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The Chemical Engineering Department at Curtin Uni­
versity of Technology in Perth is about ten years old, 
and to date 175 students have graduated from our 

program. The department has excelled in its undergraduate 
Chemical Engineering Plant Design Project, having won 
the Student Design Award-an annual plant design compe­
tition among the nine Australian chemical engineering 
departments-for three consecutive years (1990-1992). Also, 
one of our students won this award in 1987, and another 
placed second in 1988. 

The various components of the undergraduate curriculum 
have evolved over the years, and some of them are unique to 
our department. The purpose of this paper is to share our 
experience in the Process Analysis Units with the chemical 
engineering community. We will present a brief structure of 
the undergraduate curriculum, followed by a description of 
the contents of the three Process Analysis (PA) units. We 
will also discuss the instructional approach and the assess­
ment procedure, and the use and integration of these units in 
the other units will be clearly indicated. 

THE CURTIN UNIVERSITY PROGRAM 

The chemical engineering degree program is a four-year 
course following the 12th grade of high school. About 95% 
of the students are in the mainstream program, and the 
success or completion rate is usually around 70%. The first­
year intake averages about thirty-five students per year. The 
first and second years of the course establish a general foun­
dation in engineering and science, with emphasis on chemis­
try and mathematics. Specialized units in handling of pro­
cess materials, design of reactors, transfer of heat and en­
ergy, mixing and separation, and process control make up 
the mainstream of the senior years. A plant-design project 
concludes the course. It is also mandatory for our students to 
complete an industrial attachment for at least twelve weeks 
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before graduation. This is usually undertaken after comple­
tion of the second and/or third year of the program. 

The first-year students undertake a general program in 
common with other engineering students . Each engineering 
program differs by one or two units per semester to provide 
some variation to accommodate particular needs. For ex­
ample, the chemical engineering program includes a full 
science-type chemistry component. The department does not 
have teaching contact with the first-year students. Teaching 
activities at this stage are usually coordinated by the Sub­
Dean of Engineering. 

Figure l shows a schematic of the chemical engineering 
course. The first-year units are shown in the two left-hand 
column boxes under YEAR I , where the first column boxes 
show the seven first-semester units (e.g., CHEM 115 to 
ENGLISH 150) and the second column boxes indicate the 
seven second-semester units (e.g., CHEM 116 to WORK­
SHOP TECH 162). The units for the two semesters of YEAR 
2 are shown in the next two column boxes, while those under 
YEAR 3 indicate the units for the two semesters of the third 
year. The fourth-year units are shown in the last two right­
hand column boxes under YEAR 4, where the units for the 
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first semester are SEP PROC 441 to CE PROJ 491, and 
those for the second semester are RESOURCE MAN 442 to 
DESIGN PROJ 442. 

The vertical lines in two of the boxes for the first semester 
of YEAR 4 indicate that all the YEAR l to YEAR 3 (six 
semesters) units must be completed satisfactorily before SPE­
CIAL TOPICS 441 and CE PROJ 491 can be done. Simi­
larly, the vertical lines in the last two boxes of the second 
semester of YEAR 4 (the eighth and final semester of the CE 
program) indicate that all the first-semester units of YEAR 4 
must be completed satisfactorily before PLANT DESIGN 
442 and DESIGN PROJ 442 can be done. 

Arrows are used in Figure 1 to indicate the prerequisite 
units for higher level units. For simplicity, only a few of 
these mTows are shown. For example, the mows entering 
the box labeled PROC ANAL 342 indicate that PROC ANAL 
242, MATH 272, and PROC ENG 242 are the prerequisites 
for this unit. Space limitation does not permit any further 
di scussion of the complete prerequisite structure. 

YEAR 1 YEAR 2 

CHEM 27 1 

CHEM • CHEM PHYS _. PHYS 
11 5 116 CHEM 27 1 CHEM 272 

PROC _. PROC ENG 
PRJNC 241 242 

PHYSICS • PHYSICS FLUID 
175 176 MECH 242 

MATH • MATH MATH _. MATH 
171 172 27 1 272 

PROC _. PROC 
ANAL 241 ANAL 242 

ENG STAT SOLID _. ENG MAT 

IOI MECH 24 1 242 

ENG DYN ELEC ENG 

IOI 102 LEGEND 
ANAL• ANALYS IS MATH 

ENG DWG ENG CE • CHEM ENG MECH 

105 • GRAPH 106 CHEM • CHEMISTRY PHYS 
COMP • COMPUTER PRJNC 

ENGLISH COMP CONT • CONTROL PROC 

150 TEC H 103 DYN • DYNAMJCS PROJ 
DWG • DRAWING REAC 
ELEC • ELECTRICAL SEP 

WORKSHP ENG • ENGINEERING TECH 
TECH 162 MAT• MATERJALS TRANS 

THE PROCESS ANALYSIS UNITS 

The three Process Analysis units, PA 241, PA 242, and PA 
342 are service units since some of the other units rely on 
them, as shown by the mows in Figure 1. The contents of 
each of these units are summarized in Tables 1 and 2. The 
first author teaches all the three PA units. The second-year 
PA units (241 and 242) are 15 credit points each, with an 
allocated contact time of three hours per week over a four­
teen-week semester, whereas PA 342 is 20 credit points with 
a four-hour contact time per week. 

These units were originally incorporated in the curriculum 
in recognition of the growing importance of data modeling, 
numerical analysis, and optimization. The units support CE 
Project 491/492, Plant Design 442, Process Control 342/ 
441, and Design Project 442, as shown in Figure I. The 
rationale for locating these units in the second and third 
years of the program is to develop the ability of students in 
the analysis of chemical processes and plants before special­
ized chemical engineering units such as handling of process 

YEAR 3 YEAR 4 

THERMO _,. REAC ENG 
341 342 

TRA S MASS SEP PROC RESOURCE 
_,. TRA S 342 441 

... 
MAN 442 

HEAT I SPECIAL PLANT 
TOPICS 441 MAN 442 

FLUID PARTICLE 
MECH 34 1 PROC 441 

PROC PROC 
CONT 342 CONT 44 1 

PROC I CE PROJ ... CE PROJ 
A AL 342 491 492 

MECH IPLANT DE-
PLANT 34 1 SIGN 442 

ELEC I DESIGN 
PLANT 342 PROJ 442 

MATHEMATICS 
MECHANIC(AL) 
PHYSICS 
PRINClPLES 
PROCESS 
PROJECT 
REACTOR 
SEPARATION 
TECHNOLOGY 

• TRANSFER 

FIGURE 1. Chemical Engineering Course Schematic 
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materials, design of reactors, mass and heat transfer, etc., are 
covered. The tools for this analysis a.re applied mathematics 
and applied statistics. The components of these tools are 
introduced below. The content of each unit has been orga­
nized to avoid duplication of material in any of the other PA 
units. Since the same person teaches all three units, it is easy 
to consolidate and integrate the content of each unit from 
one level to the other, thereby ensuring that the prerequisite 
requirements are satisfied. 

The instruction/teaching approach is a combination of lec­
tures, tutorials, computer labs, projects, and case studies. 
The tutorials and projects are run in such a way as to ensure 
effective student participation in the various sections of the 
units during the semester. The tutorial problems are usually 
assigned a week ahead of discussion and a few students may 
be called to lead discussion of specific problems. Projects 
are carried out in groups of two or three students. The 
objective of the project is to integrate various sections of the 
unit in a given problem. Consultation times are provided 
outside of lecture periods to discuss various stages of the 
project. Times required for each project vary from four to 
eight weeks, depending on the scope of the project. Hence 
only one project is usually given per unit. 

An effective assessment procedure is used for each unit to 
relieve students' pressure in final exam. The mark distribu­
tion for a typical unit is as follows : assignments, 15%; 
projects, 20%, examination, 65 %. The examination consists 
of two parts: a mid-semester test, 15%, and a final exam 
which constitutes 50% of the overall mark. 

The contents of the three process analysis units in Tables 1 
and 2 have been divided into two distinct modules: applied 
mathematics and applied statistics. Further discussion of 
these units is given below. 

APPLIED MATHEMATICS MODULE 

It is usual in most chemical engineering curricula that 
students either teach themselves numerical methods or take 
units which are available in the mathematics department.[11 
These units, however, are mostly oriented toward the theo­
retical aspects (proofs and theorems) rather than specific 
engineering applications. An alternative approach is for vari­
ous engineering lecturers to either present problems having 
only analytical solutions or to introduce numerical methods 
themselves . This obviously has some drawbacks. Therefore, 
the objective of parts of this module is to present a unified 
perspective of the most commonly used methods for numeri­
cal solution of problems. Since all the units that teach funda­
mentals of chemical engineering require solution of equa­
tions, it is logical to teach the students how to solve these 
equations first, before they extensively learn about how to 
formulate them. During part of the second and third year, we 
strive to provide students with knowledge and experience in 
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applying numerical methods efficiently. We also focus 
on the integration of the material with other concurrent 
units. The concepts of convergence, stability, and ac­
curacy are emphasized with less theoretical detail at this 
level. The applied mathematics module is given in Table 
1 and is made up of: Part I of PA 241; Parts I and II of 
PA 242; and Part II of PA 342. 

Process Analysis 241, Part I 

We begin this section with a brief introduction to personal 
computers. Three or four years ago, work in this section 
would have been curtailed in order to allow time for a formal 
introduction to MS-DOS (Microsoft[21) . But in the past two 
years about 60% of the students have had better exposure to 
using computers, and it is foreseen that this section of the 

TABLE 1 
Content of the Applied Mathematics Module 

Unit Title Unit Content 

PA 24 1 Pan/: Computer Applications in CE 
• Introduction to MS-DOS 
• Introduction to spreadsheet packages 
• FORTRAN programming language 

PA 242 Part l: Numerical Procedures for Problem Solving 
• Linear and nonlinear equations 
• Matrix operations 
• Approximation of functions 
• Ordinary differential equations 
• Partial differential equations 
• Boundary value problems 
Part fl: For111ulatio11 and Solution of CE Problems Using 
• Linear differential equations 
• Laplace transforms 
• Periodic functions and Fourier analysis 

PA 342 Part fl: Optimi:ation Techniques 
• Problem formulation and basic concepts 
• Unconstrained optimization 

Single variable and multivariable systems 
• Constrained optimization 

Linear programming technique 
Lagrange multipliers 
Direct search methods 
Gradient projection approaches 

TABLE2 
Content of the Applied Statistics Module 

Unit Title Unit Content 

PA 241 Part fl: Applications to CE Problems in Context of 
• Probability models 
• Frequency distribution 
• Variability of data 
• Statistical treatment and evaluation 
• Introduction to interactive statistical packages 

PA 342 Part l: Applied Statistics 
• Analysis of variance 
• Correlation and regression analysis 
• Design of experiments 
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module may eventually be phased out. The section involves 
about three hours of lecture on the MS-DOS operating 
system together with two two-hour computer laboratories. 
We distributed an assignment covering various applica­
tions of MS-DOS during the first lecture to motivate and 
force students to pick up the salient features of this 
system and its associated editor. We do not cover the use 
of Macintosh machines since all our personal computers 
are IBM compatible. 

A two-hour lecture is then given on the spreadsheet sec­
tion. We discuss specific application of chemical engineer­
ing, e.g., material and energy balances, fluid mechanics, 
heat transfer, statistical process control, etc. The lecture is 
complemented by a two-hour laboratory period where each 
student is allowed to explore the various utilities avai lable 
on the spreadsheet package, Quattro (Borlandf31), which is 
licensed to the department. We encourage students to use 
any spreadsheet of their choice. 

We devote about ten hours of lectures (two hours per 
week) to FORTRAN programming. The presentation covers 
the materials in Chapters 1 to 7 of Etter,l41 which is one of 
the recommended textbooks for this unit. We have restruc­
tured the presentation so as to avoid duplication of content 
which can be found from chapter to chapter. We em­
phasize the need to cultivate the habit of good program 
documentation and introduce the students to the LP77 
FORTRAN compilerl51 during the third week of this section. 
We encourage them to start building their own subroutine 
library using the examples in Himmelblau,l61 Gerald and 
Wheatley,[7] and Press, et aJ.l81 

Process Analysis 242 

We cover the material in Table 1 under PA 242 in the 
second semester of the second year. It is difficult to recom­
mend a particul ar textbook for the material in Part I since 
most numerical analysis textbooks tend to be theoretical in 

TABLE3 
Sample of Students' Experimental Design Projects, 1992 

• Experimental Analysis of a Sedimentation Process 

• Efficiency of Model Locomoti ves 

• The PJS Challence: A 25
-
1 Fractional Factorial Experiment 

in Bike Riding 

• The Effect of Rig Settings and Wind Speed on Sailing 
Performance 

• How to Get the Most Thrust from a Model Aero-Engine 

• A 26
-
2 Fractional Factorial Experiment for the Dyeing 

Process 

• Bubble Maximization in Milkshakes 

• The Factors Affecting the 3-Point Shot in Basketball 

• Factors Affecting Sultana Moisture 
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nature (more so for second-year students) . Therefore, the 
first author has written a partially completed set of notes 
whjch adapts the content of Gerald and Wheatleyl7l and 
Riggs[Il in hjs lectures. The material is normally covered in 
about eighteen lectures (two hours per week for nine weeks). 
The rest of the allocated period is used for tutorials and 
computer related assignments. 

The lectures begin with the solution of linear equations of 
the form, Ax = b. Our approach to teaching this section is 
similar to that described by Zygourakisl9l except that we do 
not stress the theoretical part (necessary for a first-year gradu­
ate chemjcal engineering unit) to as great an extent as he did. 
Students already have an appreciation of how these prob­
lems arise during the first semester on material and energy 
balances. We place emphasis on the computation of a solu­
tion, if it exists and briefly mention non-uniqueness issues 
without theoretical details. 

We introduce the idea of iterative methods of solution for 
nonlinear equations by using specific examples. The use of 
polynomial expansions in finite difference approximations 
of derivatives, interpolation of function values, and integra­
tion of discrete valued functions are discussed. We stress the 
role of the Taylor series expansion in deriving finite differ­
ence approximations for first- and second-order derivatives, 
linear, quadratic, and cubic spline interpolations. We then 
cover the trapezoidal rule and Simpson's rule, and put stress 
on adaptive integration and the use of Romberg's integration 
in specific applications. 

We discuss the solution of ordinary differential equations 
(ODE) and paitial differential equations (PDE) for two classes 
of problems: initial value problems (IVP) and boundary 
value problems (BVP). More time is spent on the IYP class 
since these problems constitute a large class of chemical 
engineeri ng problems. Methods that we cover include the 
Euler and Modified Euler methods, the Runge-Kutta meth­
ods, and the multistep methods (Milne's method and Adams­
Moulton method). We discuss stability and accuracy consid­
erations, using specific examples, as well as the various 
sources of errors and error propagation. The solution of n­
coupled first-order ODEs using any of the above methods is 
described through a complete hand-calculation for two­
coupled equations. This allows easy extension of the algo­
rithms to the n-coupled system. We develop the numerical 
solutions of BYP using the finite difference approximations 
of the derivatives, with the focus mainly on one-dimen­
sional , two-point BYPs. Only two methods are discussed: 
the shooting method and the finite difference method with 
the successive over-relaxation convergence procedure. 

In Part II of PA 242 (Table 1), we reinforce the necessity 
for unsteady state material and energy balances and intro­
duce additional elements of mathematical models, such 
as transport rate equations and reaction rate equations . 
We illustrate the effect of transportation lag on process out-
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puts and discuss examples to give the students an appre­
ciation for how process models can be formulated. We 
cover Laplace transforms in the context of the third-year 
process control unit. 

The emphasis throughout PA 242 is efficient computer 
implementation of the numerical procedures discussed. The 
students are forced to do this through assignments and 
projects. Various software packages are available to us on 
both PCs and the Vax mainframe; among them are the li­
brary programs, UNPACK, and Numerical Recipes . The 
collections of software in Riggs[ 1l and Gerald and Wheatley[7l 
have also been particularly useful. We encourage the stu­
dents to write their own codes and to adapt any of the above 
software for their own software library. 

Process Analysis 342, Part II 

The final section in the applied mathematics module is 
Optimization Techniques (Part II of PA 342, Table 1), and it 
is taught during the second semester of the third year. The 
material is covered in about seven weeks of three one-hour 
lectures per week. An additional one hour per week is spent 
on tutorial related discussions. A good reference textbook 
which we have used selectively over the past three years is 
one by Edgar and Himmelblau.f 10l About 60% of our ex­
amples and assignments are taken from this textbook. 

We address the significance of problem formulation by 
using examples of different types of chemical engineering 
problems and feel that the examples give students an appre­
ciation for the necessity of optimization. We emphasize the 
use of prior knowledge and experience in reducing the com­
plexity of any given problem and discuss the hierarchy of 
optimization levels, from individual equipment design to 
management decision making. We then introduce the prop­
erties of objective functions and constraints as well as the 
necessary and sufficient conditions to ensure that an opti­
mum is a minimum or a maximum. We also discuss the 
characteristics of the region of search. The rest of the lec­
tures cover unconstrained and constrained optimization meth­
ods for single variable and multi variable systems. 

THE APPLIED STATISTICS MODULE 

The importance of the applied statistics module in chemi­
cal engineering education cannot be overemphasized. Dur­
ing the past decade, Western management has come to real­
ize (due to the world-wide success of some Japanese indus­
tries) that their success is totally dependent on satisfying 
customers by constantly improving products and services 
(quality, cost, and reliability). According to Dyson,[1 IJ the 
traditional approach of "design quality" (i.e., to optimally 
target the features of a product to allow the customer to 
achieve maximum functionality) is now being augmented 
with "conformance quality" or product consistence (i.e ., mini­
mizing variation about the optimum design targets of prod-
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uct features). Therefore, appropriate quality and statistical 
training is required to equip industrial personnel (and in 
particular, engineers) to focus on conformance quality as 
well as design quality throughout their careers. This is the 
motivation behind the applied statistics module in our under­
graduate program. 

Various statisticians (e.g., Hogg, et aL.,[ 12l and Bisgaard[ 13l) 
have written papers on "Teaching Statistics to Engineers," 
and the content of our applied statistics module and its 
presentation are adapted to some of their recommendations . 
The objectives of the module are: 

• Plan data collection, turn data into information, 
and achieve action. 

• Apply the methods taught in real-life situations. 

• Communicate statistical information in oral and 
written form. 

• Use computer and graphical techniques. 

• Plan, analyze, and interpret the results of experi­
ments. 

• Understand the scientific method. 

This module has been taught by the first author for the past 
three years. The medium of instruction during this period is: 
formal lectures on basic concepts (theoretical details are 
minimized and emphasis is on application); use of detailed 
examples, case studies, workshop, and laboratory experi­
ence (industrial practitioners are sometimes invited to give 
the case studies); use of suitable computer software; tutorials 
and assignments, as appropriate; requirements of the comple­
tion of a project, usually a design of an experiment and 
submission of a suitable report. 

The applied statistics module is presented as parts of two 
units, as shown in Table 2. The first part is given over a five­
week period during the first semester of the second year. 
The class meets about four hours a week for lectures, 
tutorials, and computer workshops. The second part is cov­
ered during the first five weeks of the second semester of the 
third year. Two hours per week are spent on lectures, 
one hour for tutorials, and another hour is reserved for stu­
dents to discuss their projects which are usually started in the 
third week of the semester. 

The detailed content of Part II of PA 241 (Table 2) is the 
same as that of modules A, B, and C of Section 6.3 of Hogg, 
et al.,[ 121 while the content of Part I of PA 342 (Table 2) is 
structured to follow the material in modules D and E of their 
proposed statistical course for engineering students. 

We recommend a book by Walpole and Meyersl 14J for 
some part of the above syllabus, and one by Box, et al.,[ 15l is 
used as a reference textbook. The first author also has a 
partially completed set of notes which is easier for the stu­
dents to understand. We also emphasize the use of statistical 
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software packages[ 16-18l for various sections of this module. 
Since these packages are easy to use, students spend less 
time writing codes for appropriate statistical formula and 
can concentrate on thorough problem formulation. The avail­
ability of these packages has also allowed solution of more 
complex problems. Space limitation does not permit more 
information on these packages here. 

The most interesting part of the applied statistics module 
is the final project which the students do to complete the 
requirements for PA 342. This idea was adapted from 
Hunter[ 191 and Bisgaard.l 13l During the third week of the 
semester, each student is required to team up with one or two 
other students and to design, conduct, and analyze an experi­
ment of their own choice. A proposal to conduct the experi­
ment is due within two weeks. The proposal consists of the 
objective of the experiment, its motivation, the response(s) 
and independent variables, the necessary resources, and the 
time required to carry out the experiment. A written report 
is due at the end of the semester. The projects help stu­
dents to learn the practical aspects of experimental design 
and puts them in good stead to apply statistical techniques in 
their final-year thesis work. Table 3 gives a representative 
sample of the experiments conducted on experimental de­
sign by our students in 1992. 

CONCLUDING REMARKS 

Our process analysis units attempt to introduce students to 
the basics of numerical analysis, optimization techniques, 
and applied statistics which are significant in the education 
of a chemical engineer. We gear the teaching style and 
instructional medium toward effective student learning and 
participation in class activities. We use tutorials to facilitate 
student learning, assignments to force them to study, and 
projects to stretch their imagination. We use practical chemi­
cal engineering problems as examples in both tutorials and 
assignments, and we assign projects to integrate various 
sections of the material covered with other chemical engi­
neering units. Emphasis throughout the units is on efficient 
computer implementation of popular numerical algorithms 
as well as use of available software packages and libraries. 
We encourage students to write their own codes for some of 
the assignments and projects. This is necessary because some 
of the library packages require user calling programs. 

An effective assessment method is used so that perfor­
mance does not rely mainly on a final examination. Student 
responses to the un it evaluation questionnaire indicate that 
they particularly like the project requirement for each of the 
process analysis units. These projects point out some of 
the real problems that a chemical engineer is required to 
solve, as well as integrating various sections of the units in 
problem solvi ng. Among other things, students also learn to 
get along with other group members during the execution of 
the project, thus emphasizing that chemical engineering is 
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rarely an individual profession. 

The delivery of these units is considered a dynamic 
process where improvements are continually sought and 
made. In particular, more chemical engineering case studies 
and examples are introduced each year to enable students 
to appreciate the importance of these two modules in 
their careers well beyond graduation. Comments and sug­
gestions from readers on case studies in these areas will be 
appreciated. 
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