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APID INCREASES IN technology, computer liter-

acy requirements, and the current trend to
achieve the BS degree in four years or less, create
heavy academic pressures on engineering students.
With laboratories occupying approximately one
third of the student’s scheduled time, it is essential
that this time be used efficiently by both students
and faculty. Current students are demanding more
participation in the practical aspects of chemical
engineering [1]. However, universities are un-
able to provide the type of equipment used in in-
dustry because of budget constraints, and thus
most academic engineering equipment dates from
the 1950’s. An article in Chemical Engineering
News [2] describes the deteriorating quality of
chemical engineering education as a result of
faculty shortages and equipment obsolescence.
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. .. universities are unable to provide the

type of equipment used in industry because of budget
constraints, and thus most academic engineering
equipment dates from the 1950's.

Also, in the university environment, increased
demand on scholarly development by the faculty,
larger enrollments, and the low priority of labora-
tory development have exacerbated the problem.

One way of alleviating some aspects of this
problem while increasing the effectiveness of
laboratory time is to implement the concept of
computer-aided laboratory stations (CALS).

By augmenting the laboratory with computer
stations for data acquisition and control, many
advantages are obtained, such as

o Increasing the efficiency of student laboratory time

® Providing necessary training for skills needed in
industry

e Increasing the student’s capability of performing
complex and complete data analysis

e Providing students with the opportunity to analyze
real problems, exercise engineering judgment, and

TABLE 1
Contents of a Laboratory Station

Apple II Plus System—48K
Disk II Floppy Disk & Interface
Language System with PASCAL
Second Disk II Drive
Thermal Printer
80-column Video Board
FORTRAN Compiler Software
IMI ADALAB Add-On Package
IMI ADA-AMP Instrumentation Amplifier
IMI TEMPSENSE Software
IMI VIDICHART, Scientific Plotter, and Curve Filter
Software
Secure Equipment Cart
Electronic Hardware
—Two Prototyping/Hobby Cards
—Three Transformers
—Filters & Circuit Breakers
—Rack panels & Mounting chassis
—Nine Relays
—Thermocouple Jacks & Plugs
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FIGURE 1. Computer Assisted Laboratory Station

express creativity
e Increasing faculty efficiency, but not at the cost of
student interaction.

REQUIREMENTS OF CALS

A laboratory station must be able to receive
analog or digital data from sensors, to condition
signals, and to either create a display or store the
data. Students need to interact with the station by
programming in higher level languages such as
BASIC, FORTRAN, and PASCAL instead of as-
sembly language. The station should be linked to
a mainframe computer by a high speed modem
for long term data storage, statistical analysis,
and text or graphic output. For the control of
laboratory processes, the station must be able to
send digital or analog signals to stepping motors
and voltage controlled instrumentation. The sta-
tion should provide a visual status report upon
request, contain alarms, and produce good hard
copy. Finally, because of space limitations the
station is restricted to the size of a small desk or
carrel and should be of modular construction.

CALS DESCRIPTION

The critical state of laboratory instruction
clearly dictates the focused use of the computer
for data acquisition and control. Realizing the ad-
vantages of CALS, the Chemical Engineering De-
partment at Bucknell designed and constructed

WINTER 1985

two portable stations at a cost of approximately
$6000 per station (1981 prices). Each station con-
tains an Apple II Plus computer, a television
monitor, two disk drives, a language card, a
thermal printer, an 80-column video board, a
micromodem, and the ADALAB system from
Interactive Microwave, Inc. (IMI). Table 1 de-
scribes this equipment in more detail. In addition,
software in BASIC from IMI is provided for data
acquisition, control and data analysis.

All the equipment, including manuals and disk
storage racks, is contained in a mobile 3’ x 5’ x 2’
security cabinet. The portable CAL (Fig. 1) al-
lows students to roll the station to their experi-
ment, plug in wires that monitor temperature,
pressure, or composition and to run software to ac-
quire data. Also, the students can write programs
to control the experiment. For powerful data
analysis, students can transfer the data from
Apple diskettes to Bucknell’s time-sharing com-
puter using the micromodem. In addition, the
student has access to a small graphics tablet (Fig.
2) connected to the Apple for digitizing data that

FIGURE 2. Digitizing Station

is not convenient for data logging but is needed in
a computer file.

A TYPICAL EXPERIMENT

The characteristic response is an important
consideration when selecting or specifying sensors.
For example, accurate control of humidity is often
required in chemical processes and in heating-
ventillation-air conditioning systems (HVACs).
A knowledge of sensor response time over a range
of operating conditions is necessary for the de-
termination of a transfer function with humidity
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. . . the work load on the faculty is reduced without sacrificing quality. The
use of the CAL concept for a portable station provides flexibility and ease of operation without
expensive duplication of equipment. Educational laboratories now can

simulate industrial environments at a minimum cost.
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FIGURE 3. Diagram of Humidity Chamber

as the measured variable. The objective of this ex-
periment is to determine the response times of a
solid state humidity sensor at various humidity
conditions and to develop an empirical model for
the sensor.

The sensor used in this experiment is a small
(0.5 cm) fast response solid state device. Figs. 3
and 4 show an environmental chamber for sub-
jecting the sensor to step changes in humidity.
The humidity in each well-mixed chamber is con-
trolled by varying the temperatures of saturated
salt solutions. The sensor is mounted on a sliding
rod and can be rapidly transferred from one
chamber to the other. The voltage output from the
sensor (0-3 volts dc) is sent to an ADALAB

FIGURE 4. Humidity Chamber

system which is controlled by the Apple com-
puter. Use of the VIDICHART software enables
data acquisition of sensor voltage. Typical sensor
response data expressed in terms of a first order
time constant are shown in Table 2 and Fig. 5.

SUMMARY

Personal computers, when configured for
laboratory use, not only increase the efficiency of
students but provide an exciting experience for

TABLE 2
Calculated Sensor Response Data

Soln. Temp Air Temp. Trial 1 Trial 2
Salt °c °C RH, % t, secs. t, secs.
Run #1
Potassium Flouride 31.5 30.4 26.5 75.0 75.2
Sodium chloride 24.0 28.4 75.5 82.8 82.5
Run #2
Lithium chloride 11.7 25.4 11.0 12.2 12.5
Potassium sulfate 10.8 25.8 98.1 15.8 15.8
Run #3
Lithium chloride 24.1 25.3 11.5 14 1.3
Potassium sulfate 23.8 25.2 97.3 9.0 9:1
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FIGURE 5. Sensor Output

them. Since students enjoy computers, they are
easily motivated to expand their ideas beyond the
laboratory time and gain valuable skills by self-
study. Because hardware and software to inter-
face the Apple Computer to laboratory experi-
ments is commercially available, the work load on
the faculty is reduced without sacrificing quality.
The use of the CAL concept for a portable station
provides flexibility and ease of operation without
expensive duplication of equipment. Educational
laboratories now can simulate industrial environ-
ments at a minimum cost. O
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DIFFUSION IN LIQUIDS

by H. V. Tyrrell,, and K. R. Harris.
Butterworths (1984). 448 pages, $75.00.
Reviewed by E. N. Lightfoot

University of Wisconsin

This book, originally conceived as a revision
of Tyrrell’s “Diffusion and Heat Flow in Liquids,”
is intended to give the non-specialist a balanced
summary of the literature on both theoretical and
practical aspects of diffusion in liquids, of sufficient
depth to provide effective access. Both translation-
al and rotational diffusion under the influence of
arbitrary driving forces, in binary as well as multi-
component systems, are discussed. It was deemed
that heat flow could no longer be included in a
book of reasonable length without undue sacrifice
of depth.

The first four chapters are used to establish
the foundations of transport theory, starting with
the classical phenomenological description. The
phenomenological  introduction is followed by a
summary of non-equilibrium statistical mechanics
which permits, at least in principle, the calculation
of transport properties from molecular parameters.
The primary purpose of these chapters is to pro-
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vide a unified treatment adequate for understand-
ing modern methods of interpreting experimental
data.

Chapter 5 provides rather detailed descrip-
tions of the most widely useful techniques for
gathering data, and Chapters 6 to 8 are devoted
to interpreting experimental results in terms of
kinetic theory and physical models.

Translational diffusion coefficients have been
measured for well over a century, and many classic
techniques have been highly refined and are still
widely used. Among those described by the authors
are optical techniques based on Gouy and Ray-
leigh interference phenomena (much improved
in the last decades by the availability of lasers),
diaphragm cells, use of Taylor dispersion (which
has become important because of its speed), and
light scattering.

Photon correlation techniques have made light
scattering methods particularly important for
macromolecules such as proteins, but effective use
of these methods requires understanding of the
underlying physics, as does the use of nuclear
magnetic resonance for description of rotational
diffusion. Largely because of this need Chapter 5
is rather long and detailed.

Chapter 6 is devoted to the interpretation or

Continued on page 49.
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