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About Us: Tom

* Associate Professor, McMaster University

* Research: Chemical process design, modelling, and simulation

» Education:
« B.S. Chemical Engineering (Michigan State)
« B.S. Computer Science (Michigan State)
e PhD Chemical and Biomolecular Engineering (UPenn, Warren D. Seider)

* Key Relevant Course Taught:

* Process Modelling and Simulation
« 3 Year Course
* "Pre-Design”

* Aspen Plus user since 1999.
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About Us: Mario

* Professor and Chair, Auburn University
* Research: Chemical process/product synthesis/design

e Education:

« M.S. Chemical Engineering (Technical University of Denmark, DTU)
« Ph.D. Chemical Engineering (DTU, Rafiqul Gani)

* Key Relevant Course Taught:
* Process Synthesis, Simulation, and Optimization

* Process Design Practice
« 4% Year Courses,
» Two Course Capstone Design Sequence

* Aspen Plus user since 2007,
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Today's Workshop

1. Introduction to Aspen Plus

2. Overview of the book Learn
Aspen Plus in 24 Hours

3. Workshop 1— Use Aspen Plus!

4. Using in undergrad courses:
1. Design Courses
2. Pre-design or flowsheeting courses
3. Piecemeal through degree
program
5. Experiential learning and working
with students in the labs
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Using for graduate education
Workshop 2 — More hand’s on
How to get help?

Accessing resources
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Chemical Process Flowsheet Simulator

Home Economics Dynamics Equation Criented View Customize Resources Modify Format Search aspenONE Exchange BEloe o =2 T h e m a | n 'F| OWS h eet

#| 3D Icons Temperature Mass Flow Rate 1 GLOBAL i
Heat/Work Pressure Mole Flow Rate 7 “' Show All .
. Display
3 = ":.;,Show Status™ Vapor Fraction Volume Flow Rate Options ~ 1) Lock Flowsheet
Flowsheet Unit Operations Stream Results Section Hierarchy
Simulation “ | Capital: USD Utilities: USD/Year a» | Energy Savings: MW %) o ] || Exchangers - Unknown: 0 OK: 0 Risk: 0 @. b b | O C l<S
All 1t - s
All ltems Main Flowsheet Control Panel FSPLIT (FSplit) 4 v,
& Setup ,4\,
g Property Sets e
L@ Analysis ’ ,/,
4

L& Flowsheet
MYFLASH

[.§ Streams
4 | Blocks
& FSPLIT
g MYFLASH
% MYPUMP
| Utilities 1

Users build flowsheets
=" through a visual
o interface

MYPUMP | PURGE |

4‘ LiQuIiD2

_1 Reactions

[-% Convergence

_J Flowsheeting Options
[ Model Analysis Tools
& EO Configuration

LIQUID
[2& Results Summary

_&% Dynamic Configuration

RECYCLE

“Alibrary contains
< " models for many

-‘ Properties

Viodel Palette X
‘ +{ - Simulation | Model Palett ,,y M M

Mixers/Splitters Separators Exchangers Columns Reactors Pressure Changers Manipulators Solids Solids Separators User Models ,/ | e re nt I n S O
@—‘l Safety Analysis 2

4
. 4 . .
69 e e (P4 : chemical process units
- Material Mixer FSplit SSplit

Results Available | Check Status 642% @

& { 2:26 PM
| O [ L @ - I, i
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Simple Example: A Flash Drum (steady state)

Home Economics Dynamics Equation Criented View Customize Resources Search aspenONE Exchange w o W I3
METCBAR = N_> Id j H‘A ] Model Summary || Input  Z'Stream Analysis~ fa) Pressure Relief
U S e rS e n te r n OW n *J'_‘ Unit Sets — %] Stream Summary ~ | History _ Sensitivity LZAzeDtrope Search & PRD Rating
Next Reset Control Reconcile | — o
Panel |+ | Utility Costs [2) Report | |#* Data Fit @ Flare System

stream data and mode| el e

Simulation < Capital: USD Utilities: USD/Year a Energy Savings: MW %) () Exchangers - Unknown: 0 OK: 0 Risk: 0 @.

a ra m ete rS | nto fo rm S All ltems . Main Flowsheet - _“FEED (MATERIAL) = | + ~ _MYFLASH (Flash2) = |+ -
p . g Setup —— - .
Property Sets I @ Mixed |CI Solid | NC Solid | Flash Options l EO Options l Costing | Comments (@ Specifications | Flash Options | Entrainment | PSD | Utility | Comments
4
-9 ':Ina‘y:S ~) Specifications Flash specifications
L& Flowsheet Flash Type Temperature ~ Pressure v
4 |[§ Streams Flash Type Temperature ~ Pressure ~ ~Compasition
4 |G FEED ' Mole-Flow ~  kmol/hr
F State variables Temperature 80 C -
VAPOUR > ] input
[& Results Temperature 50/ C - Component Value Pressure -0.2 bar -
MYFLASH vl EO Variables Pressure 1.2 bar h WATER 50 Duty calfsec
g LlQuID
o VIC:POUR SRR METHAN 50 Vapor fraction
- Total flow basis Mole v
4 g Blocks Valid phases
£& MYFLASH Total flow rate 100 kmol/hr hd v Louid
1 Utilities Solvent ‘apor-Ligui
1 Reactions
g Convergence Reference Temperature
- Flowsheeting Options Volume flow reference temperature
1 Model Analysis Tools c
&% EO Configuration

Component concentration reference temperature

|-& Results Summary

& Dynamic Configuration c Total

This flash drum model = Mass Balances The physical properties database contains
contains equations for: = Energy Balances ~ data and correlations for:

Fugacity Balances = Physical properties of chemicals
" Pressure Drop = Binary VLE Models
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Example Solution

Main Flowsheet FEED (MATERIAL) Control Panel +

>

Show Sequence

M I Clear Messages ” Check Status ]I Run Settings

v

LIQUID (MATERIAL) - Results (Default)

| Material l Vol.% Curves | Wt. % Curves Petroleum

+

Polymers | Solids | & Status

<< All Blocks Reinitialized >»>

<< Run reinitialized 14:49:28 Mon Jul 3, 2017>>

->Processing input specifications ...
Flowsheet Analysis :

COMPUTATION ORDER FOR THE FLOWSHEET:
MYFLASH

->Calculations begin ...

Block: MYFLASH Model: FLASH2

->Simulation calculations completed ...

*¥*¥%  No Warnings were issued during Input Translation ***

*¥*¥%  No Errors or Warnings were issued during Simulation
* ok K

# | Show EO Control

Mass Vapor Fraction
Mass Liquid Fraction
Mass Solid Fraction
Molar Enthalpy
Mass Enthalpy
Molar Entropy
Mass Entropy
Molar Density
Mass Density
Enthalpy Flow
Average MW
= Mole Flows
WATER
METHANOL
* Mole Fractions

+ Mass Flows

Units

cal/mol
cal/gm
cal/mol-K
cal/gm-K
mol/cc
gm/cc

cal/sec
kmol/hr
kmol/hr

kmol/hr

kg/hr

LIQUID -

0

1

0
-64527.6
-3007.83
-39.6998
-1.85053
0.030611
0.656705
-564446
21.4532
31.4905
23.7723
7.71821

675.572

VAPOUR v

0

0

-51216.8
-1920.23
-20.1928
-0.757072
3.45199e-05
0.000920721
-974677
26.6722
68.5095
26.2277
422818

1827.3

1]




Sequential Modular Flowsheeting

A |

E/—/eat Duty ) 3. The output streams leaving  When the simulation
" -~ a block are the unknowns is executed, the
flowsheet solver looks
for blocks that have

/',
R

Pump Liquid Product Qnough ?”pUt
\ Splitter Recycle information to solve.
1. All stream — »
information leading Then a model-specific
into a block must be  2- All degrees of subroutine is run in
known. freedom for the order to compute the
block must be steady-state outputs.
specified. 't does not use a

general equation
solver (by default).
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Sequential Modular Flowsheeting (2)

A
= Heat Duty

Vapor

Flash
Drum

; Liguid Product
um : |_>
p S p' |tter Recyc[e

ﬁ

What it we know what we want downstream but we don't know the feed
conditions or block settings to get it?

Special tools for that. Sophisticated guess-and-check.

NG %’g; AUBURN
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Sequential Modular Flowsheeting (3)

A
= Heat Duty

Vapor

Flash
Drum

; Liguid Product
um :
P Splitter

What if there is recycle?

Special tools for that too. More sophisticated guess-and-check.
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Aspen Plus vs. Other Competing Software

Cost of academic licenses

Installation on student computers No No No ? ?
Extensive property / chemicals database Poor
Extensive unit operation models Poor

Commercially relevant
Ease of use, Ease of Teaching Hard

Connectivity with Microsoft Excel

Capital cost estimation No No No No
Heat exchanger network optimization No No No No
Extendible to dynamic simulation No No

Market Share / Popularity Little
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Learn Aspen Plus in 24 Hours

e Textbook development partially funded by
Computer Aids for Chemical Engineering :
Corporation (CAChE Corp).

e Twelve 2-Hour Tutorials

* Based on computer lab modules developed LEARN ASPEN PLUS®
at McMaster University IN24
* Seven years of development e

e Student and instructor feedback from multiple
universities

* Will be a part of a continuously updated
online community.

McMaster @&
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Table of Contents

Preface

1. Getting Started

2. Physical Property Modeling

. Problem Solving Tools

. Heat Exchangers

Advanced Problem Solving Tools
Chemical Reactor Models
Equilibrium-based Distillation Models
Rate-based Distillation Models

. Custom Models and External Control
10. Capital Cost Estimation

11. Optimal Heat Exchanger Networks
12. Solids Processing and Electrolyte Chemistry
Solutions

Command Index

O[O [N [0 [ [W

Universi 3", | AUBURN
s 2’2“’% Ll\‘l\'l.u\l'l\A

Starting from a blank screen with no prior knowledge
Choosing physical properties. Understanding the database.
Design Specs and Sensitivity Analyses

HEATER, HEATX

Utilities, GHG Emissions, Optimization

RSTOIC, REQUIL, RYIELD, RGIBBS, RCSTR, RPFR

RadfFrac (in equilibrium mode)

RadFrac (in rate-based mode)

USER Blocks (Fortran Code), Microsoft Excel Connectivity
Aspen Capital Cost Estimator

Aspen Energy Analyzer

Basic solids modelling. ElecNRTL. True vs Apparent components



Chemical Engineering Examples Covered

» Alkane Purification

* Azeotropic Pressure Swing
Distillation

* Biofuel Purification

» Artificial Flavor Synthesis
 Steam Methane Reforming
 Steam Power Plants

* Nuclear Power Systems

« Hydrogen Production

‘ S n i rersit V LJ_| v |
%‘g AUBURN
b"‘ﬁ* UNIVERSITY

* Methanol Production
» Chemical Looping
* Dividing Wall Columns

5 P9 Condenser
E ( T2, P (Cooling Tower)
Pump 1 bar
Water, 95°C, 1 bar
[1—! b )

Figure 3.1 A process to generate electricity by using heat from a reactor.



Introductory Material et D

Advanced Problem
Solving Tools

Module Objectives in Bullets
Quickly see what is covered  ~-.__

in each module
Objectives

Prerequisite Knowledge e i e i Aogen P

Learn the Optimization feature in Aspen Plus

Li n ks to Videos a nd We bSiteS tO g e‘t p r'e —_ req u | Slte \\\ Combine tha two features to design a process to have the lowest energy costs
theo ry knowled ge "<, Prerequisite Knowledge

It is advisable to complete all prior tutorizls bafore yoo bagin this ona. At this point, you'll need to under-

R e\/| eWS |<n OW | ed g e fro m fl rSt 1 . 5 ye a rS Of C h e m . stand distillation, valves, pamps, and V0LE dizgrams. If you still don't understand distillation, 1 suggest

you try watching the four videos in the distillation section of the LearnChemE website." You will also
need tohave 2 basic understanding of the first and second laws of thermodynamics as they relate to heat

e n g . C U rrl C U | a transfer (specifically, the basic concepts of energy balances and that heast cannot transfer from cold to hot
spontanesusly) as these concepts are very important for the selection of utilities. You may also be inter-

ested in 2 short video introducing the concept of optimization.®

How can you use this knowled g YA —— Why This Is Useful for Problem Solving
. The Liility fezture in Aspan Plus is incredibly useful for design projects, becausa it can be appliad s0 many
W h at a re th e |<| n d S Of p rO b | e m S yO u C a n S O |\/e by times, and it makas it much easier to determine and optimize process costs when used in the correct fashion.
To reduce the utility costs of 2 process you will need to know what types of utilities (such as steam, fired heat,
. h | ? cooling watar, and refrigeration) are availabla, their operating conditions (i.e., temperature and pressura),
using these tools:
Uhttp:!iwerwlearncheme.com fscreencastsfs=parations-mass-transfer. This is peer-reviewed material produced by the
,l‘t—_ University of Colorado, Boulder.
MCMaSter ’f‘.} *hitpsiiwwwyoutube com/watch?v=Y5ewtaL3t¥Y. This is o vidso from the AICHE Acdemy.
University !

ENGINEERING % AUBURN -
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Visuals: Over 240 Screen Captures and Figures

F|OWSheetS 20 PHYSICAL PROPERTY MODELING

TUTORIAL 43 \= TUTORIAL 47
\\\ , o
o Basically, what has happened is that the simula- (55500 = | Main Flowshest + | ContralPamel | 1 [MATERIAL) - Inpe.
\\. DETEOL N tion model did not su lly get & result. Why
o T not?’ '--:JrLr= routine wi 15::'.\.-':5Lhu RadFrac eck: COLL  Medel; RAFRAC

A ;]
FEED PRESSURE 0, ERIDTE«0G [H/S0M) OF STREAH §
IS LOWER THAW STAQE 1% PRESSURE 8. 18267E«08 {M/3QH].

and 25 guesses it d;r_' not find a solution (did
not converge)l. However, the Err/Tol number
tells us how close it is to converging.

cosning input specifica

Iowshest Analysis ormargsmce itaratlons:

e
1 COPFUTATION ORDLR FOR THE FLOWSHEET: 5 arror of the simulation is the norr s
4 HEATERL DISTCOL MEATERZ ’
{a) model equation residuals. The residuals are the loft- 3
' Leulations Begin . o ; 3
. 0 *Calculations bagla ... hand sides of the equations minus the right-hand 5
el A sides of the equations. The folerance is the maxi- M
- Mum =mour f error that is allowed. So if ] H
HEATERZ 1 :
{Sorrous | Err/tol I;:bD\E‘] then we're not done converg- o 2
ing because some of the equations have too much 1 3
- . » 1a 1 3
error, 5o not all of the variables have been solved to 15 a
- . P 18 1 &
our satisfaction. [f ftol is below 1, then we FEA
have solved the problem within tolerances. The -
Lb |— . oint is that if it is heading toward 1, we are on the = %
Figure 4.11 A modd of the some heat exchanger, but wsing o single HeafX block. o P . o 1 .
. N e right track. It can be a bit of an art form to look at a £ ’
-3Proceszing input specificetions e - Tl 5
sequence of Err/Tol numbers and decide ™ 1
n» 3

Flowsheet Analysis whether the salver is approachinga s lution, onit is = ERROR

- > anhL e ‘k Df‘d rule of is L‘IE.I. hf_ RADFRAC MOT COMVERGED CM 33 QUTSDOE LDD® ITERATIONS.
Tol is staying below 1000 and has net,
\ wly risen above 100,000 then it is pr r'ba'b;ﬁn
sCalculations begin \ the right track. /

COMPUTATION ORDER FOR THE FLOWSHEET
FOLVERE] HEATX DISTOOL
[RETUES SOLVERRL)

After salecting Shortcut as the Model Gdelity chooss Countercurrent as the Shortout flow direction and
Design as the Celoulstion mode. Under the Specification drop-down we have different options from
‘which to choosa. Since we know the outlet temperature of butanol we want, sslect Hot stream outlet
temperature, and enter 40°C as its value. Furthermore, enter 10°C a5 the minimum temperatone

’ - ) P
approach {AT..), as shown in Figure 4.12. Assume that there is no pressure drop in the heat exchanger, and Figure 4.17 Two differant models of the same process that uses an economizer ntegrated with o Mm So, lets Lcl lh program to keep trting. To do

Flgur\e 2.8 Control panel oulput for o RadFroc
simulafion that did not converge, and so the modal
outputs were not computed safisfactorily.

lezve the heat transfer coefficient (in the U Methods tab) at the defanlt. column, this, go to ;&Lll Convergence,
\ (or double-click on the m)m- to get to Blocks | Column). Under Basic, you will see that "maximum
\\ iterations” is at 25 by deffilt. Change it to 200 (the meximum], as shown in Figure 2.9. Rerun the simulation.
\ [t should converggstw.
\ )i g
[T . AT | Prmsisss D | 9010 et petting distillation cofumn models to work can be very difficult or time consuming, and so knowing hu\( 7
":":‘:" sl s — use the two Heater approach may be critical to get certain stubborn fowsheets to converge quickly avd e
— . —— reliably. However, if a Heat X works to your satisfaction, just use it. s )
Sall Vo Mhuipees, cokuisle m ,:_n) Music brea.ln}\ ’/ﬁum..f L = Gl | Gilguishe | Goanced | Disgnowe:
:::i:v:c‘, Mol e oo V’, a Bl . g Eaiit devwergmnie
pon ey \\\ . a -ﬂ’-a'-swr _ Blgarithea: Standard
v i ations - —_——
Understanding Program s el —
Cabodiiies resds  Dasiga 3 \\\ L Sizing #ad Rating 1 Errar Eslerance:

Ehurger st Ly Pt Bas e Msdefing

Metheds
dpmiraon  Fot e cut TRpesha

- = Form Data Entry Output %= e —

S P B Comvargence Liquid-liquid phae splitting mathod:  Gibr
AT T L SR i - L Dymamicy Soiich haedlng el
“% B0 Mzdsing —
B ity Sah precpatan handing ingiuge

Figure 4.12 Diredly spacifying fhe lemperalure approach In a HeatX modd.
Figure 2.9 The Convergence form for the RodFroc block. Use this to change the maximum iterafions and

*Recommended li ing: Take a O O M Abka
g @ by other paramelers of fhe underlying numerical methods used to solve fhe model equations.



Solutions are
orovided visually

: Tutorial 7 Solutions ,"I
Real chemical  __

e PART 1 /

and Problem Solving

TUTORIAL 13

What has happened is that we now need to | aike [oE T [ — [ — —

add the binary interaction parameters between % einp Fropaty metvad & cplrrn Mathodnra 1 Q1) 1417 )
. . - — 3 Cormpmmmnts N . . . . )
methanol and chloroform. The NETL part of |+ i ustres E‘“"’::a ::“ = WRTLAK 1 i
the NETL-RK model is an activity-coefficient E‘:’;T;:ﬂ':m H":.mm“._ : = Moty e n g | n e e rl n g I - Gundanﬁarl
based model which is used to predict liquid- Rl | || PrIS— pos 5 \\~ : | SYMGAS -
phase activity coefficients ¥; as a funct o B B baion L =oe= B . Ss | + 1 [E]
temperature and compaosition. | am sure you = T rO e S S | Temperature C az5
oo activity coctficlenéat They form 4 R—— p MS Low ~d | High Pressure F
remember activity coefficients? They form the - > 1 A i " e 32
basis for writing fugacify balances. Yezh, 1 J’l::n:u<m;wa Prassure | | Eeolropic Ml .
just went there.” Azeotropc 10 bar : High 1 Wapor Frac 1
At vapor-liguid equilibrium, the fugecity Mix - " Pressung : »  Male Flow krnolhr 14168
of each component { in the liquid phase equals 2 Slecvyty Pa . ] : ;
the fugacity of each component i in the vapor e : : : Distillation ! Mass Flow logehr 1e34L4
i = e e = - : 3 Tv;:cu:.pu ) . o Cnlum“ ]
phase. e ~B0°C7, b ! i Volume Flow cum/he 430196
Mg Figure 2.1 Choosing a physical properties model. =1 bar umg | : Erthalpy  Gealihi -32.458
P = U i
o i o - 1 : Mol Flaw kmolthr
So let’s say | have a mixture of water and ethanol at vapor-liquid equilibrium. The fugacity of water in 1 I High Purit _ -
bath the liquid and vapor phase might be £.5 bar, and the fugacity of ethanol in both the liquid and vapor I . | 'a urity METHANE L2
phase r t be 2.5 bar. | made up those numbers, but you get the idea. : Reboiler I Chioroform WATER BSLE
An activity-coefficient model like NRTL lets you compute liquidphase fugacities like this: |
¥ ¥ P Juic B : = | L 1 O} o 1854
fr=xP, - ' K2 585201
Where x, is the liquid-mole fraction, B™ is the saturation pressure (a.k.a. vapor pressure), and 7, is the e T T T T T T .
activity coefficient of i. The vapor pressure is 2 known function of temperature (e.g., you could use Antoine's : | =BT, ~1 bar Q2) 224
equation). I -, Condenser! | o, Pressure
The activity coefficients are also a function of temperature and composition. The model that NRTL uses | | A tromic Mi Q3) 565
in particular to compute this is a5 follows: [ : IEDIL_'DPIE "
) . I * i 1] STEAM - |SYNGAS-D -
: le!:_"G,, E_ .J.'IGJ | Z..-rn:nan ‘ S h | ]
ny, = —+ T, - | I I ;
TR A K s ome t eory, L |
S | o i Bressure har EY) 3z
where ~ Feed Stream I I
“.._ but not too o |Low | : :
L - - e ~
= A BT BT BT wiz) S~ 70% Methanol | Pressure ! Mol Flow kmal/hr 23604 BDDASE
- j . ' Distillation ! ' i
;=0 Vi=j 30% Chloroform | Miass Flow kg/ 4029 T238.5
. m U C h | Column : ass Flow ko/hr 40299 T23E54
G, = expl-m,T, ) ~1 har : | Velume Flow cum/hr 261329 80463
oy =Gy + 0, (T-173.15K) I : Enthalpy  Gealhr 12613 5774
| -
Ok, that’s a lot to handle. For now, just worry about this: the lcrmsilhrou;h are consfanis that are | : Mole Flow kmal/hr
determined by regression of experimental data. They are the same for each pair of chemicals at any tempera- | Reboiler 1 ngh Purity METHAME 11,506
ture, p e, or composition. They are just fixed m s and Aspen Properties has 2 nice datsbase con- : 1 Methanol . - —
thousands of these constants for many different pairings of chemicals. To load them, click on the red | : @-ﬁ b WATER 22369 30304
o e e co 166,394
"Oh Dr. Adams, that's the evilest thing | can imagine! Figure 2.7 The final process as designed by using the Ty diograms as a guide. Hz2 565.182



Tutorial 9 - Heat Exchanger Networks

for the particular process you are working on might g o © B owuZ 2 4 ou =
E ] § BB E E R 33
be known. g " Tl T :
Q3) - What is the number of hours of operation of a E
plant in a year for a 96 % yearly utilization?
rial & - Capital Cost Estimates with Aspen Capital Cost Esti o 5
Tutorial § - Capital Cost Estimates with Aspen Capital Cost Estimator A S p e m BUI|dInQ the Heat Exchanger Network E
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' ®
! T o )
bers!) Summny Cost fem__ ter.___ Tem Description_LModel__ p process streams to utilities. Click on recommend de-
: Ll RefloPuma P CENTRIF | : . ) 5
ti : MutkCAD) Magonef€AD Msboms . signs at the bottom of your wm_dow. A If-'.rmdm'.r pops L y
- = i Similarly, add the remaining equipment as shown in E Stl I N ato r up titled "Recommend Near-optimal designs". B ; )
cidl 1530 1763 01 the diagram: the condenser, reboiler, reflux drum, and ® Recommend Mear-optimal Designs = g .
Structeral Steel n ] U] - - - - - . o
er———— begE 1 o distillation colurnn. Use the spemﬁcat_lons given in the v Sk Optone Saeer Dptire 4
Eccrical L0z ot » figure, and leave anything else at their default values. O rl I | e r y [Ty T—— s S Erarchas i Desige [
Tlaton - L 3 = The trayed tower (DTW TRAYED) model should be HetT |~ 1 : g
Subasiat a7 117 - used for distillation, which includes the trays but :gg § }g E"'.”__.“"”’"‘"' ) o B N
ol manpeas cast=CAT L3b40. does not include the condenser, reboiler, or reflux | C a ru S) | Cold1 | 0 chidw= E| 5 Image13_feasible designs.Ph
pump. Change the Application to Distillation with E::g :: :g g{}——r: E|
You can see that while the actual pump itself costs Kettle-type reboiler (DIS-RE). ) Lol 4|7 0 B . .
$64,500 (CAD), it costs $2,596 to install and required " For the condenser, you can use a pre-engineered T | iy 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 a V'ﬁm‘?al process vessel (DVT g s
such as flow meters, electrical wiring, and paint. The CYLINDER). In this case "height” is “tangent to tan- g ]
total material and manpower cost, also known as the gent height”. . ] . ™ Gonmal [Tea |
total direct cost, is at the very bottom (§120400). 1t * ;Of _thehfezﬂ”eﬂ use “Kettle type reboiler with . :
i i ; i ; I " (DRB KETTLE). - . . —
s ths ”U:ber thﬁt Is the :’w 'r'ppo'ftam' 1'3 Is the osting head'( : Check to see that in the “stream split options" table N
number that you'll pay to have this piece of equip- ) ] . i
ment magically appear in your chemical plant. You'll —@2) 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~ INg trays) to the nearest dollar. at 10, This value can be more or less, but Ieaw_ng it at Z
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 | i gns. E'ld rI . .
29 Siave Trays made of 290 tubes, 121t full extension A E 2 more or less bu I5 @ good value 0 Choose, H _
304 Staiﬁess Steel 0.75 inch outer diameter S e n n e r Click solve. g L
3.57t Diameter. 18" Tray Spacing 5 i
Reflux Drum o -
3 #t 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 ne- E]
{vertical tark) E h tice the green bars at the bottom of the HEN dia- %c B4
Reboiler XC a n g e r grams. H
Kettle Type
2500 ft* heating surface area -
¢ n etWO rk Green indicates that all heat exchanger matches are
oo™ feasible, and the heat requirements of all th
Centrifugal easible, and the heat requirements of all the process 5
130 gallons per minute . streams are satisfied. . . I
450 feet of fluid head S ﬂthes | S) R L O R I
195 psig design pressure Music brea 0 u ] g 38 B B 78 EI_
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Time to try it!

* Novice Users, try Tutorial 1
* Experienced users, try Tutorial 5
« We'll come around the room, help and answer guestions.
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Integrating into Year Long Courses

= Example: Design or Pre-Design courses.

= Recommended Use: One 2-hour computer lab session per week
= T competent instructor/TA per 20-25 students is enough, more is better
= Pick and choose tutorials that coordinate with your schedule
= Tutorial 1 can actually happen before first day of lecture!
= Students should work individually, but ok to talk to neighbors

= Lecture Complement:
= Not Recommended: Using lecture time to prepare students for the tutorial

= Recommended: Using lecture time to go into more detail and depth

= Example for unit ops / design: The models under the hood of each block and how they link to
real equipment.
= Example for modelling course: Sequential modular flowsheeting, algorithms, etc.
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Where They Fit in My Teaching Hierarchy

Course Structure Mast ications
One pyramid per week '
One tutorial per pyramid

Unassisted Problem Solving
practice problems /

Directed Knowledge Transfer
Lecturing

(n-class workshops
In-lab tutorials

McMaster 3
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Tutorial Assessment Strategies

Requiring students to answer e« Someone has to grade it * An "Easy” way to earn points.
the questions in the text and * Auto-grading is too unforgiving « .. all the answers are now in
having them graded Student feedback: the back of the book, sorry...

» (Created high anxiety situation
 Students not focusing on digesting the
material, only trying to get the points

Writing your own questions ¢ All of the above, plus: * An "Easy” way to earn points.
that change from year to « Someone has to change it every year. * Year-to-year answer copying
year (Example, changing not possible

flows, temperatures, etc)

No assessment—tutorials are ¢ In-lab attendance was very poor « Easy on the instructor

purely optional * Overall learning was very poor * Low anxiety for the students
No assessment—points for ¢ Bottom 5-10% of students did not finish * Easy on the instructor
attendance worth small the material within two hours * Low anxiety for the students
amount of total course » Some students wanted to be assessed « Student learning was excellent
grade * 95% attendance rate

« \Very positive feedback

TGS



My Method of Overall Assessment

e Students have a two-hour lab ,
test toward the end of the Tier 1 + Push the buttons on
course 10/50 points straightforward example

* Need students to prove
individually they can use Aspen

Tier 2 » String a few models together

Plus to solve problems 50/50 point » Solve a basic problem that

« They know its coming from day POINTS doesn't require advanced tools
one so they know they have to Tier 2 |
keep up e Solve a meaningful problem

« All 120 students take at the same 30/50 points iaequires DasiCIools

time .
. Tier 4 « Expand on Tier 3 for a more
» Use >-Tier Strategy . complex problem
- Students get points for highest SYBIRRBINEE . Requires advanced tools
tier completed Tier § * Expand on Tier 4
& : » Requires a complex
yipe 0 50750 points combination of advanced tools

Universit A
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Tiered Test Strategy

Have to teach students about Weaker students can focus on demonstrating at the

the tiered structure, and how
to use it to their advantage

Can be tricky to make a
tiered test

level they know, rather than hoping for partial credit

Stronger students can jump directly to the middle of
the test

Grading significantly easier: grade highest tier
submission and only more if needed

Good when time constrained: time spent on critical
thinking rather than racing through a simulation

Lower student anxiety

Student feedback is consistently positive with this
method



Tie red TeSt Exa m p ‘ e DESIGN A DISTILLATION COLUMN

Design a distillation column that separates a mixture of

50 mol% n-hexane, 50 mol% n-heptane (total flow of 100

kmol/hr at 1.5 bar and 25°C) into 98 mol% pure n-

FIND THE OUTPUTS OF USING A PUMP hexane and 98 mol% pure n-heptane. The target

Determine the amount of electricity it takes to pump 100 distillate and bottoms purities should be achieved within

kmol/hr of an equimolar mixture of n-hexane and n- 0.01 mol%,

heptane from 25°C and 1 bar to 1.5 bar, using default

efficiency settings. Also, report the temperature of the =

liquid after pumping TIER 3 + HEATING/COOLING/PUMPS. UTILITY COSTS.

Complete Tier 3, and add heat and pressure
management system to get distillation and bottoms
MODEL A COMBUSTION REACTION products to storage conditions (35°C, 1.5 bar). Compute
Suppose 25 kmol/hr of methane and 1000 kmol/hr of air total utility costs in each category in $/hr.

(both at 25°C and 1 bar) are combusted in an adiabatic

combustion chamber to 100% completion. Then suppose

the hot exhaust gases are used to heat up a 100 kmol/hr TIER 4 + ADD ECONOMIZER AND OPTIMIZE SYSTEM .
of an equimolar mixture of n-hexane and n-heptane (also Complete Tier 4, Then, improve upon the process de-

at 25°C and 1 bar), which completely vapourizes it and sign by using an economizer. Use Aspen Plus to find the
superheats it. The cooled exhaust gases leave at 250°C. optimum heat duty of that economizer, which is the heat
Find the temperature of the hexane/heptane mixture duty which makes the total utility costs the lowest. The
after it is heated. approach temperature in the economizer should not be
wwemims @ AUBURN smaller than 5°C,




Integrating Piecemeal / Curriculum Integration

* Allow time for students to watch pre-requisite videos, etc. for preparation.

« May need to modify / skip sections that use advance features it done out
of order.

» Recommended: have students use Access Engineering to download
individual chapters instead of purchasing hardcopy




Example Use by Course

Mass Balances ntroduction,

Energy Balances / Heat Transter  Introduction, 1, 4.1, 4.2, 11
Thermodynamics ntroduction, 1, 2, 12.3
Separations / Distillation ntroduction, 1, 2, 7, 8
Reactions / Reactors ntroduction, 1, 6
Engineering Economics ntroduction, 1, 10

Solid Processes ntroduction, 1, 12.1, 12.2
Optimization ntroduction, 1, 11

Process Modelling & Simulations Entire book
Process Design / Capstone FNtire book
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Fngaging Students for Problem Solving

STEP 1. Ask questions to assess their knowledge level.
STEP 2: Ask questions to get them to the next level. Then go to next student.

Missed | | ) 4
E%Urirae |S; ot | Cannot Missing pieces of solution
understand NG idea strategy
Has no what it is where to _
chance to get | asking. begin to solve Some idea
up to speed this problem but cannot " nows what
today archlate full o do’ but
solution something
“isn’t
working".
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What to do at Level 1 (Completely unprepared)

1

= Currently in the lab / tutorial:
= Politely advise the student to do some specific
preparation (reading, etc.) so they can get r
ready to tackle the tutorial.
= Direct them to the "Prerequisite Knowledge”
section and have them watch the linked videos
= You will be happy to help when they are ready

U u 1 ‘i—' ‘
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What to do at Level 2 (Don't understand problem)

,L ] 1 ; {2;; ‘ AUBUI
ENC 22‘4’65 UNIVERSI

4

9

Try to re-explain problem in a different way

Talk about what kinds of solutions it requires (Ex:
"The problem is asking which heat exchanger
design is more profitable. What kind of numbers
do you need in order to show that?”)

Ask them to consider a simple version of the
oroblem and then build upon that (Ex: "How
would | know if a single heat exchanger requires a
lot of energy?”)

Ask: "Are there phrases or terms that you
specifically do not understand?”

~
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What to do at Level 3 (Don't understand solution)

|

Univers %J* AUBU
e e 22‘4’; UNIVERSI

Start the conversation: "What ideas have you
thought about so far?”

Ask: "What do think a correct answer might look
like?” (Ex: A temperature between 50 and 65°C)
Ask: “What are some of the key concepts that you
think you need for this problem? (example, mass
balances, integrate an equation, etc.)

= (Can you explain knowledge gaps quickly?

» |f not: point them to resources for those

Get them to articulate the solution strategy




What to do at Level 4 (Small Strategy Gaps)

D 4

strateqy
Ok to clue them in more at this stage. r
= Ask: "What have you tried so far?”

= Focus on the specific knowledge gaps
» Do they just need a quick reminder?
= Ask them to come up with some strategy
options and give their thoughts on each (offer
some yourself that include the right one)
= Ask them to draw out all the steps involved

J ;’f'\'.f ‘i—; ‘ AU B Ul
A %‘;}é UNIVERSI




What to do at Level 5 (Small Data Gaps)

D 4

Missing pieces of solution
strategy

University %J,*é AU : Ul
%i* UNIVERSI

Can be simple and direct at this stage.

= "Oh, that's in the Pressures tab of the form”

= “Oh, you just need the fprintf function for that!”

= Ask: "Any idea of which step you went wrong?”

= Suggest tests they can do to identify the error. “Do a
mass bal. around each box until something’s off’




Remember

e Students learn so much more when they connect the dots themselves
e [T you are just a data source for answers, they will never stop asking you...

* [t you have TAs, train them to do the same thing as you would do.

* | found that with TAs who had at least 1 year of using Aspen before, | didn't have to
be in tutorials at all after week 2 or 3.

1iversity ‘5, » UBURN
NG %‘;}é [I.\,]\—llu\l'l\‘




Tips: Engaging Students in Tutorials and Labs

* No one asking questions for long periods? Don't just sit there!

* Are students collaborating in a group? Actively listen.
* Are they totally on the wrong track? Ask some starter questions to get them righted.
 Did a student come up with a good idea? Encourage them to explore that idea?
* Are students arguing over competing ideas? Moderate an intelligent discussion.

* "So, how are you trying to solve this problem?”

« “"What success have you had so far in solving this problem?”
« “"What are your ideas so far?”

« But don't be annoying

 Beware Time Burglars = Students who try to monopolize all your/TAs time
« Spend 1-2 minutes per student at a time. Then break and leave.
* If no hands go up then you can go back to that student again.

¥ AUBURN
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Graduate Student Training

* New grad student that needs to learn Aspen Plus? Give them the book.

* A grad student should be able to teach themselves from the book without requiring
your interference

« We've done this many times in many different groups.

* Integrating into graduate courses?
e Tell us how you did it!

 Tom uses it as prerequisite material for grad courses in Aspen Dynamics and Aspen
Custom Modeller.

ity
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Workshop 2

 Continue with your tutorial or switch

* Think about how your students will be using the book and what kinds of
questions they'll be asking.

liversity Li", | AUBURN
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What to do if you are not an expert

e Start by doing the book yourself

 Then spend some time with the user guide for specific unit operation
models of interest.

« Don't spend much time on the physical properties details
« Don't focus on advanced toals, just the basic unit operation models.

* The software comes with many example files
« Good for seeing working examples
» Bad for learning how to get things to converge (they come already-solved)

* Keep your expectations low for your students
¢ KI.S.S!!

e Stick to application examples in your wheelhouse (biofuels, polymers, etc)

ni Li.l\
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Installation, Setup, Licenses, Etc

* support.aspentech.com
« Have an IT person handle all the logistics for you!
« Admittedly can be difficult to install software and license server




Software Usage Issues / Best Practices

* AspenTech’s official community:
nttp://www.aspentech.com/Community/Discussion/

e LinkedIn AspenTech Group very helpful

* New CAChE CAPE community discussion boards.

e http://PSECommunity.org
« Will have some videos as well!



http://www.aspentech.com/Community/Discussion/
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How to Order for Your Courses

* Instructors
* To order examination copy: MHProfessional.com/examcopies
« Download simulation files (solutions): PSECommunity.org/books/lap24
« See flyer included in digital handouts for discount promo codes

» Students and Professionals Ty

| momasa avawsn
e Print Edition $60 from McGraw-Hill: ISBN: 978-1-260-11645-8
* Give this number to your campus bookstore _
 Students can also order from Amazon and Barnes & Noble
» E-book $77 (PDF, Virtual Bookshelf, etc.) from McGraw-Hill LRERT SRSl FLASE
« HTML Version on Access Engineering: Free to subscribers! |N24H°URS

« All CSChE Members
« Many universities via library login / Campus IP address

* Available Sept 201/

M@Ma@[er
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Simulation Files and Samples

* All simulation files available at:
 http://macc.mcmaster.ca/L AP24.php

* Additional simulation files on CO, capture at:
* http://macc.mcmaster.ca/solventsims.php

AUBURN


http://macc.mcmaster.ca/LAP24.php
http://macc.mcmaster.ca/solventsims.php

How can you contribute?

» Write your own modules, tutorials, and chapters
 Can publish and peer review on new online community
* PSEcommunity.org

e Write similar texts for other software

GOOD LUCK!
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