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TUDENTS TRADITIONALLY introduced to chemical

engineering through exercises in beginning
subjects such as stoichiometry or related courses
learn the intricacies of mass and energy balances,
usually through steady-state approximations.
However, these procedures generally do not reveal
the true dynamic nature of process operation.
Progressive educators have recognized the pa-
rochial nature of the steady-state approach to this
subject-matter. Moreover, dependence on analyti-
cal methods for solving significant differential
equations, usually beyond the capabilities of sopho-
more students, severely limits the treatment of dy-
namic systems in beginning courses.

The availability of computers as a classroom
tool has helped change this situation. Through
simulation of basic mathematical models the be-
ginning student can now be taught to visualize
the dynamic behavior of process units, before de-
tailed formal training in their analytical solution.
Herewith the student develops a working facility
for formulating, solving, and analyzing differen-
tial equations. The approach to mass and energy
balances can now be made more realistic, as it is
no longer restricted to the special case of steady-
state behavior. The first course becomes an intro-
duction to system design, through which the
student is made aware of the optimization and
control problem aspects of process equipment. [1]

In terms of classical engineering methodology,
analog computer solution of differential equations
enables the student to focus attention on forming
and evaluating mathematical models, rather than
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on the details of solving them. Graphical computer
output helps the student to visualize the dynamic
behavior of process variables better than do tabu-
lated results. Also, the ease of parameter adjust-
ment and analysis helps to instill in the student
the concept of parametric “cause and effect” re-
lationships which forms the basis for a “design
orientation.” This approach, thus, becomes the
foundation for more comprehensive study in ad-
vanced coursework. Specifically it has led to the
hand-in-hand relationship between the course
Process Simulation and the simulation language,
UCAN-II, in chemical engineering at the Uni-
versity of Cincinnati.

THE COURSE

ROCESS SIMULATION AS A course has evolved in

a most unique fashion over the past several
years. It is an elective taught annually to a limited
enrollment selected from among chemical engi-
neering juniors, seniors, and first year graduate
students. The premier purpose of the course is to
encourage students to expand their quantitive
skills in systems analysis through the development
and evaluation of process models. Adjunct to this
objective is the review and introduction of perti-
nent mathematical techniques as necessary to ac-
complish this task.

Academically approached in tutorial fashion,
which is unconventional (at least) for this depart-
ment, the course, along with the language UCAN-
II, has become popular among the “computer
buffs” and the more mathematically oriented
students in chemical engineering. After an initial
period and several subsequent practice sessions to
initiate the class to UCAN-II, as well as its imple-
mentation on the University Computer System, the
course begins in earnest.

Problems are presented by the instructor to the
group for discussion purposes at the first of two 90
minute meetings. At this time the problem receives
a preliminary analysis by various student volun-
teers after queries are raised and answered by
group members themselves, or by the instructor
as a last resort.
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Often the problems are posed in a most general
manner, and early in the course such “ill-defined”
problems are somewhat unsettling to many
students who are often critically tuned to the
usually well delineated exercise and coordinated
specific response found among the more conven-
tional courses. This uneasiness is often amplified
in the initial stages because the instructor does
not provide further problem quantification but,
rather, attempts to guide student thinking along
fruitful channels to allow each to define for him-
self or herself the problem parameters. When
students begin to realize that the “outside world”
functions very often in such vague and ‘ill-
defined” ways, the pain of discovery begins to ease
immeasurably.

At this point there sometimes arises a fierce
competition among students to determine whose
solution satisfies the teacher’s criteria. Subsequent
class periods devoted to student solution presenta-
tions and critiques become quite spirited. More
often than not the class becomes polarized with
the graduates against the undergrads. In such
cases the instructor becomes a referee. Enlighten-
ment occurs when students comprehend that “real”
problems are multi-faceted, the solution obtained
is a function of the problem definition, and that
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there are often several “best” answers depending
on the methodology and the tools used to obtain
that solution.

UCAN-II

EACH TYPE OF SIMULATOR has advantages and

disadvantages which is why examples of all
levels are still in use today. UCAN has its heritage
in LEANS, an acronym for the LEhigh ANalong
Simulator, which was developed by Morris and
Schiesser in the 1960’s at that institution. From a
later version of that language, one of the authors
(DBG) worked on an abridged version called
LOUISA that was to be a hybrid debug language
for the LSU hybrid computer system. LOUISA
was never made fully functional and the project
died when the author left the department. It has
had a recent resurgence, however, as UCAN at the
University of Cincinnati in 1976 and now UCAN-
II in 1978. This illustrious history is briefly
chronicled in Table I.

UCAN-II AS A TEACHING RESOURCE

UCAN-II IS A BLOCK-ORIENTED analog simulation

program, as was its predecessors. Such digital
programs have the advantage of requiring no
amplitude or time scaling as do analog programs,
and are easy to store and re-use. As an academic
aid, a digital simulation language such as UCAN-
II has a number of advantages over other method-
ologies. This is especially true in an engineering
curriculum where it may be introduced as a
problem solving tool in place of or before analog
computers are normally introduced since digital
programs, in general, require minimal user pro-
gramming experience. In fact, one may learn to
solve many problems with a digital simulator
before he could effectively solve them in any other
way.

When block oriented programs, as is UCAN-II,
are general in nature they provide the user with a
sense for the equation solution protocol that the
computer actually follows. This is a valuable asset

TABLE 1: History

1965—LEANS (original)~—Morris/Scheisser
1967—LEANS (Syracuse version)—Jelinek
Calcomp plotting added 3
1970—LOUISA (LSU LEANS update)—Jeffcoat/Green-
berg hybrid interactive ‘
1976—UCAN (LOUISA update)—Shields/Greenberg
expanded functional operation
1978—UCAN-II (UCAN update)—Hittner/Greenberg
added logic, improved plotting
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TABLE Ik
UCAN-Il Computing Elements

BASIC MATH LOGIC PARALLEL LOGIC SPECIAL FUNCTIONS
Constant Summation Relay And Arbitrary Function
Ind. Variable Multiplication Bang-Bang Not Generator
Integration Division Delay Inclusive Or Convergence
Derivative Exponentiation Dead Space Exclusive Or Reset

Nat. Log Limiter User Defined Functions

Power Store Master Block

Trig Fns. Abs. Val.

Arc Trig Fns. + Clippers

Eng

when the program is being used to teach the
mathematics and simulation development, as
opposed to being used strictly as a tool to study
a particular system of interest. In terms of
classical chemical engineering, the solution of
differential equations via analog techniques helps
the student to focus attention on the form and
evaluation of mathematical models, vis-a-vis the
details of solving the equations.

In addition to the standard computing elements
derived from LEANS, UCAN-II has a number of
unique features, some of which had been developed
earlier as part of UCAN [8] and refined in UCAN-
II. Among these features are the “Reset” block,
which permits the solution of two-point boundary
value problems, a ‘“‘convergence” block to force
the breaking of implicit function loops, and user-
defined blocks which allow the user to define special
non-analytic functions via FORTRAN subroutines.
New to UCAN-II is a pre-processing “master-
block” option which identifies a MACRO, a group
of various blocks called a ‘“master” set. This is

UCAN-TT EXAMPLE
PROBLEM
HYDRAULIC TRANSIENT

FIGURE 1.
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used for computational redundancies or other
special programming purposes. Mathematic blocks,
logic blocks, and other special blocks give UCAN-
IT considerable flexibility for simulating dynamic
systems. Moreover, new Boolean operator blocks
make it possible to implement logically-controlled
switching operations in a simulation. See Table II.

USING UCAN-II

0 SOLVE A PROBLEM with UCAN-II, one must

first derive the equations that model the process
exactly as he would before solving the problem
analytically. This includes specifying boundary
conditions and all numeric constants, as well as
converting all variables into consistent units. Con-
sider as an example the problem presented below.
After the mathematical description of the problem
has been developed a block diagram is prepared,
showing all mathematical and logical operations
that must be performed, as well as the order and
flow of information. Using this block diagram, a
program listing is made which identifies the
UCAN-II blocks to be called and the inputs to
each. From the listing a computer card deck is
assembled along with the appropriate JCL (Job
Control Language) cards and, as required, addi-
tional data cards. This deck is run as a typical
batch submission.*

PROGRAMMING EXAMPLE: HYDRAULIC TRANSIENTS

The following example of a UCAN-II problem
solution has been abstracted from a report by a
senior [12] in Process Simulation, Spring, 1979.
It is a modification of a problem taken from a
recently used text [7] in the process simulation
course.

*Interested readers may obtain the UCAN II Pro-
gramming Manual and information on the program by
contacting the author.
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A certain plant has been operating for five
years. A project to expand capacity has been sub-
mitted and approved. The scope of the work calls
for installation of new process equipment and
alteration of some of the existing facilities. One
of the engineers at the plant has requested an
analog study of the “tank and pipeline” process
described below.

Figure 1 shows the process schematically.
Waste liquid is pumped from the production area
by two existing pumps into a tank. From the
tank, the liquid flows by gravity through a long
line which discharges into the nearby river. The
pumps operate in accordance with the buildup of
waste liquid in the production area and are not
controlled by conditions in the tank.

Under steady-state conditions, inflow equals
outflow, and the height of the liquid in the tank
remains constant. The mathematical relationships
governing this process are:

MASS BALANCE
dH
(pAD = (pNIQ, = (A,

FORCE BALANCE

L) d G
PARAMETERS VARIABLES
Ay = 470 FT.2 N = NO. OF PUMPS
A, = 126FT>2 H, = HT. OF LIQUID
L = 665FT. Q; — OUTFLOW
H = 95FT. H, = FLUID HEAD

The UCAN-II block diagram is shown in Figure 2.

The scope of the work calls for the addition of
one more pump, identical to the two existing
pumps, to handle the increased effluent from the
expanded facilities. The engineer who proposed
the analog study was afraid that the tank might
overflow shortly after the third pump turned on.
At first he encountered some resistance, based on
the argument that the above equation gives a
value of Hp less than the height of the tank for
a Qr, equal to the maximum pumping rate (three
pumps running). The engineer pointed out that
the head might build up to overflowing before the
mass of water in the outlet line could accelerate
to the final discharge rate. Inspection of the exist-
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UCAN-IT BLOCK DIAGRAM - HYDRAULIC TRANSIENT:

FIGURE 2.

ing installation showed that every time the second
pump turned on, the liquid level surged up con-
siderably higher than the final steady-state level
for two pumps. The level then oscillated up and
down for a considerable period of time before
settling down to its steady-state height. The engi-
neer’s proposal to study the dynamic behavior of
the tank and pipeline through analog simulation
was approved.

The UCAN-II solution block diagram is given
in Figure 2. Typical computer output is available
both in tabular and graphical form. Figure 3 pro-
vides the optimal solution to the problem in terms

Continued on page 148.
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UCAN II
Continued from page 141

of the shortest timing sequence related to the
safe maximum liquid level in the tank. It was pre-
pared from an extensive series of UCAN-II runs
in which the lag times for engaging pumps 2 and
3 were varied in systematic fashion.

SUMMARY

EARNING TO USE A block-oriented simulation

language such as UCAN-II may be achieved
with practice and a brief initial period of instruc-
tion, supplemented by studying the USER’S
GUIDE. Often students can begin solving problems
of reasonable mathematical complexity the first
day they encounter UCAN-II. In many ways
UCAN-II is as easy to learn and use as a pocket
calculator; only limited previous computer
knowledge is necessary. Beyond the material in
the manual, the user need only learn how to key-
‘punch cards and submit his program, or how to use
a remote terminal, and how to access the UCAN-
II program.

Through computer simulation of basic mathe-
matical models the sophomore or pre-junior
student can learn to visualize the dynamic be-
havior of process equipment even before being
taught the analytical solution of equations relating
to the equipment. In introductory stoichiometry
courses typical problems demonstrate the con-
servation of mass and energy, usually under
steady-state conditions. These principles must be
taught thoroughly as they form the basis of chemi-
cal engineering, but with a tool such as UCAN-II
problems involving dynamic behavior may also be
taught, and the approach to mass and energy
balances can now be more reflective of ‘“real-
world” situations. Even before secondary level
courses, such as process control, a student can gain
an appreciation of the optimization and control
aspects of process equipment. O
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picture with ours. As a result, several textbooks
have been experimented with and they have been
generously supplemented with outside reading
(see Table 3). We have come to believe there is
educational value in requiring that the student
consult multiple sources for information. Students
often considered the quantity of reading too ex-
tensive, but they usually adapted to reading at the
proper level and became efficient.

CONCLUSION

N RETROSPECT, WE BELIEVE the students have

found this course to be a valuable integrative
experience. While quite challenging, they can
easily discern their own growth in understanding
of the world around them and in effectively com-
municating the most important aspects of a situa-
tion. We think the success of the course can be
principally attributed to the efficient coverage of
considerable material at a professional level
through use of the unique background of the
chemical engineer and significant teacher/student
interaction in oral and written considerations
about real world phenomena and relationships. O
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