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MAJOR GOAL of the senior year process design
course at Worcester Polytechnic Institute (WPI)
is to expose chemical engineering students to the ap-
propriate application of a variety of computer tools
within the design task. These range from material and
energy balance calculations using a flowsheeting pack-
age (such as FLOWTRAN) on a mainframe machine,
to interactive uses of computer graphics and input
screens on a microcomputer. One area where interac-
tive computing can be particularly helpful is in the
teaching of process synthesis topics such as heat ex-
changer network and separation train design.
Process synthesis involves the partial or complete
invention of the flowsheet to achieve specified ends.
In the early stages many alternatives can be gener-
ated for evaluation, and computer graphics can allow
a student to screen (in both senses of the word) com-
peting flowsheet designs rapidly and easily. This
paper describes the HENS (Heat Exchanger Network
Synthesis) program used at WPI as an aid to perform-
ing the energy integration step in process design.

HEAT EXCHANGER NETWORK SYNTHESIS

The problem of heat exchanger network specifica-
tion, or energy integration, arises for a partially com-
pleted flowsheet in which major equipment items and
process streams are known. Streams are identified
which have heating or cooling needs, and the task is
to meet these needs at minimum cost. Other objec-
tives may also be considered, such as flexibility in the
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face of process disturbances, and constraints of plant
layout and process safety.

The extent to which the heating and cooling needs
may be met by heat transfer between process streams
is limited by both the enthalpy contents of the streams
and the minimum approach temperature (AT,;,) of
two streams in a heat exchanger. This minimum tem-
perature driving force is usually fixed by rule of
thumb before the synthesis task is begun and is taken
as constant for all exchangers. Utility heating and
cooling are used to bring streams to temperature
when further process heat exchange is not possible.

This problem is a relatively mature one, and one
method, the pinch design method, has been exten-
sively developed [1, 2, 3] and applied to real-life prob-
lems [4]. It is particularly suitable for undergraduate
instruction, as it is simple to apply, has a high graphi-
cal component, and requires active participation and
decision-making by the designer at all stages. The key
elements of the method are 1) preanalysis of the prob-
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lem data to give minimum possible utility require-
ments, minimum number of units (both process and
utility), and identification of the location of a temper-
ature “pinch point” (if one exists); 2) specification of
process stream matches beginning at the pinch point,
as the design is most constrained there, to give a
“minimum utility” network; 3) evolution of the
minimum utility network to examine trade-offs of
energy recovery versus units, i.e., operating versus
capital costs. The preanalysis step involves repetitive
calculations and can easily be relegated to a computer.
The two design steps (2 and 3) involve drawing and
re-drawing the exchanger network for graphical ma-
nipulations. The HENS program allows this to be done
interactively, saving time and allowing students to in-
vestigate a wider range of design alternatives.

Several other computer packages for heat ex-
changer network synthesis exist, although none serve
the function of the HENS package. The HEXTRAN
[6] simulation package allows for design of the net-
work by repetitive calculation of heat and mass bal-
ances and economic evaluation of modified networks.
It provides an alternative approach to the use of pinch
technology. Both Chemecale 5 [6] and the recently-de-
scribed program by Govind et al [7] design the net-
work for the user, which is not the objective of in-
structional use.

SuperTarget™ presents a comprehensive frame-
work for preanalysis and investigating the effects of
process modifications for both grassroots and retrofit
design [8]. Its graphical displays include composite
curves on the temperature-enthalpy diagram, and an
annotated design grid. SuperTarget™ does not pre-
sent the entire network design on the grid, but as a
design aid gives the user a full analysis of the conse-
quences of any process stream match.

RESHEX [9, 10] allows preanalysis of data, in-
teractive synthesis of a new network or modification
of an existing one, or automatic synthesis of a network
by the program. In addition, considerable emphasis is
given to post-analysis of a network for optimization,
feasibility and resilience testing. RESHEX is a com-
prehensive program of great utility, but appears to be
limited in its use of graphics and user-friendliness. As
an instructional aid, it may be more suitable for ad-
vanced classes and as a research tool.

A more mathematically rigorous approach than the
pinch method to the synthesis of optimal heat ex-
changer networks has been developed [11] and em-
bodied in the MAGNETS program [12]. This is
another very powerful package, able to handle stream
splits, multiple pinch points and restricted matches,
and to automatically synthesize the network struc-
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ture. Again, this may be a more advanced tool than is
suitable for beginning students.

STUDENT BACKGROUND

The fundamentals of the pinch design method are
covered in class before the students are given the
HENS program. The minimum utilities are derived
for an example problem both on the temperature-
enthalpy diagram using composite curves, and alge-
braically by the “problem table” [1, 2]. This introduc-
tory material is limited to constant heat capacity-flow
rate (CpW) streams, although linearization of the tem-
perature-enthalpy relationship is mentioned. The sim-
ple minimum units formulas [1, 2, 3] are also pre-
sented during this target-setting stage.

Particular attention is paid to the physical inter-
pretation of the pinch point and the rules regarding
decomposition of the problem at the pinch [3]. The
grid representation of the network is introduced and
an example worked by hand in class. Stream splitting
and feasibility criteria at the pinch are discussed.

The final part of the lecture material explores the
incompatibility of minimum units and minimum
utilities, and the generation of a small number of near-
minimum-utility networks by a utilities/units trade-
off. Depending on time, unpinched problems, resi-
liency and multiple utilities pinches may also be in-
cluded.

WPI has recently endorsed the AT&T 6300

microcomputer for undergraduate instruction, and al-
most all seniors have experience on this machine. As
the computer is integrated into the curriculum most
students will own one. There is thus no need for spe-
cial instruction on the microcomputer use itself.

PROGRAM OPERATION

The HENS program is written in Turbo Pascal™
for the AT&T 6300 microcomputer. The main program
and associated files take up 70K of memory. The in-
teractive input procedures are modified versions of
the general-purpose code described by Wood [13]. The
graphical part of the program was developed with the
aid of the Turbo Graphix Toolbox™.

The program is distributed to the students in a
compiled form; the source code is not made available
nor can they abstract parts of the package for future
use. This protects the interests of the commercial
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software vendors. Students may either use the distri-
bution disks in any one of several computer labs on
campus, or copy a disk for home use on their own
machine.

The HENS program operates in two parts: data
entry and analysis, and graphical network design. The
design part is nested within the data entry part, so
that students can abandon (KESC> Exit) a design to
change the problem data without returning to system
level.

DATA ENTRY AND ANALYSIS

The students enter data to the program by filling
in blanks on an input screen. The initial screen with
some default values is shown in Figure la. Prompts
appear at the bottom of the screen, and menu options
are selected by keying in the initial letter of the op-
tion. All input is user-friendly and controlled, so that
if inappropriate characters are entered they are trap-
ped, an error message is issued and the prompt for
the required input is repeated.

The Compute and Design options are not active

Number of Streams...: 0
Minimum approach temperature...: 10.0

STREAM NO.

TEMP. (SOURCE)

TEMP. (TARGET) CPW

Pinch point location...: None

Minimum hot utility...: 0.00 Minimum cold utility...: 0.00

INP: Press a CMD: key to enter selection ==>

CMD: Compute / Modify / Design / F1 HELP / <Esc> Exit

(a)

Number of Streams...: 4

Minimum approach temperature...:

TEMP. (SOURCE)

STREAM NO.

Pinch point location...: 90/70

Minimum hot utility...: 107.50 Minimum cold utility...: 40.00

« 20.0
MSG: Enter minimum delta-T. Up to 6 digits inc. decimal.
cp: f Prev P1d / —+ Clear Pld / <Esc> Exit

(b)
FIGURE 1
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until the Modify option has been selected at least once.
Pressing “M” causes a cursor to appear at the first
entry, the number of streams (between two and ten).
The cursor is moved to the next entry by pressing
Enter, or can be made to go back to the previous
entry by the Up arrow. In Figure 1b the input screen
is shown for a four-stream design [3] in which the
cursor has been placed at the second entry, the ap-
proach temperature. The current value of the entry
appears at the bottom of the screen, along with a suit-
able prompt and cursor control options. If Enter is
pressed the current value is accepted, otherwise a
new value should be typed in. Again all input is con-
trolled, and only a positive real number will be ac-
cepted in this case. Pressing <Esc> at this point
causes a return to the data entry and analysis menu.

The Compute option causes a calculation of
minimum utilities and the pinch point location to be
performed. This just follows the Problem Table al-
gorithm [1, 2] and is restricted, like the HENS pro-
gram, to streams of constant CpW with no phase
change. Figure 1b shows the results of this option for
the four-stream problem. If a pinch point does not
exist, the algorithm recognizes this and reports
“None.”

“Help” screens are available by pressing the F1
special key when this appears as a menu option. A
new Help Menu appears, from which the students can
select a Help screen on each data entry menu option.
These screens consist of explanations of program op-
eration, warnings and occasionally a reminder from
the lecture material. An exit from the Help menu re-
stores the data input screen.

DESIGN STAGE

Selecting the Design option on the data entry and
analysis menu passes the user to the design stage.
The input screen is replaced by an initial stream grid
and design menu (Figure 2). The student can return
to the input screen by pressing <Ese> during the
design stage. On the initial grid the problem data are
shown associated with hot (upper) or cold (lower)
streams. The minimum utilities targets are displayed
as a convenient reminder.

A design according to the pinch decomposition
principle is not forced upon the students, therefore
the pinch is not shown at first. It can be turned on by
selecting the Pinch option, upon which a cursor is pro-
vided at the top of the screen that can be moved hori-
zontally, to position the pinch lines (see Figures 3 and
5). The pinch can be removed by selecting the Pinch
option again, and can be turned on and off and re-
positioned as often as desired.
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INP: Press a CMD: key to enter selection ==)

CMD: Add / Delete / Split Stream / Pinch / F1 HELP / <(Esc) Exit

FIGURE 2
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INP: Press a CHMD: key to enter selection ==>

CMD: Add / Delete / Split Stream / Pinch / F1 HELP / <(Esc)> Exit

FIGURE 3

150 150 82 82 60
1 i -
e
[ T
I
125 116 IIEJ 62
—()- ©;
21.8 136.0
100 100 70
()
"/ 1
%0.0 135.0
® 107.5 @ %0.0

INP: Press a CMD: key to enter selection ==>

CMD: Add / Delete / Split Stream / Pinch / F1 HELP / (Esc) Exit

FIGURE 4
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For the Add, Delete and Split Stream options, po-
sitions must be indicated on the stream lines. When
one of these options is selected, a cursor appears
which can jump vertically from one stream to another,
or move along a stream in discrete jumps. The stu-
dents use the arrow keys to move the cursor. For a
process heat exchanger the cursor movement is re-
stricted to vertical leaps once the first stream position
has been marked (by pressing Enter); similarly the
cursor can only move horizontally once the first split
stream position has been given. These features pre-
vent creative drawing by the more artistic of our en-
gineers. The cursor can follow along split streams, the
branch taken depending on whether it approaches
from the left or the right.

The Add option inserts both utilities and process
exchangers. For a utility, the student must give inlet
and outlet temperature, and the program calculates
load, displayed beneath the unit. For an exchanger,
either the hot stream or cold stream can be the first
stream specified. Both inlet and outlet temperatures
must be given, as well as the inlet temperature on the
second stream. The program calculates load and sec-
ond stream outlet temperature. To save space, utility
units can be placed with the outlet temperature over-
writing the stream target temperature (see Figure 3).

The Delete option removes both types of units.
The cursor is simply placed over the unit—either end
for an exchanger—and Enter is hit. The unit and as-
sociated numbers are removed. Both Add and Delete
are very rapid, allowing students to recover quickly
from mistakes.

A stream can be Split, but the split cannot be
erased short of beginning the design again (<Esc>).
The student has to specify CpW for the top branch,
and the branch CpWs are displayed beside the split.
Continued on page 156.
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INP: Press a CHD: key to enter selection ==>

CMD: Add / Delete / Split Stream / Pinch / F1 HELP / (Esec> Exit

FIGURE 5
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young men holds my respect and admiration. The dis-
tillation simulation used as the example in this paper
was developed by Professor Babu Joseph of Washing-
ton University while on sabbatical leave at Berkeley.
Financial support for a portion of the conversion was
provided by the chemical engineering department at
Berkeley. The computing equipment used was do-
nated by the IBM Corporation through the UC Ber-
keley/IBM joint project on distributed academic com-
puting.
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Continued from page 121.

Subcooling and overheating of streams is allowed, but
the user has the responsibility of ensuring the correct
overall heat load.

A Help menu is brought up by special key F1, and
gives information on the design menu options. It oper-
ates similarly to the data entry Help screens.

A minimum utility network for the four-stream
problem of Figure 1b is shown in Figure 3. Seven
units are used, which is two more than the absolute
minimum. In Figure 4 the network has been evolved
into a six-unit design with slightly increased utilities.
The pinch lines have been removed, as the design vi-
olates the pinch decomposition.

In a design with more process streams and hence
more units, the sereen can become very busy. It may
be necessary to do only part of the design at a time,
as shown in Figure 5. For this nine-stream problem
[14] only the hot end is shown, and the pinch lines
moved far to the right.

A print-out of the network can be obtained at any
time by pressing the <PrtSc> key.

SUMMARY

The HENS program relieves the student of a tedi-
ous target-setting hand calculation and allows rapid
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generation and change of networks in the graphical
design stage. A major guideline during program de-
velopment was that the program should allow the stu-
dents to make the same mistakes as they could with
pencil and paper. The objective of the program is to
help students think about heat exchanger networks,
not to think for them.

Student reception of the program has been good
on limited exposure to fairly simple designs. Despite
the on-line help material, several students had diffi-
culty using the program efficiently. An in-class dem-
onstration is planned for future classes that should
alleviate this problem. Some improvements for the fu-
ture might include allowing a split stream to be erased
and allowing a design to be saved to disk, along with
the problem data.

The program is available on disk at nominal cost
from the author. Please indicate whether the AT&T
version (640x400 screen) or the IBM version (640x200
screen) is wanted.
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