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he influence of computers on our lives grows with

each new technological breakthrough. Today the num-

ber and types of computer applications are too vast to
count. With the development of fast, efficient digital com-
puters, the role of computing in solving engineering prob-
lems, analysis, design, text processing, graphics, communi-
cation, and accessing information has increased dramatically
and has led to a great demand for computer application skills
in the curricula and practice of various engineering disci-
plines. Hence, computer literacy has become vital in engi-
neering education, research, and practice. As a result, courses
in chemical engineering, as well as in other engineering
disciplines, have become more computer-oriented at all lev-
els of the curriculum.

Recent surveys on computing conducted by the CACHE
Corporation Curriculum Committee show that chemical en-
gineering graduates overwhelmingly considered computing
to be an integral part of the undergraduate program.'" This
raises the question as to what undergraduate chemical engi-
neering students should know regarding computers and com-
putations. It is evident that the students must

Have access to computing facilities

Be efficient in programming in at least one high-level lan-
guage (such as Fortran)

Be capable of implementing numerical computing techniques
on the computers

Be exposed to the use of available software packages for
computing, data analysis, and design

Be able to use the computer for technical calculations, prob-
lem solving, data processing, process design and simulation,
etc.

Be ready to efficiently use computing support facilities such as
operating systems, editors, etc.”**!

Another difficult question that needs to be addressed is:
How best should undergraduate chemical engineering stu-
dents acquire these skills, systematically and effectively, at
an early stage of their academic program?
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Although the current practice of teaching programming in
Fortran or another language (e.g., Basic, Pascal, C, C++, etc.)
in the early years (freshman or sophomore levels) helps stu-
dents acquire some of the above mentioned skills, it does not
provide them with the vital knowledge of how to efficiently
solve engineering problems. This knowledge is essential for a
strong engineering program; enhanced understanding of chemi-
cal engineering principles at all course levels and the capability
of handling problem assignments, projects, case studies, etc.,
requires a knowledge of programming, computing techniques
for solving problems, understanding of computer capabilities
and limitations, and exposure to available software packages,
etc. Often, these skills are introduced by more than one course
at different levels of the curriculum.

For example, numerical methods and analysis are usually
offered at the senior or graduate level, clearly far too late for
the students to use the material in the curriculum. Even if the
available computing packages (such as Matlab, Mathematica,
and Spreadsheets) are taught with the calculus and linear alge-
bra courses, they do not provide the students with the highly
desirable integrated skills mentioned above.

A common practice is to cover the needed computational
skills and software for solving engineering problems through
assignments in different courses. This does not work very well,
however, since it detracts from the principles taught in the
course. Moreover, an average student often has to struggle
with the computational tools needed to solve the problem at
hand and ends up losing perspective of both the physical situa-
tion and the computational method. The grade-conscious stu-
dent focuses on getting the job done; it is viewed as a struggle,
and the student misses the learning part.
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It is much more beneficial to the student to have a single
course early in the curriculum that focuses on computational
literacy. Such a course can combine learning computational
skills with solving specific problems and gives the students
broad exposure to a variety of computing tools in an inte-
grated fashion. Enabling students to develop all the above
mentioned skills through a single course offered early in the
curriculum is not easy, but is essential for a productive engi-
neering program. The same conclusion has been recently
reached by Davis, et al.,'"! based on the surveys on computing
managed by the CACHE Corporation Curriculum Committee.

At Washington University, we have developed and taught
an effective early-stage (freshman or sophomore year) com-
puting course that provides, in a systematic manner, the skills
mentioned above.” The course, “Introduction to Computing
and Computer Applications,” is based on the premise that
chemical engineering students should be provided with an
integrated, strong, and early introduction to computing tech-
niques and packages for solving engineering problems. The
material is presented in a form that allows students to follow
the logic involved and to understand the relationships between
the computer, programming, numerical computing, comput-
ing software packages, and practical skills for solving engi-
neering problems. This course and its approach are described
and discussed in the following sections.

COURSE STRUCTURE AND CONTENTS

The course is offered each semester every year. It is as-
sumed that the students have had little experience with the
computer and its applications in programming, computing,
analysis, graphics, wordprocessing, etc.

The course is structured to achieve the following goals:

1. To acquaint the students with the computer (such as its basic
architectural components and their functions, its capabilities
and its limitations in solving engineering problems, etc.) and to
familiarize them with computing support facilities (such as the
operating system, editor, compiler, etc.).

2. To make the students efficient in programming in a high-level
language (Fortran).

3. To introduce the students to numerical methods and computing
and their effective implementation on the computer using For-
tran programming.

4. To use the commercially available and widely used computing
software and library packages such as Matlab, Mathematica,
Spreadsheets, and IMSL (International Mathematics and Statis-
tics Library).

5. To practice the acquired knowledge by solving real-world engi-
neering and scientific problems.

Achieving these goals prepares the students properly and ef-
fectively for the engineering courses at all levels.

Each week, some elements of Fortran programming, nu-
merical computing techniques and computing by commercial
software are given almost equal coverage. Engineering and
science problems are practiced through illustrated examples,
workshops, and homework assignments. Table 1 shows the
outline of the course structure and contents.

MATERIAL PRESENTED

As can be seen in Table 1, the course content is organized
into three parallel subjects that include 1) programming in
Fortran, 2) numerical computing, and 3) computing software
packages, in that order. Practical engineering problems are

Week
1&2 « Introduction to computer architectural components and their functions
* Running computer programs: editing, compiling/linking, executing
* Procedure for solving problems using the computer
* Introduction to numerical computing and engineering problem-solving
* Introduction to computing software: Matlab, Mathematica, and Spreadsheets
3« Programming: Fortran syntax / Arithmetic computations
* Numerical computing: The Taylor Series
* Matlab, Mathematica, and Spreadsheets: Building up calculations and data
processing
4« Programming: Simple input and output
* Numerical computing: Numerical differentiation/Introduction to differential
equations
* Matlab, Mathematica, and Spreadsheets: Algebraic calculations and
functions; symbolic computations/graphic
5 +Programming: Control structure - IF structures
* Numerican computing: Root of equations and conversion criteria
* Matlab, Mathematica, and Spreadsheets: Root equations computing; if
structure; graphic
6+ Programming: Control structure - DO loop structure
* Numerical computing: Numerical integration
* Matlab, Mathematica, and Spreadsheets: Computing of integrals; Doloop;
graphic
7 e+ Programming: Data files and additional input/output features

Subjects

TABLE 1
Course Outline: Computing and Computer Applications

*» Numerical computing: Review of basic matrix terminology and operations

* Matlab, Mathematica, and Spreadsheets: Handling data files and matrices
8 e Programming: Array processing

* Numerical computing: Systems of linear algebraic equations

* Matlab, Mathematica, and Spreadsheets: Matrix and array computations;

solving sets of linear equations

9 e« Programming: Subprograms - functions and subroutines

» Numerical computing: IMSL subroutines library package

* Matlab, Mathematica, and Spreadsheets: Functions and more computations
10 = Programming: Subprograms - functions and subroutines

* Numerical computing: Systems of nonlinear algebraic equations / IMSL

 Matlab, Mathematica, and Spreadsheets: Solving nonlinear equations
11 = Programming: Additional Fortran features

* Numerical computing: Curve fitting and statistical analysis / IMSL

» Matlab, Mathematica, and Spreadsheets: Curve fitting and statistical

analysis; graphics

12« Programming: Additional Fortran features

* Numerical computing: Interpolation / IMSL

* Matlab, Mathematica, and Spreadsheets: Fitting and interpolation; graphics
13 = Programming: Review

* Numerical computing: More differential equations / IMSL

* Matlab, Mathematica, and Spreadsheets: Differential equations; graphics
14« Review
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introduced in the lectures’ illustrated examples and in the
workshop and homework assignments. It is noteworthy
that programming in Fortran is covered first. It has been
my experience that this helps the students understand and
follow the algorithm steps and flowchart of the computing
techniques and to translate them to a computer program.

After a particular computing technique is covered, stu-
dents are introduced to computing packages to perform the
same computation. This sequence helps students appreci-
ate the flexibility of programming as well as the ease,
capabilities, and power of computation using software pack-
ages for solving engineering problems. Textbooks and ref-
erences used in the course are listed in Table 2.

The three key parallel topics of Table 1 are presented
and covered as follows:

Programming in Fortran ¢ There are a number of pro-
gramming languages other than Fortran that are used for
different purposes, such as Basic, Pascal, COBOL, C, C++
(which is an “object-oriented” language), etc. Although
each language has its supporters who claim its superiority
in some aspect (e.g., use, ease of learning, etc.), Fortran as
a structured language is still the dominant language in
engineering and scientific computations. It is the mother of
advanced computer languages, will likely remain preemi-
nent among its peers, and will continue to be a central
element in the training of engineers and scientists. It is
easy to learn and appropriate for beginners. Moreover, the
overwhelming majority of engineering and scientific com-
puter programs, as well as the most popular and efficient
computing packages such as IMSL, NAG, etc., are written
in Fortran.””* Since knowing one computer language and
the concept of programming is helpful when learning other
programming languages, students who have learned For-
tran can more readily master the other languages.

For the reasons cited above, Fortran is used as the pro-
gramming language in this course. There are many text-
books concerning Fortran, but in general, most of them are
either wordy or very detailed. In contrast, the rules and
structure of the Fortran language have been summarized
for this course and are presented in a concise manner. The
students follow the material with ease and interest since it
contains many illustrative examples. The prepared sum-
mary is distributed to the students as class notes."” In
addition, a Fortran book by Etter'” is used as a reference.

Numerical Computing * Knowledge of this subject is
vital for solving engineering problems—in practice the
solution of most engineering and scientific problems re-
quires the application of numerical computing techniques.
In order to use numerical methods efficiently in learning to
use the computer and programming in solution of engi-
neering problems, an effective numerical computing text,
matching the level of the class, was developed and printed
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in the form of course notes.”' It provides an early and focused
introduction to numerical methods and engineering problem
solving using the computer. It consists of an introduction to the
computer and its elements, the procedure for solving problems
using the computer, numerical computing techniques, introduc-
tion to the IMSL subroutine library, and recommended refer-
ences. The covered numerical methods, which represent the
core of the text, are the common techniques used in many
engineering and scientific applications.

One unique feature of the text is that all the numerical meth-
ods are presented in a simple, easy-to-understand manner. Each
technique is covered by: 1) a short introduction describing the
mathematical basis for the technique; 2) steps of the algorithm
needed for implementation; 3) illustrated examples by hand
calculator, following the algorithm steps for the technique; 4)
translation of the algorithm steps into a programming flowchart
that can be readily implemented in a computer program; 5)
programming recommendations and comments, if necessary.
Introduction to the IMSL subroutines is covered with simple
and understandable examples that illustrate the implementation
of this library.

The sequence of introduced and discussed numerical methods
is chosen in such a way that it is well integrated with the
covered Fortran topics necessary for implementation of a par-
ticular numerical method, as illustrated in Table 1. In other
words, we let the students practice programming by implement-
ing numerical computing. For instance, when a DO loop struc-
ture in Fortran is covered, numerical integration is presented
where a DO loop is implemented; when array processing is
introduced in Fortran, matrices and numerical methods for solu-
tion of sets of linear equations are discussed in order to use the
newly acquired Fortran knowledge, etc. This approach provides
an efficient way to learn both the numerical techniques and
programming, as also confirmed by Chapra and Canale.""”’

Computing Software « Matlab, Mathematica, and Spread-
sheet (Excel) are commercial software packages for interactive

TABLE 2

Course Textbooks and References

P Al-Dahhan, M., “Introduction to Numerical Computing,” Chemical

Engineering Department, Washington University, St. Louis, MO (1991, 1995)

Al-Dahhan, M., “Class Notes,” Chemical Engineering Department,

Washington University, St. Louis, MO (1992, 1995)

Etter, D.M., Structured Fortran 77 for Engineers and Scientists, 4th Ed.,

Benjamin/Cummings Publishing Company, Inc., (1993)

»  Wolfram, S., Mathematica—A System for Doing Mathematics by Computer,
2nd Ed., Addison-Wesley Publishing Company, Inc. (1991)

P Matlab User’s and Reference Guides, Matlab—High Performance Numeric
Computation and Visualization Software, The Math Works Inc., (1993)

»  The Student Edition of Matlab for MS-DOS Personal Computers, The Matlab
Curriculum Series, The Math Works Inc., (1993)

» Handout on Excel Spreadsheets, Mathematica, and Matlab, Center for
Engineering Computing (CEC), Washington University (1994)

P User’s Manual, FORTRAN Subroutines for Mathematical Applications, IMSL
(International Mathematics and Statistics Library) Inc. (1991)

v

v
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It is noteworthy to mention that in spite of the capability of
the computing packages for performing computations encoun-
tered in typical undergraduate courses, there is still a need for
numerical computing and programming. This need is illus-
trated by the fact that sometimes these packages cannot solve
a problem encountered in course work, research, or engineer-
ing practice. The students then recognize that a knowledge of
numerical computing and programming is essential to get the
job done. Moreover, the best use of these packages and librar-
ies (such as IMSL) rely on the knowledge of the basic theories
underlying the numerical methods.

The above discussed approach to computing helps the stu-
dents effectively achieve the following: 1) a realization of how
the acquired knowledge of Fortran can be implemented in
solving engineering problems; 2) an understanding of the nu-
merical techniques; 3) the ability to practice programming in
useful applications; 4) a recognition of how the commercial
computing software can be used in engineering computing

numerical computation, data analysis and processing, and
graphics. They are available with detailed user manuals and
monographs, as shown in Table 2, and on-line help is avail-
able within the system. These software packages are intro-
duced in the early weeks of the semester, followed by simple
examples and assignments designed to familiarize the stu-
dents with them. Then, each week a set of selected rules and
functions is discussed, summarized, and linked to the nu-
merical computing that is covered during the same week.
The summary and notes for using Matlab, Mathematica, and
Spreadsheets in solving engineering problems are distrib-
uted to the students.** The manuals related to these pack-
ages are also available in the computer lab for more detailed
explanations. The purpose of exposing the students to all
these packages is to provide them with the broad spectrum of
skills needed for solving engineering problems and to dem-
onstrate the differences in the packages’ capabilities for
solving different engineering problems.

TABLE 3
Solving a Set of Linear Equations Assignment: Material Balance

Two aqueous solutions of component A are mixed in five mixers linked
together as shown in Figure 1, where Q is the volumetric flow rate (m*/h) (Ox
represents the outlet of mixer 1, which is the inlet to mixer 2), C is the concentra-
tion of A (kg/m"), and M stands for a mixer.

Since the mixers are well mixed, the concentration of A in each mixer is equal
to its concentration at the mixer outlet. These mixers are operated at steady state.
In order to characterize the system and to find the values of the five unknowns
(C,,C,,C,,C,, and C,), five simultaneous mass balance equations for component
A are required (the overall mass balance cannot provide new information). The
mass balance on A for a steady-state system (i.e., no accumulation) is:

Mass in = Mass out

Hence, for mixer 1 (M1) the mass in is

Mass in (M1) =Q,,C, +Q,,C,
while the mass out is

Mass out (M1) =Q,,C, +Q,,C,
Therefore, the mass balance equation for mixer 1 (M1) is

QDICOI i Q31C3 = QIZCI + lecx
Substituting the values of volumetric flow rates Q , Q,,, Q,;, and Q,, as shown in
the schematic diagram (Figure 1) and the known inlet concentration, C,, yields
the mass balance equation for mixer 1 (M1)

5*10+ 1*C, = 3*C, + 3*C,

Rearranging the equation gives the final mass balance equation for M1

6C,-C,=50
L Q=2
” F—
Qisslf e » C5=7
GI=7 cl—Sse=2
C5-7
A
Qp5=
| | |ca=" | v
an=5 | M| q,-3 M2l Q-1 | MHQusY
— - —
Cy=10 c1 Cl1=7 cz2| C2=17 c4l|C4="7
2
Q=1
|02=7
Qg =1
Qps =8 Cg=? M3 Qs =8
Cog=20 o sl C3=7

Figure 1. Schematic diagram of mixers system

Using the same procediire, other mixer’s mass balance equations can be developed.
Accordingly, five mass balance equations are formed as (check these yourself):

6C,-C,=50 (M1)
3C,+3C,=0 (M2)
-C,+9C, =160 (M3)
-C,-8C,+11C,-2C,=0  (M4)
3C,-C,+4C,=0 (M5)

1. Develop a computer program by using the Gauss-Jordan elimination method
to solve these equations for C , C,, C,, C,, and C,. Send the program output to
an output file.

2. Can these equations be solved by the Gauss-Siedel iteration method? Explain!

Use Matlab and Mathematica to solve the above set of linear equations.

4. Develop a computer program by using an IMSL subroutine to solve the above
equations.

w

Selected Solution by Developing a Computer Program Using Gauss-Jordan Elimi-
nation Method
The matrix form of the above set of linear equations is:

The data file is:

5

6 =10 w50
-3 3 0 0. .90 0

0 =1 9 "0 0 360
0 -1 -8 11 -2 0

-3 -1 .0 0 4 0

The output file is:
The concentration of component A in each mixer is:

C1=11.509 kg/m* (mixer M1)
C2 = 11.509 kg/m’ (mixer M2)
C3=19.057 kg/m’ (mixer M3)
C4=16.998 kg/m’ (mixer M4)
C5=11.509 kg/m’ (mixer M5)
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and how to choose the most suitable package to solve the:  COMPUTER LABORATORY WORKSHOP SESSION

problem effectively; 5) a recognition through practical home-

The workshop sessions are organized weekly, or at least

work assignments of how real engineering problems require ooy other week, in the computer laboratory and are overseen
well-developed knowledge and skills in computing and com-  py, the instructor and the teaching assistants. The objectives of
puter applications. these sessions are to supplement the lectures, to enhance the

HOMEWORK ASSIGNMENTS

skills of the students in different features of the operating
system, to practice developing different programming struc-

Homework a'issignments are vital in.helping the students  tures and debugging them, and to demonstrate the applications
absorb the subject properly and recognize the Hmportange of  of the computing packages in solving engineering problems.
such skills to their engineering program and their careers.  The assignments are prepared to achieve these objectives.

They also help students develop hands-on experience in

solving problems by computer. Thus, in order to make the ~ REMARKS

course a practical and pleasurable experience, we use real-

Overall, the students’ impression of this course was very

world engineering and science problems. favorable, as confirmed by their comments and evaluations at

Since this course is not a course in modeling, and that the end of the course. Also, personal contacts with the students
subject is beyond the scope of the class level, the problems  during the course, and later during their junior and senior
are stated clearly and the physical phenomena behind the  years in the program, reflect a sincere appreciation of the
derivation of the final models or equations are discussed. = knowledge and skills that they gained in this course. The
The students recognize that such models/equations cannot  benefits of the course include: 1) producing a favorable impact
be solved analytically or by hand. Therefore, computing  on the chemical engineering courses that use computer-based
knowledge and skills are required to solve these models and  calculations as a tool; 2) making students efficient in program-
equations. This helps the students appreciate the course even ~ ming of useful techniques; 3) providing a focused and early
more, and most develop the desire to work hard to absorb the  introduction to numerical computing; 4) using efficiently the
material. Tables 3, 4, and 5 show examples of some of the  available computing software and library packages; 5) devel-
course assignments on materials balances, thermodynamics  oping skills and knowledge required to solve practical engi-
and reaction engineering, respectively. neering and scientific problems efficiently.

The ideal gas law is widely used by engineers and scientists. It relates the pressure,
temperature and volume. It can be written in different forms as

PV = nRT

Pv=RT v=V/n

where P is pressure, V is volume, n is number of moles, R is the universal gas constant, T
is absolute temperature, and v is the molar volume.

At a certain range of high pressures and over a range of temperatures depending on the
type of gas, the gas behaves nonideally. One of the equations of state for such nonideal
gases is the Van der Waals equation, which can be written as

[P+12)(u—b) =RT

v
where a and b are empirical constants that depend on the gas.

1. Develop a computer program to perform the following:

a. Comparison between the molar volume (v = V/n ) estimated based on the ideal
gas law and the Van der Waals equation for carbon dioxide (CO,) at the following
conditions:

P=100atm; T=300K% R =0.082054 Lit. atm/(mol. K)

a=3.592; b=0.04267
The molar volume, v, equations are:
Ideal gas: v =RT/P
Nonideal gas: The equation is nonlinear with respect to the molar volume, v.
Therefore, use the Newton-Raphson method to evaluate the molar volume. Thus
rewrite Van der Waals equation in the following form where the molar volume, v,
represents its root.

f(u)=(P+i)(u—b)—RT=o

1)2

TABLE 4
Find the Roots of Equations Assignment: Thermodynamics

The analytical first derivative of this function is

sz(\,): p_L+23_b
dv Uz U3
For this case, evaluate the root to the relative error equal to 0.00001.
b. Use the read statement to supply the following data to the program:
Guessed value of the root; maximum number of iterations; error crite-
ria; pressure; temperature; a and b constants.
¢. Let your output format be as follows:

Comparison between ideal and nonideal gas laws
in evaluating the molar volume of carbon dioxide

T(K) P(atm) ideal(v) nonideal (v) iteration no.
LK  XEEXXXXXX X.XXXX XX

Here, xxx represents the form of the format to be printed (e.g., xxx
represents the I3 format).
2. Use Matlab, Mathematica, and a spreadsheet to perform the above
comparison.
3. Develop a computer program with the requirements listed above by
using IMSL subroutines to solve the nonlinear equation of the nonideal
gas law.

Selected Solution by Developing Program Using IMSL Library: ZBREN
Subroutine

The output file is
Comparison between ideal and nonideal gas laws
in evaluating the molar volume of carbon dioxide
T(K) P(atm) ideal(v) nonideal (v) iteration no.
3000 100.0  0.2462 0.0795 5
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As a result, the course attracts students from other engineering

disciplines, and the number of students attending the course has “
increased significantly (from less than twenty student to over fifty
students per term). 3}

We believe that the course is advantageous to, and highly desir-

able for, a productive chemical engineering program, as well as for 4,

other engineering disciplines.
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TABLE 5

Ethylene ranks fifth among chemicals in the United States in total pounds produced
each year, and is the number one organic chemical produced each year. Over 28 billion
pounds were produced in 1985 and sold for $.22/pound. Sixty-five percent of the
ethylene produced is used in the manufacture of fabricated plastic, 20% for ethylene
oxide and ethylene glycol, 5% for fibers, and 5% for solvents.

Determine the plug flow reactor size (volume) necessary to produce 300 million
pounds of ethylene a year from cracking a feedstream of pure ethane (a plug flow or
piston flow reactor is a pipe in which the fluid velocity profile is close to flat—hence the
name piston-plug-flow). The reaction is irreversible and elementary. It is desired to
achieve 80% conversion of ethane, operating the reactor isothermally at 1100 K and at a
pressure of 6 atm.

The design equation for the plug-flow reactor (PFR) shown in the figure is

The reaction is

which we will writeas A — P+ H.
The rate of disappearance of ethane (-r,) is given by -r, = kC, where k is the reaction
constant and C is the concentration of the reactant (ethane).
The parameters required are:
F,,=0.425 Ib mole/s
kat 1100 K =3.07 l/s
x=0.8
C=Cy(1-x)/(1+ex)
C,=0.004151b mole/ft’; it is the initial concentration of the reactant (ethane)
€ = |;itis the factor of changing volume
€ =change in the total number of moles when reaction is completed/total
number of moles at start of reaction
Substituting the above in the design equation yields

0.8
T dx 0.425 [ (1+x)dx
)
0

V=F e 5
AOO kC  (3.07)(0.00415 (1-x)

Evaluate the PFR volume by the following methods:

Numerical Integration Assignment: Reaction Engineering

Reactant Products
——— Reactor S E—
Exo x Conversion

A. Write a computer program that evaluates the integral numerically using

dx
Wi= FA(,J Calculated reactor volume = xxx.xx cubic feet
o B. Use Matlab, Mathematica, and a Spreadsheet to estimate the reactor
where V is the reactor volume, ft’; F '\ 18 the molar feed rate of the reactant, Ib mole/s; volume
-r, is the reaction rate, ft's/Ib mole; and x is the conversion. C. Develop a computer program by implementing IMSL library to calculate

C,H, —» C,H, +H, Selected Solution by Using Matlab and Mathematica
The solution by Matlab is:

The solution by Mathematica is:

Schematic diagram of plug flow reactor.

Simpson’s rule. Send the program’s output to a file in the following
format::
Ethylene Reactor Design Calculation
The plug-flow reactor size required to produce 300 million
pounds of ethylene from cracking pure ethane at 0.8 conversion
operated isothermally at 1100 K and 6 atm is:

the reactor volume.

The m-file “react.m”:
function y = react(x)
y=(1.4x)/(1.x);
Matlab solution:
>> diary reactor
>> intg = quad(‘react’,0,0.8)
intg =
24189
>> volume = intg*0.425/(3.07*0.00415)
volume =
80.6895
>> diary off

In [1]:= intg = NIntegrate[(1+x)/(1-x), {x,0,0.8}]
Out [1] =2.41888

In [2]: = volume = intg*(0.425/(3.07#0.00415)
Out [2] = 80.6893
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