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0 VER THE PAST few years, one of the major 
efforts of the CACHE Committee ( Computer 

Aids to Chemical Engineering, a committee of 
the National Academy of Engineering) has been 
the installation and maintenance of FLOWTRAN 
on a commercial network for use by ChE edu­
cators. FLOWTRAN is a large, general-purpose, 
steady-state simulator of chemical processes with 
extensive facilities for physical and thermo­
dynamic property data handling and a large li­
brary of equipment modules, including cost esti­
mation capability. It was developed by the Mon­
santo Company for internal use and was offered, 
for a time, as a commercial service by Monsanto. 
Currently, FLOWTRAN is available only by out­
right purchase (at a cost of $105,000) to com­
mercial users. 

In 1972 the Large Scale Systems and Pro­
gram Distribution Task Forces of CACHE 
examined most of the commercially available 
general-purpose simulators in a search for one 
that would best serve ChE departments. The de­
cision to concentrate on FLOWTRAN resulted 
in initial inquiries to Monsanto in 1972. On De­
cember 10, 1973 Monsanto agreed to make FLOW­
TRAN available to universities via a national 
computer network. Further, Monsanto provided 
a cash grant to subsidize the installation of the 
program on a commercial network (United Com­
puting System, Inc.) and the preparation of a 
text by CACHE to aid users. In addition, Dr. 
A. C. Pauls of Monsanto was assigned by Mon­
santo as a consultant to CACHE to assist in the 
use and promotion of the system. 

This paper reports on experiences with 
FLOWTRAN since its installation for educational 
use in mid-1974. The authors are co-chairmen of 
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the FLOWTRAN User's Group, which has been 
established to aid users and further additional 
exploitation of this new teaching and research 
resource. 

FLOWTRAN ACCESS 

F LOWTRAN IS INSTALLED on a CDC 6600 
in Kansas City, headquarters of UCS. There 

are two ways of accessing the program: by slow­
speed terminals (RJE, Remote Job Entry) or by 
high-speed terminals (RBE, Remote Batch). 
Slow-speed terminals are such devices as Tele­
types or Execuports; there are many high-speed 
terminals, such as those made by Unitech, Mo­
hawk, and CDC. For the use of slow-speed 
terminals, UCS provides local phone numbers in 
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about 90 cities. These are nodes from which data 
is sent over USC's own lines to the computer, 
thus saving the user phone charges. High speed 
users call directly to Kansas City over WA TS 
lines (toll-free 800 numbers). Originally it was 
felt that most users would only have access to 
slow speed terminals and so the wide coverage of 
UCS influenced its choice as a network. In prac­
tice, most users have found a high-speed terminal, 
which is more economical. Details on procedures 
for using FLOWTRAN from either sort of ter­
minal are provided in a manual [1] written by 
Dr. R. R. Hughes of Wisconsin, which is given 
to each user. 

User's gain access to FLOWTRAN by sign­
ing a three-party contract among CACHE, Mon­
santo and the user. A potential user should at­
tend one of the Workshops offered by CACHE 
through AIChE before attempting to use the 
system. The Workshops are based on the text 
written by J. D. Seader (Utah, W. D. Seider 
(Pennsylvania) and A. C. Pauls (Monsanto) with 
an extensive example by R. R. Hughes (Wis­
consin). [2] The text is available from Ulrich's 
Bookstore in Ann Arbor, Michigan for $9.95 with 
discounts available to bookstores. The primary 
provision of the agreement is that the user will 
only use FLOWTRAN for teaching and research 
purposes. After signing, the user receives an ac­
count number, password, and as many user IDs 
(for his students) as he specifies. 

To aid and encourage users after training and 
to promote further use, the FLOWTRAN User's 
group holds meetings at many AIChE meetings, 
publishes a newsletter which is sent to all de­
partments, provides consultants and is collecting 
information (such as problems for class use) for 
dissemination by CACHE. The consultants and 
their addresses are listed in Table 1. 

EXTENT OF FLOWTRAN USAGE 

A S OF JUNE 30, 1974, there were 25 user 
schools with cumulative billings to that date 

of $15,716. Professors from about 50 schools at­
tended two FLOWTRAN workshops (North­
western in August 1974 and Houston in March 
1975). Another workshop was held in Boston in 
September 1975. The range of billings, as of June 
30, 1975, was up to $2890. Five schools had 
spent over $1000 and eight others had spent be­
tween $500 and $1000. Two other schools have 
issued purchase orders. 

The cost of using FLOWTRAN on the UCS 
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TABLE 1 

FLOWTRAN Consultants by Region 

New England: NJ, PA, MD, DE, NY 
Warren D. Seider 
Department of Chemical Engineering 
University of Pennsylvania 
Philadelphia, PA 19174 

Southeast: NC, TN, SC, GA, FL, AL, MS 
Jude T. Sommerfeld 
Department of Chemical Engineering 
Georgia Institute of Technology 
Atlanta, GA 30332 

Mid-Atlantic: VA, WV, OH, KY, MO 
J. Peter Clark 
Department of Chemical Engineering 
Virginia Polytechnic Institute and State University 
Blacksburg, VA 24061 

Great Lakes: Ml, IN, IL 
Richard S. H. Mah 
Department of Chemical Engineering 
Northwestern University 
Evanston, IL 60201 

Midwest: WI, MN, IA, KS 
Richard R. Hughes 
Department of Chemical Engineering 
University of Wisconsin 
Madison, WI 53706 

Everything else (West and Southwest) 
J. D. (Bob) Seader 
Department of Chemical Engineering 
University of Utah 
Salt Lake City, UT 84112 

Consultant to the Consultants 
Allen C. Pauls 
Corporate Engineering Department 
Monsanto Company 
St. Louis, MO 63166 

network is not excessive. Using Remote Batch 
Entry on overnight service, costs run from ap­
proximately $2.00 for small jobs to $7.00 for 
large jobs. One technique for minimizing cost 
while the student is learning to use FLOWTRAN 
is to require "dry runs" (i.e., FLOWTRAN input 
data on computer coding forms that are checked 
for errors, but not executed). Students are 
supplied FLOWTRAN solutions to their "dry 
runs" for analysis. Only then are they permitted 
access to the computer. 

A problem of "hard" vs. "soft" computer 
money may exist. Some campuses have an internal 
budget for computing which involves only paper 
transfers of funds. Use of FLOWTRAN requires 
a purchase order to UCS for real or "hard" 
money. However, this problem is not insurmount-
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able. With the advent of external networks, many 
computing centers are changing to a "real money" 
system of accounting. Also, there are sources of 
money for educational purposes, such as teach­
ing innovation grants, on many campuses which 
can fund activities like using FLOWTRAN. 
Judging by the volume of usage so far, pro­
fessors have been creative in persuading their 
departments to provide the resources necessary 
to gain access to FLOWTRAN. 

HOW IS FLOWTRAN USED? 

T HERE SEEM TO BE at least four categories 
of FLOWTRAN use. These are: conventional 

process design courses, computer-aided design 
electives, separations courses, and thermo­
dynamics courses. Without a detailed survey, we 
can only speculate on the distribution of actual 
usage, but these four categories embrace those 
we have learned of. It is remarkable that the 
system is versatile enough to include so many 
possibilities. 

In conventional process design courses, one 
procedure is to assign cases to groups or in­
dividuals who, after training and orientation to 
FLOWTRAN, use the system to prepare a design 
report, possibly including an economic evaluation. 
Many interesting processes can be analyzed using 
FLOWTRAN with relatively little difficulty. For 
example, the FLOWTRAN system includes 
physical property constants for 180 chemical com­
pounds. It also includes 30 modules for simulat­
ing equipment items. It is not difficult to add new 
compounds or new equipment modules, such as 
special-purpose reactors, as they are needed. 
FLOWTRAN frees the student from tedious and 
repetitive calculations, allowing him to explore 
parametric cases and flow-sheet variations. Ob­
viously, good judgment in evaluating the results 
must be emphasized since FLOWTRAN, like any 
computer program, will only do what it is told 
to do. 

A slightly different orientation exists in 
courses that emphasize computer-aided design, a 
fairly common elective or extension of the con­
ventional design course. Here the point really is 
to learn problem formulation (where to tear re­
cycles or how to avoid them) and also come to 
understand the characteristics and limitations of 
models and simulators. Another objective, fre­
quently as a research topic, might be how to ex­
tend the usefulness of general purpose simulators. 
Hughes, for example, described the use of FLOW­
TRAN in optimization in a recent paper. [3] 
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Finally, FLOWTRAN contains some power­
ful facilities for the study of complex vapor­
liquid, vapor-liquid-liquid, and liquid-liquid sepa­
rations and correlation of thermodynamic data 
for pure compounds and nonideal mixtures. These 
facilities were included to support design efforts 
and, of course, are valuable there. But they can 
also stand alone and be exciting adjuncts to 
graduate courses in these subjects. 

FUTURE DEVELOPMENTS 

F LOWTRAN USAGE IN universities is off to 
a good start but clearly has not reached its 

full potential. Usage under the present arrange­
ment is expected to about double in the next 
academic year. Beyond that it will grow at a less 
rapid rate. In the meantime, however, other de­
velopments may greatly expand the community of 
users. 

The CACHE Committee, because of its experience 
with FLOWTRAN, is one of the leaders in the field of 
academic application of computer networks. A network 
is an arrangement of computing facilities which ex­
change resources and data over a communications me­
dium, such as telephone lines or microwave links. UCS 
is a commercial network with one host (containing 
FLOWTRAN among many other resources) and many 
nodes. Soon, there are likely to be one or more multi­
host networks connecting educational institutions. In 
fact, a prototype network involving twenty universities 
will probably be established within a few years. FLOW­
TRAN as an example of a large-scale resource for ChE, 
will probably be installed on this prototype network. 
One of the consequences will be much lower costs for 
those fortunate enough to have access to the network. 
If the prototype is successful, the network will almost 
surely be expanded to involve many more institutions. 

The CACHE Committee, thpiJgh its Task Forces, is 
examining other resources that could be provided to 
ChE departments. Among the possibilities are: process 
synthesis programs, physicai:a~d chemical property data 
bases, and safety and relia~ility analysis programs. 
There are many problems to be solved before another 
large system can be widely disseminated, including docu­
mentation, maintenance, and easy access. However, it is 
quite likely that ChE educators can anticipate further 
expansion of their arsenal of computer-based weapons 
in the next few years. Willing volunteers for the many 
tasks that must be handled first are urged to make 
themselves known. D 
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