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Educational goal: computational thinking for 
problem solving
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• Focus on natural language
• Text and code blocks
• Formatting for clear 

documentation
• Alternative to extensive 

commenting
• Educational applications
• Markup language vs 

programming language
• “Interactive coding 

notebooks/templates”

Literate programming
making code human readable
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Markup language
(markdown+LaTeX)

Compiled text block

Programming language 
in code block



Ways to use these interactive coding templates 
in ChE classrooms across the curriculum

• Reinforce computational thinking
• Introduce/enhance familiarity with MATLAB and/or Python
• Student use cases

• Lecture notes with in-class activities
• Pre-class readings with embedded activities
• Worked example case studies
• In-class problems
• Homework or project problems
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Example interactive coding templates
• Ex. 10.2-1 from MEB book by Felder, Rousseau, & Bullard
• Jupyter Notebook (Python) version: J6_TankDrainage.ipynb 
• MATLAB version: M6_TankDrainage.mlx
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Mass Balance on Tank:  Table of Contents
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Matlab                   vs            Python
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Mass Balance on Tank:  Type set equations using LaTeX
Matlab                                             vs                            Python
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Mass Balance on Tank:  Solve ODE

ODE Solver Flowchart

ODE’s & 
Equations

Initial Values

Start and 
stop 

integration 
Values

ResultsMATLAB
ode45

Print Table 
and/or graph 

of results

Python: solve_ivp

Python: call libraries at start

import numpy as np
from scipy.integrate import solve_ivp
import math
import matplotlib.pyplot as plt



Matlab                   vs               Python
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plot (t,y);
xlabel('t (s)');
ylabel('V (m^3) ');
legend('V (m^3)');
title('Example 10.2-1');

function dYfuncvecdt = ODEfun(t,Yfuncvec)
V = Yfuncvec(1);
dVdt = 0.05 - (0.0025 * t);
dYfuncvecdt = dVdt;
end

y0 = 1.2; % Initial values
tspan = [0 80]; 

[t,y]=ode45(@ODEfun,tspan, y0)

y0 = [1.2] # Initial Value
tspan = (0,80)

def ODEfun(t,Yfuncvec):   
  V = Yfuncvec[0]       
  dVdt = 0.05-0.0025*t 

    dYfuncvecdt = [dVdt]   
  return dYfuncvecdt 

sol=solve_ivp(ODEfun,tspan,y0) 

plt.plot(sol.t,sol.y[0])
plt.xlabel('Time ($s$)')
plt.ylabel('Volume ($m^3$)')
plt.legend()
plt.title(' Example 10.2-1')

ODE’s & 
Equations

Initial Values and 
Integration interval

Runge Kutta Solver

Plot



Rowan Fall Semester
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ChE 
Modeling

Separations I

2nd Fluids 
Course

Thermodynamics I

Heat Transfer

• Diffusion in gas
• Unsteady-State Diffusion
• Mass Transfer solid to 

liquid
• Gas Absorption Column

• Equations of State

• Complex pipe network
• Microscopic momentum 

balance-Newtonian fluid
• Non-Newtonian fluid

• Conduction with 
generation term

• Students learn python & practical numerical methods in ChE Modeling
• Use & modify python templates in the concurrent ChE classes
• Use python in Spring classes: Separations II, Reactor Design, 

Thermodynamcs II.



Workshop for Chemical Engineering Faculty:
2022 ASEE/AIChE Summer School

• Created and curated interactive notebook materials
• 9 coding templates creates (7 in both Python and MATLAB)
• Covered topics: linear/nonlinear algebraic systems, ODE-IVPs, ODE-BVPs, PDEs

• Workshop used interactive learning activities
• Exercise 1: “how to create” using prepared tutorial notebooks with gaps
• Exercise 2: “create your own” notebook from scratch
• Exercise 3: explore the provided templates and adapt them
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Conclusion

• Interactive coding templates enhance student learning and create 
interactive learning opportunities in/out of the classroom

• Workshop given to ChemE faculty to (hopefully) broaden adoption 
and enhance computational thinking exercises/practices

• Workshop participants without prior experience identified that they’d 
still need knowledge of the underlying software language

• Workshop materials were made available:
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More computational educational materials 
from us

• Video highlighting key features of MATLAB Live Scripts and Jupyter 
Notebooks (Austin Johns, Ford Versypt Lab): 

https://youtu.be/u5YkzFl6FbE  

• Ford Versypt: https://github.com/ashleefv/ApplNumComp 

• Hesketh: https://github.com/heskethrp 

• Stuber: 
https://github.com/PSORLab/Chemical_Engineering_Analysis_Notebooks 

ASEE 2023 14

https://youtu.be/u5YkzFl6FbE
https://github.com/ashleefv/ApplNumComp
https://github.com/heskethrp
https://github.com/PSORLab/Chemical_Engineering_Analysis_Notebooks


More related computational educational 
materials from others
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Thank you! Any Questions?
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This material is based upon work supported by the National Science 
Foundation under Grant No. 1932723 (Stuber) and No. 2133411 (Ford-
Versypt).  Any opinions, findings, and conclusions or recommendations 
expressed in this material are those of the authors and do not 
necessarily reflect the views of the National Science Foundation.

Computer Aids for 
Chemical Engineering

This material is based upon work supported by the CACHE Organization Mini 
Grants awarded to Stuber and Ford-Versypt
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Robert’s Use of Python in the Classroom

• Mass & Energy Balance (Felder, Rousseau, Bullard)

• ChE Fluid Mechanics (fluids 1)
• Process Fluid Transport (fluids 2)
• Separations I
• Chemical Reaction Engineering
• Transport Phenomena 
• Grad Classes
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Use Cases: Numerical Methods/Analysis
• Developed and deployed Live Scripts for UG chemical engineering 

numerical methods
• Lectures, practice materials, and homework problem sets
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