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This workshop will provide hands-on experience in the use of interactive problem solving software to 

participants.  Emphasis will be placed on the application of PolyMath 6 for PCs and a new version of 

PolyMathLite 1.1 for Android Smartphones and Tablets. The workshop presenters will give multiple examples 

of how numerical problem solving can be integrated into common chemical engineering courses.  Participants 

will be encouraged to integrate numerical methods into their courses so that their students will understand 

and appreciate the types of problems and efficiencies that solutions using numerical methods can bring to 

problem solving and modeling of chemical systems.  The PolyMath 6 and revised PolyMathLite 1.1 software 

will be provided to all the participants for this workshop and future use for a full calendar year at no cost.  This 

software is provided by the CACHE Corporation and PolyMath Software.  Participants will be required to bring 

a laptop with the ability to run Windows software.   
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Goals:  This workshop will provide hands-on experience in the use of interactive problem solving software to 
participants.  Emphasis will be placed on the application of PolyMath 6 for PCs and a new version of 
PolyMathLite 1.1 for Android Smartphones and Tablets. Participants will be encouraged to integrate numerical 
methods into their courses so that their students will understand and appreciate the types of problems and 
efficiencies that solutions using numerical methods can bring to problem solving and modeling of chemical 
systems.   
 
Scope and Content:  The workshop presenters will give multiple examples of how numerical problem solving 
can be integrated into common chemical engineering courses.  The PolyMath 6 and revised PolyMathLite 1.1 
software will be provided to all the participants for this workshop and future use for a full calendar year at no 
cost.  This software is provided by the CACHE Corporation and PolyMath Software. Participants will be required 
to bring a laptop with the ability to run Windows software.  The software will be provided as individual copies 
for student use on their own computers or through local networks that can be accessed by students. Note that 
many CHEG departments have existing site licenses for PolyMath for Windows OS and for PolyMathLite for 
Android OS. As for future access, inexpensive educational pricing of the network versions or the individual 
educational copies will provide the Windows and Android software to the students. 
      
Method of Delivery:  Overviews and demonstrations of the PolyMath 6 for PCs and the new PolyMathLite 1.1 
for Android Smartphones and Tablets will be presented as the participants will tackle problems with guidance 
from the instructors.  This hands-on problem solving workshop will encourage participants to solve some 
typical problems on their own using their laptop PCs or Android Phones/Tablets. Problems will require the 
solution of simultaneous linear equations, simultaneous nonlinear equations, simultaneous differential 
equations as well as data analysis and regression. The instructors and other knowledgeable volunteers will 
circulate through the workshop participants to assist with any difficulties and answer individual questions.   
     Example problems requiring numerical solutions will be provided from main subject areas of CHEG.  These 
will include basic calculations, thermodynamics, fluid mechanics, heat transfer, mass transfer, chemical 
reaction engineering, phase equilibria, distillation, process dynamics and control, and biochemical engineering. 
     Throughout the problem solving exercises, the workshop participants will experience the ease of solving 
these complex problems using PolyMath software; either using PolyMath 6 and PolyMathLite 1.1.  The ease in 
solving complex problems is based on the following attributes: 

1) The intuitive interface is probably the easiest-to-use general problem solving software currently available 
2) There is complete interchangeability of the problem code between PolyMath 7 and PolyMathLite 1.1 in 

both directions. The code developed in one package will execute on the other package without changes. 
3) No command language or other details to remember - exceptional HELP always available  
4) Problem entry mimics mathematical equations so entry into software is very easy 
5) New full-screen color-coded editor speeds problem entry or modification 
6) Variable names are selected by the user with upper and lower cases distinguished 
7) Easy and intuitive equation entry (differential equations, nonlinear equations, etc.) 
8) Software identifies undefined variables as a MAJOR AID to problem entry 
9) Errors in problem entry are identified and syntax errors must be  correct to enable solution 
10) Problem code is automatically ordered on execution and problem equations may be entered in any order 
11) A MATLAB m-file is automatically generated in the PolyMath report output.  This m-file can be directly 

imported and used in MATLAB.   
12) Graphical output of the solution can be automatically generated and then easily exported to other 

documents or saved as files 
13) The PolyMath Report contains the complete solution for the problem and aids in the student dissemination 

and documentation for a homework problem. 

mailto:hesketh@rowan.edu
mailto:michael.cutlip@uconn.edu


14) Related technical papers and problem libraries available from the PolyMath web site 
15) Friendly and efficient support is provided that often comes directly from the authors 

 
Take Home Materials:  In addition to a copy of the POLYMATH software, a flash drive will be provided to each 
participant that will contain the workshop materials, handouts, references and computer files.  A special 
website will be created for use during the workshop and this will be made available to participants and to all 
summer school attendees that can be accessed when they return home.   

Presenter(s): 

Robert P. Hesketh is a Professor of Chemical Engineering at Rowan University.  He received his B.S. in 1982 

from the University of Illinois and his Ph.D. from the University of Delaware in 1987.  Robert's research is in 

reaction engineering, novel separations including supercritical fluids, crystallization and ultrafiltration, green 

engineering, and the chemistry of gaseous pollutant formation and destruction related to combustion 

processes.  Robert has received over 4.4 million in external funding for educational and technical research 

projects.  Robert has presented his educational innovations in international and national meetings and 

workshops including the 2002 and 1997 ASEE ChE Summer Schools.  Robert's dedication to teaching has been 

rewarded by receiving several educational awards including the 2006 Chester F. Carlson, 2002 Robert G. Quinn 

Award, 1999 Ray W. Fahien Award.   

Michael B. Cutlip is an Emeritus Professor within the Chemical and Biomolecular Engineering Department at 
the University of Connecticut and has served as department head and director of the university’s Honors 
Program. He has B. Ch. E. and M. S. degrees from Ohio State and a Ph. D. from the University of Colorado. He 
has been the Chair and National Program Chair for the ASEE Chemical Engineering Division plus he co-chaired 
the ASEE Summer School for Chemical Engineering faculty in 2002. His current interests include the 
development of general software for numerical problem solving and application to chemical and biochemical 
engineering. Dr. Cutlip is also managing director of Polymath Software that develops and provides problem 
solving software to higher educational institutions and to individual professional and academics users. 

Timing:  The workshop requires a time slot that consists of two hours, but it would be preferable to have a 
single time slot of 2.5 hours.  The time slot should not be broken up as the presenters and attendees need to 
set up their computers and attach any needed power supplies.  

Specific Logistical Needs:  The workshop will be held in a classroom with computer-friendly tiered seating.   
Electrical power will be readily available for keeping computers charged.  Projection of the presenter's 
computer screen and other workshop materials will clearly indicate the materials under discussion.  There 
should be WI-FI available in the classroom so that internet sites can be easily accessed by the presenter and 
the participants. 

Additional Review Materials:  A demonstration of the type of website that will be created for the new 
PolyMath 6 and the PolyMathLite 1.1 is available from the link: 

 polymath-software.com/problemsolvingworkshop. 

This website was created for the African Engineering Educational Association Workshop and a similar site will 

be created and updated for the Summer School.   It will feature the new PolyMath 7 for PCs and the 

PolyMathLite 1.1 for Android Smartphones and Tablets (available from Google Play Store).  In preparation for 

reviewing this Workshop site, please make sure that the latest free Adobe Acrobat Reader DC is installed as 

the default Acrobat Reader software in your PC.  

     The following links are to a related book and recent paper: 

Problem Solving in Chemical and Biochemical Engineering with POLYMATH, Excel, and MATLAB, 2nd Edition 

Enabling Extensive Numerical Problem Solving on Smartphones and Tablets 

 

http://www.polymath-software.com/problemsolvingworkshop
file:///C:/Users/Mike/OneDrive/ASEE%20Summer%20School%20Working/play.store.com
https://get.adobe.com/reader/
http://www.mypearsonstore.com/bookstore/problem-solving-in-chemical-and-biochemical-engineering-9780131482043
http://polymath-software.com/papers/ASEEMeet_11027_14.pdf


Schedule of Topics: 

1. Overview of Workshop 

2. Load POLYMATH Program or go to Hands on Topic 1 

3. Hands on Topic 1:  Introduction to Polymath and its Error Codes.docx 

4. Integration of numerical methods in ChE Courses 

5. Capabilities of POLYMATH (PC and Android devices) 

6. Hands on Topic 2:  Examples of Problems from ChE courses 

 

ChE Course Problem Name Numerical Method Illustrated Equations  

Fluids Unsteady-state tank drainage using a 
siphon tube (similar to POLYMATH text 
8.14) 
C&S8-14soln.pdf 

Solution of an first order ordinary 
differential equation (DEQ) 

𝑑ℎ𝑇

𝑑𝑡
= 𝑣𝑜𝑢𝑡

𝐴𝑜𝑢𝑡

𝐴𝑡𝑎𝑛𝑘
 

𝑣𝑜𝑢𝑡 = 𝑓(ℎ𝑇) 

 Calculations involving Friction Factors for 
Flow in Pipes (POLYMATH Text 8.7) and 
pipeflow homework 
frictionfactorcalcsoln.pdf 
Excel Tutorial Solver Add-Ins rev4.pdf 
 
Siphon Experiment 
Siphon Calcs & graphs.xlsx 
siphon.pol 

Solution of a system of simultaneous 
nonlinear algebraic equations (NLE) 

∆𝑃

∆𝐿
= 2𝑓𝐹

𝜌𝑣2

𝐷
 

𝑓𝐹 = 𝑓(𝜀 𝐷⁄ , 𝑅𝑒) 
𝑅𝑒 = 𝜌𝑣𝐷 𝜇⁄  

Advanced Fluids NonNewtonian fluid flow through a pipe 
(POLYMATH Text 8.2c) 
NonNewtonian C&S 8.2 solutions & 
comsol.pdf 
 
NonNewtonian fluid flow through an 
annulus (POLYMATH Text 8.4) 
NonNewtonian C&S8.4 polymath&comsol & 
3.8-8 solutions 2017.pdf 

Solution of 2 simultaneous first order 
ordinary differential equations with split 
boundary value conditions and 
comparison with solution using COMSOL 
which is an advanced finite element 
program 

𝑑(𝑟𝜏𝑟𝑥)

𝑑𝑟
= −

𝑑𝑃

𝑑𝑥
𝑟 

𝜏𝑟𝑥 = −𝐾 (
𝑑𝜐𝑥

𝑑𝑟
) (|

𝑑𝜐𝑥

𝑑𝑟
|)

(𝑛−1)

 



ChE Course Problem Name Numerical Method Illustrated Equations  

Mass Transfer or 
Separations 

Slow Sublimation of a solid Sphere 
(POLYMATH Text 10.3) 
C&S10-3 solution.pdf 

Solution of multiple ODE’s with split 
boundary conditions 

𝑑(𝑟2𝑁𝐴)

𝑑𝑟
= 0 

𝑁𝐴 = −
𝐶𝑇𝔇𝐴𝐵

(1 − 𝑦𝐴)

𝑑𝑦𝐴

𝑑𝑟
 

 Gas Absorption Column 
(Geankoplis Example 10.7-1) 
concentratedSO2Ex10.7-1Solution.pdf 

Solution of multiple ODE’s with split 
boundary conditions 

𝑑(𝐺𝑦)

𝑑𝑧
= −𝐾𝑦𝑎𝐴𝑐(𝑦 − 𝑦∗) 

𝑑(𝐿𝑥)

𝑑𝑧
= −𝐾𝑦𝑎𝐴𝑐(𝑦 − 𝑦∗) 

Reaction 
Engineering 

Catalytic Packed Bed 
CREFoglerElements11-8.pdf 

Solution of multiple ODE’s for mole, 
energy, and momentum balances 

𝑑𝐹𝑖

𝑑𝑊
= −𝑟𝑖  

𝑑𝑇

𝑑𝑊
=

𝑈𝑎(𝑇𝑎 − 𝑇) 𝜌𝑏 + Δ𝐻𝑟𝑥𝑛𝑟𝐴⁄

∑ 𝐹𝑖𝐶𝑝𝑖
 

𝑑𝑃

𝑑𝑊
= −

𝜌0

𝜌
𝛽0 

 Determination of rate expressions for a 
catalytic reaction (POLYMATH text 11.16) 
C&S11.16 soln.pdf 

Example of the nonlinear regression of 
data with LHHW reaction rate 

𝑟𝐴 =  
−𝑘𝐾𝐴𝑝𝐴

1 + 𝐾𝐴𝑝𝐴 + 𝐾𝐵𝑝𝐵
 

 Stiff Ordinary Differential Equations in 
Chemical Kinetics (POLYMATH text 6.2) 

Solution of a stiff system of simultaneous 
ordinary differential eqauations. 

Problem by Gear (1969) 

Heat Transfer Unsteady-state cooling of a sphere 
(POLYMATH Text 9.13) 
C&S9-13CoolingSphereSoln.pdf both 
POLYMATH & Comsol Solutions 

Application of the numerical method of 
lines to solve a partial differential equation 
that involves the solution of simultaneous 
ordinary differential equations and explicit 
algebraic equations.   

𝜕𝑇

𝜕𝑡
=

1

𝑟2𝜌𝐶𝑝

𝜕

𝜕𝑟
(𝑘𝑟2

𝜕𝑇

𝜕𝑟
) 

Distillation or 
Separations 

Batch Distillation of a benzene-toluene or 
water-Ethanol Mixture (POLYMATH text 6.7 
and 12.10) 
C&S6-7BatchDistillationSolution.pdf 

Solution of a differential-algebraic system 
of equations using the controlled 
integration technique or differentiated 
bubble point equation. 

𝑑𝑛1

𝑑𝑡
= −�̇�1 = �̇�𝑇𝑦1 

𝑑𝑛𝑇

𝑑𝑡
= −�̇�𝑇 

𝑦1 = 𝐾1𝑥1 
𝑒𝑟𝑟𝑜𝑟 = 1 − 𝐾1𝑥1 − 𝐾2𝑥2 

𝑑𝑇

𝑑𝑥1
= 𝐾𝑐(𝑒𝑟𝑟𝑜𝑟) 



ChE Course Problem Name Numerical Method Illustrated Equations  

Process Control Dynamics and Control of a Stirred Tank 
Heater (POLYMATH Text 13.6) 
C&S13-6x.pol 

Solution of ODE’s, generation of step 
functions, simulation of a proportional 
integral controller. 

𝑑𝑇

𝑑𝑡
=

𝑊𝐶𝑝(𝑇𝑖 − 𝑇) + 𝑞

𝜌𝑉𝐶𝑝
 

𝑑𝑇0

𝑑𝑡
= [𝑇 − 𝑇0 −

𝜏𝑑

2
(

𝑑𝑇

𝑑𝑡
)]

2

𝜏𝑑
 

𝑞 = 𝑞𝑠 + 𝐾𝑐(𝑇𝑟 − 𝑇𝑚) +
𝐾𝑐

𝜏𝐼
(𝑒𝑟𝑟𝑠𝑢𝑚) 

𝑑(𝑒𝑟𝑟𝑠𝑢𝑚)

𝑑𝑡
= 𝑇𝑟 − 𝑇𝑚 

Chemical 
Engineering 
Principles (ChE 
Intro Class) 

Steady-state Material Balances on a 
Separation Train (POLYMATH Text 2.4) 

Solution of simultaneous linear equations Overall component balances 

Thermodynamics Molar Volume and Compressibility factor 
from Van Der Waals Equation (POLYMATH 
Text 2.1) 

Solution of nonlinear algebraic equation (𝑃 +
𝑎

𝑉2) (𝑉 − 𝑏) = 𝑅𝑇 

𝑎 =
27

64
(

𝑅2𝑇𝑐
2

𝑃𝑐
) 

𝑏 =
𝑅𝑇𝑐

8𝑃𝑐
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Introduction to POLYMATH based on Polymath and Excel Tutorial for Process Fluid 
Transport 

POLYMATH tutorial Objectives:  A student will be able to 

1. Enter and solve 3 differential equations for a batch chemical reactor problem .

2. Use the built-in dialog box buttons to enter a differential equation and its initial
condition.  This form is useful since you will not forget to enter the initial condition.

3. Prepare a word document that contains all required information for homework solution.
Students must do more than just turn in a polymath program file.  They must show how
the model equations were derived, answer the questions, produce graphs and sample
calculations.

4. How to copy POLYMATH output into an excel spreadsheet such that the produced
output has headers in the first row.

5. use the trouble shooting DEQ Message list to determine that a variable has been defined
more than once or has not been defined

6. Identify problems that cause a program to stop running such as a divide by zero error

7. Use the comment feature in the polymath program (#)

8. How to use an if - then - else statement
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1. Open Polymath: 

 

2. We suggest that you open two windows so that you can see this pdf file and the polymath 
program as shown below. 

 

  

Polymath Short Cut 
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3. Start the Differential Equations Solver by selecting Program, DEQ Differential Equations 
and keep the help window open 

 

 

Figure 1:  Blank screen of Differential Equation Solver 

 

  

If help is needed click on Question Mark 
or go to Help menu.  
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Example of using the Differential Equation Solver in Reaction Engineering 

4. Now you will create a simple POLYMATH file:  Series Reactions Example.pol.  We will 
enter the 3 differential Equations and supporting explicit algebraic equations similar to that 
given in the POLYMATH help example.  (The only difference is that concentrations are defined 
as CA, CB and CC). 

This example is based on a batch reactor with 2 simultaneous chemical reactions in series.  

𝐴𝐴
𝑘𝑘1→ 𝐵𝐵

𝑘𝑘2→𝐶𝐶 
A component mole balance is constructed for each chemical species.  Since this is a batch 
reactor, then the mole balances are differential equations.  If this problem was an assigned 
homework problem then the first page of the problem would be a hand written setup of the 
problem on green engineering paper.  This page would contain: 

a) Setup of the component species mole balances including a diagram of the process 
(process flow diagram, pfd) 

b) Initial conditions 

c) Sample calculations showing that the correct units have been used and an order of 
magnitude estimate of the results.   

For example the mole balances for A, B and C are given by 

𝑑𝑑(𝐶𝐶𝐴𝐴)
𝑑𝑑𝑑𝑑 = −𝑘𝑘1𝐶𝐶𝐴𝐴 (1) 

𝑑𝑑(𝐶𝐶𝐵𝐵)
𝑑𝑑𝑑𝑑 = 𝑘𝑘1𝐶𝐶𝐴𝐴 − 𝑘𝑘2𝐶𝐶𝐵𝐵 (2) 

𝑑𝑑(𝐶𝐶𝐶𝐶)
𝑑𝑑𝑑𝑑 = 𝑘𝑘2𝐶𝐶𝐵𝐵 (3) 

The initial conditions in the batch reactor at t=0 min are 𝐶𝐶𝐴𝐴 = 1 kmol/L, 𝐶𝐶𝐵𝐵 = 0 kmol/L and 
𝐶𝐶𝐶𝐶 = 0 kmol/L.  These are known as initial values.  The integration will proceed from 0 min to 
t=3 min.  The rate constants are  𝑘𝑘1 = 1 min−1 and 𝑘𝑘2 = 2 min−1. 

Sample calculations of all equations are required to be submitted on green engineering paper.  
These calculations will help you to troubleshoot your program. Sample calculations for explicit 
equations should be straight forward always showing the number and units.  For differential 
equations I suggest that you show an order of magnitude estimate as the sample calculation.  
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For this example for the batch reactor mole balance using the initial conditions the initial change 
in concentration of A with time is: 

𝑑𝑑(𝐶𝐶𝐴𝐴)
𝑑𝑑𝑑𝑑

�
𝑡𝑡=0

= −1 𝑚𝑚𝑚𝑚𝑚𝑚−1 �1
𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘
𝐿𝐿

� = −1 𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘/(𝐿𝐿min) (4) 

An estimate of the value of concentration after 1 minute would be  
(NOTICE that this is not a correct integration of the differential equation.  This is ONLY an 
ESTIMATE and a check on the units.  To check for order of magnitude changes an assumption is 
made that the rate is constant.) 

� 𝑑𝑑(𝐶𝐶𝐴𝐴)
𝐶𝐶𝐴𝐴

𝐶𝐶𝐴𝐴=1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘/𝐿𝐿
~� −1 𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘/(𝐿𝐿min)𝑑𝑑𝑑𝑑

1 𝑘𝑘𝑚𝑚𝑚𝑚

𝑡𝑡=0𝑘𝑘𝑚𝑚𝑚𝑚
= 𝐶𝐶𝐴𝐴 − 1𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘/𝐿𝐿 = −1 𝑘𝑘𝑚𝑚𝑘𝑘𝑘𝑘/𝐿𝐿 (5) 

The above result gives the final value of the concentration of A to be zero.  In other words if the 
reaction rate was at 1 kmol/(L min) for 1 minute, then there would be no reactant A left.  It is 
then up to the student doing the problem to evaluate if this reaction rate is what was specified or 
should the rate be 10 times lower.  The above equations do not need to be typed, and can be 
written by hand and then scanned in B&W using your phone with an free App such as 
CamScanner.  This scan will then be inserted into the word document that will be submitted on 
Blackboard. 

5. Of special note is the usefulness of the wizard menu’s in entering a differential equation.  This 
will write the equation using the proper syntax.  For example to enter the first differential 
equation click on the d(x)+ button.  d(CA) / d(t) = -k1*CA #Concentration of component A and 

then the initial condition that concentration of A at t=0 is 1. 

 

Figure 2:  Add a differential Equation 

  

Click on the d(x)+ button to add a 
differential equation.  
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6. Fill out the form shown below and then select done. 

 

Figure 3:  Fill out the menu screen as shown 

 

Figure 4:  Result of filling out the menu for one differential equation 

Notice that the comment is entered with 
a # sign in front of the text.  

The initial condition is 
converted to this line with the 
t=0 symbolized within the 
parenthesis. 

This message box let’s you know what is 
missing and other errors. 
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7. Notice that an error has appeared stating that there is an 
undefined variable, k1.  To remove this error you can add 
the explicit equation k1=1 min-1. Open up the wizard for an 
explicit equation  
 

 

Figure 5:  Explicit Equation Entry Form 

Click on the x=+ 
button.  
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Figure 6:  Result of entering explicit equation 

8. Enter the second differential equation using the wizard.  Notice that the second time that 
you open this wizard the independent variable of time is already entered. 

 

Figure 7:  Second use of ODE wizard 

Time already entered 
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Figure 8: Second ODE 

9. Finally enter the 3rd ODE 
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10. The result of entering the 3 ODE’s is

 

11. To remove the error marked above add the value of the second rate constant

 

second message.   

Third message.  You need to tell 
the program the starting time and 
the final time for the integration.   
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12. To remove the final marked error go to the ini-finl button to enter the initial and final values for 
the integration of the time variable.  In this case t=0 to t=3 min. 

 

13. Now the program can be run since the purple arrow appears, but I recommend that you use the 
Arrange equation feature to order your equations.  This will be easier for your professor to 
troubleshoot and/or grade when put in this order.  

Enter initial and final condition of t=0 and t=3 min using a set 
of forms by pressing the ini-finl button.   
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Figure 9:  Result of the arrangement of equations (the ordering of the initial conditions may be different 
to that shown above) 

ODE’s are at the top 

Explicit Equations 

Initial conditions:  VariableName(0) 

Final condition for independent variable VariableName(f) 
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14. Now enter a problem title by selecting Edit, Enter Problem Title… 

 

 

15. Next save the program with a file name and then run the 
program by pressing on the pink arrow.  The default 
output is the POLYMATH Report.  

 

  Run program 

Figure 10:  Default output from POLYMATH 
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16. Polymath has a program for graphs but you can also produce a graph in excel.  In this 
case you should do the following 

1. Select the Table output button 

  

2. Run the program again 

3. Select the table window 

4. Click on the upper left corner of the table (similar to excel) 

 

5. Then select Edit, Copy With Headers.  (This will copy the names of the variables 
as well as the numbers) 

6. Paste this into an excel spreadsheet and produce a graph with all titles given and 
labels.   

For homework assignments with POLYMATH I have students paste a pdf of the handwritten 
derivation of equations, the POLYMATH Report and the graph into a word document.  

Upper left Corner 
Selects all  

Copy with Headers 

Table Output 
button  
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POLYMATH Report Series Reactions 
Ordinary Differential Equations 26-May-2017 
 
Calculated values of DEQ variables  
  Variable Initial value Minimal value Maximal value Final value 
1  CA  1.  0.0497871  1.  0.0497871  
2  CB  0  0  0.2499865  0.0473083  
3  CC  0  0  0.9029046  0.9029046  
4  k1  1.  1.  1.  1.  
5  k2  2.  2.  2.  2.  
6  t  0  0  3.  3.  
 
Differential equations  
1  d(CC)/d(t) = k2*CB  
   Concentration of component C  
2  d(CB)/d(t) = k1*CA-k2*CB  
   concentration of component B  
3  d(CA)/d(t) = -k1*CA  
   Concentration of component A  

 
Explicit equations  
1  k2 = 2  
   units of min^-1  
2  k1 = 1  
   Units of min^-1  

 
General  
Total number of equations  5  

Number of differential equations  3  

Number of explicit equations  2  

Elapsed time  0.000 sec  

Solution method  RKF_45  

Step size guess. h  0.000001  

Truncation error tolerance. eps  0.000001  

 
 
Data file: h:\documents\cache\aseeworkshop\series reactions example.pol 

This is what the electronic part of 
your homework should look like!  But 
remember to also submit the hand 
derivation of the equations used in 
the POLYMATH model and answer 
any questions that were asked.  For 
example the concentration of A, B, 
and C at t=3 s. 
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Figure 11:  Concentration Profiles of a Series Reaction 
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Troubleshooting Example 

As you can see POLYMATH is a very easy program to use.  In the previous batch reactor example you 
probably produced a POLYMATH Report in less than 5 minutes (or if you did it a second time it would be 
even shorter).  Some of the problems that you solve will be more complex than this and it is useful to 
see how to avoid errors in placing your model equations into polymath.  Of course one of the biggest 
errors that students make is that they don’t write out the equations.  In addition they don’t place 
numbers with units in them to make sure that all the units are consistent.  This is probably the biggest 
error done by students.  Numbers and units!!!  Unfortunately POLYMATH can not help the student with 
errors in units other than putting the units in comment fields.  What follows is the errors that 
POLYMATH can identify. 

17. Common errors by students in using Polymath software: 

1. What the user thinks are the same variables, but the computer uses them as different 
variables.  This happens when you incorrectly spell a variable name or you do not match 
upper or lower cases.  (e.g. 𝑇𝑇𝑇𝑇𝑇𝑇 ≠ 𝑑𝑑𝑇𝑇𝑇𝑇) 

2. Defining a variable more than once.  Once a variable is on the left hand side of the equals 
sign then it is considered defined by the program.   

3. Dividing by zero 

4. Using too many parenthesis.  POLYMATH uses the standard order of operators which is 
exponent, multiplication/division, addition/subtraction:  ^, (* or /), (+ or -) which is 
invoked working from left to right in an expression. 

 

Cut and paste the following program in the POLYMATH ODE Solver or load the program 
troubleshooting errors example.pol.  Examine each of these errors and then correct them as directed in the 
error explanation below: 

d(vtheta) / d(r) = vtheta/r-tau/mu  
d(gamma) / d(r) = 0  
tau = Gamma/r^2  
tau=2 
vtheta =omega*R1 
r1=0.1 
r(0) =0.1 
r(f) = 0.12 
vtheta(0) =0 
gamma(0) =-6.5455E-06 
error = (0.012-vtheta)/.012*100 
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18. To see the errors in your program look in the message area or alternatively to see a full 
list:  Select Problem from the Polymath menu and then Show Variables… to see the 
following errors in this program.  Alternatively you could just press on the information 
button  

 

Figure 12:  Original Code 

 

Figure 13:  Request to show all of the errors by selecting Problem and then Show Variables 

Message Area 

To see more than one 
message go to Problem, 
Show Variables or click or 
select the  button  
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Figure 14:  Original listing of variables and errors 

Explanation of Errors in Message: 

Differential variables (2); vtheta, gamma There are three ordinary differential equations, but one 
of the equations has a syntax error and is not recognized.  See below. 

Explicit variables (5); tau, tau, vtheta, r1, error There are 5 explicit (variable = ) equations.  
Notice that it has tau twice which means that it was defined more than once as an explicit 
equation.  This is an error that is also mentioned in the “Multiple (This is a spelling error!) 
defined variables” 

Independent variable = r The ODE’s are with respect to only one variable and that variable is r.  
This is OK 
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19. Now for the RED X’s  X Error in Line #2, Syntax Error.  Please enter a valid 
implicit/explicit equation or boundary condition.  d(omega*R1) / d(r) = vtheta/r-tau/mu The 
error in this equation is the use of an operator on the left hand side which is not allowed.  
If this equation was required you would need to define a new variable: junk=omega*R1.  
The correct form is using the line #1 ODE so to correct this error we will delete line 2.  

 

Figure 15:  Error in line #2 

There should not be a multiplication operator between omega 
and R1. If this equation was required you would need to 
define a new variable: junk=omega*R1.   
But for this example we will just Delete line #2 
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Figure 16:  Resulting code after deleting line #2 from above.  To see this code you need to click on 
another line and the message box will update to the next error. 

20. X Undefined variables : mu, Gamma, omega, R1 The variable mu is used in line 1, but 
not defined.  You need to add an explicit equation mu=0.001.  The reason that Gamma 
is undefined is that it never appears on the left hand side of the equal sign, but the 
variable gamma does!  To correct this error change the case of the g in Gamma.  The 
remaining undefined variables we will correct in the next error. 

 

Add mu=0.001 to define the variable mu 

Change the case of G to g.  Variables names are case sensitive 
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Figure 17:  Result after adding definition of mu and change case of G to g 

21. X Variables defined more than once: vtheta, tau There are two equations that have tau = 
on lines 3 and 4. The variable vtheta has been defined twice; once in line #1 as an 
ordinary differential equation and the second time in line #5 shown below. Equation 5 
(vtheta =omega*R1) must be deleted in this problem.  A variable is defined by having it on 
the left hand side of the equal sign.  Additionally there can only be one variable on the 
left hand side of an equal sign.   
Also on line #4 you should delete the equation (tau = 2) since it is already defined in the 
equation above it (#3).   

 

Figure 18:  tau and vtheta corrections 

  

Delete vtheta=omega*R1 since vtheta is 
defined in line #1 using an ODE 

Delete the line with tau=2 
since tau is defined in line #3 
with the equation 
tau=gamma/r^2 



23 

 

22. Now the program is ready to run:  

 

Figure 19:  Program is ready to run 

23. The following errors from the original code were fixed by following the 
steps above: 

X Multiply (sp Multiple) defined variables : There are 2 variables (tau and vtheta) defined more 
than once that are involved in multiplication  (This seems to be a strange error code).  You 
already deleted the equation on line 4 (tau = 2) since you can only define it once.   

X Warning: 2 Duplicate explicit variable/s exist/s. Again these are vtheta, tau. 

X Warning: 4 Undefined variable/s exist. This is also giving the number of variables undefined 
as 4. 

X Warning: 2  Multiply defined variable/s exist. Again a repeat of the above. 

The purple arrow appears and 
the program is ready to run!  
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Figure 20:  Original program will errors 

24. One last step is to have POLYMATH automatically order your equations.  This is 
optional but very useful for the professor to grade your homework.  Go to the menu and 
select Problem and then Arrange equations. 

 

Figure 21:  Arrange Equations 

  

Line 5 you deleted this line tau = 2 since tau was 

defined in the line above 

Line 6 you deleted this equation vtheta =omega*R1 since it 

is defined in the first line which conatins an ODE 

Problem Title entered from 
Edit, Enter Problem Title 

File name 

Line 2 you deleted this equation  
d(omega*R1) / d(r) = vtheta/r-tau/mu since it contained an 

operator on the right hand side 
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25. The result after arranging equations will put the ODE’s at the top, followed by explicit 
eqautions and then initial and final conditions as shown below. 

 

26. Now run your corrected program by pressing the Pink arrow

 

27. Your program should run and produce an output page like the following:  

Run Program 

ODE’s are at the top 

Explicit Equations 

Initial conditions:  VariableName(0) 

Final condition for independent variable VariableName(f) 
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For homework assignments you will be required to copy and paste this page into a word 
document that will also contain answers to questions, graphs and sample calculations that 
will be uploaded to Blackboard. 

  

Problem Title must have been entered from 
the menu Edit, Enter Problem Title 
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POLYMATH Report Fluid contained between two co-axial cylinders with outer cylinder rotating  
Ordinary Differential Equations 21-Jun-2017 
 
Calculated values of DEQ variables  
  Variable Initial value Minimal value Maximal value Final value 
1  error  100.  -0.0006944  100.  -0.0006944  
2  gamma  -6.546E-06  -6.546E-06  -6.546E-06  -6.546E-06  
3  mu  0.001  0.001  0.001  0.001  
4  r  0.1  0.1  0.12  0.12  
5  r1  0.1  0.1  0.1  0.1  
6  tau  -0.0006546  -0.0006546  -0.0004545  -0.0004545  
7  vtheta  0  0  0.0120001  0.0120001  

 
Differential equations  
1  d(vtheta)/d(r) = vtheta/r-tau/mu  
2  d(gamma)/d(r) = 0  

 
Explicit equations  
1  tau = gamma/r^2  
2  mu = 0.001  
3  r1 = 0.1  
4  error = (0.012-vtheta)/.012*100  

 
General  
Total number of equations  6  

Number of differential equations  2  

Number of explicit equations  4  

Elapsed time  0.000 sec  

Solution method  RKF_45  

Step size guess. h  0.000001  

Truncation error tolerance. eps  0.000001  

 
 
Data file: z:\home\documents\cache\aseeworkshop\troubleshooting errors example.pol 
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Remember to always enter a problem title by selecting Edit, Enter Problem Title… 

 

Figure 22:  Always enter a problem title so that the professor will know what problem you solved. 

28. Rename and Save this program for submission on blackboard.  The new filename should 
have your last name as part of the title.   

29. Other types of errors cause a program to stop running.  This error starts after you press 
the Pink arrow to start solving the problem below and the solution stops with an error 
message window titled Polymath Guide. Below is a different example to show this error.  
Again copy and paste the below code into an ODE solver (or load the program 
divideByZeroCode.pol) and then run the code 

d(tau_r)/d(r)= delP/L*r 
d(vx)/d(r)=-(tau/K)^(1/n) 
K=1e-6 
delP=100 
L=10 
tau=tau_r/r 
#tau=if(r>0) then (tau_r/r) else(0) 
n=2 
R=0.009295 
r(0)=0 
tau_r(0)=0 
vx(0)=1.3358812 
r(f)=0.009295 
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Figure 23:  Divide by zero example after pressing the pink arrow 

In line 6, the value of r at the beginning of the integration is zero (r(0)=0) so the program tries to 
divide by zero in the expression in line 6 (tau = tau_r/r).  This causes the program to stop and this 
error code appears.  To correct this error, the program needs an If, Then Else statement which 
has been commented out using a pound sign.  This is shown in line #7:  #tau =  if (r >0) then 

(tau_r/r) else (0).  The pound sign # is used as a comment marker.  Delete the line: tau=tau_r/r and 

then remove the # that is used as a comment marker.  Anything after the comment marker is 
ignored by the solver.  Now the program will run. 

30. Save this program for submission on blackboard.  Again the filename should have your 
last name in it.   

 

Additional tips for troubleshooting are found in the help menu for ODE’s which can be found by 
clicking on the yellow question mark or pressing the F1 key.  

 

Click on the 
question mark 
here for help 
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Now scroll down or click the Collapse All to go to the section marked trouble shooting as shown 
below.  Of particular interest will be what happens if Integration progresses very slowly and you 
need to use a stiff algorithm: 

 

  



Application of Numerical Problem 
Solving in Chemical Engineering 

Coursework 

Presenters: Robert P. Hesketh, Rowan 
University; Michael B. Cutlip, 

University of Connecticut



Polymath Software problem-solving 
capabilities include

• Differential Equations - up to 300 simultaneous
ordinary differential and 300 additional explicit
algebraic equations

• Nonlinear Equations - up to 300 simultaneous
nonlinear and 300 additional explicit algebraic
equations

• Data analysis and Regression - up to 200 variables with
up to 1000 data points for each, with capabilities for
linear, multiple linear, and nonlinear regressions with
extensive statistics plus polynomial and spline fitting
with interpolation and graphing capabilities

• Linear Equations - up to 264 simultaneous equations



Integration of POLYMATH 
with Fogler’s chemical reaction engineering textbook

Example 6-2 Membrane Reactor

Integration already 
accomplished!  No 
extra work required.

A A, B, C

B B BB

A,B,C

B B BB

𝐴 → 𝐵 + 𝐶



How do you integrate POLYMATH into 
your course?

Start with examples from POLYMATH Text
• Thermodynamics, 
• Fluid Mechanics, 
• Heat Transfer, 
• Mass Transfer, 
• Chemical Reaction Engineering,
• Phase Equilibria and Distillation,
• Process Dynamics and Control,
• Biochemical Engineering



Polymath Text:  Fluids Course

21 Problems in fluids



Example Schedule of Topics for
ChE Fluids (2 credit hour)

Polymath: Nonlinear Equation 
Solver (NLE)

Polymath: Differential 
Equation Solver (DEQ) & 
COMSOL



Adv. ChE Fluids (2 cr)



Typical Fluids Problems

ChE Course Problem Name Numerical Method Illustrated Equations  

Fluids Calculations involving Friction Factors 
for Flow in Pipes (POLYMATH Text 8.7) 
and pipeflow homework 
frictionfactorcalcsoln.pdf 
Excel Tutorial Solver Add-Ins rev4.pdf 

Solution of a system of simultaneous nonlinear 
algebraic equations (NLE) 

∆𝑃

∆𝐿
= 2𝑓𝐹

𝜌𝑣2

𝐷
 

𝑓𝐹 = 𝑓 𝜀 𝐷 , 𝑅𝑒  
𝑅𝑒 = 𝜌𝑣𝐷 𝜇  

 Unsteady-state tank drainage using a 
siphon tube (similar to POLYMATH text 
8.14) 
C&S8-14soln.pdf 

Solution of an first order ordinary differential equation 
(DEQ) 

𝑑ℎ𝑇

𝑑𝑡
= 𝑣𝑜𝑢𝑡

𝐴𝑜𝑢𝑡

𝐴𝑡𝑎𝑛𝑘
 

𝑣𝑜𝑢𝑡 = 𝑓 ℎ𝑇  

Advanced 
Fluids 

NonNewtonian fluid flow through a 
pipe (POLYMATH Text 8.2c) 
NonNewtonian C&S 8.2 solutions & 
comsol.pdf 
 
NonNewtonian fluid flow through an 
annulus (POLYMATH Text 8.4) 
NonNewtonian C&S8.4 
polymath&comsol & 3.8-8 solutions 
2017.pdf 

Solution of 2 simultaneous first order ordinary 
differential equations with split boundary value 
conditions and comparison with solution using 
COMSOL which is an advanced finite element program 

𝑑 𝑟𝜏𝑟𝑥  

𝑑𝑟
= −

𝑑𝑃

𝑑𝑥
𝑟 

𝜏𝑟𝑥 = −𝐾  
𝑑𝜐𝑥
𝑑𝑟

   
𝑑𝜐𝑥
𝑑𝑟

  
(𝑛−1)

 

    

 



POLYMATH in a classroom

• Students need to understand the models that 
they use.

• Have students derive the model equations

• Then enter them into POLYMATH

POLYMATH is not a “canned” program in which 
the equations are hidden such as in COMSOL 
and ASPEN

The next slides give an example of using 
POLYMATH with a problem in Fluids



Newtonian Fluid Flow Between Parallel 
Plates Example

• Figures showing flow

• Graphs with expected 
behavior

• Control Volume – shell 
balance

• Derivation

• Simplifications: steady-
state etc.

1
 c

m

  100 cm  

 50 cm   

z

y

x

0 0

y

y



Analytical Solution

• Newtonian Fluid

• Boundary Conditions
➢𝑦 = 0 𝑣𝑥 = 𝑚𝑎𝑥 𝜏𝑦𝑥 = 0

➢𝑦 = 𝑤𝑎𝑙𝑙 𝑣𝑥 = 0 𝜏𝑦𝑥 = max

• Integrate Twice: Analytical Solution

➢𝑣𝑥 = −
𝑑𝑃

𝑑𝑥

𝛿2

2𝜇
1 −

𝑦

𝛿

2



Numerical Solution

• Newtonian Fluid

• Two coupled ODE’s and 
Split Boundary Condition

• Then manipulate two 
ODE’s so they can be 
solved using the 
POLYMATH Differential 
Equation Solver (DEQ)

1
 c

m

  100 cm  

 50 cm   

z

y

x

ቚ𝜏𝑦𝑥
𝑦=0

= 0

ቚ𝜏𝑦𝑥
𝑦=𝑤𝑎𝑙𝑙

= 𝑏𝑖𝑔

ቚ𝑣
𝑦=𝑤𝑎𝑙𝑙

= 0

ቚ𝑣
𝑦=0

= 𝑏𝑖𝑔



Required manipulation to solve 2 
ODE’s with split Boundary conditions 1

 c
m

  100 cm  

 50 cm   

z

y

x

Integration starts at y=0 and both 
initial conditions must be known!
Solution is to guess 𝑣𝑥 at 𝑦 = 0 until 
at 𝑦 =wall 𝑣𝑥=0

𝜕𝑣𝑥

𝜕𝑦
=

𝜏𝑦𝑥

−𝜇

𝜕𝜏𝑦𝑥

𝜕𝑦
= −

𝑑𝑃

𝑑𝑥

𝑦 = 0 𝑣𝑥 = max 𝜏𝑦𝑥 = 0

𝑦 = 𝑤𝑎𝑙𝑙 𝑣𝑥 = 0 𝜏𝑦𝑥 = max



Solution

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0 0.001 0.002 0.003 0.004 0.005 0.006

Fl
u

id
 V

e
lo

ci
ty

 (
m

/s
)

Spacing Between plates (m)

vx

vAnal

Trials using interpolation 
after 3rd guess

v at center v at wall

0.1 -0.025

0.5 0.375

0.1250 3.88E-16



Students are Confused
• Question

Why do I have to do trial & error for the initial velocity?  Why not 
just plug-in the maximum velocity from the analytical solution?

• Answer
Your goal is always to compare a numerical solution to a simple 
analytical problem solution.  This shows that the numerical solution 
method is correct.

• Then give students a more complex problem with one of the plates 
heated resulting in a temperature profile in the liquid. Now they 
must do the trial and error procedure.

𝑇 = 5000
𝐾

𝑚
𝑦 + 293.15𝐾

𝜇 =
196.99kg

𝑚 𝑠
ex p −

0.033

𝐾
T

Temperature Profile in liquid:



Heated Plates

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 0.001 0.002 0.003 0.004 0.005 0.006

Fl
u

id
 V

e
lo

ci
ty

 (
m

/s
)

Spacing Between plates (m)

Solution

OldAnalytical with T

Trials using interpolation after 
3rd guess
v at center v at wall
0.125 -0.05306
0.12 -0.05806
0.180 0.001939
0.17806 3.95E-05



What about models that are 
formulated as integrals?

• Previous state of the art numerical methods 
where based on evaluating integrals

– Trapezoidal rule

– Simpson’s Rule

• Many textbooks present models only as 
integrals



Packed Towers: Gas Absorption
Traditional Approach using integrals



Derive model using Plug Flow Assumption:  
Create Differential Equations

𝑑 𝑉𝑦𝐴𝐺

𝑑𝑧
= −

𝑘𝑦
′ 𝑎𝑆

1 − 𝑦𝐴 𝑖𝑀
𝑦𝐴𝐺 − 𝑦𝐴𝑖

𝑑 𝐿𝑥𝐴𝐺

𝑑𝑧
= −

𝑘𝑥
′ 𝑎𝑆

1 − 𝑥𝐴 𝑖𝑀
𝑥𝐴𝑖 − 𝑥𝐴𝐿



Polymath Absorber Model



Introduction to Problem Solving with 
PolyMath, Excel and MATLAB 

Robert Hesketh, Professor 
Chemical Engineering 
Rowan University 
Glassboro, NJ  08028 
hesketh@rowan.edu

Michael B. Cutllip, Emeritus Professor 
Dept. of Chemical & Biomolecular 
Engineering
University of Connecticut
Storrs, CT  06269-3222
michael.cutlip@uconn.edu

PLEASE READ BEFORE USING THIS PDF FILE
Users of this PDF file are recommended to utilize the latest version of Abobe 
Acrobat Reader DC.  This the latest free Reader software that has enabled us 
to utilize many attachments. It also allows us to place icons in the text that 
will bring up and allow the reader to double click on an icon in the text to 
execute PolyMath and other software with the appropriate problem files.  
Please go to the the link below to upload and install the latest Acrobat Reader 
software.  Also please install the latest  PolyMath EDU Site 6.2 free software 
distributed with these ASEE Chemical Engineering Summer School materials.

https://get.adobe.com/reader/?promoid=8JD95JPQ&mv=other

mailto:hesketh@rowan.edu
mailto:michael.cutlip@uconn.edu
https://get.adobe.com/reader/?promoid=8JD95JPQ&mv=other


Engineer’s Tools - THEN in early 1960’s 

Calculation 
Documentation 

Properties 

Graphical Solution 



NOW! Increasing Problem Solving 
Efficiency and Capabilities with a Novel 

Combination of Software Tools 

• POLYMATH© (easy problem formulation)
• Excel™ (familiar spreadsheet

environment)
• MATLAB™ (advanced problem solving)

Students and Faculty at their personal 

computers or in computer labs can now 

effectively solve problems using all the above 

packages. 



Desktop Problem Solving Involving 

Polymath, Excel, and MATLAB 

Mathematical 
Model 

Polymath 6.2 

Solution 
Algorithm 

Excel 
Solution 

Excel 

Polymath 
Solution 

MATLAB 

MATLAB 

Solution 



POLYMATH Educational 6.2 
Numerical Computation Package 

• Extremely Easy-to-Use

• Excellent Problem Solving Capabilities
– Linear Equations – 100 (264) Professional Version

– Nonlinear Equations – 30 (300)

– Differential Equations – 30 (300)

– Regressions (Linear, Polynomial, Multiple Linear,
Nonlinear) - 301 data points (1001)

• Automated Export of Problems to Working Excel
Spreadsheets Enabling Stand-Alone Excel
Calculations (Provides Add-In for Excel that
Solves ODEs.

• Enables the Use MATLAB by Automatically
Translating Problems to Code for Use in M-files.



POLYMATH 6.2 features include: 
• EASE OF USE WITHOUT ANY PROGRAMMING LANGUAGES

OR CONTROL LANGUAGES TO REMEMBER
• STANDARD WINDOWS EDITING
• EXTENSIVE USER ALGORITHM SELECTION AND CONTROL
• EXECUTION WITH ALL 32-BIT AND 64-BIY WINDOWS

OPERATING SYSTEMS INCLUDING WIN 8
• COMPATIBILITY WITH PREVIOUS VERSIONS
• THREE ON-BOARD UTILITIES: POWERFUL CALCULATOR,

UNIT CONVERTER, AND EXTENSIVE ENGINEERING
CONVERSION FACTORS

• EXTENSIVE ON-LINE DOCUMENTATION
• AUTOMATIC PROBLEM EXPORT TO EXCEL – EXCEL ADD-IN

FOR DIFFERENTIAL EQUATIONS
• MATLAB OUTPUT GIVING ORDERED AND FORMATTED

EQUATIONS



Initial Polymath Software Display with Help that 
Gives Detailed Information on the Software 



Polymath Software has Four Main Programs 



Polymath Software also has Three Utilities: 
• Calculator

• Units Converter

• Scientific Constants



Polymath Software has Extensive HELP 

Open Polymath on your computer and look at the HELP to learn more about the program. 

You can open Polymath HELP by clicking on the ? found at the top Polymath program 
menu.  Alternately you can open a window containing HELP by double clicking on       or by 
going to the Attachments list (click on the arrow icon on the left margin) and then by 
clicking on the paper clip and then double clicking on Polymath.pol followed by clicking ?.


No Title    |POLVER05_1 |2




Double Click to Open
File Attachment
Polymath.pol



Introductory Problems 
1. Linear Equations – Material Balances for

Distillation Columns – Polymath

2. Explicit Calculations – Equation of State –
Polymath and Excel

3. Nonlinear Equations – Pressure Drop for Pipe
Flow – Polymath and Excel

4. Differential Equations – Series Reactions in a
Batch Reactor - Polymath, Excel, and MATLAB

5. Regression – Hardening of Concrete
(Multiple Linear Regression) - Polymath,
Excel

6. Regressions – Vapor Pressure Data
(Linear and Nonlinear) - Polymath, Excel



Problem 1 - Material Balances for Distillation Columns 

Determine the Flow Rates B1, D1, B2, and D2



Linear Equations - Material Balance Problem 
Determine the Flow Rates B1, D1, B2, and D2

Select a part of 
the flow sheet for 
making balances 
as show in red. 



Linear Equations - Material Balance Problem to 
Determine the Flow Rates B1, D1, B2, and D2

Make Balances on 
Each Species: 
Xylene 

Styrene 
Toluene 
Benzene 



Linear Equations - Material Balance Problem to 
Determine the Flow Rates B1, D1, B2, and D2

POLYMATH – This file attachment 
name is LinearEquations01.pol 

Demonstration of the Actual Polymath Program 

You can go to POLYMATH with the 
program ready for solution with a 
Double click on file name from 
attachments list. You may need to 
first click on the right arrow on left 
margin and then the paper clip.

You can Double Click on the 
Link icon below to bring up 
the Polymath program with 
the problem already entered.

 OR


1.5(a) Separation Train  |POLVER05_ |0
3
varsnames==D1,B1,D2,B2,
0.07	0.18	0.15	0.24	
0.04	0.24	0.1	0.65	
0.54	0.42	0.54	0.1	
0.35	0.16	0.21	0.01	
10.5	17.5	28	14	


Double Click to Open in Polymath
File Attachment
LinearEquation01.pol



Problem 2 - Explicit Calculations for an Equation of State 

Calculate P when the 

other variables and 

parameters of the van 

der Waals equation of 

state are known. 

Hint: Use POLYMATH 

Nonlinear Equations 

Option (even when all 
equations are explicit). 



Problem 2 - Explicit Calculations for an Equation of State 

Polymath Solution Demonstration 

Enter the 
equations into 
Polymath. 

Note that the 
equations can be 
entered in any 
order. Polymath 
orders equations 
before solution. 

Use templates or 
full screen editor. 



Execute this problem 
solution with 
Polymath and verify 
the given Polymath 
Report solution. 

PolymathNonlinear.pol NonlinearEquations01.pol 

Problem 2 - Explicit Calculations for an Equation of State 

Polymath Solution Exercise 

Use 
Polymath to 
enter and 
solve 
equations 

OR 


No Title      |POLVER05_1 |2
R = 0.08206
Tc=304.2
Pc=72.9
T=350
V=0.6
a=(24/64)*((R^2*Tc^2)/Pc)
b=(R*Tc)/(8*Pc)
P=(R*T)/(V-b)-a/V^2









Double Click to Open
File Attachment
Nonlinear Eqluations01.pol


No Title      |POLVER05_1 |2






Double Click to Open
File Attachment
PolymathNonlinear.pol



Mathematical 
Model 

Excel 
Solution 

Solution 
Algorithm 

Polymath 6.2 

Polymath 
Solution 

Excel 

Problem 2 - Explicit Calculations for an Equation of State 

Polymath Solution then Export to Excel for Solution 



Problem 2 - Explicit Calculations for an Equation of State 

Polymath Solution then Export to Excel for Solution 
Exercise 

Export the 
POLYMATH 

problem to EXCEL 
by clicking the 
EXCEL icon in the 
Polymath Program. 

Hint – Be sure to have an open Excel 
Spreadsheet running on your computer before 
exporting problem. Open Excel manually or 
click on attachment Excel.xls.


PL1

		





Sheet1

		





Double Click to Open
File Attachment
Excel.xls



Compare your EXCEL results 
to the POLYMATH results. 

Problem 2 - Explicit Calculations for an Equation of State 

Polymath Solution then Export to Excel for Solution 
Exercise 

Double Click
Highlight

Double Click
Highlight


PL2

		POLYMATH NLE Migration Document

				Variable		Value				Polymath Equation		Comments

		Explicit Eqs		R		0.08206				R=0.08206

				Tc		304.2				Tc=304.2

				Pc		72.9				Pc=72.9

				T		350				T=350

				V		0.6				V=0.6

				a		3.2054217843				a=(24/64)*((R^2*Tc^2)/Pc)

				b		0.0428029012				b=(R*Tc)/(8*Pc)

				P		42.6415451173				P=(R*T)/(V-b)-a/V^2





PL1

		





Sheet1

		





Double Click to Open
File Attachment
NonlinearEquations01.xls


No Title      |POLVER05_1 |2
R = 0.08206
Tc=304.2
Pc=72.9
T=350
V=0.6
a=(24/64)*((R^2*Tc^2)/Pc)
b=(R*Tc)/(8*Pc)
P=(R*T)/(V-b)-a/V^2









Double Click to Open
File Attachment
NonlinearEquations01.pol



= 1 / (4 * log(Re * sqrt(fF)) - 0.4) ^ 2 if Re >= 

2100 

becomes in Polymath 

f(fF) = If (Re < 2100) Then (fF - 16 / Re) 

Else (fF - 1 / (4 * log(Re * sqrt(fF)) - 0.4) ^ 2) 

Statement 

Friction Factor Equation 

fF = 16 / Re if Re < 2100 

The second 
nonlinear equation 
uses the If… Then... 
Else Statement 

Polymath Solution for Two Nonlinear Equations 
– Simultaneous Solution with If… Then… Else…

Problem 3 - Pressure Drop Calculation for Pipe Flow 



f(D) = dp - 2 * fF * rho * v * v * L / D 

Polymath Solution for Two Nonlinear Equations 
– Simultaneous Solution with If… Then… Else…
Statement 

Pressure Drop Equation 
dp = 2 * fF * rho * v * v * L / D 

becomes in Polymath 

The nonlinear 
equation is 
rearranged to 
equal zero. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 



Mathematical 
Model 

Excel 
Solution 

Solution 

Algorithm 

Polymath 6.2 

Polymath 

Solution 

Excel 

Problem 3 - Pressure Drop Calculation for Pipe Flow 

Polymath Solution for Two Nonlinear Equations 
– Simultaneous Solution with If… Then… Else…
Statement 

Solution will be 

made in Polymath 
and Excel 



Problem 3 - Pressure Drop Calculation for Pipe Flow 
Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 

This is an example 
of two nonlinear 
equations plus 
nine explicit 
equations. 



The nonlinear 
equations for 
pressure drop and 
for Fanning 
friction factor will 
be solved to be 
zero. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 
Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 



There is a templates for 
entering an explict equation. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 
Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 

There is a template for entering 
a nonlinear equation. 

Program statements can be 
entered in any order as Polymath 
orders them before solution. 



The solution is possible when 
the arrow turns to a red color 
and is clicked with the mouse. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 
Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 

Here is a partial Polymath 
solution of this problem 



Excel Solution for Two Nonlinear Equations – 
Simultaneous Solution with If… Then… Else… Logic 

Polymath Software has the option of automatically 

sending a problem to Excel by clicking on the Excel 

icon where the problem is ready to be solved. For 

Nonlinear Equations, you will use the Solver Add-In 

to obtain Excel solution. Excel must be open on your 

computer. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 



From 

Polymath 

To 

Excel 

One Key Press on 
the Excel icon 
automatically 
creates problem in 
Excel. 

Problem 3 - Pressure Drop Calculation for Pipe Flow 



Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 

Use 

Excel Add-In 

Solver 
For Solution 

Excel 
Solution 

Note - The Solver display, options, and results vary with the Excel version being used.



Please open Excel and have Solver Add-In available. This file is Excel.xls 

Let’s Solve Polymath Problem, 

Refer to the previously presented Polymath Solution and the 
Export and Solution of Same Problem in Excel to solve this 
problem with Polymath and Excel. 

First Let’s Open an 

Excel Worksheet 

Problem 3 - Pressure Drop Calculation for Pipe Flow 
Two Nonlinear Equations – Simultaneous 
Solution with If… Then… Else… Statement 

Export to Excel, and Solve in Excel 
POLYMATH – This file is NonLinearEquations02.pol          

Excel – Ready for Solution file is NonLinearEquations02.xls 


Calculation of Pipe Diameter      |POLVER05_1 |2
# Calculation of pipe diameter to have Pressure Drop of 103000 Pa over Length of 100 meters.
f(D) = dp - 2 * fF * rho * v * v * L / D # Calculation of pipe diameter for specified flowrate (D in m)
f(fF) =  If (Re < 2100) Then (fF - 16 / Re) Else (fF - 1 / (4 * log(Re * sqrt(fF)) - 0.4) ^ 2) # Fanning's friction factor

# The explicit equations
rho = 46.048 + T * (9.418 + T * (-0.0329 + T * (4.882e-5 - T * 2.895e-8))) # Liquid density (kg/cu-m)
vis = exp(-10.547 + 541.69 / (T - 144.53)) # Liquid viscosity (Pa-s)
Re = D * v * rho / vis # Reynold's number
v = q / (pi * D ^ 2 / 4) # Flow velocity (m/s)
dp = 103000 # Pressure drop (Pa)
L = 100 # Pipe length (m)
T = 25 + 273.15 # Temperature (K)
pi = 3.1416
q = 0.0025 # Flow rate (cu-m/s)

# Initial Guess for nonlinear equations variables
D(0) = 0.04
fF(0) = 0.004







Double Click to Open
File Attachment
NonlinearEquations02.pol


PL1

		POLYMATH NLE Migration Document

				Variable		Value				Polymath Equation		Comments

		Explicit Eqs		rho		994.5715041241				rho=46.048 + T * (9.418 + T * (-0.0329 + T * (4.882e-5 - T * 2.895e-8)))		Liquid density (kg/cu-m)

				vis		0.0008930826				vis=exp(-10.547 + 541.69 / (T - 144.53))		Liquid viscosity (Pa-s)

				Re		88620.3631193027				Re=D * v * rho / vis		Reynold's number

				v		1.9894321365				v=q / (pi * D ^ 2 / 4)		Flow velocity (m/s)

				dp		103000				dp=103000		Pressure drop (Pa)

				L		100				L=100		Pipe length (m)

				T		298.15				T=25 + 273.15		Temperature (K)

				pi		3.1416				pi=3.1416

				q		0.0025				q=0.0025		Flow rate (cu-m/s)

		Implicit Vars		D		0.04				D(0)=0.04		Calculation of pipe diameter for specified flowrate (D in m)

				fF		0.004				fF(0)=0.004		Fanning's friction factor

		Implicit Eqs		f(D)		24272.8978727932				f(D)=dp - 2 * fF * rho * v * v * L / D

				f(fF)		-0.0006950065				f(fF)=If (Re < 2100) Then (fF - 16 / Re) Else (fF - 1 / (4 * log(Re * sqrt(fF)) - 0.4) ^ 2)

		Sum of Squares:				589173571.143049				F = f(D)^2+f(fF)^2





Sheet1

		





Sheet2

		





Sheet3

		





Double Click to Open
File Attachment
NonlinearEquations02.xls


PL1

		





Sheet1

		





Double Click to Open
File Attachment
Excel.xls



Consider a Batch 

Reactor that 

initially has only 

reactant A 

 
k1 k2 

A → B → C 

POLYMATH – This file is DifferentialEquations01.pol 

Differential Equations – Simultaneous ODEs 

Problem 4 – Batch Reactor Kinetics 

∞ 


No Title  |POLVER05_0 |1
d(CA)/d(t) = -k1 * CA
CA(0) = 1
d(CB)/d(t) = k1 * CA - k2 * CB
CB(0) = 0
d(CC)/d(t) = k2 * CB
CC(0) = 0
k1 = 2
k2 = 3
t(0) = 0
t(f) = 4








Double Click to Open
File Attachment
DifferentialEquations01.pol



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

Mathematical 
Model 

Excel 
Solution 

Solution 

Algorithm 

Polymath 6.2 

Polymath 

Solution 

Excel 

Let’s Enter and Solve this 
Problem in POLYMATH

POLYMATH – The solution file is DifferentialEquation1.pol.  Please 
check for the Graph and the Report to be given during the solution. 


No Title  |POLVER05_0 |1
d(CA)/d(t) = -k1 * CA
CA(0) = 1
d(CB)/d(t) = k1 * CA - k2 * CB
CB(0) = 0
d(CC)/d(t) = k2 * CB
CC(0) = 0
k1 = 2
k2 = 3
t(0) = 0
t(f) = 4








Double Click  to Open
File Attachment
DifferentialEquations01.pol



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

There is a template for entering 
a differential  equation. 

There is a template for entering 
an explicit equation. 

Program statements can be 
entered in any order as Polymath 
orders them before solution. 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

The solution is possible when 
the arrow turns to a red color 
and is clicked with the mouse. 

Here is a partial Polymath 
Report for this problem. 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

Here is a partial Polymath 
Graph for this problem. 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 
Let’s Open Excel and Export Problem to Excel by pressing the 
Excel icon. Polymath ODE_Solver should be available on Add-Ins 
sheet at top left and press to bring up Polymath ODE control box. 

POLYMATH – The solution file is DifferentialEquation01.pol. Open Excel before export from 
Polymath or open DifferentialEquation01.xls for solution. 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

Setup solution in Polymath and export to Excel. Solve with 
ODE_Solver AddIn in Excel and compare with Polymath solution.

The problem variables 
names can be added to 
the results that is 
similar to the Polymath 
report. 

The problem variables 
can be added to the 
Intermediate data points 
and plotted using Excel 
graphics. 

Solution is on DifferentialEquations01.xls on sheet DEQ Solution (1). 


PL1

		POLYMATH DEQ Migration Document

				Variable		Value				Polymath Equation		Comments

		Explicit Eqs		k1		2				k1=2

				k2		3				k2=3

		Integration Vars		CA		0.0003354626				CA(0)=1

				CB		0.0006586368				CB(0)=0

				CC		0.9990059005				CC(0)=0

		ODE Eqs		d(CA)/d(t)		-0.0006709253				d(CA)/d(t) = -k1 * CA

				d(CB)/d(t)		-0.0013049852				d(CB)/d(t) = k1 * CA - k2 * CB

				d(CC)/d(t)		0.0019759105				d(CC)/d(t) = k2 * CB

		Indep Var		t		4				t(0)=0 ; t(f)=4



Polymath ODE cells

PL1!$C$5:$C$7
PL1!$C$8:$C$10
PL1!$C$11
4
PL1!$C$3:$C$4



DEQ Solution (1)

		POLYMATH Report DEQ

		Ordinary Differential Equations (RKF45).

		Calculated values of DEQ variables

				Variable		Initial		Minimal		Maximal		Final

		1		t		0		0		4		4

		2		CA		1		0.00033546		1		0.00033546

		3		CB		0		0		0.29606209		0.00065864

		4		CC		0		0		0.9990059		0.9990059

		5		k1		2		2		2		2

		6		k2		3		3		3		3

		Differential equations

		[1] d(C5)/d(C11) = (0 - (C3 * C5))

		[2] d(C6)/d(C11) = ((C3 * C5) - (C4 * C6))

		[3] d(C7)/d(C11) = (C4 * C6)

		Explicit equations

		[1] C3 = 2

		[2] C4 = 3

		Independent variable

		Variable name: C11

		Initial value: 0

		Final value: 4

		Intermediate data points

				t		CA		CB		CC		k1		k2

		1		0		1		0		0		2		3

		2		0.0824625829		0.8479571579		0.1342385839		0.0178042582		2		3

		3		0.1334282578		0.7657829415		0.1913075152		0.0429095433		2		3

		4		0.1629384347		0.7218940692		0.217082938		0.0610229928		2		3

		5		0.2122267091		0.6541272214		0.2501626895		0.0957100891		2		3

		6		0.2484715307		0.6083876236		0.2677002079		0.1239121685		2		3

		7		0.2874813719		0.5627258334		0.2811934908		0.1560806758		2		3

		8		0.329327288		0.5175471866		0.2904396925		0.1920131208		2		3

		9		0.3741018389		0.4732158378		0.2953748408		0.2314093215		2		3

		10		0.4219211014		0.4300549865		0.2960620856		0.2738829279		2		3

		11		0.4467633449		0.409210048		0.294880626		0.295909326		2		3

		12		0.4975624101		0.3696772985		0.2898189168		0.3405037847		2		3

		13		0.5235169448		0.350977244		0.2860932576		0.3629294985		2		3

		14		0.5765265964		0.3156714906		0.2766251369		0.4077033725		2		3

		15		0.6035799271		0.299045407		0.2710245881		0.429930005		2		3

		16		0.6587837097		0.2677859211		0.2584239342		0.4737901448		2		3

		17		0.6869359754		0.2531249722		0.251547869		0.4953271588		2		3

		18		0.7443501487		0.2256657633		0.236929687		0.5374045496		2		3

		19		0.7736173715		0.2128357062		0.2292916514		0.5578726424		2		3

		20		0.8032625647		0.2005834058		0.2214980826		0.5779185116		2		3

		21		0.8637042802		0.1777444275		0.2056156536		0.6166399189		2		3

		22		0.8945111879		0.1671234737		0.1976043294		0.6352721969		2		3

		23		0.9257169138		0.1570118768		0.1895927081		0.6533954151		2		3

		24		0.9893285158		0.1382547844		0.1736960445		0.6880491711		2		3

		25		1.0213285158		0.129683679		0.1659649708		0.7043513502		2		3

		26		1.0533285158		0.1216439392		0.1584351708		0.71992089		2		3

		27		1.0853285158		0.1141026231		0.1511196148		0.7347777621		2		3

		28		1.1493285158		0.1003935785		0.137167856		0.7624385655		2		3

		29		1.1813285158		0.0941696786		0.1305435115		0.77528681		2		3

		30		1.2133285158		0.0883316293		0.1241578126		0.7875105581		2		3

		31		1.2453285158		0.0828555099		0.1180117115		0.7991327786		2		3

		32		1.3093285158		0.0729007003		0.106434834		0.8206644657		2		3

		33		1.3413285158		0.0683812214		0.1009993335		0.8306194451		2		3

		34		1.3733285158		0.0641419275		0.0957943572		0.8400637152		2		3

		35		1.4053285158		0.0601654487		0.0908153577		0.8490191936		2		3

		36		1.4693285158		0.0529367733		0.0815141691		0.8655490576		2		3

		37		1.5013285158		0.0496549581		0.0771802981		0.8731647438		2		3

		38		1.5333285158		0.0465765989		0.0730492362		0.8803741649		2		3

		39		1.5653285158		0.0436890826		0.0691144396		0.8871964778		2		3

		40		1.6293285158		0.038439987		0.0618067957		0.8997532173		2		3

		41		1.6613285158		0.0360569		0.0584203599		0.9055227401		2		3

		42		1.6933285158		0.0338215524		0.0552031074		0.9109753402		2		3

		43		1.7253285158		0.0317247853		0.0521482805		0.9161269343		2		3

		44		1.7893285158		0.0279131595		0.0464992867		0.9255875538		2		3

		45		1.8213285158		0.0261826832		0.0438920931		0.9299252237		2		3

		46		1.8533285158		0.0245594877		0.0414213116		0.9340192007		2		3

		47		1.8853285158		0.0230369223		0.039080794		0.9378822838		2		3

		48		1.9493285158		0.0202691139		0.0347668151		0.944964071		2		3

		49		1.9813285158		0.0190125302		0.0327819396		0.9482055302		2		3

		50		2.0133285158		0.0178338484		0.0309045102		0.9512616414		2		3

		51		2.0453285158		0.0167282389		0.0291292943		0.9541424668		2		3

		52		2.1093285158		0.0147183975		0.0258655408		0.9594160617		2		3

		53		2.1413285158		0.0138059305		0.0243675049		0.9618265646		2		3

		54		2.1733285158		0.0129500318		0.0229526829		0.9640972853		2		3

		55		2.2053285158		0.0121471946		0.0216167999		0.9662360056		2		3

		56		2.2693285158		0.0106877502		0.0191656676		0.9701465823		2		3

		57		2.3013285158		0.0100251631		0.0180427726		0.9719320643		2		3

		58		2.3333285158		0.0094036531		0.016983516		0.9736128308		2		3

		59		2.3653285158		0.0088206736		0.0159844995		0.9751948269		2		3

		60		2.4293285158		0.0077608995		0.0141543912		0.9780847093		2		3

		61		2.4613285158		0.0072797625		0.0133172843		0.9794029532		2		3

		62		2.4933285158		0.0068284537		0.0125283762		0.9806431701		2		3

		63		2.5253285158		0.0064051237		0.0117850175		0.9818098589		2		3

		64		2.5893285158		0.0056355697		0.0104250101		0.9839394202		2		3

		65		2.6213285158		0.0052861926		0.0098037071		0.9849101003		2		3

		66		2.6533285158		0.004958475		0.0092186338		0.9858228912		2		3

		67		2.6853285158		0.0046510744		0.0086677535		0.9866811721		2		3

		68		2.7493285158		0.0040922635		0.0076609563		0.9882467802		2		3

		69		2.7813285158		0.0038385636		0.0072014821		0.9889599543		2		3

		70		2.8133285158		0.0036005919		0.0067690772		0.9896303309		2		3

		71		2.8453285158		0.0033773732		0.0063621931		0.9902604337		2		3

		72		2.9093285158		0.0029715932		0.0056192095		0.9914091972		2		3

		73		2.9413285158		0.0027873693		0.0052804172		0.9919322135		2		3

		74		2.9733285158		0.0026145663		0.0049617523		0.9924236814		2		3

		75		3.0053285158		0.0024524763		0.0046620472		0.9928854766		2		3

		76		3.0693285158		0.0021578195		0.0041151676		0.9937270129		2		3

		77		3.1013285158		0.0020240455		0.0038659699		0.9941099846		2		3

		78		3.1333285158		0.0018985648		0.0036316791		0.9944697561		2		3

		79		3.1653285158		0.0017808633		0.0034114207		0.994807716		2		3

		80		3.2293285158		0.0015668986		0.0030097487		0.9954233527		2		3

		81		3.2613285158		0.0014697587		0.0028268239		0.9957034174		2		3

		82		3.2933285158		0.001378641		0.002654904		0.995966455		2		3

		83		3.3253285158		0.0012931722		0.0024933376		0.9962134903		2		3

		84		3.3893285158		0.0011378019		0.0021988447		0.9966633534		2		3

		85		3.4213285158		0.0010672639		0.0020647948		0.9968679413		2		3

		86		3.4533285158		0.0010010988		0.0019388479		0.9970600533		2		3

		87		3.4853285158		0.0009390357		0.0018205204		0.9972404439		2		3

		88		3.5493285158		0.0008262138		0.0016049302		0.997568856		2		3

		89		3.5813285158		0.0007749926		0.0015068357		0.9977181717		2		3

		90		3.6133285158		0.000726947		0.0014146941		0.9978583589		2		3

		91		3.6453285158		0.0006818799		0.0013281481		0.997989972		2		3

		92		3.7093285158		0.0005999543		0.0011705181		0.9982295276		2		3

		93		3.7413285158		0.0005627602		0.0010988201		0.9983384198		2		3

		94		3.7733285158		0.0005278718		0.0010314875		0.9984406407		2		3

		95		3.8053285158		0.0004951464		0.000968257		0.9985365966		2		3

		96		3.8693285158		0.0004356563		0.0008531261		0.9987112176		2		3

		97		3.9013285158		0.0004086477		0.0008007738		0.9987905784		2		3

		98		3.9333285158		0.0003833136		0.0007516179		0.9988650685		2		3

		99		3.9653285158		0.0003595501		0.0007054648		0.9989349851		2		3

		100		4		0.0003354626		0.0006586368		0.9990059005		2		3
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Double Click on Open
File Attachment
DifferentialEquations01.xls



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

Mathematical 
Model 

Polymath 6.2 

Solution 
Algorithm 

MATLAB 

Solution 

Polymath 
Solution 

MATLAB 

Let’s Look at 
the MATLAB 
Solution 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

MATLAB problem solution is obtained by first requesting MATLAB 

output in the Polymath Setting window found with the Settings Icon. 



Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 

This option for MATLAB formatted output results in the MATLAB code to 

be generated automatically at the end of the POLYMATH report. 

Matlab formatted problem 

tspan = [0 4.]; % Range for the independent variable 

y0 = [1.; 0; 0]; % Initial values for the dependent 

variables 

function dYfuncvecdt = ODEfun(t,Yfuncvec); 

CA = Yfuncvec(1); 

CB = Yfuncvec(2); 

CC = Yfuncvec(3); 

k1 = 2; 

k2 = 3; 

dCAdt = 0 - (k1 * CA); 

dCBdt = k1 * CA - (k2 * CB); 

dCCdt = k2 * CB; 

dYfuncvecdt = [dCAdt; dCBdt; dCCdt]; 



Differential Equations – Simultaneous ODEs 

The MATLAB formatted output is copied and pasted into the MATLAB 

template that is provided within the Polymath HELP materials. 



Differential Equations – Simultaneous ODEs 

MATLAB 

code is 
entered into 
template 



Differential Equations – Simultaneous ODEs 

The MATLAB m-file thus created provides graphical output for all 

differential variables. 



Differential Equations – Simultaneous ODEs 

The MATLAB m-file thus created provides graphical output for all 

differential variables. 



Differential Equations – Simultaneous ODEs 

The MATLAB m-file thus created provides graphical output for all 

differential variables. 



Differential Equations – Simultaneous ODEs 

The MATLAB m-file thus created also provides tabular output within the 

MATLAB editor. 



This optional demonstration requires the 
use of MATLAB program on your PC. 

Let’s Go to the POLYMATH 
Problem, Solve the Problem, 
and Generate MATLAB Code! 

POLYMATH – This file is DifferentialEquation01.pol 

Let’s Open MATLAB with Template 
for Multiple Differential Equations, 
Insert Generated Code, and Solve in 
MATLAB 

Template File is MultipleDEQtemplate.m     Solution File is MATLAB01.m 

Problem 4 – Batch Reactor Kinetics 

Differential Equations – Simultaneous ODEs 


No Title  |POLVER05_0 |1
d(CA)/d(t) = -k1 * CA
CA(0) = 1
d(CB)/d(t) = k1 * CA - k2 * CB
CB(0) = 0
d(CC)/d(t) = k2 * CB
CC(0) = 0
k1 = 2
k2 = 3
t(0) = 0
t(f) = 4








Double Click to Open
File Attachment
DifferentialEquations01.pol


function % Insert here your file name after function (Use Alphanumberic names only)
clear, clc, format short g, format compact
tspan=  % Replace this line with tspan line from Polymath report
y0=     % Replace this line with y0 line from Polymath report
disp(' Variable values at the initial point ');
disp([' t    = ' num2str(tspan(1))]);
disp('           y                  dy/dt         ');
disp([y0 ODEfun(tspan(1),y0)]);
[t,y]=ode45(@ODEfun,tspan,y0);
for i=1:size(y,2)
    disp([' Solution for dependent variable y' int2str(i)]);
    disp(['              t                  y' int2str(i)]);
    disp([t y(:,i)]);
    plot(t,y(:,i));
    title([' Plot of dependent variable y' int2str(i)]);
    xlabel(' Independent variable (t)');
    ylabel([' Dependent variable y' int2str(i)]);
    pause
end
%- - - - - - - - - - - - - - - - - - - - - -
% Replace this and the following line with the function copied from the Polymath report
% Do not include the tspan and y0 lines


Double Click to Open
File Attachment
MultipleDEQTemplate.m


function MATLAB01
clear, clc, format short g, format compact
tspan = [0 4.]; % Range for the independent variable 
y0 = [1.; 0; 0]; % Initial values for the dependent variables 
disp(' Variable values at the initial point ');
disp([' t    = ' num2str(tspan(1))]);
disp('           y                  dy/dt         ');
disp([y0 ODEfun(tspan(1),y0)]);
[t,y]=ode45(@ODEfun,tspan,y0);
for i=1:size(y,2)
    disp([' Solution for dependent variable y' int2str(i)]);
    disp(['              t                  y' int2str(i)]);
    disp([t y(:,i)]);
    plot(t,y(:,i));
    title([' Plot of dependent variable y' int2str(i)]);
    xlabel(' Independent variable (t)');
    ylabel([' Dependent variable y' int2str(i)]);
    pause
end
%- - - - - - - - - - - - - - - - - - - - - -
function dYfuncvecdt = ODEfun(t,Yfuncvec); 
CA = Yfuncvec(1); 
CB = Yfuncvec(2); 
CC = Yfuncvec(3); 
k1 = 2; 
k2 = 3; 
dCAdt = 0 - (k1 * CA); 
dCBdt = k1 * CA - (k2 * CB); 
dCCdt = k2 * CB; 
dYfuncvecdt = [dCAdt; dCBdt; dCCdt]; 

Double Click to Open
File Attachment
MATLAB01.m



Problem 5 - Regression of Hardening of Concrete 

Regression – Multiple Linear 

Consider laboratory data for the hardening of cement with four 

components. 



Mathematical 
Model 

Polymath 6.2 

Solution 

Algorithm 

Problem 5 - Regression of Hardening of Concrete 

Regression – Multiple Linear 

Excel 
Solution 

Excel 

Polymath 

Solution 



Problem 5 - Regression of Hardening of Concrete 

Regression – Multiple Linear 

Use Multiple Linear Regression to correlate the hardening of 

cement with four components. 

This Polymath option will fit a linear function of the form: 

y(x1, x2, ..., xn) = a0  + a1*x1  + a2*x2  + ... + an*xn

where a0, a1, ..., an are regression parameters, to a set of N 

tabulated values of x1, x2, ..., xn  (independent variables) 

versus y (dependent variable). Note that the number of 

data points must be greater than n+1 (thus N >= n+1). The 

program calculates the coefficients a0, a1, ..., an by 

minimizing the sum of squares of the deviations between 

the calculated and the data for y. 



Live Demonstration of the Polymath Solution 

Let’s Go to POLYMATH and Generate 
the Problem Solution 

POLYMATH – This file is Regression01.pol 

Use the Regression Program to 
carry out a Multiple Linear 
Regression using the variables 
indicated where the holding 
down the Ctrl key allows all 
independent variables to be 
selected. This case yields the 
lowest variance. 

Problem 5 - Regression of Hardening of Concrete 

Regression – Multiple Linear 


Heat of hardening of portland cement  |POLVER05_ |4
13  5 
Wpc1	Wpc2	Wpc3	Wpc4	hard_heat
7	26	6	60	78.7
1	29	15	52	74.3
11	56	8	20	104.3
11	31	8	47	87.6
7	52	6	33	95.9
11	55	9	22	109.2
3	71	17	6	102.7
1	31	22	44	72.5
2	54	18	22	93.1
21	47	4	26	115.9
1	40	23	34	83.8
11	66	9	12	113.3
10	68	8	12	109.4
*




Double Click to Open
File Attachment
Regression01.pol



POLYMATH Multiple 
Linear Problem 
Report (through the 
origin) 

Problem 5 - Regression of Hardening of Concrete 

Regression – Multiple Linear 



Live Demonstration of the Polymath Solution 
and Solution of Same Problem in Excel 

Let’s Open Excel and Export 

Problem 5 - Regression of Hardening of Concrete 
Regression – Multiple Linear 

Polymath Problem to Excel. 
Excel – The Solution file is Regression01.xls 

The Excel result compares very 
nicely to the Polymath result. 


PL1

		POLYMATH Multiple Linear Regression Migration Document

																				Multiple Linear Regression. No free parameter.

		Wpc1		Wpc2		Wpc3		Wpc4		hard_heat		hard_heat calc		hard_heat residual		hard_heat residual ^2						a4		a3		a2		a1

		7		26		6		60		78.7		79.1642422537		0.4642422537		0.2155208701				Coefficients		0.488545152		0.7532949398		1.1541356673		2.1891765924

		1		29		15		52		74.3		72.3628829437		-1.9371170563		3.7524224897				Std.dev.s		0.0413275932		0.1592003614		0.0478481621		0.1849109933

		11		56		8		20		104.3		104.5098024422		0.2098024422		0.0440170647				R2, SE (y)		0.9995673472		2.4129904317		0		0

		11		31		8		47		87.6		88.8471298637		1.2471298637		1.555332897				95% conf. int.		0.0934830158		0.3601112174		0.1082325427		0.4182686669

		7		52		6		33		95.9		95.9810504994		0.0810504994		0.0065691835				Variance		5.8225228234

		11		55		9		22		109.2		105.0860520187		-4.1139479813		16.9245679931				Sum of Squares		52.4027054106

		3		71		17		6		102.7		104.2484470427		1.5484470427		2.3976882441				Model		hard_heat = a4 * Wpc1 + a3 * Wpc2 + a2 * Wpc3 + a1 * Wpc4

		1		31		22		44		72.5		76.0358576413		3.5358576413		12.5022892594

		2		54		18		22		93.1		91.0089814781		-2.0910185219		4.3723584588

		21		47		4		26		115.9		115.9324385134		0.0324385134		0.0010522572

		1		40		23		34		83.8		82.2909220668		-1.5090779332		2.2773162085

		11		66		9		12		113.3		112.8960928389		-0.4039071611		0.1631409948

		10		68		8		12		109.4		112.2618926412		2.8618926412		8.1904294897
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Double Click to Open
File Attachment
Regression01.xls



Problem 6 – Regressions - Vapor Pressure Data 



Regressions – Linear and Nonlinear 

Mathematical 
Model 

Excel 
Solution 

Solution 
Algorithm 

Polymath 6.2 

Polymath 
Solution 

Excel 

Problem 6 – Regressions - Vapor Pressure Data 



POLYMATH Clapeyron Equation Linear Regression EXERCISE 
Utilize the Polymath 

Regression Program 

to input the data to 

the Data Table. 

Create a new column 

for a variable logP 

that is the log of the 

pressure. 

logP = log(P) 

Then create another 

column for a variable 

invT that is the 

inverse of the 

temperature in oC. 

lnvT = 1/T 

Problem 6 – Regressions - Vapor Pressure Data 



Utilize the Polymath 

Regression Program 

to make a Linear 

Regression of logP 

versus invTK to yield 

the parameters D 

and E of the 

Clapeyron equation. 

E = a0 = 3.658 

D = a1 = -73.61 

Use the Polymath 
Problem Data File 

OR 

Use the Polymath 
Solution File 

Polymath Data File is RegressionData02.pol Polymath Solution File is Regression02.pol 

Results

Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 


No Title  |POLVER05_ |4
8  2 
P	T
100	41.77
200	56.69
300	69.66
500	84.78
700	95.65
900	100.18
1200	114.79
1500	123.40
*




Double Click to Open
File Attachment
RegressionData02.pol


No Title  |POLVER05_ |4
8  4 
P	T	logP=log(P)	invT=1 / T
100	41.77	2.	0.0239406
200	56.69	2.30103	0.0176398
300	69.66	2.477121	0.0143554
500	84.78	2.69897	0.0117952
700	95.65	2.845098	0.0104548
900	100.18	2.954243	0.009982
1200	114.79	3.079181	0.0087116
1500	123.40	3.176091	0.0081037
*




Double Click
File Attachment
Regression02.pol



Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 

The Graph Option 

from the Polymath 

Regression Program 

indicates a 

reasonable 

representation of the 

data. 

However, the 

Residuals Plot 

Option shows a trend 

in the errors. 



Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 

Utilize the Export to EXCEL Option from the Polymath Regression 

Program to make a Linear Regression of logP versus invTK. The 

results, shown below, are essentially the same as those obtained 

with Polymath. 

You may need the EXCEL 
Problem Solution File 

File is Regression02.xls 


PL1

		POLYMATH Polynomial Regression Migration Document

														Linear Regression. Including a free parameter.

		invT		logP		logP calc		logP residual		logP residual ^2						a1		a0

		0.0239406		2		1.8951032932		-0.1048967068		0.0110033191				Coefficients		-73.6166224416		3.6575294044

		0.0176398		2.30103		2.3589469079		0.0579169079		0.0033543682				Std.dev.s		6.9015003591		0.096990767

		0.0143554		2.477121		2.6007333426		0.1236123426		0.0152800113				R2, SE (y)		0.9499080353		0.0981719466

		0.0117952		2.69897		2.7892066194		0.0902366194		0.0081426475				95% conf. int.		16.8879713786		0.2373364067

		0.0104548		2.845098		2.8878823401		0.0427843401		0.0018304998				Variance		0.0096377311

		0.009982		2.954243		2.9226882792		-0.0315547208		0.0009957004				Sum of Squares		0.0578263866

		0.0087116		3.079181		3.0162108364		-0.0629701636		0.0039652415				Model		logP = a1 * invT + a0

		0.0081037		3.176091		3.0609623812		-0.1151286188		0.0132545989
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Double Click to Open
File Attachment
Regression02.xls



Utilize the Polymath 

Regression Program 

to make a Nonlinear 

Regression of the 

Antoine Equation. 

Use the initial 

guesses as shown. 

Plot the Graph and 

the Residual for this 

regression. 

You may use the Polymath 
Problem Data File 

File is RegressionData02.pol 

OR 

You may use the 
Polymath Solution File 

File is Regression03.pol 

Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 


No Title  |POLVER05_ |4
8  2 
P	T
100	41.77
200	56.69
300	69.66
500	84.78
700	95.65
900	100.18
1200	114.79
1500	123.40
*




Double Click to Open
File Attachment
RegressionData02.pol


No Title  |POLVER05_ |4
8  4 
P	T	logP=log(P)	invT=1 / T
100	41.77	2.	0.0239406
200	56.69	2.30103	0.0176398
300	69.66	2.477121	0.0143554
500	84.78	2.69897	0.0117952
700	95.65	2.845098	0.0104548
900	100.18	2.954243	0.009982
1200	114.79	3.079181	0.0087116
1500	123.40	3.176091	0.0081037
*
logP=A+B/(T+C)
A=3.66	B=-1000	C=200


Double Click to Open
File Attachment
Regression03.pol



Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 

The Graph Option 

from the Polymath 

Nonlinear Regression 

Program indicates a 

reasonable 

representation of the 

data. 

The Residuals Plot 

Option shows a more 

random distribution of 

the errors. 

These graphs plus the 

lower variance for the 

Antoine equation 

indicate that the data 

are well represented. 



Utilize the Export to EXCEL Option from the Polymath Regression 

Program to make a Nonlinear Regression of logP versus invTK. The 

results, shown below, are essentially the same as those obtained with 

Polymath. Note that the EXCEL Add-In Solver must be used to 

complete the Nonlinear Regression. 

Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 



Problem 6 – Regressions - Vapor Pressure 
Data POLYMATH/Excel Solution EXERCISE 

The EXCEL Nonlinear Regression results, obtained with Solver that is 
available from the Data tab, are shown below in spreadsheet and magnified 

view. Results are essentially the same as those obtained with Polymath. 

You may use the Excel solution 
spreadsheet generated by Polymath .

File is Regression03.xls 


PL1

		POLYMATH Multiple Nonlinear Regression Migration Document

																				Nonlinear Regression

				T		logP		logP calc		logP residual		logP residual ^2		(logP - logPavg)^2		(logPcalc - logPavg)^2						A		B		C

				41.77		2		2.0061628516		0.0061628516		0.0000379807		0.4781262649		0.4696414317				Coefficients		6.4350069811		-1002.1382333745		184.5053450078

				56.69		2.30103		2.2801248321		-0.0209051679		0.000437026		0.1524408549		0.1692021725				R2, SE (y)		0.9977693809		0.0183836197

				69.66		2.477121		2.4921475273		0.0150265273		0.0002257965		0.0459441001		0.0397281521				Variance		0.0003379575

				84.78		2.69897		2.7135336371		0.0145636371		0.0002120995		0.0000562988		0.0004869476				Average logP		2.691466749

				95.65		2.845098		2.857926439		0.012828439		0.0001645688		0.0236025613		0.0277088284				Model		logP = A+B/(T+C)

				100.18		2.954243		2.9148460351		-0.0393969649		0.0015521208		0.0690513581		0.0498983055

				114.79		3.079181		3.0866814889		0.0075004889		0.0000562573		0.1503223405		0.1561946907

				123.4		3.176091		3.1803111805		0.0042201805		0.0000178099		0.2348606647		0.2389688782

										Sum		0.0027036598
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Double Click to Open
File Attachment
Regression03.xls



SUMMARY - Desktop Problem Solving Involving 

Polymath, Excel, and MATLAB 

Mathematical 
Model 

Excel 
Solution 

Solution 
Algorithm 

MATLAB 

Solution 

Polymath 6.2 

Polymath 
Solution 

Excel 

MATLAB 

Happy 
Problem 
Solving! 



Advanced Topics



2nd Order ODE or 2 coupled ODE’s with 
Split Boundary Conditions

• NonNewtonian fluid flow
through a pipe (POLYMATH Text
8.2c)

•
𝑑 𝑟𝜏𝑟𝑥

𝑑𝑟
= −

𝑑𝑃

𝑑𝑥
𝑟

• 𝜏𝑟𝑥 = −𝐾
𝑑𝜐𝑥

𝑑𝑟

𝑑𝜐𝑥

𝑑𝑟

(𝑛−1)

• Boundary Conditions:
𝑟 = 0 𝑣𝑥 = max 𝜏𝑟𝑥 = 0
𝑟 = 𝑤𝑎𝑙𝑙 𝑣𝑥 = 0 𝜏𝑟𝑥 = 𝑚𝑎𝑥





Annular Flow C&S 8.4

Now you have to 
use an if then 

else statement



Procedure



Unsteady-state 
cooling of a sphere
(POLYMATH Text 
9.13)



Transform 
PDE’s using 
Method of 
Lines

• Divide into 10 segments (11 lines)

•
𝜕𝑇𝑛

𝜕𝑡
=
1

4𝜋𝑟2𝜌𝐶𝑝
𝐴𝑝𝑝𝑟𝑜𝑥𝑖𝑚𝑎𝑡𝑖𝑜𝑛

𝑑𝑞

𝑑𝑟

• Use 2nd-order central difference
formula for all but the boundary
conditions

• Use forward and backward finite
difference for boundary conditions







Differential-algebraic 
system of equations 
using the controlled 
integration technique

•
𝑑𝑛1

𝑑𝑡
= − ሶ𝑛1 = ሶ𝑛𝑇𝑦1

•
𝑑𝑛𝑇

𝑑𝑡
= − ሶ𝑛𝑇

• 𝑦1 = 𝐾1𝑥1

• 𝑒𝑟𝑟𝑜𝑟 = 1 − 𝐾1𝑥1 − 𝐾2𝑥2

•
𝑑𝑇

𝑑𝑥1
= 𝐾𝑐 𝑒𝑟𝑟𝑜𝑟









Thank you for your interest in this 
workshop!




