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ver the past two decades, chemical engineering prac-

tice has been profoundly influenced by advances in

computer hardware and software, stimulating debate
within the academic community on how students should be
prepared for computer applications in the “real world.” At
the crux of this debate is the relative importance of including
a traditional introductory computer science course in the
chemical engineering curriculum. Without question, in the
“old days” the pathway for applying computers to the solu-
tion of engineering problems was to write your own program
from scratch, usually in Fortran.

Today, industry is much less likely to engage their engi-
neers with such tasks. The expectation is that commercial
software vendors will supply them with user-friendly soft-
ware packages that require little or no programming skills. A
recent survey™™ by CACHE indicated that computing in the
workplace for entry-level chemical engineers is clearly on
the rise (over two-thirds of the approximately 300 respon-
dents spent at least one-half of their workday at their com-
puter). It was found that most of the time spent working on
the computer involved user-friendly commercial software
packages, with the most common application being Microsoft
Excel. Nearly three-quarters of the respondents were not ex-
pected by their employers to be competent in any program-
ming language. The most common programming language
being used, and the one most highly recommended for inclu-
sion in the chemical engineering curricula, was Visual Basic.

Based on these results, it might be argued that graduating
chemical engineers would be more suitably equipped to con-
tribute in an industrial setting if they were taught how to ef-
fectively use Excel rather than how to write a computer pro-
eram in a language they may never use again. The numerous
books,?! trade journal articles,*®! software vendors,®-'2 and
consultants!'>! that demonstrate the use of Excel in engi-
neering analyses underscore this point. This notion, however,
overlooks the value of learning how (o logically formulate a
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problem-solving strategy that is inherent in any programming
course. Moreover, it omits the necessary exposure to pro-
gramming concepts (e.g., loops, decision constructs, etc.) for
the fraction of students who may be required to do some type
of programming in an R&D setting or in graduate school.

This paper describes a compromise approach that com-
bines instruction on the use of Excel as well as computer
programming concepts by way of Excel’s macro program-
ming language, Visual Basic for Applications (VBA). The
benefit to students is that they can learn the practical aspects
of “spreadsheet engineering” as well as the more generally
applicable concepts of computer programming. Additionally,
they gain a clearer understanding of how the course material
applies to their future profession since the course is taught
within the chemical engineering department. The benefit to
the instructor is the ability to consolidate the presentation of
course material through the use of a single software package.
This paper describes the format and content of a freshman-
level course that has been designed to replace the more tradi-
tional introductory compulter science course.

COURSE FORMAT

Programming and Computation for Chemical Engineers
18 a two-credit-hour course that chemical engineering majors
at Rose-Hulman Institute of Technology are required to take
in the spring quarter of their freshman year. The class meets
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two times per week for fifty-minute periods over a ten-week
quarter. At this point in the curriculum, students have typi-
cally completed two quarters of calculus and chemistry and
one quarter of physics. They are also concurrently enrolled
in a freshman-level design class that introduces them to many
concepts of importance to chemical engineers'. The early
introduction of chemical engineering concepts into their cur-
riculum provided by the two courses is beneficial to the stu-
dents, as will be discussed below.

Prior to the first meeting of this newly redesigned course,
a survey was conducted to assess the level of expertise in
using Excel and experience with any programming language.
Approximately two-thirds of the 66 students that were origi-
nally registered for the two sections responded to the survey.
The first part of the survey asked the students to select one of
five different categories that best characterized their ability
to use Excel. The selection options included

» Power user

> Pretty comfortable using it to process data and make plots

P Have used it before several times and know the basics

»  Have only started using it since my freshman year

» Have never used it before

The results are summarized in Table 1. While all of the
respondents had used Excel to some extent, most of the course
material consisted of techniques and applications that the stu-
dents had never been exposed to in the past.

The second part of the survey asked students to identify
any programming languages they had previously learned in
coursework or through work experience. As can be seen in
Table 2 below, two-thirds of the respondents had no previous
programming experience. Note that a few respondents had
experience in more than one type of programming language.

The classroom instructional technology at Rose-Hulman
greatly facilitated the execution of this type of course. Every
classroom is equipped with a laptop computer projector and
wireless network capabilities. In addition, each student at
Rose-Hulman is issued a laptop computer at the beginning of
their freshman year. The students were required to bring their

TABLE 1
Survey of Students’ Level of Expertise Using Excel

Power Pretty Know  Just  Never Used
User  Comfortable Basics Started  Before

# of Respondents 2 17 13 10 0

TABLE 2

Survey of Students’ Prior Programming Experience

Visual C/C+ Java  Pascal Matlab None
Basic C# HTML

# of Respondents 10 9 5 1 1 28
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laptop computers to class each day. A typical 50-minute class
period was discretized into 20 minutes of traditional lecture,
20 minutes of computer laboratory, and 10 minutes of dis-
cussion and reflection.

The initial lecture period would usually include an instruc-
tor-led example problem with students following along on
their laptops, followed by a computer lab assignment on a
problem related to the lecture topic. The students were free
to work together and to ask questions during this time. The
last few minutes of class were used to obtain closure on the
subject matter where the computer lab solution would be pro-
vided, the relevance of the material would be reinforced, and
any remaining questions would be answered. All in-class
quizzes and homework assignments were submitted electroni-
cally as Excel workbooks.

While most of the students had not yet taken any core
chemical engineering courses, every opportunity was taken
to expose the students to the kinds of problems they would
see later in the curriculum. This served to benefit the stu-
dents in several ways. First, they became more engaged in
learning the programming and the problem-solving concepts
when it was demonstrated that these fundamentals could be
applied to chemical engineering-related problems. This was
true in spite of the fact that they possessed only a cursory
understanding of the underlying fundamentals at this point in
their education. Another benefit was that, early in the cur-
riculum, students were exposed to a sample of what the chemi-
cal engineering profession entails. It was observed that many
of the students were interested in chemical engineering for
reasons ranging from the desire to follow the path of a family
member or close friend to a desire to have a good paying job
when they graduated. Approximately 5% (3/66) of them ended
up changing their major after learning more about the chemical
engineering profession. In the following section, the specific
learning objectives and content of the course are described.

COURSE OBJECTIVES AND CONTENT

In a broader perspective, the objective of Programming
and Computation for Chemical Engineers is to begin the pro-
cess of introducing the computer as an engineering problem-
solving tool. As described in the preceding section, the ap-
proach to satisfying this objective relies upon active learn-
ing, relevant example applications, and modern classroom
instructional technology. This high-level objective of the
newly redesigned course was refined into the specific learn-
ing objectives of

» Becoming proficient at using Excel to perform scientific
and engineering calculations and graphical analysis.

» Understanding the essential elements of structured and
object-oriented programming as it applies to VBA.

> Being able to construct customized VB A-based spread-
sheet functions to enhance the engineering problem-
solving capabilities of Excel.
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The first one-quarter of the course consisted of formal instruction on
spreadsheet techniques and tools. This is illustrated in Figure 1a, where the
students’ progression of learning begins with basic operations in a work-
sheet cell and progresses outward to increasingly complex worksheet opera-
tions. The remaining three-quarters of the course was devoted to instruction
on VBA programming in Excel. Since VBA is a separate application that is
integrated into the Excel environment, this involved two distinct aspects—
learning the VBA programming language and learning how to interface with
Excel from a VBA program. The latter required the students to work with
Excel’s so-called Object Model, a heirarchical, object-oriented interface to
the Excel application that facilitates manipulation of all the elements of an
Excel workbook.

A synopsis of the programming elements of VBA that were included in
the course is shown in Figure 1b. VBA contains many of the same elements
that are common to other programming languages—variables, loops, deci-
sion constructs, efc. Thus, the students obtain a conceptual understanding
that enables them to more easily learn a different progamming language,
such as C** or Java. This was an important consideration since some of the
students will continue their education in graduate school where they may be
involved in computational research requiring programming skills in other
languages.

EXAMPLE APPLICATIONS

In the preceding section, the general features of Excel spreadsheets and
VBA programs that the students were exposed to, and which underly the
course learning objectives, were described. The students developed their skills
at using these tools by applying them to a number of engineering-related
problems. The types of applications that were included and the specific ex-
ample problem they were asked to solve are summarized in Table 3.

Most of the applications were first explored using a spreadsheet-only ap-
proach, then subsequently implemented in a VBA program. It is again em-
phasized that while the students did not possess a deep understanding of how
the design equations for a particular application were derived, their appre-
ciation for the usefulness of the computer skills they were acquiring was none-
theless heightened. Moreover, they finished the course with a better understanding
of what was ahead of them in the chemical engineering curriculum.

One of the applications listed in Table 3 is the numerical solution of ordi-
nary differential equations (ODEs). The students learned how to solve ODEs

a).
apvay functions

" ey plots

VB Editor,
variables,

referencing,

Figure 1. Schematic illustrating sequence of topics pertaining to spread-
sheet (a) and VBA (b) instruction.
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using both the explicit Euler method as well as
the 4"%-order Runge-Kutta method. As an ex-
ample, the following differential equation repre-
senting the draining of a cylindrical tank was nu-
merically solved by applying the 4"-order Runge-
Kutta method, using both the spreadsheet and
VBA program implementations.

2
@= [ dhole 20h
dt (dtank ) \/?

In this equation, h is the height of fluid in the
tank, tis the cumulative draining time, d, | 1is the
diameter of the drain hole located at the bottom
of the tank, d_, is the tank diameter, and g is the
eravitational acceleration constant. This equation
is widely known as Torricelli’s formula, and pos-
sesses an exact solution. This enabled the stu-
dents to also explore the concepts of integration
step size and associated error, as well.

The two implementations are shown in Tig-
ure 2 below. The students solved this problem
using the spreadsheet implementation early in the
quarter, and subsequently revisited the problem
after learning how to create customized VBA
function procedures. This helped them to appre-
ciate the advantages of the VBA approach, in-
cluding the conciseness of the implementation

TABLE 3
Applications of Computer Skills
Included in Course
Application

Implementation  Example

Excel
VBA

Engineering formula
involving transcen-
dental functions

Pressure dynamics and
release rate of choked
flow from a high-
pressure gas cylinder

Determination of first-
order rate constant from
experimental data using
the integral method

Parameter estimation Excel
VBA

Solution of linear Excel
systems of algebraic

equations

Steady-state material
balance

Determination of
friction factor using the
Colebrook equation

Solution of nonlinear Excel
algebraic equations ~ VBA

Numerical integration Excel
VBA

Sizing of a gas-liquid
scrubber

Numerical solution of Excel
ordinary differential
equations

Draining of a tank using
Torricelli’s formula
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and the ability to reuse the function to solve a different problem by
simply redefining the ODE in the VBA function. Additionally, the
VBA implementation reduces the possibility of introducing a typo-
eraphical error since the Runge-Kutta terms do not have to be re-
typed for each problem.

SUMMARY AND CONCLUDING REMARKS

A newly redesigned freshman programming course for chemi-
cal engineers that supplants the traditional introductory computer
science course has been described in this paper. The course focuses
on the use of Excel spreadsheet and VB A programming techniques
to solve engineering-related problems in response to the needs of
industry as unveiled in a recent CACHE survey. The course also
serves as a metric for students to assess their interest and aptitude
for the chemical engineering profession at an earlier point in their
curriculum than previously allowed.

Some remaining issues will have to be addressed, one of which
includes the lack of suitable textbooks that relate to the course con-
tent. Many textbooks on Excel and VBA programming are avail-
able, but no textbook could be identified that focused on engineer-

a).

Excel worksheet for implementing spreadsheet and VBA-based solution to ODE.
) Fle Edt View Insert Format JTools Data PUPZ000 Window Help Acrobat

Dl &8E ¥l = - A il 100% - [2),  Aval 10 + B 7

J34 - A
A ] ¢ D E F G HT 1 T4 K

1

2| [Hole Diameter (m) | 0.0508 . .

3 Tank Diamster (m) 1| RKformulae typed into cells VBA function call

4| |initial Height (m) 1

5| [Time Step () 10 /\ /

8

7 Warksheet Implementation VEA Exact
18| |time (5) b (m) Kim)  k2(m  k3(m) k4 (m) h (m) N hexact (M)
9 i 1) 011428 011097 041107 -0.10775, 1 1
10 10 0688977 -0.10776 -0.10444 -0.10454 -0.10122) 0888977 0.888977
il 20 0.784485 010123 -0.09791 -0.09802 -0.09469 0.784485 0.784485
12] 30 0686524 00947 009137 -0.09149 008816 0.686524 0686524
113 40 0595094 -0.06816 008484 -0.084% -0.08163 0595094 0.595094
14 50 0510195 -0.08163 -0.0783 -0.07844 -0.0751 0510195 0510195
15 60 0.431627 00751 007176 -0.07191 -0.06856 0431827 0431827
15 70 035999 -0.06857 008522 -0.08539 -0.06203 0.35999 0353989
17 80 0294683 -006204 005966 005867 -0.0585 0294663 0294583
18 90 0.235908 -0.05851 005214 005235 -0.04895 0235908 0235907
19 100 018364 004698 00456 004584 -0.04243 0.183664 0183663
2 1100 013795 -D.04245 003005 003933 003569 013795 0137949
21 120 0099768 00392 003249 003283 002935 0.098768 0098766
2| 130 0086117 002939 -0.02692 002635 -0.02279 0085117 0.085114
23 140/ 0039998 002286 -0.01932 001991 00162 0039998 0039993
24| 160 0.020414 001633 -0.01265 -0.01367 -0.00946 0020414 0.020403)
% 160/ 0.007376 -0.00982 -0.00568 00077 #NUMI 0007378 0.007343
W

b).

VBA code called from worksheet cell formula.

Option Explicit

Dim k1 As Double, k2 As

k1 = dt * dyde(t, v) I

k2 = dt * dydt(t + 0.5 * dt, y + 0.5 * ki)
k3 = dt * dyde(t + 0.5 * dt, y + 0.5 * k2)
k4 = dt * dyde(t + dt, y + k3)

RungeKutta = y + (k1 + 2 * k2 +2 * k3 + k4) / 6
End Function

Private Function dydt(t As Double, y is Double) As Double

Din dhole &s Double, dtank As Double
Const g As Double = 9.8066

dhole = 0.0508
dtank = 1

dydt = —(dhole / dtank) * 2 * Sqriz * g * y)

End Function

Figure 2. Runge-Kutta solution of an ODE describing draining
of a tank using a spreadsheet (a) and a VBA program (b).
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ing-related applications. The students responded quite
positively to learning programming skills within the con-
text of solving engineering-related problems. A textbook
that is tailored to such a class would greatly facilitate the
continued offering of the course. Additionally, in order for
the students to sustain and leverage the skills obtained in
the course, a department-wide involvement to incorporate
Excel/VBA problem-solving methods where applicable
into their higher-level engineering courses must be initi-
ated and sustained. The familiar saying, “Use it or lose
it!” applies here.

It is also important to acknowledge that while spread-
sheets and Visual Basic programs are useful for solving
many relatively routine engineering problems as illustrated
in the preceding section, some problems require more $o-
phisticated computational tools. This becomes apparent
to the students later in the curriculum as they take courses
in fluid mechanics, transport phenomena, thermodynam-
ics, reactor engineering, and design. Here they will learn
about software packages designed to perform computa-
tional fluid dynamics calculations, predict detailed fluid
properties, optimize process flowsheets, and more. Thus,
the Programming and Computation for Chemical Engi-
neers course represents the commencement of their edu-
cation in using the computer as an engineering tool. The
real value of the approach outlined here is, perhaps, that
the students can more clearly and immediately see that
computers can be programmed to efficiently solve chemi-
cal engineering problems.
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