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Streams Stymie
Your Simulations

Some simple tips

and techniques can
help you converge
flowsheet recycles.

Ryan C. Schad,
Eastman Chemical Co.
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ost chemical engineers today

use process simulators in a

variety of applications. Once

relegated to process design
engineers, simulators now can be found on
the desks of environmental engineers, pro-
cess improvement engineers, and even plant
engineers. Modem simulators have pro-
gressed to the point where you as an engi-
neer need little or no programming skill to
model a complex flowsheet. Problems can
still arise, however, when a flowsheet con-
tains one or more recycles that necessitate a
trial-and-error solution methed called con-
vergence. Although flowsheet simulators
have built-in ways of solving recycle prob-
lems, you ultimately are responsible for pro-
viding sensible specifications that will lead
to meaningful simulation results. In this arti-
cle, I will describe practical tips and tech-
niques to help you characterize and con-
verge simulation flowsheet recycles — with
an emphasis on “what to do” more than

“what theory to use.”

A quick review

Most process simulators are sequential-
modular, which means that calculations
start with known feeds and continue on a
unit-by-unit basis. This calculation style is
advantageous, because it requires that we
solve at one time only a small number of
equations associated with a single unit
operation and its associated streams. (It
also is the way you would solve a flow-
sheet by hand.) Some process simulators
are “‘equation-based,” and can solve every-
thing associated with a flowsheet simulta-
neously — unit operations, recycles, and

Ay

optimization problems. Here, we will
assume that you have the more-common
sequential-modular simulator (like ASPEN
PLUS, for instance).

A “recycle” stream (see Figure 1) com-
plicates the simulation problem because
we don’t know, at the outset, the flow and
composition of the recycle stream. AS a
result, we will need to employ a trial-and-
error solution method. If we guess values
(flows, compositions, pressure, and so on)
for the recycle stream, then we can pro-

ceed with sequential calculations. When

we solve equations for the block where the
recycle stream originated, we can compare
our calculated variables of the swream with
the values that we guessed. If they are
close enough, we are finished; if not, we
must update our guess and cycle through
the calculations again. This process of
guessing, calculating, comparing, and
reguessing stream variables is called flow-
sheet convergence.

The stream for which we guess values
is called the “tear stream™ (because that
stream has been rorn). The desired scaled
difference berween guessed and calculated
tear stream values is referred to as “toler-
ance.” The difference between the guessed
and calculated tear stream values for a par-
ticular iteration is referred to as “conver-
gence error.” The order in which we sol\e
the flowsheet is called the “sequence/
while the numerical method used to arrive
at a better next guess for the tear stream is
known as the * ‘convergence methed.”

Usually, the equations “used to solve
specific unit-operation blocks are so com-
plex that a similar iterative solution
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are given or assumed) =
B Figure 1. A simple block flowsheet.
method is required to solve them.
When these calculations are complete, —
the block also is said to be “con- xlb/h
verged.” It is not block convergence on g —————
which this article focuses; however, it : Outlet
" mportant to understand the distinc-
uwa between flowsheet and block con-

vergence because they sometimes
interact with each other.

Many aspects related to conver-
gence — such as how many and which
streams should be tom, what sequence
to use for the flowsheet, and which
convergence method to employ — are
subjects of continuing research. More
detailed and comprehensive discus-
sions on flowsheeting are given in
Refs. 1 and 2. Experienced users of
process simulators, however, can natu-
rally acquire keen skills relating to
practical convergence techniques.
Most of the tips and heuristics that fol-
low are empirical in nature, a result of
converging a variety of complex flow-
sheets using a commercial simulator.

Garbage in
equals garbage out

Flowsheet convergence is needed
not only when a process has recycle
streams, but also when flowsheets
have design specifications or optimiza-
tion problems. (Design specifications
arise when we want to set an output of
a block or a product stream by varying
some input, but aren’t sure of the input
value to arrive at the desired output.)
Because many flowshests have at least
one of these features, all modem simu-
lators automatically can choose tear
streams, convergence methods, and
calculation sequences for you. For a
majority of your simulation runs, this

B Figure 2. A simple mixer flowsheet.

will work fine, and you will experi-
ence no difficulties. If convergence
problems develop, however, the simu-
lator will report an error message that
often is general and cryptic. You, the
user, will have to intervene to solve the
problem. Here, we will focus on recy-
cle loop problems, but many of the
techniques apply equally well to
design or optimization specifications.

Actually, most convergence difficul-
ties begin with the user. Convergence
problems generally are caused by poor
input variables, improper output speci-
fications, programming errors, or faulty
physical properties. Ideally, we want to
avoid such dubious input to begin with,
but it helps to be able to interpret con-
vergence waming signs and determine
how they relate to the potential short-
comings of the flowsheet.

On the other hand, sometimes your
process simulator does a poor job of
automatically choosing tear streams,
convergence methods, or the calcula-
tion sequence (especially if your
model is quite complex). Therefore,
you have the option of controlling any
and all aspects of the convergence pro-
cess — such as simply adding initial
guesses for tear streams or changing
convergence methods, all the way up
to specifying the order in which multi-
ple tear streams are solved. It is

as

beyond the scope of this article to
instruct you when and how to control
the many aspects of convergence.
Note, however, that you can add sig-
nificant power to. your simulation with
just a little customization, which is
something that beginning and casual
users tend to avoid.

Another thing that users sometimes
avoid is generating a good block flow-
sheet of the process. (See Figure 1.)
This should, at the minimum, detail
the following: types and names of unit
operation blocks, types and names of
streams (e.g., heat, material), and flow-
sheet connectivity. Most commercial
process simulators now have graphical
interfaces that generate the block flow-
sheet automatically. An effective pro-
cess flowsheet is essential for evaluat-
ing and debugging a convergence situ-
ation.

In equals out

Believe it or not, most convergence
problems are caused by chemical engi-
neers neglecting the most basic of all
mass balance fundamentals.

Say you have a mixer combining
two user-specified streams, as in
Figure 2. You can see by inspection
that “outlet” stream flow must be 7
Ib/h. In fact,"you could not specify
that this stream flow be anything
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other than 7 Ib/h without creating an
anomaly.

Figure 3 presents a similar situa-
tion. We now have some freedom to
specify our unknown outlet stream
flow without causing any problems
(provided, of course, our specification
is less than 7 Ib/h). The “other” stream
from our flow splitter will carry off
enough mass to complete the balance
H Figure 3. Mixer/splitter flowsheet. : ' and must remain unspecified.

: Finally, let’s tun our attention to
Recycle Figure 4, which looks deceptively sim-
| .
; Sib/h e e

ilar to Figure 3. Although the splitter
e e
> :“"‘lcllxer Pro :-;.::-

no longer are free to specify the flow
, of the outlet stream, because it must be
S x b/ exactly 7 1b/h to satisfy the overall
HiaE : _,-_-,_,,,% > mass balance (but flow in our recycle i
?.&.Splmer [ ck?& Outlet stream can be any value). You proba- |
T e bly think that you would never make a :
mistake like this (that is, improperly

B Figure 4. Mixer/splitter/recycle flowsheet. : specifying a stream constrained by i
mass balance), but the fact is that a
majority of convergence problems
arise from this very mistake.

Imagine that you were simulating
this flowsheet. Because you are per-
mitted to specify the outlet stream
flow to be anything that you please !
while setting up your model, let’s say
‘ that you specify 6 1b/h. (Your simula-

® tor will not catch this mistake a pri-
ori.) While attempting to solve the
flowsheet, your simulator would tear
the recycle stream (or the splitter
feed). A good initial guess for recycle
flow, as far as your simulator is con-
cemned, is 0 Ib/. Cycle through a few
o convergence iterations in your head.
Vent starting with the mixer and keeping
track of the flow rate of the recycle
SRR, | ——— stream. Your result will look like this:
: g_SP““e_{ 3'0'“-5‘.." Overflow 0 lbM... 1... 2... 3..., and so on —
| this flowsheet is doomed never to con-
verge. After some maximum number
of iterations, your simulator will give
up and report some kind of conver-

otz

i . s - gence error to you.
ST T 'mf"‘:’wm axey You can solve this problem in one of

= TVacuum ?un‘l o % iy ¢
gox: = P | | RGNS .'4—'—“"@ two ways: if you must specify an exact
-%Heater Block .- !ml-[eater BI ac Salvent Makeup 2 ¥
..... ok flow rate, specify the flow of recycle
! : instead; another effective solution is to
specify the flow of the outlet stream 0

W Figure 5. Vacuum system schematic and block flowsheet. be a ratio of the block inlet feed rate.

has two exiting streams as before, we
'.3"1-_':1.,

Atmaspheric Vessel

Process Vapor

~ Solvent Makeup
Vacuum Pump ==

%The Splmer-

Recycle

Process
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In general, it is not a good idea to
specify the exact outlet flow — which
is 7 Ib/h here — because, in a real
flowsheet, the mixer feed streams most
likely will be outputs from other parts

_ of the flowsheet and, thus, unknown at
the start. An exact specification like 7
{b/h only works for a unique case like
that shown in Figure 4, while the other
recommended solutions will work for
all cases.

Using a ratio works well because it
allows the magnitude of the flow of
the recycle (which is the tear stream)
to directly determine the mass purge
rate from the loop. This usually will

Jead to quick flowsheat convergence.
 the way, “flows™ can mean compo-
nent flows or overall stream flows.

It can’t happen to you, right?
Before you scoff that you never
would make such a mistake, consider
the vacuum pump system shown in
Figure 5 — because it illustrates one
of the many forms in which this type
of flowsheet convergence mistake can
disguise itself. Assuming this vacuum
system is a small part of a complete
process being simulated, the process
vapor stream will come from some
other vessel: you will not know its
‘composition or flow rate when you are
inputting the vacuum system block

specifications.

It probably doesn’t seem unreason-
—able to specify the “overflow™ stream
.ow. Perhaps you have designed a
similar system and know about how
much flow to expect, say 10 gal/min.
If you were to specify the exact over-
flow stream flow, you would be mak-
ing the same mass-balance error
explained above. Here's why: the vac-
uum pump solvent recycle creates 2
simple convergence problem whose
solution will be governed essentially
by the mass balance around the vacu-
um system. Inlets to the system are
“solvent makeup” and “process
vapor;” outlets are “vent” and “over-
flow.” Depending on the pressure of
the vacuum pump, a nontrivial quanti-
ty of higher boilers could have been
burped over into the vacuum system

—(q3 -

through process vapor. The vent
stream essentially is saturated noncon-
densibles at atmospheric pressure,
which means that everything else —
solvent, low-boilers, and high-boilers
— must exit the loop through the over-
flow stream. Unless you have been
extremely lucky to guess the exact
amount of solvent plus process materi-
al that must be purged in overflow,
your simulation likely will not con-
verge.

If you guessed an “overflow™ flow
that is too low, your simulator will
guess higher and higher recycle flows
on subsequent convergence iterations
in a vain attempt to increase the
amount of process material that exits
through the vent. After the maximum
number of iterations, your simulator
will give up and report an error. You
may notice simultaneously that the
recycle flow in your vacuum system is
abysmally high. (A note of caution: if
the recycle flow is allowed to become
three to four orders of magnitude
greater than the purge stream due to
this convergence ramping effect, the
loop may report convergence because
the mass balance error is less than the
convergence tolerance!) Likewise, if
you guess too small an overflow flow,
your simulator on subsequent itera-
tions will “drain” your recycle flow
(reducing the vent flow) until the max-
imum number of iterations is again
reached.

The correct and robust solution is
the same as before: specify the recycle
flow rate in your loop, or specify the
overflow flow as a ratio of the inlet
flow.

It takes some practice to look at a
large process block flowsheet and spot
all critical “mass balance™ (or, more
correctly, “mass- and enthalpy bal-
ance” envelopes). Unfortunately, many
more blocks can separate inlet and
outlets of a mass balance loop than in
the examples above. Because a large
majority of convergence problems are
related to this problem of illegal speci-
fications within mass balance loops, it
is a particularly valuable skill to note
what streams can and cannot be speci-

outlet flows from convergence loops.
(Let them “float™) Instead, specify
recycle flows.

in a convergence loop “blowup™ or
“drain” (that is, become extremely
large or small) during simulation, usu-
ally followed by a convergence error.
Alternatively, a loop won't converge
given any number of iterations. (This is
indicative of other problems as well.)

Loop Structure 101

able to analyze from experience 2
moderately complicated flowsheet and
realize how many recycles are present.
The number of recycles usually corre-
sponds to the number of tear streams
that will be required to simulate the
flowsheet. Here is a short test to see if
you have mastered this capability:
study Figure 6 and decide the mini-
mum number of recycle, or tear,
streams needed to simulate this flow-
sheet. Now do the same for Figure 7.

that both Figure 6 and 7 are identical
flowsheets, with no recycles. Some-
times the way a block diagram of a
flowsheet is sketched can give the
appearance of recycles where there
actually are none. Of course, flow-
sheets with true recycles cannot be
redrawn to eliminate them!

ticated techniques to determine the

fied exactly. The unit operations that
are most likely to be illegally specified
are flow splitters, flash blocks, nonrig-
orous separator blocks, and distillation
blocks.

Tip: Do not specify or limit key

Svmptoms: Recycle flow rates with-

-

It is handy, but not necessary, to be

You might be surprised to discover

Simulators already employ sophis-

minimum number of tear streams for
you, so the ability to successfully ana-
lyze the recycle structure of a flow-
sheet is not critical. It still can be help-
ful, however, for several reasons. For
one, if you ever need 1o sequence part
or all of your simulation (for instance,

because the flowsheet is especially i

complicated, because you have design
specifications that must be solved in a
set order, or because you wish to
“nest’” some convergence loops), you
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8 Figure 7. Another moderately complicated flowsheet.

will need to be able to specify your

flowsheet solution sequence. For

another, it will help you recognize
ass balance envelopes, to avoid or
ubleshoot convergence difficulties.

Work with your simulator

The whole concept of tearing.
sequencing, and converging flowsheets
may still be a convoluted idea to some
longtime users of process simulation.
No matter what simulator you use, if
you have a process with at Jeast one
recycle, your simulator is hard at work
performing these and other functions in
the background for you. To leam more
about convergence and solving conver-
gence problems, you need to know
how and where your simulator reports
which streams it is tearing, what con-
vergence tolerance is being used, what

72 « DECEMBER 1934 » CHEMICAL ENGINEERING PROGRESS

the overall block sequence is, what
convergence method is employed, and
the progress or status of the tear stream
solution for each iteration. To find out
this information and how to customize
each aspect, you need to consult the
documentation, talk to experienced
users in your organization, or call your
simulator vendor’s help line. Benefits
include:

« Viewing the progress or status of
the tear stream solution for each itera-
tion can help you pinpoint exact con-
vergence problems (like component
buildup, as explained above).

« A simulator’s initial guess for a
tear stream is zero flow. Sometimes
this is not a good place to start, and
you would do better providing an ini-
tial guess for the stream. You must
know which stream is being torn, how-

-9 -

ever, to supply an initial guess for it.
(Not all simulators are “smart” enough
yet to choose tear streams based on the
recycles for which you have supplied
guesses.) ;

« Even if you know the flow rate or

other information about a’particular
recycle, your simulator can choose
some related stream to tear instead.
You havethe capability, however, to
override the assignment and select for
yourself which stream is tom, and then
input all known stream values as the
initial guess. The advantage of this is
usually quicker loop convergence.

How to avoid convergence

Figure 8 shows some common unit-
operation blocks that have recycle
loops to accommodate heating or cool-
ing associated with that unit. These
types of constructs often are encoun-
tered in simulating flowsheets. On the
surface, it seems that we will need
several blocks and a convergence loop
to simulate the unit operations shown.
This is not the case, though.

Consider the flash drum in Figure
8. Mentally draw a mass balance enve-
lope around the entire flashing system.
Doesn't the envelope comprise a sin-
gle-stage flash with duty? The whole
construct, recycle and all. can be simu-
lated by a single flash block. The same
logic can be applied to the reactor with
duty, and even the vacuum pump from
Figure 5.

Some engineers may have a con-
cern that the recycles will need to be
shown on a heat and material balance.
Because they are internal to the block.
it is true that these recycle streams are
not explicitly reported; however, they
can be figured easily on-line from cal-
culated block duties. (The correct pro-
cedure involves using dummy stream
manipulators included in all simula-
tors: duplicate the outlet stream, multi-
ply.the duplicate stream by some fac-
tor, send it through a dummy heater
whose duty is the same as the flash
drum, and vary the multiplication fac-
tor until the desired temperature differ-
ence across the dummy heater is
obtained. Although this procedure

iy




seems complicated, it is computation-
ally simpler and preferable to model-
ing the flash recycle.)

Tip: A flash with recycle is still a
flash overall — use a single flash
block to model the overall process.

Some good advice

Heré are some recominendations
and rough heuristics.

« You probably don't need to worry
about any aspect of convergence at all
unless your flowsheet has complex
blocks (like distillation towers) and
more than a couple of significant recy-
cles or design specifications.

+ When you are building your flow-
shest for simulation, start with a sim-

model that converges, then
increase the complexity. If conver-
gence fails, you only need to retreat
one step to troubleshoot.

« If your simple model is taking a
long time to solve or converge, you
may want to consider turning off the
energy balance aspect of your simula-
tion. Most simulators have an option
to let you run a mass-balance-only
simulation. You will have a much sim-
pler model that will converge much
quicker (at an obvious cost of
decreased complexity — no rigorous
distillation, and so on).

+ Beware of components like poly-
mers with huge molecular weights.
Because simulators only converge on
mole flow within a set tolerance, the
»—s5 balance of a component may not

rery precise. (For instance, consid-
er 2 component with a molecular
weight of 1,000,000. Because a typical
default tolerance is 0.0001, your simu-
lator reports a converged model if in =
1 mole/h and our = 0.9999 mole/h.
This, however, represents a noticeable
mass difference of 100 Ib/h!)

. * If you are the type of person who
likes to control aspects of your flow-
sheet convergerice, keep in mind that
nested loops can add stability to your
simulation. Solve convergence loops
simultaneously if it seems logical to
group them in that way. For instance,
if you are depending on a design spec-
ification to control temperature in a

- 199 ~
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K Figure 9. A block flowsheet to avoid.

recycle loop, it might be easier to con-
verge the tear stream and design speci-
fication simultarieously (rather than
sequentially nested).

Don’t sabotage
your convergence

If you ever have tried to model an
existing process, you know how frus-
trating it is to have actual data regard-
ing output strzams (that is, those for
which you have no direct control) that
don’t match results from your simula-
tion. In such a situation, you don't
know if the problem is in the data,
your physical properties, or your simu-
lation input specifications. If you are
modelirig a process with a recycle loop
where you have a specification on the
recycle, one thing that you should nor
do is try to manipulate the input to
match your specification while the
loop is converging. ,

For instance, the recycle in Figure 9
is a reactor pumparound loop in which
catalyst concentration is critical to the
reaction. The figure shows a “‘con-

“troller” (design specification or a user:

programmed function) that samples the
recycle on each iteration and varies
catalyst makeup to set catalyst level in
the loop.-This convergence problem
has a low likelihood of success.

Without resorting to a discussion of
numerical methods, the reason this is a
bad idea is because the convergence
solution, as stated above, is deter-
mined in general by the mass balance
around the whole loop. Your simulator
is guessing values for the tear stream
that ultimately balances mass “out” of
the loop with mass “in.” You essential-
ly are sabotaging the simulator’s
efforts by changing mass “in" on every
iteration — in essence, it must try to
hit 2 moving target. Once again, your
loop will only converge if you are
lucky and your controller’s guess just
happens to complement the simula-
tor's guess.

The easiest resolution to this prob-
lem is to set the inlet flow, converge
the loop, check the result to see if it
matches your specification, and then
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e

reset the inlet flow. You essentially
have nested the convergence problem
within your trials and error. If your
recycle concentrations are highly sen-
sitive (for instance, due to sensitive
kinetics), an alternative solution is to
add a couple of dummy blocks — one
to “bleed” the key component away
from the loop, the other to add back
the corract amount of “makeup” key
component. Now you set the process
input flow, converge your loop, com-
pare the bleed stream to the makeup
stream, and adjust your process input
flow until the blesd stream equals the
makeup stream.

Tip: Never use a design or pro-
grammed specification to set the
makeup in a loop based on a recycle
stream value at the same time that the
loop is converging.

Symptoms: Your recycle loop, in
which you know what a composition
should be, won't converge in the set
number of iterations.

How to avoid convergence —
revisited

Consider the heat interchanger
schematic shown in Figure 10. If you
were to use a “heat interchanger™ sim-
ulation block to model the interchang-
er, it should be obvious that an itera-
tive solution requiring stream conver-
gence would be necessary.

On the other hand. say you used
two simple heater blocks connected by
a heat. or duty. stream (as illusirated in
Figure 11) to model the interchanger.
If you needed to specify stream “cold-
out” temperature. you would com-
pletely eliminate the need for conver-
gence. The required heat would be
conveyed from the hot-side block to
the cold-side one where it would be
available when the “hot-in" stream had
been calculated from the process.

Similarly, if your temperature specifi-
cation is for stream “hot-out,” you will
introduce a trial-and-error convergence
problem because the correct duty (o con-
vey 1o the cold-side block is unknown at
the outset, because the hot-in stream has
not yet been calculated. However, our
tear stream will be the heat stream

74 « DECEMBER 1394 *
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Cold-in
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B Figure 11. Preferred flowsheet for a heat interchanger block.

“duty,” which requires convergence of
only one variable — heat duty —
instead of component flows, enthalpy,
and pressure of a material stream.

Tip: When simulating a heat inter-
changer, use two simple heater blocks
connected by a heat stream. The heat
stream always should point from the
first block encountered to the later
block, even if actual heat flow is notin
that direction.

More good advice

Befors you get too caught up in
convergence strategies. it always is
worthwhile to step back and consider a
key point.

« How important is it that you con-
verge your recycles, anyway? If your
purpose is to get a rough material bal-
ance, you might be better off breaking
your recycles and converging them by
hand (that is, iterating a couple times
yourself to get close). If you are con-
cerned with accurate bookkeeping of
trace components, however, you had
better worry about convergence and
tear streams.

Here are some additional recom-
mendations and rough heuristics.

~ASD ~

« Sometimes when your simulatior
doesn't converge, all it needs is a few
more iterations. One easy thing to do
before you start troubleshooting is
restart calculations from the begin-
ning. using the latest results as the
starting point. This effectively will
double the number of iterations for
that stubborn convergence loop.

« If you only learn one thing from
this article, let it be this: never set the
flow of a purge stream out of a recycle
loop. Analyze the mass balance enve-
lope around your recycle loop 0 make
sure that you have supplied a reason-
able outlet for every ounce of every
component that might find its way into
the loop. Reactors in the loop can be
considered pseudo ways for compo-
nents to be purged from the loop
(reactants) or injected into the loop
(products). :

« If you cannot get your distillation
model to converge for what appears to
be a straightforward separation. check
your residue-curve map of the system
(3,4.5). The presence of a ternary
azeotrope or distillation boundary
might indicate that the desired separa-
ton cannot occur.



o cm——

i

. To save computational time and
greatly speed up convergence, a non-
dgorous separator block can be used
in place of a distillation mode! when
je details of the separation are
gnknown or unimportant but compo-
qent splits are known. [t is always a
sood idea, though, to reinstate the rig-
orous model eventually once recycles
pave been better defined to insure
rechnical feasibility.

Working with flash drums

Often when simulating a single
fiash system, you are given an alterna-
-~ specification — key component
..pth of flash, for instance — instead
of typical flash conditions. Because
your flash block requires that you enter
values for two of either temperature,
pressure, vapor fraction, or duty, you
will need 1o iterate on the flash condi-
tions to meet your unique specification.
A programmed design specification
to flash 50% of some feed component,
graphically shown in Figure 12,
should be able to locate the fiash con-
ditons to meet the specification.
Consider for a moment the best way 1o
program this problem. It might occur
to you 10 set the pressure in the vessel
and vary flash temperature or duty
until the correct amount of vapor is
boiled. Or maybe you should set tem-
perature and vary pressure. Usually,
ywever, the best way to program this
15 to set either temperature Or pressure
(as dictated by the process), and vary
vapor fraction until the specification is
met. (You cannot set just the duty and
vary vapor fraction, or vice versa.) :
Varying vapor fraction is a better
solution than varying temperature (or
pressure) because the temperature (or
pressure) bounds of a reasonable solu-
tion are the bubble point and dew
point. Inasmuch as the feed to the flash
system likely originates from an
upstream process, you will not know
the feed composition when program-
ming your design specification, and
you will be forced to choose a wide
temperature range to insure that you
have encompassed the bubble and dew
points. When solving the design speci-
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E Figure 12. Block flowsheet of a flash drum

fication, your simulator’s algorithm
very likely will choose two tempera-
tres that fall outside of the two-phase
region (all liquid or all vapor), at
which point it will give up and report
some kind of error (like: “function not
changing” or similar). Vapor fraction,
on the other hand, is a nicely bound
function from O to 1, and all cases fall
within the two-phase region.

Tip: When you need to use a design
specification to set a flow from a flash
tank, always set temperature or pres-
sure (as dictated by the system) and
vary vapor fraction.

Symptom: Your flash block design
specifications often report errors such
as “function not changing,” or “solu-
tion outside of bounds,” or “exited
design specification due 10 error.”

Adjustment of tolerances

When balancing a checkbook,
some careful bookkeepers are not sat-
isfied unless they account for every
cent that Jeaves or is deposited in the
account. Other folks accept that they
may have missed a banking-machine
transaction or monthly interest fee,
and are happy if the account balances
to within a couple of dollars.

A similar analogy holds for your
process simulator when it solves com-
plex unit-operation block equations or
convergence problems. When a
guessed process variable (like a bubble
point temperature) is checked against

with a design specification.

the calculated result, the relative dif-
ference is called the tolerance.
Calculations or tear sireams are con-
verged when:

- 1olerance <

[ Xra.‘culalrd = X‘ugm-d}xxluund
< rolerance

for all associated variables (X in the
equation above).

The tolerance for unit-operation and
convergence blocks is preset in your
simulator to a reasonable value, usually
around 0.0001. Most of the time, your
simulator’s built-in tolerance will serve
you well unless, of course, you begin
using complex models with extensive
convergence problems.

Generally, you will need to consid-
er revising tolerances when you have a
very large, complex model with one
main recycle loop at the front end;
many nested convergence problems; or
recycles that are much larger than “in™
and “out” flows (like solvent recycles
that can be two to three orders of mag-
nitude greater than other process
streams). Specifically, you will need to
consider revising tolerances if your
simulator reports that the convergence
error comes very close to the toler-
ance, but randomly bounces around
the criterion and cannot converge after
a fair number of iterations.

Intuitively, it makes sense that if
you have nested loops, error can be
propagated from an inner loop (whose
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tear stream values need only to be satis-
fied to the nearest 0.0001) to outer loops
with the same tolerance. Also, consider
that complex blocks have iterative equa-
tions whose tolerance is probably the
same as that of the convergence loops
__ further contributing to the problem.
The solution either is to manually adjust
tolerances of the blocks that are located
inside nested loops to be lower (that is,
tighten the tolerance), or increase toler-
ances of your outer recycle loops
(loosen the tolerance), or both. An alter-
native solution, which is not always
possible, is to combine loops rather than
nesting them.

— A word of caution, though. Some

ew users go overboard when they

learn how to loosen tolerances. It
seems like the answer to all conver-
gence problems — your recycle loops
converge quickly in only several itera-
tions. Loose convergence tolerances,
however, translate to loose overall
mass balances.

If you are simulating a process that
makes a very small amount of byprod-
uct on each reactor pass, it may be crit-
ical 1o the success of the entire project
that you accurately model the buildup
of the trace component in the reactor
recycle loop, because, say, it poisons
the catalyst or necessitates an addition-
al separation step. A loose convergence
tolerance would disguise the buildup
and you would report flawed results.
Put another way, if you were embez-
zling money by transferring $2.00 per
month from checking accounts. the
careful bookkeeper above would notice
the first month, while the lenient book-
keeper might never caich on.

Tip: Tighten convergence tolerances
on unit-operation blocks within a nest-
ed loop or loosen convergence toler-
ances on outer recycle loops, or com-
bine (unnest) loops where possible.

Symptom: Your simulator reports
that convergence error approaches, but
randomly bounces around the toler-
ance and cannot converge.

That's not all
The preceding tips and techniques
are a small, varied sample of the ways
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that you can control and manipulate
aspects of converging flowsheet calcu-
lations. Some of the basic skills that
will allow you to simplify or virtually
eliminate convergence problems are:

« effectively analyzing the in/out flow
structure of mass balance envelopes
associated with recycles, to help you
avoid poor or illegal specifications;

» properly exploiting the power of
your simulator by understanding how
to control aspects of convergence;

« correctly modeling and manipu-
lating recycles of known composition;
and

« avoiding problems by eliminat-
ing the need for convergence in some
situations.

These tips are empirical in nature.
They complement numerical methods
and complex convergence algorithms
that can be employed to quickly and
efficiently solve iterative problems. (If
you are interested in leaming mere
about these mathematical methods,
consult Refs. 1, 2, and 6.) You can
achieve even greater power over flow-
sheet simulation and convergence by
learning when and how to adjust
parameters associated with a particular
method and when to switch conver-
gence methods entirely. Whether or
not the complex mathematics interest
you, it still can be rewarding and chal-
lenging for you to develop from your
own experience simulation conver-
gence shoricuts, heuristics, and tech-
niques similar to those above.

A final thought for when you have
successfully simulated and converged
a complex flowshest, whether or not
you had w0 struggle with convergence:
a converged model in no way guaran-
tees a technically realizable process.
Some, but not all, feasibility problems
will manifest themselves in conver-
gence or other simulation errors. You,
the engineer, must use your judgment
to insure that your reasoning and
results are sound for all aspects of
your procsss.

For a free copy of this article, send in the
Reader Inquiry Card in this issue with
No. 184 circled.
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