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Agenda

= Challenges

= Presentation of 3 cases

= | imitations ofi this appreach
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Challenges

= How Do We Handle the Concept of Time

= Representing Volume Using a Rate

= PDependence on VisuallBasic (Unsteady.
State Modeling)
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3 Example Cases

= Hot Water Tank (simple case)

= Acid — Base Neutralization

= Eyvaperation Simulation
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Simple Case - Defined

= Simulation models the addition of 1 gpm of a
water stream at 200°F to a vessel which initially
contains 100 gallons of water at 60°F

= |Jse of a recycle line with no side draw: should
iesult in increased volume in the Tank
rlepresented by stream 2 as time pPasses.

= he temperature in the “Trank™ (Stream 2) shouid
[ISe as the hot water IS addead




Simple Case

Set temperature of stream 2
to 60° and flow to 834 Ib/min
before running. 834 lbs is the
equivalent of 100 gallons
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Simple Case - Results

Stream 2 Dynamic Plot

s

1.00 5.00 900 1500 21.00 2700 3300 3500 4500 51.00 &7.00 GB300 6900 7500 81.00 &7.00 3300 9300

[teration

* Temperature ] Total std lig.




Simple Case — Results, cont

= Tank Velume (stream 2) doubles after
adding 1 gpm; ofi water toran initial volume
off 100 gallons over the course of 100
minutes.

= Jank temperature rises fiem 60°F 1o
130°F




Key Points

= The number of iterations becomes a time
scale, In effect tracking the time of the
patch. The engineering unit selected for
time Is “minutes”. Therefore 100 iterations
pecomes 100 minutes; elapsed.

= Jhe time scale Is very Important and must
pe chesen carefully when designing| the
Simulation.




Key: Points, cont.

= Even though Stream 2 Is actually a rate, it Is.also a
volume. The rate becomes a cumulative velume
pbecause no side draw IS present. Here is where the
unsteady: state behavior of the system is modeled.

The time scale chosen for the moedel has nos effect on the
system volume. It dees net matter whether the time
scale IS seconds, minutes or days; HOWEVERY, the initial
volume: of Stream 2 MUST be the same: 100 gallons: per
second, 100 gallens per minute, 100 gallens per day.
Eachiis equivalent ter starting the simulatien with 100
gallens off water 1n the: tank.




Acid Base Neutralization

= Client reguested model of acid-base
neutralization in a reactor with an air

SWEEP

= A knewn Volume ofi acid IS charged to a
ieactor and a caustic stream; IS metered In
OVEr a pPeried of time

= A condenser remeves any acid in the
Ventilation strieam
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Neutralization: Schematic

Cooling Water
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Condensed Liquid
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Elrst Appreach

= Use of a Mixer unit op in CHEMCAD: to
add all the base to all the acid In one
[teration.

= Alsolutely noi representation of reality.
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Second Approach

Caustic  Caustic Caustic Caustic Caustic Caustic Caustic Caustic
Addition Addition Addition Addition Addition Addition Addition Addition

Acid in Reactor Final Solution

*Blocks represent the entire system, i.e., all the unit ops
daisy chained together

*Each block represents one time interval
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Results of Second Approeach

= Advantage:
= More representative of actual system

= Disadvantages

= Rigid time Interval; changes toi time means
addition or remoyvall of blecks

= Complicated incorperation efi Unit eps and
process streams (lets of mixing blecks)
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Third Approeach

Use of a stream reference to carry the reactor “volume” back to starting point

Befere running the simulation, stream 5 represents the total amount of acid initially
charged to the reactor.

When the simulation is run, the caustic is added to the reactor in mixing block 2.

After each unit operation Is complete in the iteration, stream 12 represents the initial

acidi content ofi the reactor, all previous caustic additiens, and the additional ameunt
oft caustic fed to the reactor in the current iteration.

A stream reference is used to transport the reactor volume back to stream 5 so that
the next addition of caustic to the cumulative reactor from stream 1 can be made.

Use of visuallfhbasic to controlfthe hatch time: (actually’ contrelling numier of imes the
System undergoes ene! iteration)

Demonstration
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Acid — Base Neutralization
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Results of Third Approach

= Amoeunt of acid in the reactor Is depleted over
time

= plH of the batch demonstrates the typical
eguivalence point (quick transition from acidic

solution to basic solution) encountered In
titration: of strong acids with strong bases

= Temperature rnises due to heat of reaction,
peaks, then slowly diminishes as the acid Is
depleted and Isi replaced with “coel” (lower than
palchl temperature) caustic




Reactor Trends

Note: Acid content of Reactor and Reactor Temperature scaled for plotting purposes
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Results of Third' Approeach, cont.

= Accurate simulation of system;as
measured by comparison to data supplied
by client

= Client has simulation that Is relatively easy.
[0 manipulate for future moadeling werk
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Unsieaady State' Evaporation

System Description

= A dynamic salt concentration evaporator utilizing an
Excel unit operation with VVBA within CC-SteadyState Is
modeled.

The excel unit operation models twoe PID controllers and
a ‘batch’” reactor (as depicted next sheet).

TThe Excel module acts as a splitter and divider as part

ofi the control filnctions albove.
Na salt concentration Is calculated by the VBA code.

IThe Excel module sernves as a data legger fior the
iesults off each time step, displaying the results via an
EXxcell graph.

Recirculation flew rate Is equivalent terlevel.
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Simple Evaperator P&IbD

P&ID type representation of the

ChemCad model (next sheet)

The Excel module provides all

the functionality within the

yellow box through VBA code. EXCEL UNIT OP

PRODUCT




ChemCad Simulation ofi Evapoerator

Feed Concentration Evaporator
Batch-Continuous Simulation

Vapor

—

Spreadsheet BatchContX.xls should be
initialized before each run of ChemCad

Excel unit controls level & concentration
by varying feed & product rates,
and records run data

Feed stream 3 determines the composition of the feed Product
but not the feed rate (which is by the Excel module)

Stream 9 is for information only and shows the
instantaneous feed rate




Unsteady State' Evaporation

Summary of Simulation:

Feed starts to bring level to setpoint.
Cold inventory Is heated in the thermosiphon reboiler and
begins to boil.

Concentration of salt & acid Increases as a result of
evaporation ofi mostly water.

When the product controller setpoint salt concentration Is
eventually reached, the product withdrawal starts.

Level drops with product withdrawal and feed Increases to
make up the less, maintaining the concentration at setpoint.
The systemiis now: at steady state as long as feed can be
maintained.

All"ef the aboeve steps are controlled by the Excel module
whilch 1s called by Chem/Cadl once per iteration.
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Excel Output from Batch Run PROCESS
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(see next slide for explanation)

5 1 3
| | ||
Temperature & U Concentration
L ) 7 Y % y 140000
I I I A | 7 I I I O
11
200 120000 6
~
LY |
250 4= & + 10000
i PP -
5 200 so000 =
1=- -+ E
= 1A ua] |
i LS £
% 150 T BO000 3
"= T T e
= )
100 . ‘ 40000
I | —
‘ . = Nat25
E“"’E‘ +
a0 ! 2000« MA_MO
= o - = Level*3
1 i .
0 | 0 Feed*20
DOty
0 20 40 B0 a0 100 120 140 1E0
Time min

4 n 5 n




EXxplanation off Graph

Note: Output scaled to make graph readable.
One minute = one iteration, of ChemCad simulation.
Exchanger Duty (constant)

Temperature — starts 70°F, but quickly brought up torevaporation
temperature and then varies slightly with nitric acid concentration.

Sodium (salt) cencentration — controlled by preduct removal - ramps to
setpoint and'levels with slight evershoot.

Feed rate - starts high te makeup low: starting level, then levels off.

Increases slightly as Na reaches specification and drawoff starts after
about 2 heurs.

Nitric acidi concentration - starts lew and Increases withi evaporation, but
decreases as feediincreases with preduct take off.

Levell— starts empty, but guickly brought to steady state operation level by
feed controller.
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Using CC-SteadyState tormedel
Linsteady state operations

Time basis requires careful attention.
Visual Basic knowledge reguired.

\VVBA Is very powerful when used with ChemCad;
nearly. every aspect of simulation; can be
controlled.

Simulation can be fairly: complex, but the methoad
IS best suited tor simpler operations
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Excel Module'vs. /B Senver
Methods

= The Excel module adds several steps to
puilding the model.

= \lore control using the VB server method.

= Easier to run VB server (no switching
applications)

= a very brief test, the evaporator model
With the Excel module ran 10x faster than
ihe same code under \/BA control.
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@o)plife)ls

Many medels won't need them.

Recommend: direct calculation in'VVBA If possible.
Could use CC steady state controller with VB server.
Use ChemCad built-in PID contrel? Not sure.

A custom PID contreller in VBA can handle difficult
situations with a fairly: predictable amount of work, but It
can be hard to tune, (but this IS very cooel & great
entertainment for engineering geek types).

PROCESS

ENGINEERING ASSOCIATES, LLC

Excellence In Applied Chemical Engineering™




Time considerations

ChemCad only offers minutes, seconds or hours as time units.

Native ChemCad (as accessed by VBA) has time units of hours
only. Ifthe VBA code does any. time or rate calculations, it will be
necessary to convert to the proper units.

Great care Is needed to maintain consistency.

Any iteration time (other than hr, min, sec) Is pessible, but tracking
the time will be completely up to the user.

Each iteration within ChemCadiis ene time unit. I ChemCad time
units of hr, min, or sec are used, tracking| Is, easier, but still requires
care andl thought, especially for the VBA code.

[t IS better to run; teo many. iteratiens then toe few, but the time units
available are limited.
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In Summary.

System flow: (per iteration or time period) Is the
eguivalent of volume.

The time Increment per Iteration reguires
considerable care.

A PID controeller can be guite pewerful, but
ieguires a certain level of complexity.

Operating a dynamic simulation through steaay
state ChemCadi s probably best handled though
a VB senver appreach, but an Excel module may.
INCrease the speed of eperation.
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