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Brief Overview

* My Experience: * | have developed 17 self—teachig
modules (2 hours each)

 Designed to bring students up to speed
in Aspen Plus

« Suitable for 3 Year undergraduates and

* 6 years in teaching process
simulations & conceptual process
design at undergrad & grad levels

 Two book chapters: later.
60 pages on CO, capture simulations « Modules are in continual improvement,
using Aspen Plus, Aspen Hysys, ProMax, review, and update
and Pro/Il in Sustainable Reactor

* Materials and concepts been reviewed
by faculty and students at:

McMaster University

West Virginia University

Vanderbilt University

Northwestern University

Auburn University

Engineering
o Contributed to WD Seider’s famous

book 3@ ed. Chapter was on Aspen
lcarus (2006)




Introductory Material

Module Objectives in Bullets T
Quickly see what is covered -
in each module
Prerequisite Knowledge
Links to videos, websites, and textbook sections.
to get pre-requisite theory knowledge
Reviews knowledge from first 1.5 years of chem. '}
eng. curricula “

-
-
-
-

How can you use this knowledge? -
What are the kinds of problems you can solve by
using these tools?
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Estimated Completion Time

2 hours, plus time required to review past course ma-
terial to catch up on pre-requisite knowledge.

Objectives

= Utiilize the physical property estimation procedures
in Aspen Plus for components

= Use the stream analysis tools to estimate stream
propertes.

= Use theoretical model blocks such as duplicators

= Use a pump to manage pressure differential

= Tweak converge criteria for blocks to overcome
convergence problems

= Use distillation models to simulation a pressure
swing distillation system

= Construct flowsheets with recycle in an intelligent
way by working piece by piece rather than creating
one big flowsheet and hiting Run.

Instructions

Complete this tutorial independently. It is worth no
credit, so focus on learning the material. Your tutorial
time will be set aside for you to work on this tutorial
with the help of the TAs or your peers as needed, but
you are certainly welcome to work on this in the lab
on your own time,

Befare you come to Eub 7/ Mﬁﬂﬂ
Read this tutgua-l—befc-re CDIT‘lII"lg to lab, if possible, If
_wu-ﬂﬁ nnt remember what a distillation column is, it
would be helpful to review your separations textbook,
as well as this video {and the rest of the distillation
section there if that helps) and this website, If you
don't know what a pump is, review your fluids text-
book, and complete Skills Test 1 available in the Con-
tent secton of Avenue to Learmn. If you do not re-
member what VLE phase diagrams are, such as Txy
and Pxy diagrams, try this videg. If you do not know
what azeotropes are, try this video. Of course, you
should complete all previous tutorials first before at-
tempting this one.

e

—"“

How this material might be assessed

The use of Aspen Plus will be frequently assessed in
this course, as mentioned on the previous Tutorial.
However, many new concepts that arise in this tutori-
al might be assessed in a variety of ways. For exam-
ple, on writken exams, | might show you VLE diagrams
of binary systems and expect you to use it to help
synthesize a process for the separation of the chemi-
cals. For example, you might be required to recognize
that there is or isn't an azeotrope, and then deter-
mine whether you need to use pressure swing distilla-
tion or not Or, you might need to estimate the distil-
lation and bottoms temperatures, or choose what
operating pressure to use for distillation based on a
number of factors. Or, | might provide screen cap-
tures of VLE tables and ask you to wuse that infor-
mation to make predictions about certain process
behaviour. You may be asked to sketch out a process
which given a feed arrives at a certain set of products
at wvarious desired purities, while labeling known
quantities or ranges for temperature, pressures, com-
positions, and/or flows. | may also provide for you
stream conditions, results of stream analyses, or pure
component analyses and expect you to be able to
interpret and use the resulting data to answer ques-
tions, such as identifying dew and bubble point tem-
peratures and using that information to make deci-
sions about the flowsheet,

In addition, for the in-lab midterm and the project,
yvou will be expected to be able to use the software in
practical ways in order to get at or determine or esti-
mate the information you need to answer questions.
For example, you will need to know the actual but-
tons to push in order to use all of the features and set
up the models required. That part may not be explic-
ithy assessed, but rather implicitly as you will need to
know what to do in order to even get started. You will
also find It necessary to understand convergence,
how to tweak the parameters and why, and how fo
interpret control panel output in order to actually
construct and complete simulations at all.
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por line intersects is the dew point, and where the /
liquid line intersects is the bubble point. Similarly, at a /
constant T, you can find out at the dew and bubblell

point pressures.
(st Skarbacl Moty Foemat
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Bubble and Dew Paint

Cardiats Bubble and Dive Point
sureL

Q12) What is the bubble point temperature in °C of
the chloroform product stream at 5.5 bar?

¥You can get additional information not in the results
section, such as viscosity of the mixture (MUMX, MU
is "mu” or p), thermal mr*u:iu~c'ci1.ri'q-..r (KMX), or surface
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Tuterial 2 - Phiysical Properties & Corvergence

Aspen has a lot of physical property data that isn't
shown on this form. You can get to it by pressing:

Horne View Customize Resources
WET - [ Setup g’ Chamistry it Methods Assistant
== Unit et & Comporents g Customize 4 Clean Parameters

‘ Pethocs I;:-Prrp?edi Structure | Wy Retrimoe Parsmsbers
Units Mavigate Tools

Then head down to the Methods | Parameters | Re-
sults tab to see all of the different physical properties
or property parameters that in the database. They are
all stored in a sort of coded form. For example, "PC" is
critical pressure. You could find those out by search-
ing them in the help file,

Look in the T-dependent tab of this form to find out
what the equation used for the vapor pressure is
(PLXANT-1). Elements 1 through 7 are the coefficients
C, through C> in Antoine's equation:

lﬂpgar cL; +—= +|:4.LT+'-"-'5L ]nT+CmTC 7l

timations without having to create a flowsheet. Go to
the Analysis section of the menu, and then select Bi-
nary. This will bring up a Iittle dialog where you can
perform equilibria calculations.

To see the VLE it is usually mast convenient to see a
Ty diagram. Set the analysis type to Txy. You then
choose the two components we want to compare
(should already be selected by default). You can also
select the range of mole/mass fractions of the prima-
ry component that you want to lock at {usually just
leave it at 0 (0% species A, or 100% species B), and 1
(1009 species A, and 0% species B)).

You can also tell it how many points to lock at. The
default is 41 points, which is every 100/{41-1) = 2.5%.
Change it to 101 so that we get one data point at
every 1 mol %.

In the upper right we can pick which phases we are
looking at. Leave it at vapor-liquid for now but note

T+C i that we can also do vapor-liquid-liquid and special
versions of that. See the screen below:
Where T is In K.
M Chemistry II S Methots Acistane  [BR WET Ci &nahyis FH T Input "= fire
Q2:| What i5 qu_ fﬂr i =me- = o Cusbomiz E.n #; Clman Parsmeten JDECHEMA | S Edtimation | [ Eculn'.:l 4] Hinke \_ £ Hinary
= s G FepSss | Stucure % Redieds Paemas ch Regression | ' 4 Panel | [ Regoni T _'Jj‘r-irn:k.p:

thane in Antoine’s equation as .. T

used by the program?
Part 2-Create a VLE Dia-
gram Analyistype Tay

St Page BIMRF-1 [BBARY) - Input

| EEinary dnabaiv | Disgnistics

_ Components
Gne.of the first stages of an- "0 e
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Mede Fra tien
you a lot about how easy itwill | v METHA-31
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LG

Ixta Source Aun Mods Aun W | Summany ArahsE

BINAY-1 [Binary) - T-xy - Flot t

- Valhd phases
Vapar-{iguid w
Prassun
B Units: bLian a
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4| 1.01325 5 1 Ld
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Property method HRTL-AK
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ChE 3G04 — Simulation, Modeling, and Problem Solving

M Ore Exa m p‘es ‘ Tutorial 7 Solutions

PART 1
Q1) 1417
ri. 2 - Phvsical P iec & ) VEranr
Tutorial 2 - Physical Properties & Corve ?h_rf _____________ I CUINGAS -
I |
I | U | Temperature C 925
Condenser
[ I
I | S e re a Pressure bar 37
I | =1
: < : High Pl%essure ‘ﬂ h ‘t ¥apor Frac !
: : Azeotropic Mix OWS e e S a S P Male Aow kmolhr 14168
Low Pressure 10 bar : Eigh : | Mazs Flow kgthr 183414
ic Mi ressure r T ]
Azeotro%rl: Mix »— : Distillation i eX a p e S Volume Flow cum/he 430056
~60°C?, ~1 bar [ Column | Erthalpy  Gealshi -37458
Pump ! |
| | Mole Flaw kmolhr
1 I
: : METHAME 1148
: : WATER BILE
: : High Purity oo 1884
| Reboiler | Chlorofarm ‘
| | = . i H2 563201
I T
e T Solutions provided , ..,
¥

o  ronoto visually (where do | s

I
Condeneerl Low Pressure STEAM - SYNGAS-O -

|
|
|
' I Azeotropic Mix ; d Z—//) z— b
| |
| « - [T} ln a /’7 UI ) ) er Temperature C 373 s
| I
: [ . ? Pressure bar 2 3z
: Low I agaln . ) Wapor Frac 1 1
Feed Stream | Pressure | )
= ; ressure [ Male Flow kmalfhr 223,694 B0 416
{A] —> Distillation [
70% Methanol | Column : Mazs Flow kg/hr 10299 7238354
3?°a§acr;h|0r0f0rm : : Wokime Flow cumdhr 261,320 E04.63
- I
| : Enthalzy  Goalhre -12613 -6.774
|
| : hola Flow kmelhr
| I
| IH h Purity MMETHAME 11,6504
| | High Puri
: Reboiler | Methanol ¥ | WATER 223,694 35304
[
: [ B> co 1BB.334
_______________ i
H2 565.182
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Tutorial 9 - Heat Exchanger Networks

for the particular process you are working on might g o © B owuZ 2 4 ou
4 = i g BB B £ B R
be known. g " i TR
Q3) - What is the number of hours of operation of a E
plant in a year for a 96 % yearly utilization?
Tutorial § - Capital Cost Estimates with Aspen Capital Cost Estimator A S p e n BUI|dInQ the Heat Exchanger MNetwork EI -
should see something like the following (these num- Q1) Repart the total direct cost of the reflux pump to The next step is to build the HEM. This means we will . -
bers are made up, they are not the right num-  the nearest dollar. C a |ta | C O S-t try to match process streams to process streams, and E' &
! - o -
bers!) . fem | User. | Rem Descripfion | Model ___ p process streams to utilities, Click on recommend de-
. Ci Fefarumo P CENTRE | : : : 5
- : MekACAD, Moo €AD) Mo signs at the bottom of your wm_dow. A If-'.rmdm'.r pops L y
Dt e g b Similarly, add the remaining equipment as shown in E Stl | | I ato r up titled "Recommend Near-optimal designs". . B
Chid [ 1763 " the diagram: the condenser, reboiler, reflux drum, and ® Recormend Mear-optimal Designs = E .
= b b = distillation colurnn. Use the spemﬁcat_lons given in the e 35k Opdans S ]
Eccrical Lo Ta » figure, and leave anything else at their default values. O rl | | e r y [T — a6 Spbl Brarchas, TR I-T
::“"“’ f'm‘: ‘I‘ v » The trayed tower (DTW TRAYED) model should be Herl | 7 ] - 8
Subaatat a7 117 = used for distillation, which includes the trays but :gg § }g E"'l”:”"!"" i q & [
aland asponer sost=dAD L3840 does not include the coqdepser, reb_oil_er, or reﬂ_ux Ca ru S) | Cold1 | 0 cAhid= A 5 Imagel3_feasible designs.Ph
pump. Change the Application to Distillation with E::g :: :g - gcb——r: ki
You can see that while the actual pump itself costs Kettle-type reboiler (DIS-RE). . _Cokld | = n e 5 4
$64,500 (CAD), it costs $2,596 to install and required " For the condenser, you can use a pre-engineered o™ |18 A A i
112 man-hours to do so. Then there is the piping to U-tube exchanger (DHE PRE ENGR). | E
connect it to the other parts of the plant, instruments  * The reflux drum is V'ﬁm‘?al process vessel (DVT 5] 8
such as flow meters, electrical wiring, and paint. The CYLINDER). In this case "height” is “tangent to tan- g y
total material and manpower cost, also known as the gent height”. . ] . ™ ganeial [Ts |
total direct cost, is at the very bottom (§120400). 1t * ;Of _thehfezﬂ”eﬂ use “Kettle type reboiler with . g
H ; ; i ; i " (DRB KETTLE). - . - —
is ths r‘-UrTber thl?t is the :’1051 lrlppof'(am- 1'3 is the oating head" ( ) Check to see that in the "stream split options" table o
number that you'll pay to have this piece of equip- ] ] - £
ment magically appear in your chemical plant. Youll ' Q2) Report the total direct cost of the column (includ- the max _SF'“t branches of all the process StTE?mS_are 5
see it also back in the main screen, middle column, by ~ Ind trays) to the nearest dollar. at 10. This value can be more or less, but leaving it at H
selecting the List tab. 10 allows AEA to have a good number of options for ;
A matching streams. Under solver options, e 10 In .
/"/ : Condenser the bongor maximum designs. A Ein thist{rzlue can
Distillation Column Pre-engineered U-Tube b less but 10 i ane. % 'I h '
29 Sieve Trays made of 290 tubes, 12t full extension A E e more or less bu is a good value to choose. ] g
304 Staiﬁess Steel 0.75 inch outer diameter S e n n e r Click solve. g
3.57t Diameter. 18" Tray Spacing 5
Reflux Drum o >
3 ft diameter A n a |yze r (H eat The AEA solver runs and generates 10 different de- S
5 ft height signs. If you go through the 10 designs, you will no- E]
{vertical tank) E h tice the green bars at the bottom of the HEN dia- %C ki
Reboiler XC a ﬂ g e r grams. L
, Kettle Type
2500 ft* heating surface area -
. n etWO rk Green indicates that all heat exchanger matches are
Reflux Pump . .
Centrifugal feasible, and the heat requirements of all the process 5
130 gallons per minute . streams are satisfied. . . I
450 feet of fluid head S ﬂth es| S) R I A S N
195 psig design pressure Music break g H B 34 i H El EI_

@ 6ofo @ 40f8



Where They Fit in My Teaching Hierarchy

Course Structure

Mast" tions
One tutorial per pyramid

One pyramid per week
Unassisted Problem Solving
practice problems /

Experiential Learning
(n-class workshops
In-lab tutorials

Directed Knowledge Transfer
Lecturing

g PMACC miics



Proposed Chapters (Part 1)

1. Getting Started 4. Problem-solving tools part 2:
« Starting from blank screen o Utilities

+ Adding chemicals, physical properties

e Streams and blocks » Optimization

* Running simulation 5. Advanced Reactors Models
2. Physical Property Modeling * Batch & Plug flow reactor models

* Property estimation for components « Data Fit / Regression for kinetic

» Stream analysis tool parameter estimation from data

* Retrieving Parameters from Database . ST

+ Recycle streams 0. Simple Distillation Models

» Theoretical tools (Duplicators, etc) * Shortcut distillation (DistWU, Dist)
3. Problem-solving tools part 1; * Staged Equilibrium (RadFrac)

« Sensitivity Analysis « What if scenarios

» Design Specifications « UNIFAC predictions

* Heat & Work streams * Property packages and team

collaboration




Proposed Chapters (Part 2)

7. Rate-Based Distillation Models 10. Heat Exchanger Networks
e Staged Equilibrium (RadFrac) * Aspen Energy Analyzer
« Strategies for convergence « Optimal HEN Design

» Calculating column diameters, flooding, 11, Pipeline Models

etc » Not fully mature.

8. Advancing Modeling Tools 12. Life Cycle Analysis with OpenLCA
» Calculator Blocks » Getting data from Aspen Plus
 Custom Models with Fortran » Using the software
e Basic Automation with Microsoft Excel » This may be too far out of scope, but

9. Capital Cost Estimator more and more programs need

sustainability now.
* Replace with Solids Tutorial?
* Replace with built-in CO2 stuft?

 Replace with Heat Exchanger
Module?

» Standalone Product

« Embedded within Aspen Plus (Economics
ribbon)




A few notes

* This is meant to be problem
solving approach

« Want students to have the ability to
select and use the right tools to solve
their problems

* | don't take a unit based approach.
There are other resources for that.




Chemical Engineering Examples Covered

* Alkane Purification « Methanol production
» Azeotropic Pressure Swing » Gas-to-liquids
Distillation

* Dividing Wall Columns
 Biofuel Purification

e Artificial Flavour Synthesis
 Steam Methane Reforming
 Steam Power Plants

* Nuclear Power Systems

« Hydrogen Production



Feedback from Peer Reviewers

* Scott Guelcher (Vanderbilt) - Fernando Lima (West Virginia)
* Reviewed by design faculty » Reviewed by undergrads there

o Positive reviews

« Would use it in 4™ semester
computational course (2"? year?)

 Enjoyed the material, thought it was
appropriate (4" year / senior student)

« 3 weeks introducing students to the » Noted that there are references to
material, starting from a blank screen other courses / ideas that are not in
* They would like to have the modules be the course material

fully independent

 could be used ad hoc in any course as it is
needed, starting with 2" year course.

» Needs to be generalized somewhat.

* Mario Eden (Auburn) » Fengqi You (Cornell)
y SUQQGSEed ?”"“e Commuf”ﬁy o » “Everything looks good to us. We did
. E;C/)%theevri ves over time with contribution not observe any iccle”

* The Perry's of PSE software




Proposed Framework

* Book / e-book created and
distributed

* Need to pick publisher, distribution
model.

e Price? Student support material,
should not be too large.
» Website created to support book
 Center for discussion and feedback
» Discussion Board

* Professors can:
* Assign book as a course text

 Cherry-pick individual modules to
use in course packs, etc.

¢

* LONG TERM:

| become editor of book with multiple
contributors / authors

Other people and | can add modules,
Improvements

Partially finished modules
* Aspen Custom Modeller
* Solids Handling
Extremely Useful Additions:

* Troubleshooting hard-to-converge blocks
and loops (especially absorption)

 External automation
* External optimization
* Parallel computing

Continuously develops, updates, and improves
over time.



Progress So Far a \Ga

* Grad Student TA (Trevor West) led  « Still need to neuter the material for
new trial with 120 undergraduate book form.
students using it Spring term 2016

* Gathered informal undergrad
feedback

« Made improvements to wording and
explanations

e Former Student (Dr. Jaffer Ghouse)
has been updating the original
tutorials to reflect Aspen v9.

 About half way done.

« May end up as second author in the
long term.

S8 BMACC milics




Proposed Timeline

Update screen \
captures and L Chapters 4-6 Chapters 7-9
text for v9.0 /
» November - » December 2016 « December 2016 * January 2017 * February 2017
January
Submit Construct CAChE : : POF VErIoN
. : Final manuscript published!
manuscript draft website for : : .
. : edits submitted Softcover likely
to editors support material |
ater.
* April 2017 (need more * May 2017 * May 201/ * June 2017/ * August 2017/
time for one chapter) * Include solutions files * Early proof version can
with professor login? be made available to
« Would include my class subscribers.
slides which go with
McMaster ’ those topics?

o @ PMACC III S
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