class and home problems )

of Michigan, Ann Arbor, M1 48109-2136.

The object of this column is to enhance our readers’ collections of interesting and novel prob-
lems in chemical engineering. Problems of the type that can be used to motivate the student by
presenting a particular principle in class, or in a new light, or that can be assigned as a novel
home problem, are requested, as well as those that are more traditional in nature and that eluci-
date difficult concepts. Manuscripts should not exceed fourteen double-spaced pages and should
be accompanied by the originals of any figures or photographs. Please submit them to Professor
James O. Wilkes (e-mail: wilkes@umich.edu), Chemical Engineering Department, University

COOPERATIVE WORK
THAT GETS SOPHOMORES ON BOARD

CuarLEs H. GoopiNg
Clemson University » Clemson, SC 29634-0909

he chemical engineering curriculum at most univer-
sities begins with a mass and energy balance course.

In some cases this is preceded by a general engineer-
ing course that covers concepts such as unit conversions,
eraphical data representation, and basic statistics. One of the
challenges in these lower-level courses is to help students
erasp big-picture issues that faculty often take for granted.
Some examples are

@ The importance of error, uncertainty, significance,
cause and effect, and/or quantitative relationships
among real process data.

o “What do you mean ‘error’? I thought they did
the experiment carefully.”

o “Why should I use a linear fit if the polynomial
gives a higher R*?”

@ Understanding, at least in a rudimentary way, how
process equipment works.
* “In problem 4.11, what do they mean by . ..”
* “How do I know if it’s adiabatic or not?”

@ Understanding something about the diversity,
breadth, and connections among companies that
employ chemical engineers.

o “Why would I want to spend the rest of my life
making tetrahvdrofuran?”
o “Advil comes from oil? No way!”

Simple cooperative assignments can be
particularly useful in the first two
courses . . .. Three examples are
presented in this paper.

Cooperative learning is a proven technique for helping stu-
dents learn through discovery and discussion.™! Simple co-
operative assignments can be particularly useful in the first
two courses to deal with the issues cited above. Three ex-
amples are presented in this paper. The problem statements
and basic rationale are explained, and typical solutions are
shown in part.

These assignments not only help students understand im-
portant basic concepts, but also help them begin to think like

\}‘ Charles H. Gooding is Professor of Chemical
Engineering at Clemson University. He received
BS and MS degrees from Clemson and a PhD
from North Carolina State University. He teaches
the introductory course in material and energy
balances, unit operations laboratory, process
control, and process design.
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chemical engineers. Moreover, these examples work best as
team exercises with written and oral reporting requirements,
which can contribute to the development of productive rela-
tionships among the students and to developing or refining
their communication and presentation skills.

( EXAMPLE 1 )

ACCESSING AND USING DATA FROM
A REAL PROCESS

Clemson University is fortunate to have an Energy Sys-
tems Laboratory (ESL), which was developed to provide real-
time energy usage and equipment performance data for simu-
lation, modeling, and analysis by students and faculty. The
ESL is located adjacent to the Central Energy Plant. It pro-
vides physical and virtual access to operating data from
three gas turbines and extensive data on other utility sys-
tems and equipment that are under the purview of Uni-
versity Facilities.

The capstone microturbine virtual interface is the most con-

venient ESL tool for students and faculty to use. The physi-
cal facility consists of a 30-kW gas-fired turbine and an inte-
grated heat exchanger, which recovers part of the sensible
heat from the turbine exhaust gases and transfers it into the
campus steam system. Data from this facility can be accessed
and used as a virtual lab by anyone who has a web connec-
tion. The user first encounters a photograph of the facility
and then the schematic of the gas turbine and heat exchanger,
shown in Figure 1.

Real-time operating data can be accessed by clicking the
“Refresh” button and waiting a few moments. As shown in
the figure, data are available on the feed gas, exhaust gas,
water, and power generation to support several types of engi-
neering analysis. Historical data can also be obtained on any
of the process variables shown.

We usually start this assignment by giving freshman or
sophomore students a tutorial that sends them individually to
the microturbine web site to view and print a copy of Figure
1 with typical operating data shown in the blocks. They bring
this to the next class meeting, which is held at the ESL. There
they see a full-scale cutaway mock-up of a gas turbine and
hear a brief lecture on turbine operations and energy conver-
sion. This is followed immediately by a short walk to see the

i)

926 DegF | 0.0 %RH
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Figure 1. Capstone microturbine schematic with typical data.
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actual microturbine and heat exchanger facility for further assumptions and approximations. In this case the students

observation, explanation, and questions and answers. must assume something about the composition of the fuel
The goals of this ESL assignment at the freshman level are gas, e.g., thatitis 100% methane or that it has some average
to introduce students to energy conversion, to have them ex- natural gas composition.
plore and gain a rudimentary understanding of the equipment When they have completed the material balances, students
operation, and to have them conduct basic exercises in data can conduct energy balances on the facility. Again using data
presentation and analysis. The first homework requires them from Figure 1, they can determine the fraction of the chemi-
to write a short narrative description of the integrated energy cal energy from the fuel that is converted into electricity in
conversion facility after visiting it and to answer questions the microturbine, the fraction that is transferred to the water
such as in the heat exchanger, the fraction lost up the stack, and the

. 3 . fraction lost elsewhere.
o What kind of gas enters the turbine and where does it

come from? This assignment is an excellent springboard for introduc-
v Whit doesSCEH wean? ing concepts of alternative energy conversion, conservation
» Where does the air for combustion enter the turbine? strategies, thermodynamic limitations, environmental conse-

Is the air flow rate metered? quences, and economics. Complete discussion of these top-
o What type of energy is measured by the “energy ics may have to wait until the students encounter other courses,

L but the seeds of interest can certainly be planted at the sopho-
o What do the bowties on the thin lines in the sche- more, or even the freshman, level.

matic represent?

In the second ESL assignment the freshman stu-

192
dents are given access to an Excel spreadsheet that ‘

contains data from the microturbine and heat ex- _— 's'::a:ev_::?f: ."o
changer tabulated at regular intervals over several N range = 184.0 101905 °F .
hours. They are instructed to plot a specified pro- = *l 14
cess variable versus time (see Figure 2) and to plot § 188 O mma
against one another two variables that should be fg * 5 5 s ’“
correlated (see Figure 3). For the single-process = e ate | | | *l e .««“’ T i
variable plotted on the ordinate against time they £ 1 [fe ¢ of ot J1t
calculate statistics such as mean, range, and stan- = . . * .
dard deviation, and then brainstorm and explain 184 ot | o? ot® !
several physical reasons why the standard devia-
tion is not equal to zero, i.e., what are the influ-

182

ences on this process variable, how is it measured, ) & o - e = - i e
and why does the measured value change with Sample time, minutes

time? For the correlated-process variables they
fit a simple linear model and discuss the physical
interpretation of the slope and intercept and the

Figure 2. Heat exchanger outlet water temperature vs. {ime.

27.0

goodness of fit.

The objectives of these exercises are to develop : = :;::: k,;sz E
the students’ basic skills in data representation and Bl o T IRED”
their understanding of statistical and modeling con- s 260 iffercept=-6.53 kW - /.//
cepts such as measurement error, random varia- ; e s 2
tion, and cause and effect. g ; vz oo ?

After students study mass balances, data from g ,,.; - .
this facility can be used further for a real-world £ 250 mr“&“ :
comprehensive assignment. They are told to start T
from the data set such as the one shown in Figure
1 and determine the composition of the exhaust
gas and the amount of excess air used in the tur- 240

370 375 380 385 390 395

bine. They soon learn that another engineering skill

) . . S Fuel flow, SCFM
is needed to accomplish this—making reasonable

Figure 3. Microturbine power generated vs. fuel flow rate.
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[ EXAMPLE 2 )

WHAT IS IT AND HOW DOES IT WORK?

This simple assignment is designed to help students in the
mass and energy balance course understand common chemi-
cal engineering processes that are used frequently in home-
work problems and quizzes. Early in the semester, teams of
two or three students are assigned an unnamed apparatus in
the Unit Operations Laboratory and told to complete the fol-
lowing tasks:

1. Prepare a simple drawing of the apparatus. The
drawing doesn’t have to show nonfunctional details or
be artistic, but it should be sufficient to help you
explain how the device works. Make a rough sketch
when you are in the lab, and then use that to make a

Steam

X0000000XK, [|—p
wet solids

Fan Heat Exchanger Dryer

Room Air

Condensate

The apparatus shown above is used to remove moisture
from solids. Wet material is placed on a rack inside the
dryer. Room air is pushed by an electric fan through a heat
exchanger and then through the dryer. The heat exchanger
consists of small tubes inside a larger cylinder. The air
passes through the tubes, and steam is fed into the outer
cylinder. In the dryer, moisture evaporates into the hot air,
leaving a dry solid after a period of time.

Material balance

> Air enters the fan and passes through the heat
exchanger and dryer, then back into the room.

B Steam condenses in the heat exchanger and leaves
as water.

> Moisture is evaporated from the solids and leaves
as water vapor with the air.

> The solids put into the dryer are taken out later
(minus the moisture).

Energy balance

B Steam put into the heat exchanger loses thermal
energy to the air.

»  Electrical energy put into the fan, raises the
pressure of the air.

B The air cools when it heats the solids and
evaporates the moisture.

Figure 4.

Spring 2005

neater drawing later for inclusion in your written
submission and to use in your oral presentation.

2. Figure how the device works and write a brief narra-
tive description to accompany your drawing. Explain
the material and energy balance aspects of the process
as well as vou understand them at this point in your
studies. Describe what goes in where and what comes
out where during typical operation. Explain how
energy gets into the system and where and how it is
converted to another form or where it comes out.

3. Prepare and present a three-minute oral summary on
your results.

Students are encouraged to ask upper-class chemical engi-
neering students in the Unit Ops Lab to help them under-
stand how an apparatus works. They are also referred (o the
ChE library to consult Perrv’'s Chemical Engineer’s Hand-
book, the Kirk-Othmer Encyclopedia of Chemical Technol-
0gy, and the assortment of textbooks and periodicals stored
there. They discover not only that descriptive help is avail-
able, but also that there are cutaway pictures and diagrams in
these references that will help them understand the equip-
ment.

The sketch and narrative summary in the example shown
in Figure 4 are typical of those handed in for this assignment.
Although the description doesn’t include sufficient detail to
ensure that correct mass and energy balances would follow,
it reflects a reasonable understanding of the process.

After examining process equipment and discussing how it
works, sophomores are much better equipped to decipher
written and verbal process descriptions in their classes and (o
correctly lay out process flow diagrams.

( EXAMPLE 3 ]

CHEMICAL GENEALOGY

In this assignment each team investigates the “gencalogy”
of a family of related chemicals. They are assigned a chemi-
cal intermediate (e.g., acrylonitrile, ethylene oxide, styrene),
which is defined for them as a compound that is made (per-
haps in multiple steps) from naturally occurring materials and
is then used to make other compounds, until ultimately the
products become part of consumer goods. Each tcam must
conduct a literature research and complete the following tasks:

1. Identifv the “parents” and one set of “grandparents”
of the assigned intermediate. In other words, identify
an industrially relevant reaction route that produces
the intermediate, and then pick one of the reactants of
that reaction and determine how it is made.

2. Investigate one “child” and one “grandchild” of the
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intermediate; i.e., identify one product that is made
Jfrom the intermediate and one product that is made
from that product.

3. Identify one member of the chemical family that can be
identified as a tangible product and bring it to class
(safely!). The “grandchild” might be the most likely
candidate, but the product can contain any member of
the family. This product must be something that is
commonly used or can be purchased for less than $5.

4. For each of the four steps in the genealogy (“births,”
to take the analogy a bit farther), teams do the
Jollowing:

a. Write the primary reaction involved. Make sure it is
balanced.

b. Describe the industrial-scale reaction conditions
(e.g., physical layout of reactor equipment; teni-
perature and pressure of operation)

c¢. Describe the separations that follow the reaction to
purify the product.

d. Determine the annual production rate in the U.S.
(or globally) of the primary product. Name at least
one company that produces a substantial amount of
if.

e. Determine the unit value of the primary product
($/kg).

5. For each of the four steps in the genealogy, gather and
organize the information so that it fits on a single
overhead or PowerPoint slide, using no fonts smaller
than 16 points. Bring to class the four slides and a
hard-copy report that consists of the four slides plus a
list of references, identifving what was obtained from
each. Each team must present a five-minute oral
summary of its work in class.

The genealogy assignment gives students a glimpse of the
structure, breadth, and connections in industries that employ
chemical engineers. It reinforces their study of organic chem-
istry and introduces them to future chemical engineering top-
ics such as reaction and separation equipment and economics.

To afford some flexibility, teams are allowed to shift the
position of their starting compound to the second or fourth
position in the lineage if they wish. Other options include
restricting the in-class “show-and-tell” product to a certain
category such as personal care products or pharmaceuticals.
A typical assignment is shown in Figure 5. Chemical and
Engineering News 1s a good source of ideas and variations
on this assignment.

SUMMARY

Most students entering chemical engineering curricula to-
day have had no hands-on experience other than a high school
chemistry lab, have had no exposure to process equipment,
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Given chloroform as the initial assignment, one team
identified methyl chloride as a parent,
chlorodifluoromethane as a child, tetrafluoro-ethylene
as a grandchild, and poly-tetrafluoroethylene as a
great-grandchild. They brought a PTFE coated pan to
class and presented the following information on step
one of the genealogy:

Reaction
CH.CI + 2Cl1, = CHCI, + 2HCI

Reactor configuration and conditions

Chloroform is produced in the gas phase reaction of
methyl chloride and chlorine, with hydrogen chloride
as a by-product. Methylene chloride and carbon
tetrachloride are also produced in the successive
substitution reaction. Usually the reactants are
preheated and fed into a cylindrical metal tank with
methyl chloride in excess. The exothermic reaction is
very fast (residence time of about 10 seconds), and
the products leave at about 470 °C and 1500 kPa.

Separations

The chemicals leaving the reactor are separated in a
series of distillation columns. Unreacted methyl
chloride and methylene chloride are recycled to the
reactor. HCI and CClI, are sold as by-products or used
elsewhere in the plant.

The annual production rate of chloroform in the U.S. is
about 300 million kg. The market value is about $1/kg.
Dow Chemical Company is a major producer.

Figure 5.

and have only a vague idea of what constitutes the chemical
industry and what chemical engineers actually do. These as-
signments introduce students to real issues and concepts that
chemical engineers confront every day. They complement en-
eineering fundamentals that are taught early in the curricu-
lum, making these courses less abstract and more interest-
ing—which rewards both the students and the professor. The
assignments also foster teamwork and contribute to the de-
velopment of communication skills.
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