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USING MATHEMATICA 
TO TEACH PROCESS UNITS 

A Distillation Case Study 
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University of Coimbra • 3030-290 Coimbra, Portugal 

Today it is well accepted that courses on process units 
should incorporate some kind of computational 
and/or simulation tools in order to perform the inten

sive calculations often required in the analysis and design of 
process equipment. A common approach in the past, also fol
lowed at the University of Coimbra, was to propose a design 
project where the students had to construct their own pro
grams in a structured language such as Fortran. Nowadays, 
process simulators, such as Aspen Plus or HYSYS,D-4l or gen
eral-purpose computational platforms, such as Mathematica, 
MATLAB, or spreadsheet programs,[5-3l are widely accepted 
tools throughout the chemical engineering curriculum, par
ticularly in the teaching of process units. When compared 
with Fortran programming, these higher-level computational 
tools have the obvious advantage of allowing complex cal
culations with less programming effort. In addition, their 
graphical interface can be used as a teaching/learning plat
form, allowing exploratory simulations and quick visualiza
tion of the corresponding results. 

Process simulators, however, have a potential pedagogical 
drawback-students may eventually use them as black boxes, 
without really understanding the physico-chemical model 
embedded in the simulator. Wankat and Dahm recognize this 
limitation and propose a cautious use of process simulators, 
leading students to physically interpret simulation resultsPAl 
On the other hand, if a general-purpose platform is used, stu
dents have to write down the process model equations and 
program their basic solution strategy. Therefore, it is the opin
ion of the authors that this kind of tool is more adequate to 
support a basic process units course. Process simulators can 
also be used, but mainly for inductive presentation of con
cepts[2AJ and to compare solutions and methods. [3l A more 
intensive use of simulators should be left for later instruc-

tion in a senior design course. 

In the case study presented in this paper, we have chosen 
Mathematica, a very powerful general-purpose platform, to 
support the teaching of distillation in a process units course. 
Similar experiences have been reported using spreadsheet pro
grams, [7,

3J which have the advantage of being easier to learn. 
Mathematica is much more powerful, however, and has a 
comprehensible working environment that makes it possible 
to introduce its key capabilities using engineering problems 
as a starting point, as will be explained later. In a previous 
evaluation, made from the viewpoint of an undergraduate stu
dent seeking to solve four simple chemical engineering prob
lems, Mathematica received the highest rating, ahead of 
MATLAB, Maple, and Excel.[6l 

Mathematica has been used in our process units course for 
the last two academic years (2001/2002 and 2002/2003), and 
in particular, it was used to teach distillation operations. Two 
initial computer classes introduce students to some key 
Mathematica capabilities, using vapor-liquid equilibrium cal-
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culations as a starting problem. Later, the interactive user in
terface of Mathematica (known as notebook) is used to illus
trate several design methods and modes of operation, mak
ing it possible for students to perform complex calculations 
followed by more perceptible graphical representations. Ad
ditionally, a simulation project is given 
to student teams, with two computer 

platform and covers a wide range of mathematical topics; 
the whole book with extra documentation is also available in 
the on-line program help, where it is possible to look quickly 
for information and find clear examples. 

In our case study, focused on the distillation process, we 
have used the standard Mathematica 
system (Version 4, 1999), applying its 

classes supporting it. At the end of this 
disti llation course, students should be 
able to use Mathematica as a tool in de
signing other process units in addition 
to d isti ll ation. 

In order to evaluate this methodology, 
a class survey was conducted to j udge 
both the benefits and the d ifficulties ex
perienced by students, with a resulting 
general appraisal that was quite positive. 
In comparison with our previous ap
proach, students now achieve a wider 
understanding of distillation processes 
and simultaneously learn a powerfu l 
com putational tool that they will actu
ally use later in other courses, namely 
in the senior design course. 

T he remaining parts of this paper are 
organized as follows: First, we give a 
brief introduction to the computational 
tool we selected (Mathematica) and out
line its capabili ties; then, the teachi ng 
strategy we adopted will be explained 

When compared with 
Fortran programming, 

these higher-lev el 
computational tools 

have the obvious 
advantage of allow ing 
complex calculations 

with less programming 
effort. In addition, 

their graphical interface 
can be used as a 

teaching/learning 
platform, allowing 

exploratory simulations 
and quick visualization 

of the corresponding 
results. 

capabilities at the levels of numerical 
solution of algebraic equations, numeri
cal integration, linear algebra and graph-
!CS. 

TEACHING STRATEGY: 
DISTILLATION CASE STUDY 

The P rocess Unit II cour e in the 
chemical engineering curriculum at the 
University of Coimbra i dedicated to 
equilibrium-staged separation opera
tions, based on a mass transfer mecha
nism- namely distillation and liquid-liq
uid extraction.110·111 The organization of 
the distillation lectures, taking a total of 
18 hours, is described below. 

Before enrolling in this cour e, tu

dent have already had a course on ther
modynamics, o we begin by revi iting 
the fundan1ental of vapor/liquid equi
librium, and \\ e introduce Iathematica 

in the context of our distillation case study and will be illus
trated by two examples (design of a binary continuous disti l
lation column and simulation of a batch distillation opera
tion); fi nally, the resul ts of the class survey will be discussed 
and so me fi nal conc lusions will be drawn. 

THE COMPUTATIONAL PLATFORM -
MATHEMATICA 

Mathematica is a general-purpose computational platform 
that performs numerical and symbolic mathematical calcula
tions. It can be used as a simple calculator, as a high-level 
programming language, or as a software platfo1111 to run pre
viously built packages for specific purposes. An extensive 
li st of internal functions is available that covers a wide vari
ety of mathematical fields, such as numerical solution of al
gebraic and d ifferential equations, linear algebra, and statis
tics. All tasks can be performed through an interactive docu
ment, known as the notebook, in which the user can mix 
s imple calculations or complex fu nction calls v,1ith text and 
graphics, c reating an autonomous technical document that 
can be visualized in class and used as a tool for study. A very 
good manual is avail able191 that describes the Mathematica 
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in computer cla es at thi early tage. 
\\Te then move to the de ign and anal) si 

of distillation processes, based mainly on both ma and en
ergy balances to each equilibrium tage or to the di ti llation 
system as a whole. 

The balances can be either in a differential or algebrai 
form, depending on whether we are dealing with batch or 
continuous processes. Equation are often organized in au 
algorithmic form. and we stres the anal si of their degrees 
of freedom1101 in order to guide their subsequem omputa
tional solution using Mathematica. In parallel to thi analyti
cal approach, we present graphical method - name!) the 
McCabe-Thiele method for binar di tillation. Although 1ig
orous analytical solutions are prefeITed. we emphasize that 
graphical methods are imponant tool for qui IJy \·i ualiz
ing inte ractions between process variable . whi h are not o 
perceptible when looking only at model equation .14·11 1 

As far as the continuous proce e ' are on emed. we first 
give students binary problems (feed with ju t two ompo
nents) and then move to multicomponent problems. whi h 
are u uall solved b putting the balan e equations in a ma
ts ix fom1.1101 Simpler problem . \\ ith just one feed and l\rn 

product streams, as well a ' more comp! x prob! m invo lY
ing multiple feed and products are approa hed. Regarding 
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batch operat ion, we onl y cons ider binary feeds and simple 
models, neglecling column holdup. T he differential balances 
are inLegraled considering both constant and variable reflux 
raLios. 

The primary goal of the proposed design exercises is to 
compute the number of ideal stages required for a specified 
degree of separation. Additionall y, we must o btain informa
tion on the vari ation of temperature, composition, and flow 
rates (vapor and liquid phases) along the column, on the heat 
needed in the reboiler, and also on the heat withdrawn in the 
condenser. In the case of a continuous column, we also con
sider the problem of optimum stages for feeds and purges. 

In addition to the afore mentioned theory lectures, the prac
tical application of distill ation fundamentals is set for stu
de nts over three different projects: 

• (P I ) A case study illustrating different distill ation 
operations and calculations involved in their design, 
using Mathematica notebooks 

• (P2) A li st of proposed simple problems, most of them 
solvable by hand calculations and/or graphical 
me thods 

• (P3) A simulation project where students are asked to 
design a multicompone nt continuous distillation 
column 

Students are guided through the above projects with three 
types of practical classes: 

• (A) Full classes (3 x 2 hours, with 30-40 students) 
introducing a case study (Pl), with the main goal of 
teaching applied distillation using Mathematica 

• (B) Tutorial classes ( 4 x 2 hours, maximum of 25 

students), mainly supporting project (P2), where 
autonomy in problem solvi ng and critical thi nking are 

encouraged 

• (C) Computer classes (4 x 2 hours, maximum of 15 
students, with 2-3 students per computer) with the 
main goal of leading students to learn the basics of 
Mathematica and providing support to project (P3) 

Table l shows the complete program of practical classes 
for the school year 2002/2003. Comparing it to the 2001/ 
2002 schedule shows that we introduced some minor changes 
based on the results of the class survey as well as on our own 
experiences. 

Introductory Computer Classes 

Students have not previously gone through any formal 
c lasses introduc ing them to Mathematica, although they have 
had introductory courses on Fortran programming and nu
merical methods. Therefore, our teaching strategy includes 
two initial computer classes programmed to informally in
troduce them to Mathematica fundame ntals, motivated by the 
difficulties that arise even in one-stage distillation calcula
tions. 

Our first class, for instance, starts with the question 

As you know, distillation design calculations are usually 
based on the concept of equilibrium stage. So, the prediction 
of vapo,Jliquid equilibrium conditions in multicomponent 
systems is an essential tool in the design of distillation 
equipment. Let us then consider a liquid quaterna1y mixture 
of i-butane, n-butane, n-pentane and n-hexane, with molar 
fractions of 0. 10, 0.35, 0.45 and 0.10, respectively. How can 
we predict the boiling temperature of such a liquid for a 
pressure of 3 bar (bubble-T calculation)? 

TABLE 1 
Program of Distillation Practical Classes (2002/2003) 

Class Summary 

CI (2 hrs) Introduc tion to Mathematica using vapor-liquid equilibrium (YLE) calculations as a starting point. 

A I (2 hrs) Drawing YLE diagrams in Mathematica. Effect of pressure on relative volatility. One-stage batch distillation; integration of mass balances. 

C2 (2 hrs) Flash calculations us ing Mathematica. Partial condensation of vapor coming from the top of a disti llation column. 

BI , B2, B3 Design of a continuous binary distillation column: YLE model based on constant volatil ity; nu mber of ideal stages computed by Lewis
(3 x 2 hrs) Sorel me thod; minimum number of ideal stages; minimum reflux ratio; approximate column sizing; qualitati ve discussion of the e ffect of 

pressure and reflux ratio on column d imensions. 

A2 (2 hrs) Design of a continuous binary distillation column using Mathematica; effect of feed location, pressure, and reflux ratio on design results. 
S imulation o f a batch binary d istillation column; constant and variable reflux ratio. 

B4 (2 hrs) Shortcut des ign me thod of Fenske-Underwood-Gilliland for continuous multicomponent distillation. Selection of operating pressure and 
estimation o f the number of stages required. 

A3 (2 hrs) Design o f a continuous multicomponent disti llation column. Shortcut methods and rigorous stage-by-stage calculations by Lewis-Matheson 
method . Synthesis of d istillation column sequences; he uristics to select the most promising a lternatives. 

C3. C4 Programming Wang-Henke rigorous design method in Mathematica. Simulation of a continuous distillation column with multiple feeds and 
(2 x 2 hrs) product streams; graphical representatio n of compositions, temperature, and flow rates along the column. 
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The problem formulation, assuming ideal vapor behavior, 
UNIFAC model to quantify interactions in liqu id phase,1121 

and the Antoine equation to predict pure components vapor 
pressures, results in a single nonlinear algebraic equation to 
be solved for temperature . 

Starting from a Mathematica notebook, with the Antoine 
equation and UNIFAC method already programmed, students 
are asked to: 1) construct the nonlinear equation in tempera
ture and solve it using the internal function F i ndRoo t (Fig
ure 1 shows the notebook for this case, considering the liquid 
phase ideal), and 2) explicitly program in Mathematica lan
guage a numerical method to solve this equation. 

While performing these tasks, students learn some fu nda
mentals of Mathematica, such as lists (vectors and matrixes), 
functions, For cycles and modules (subroutines), and how 
to seek information from the onl ine help. At the end of this 
class, students are told how to use the modules in the note
book vle.nb, which has been pre-programmed by us so as to 

ps[T_, lint_] : = Exp[llnt[[l ]] -llnt[[2]] / (T + llnt[[3]])] ; 

(w Inverted llntoine equation w} 

Teh[ps_, lint_ ] == llnt[[2] ] / (llnt[[l]] - Log[ps])-llnt[[3]]; 

nc = 4; ( " Number of c oJTt)onents " ) 

( " llntoine constants, 3 for e ach COJll!onent ") 

lint= {{9 . 5905, 2371.9 , -13 . 665 } , {9 . 6286 , 2447 . 6 , -18.128} , 

(9 . 3734 , 2561. 6, -35 . 540}, {9. 3006 , 2741. 7 , -46 . 698}} ; 

x = {0.1, O. 35, 0 . 45 , 0 . 1} ; ( w Liquid trolar fractions w) 

p = 3; (w Pressure w) 

easily perform the bubble-T calculation they have just pro
grammed as well as other bubble and dew point calculations. 

Illustrative Type-A Classes 

The case study (P l ) consists of the separation by distilla
tion of a hydrocarbon mixture into two or more streams with 
specified compositions. A set of problems is formulated and 
solved in Mathematica notebooks, covering most of the fun
damental topics in distill ation , fro m vapor/liquid equilibrium 
calcu lations to equipment sizing, including binary and mul
ticomponent feeds and continuous and batch operation. Type
A classes are dedicated to this collection of problems, with 
Mathematica notebooks being visualized and evaluated 
throughout the classes. In this way, it is possible to quickly 
illustrate the influence of several parameters on the perfor
mance of disti llation processes (reflux ratio, operating pres
sure, feed location) and also different design methods (short
cut or rigorous stage-by-stage calculations) and their results. 
Students are provided with Mathematica notebooks so they 

can explore other situations not covered dur
ing class and, at the same time, become more 
famili ar with Mathematica capabilities. Two 
examples will be described in more detail be-
low. 

• Design of a Continuous Distillation Col
umn 

The design of a n-butane/n-pentane continu
ous distillation column (Figure 2) is set for stu
dents using the Lewis-Sorel method (constant 

(w Non-linear equation in T, re sult ing from Raoult ' slaw w) 

liquid and vapor molar flows in each column 
section). The desired degree of separation is 
98% recovery of butane in the distillate and 
95% recovery of pentane in the bottom prod
uct. We begin by computing the number of 
ideal stages required assuming certain condi
tions (approximately constant pressure of 5 bar, 

Clear[T]; 

e1_1t1ati on= Smn[x[[i]] wps [T, llnt[[i]]] /p , {i, 1 , nc}] - 1 .. 0 

1. 3006-~ 9 . 3734-~ 
-1 + •. 0333333 tE - 46 . 693+T + 0 . 15 IE - 3S . S4+T + 

9 6! 86 ! H ? . 5 9 S90S-~ 
0. 116667 IE . - ..J.8.H O+T + 0. 0333333 IE . ..J.l . 665+T == 0 

(w I niti al estimate w) 

TO = Ston[Teb[p, llnt[[i ]]] wX[[i ]] , {i, 1 , nc}] 

I 329.5 

(" Sol ution ") 

sol = FindRoot[equation, {T , {TO, TO+ 1}}] 

I {T • 320 . 8) 

100% • 

Figure 1. Boiling temperature of a liquid m ixture, assuming 
Raoult 's law is valid . 
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Figure 2. Contin uous distillation column. 
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saturated liquid feed, total condenser and saturated reflux , reflux 
ra ti o of 2), with some of them be ing discussed further later on. The 
approximated column dimensioning i left to a subsequent class. 

After formu lating the solution to the problem on the blackboard, 
we begin Lo use the Mathematica platform as a simple calculator, 
alternating between linear mass balances and clew point calcul a
tions (note that at thi s point students are al ready familiar with VLE 
calculations using Mathematica). Then, we show how the Lewis-

p = 5 (* pressure in bar *) ; 

RP.= 2 ; ( * reflux ratio * ) 

Rec1 = 0. 98; ( * butane recoveey *) 

R.ec2 = 0. 95; ( * pe:ntane recovery * ) 

Lewis Sorel. [p , RP., Rec 1 , Rec2] 

Inlet ~d o u t l ct :::t:ce-ro::: : 

:r 
D 

B 

k mo l / h 
100.00 

45.92 
54.08 

" 0.4400 
0. 9 390 

0.016 3 

T ( I<) 
3 41. 9 

325. 0 
3 64 . 4 

T ernp c I: , t u:c e a,nd coropo:::iti on pI: o file::: : 

St .;i.ge T ( I<) " y 
l 328 . 0 0. 8331 0 . 9390 
2 332. 6 0. 6 8 69 0 . 8 6 8 4 
3 338. l 0.53 51 0 . 7710 
4 3 4 3 . 0 0. 415 2 0 . 6698 

5 3 4?. l 0. 3228 0 . 5713 
6 352 .0 0. 2248 0 .4481 
? 356 .6 0.1411 0 . 8066 
8 360. 2 0 . 0 8 1 2 0 .190 0 
9 3 62 . 6 0. 0434 0 .106? 

1 0 364.0 0.0214 0 . 0541 
11 3 64 . 9 0.0091 0 .0234 

?ill.l'nbe:c o f equil ib:c iuro :::t.;i.ge::: ( U = 1.l 

Optim.;i.l feed :::t.;i.ge , NF= 4 

V.;i.po:c flow:c , t e , V = 1 3 7 . 8 kroo l / h 

He.;i.t withd:c~:wn in the c o nden:::c:c - 789 . 4 kV) 

Reb o ile~ duty= 820. l k ~ 

0 . 8 

0 . 6 

0 .4 

0 . 2 

0 . 2 0 . 4 

100% ... • 

0 . 6 0 . 8 l 

Figw·e 3. Results from Lewis-Sorel design method (continuous 
distillation column for butane/pentane separation, with optimal 
feed location; T is temperature, x and y are m olar fractions of 

butane in liquid and vapor phases, respectively). 
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Sorel procedure can be easily programmed within a mod
ule (named as Lewi sSorel), with adequate criteria for 
optimal feed location being adopted; the module output 
includes stage-by-stage temperature and composition in
formation and also the respective McCabe-Thiele diagram 

l 

0 . 8 

0 .6 
~

-·."l, 
. 

-

/ 
0 . 4 

0.2 

X 
0.2 0 . 4 0 . 6 0 . 8 l 

Figure 4. Effect of a non-optimal feed location (7th 
instead of 4th stage): number of stages required 

increases from 11 to 12. 

T (K) 

365 
--.-- MF= 4 --~-

360 
. ,r· 

_ ... 
355 ·- -~- -- MF=7 ,. 

350 _ , • • 'T' 

345 

340 / • 

335 

Stage 
2 4 6 8 10 12 

Figure 5. Temperature profiles for optimal (NF=4) 
and non-optimal feed locations (NF= 7}. 

0 . 8 

0 . 6 

0.4 

0 . 2 

0 . 2 0.4 0 . 6 0 . 8 l 

Figure 6. Effect of decreasing the reflux ratio from 
2 to 1.1: number of stages required increases from 

11 to 17 (minimum reflux ratio = 0.97), 
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(Figure 3). This module can now be used to illustrate a non-optimal feed 
location (Figures 4 and 5) or the effect of decreasing the reflux ratio and, 
consequently, the concept of minimum reflux ratio (Figure 6), among 
other relevant points of discussion (effects of operating pressure, opti
mal reflux ratio, etc.). 

• Operation of a Batch Distillation Column 

Having applied the Lewis-Sorel method to design a continuous distil
lation column, students are then confronted with the problem of simulat-

Boiler 

----;------Heating 

Figure 7. Batch distillation column. 

BO= !iOOO (1r feed in JrOl 1r); 

xBO = 0.44; (1r initial butane JrOle fraction 1r) 

IIP = 3; (1r mmiler of ideal stages 1r) 

p = !i (* pressure in bar .. ) ; 

xBf = O. l!i; ( * final butane JrOle fraction *) 

Vapor = 1. 29 ( * vapor boil up rate in JrOl/s *); 

RR= 2; (* reflux ratio *) 

Bf = BO .. Exp[ 

IIIntegrate [1 / (xDrect [HP, RR, xB] - xB), 

{xB, xBO, xBf}]]; 

Df=BO - Bf; 

xDf = (BO .. xBO - Bf .. xBf)/Df; 

tf = Df" (RR + 1) /Vapor; 

Print[ 11 Bottom product: Bf = 11
, HO[Bf], 11 Jr0l 11

]; 

Print[ 11 Distillate: Df = 11
, HO[Df]," JrOl, xDf 

114[xDf]]; 

Print [ 11 Distillation time: tf = 11 
, 112 [tf / 60], 

II Jlli.RII] 

Bottom p r oduct: Bf= 2938 . mol 

Distillate: Df = 2062 . mol , xDf = 0. 8532 

Distillation time: tf 

100% • 

Figure 8 . Results for a batch distillation simulation with constant 
reflux ratio. 
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ing a batch distillation operation conducted in a 
boiler+ rectifying column (Figure 7). The goal is 
to separate the same binary mixture of n-butane/n
pentane as before, studying both constant and vari
able reflux ratio operations. The main simplifying 
assumptions considered here are constant vapor 
boilup rate, negligible column holdup, and con
stant liquid and vapor molar flows along the col
umn. 

For a bottom liquid composition xB (molar frac
tion of butane), a Mathematica module (named 
xDrec t ) is constructed to predict the distillate 
composition obtained in the top of a column with 
NP ideal stages and operating with reflux ratio RR. 

For a constant reflux ratio, this module is used in 
conjunction with Rayleigh equation (differential 
mass balances) to compute the final bottom prod
uct quantity (Bf) with a specified composition 
(xBf) . After this, the accumulated distillate quan
tity (Df), its average composition (xDf) and the 
distillation time ( t f ) are easi ly computed through 
simple mass balances (Figure 8). For a variable 
reflux ratio operation, the reflux ratio profile (Fig
ure 9) required to obtain a distillate with a con
stant composition of90% in butane, using the same 
column, is computed integrating the mass balances 
together with the non-linear equat ion 
xDrect [NP , RR , xB) = 0 . 9, solved for RR (a 
4th order Runge-Kutta method is selected and pro
grammed in Mathematica) . 

Simulation Proiect (P3 ) 

The aim of project (P3) is to confront students 
with an open engineering problem: design a mul
ticomponent continuous distillation column, with 
a given feed and certain restrictions on operating 
conditions, that provides a specified degree of sepa
ration. Similar problems are set for teams of 3 ele
ments each, with the final evaluation being based 
on a technical report (about 20 pages), which is 

Reflm: Ra tio 

4 

3 . 5 

2 . 5 

2 

l. 5 

Figure 9. Results for a batch distillation simula
tion with constant distillate composition and 
variable reflux ratio. 
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orally discussed. There is also an individual task for each 
team member. 

In order to guide students faced with such an open prob
lem, project (P3) is scheduled in 6 steps: (1) VLE prediction; 
(2) calculation of stream enthalpies; (3) flash calculations (in
dividual task); (4) preliminai:y evaluation of operating con
ditions; (5) shortcut method for column design; (6) rigorous 
s tage-by -s tage column design by the Wang-Henke 
method.113· 141 Teams are advised to use case study (Pl) as a 
starting point to proceed along the various steps and their 
work is closely followed with short oral discussions. Step (6) 
is the one requiring most programming skills, and thus two 
computer classes (C3 and C4) are dedicated to mentor stu
dents through it, introducing them, simultaneously, to ma
trix manipulation and efficient linear algebra calculations 
with Mathematica. Having completed a base case simula
tion, students are then encouraged to study and discuss 
the influence of several ope rating conditions on column 
performance and design. 

ASSESSMENT OF 
STUDENTS' PERCEPTIONS 

Students' perceptions of the advantages and disadvantages 
of the teaching strategy adopted were evaluated through both 
an oral discussion and a written survey. 

In the oral discussion, students were asked to outline some 
conclusions based on the set of problems studied during type
A classes, and at two different levels: (i) the particular pro
cess unit studied (distillation); (ii) process engineering de
sign problems in general. Table 2 presents the most relevant 
collected opinions. 

TABLE2 
Students' Conclusions Regarding Project (Pl) 

Distillation Level ----------------

• Flash distillation promotes a coarse separation appropriate to 
pretreatment of mixtures with highly volatile components. 

• In a continuous column, an increase in the operating reflux ratio 
implies an increment in energetic costs. 

• Decreasing column operating pressure facilitates separation since 
relative volatility increases. 

Process Engineering Desig11 Problems ----------
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• Design calculation results should be critic ized in terms of their 
practical execution. 

• There are available shortcuts and more rigorous design methods, 
the former being good starting points for the latter. 

• The degrees of freedom analysis is an important tool for problem 
formulation and subsequent so lution. 

• Mathematica is an accessible calculation tool that allows one to 
perform parametric studies, but is not very effic ient in terms of 
computational time. 

The written survey aimed at evaluating the impact of our 
teaching strategy under four domains-the main results are 
given in Table 3. 

The overall evaluation is positive, with a relevant improve
ment in the second school year. The strongest point mentioned 
by students was related to the advantages of learning distilla
tion with the assistance of Mathematica, especially concern
ing the software's graphics facilities. Though students men
tion having experienced some difficulties in getting started 
with Mathematica through the case studies proposed (state
ment 2), that is somehow contradicted by the conclusion 
reached under statement 3. In fact, after this experience, they 
consider themselves reasonably well prepared to tackle other 
design problems assisted by Mathematica. This point has been 
confirmed in other courses, with students .choosing 
Mathematica to support their projects, namely in the simula
tion of chemical reactors and milling operations and also, in 
some cases, in their final year process/product design projects. 

The students' difficulties revealed by statement 2 have Jed 
us to include two introductory computer classes (Cl and C2) 
in 2002/2003, instead of just one. We have, however, main
tained the perspective of learning the fundamentals of 
Mathematica through its application in solving distilla
tion problems. 

CONCLUSIONS 

The strategy presented in this paper combines both the 
teaching of process units design and the use of a general
purpose computational platform. We believe there are mu
tual benefits in combining these two subjects. Students ac
quire a good understanding of the process units, formulating 

TABLE3 
Main Results from Written Survey 

Domains Evaluated 
Classification (scale 0-20) 

2001/02 2002/03 

1. Leaminr: Distillation Usi11r: Mathematica 
• Mathematica code visua lized in type A classes 

did not perturb the perception of fundamental 
concepts. 

• Type A classes illustrated a wide range of 
situations, giving a broad view of distillation 
processes. 

• The graphical capabilities of Mathematica 
allowed for quick visualization and several 
operating aspects. 

2. Leami11g Mathematica through the desig11 
of distillation processes 

3. Using Mathematica lo study other process 
units besides distillation 

4. Benefit I effort balance 

Sample (number of students/ students 
developing project (P3)) 

13 14 

13 14 

17 16 

10 12 

12 13 

11 12 

23/45 30/49 
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and solving integrated problems and remaining always close 
to the underlying physical/chemical phenomena. Simulta
neously, they learn how to use a computational platform in a 
perceptive way, motivated by the problems that arise while 
studying a given process unit. Altogether, this methodology 
represents an improvement on the more traditional strategy 
of teachjng process unjts and computational tools separately. 
In fact, there is a clear reduction in the total number of 
hours required for teaching and it is possible to benefit 
from the graphical facilities of the computational tool to 
lead students to the understanding of the processes stud
ied, namely the design features. 

The computational tool selected (Mathematica) supports 
our simultaneous teaching strategy in several ways: the in
teractive document known as notebook can be visualized 
in class and used by students as a tool of study, the sym
bolic calculation capabilities help students to formulate 
problems and check results, and the onl ine help greatly 
supports the program. 

Regarding our distillation case study, Mathematica has of
fered an adequate environment to illustrate a wide range of 
situations, including those with a heavy mathematical con
tent, such as batch distillation. Moreover, the notebook fea
ture allows for an easy graphical representation of the re
sults, which then become more comprehensible to students. 
In addition, students have successfully used Mathematica 
while developing a proposed simulation project. After this 
distillation experience, we can confirm that students are 
reasonably well prepared to tackle other process-des ign 

Spring 2005 

problems using Mathematica. 
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