : 

The final report for the project should follow the following formatting. Point breakdowns 

for the 100 points allocated to the final report are indicated in parenthesis. Grammar 

and formatting errors may be deducted from any relevant sections. The report must be 

submitted electronically via ecourse. No handwritten notes are allowed, and all 

equations must be typed. Label all of the following sections and subsections in the order 

listed. 

1. Title Page (1) – course number, project title, project group number, group members, 

date  

a) Table of Contents(1) 

b) List of tables (1) 

c) List of figures (1)  

d) Page number on each page ( except title page) (1) 

 
2. Executive Summary (5) – A 1/2-page, or less, statement that should contain the 

objective (1), results (2), and conclusions (3). The purpose is to succinctly convey why 

the project was done, what the objective was, what the result of the work was. 

For Example: The objective of the study is to design a separation unit using Aspen for 

synthesis of Ethyl Benzene process which consists of reactors and distillation column.  

3. Introduction (10)  

Application and need of the product. Different methods that can be used for the 

synthesis of the product. Finally the recommended method used for your project. 

 

4. Methods ( 30)  

I. Steady State process simulation (10) 

a. Basic Equipment  

b. Input specification data summarized in table 

c. include any data and physical property values obtained or estimated from the 

literature with references in tabular form 

d. Mass and Energy Balance 

e. The desired heating and cooling mediums 

f. Desired operating temperature 

g. Desired operating pressure range 

 

II. Reaction Kinetics (10) 

a. Write all the equations to produce the product 

b. Condition of the reactants 

c. Conditions of product going into separation units 

 

III. Process Simulation.(10) 

a. ASPEN Flow sheet of design 

b. Column sizing detail  

 



5. Process Simulation and results (30)  

a) Primary Control objectives such as reboiler heat input, reflux ratio 

b) Recycle stream properties 

Acceptable composition 

Is further processing required? 

c) The graphs or figures you have obtained from Aspen HYSYS. 

Estimate the number of ideal stages required number of minimum stage 

Estimate the number of ideal stage for feed entry 

Composition profile as a function of theoretical tray 

Temperature profile as a function of theoretical tray 

d) Output requirements 

Desired end prpoduct specifications 

Purity requirements 

6. Recommendations for further development/ Things that can go wrong during the 

process ( 10) 

7. Conclusions. (5)  

8. References (5)  

 

Confedential Feedback of group member 

All groups need to send me their HYSYS project via email  

Do not attach the entire Aspen HYSYS results printout 



Sample Graded Student Work 
 

 

 

52534_Paul_Danjuma

_final_report_1549171_1997394514.pdf
 

 



 
 

 

 

OUTCOME “1” SPECIFIC ASSIGNMENTS  

           USED TO ASSESS THE OUTCOME IN 

 

KINETICS AND REACTOR DESIGN  

SPRING 2020 
 



   1 

 

 

 
 

 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

KINETICS AND REACTOR DESIGN CHEG 3063 Y01 

SPRING 2021 

Instructor:  Dr. NABILA SHAMIM 
 

 

 

Title of Assignment  

 

 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 

 

Brief Description of the suitability of this assignment for the outcome 

 

Exam 2 

Outcome 1.1 Identify and Formulate engineering problems using principles of 

engineering 

 

 
Identify and Formulate reaction problems using principles of engineering/mathematics/science 

 



   2 

Kinetics and Reactor Design CHEG 3063 PO 1 (Spring 2021): 

Exam I Time: 1Hr 20 min Date: April 21, 2021 

Instructor: Dr. Nabila Shamim  

Total points: 100 

 

ABET OUTCOME 1 An ability to identify, formulate and solve complex engineering problem by applying 

principle of engineering science and mathematics.  

 

STUDENT NAME: ………………………. ……………………….DATE: ………………… 

Competency area Points Score earned 

Outcome 1.1 Identify and formulate 

(i) Understand the given problem and identify the 

subject area and concepts involved  

a. Derive rate law and net rates and selectivity 

b. Combine all equation to solve  

50  

2.1 Concept  problems 

 

50  

Total  100  

 

 

 

 

Closed Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO RESTROOM BREAKS NO COLLABORATION 

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS 

ANY DISHONESTY DURING THE EXAMS WILL RESULT IN “F” GRADE 

WORK ALL PROBLEMS ON THE QUESTION SHEETS AND DO NOT USE ANY SHEET OF YOUR OWN 

 

 

Student Signature: ………………………………………………. 

 



   3 

 

Problem 1 (50 Points) The liquid phase irreversible multiple reactions are carried out isothermally in a PFR 

 

A+B                       D           k1A = 0.5 (L/mol s) 

 

A + B                       U                  k2U = 0.01 (L/mol s) 

 

D + B                      2U         k3B = 0.01 ( L/mol s)       

 

Species A is a limiting reactant and species D and U are desired and undesired products respectively. The inlet 

(feed) concentration of A is 1 ( mol/L) and inlet concentration of B is 1 (mol/L) after mixing ( CA0= CB0= 1 

(mol/L) ). 

The outlet concentrations (mol/L)    

CA = 0.05 

CB= 0.02 

CD= 0.55 

CU= 0.25 

 

a. What is the type of these multiple reactions?                                    (5 points) 

b. Does the rate law of there reactions follow the elementary or non-elementary? How can we decide it?   

      (5 Points) 

c. Complete the rate law of these multiple reactions. (Given rates, net rates for each species, relative rates 

for each reaction and each species)  ( 20 Points) 

d. What  is the instantaneous selectivity and instantaneous yield at the outlet?   (10 Points) 

e. What is the overall selectivity and overall yield at the outlet?   ( 10 Points)    

           



   4 

 

Problem 2 (Multiple Choices)  

1. What is the concentration of B for the isothermal gas phase reaction A + 2B  3C   in PFR given that 

the rate law appears to be elementary and FA0= 0.01 mol/min and FB0= 0.01 mol/min?  Show your 

work.     5 points 

 

a.  

 

b.  

 

 

c.  

 

d.  

 

e. None of the above 

 

2. For a constant volume batch reactor in which component A reacts to form B, what is the reaction order 

when ln(CA0/CA) is found to linear with time t?  5 points 

a. 0
th

 order 

b. 1
st
 order 

c. 2
nd

 order 

d. 3
rd

 order 

e. None of the above. 

 

3. For the parallel elementary reactions below, what would you do to maximize the production of D? Show 

your work.     5 points 

A                 D                ED = 8000 Cal/mol 

2A                   U            E U = 16000 Cal/mol 

 

a. Use a PFR and /or decrease the temperature. 

b. Use a CSTR and /or decrease the temperature. 

c. Use a PFR and/or increase the temperature 

d. Use a CSTR and /or increase the temperature. 

e. Use a membrane reactor semipermeable to U 



   5 

 

4. Parallel multiple reactions 

A   + 2B                 D                kD = A0 exp ( -10000/RT) 

2A  + B                     U            k U = A0 exp ( -5000/RT) 

 

To maximize the instantaneous selectivity (SD/U) what would you do? List all that apply. Assume 

elementary irreversible reactions and A0 is the same. Show your work. (10 points) 

 

a. Use a CSTR 

b. Use a PFR 

c. Use a semi batch reactor with stream B flowing in 

d. Use a semi batch reactor with stream A flowing in 

e. Increase temperature 

f. Decrease temperature   

5. For the elementary series reactions, A B                  C, the net production of B is given by,  

        5 points 

a. rB = k1CA 

b. rB = k1(CA-CB/Kc) 

c. rB = k1CA – k2CB 

d. rB = -k1CA +k2CB 

e. rB = k1CA – k2(CB-CC/Kc) 

( show your work)  

6. 2A                      B+ C         Which of the following are membrane reactor and why?  

5 points 

 

a. 1 and 2                              c. 2 and 3 

b. 3 and 4    d. 4 and 1 

7. Consider the reaction network below, if the overall selectivity of W to P is 0.4, what is the overall yield? 

Show your work.     5 points 



   6 

                                

 

A 

 

a. 0.2 

b. 0.75 

c. 0.8 

d. 4.0 

 

 

8. For the isothermal elementary gas phase reaction 2A =B how does the PFR volume required for a given 

conversion change with increasing mole fraction yA0 of A if the inlet concentration of A and inlet total 

volumetric flow rate remain constant? There is no ΔP.        

  (10 Points)  

 

Bonus Problem ( 5 Points)  Given the elementary irreversible liquid phase reaction  

2A + 2B             3C what is the Damkohler number (Da) for CSTR? Show your work.  

 

a.  

 

b.  

 

c.   

 

d.  

 

e.          

W 

P 
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Exam 2 best.pdf
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

KINETICS AND REACTOR DESIGN CHEG 3063 Y01 

SPRING 2021 

Instructor:  Dr. NABILA SHAMIM 
 

 

 

Title of Assignment  

 

 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 

 

Brief Description of the suitability of this assignment for the outcome 

 

Assignment 3 

Outcome 1.2 

Identify and Formulate reaction engineering problem using 

MATLAB/POLYMATH 

 
Identify and Formulate Reaction engineering problem multiple reactions.  
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Chemical Reaction Kinetics and Reactor Design CHEG 3063 YO 1 (Spring 2021): 

Assignment 3 Due Date: April 10, 2021 
 

 

 

 

STUDENT NAME: ………………………. ……………………….DATE: ………………….. 

 

 

 

Open Book Assignment 

 

Upload the graded homework in task stream under Outcome1Multiple Reactions (use Polymath) 

 

Student Signature: ………………………………………………. 
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Problem Statement 

 A seven step mechanism can be used to describe the atmospheric reactions involving formaldehyde and 

nitrogen oxides at 1 atm and T=298 °C as presented by Seinfeld. These photochemical reactions lead to the 

formation of ozone:2 

Step 1:   

Step 2:             

Step 3:  

Step 4a:  

Step 4b:  

Step 5:  

Step 6:  

Step 7:  

 The photolysis reactions of step 1, 4a and 4b are written for the case where the incoming solar radiation 

is assumed to be constant at the midday value of  thus leading to the given rate constants. Where, hv = h * v 

the Incoming solar radiation, photolysis reaction rate constants 

h = 6.626e-34 Plank's Constant; m2 

kg/s 

v = c / l # Frequency 

c = 3e8 Speed of light, m/s and 

l = 4e-7 Wavelength of Visible Light, m. 

A more detailed model would be to have the rate constants for these steps vary with the time of the day 

according to  
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 Where t is the time in hours on a 24 hours/day basis and the solar radiation begins at 6 am and ends at 6 

pm.  

 All of the reactions in the mechanism are considered to be elementary as written. For example, the rate 

of the second step is given by: 

 

 Where the concentrations are in ppm.  is the concentration of third bodies, which is considered to be 

at a constant value of ppm and  the concentration of oxygen is constant at ppm. 

 The simplest applications of chemical engineering top urban smog simulation involves considering the 

atmosphere below an inversion layer to be a batch reactor with no input or output terms. The resulting material 

balance for each of the species in the mechanism can be made and expressed as ordinary differential equations. 

Thus for ozone: 

 

 Similar material balances can be made for the other reacting components, including the free radicals. 

Typical initial conditions for all free radicals are that the concentrations are essentially zero. 

 Consider a simplified model for photochemical smog that is represented by seven step mechanism for 

formaldehyde. 

A. Find the concentration profiles for  for the given initial conditions and the 

constant values of photolysis reaction rate constants of step 1, 4a, and 4b. 

B. Repeat part a for a single 24 hour day starting at midnight with the same initial conditions but with the 

three photolysis reactions varying according to the general relationship of equation 1.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

KINETICS AND REACTOR DESIGN CHEG 3063 Y01 

SPRING 2021 

Instructor:  Dr. NABILA SHAMIM 
 

 

 

Title of Assignment  

 

 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 

 

Brief Description of the suitability of this assignment for the outcome 

 

Assignment  2 

Outcome 2.1  

 Ability to Define/Understand the Kinetics and reactor design Problem  

 

Clearly defines the design strategy and methodology. Identifies and breaks down work into tasks 

and subtasks and identifies the personnel and deliverables for each when required 
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Project Assignment 2 

Due Date March 22, 2021  

please upload the homework in task stream under Assignment (Outcome - 2) 

 

Problem 1. The catalytic gas phase reaction   A                          B is to be carried out in a packed bed reactor 

under isothermal operation. The reactant is pure A with an inlet concentration of 1 g-mol/dm3, the entering 

pressure is 25 atm and the entering volumetric flow rate is 1 dm3/min. the first order reaction rate constant K, 

which is based on reactant A is 1 dm3/kg.cat. min.  

1. Develop the chemical reaction engineering algorithm, - mole balance, rate laws stoichiometry and 

combine them together, finally solve the following using MATLAB.  

2. Study the effect of the pressure drop on the conversion for the first order reaction and plot 

conversion and pressure (p= P/Po) as a function of the weight of the packing material W. consider 

the pressure drop parameter α is between 0.05 – 0.2 /kg. also consider the maximum weight of the 

catalyst is 2 kg.  

Problem 2 The dehydrogenation of a compound (elementary kinetics) is taking place in a selective membrane 

reactor under isothermal conditions. 

  A                  B + ½ C 

The reaction is reversible and Kc is the equilibrium constant. The manner in which Kc ( the mass transfer 

coefficient at volumetric flow rate vo) increases with flow rate depends upon the flow geometry and the mass 

transfer dependence on velocity is given by  

 Kc = kco (v/vo)
1/2

   

And the membrane transport of C is given by kcαCc when permeate concentration of C is low.  

The following parameter values apply, 

k = 0.5 dm
3
/ kg.min,   vo = 50 dm

3
/min,   Kc = 0.5 (kg-mol/dm

3
) 

½
  

Po= 10 atm, FAo= 10 kg-mol/min; α = 0.002 atm/kg 

Kco = 0.1 dm/min W = 200 kg 

1. Compare the calculated output valued of FB, the molar flow rate of B for no pressure drop.  
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Outcome 2.1 Best.pdf



   17 

 

 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

KINETICS AND REACTOR DESIGN 3063 Y01 

SPRING 2021 

Instructor:  Dr. NABILA SHAMIM 
 

 

 

Title of Assignment  

 

 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 

 

Brief Description of the suitability of this assignment for the outcome 

 

Final Project Report 

Outcome 2.3    

Ability to perform detailed design of complex chemical engineering design 

 

Identifies applicable codes and standards for the design. Performs all relevant detailed analysis 

(engineering, mathematical, economic) in accord with applicable codes and standards. Develops 

complete final design specifications. 
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Final Project CHEG 3063 

Spring 2021 Due Date April 30, 2021 

Project objectives: 

• To demonstrate your understanding of designing a packed bed reactor. 

• Show that you can calculate the required design taking heat, pressure drop and changing physical 

properties into account. 

• Design and create a plan of action that you will follow to achieve your goal. 

• To reflect afterwards on your group’s progress and judge how you followed your plan. 

You are required to design a shell and tube packed-bed reactor for methanol synthesis. The complete problem 

statement follows. 

1. Projects are to be tackled in groups, with one report per group. Each student will submit at the end of the 

project a confidential assessment of the relative contributions of the members of the group. 

2. The methodology used in the design of the reactor must be clearly explained; all assumptions must be 

identified and evaluated; the results must be clearly presented and discussed. In particular you must have a 

section at the start of your report where you: “clearly explain the strategy you will follow to achieve the 

project’s objective”. Use bullet points showing the sequence of steps you planned. 

3. Reports must be written in an acceptable and professional style and should not exceed 15 typed pages 

(including any appendices). Any polymath code you choose to include in part of your page limit. You must 

submit your report using Canvas.  

4. All published information consulted must be appropriately referenced. 

5. At the end you must have a section called “Reflection”. Answer these 3 questions in the 

section: 

• How accurately did our group stick to the plan (there is no penalty from deviating from your plan, but 

describe why you deviated). 

• How would we go about the project differently if we could redo it? 

• What did we learn from doing this project (bullet points are OK). 

Problem statement 

A new catalyst has been proposed for the synthesis of methanol from carbon monoxide and hydrogen gas. This 

catalyst is reasonably active between temperatures of 330 K to about 430 K. The reactions to be considered are: 

CO + 2H2 ↔CH3OH 

CO + H2O ↔ CO2 + H2 

The reactions are elementary and occur in a reactor containing tubes packed with a precious metal catalyst on a 

silica support. Heat is removed from the reactor by generating steam on the shell side of the tubes. The feed 

consists of 7 /15 hydrogen gas, 1/5 carbon monoxide, 1/5 carbon dioxide, and 2/15steam. The total flow rate is 

300 mol.s−1. The entering pressure may be varied between 1 atm and 160 atm and the entering temperature 

between 300 K and 400 K. A total tubular rector volume of 2 m
3
 is to be used. 

The following tasks should be completed: 
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1. Discuss the commercial application of this reaction in terms of the overall process, economics, process 

conditions, reactor types and configurations typically used, type of catalyst, typical conversion and end product 

usage. 

2. Assuming isothermal and isobaric conditions, determine the entering conditions of temperature and pressure 

that will optimize the production of methanol. Hint: Do this by conducting several simulations at discrete 

combinations of T0 and P0. First try T0 = 330 at P0 = 40 atm, then try T0 = 380 and P0 = 1 atm) 

3. Carry out a detailed reactor design of a shell and tube reactor for the optimal feed conditions determined in 

part 2. Pressure drop and non-isothermal effects are to be taken into account. 

The shell side temperature can be controlled by adjusting the steam pressure and may be assumed constant at a 

value specified by you. Physical property estimation sources, techniques and assumptions should be clearly 

presented. The design should include the following: 

• the reactor dimensions and number of tubes 

 the reactor conditions; including composition, pressure and temperature profiles (as a function of reactor 

length). 

 A mechanical sketch of the reactor should be included. 

 

 Not required: mechanical design of the reactor, including specification of the reactor material of 

construction, shell and tube wall thickness and capital cost for the design. 

4. Determine the effect of variations in: 

• ratio of feed H2 to CO, 

• ratio of feed H2O to CO, 

• assumed heat transfer coefficient, U 

5. All results must be presented in SI units throughout the report. 
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The following results should be tabulated in your report: 

Inlet temperature [K] 

Outlet temperature [K] 

Inlet pressure [Pa] 

Outlet pressure [Pa] 

Maximum tube-side temperature [K] 

Location from inlet of maximum temperature [m] 

Methanol production rate [kg.s−1] 

Reactor length [m] 

Total inlet concentration, CT0 at 330K 

Rate constant, k1 at 330K 

Equilibrium constant KC,1 at 330K 

Rate constant, k2 at 330K 

Equilibrium constant KC,2 at 330K 

Heat of reaction for reaction 1 at 330K 

Heat of reaction for reaction 2 at 330K 

 

The following results for Reactor in and Reactor out in a tabular form must be presented 

Flow [mol.s−1] 

Pressure [Pa] 

Temperature [K] 

CO (mole fraction) 

H2 

CO2 

CH3OH 

H2O 

 

If you are using MATLAB, A working set of MATLAB files must be emailed to the instructor with submission 

of your final report. These MATLAB files must generate the final profiles used to obtain the flows, pressure, 

temperature and mol fractions in the above tables. Non-working code, or code that does not lead to the values in 

the table will lead to a penalty in the grade. 

Additional problem information Thermodynamic and rate data T is in Kelvin, but R = 1.987 cal.mol
−1

 .K 
−1

 . 

The subscript 1 refers to the methanol reaction, while subscript 2 refers to the water-gas shift reaction. V = 40 

dm
3
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Final project 

chad.pdf  



 
 

 

CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

KINETICS AND REACTOR DESIGN  

SPRING 2020 

Instructor:  Dr. Nabila Shamim 
 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

X mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 
 

 

Problem Statement & Grading Scheme 
Chemical Reaction Kinetics and Reactor Design CHEG 3063 PO 1 (Spring 2020): 

 

Exam 2 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering problems  by 

applying principles of engineering, science, and mathematic. 

Outcome 1.2    

Ability to solve the reaction engineering/mathematical/science formulations analytically, 

numerically 

The questions in Test 3 test the student’s ability to identify relevant laws and equations, formulate 

the solution methodology, and solve the resulting engineering equations for the Reaction 

Engineering. Test 3 also tests the student’s ability to perform analysis Using Polymath  - Identify 

and Formulate multiple reaction problems using principles of  engineering/mathematics/science.  
The problem has no obvious solution since assumptions need to be made. 



Exam 2 Time: 24 Hrs Date: April 23, 2020 

Exam ends at 8 PM Friday 

Total points: 100 
 

 

 

 

 
STUDENT NAME: ………………………. ……………………….DATE: ………………….. 

 

 

 

Open Book Exam NO CELL PHONE USE (PUT THEM AWAY), NO COLLABORATION 

 

 

PROVIDE UNITS ON ALL CALCULATIONS AND ANSWERS 

 

ANY DISHONESTY DURING THE EXAM WILL RESULT IN “F” GRADE 

 

 

Student Signature: ………………………………………………. 



Problem Statement 

 A seven step mechanism can be used to describe the atmospheric reactions involving 

formaldehyde and nitrogen oxides at 1 atm and T=298 °C as presented by Seinfeld. These 

photochemical reactions lead to the formation of ozone:2 

Step 1:   

Step 2:             

Step 3:  

Step 4a:  

Step 4b:  

Step 5:  

Step 6:  

Step 7:  

 The photolysis reactions of step 1, 4a and 4b are written for the case where the incoming 

solar radiation is assumed to be constant at the midday value of  thus leading to the given rate 

constants. Where, hv = h * v the Incoming solar radiation, photolysis reaction rate constants 

h = 6.626e-34 Plank's Constant; m2 

kg/s 

v = c / l # Frequency 

c = 3e8 Speed of light, m/s and 

l = 4e-7 Wavelength of Visible Light, m. 

A more detailed model would be to have the rate constants for these steps vary with the time of 

the day according to  

 



 

 Where t is the time in hours on a 24 hours/day basis and the solar radiation begins at 6 am 

and ends at 6 pm.  

 All of the reactions in the mechanism are considered to be elementary as written. For 

example, the rate of the second step is given by: 

 

 Where the concentrations are in ppm.  is the concentration of third bodies, which is 

considered to be at a constant value of ppm and  the concentration of oxygen is constant 

at ppm. 

 The simplest applications of chemical engineering top urban smog simulation involves 

considering the atmosphere below an inversion layer to be a batch reactor with no input or output 

terms. The resulting material balance for each of the species in the mechanism can be made and 

expressed as ordinary differential equations. Thus for ozone: 

 

 Similar material balances can be made for the other reacting components, including the 

free radicals. Typical initial conditions for all free radicals are that the concentrations are 

essentially zero. 

 Consider a simplified model for photochemical smog that is represented by seven step 

mechanism for formaldehyde. 

A. Find the concentration profiles for  for the given initial 

conditions and the constant values of photolysis reaction rate constants of step 1, 4a, and 

4b. 



B. Repeat part a for a single 24 hour day starting at midnight with the same initial conditions 

but with the three photolysis reactions varying according to the general relationship of 

equation 1.  

Rubric for the Exam 2  

Assumptions for Reaction ( 5 points)  

Given Information ( 5 Points)  

Formulation (35 Points)  

Mole Balane Rate Law Rate related with mole balance Solving ( 35 Points) Show all differential 

equations, explicit equations conditions used for solving. Using Polymath Program part, A Using 

Polymath Program Part B Results (20 Points) Polymath results in tabular form part A Polymath 

results graphical presentation part A Polymath results in tabular form part B Polymath results 

graphical presentation part B Comparison of Results for part A and part B for the above-

mentioned concentration 



Sample Graded Student Work 

 

 

Kinetics Exam 

2-DT.pdf  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

CHEG 3043 P01 SEPARATIONS 

SPRING 2020 

Instructor:  Dr. Irvin W. Osborne-Lee 
 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

 mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
  

 

 

 

EXERCISE – DISTILLATION OF BENZENE AND 

TOLUENE (VARIATIONS ON TEXTBOOK EXAMPLE) 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems  by applying principles of engineering, science, and 

mathematics. 

The goals in the Final Project allow students to demonstrate an ability to identify 

relevant principles, theories, methods and tools, formulate the an approach needed to 

solve the problem, and apply knowledge of thermodynamics, graphical methods, and 

computer simulation to achieve elements of distillation column design 
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

CHEG 3043 P01 SEPARATIONS 

SPRING 2020 

Instructor:  Dr. Irvin W. Osborne-Lee 
 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

    Check the complex engineering problem characteristics related to this assignment 
 

Assignment problem 

 involves wide-ranging or conflicting technical issues, 

X has no obvious solution 

 Addresses problems not encompassed by current standards and codes 

 involves diverse groups of stakeholders 

X includes many component parts or sub-problems 

 involves multiple disciplines 

 has significant consequences in a range of contexts 

Assignment problem involves the application of the principles of  

X engineering 

 science 

 mathematics 

 
Brief  justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
  

 

 

 

FINAL PROJECT: 

Distillation Column Design with HYSYS 

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems  by applying principles of engineering, science, and 

mathematics. 

The goals in the Final Project allow students to demonstrate an ability to identify 

relevant principles, theories, methods and tools, formulate the an approach needed to 

solve the problem, and apply knowledge of thermodynamics, graphical methods, and 

computer simulation to achieve elements of distillation column design 
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ASSIGNMENTS FOR OUTCOME 1 
 

An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics. 
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Process Control 

FALL 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 

 

Homework 3 

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics 

 

The rubric used for grading this assignment measures the students’ ability to identify, 

solve, and formulate engineering problems. It applies Laplace domain analysis of 

transient behavior of complex systems.  
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CHEMICAL ENGINEERING DEPARTMENT 

OUTCOMES SPECIFIC ASSIGNMENT COVER SHEET 

Process Control 

FALL 2021 

Instructor:  Dr. Jorge F. Gabitto 
 

 

Title of Assignment 

 

 

 

 

Outcome Measured Using this Assignment 

 

 

 

 

 

 
 

Brief justification of why this assignment is suitable for this outcome 

 

 

Sample of graded student’s solution 
     

                                  

 

   

 

 

Test 3 

 

 

Outcome 1 
An ability to identify, formulate, and solve complex engineering 

problems by applying principles of engineering, science, and 

mathematics 
 

 

The rubric used for grading this assignment measures the students’ ability to identify, 

solve, and formulate engineering problems. It applies Laplace domain analysis and 

algebraic manipulations to determination of transient behavior of complex systems.  
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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: Gca(s) = (0.5 /s + 1), Gsys(s) = 2 / (5 s + 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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