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Steady State Process Simulation Using ASPEN Plus

• It is based on steady state governing equations like conservationof mass,
momentumandenergyof variousunit operationsandunit processes.

• The governingequationsresults operating conditionsof the processplant like,
flowrate, enthalpy (temperature), pressure, compositions of each streams,
amountof energyneeded,overallyield,conversionsetc.

• The steady state process simulation utilizes thermodynamic and transport
propertiesof variousspecies,equilibriumdata of vapor-liquid, gas-liquid, liquid-
liquid,solid-liquid,andchemicalequilibriumdata.

• It determinesthe sizeof equipmentin a chemicalplant.



Start

• Beginby openingAspenPlus. A registrationscreen(connectto engine)comesup;
clickOK. Click‘maximize’to fill the screen. Thisstep may differ dependingupon
installation.

• Fora newproblem,it isusefulto choosea templatethat issimilarto a problem;

Model Library

• Model library consistsmoduleswhichare the replicaof variousunits usedin the
flow sheetingof a chemicalprocessplant.

• It canbe viewedclickingon the iconsat the bottom of the AspenPlusscreen. If
the iconsare not displayed,choosethe View/Model Libraryfrom menu option.
Whenthe unit isclickedthe wordsshownat the bottom of the screengivea brief
descriptionof the module.



Opening screen.



Selected Major Blocks Available in Aspen Plus
• Mixers/splitters

a. Mixer – combine material
b. Fsplit– split specifications for output
c. Ssplit– splits using substreams

• Separators
a. Flash2 – rigorous vapor–liquid split or vapor–liquid–liquid split
b. Flash3 – rigorous vapor–liquid–liquid split
c. Decanter – separate two liquid phases
d. Sep – use split fractions
e. Sep2 – separation based on flows and purities

• Heat exchangers
a. Heater – heaters, coolers, condensers
b. HeatX– co- and counter-current heat exchangers
c. Hetran– shell and tube heat exchangers
d. Aerotran– air-cooled heat exchangers



• Columns
a. DSTWU – shortcut distillation using Winn–Underwood–Gilliland equations and 
correlations
b. Distl– Edmistershortcut distillation
c. RadFrac– rigorous two phase and three phase, absorber, stripper, distillation 
columns using stages
d. Extract– liquid–liquid extraction

• Reactors
a. RStoic– stoichiometricfractionalconversionor extentof reaction
b. RYield– nonstoichiometric– basedon yielddistribution
c. REquil– rigorousequilibrium
d. RGibbs– rigorousequilibriumand/or multiphaseGibbsfree energyminimization
e. RCSTR– continuousstirred-tank reactor,specifyvolume
f. RPlug– plugflow reactor,specifylengthanddiameterof tube
g. RBatch– batchreactor,specifycycletimes
TheRCSTR,Rplug, and RBatchreactorsrequire the choiceof a reactionset and the
buildingup of a reactionrate expression



• Pressure changes
a. Pump
b. Compr– compressor

• User model 



Aspen Plus Simulation
Vaporliquid equilibria in a flashchamber

Problem: Fora mixture(100mol) of propane,n-butane,n-pentene,andn-octane,phase
equilibrium K-valuesand inlet compositions{zi} are given in the table below at 180 oF
and 70 psi. Estimatevapor{yi} and liquid {xi} phasecompositions,vaporproduct V and
liquid productLin a flashchamberusingAspenPlussimulator.

Components, i {zi} Phase 
Equilibrium K-

value
propane 0.1 6.8

n-butane 0.3 2.2

n-pentene 0.4 0.8

n-octane 0.2 0.052



• Start Aspenand chooseTemplate; OK. When the window appears,chooseGeneralwith
EnglishUnits. In the Run Type (lower right-hand corner), chooseFlowsheet. ClickOK
whenthe Aspenenginewindowappears. (Thislaststepisspecificto your installation.)

• Or

• ClickAspenTech, selectAspenPlus10.1-0, andclickAspenPlusUserInterface. TheAspen
Plus Startup dialog box appears. You can use this dialog box to open an existing
simulationor to createa new simulationusinga template or a blank simulation. Select
the BlankSimulationoption andclickOKto start the newAspenPlussimulation.



Aspen Plus Main Window



• From the File menu select
Open.

• The Open dialog box appears.
Your default working directory
is displayedin the LookIn box.
You can navigateto the folder
containing a file by using the
Look In box or the Look In
Favoritesbutton

• Click the Look in Favorites
button.



• Double-click the
Examplesfolder.

• From the files list,
selectflash.bkp and
clickOpen.

• Click Yes when
AspenPlusprompts
"Do you want to
close current run
beforeopeningnew
run?"

• Click No when
AspenPlusprompts
"Save changes to
Simulation1?"



• If the bottom of the screendoes not show the units, use the View/Model Library pull-
downmenuor pressthe F10key. In the unitsat the bottom, chooseSeparations, then click
on Flash2. Clickon the flow sheet,and the flash(phaseseparation)unit appears.

c

Flowsheet for Flash2 unit

• To add the input and output
streams, click on Material
Streams (lower left-hand
corner),click on the flowsheet
and drag a stream to the red
arrow that is input to the flash
unit. Click on the red arrows
coming out and drag the
streamaway.

• If any red arrows show in the
flowsheet, it means that the
unit is not properly connected;
it will message(Bottom right
corner) in the status indicator
‘Flowsheetnot Complete’.



• If the flowsheet is
complete, the status
indicator message
‘Required Input
incomplete’.

• Clickon Next button or
Data browser button
in the in the toolbar.

• The data browser
dialogue box will
appear. Thiswill bringa
menuto the left of the
screen.

• Theboxesthat are red
indicate that you still
need to supply
information. Start at
the top and work
down, turning the red
boxes into blue boxes
by filling in the forms.



• FillingComponent/Specificationsin the data browser

• Type the name or formula of the chemicals. If Aspen Plus does not recognizeyour
chemical,a window appearsthat allowsyou to searchagain,and it will suggesta number
of possibilities. Whenthe componentsare completelyspecified,you shouldhavean entry
for everychemicalin the columnlabeledComponentname. Thefirst columnis what you
are namingthe chemicals,but the third column is what AspenPlususeswhen it obtains
physicalproperties. If that columnisblank,the programwill not work.



• FillingProperty/Specifications

• Choose the thermodynamic model

• Using Redlich–Kwongequation of state option in Aspen Plus



• FillingProperty/Specifications

• Choose the thermodynamic model



• FillingStreams

• Choose the input stream, click on it, and insert the temperature, pressure, and flow rates of 
every chemical.



• FillingBlock

• In the list at the left, chooseBlocks,then B1 (or whatever you have namedyour Flash2
unit), then Input. ChooseSpecifications,and insert the temperature and pressureof the
unit.



• Choosethe nextbutton at the top. If
the input is incomplete, a window
will appearto notify you and direct
you to the missingdata. If the input
is complete, a window will appear
to notify you of that, too. Clickon
the button to make it perform the
calculation. This will cause the
calculationof the process(hereone
unit) to proceed. Once the
calculations finish (read the error
messages,if any), click the Results
box (lower one) to return to the
regular menu. Then look at
Results/Streams. The stream data
will appear in tabular form, as
shown in Table 3.3. If you click
Stream Table, it will also be
reproducedon your flowsheet.

Flash2 Results



Model the T–xy or p–xy diagramfor the vapor–liquid of binary pairsusingPropertyAnalysis

• Step1: Start AspenandchooseTemplate. A window appears; chooseGeneralwith Metric
Units. From the Tools menu, select Analysis, then Property, then Binary. The Binary
Analysisdialogboxappears





• The options for the fugacity coefficient of the gaseous phase are: ideal gas, Redlich–
Kwongor Redlich–KwongSoave, Peng–Robinson, plus a few specialized ones.

• In the liquid phase, the simplest option is an ideal liquid, That choice leads to Raoult’s
law. Other models include, NRTL, Electrolyte NRTL, UNIFAC, UNIQUAC, Van Laar, and 
Wilson.

• Oil and GasProduction(OILGAS)– Peng–Robinsonwith Boston–Mathiasa function
(PR-BM)or Redlich–Kwong–Soavewith Boston–Mathiasa function(RKS-BM).

• Refinery, medium pressure (Refinery) – Chao–Seader, Grayson, Peng–Robinson,
Redlich–Kwong–Soave.

• Refinery,hydrogen-rich applications (Refinery)– Grayson,Peng–Robinson,Redlich–
Kwong–Soave.

• Gasprocessing,hydrocarbonseparations(GASPROC)– Peng–Robinsonwith Boston–
Mathias a function (PR-BM), Redlich–Kwong–Soavewith Boston– Mathias a function
(RKS-BM),Peng–Robinson,Redlich–Kwong–Soave.

• GasProcessing,acidgasabsorption(ChemicalandElectrol) – electrolyteNRTL.
• Petrochemicals,aromaticsandether production(Petchem) – Wilson,NRTL,UNIQUAC.



• Chemicals, phenol plants (Chemical) – Wilson, NRTL, UNIQUAC.

• Chemicals, ammonia plant (Chemical) – Peng–Robinson, Redlich–Kwong–Soave, SR-Polar 
(Schwartzentruber–Renon).

• Chemicals, inorganic chemicals (Chemical and Electrol) – electrolyte NRTL.

• Coal processing, combustion (Coalproc) – Peng–Robinson with Boston–Mathias a
function (PR-BM), Redlich–Kwong–Soavewith Boston–Mathias a function (RKS-BM), or
the combustiondatabank.



MULTICOMPONENTDISTILLATIONWITHRadFrac

• Problem: The feed is 100 lb mol/h propane, 300 lb mol/h i-butane, and the other
chemicalsaslisted in Table,at 138psiaand75oF. Thecolumnoperatesat 138psiawith 26
stages,reflux ratio 3.44 and feed entranceon the 19 stage. TheRefinery/Chao–Seader
propertymethodisused.

• On the AspenPlusStartupdialog box, selectthe Templateoption. ClickOKto continue.
TheNewdialog boxappears.

• Selectthe Generalwith EnglishUnits template for this session. The default Run Type,
Flowsheet, isappropriatefor this session.

• ClickOKto start the newAspenPlussimulation.





• Fromthe AspenPlusmainwindow,clickthe Columnstab on the Model Library.

• Move the mouseover the RadFracblock and read the prompt. The prompt for RadFrac
suggeststhis is the right modelfor this problem.

• ClickRadFrac, then pressthe Helpkey(F1).

• Tochoosea different icon for RadFrac, clickthe down arrow to the right of RadFracin the
ModelLibrary.

• Selectthe iconlabeledFRACT1 underthe RadFracblock.
• Clickthe iconanddrag it to the ProcessFlowsheetwindow.

• Clickthe Material Streamiconon the left sideof the Model Library.



The inserted RadFracblock Ports that must have at least one stream connected are
shown in red. Optional ports are shown in blue. If you
positionthe mousepointer overa port for a few seconds,the
arrow ishighlightedanda descriptionof the port appears.



Toconnectthe feed streams

• Graphicalsimulation flowsheet is now
complete. The status indicator in the
bottom right of the main window says
"RequiredInput Incomplete" indicating
that further input specifications are
requiredfor the simulation.



Entering Components
• Click the Next button on the Data Browser window toolbar. Data browser window

appears.
• In the first Component ID box, type PROPANE and press Enter.
• Click the next blank Component ID box, Type BUTANE and press Enter.

Selecting Thermodynamic Methods
• Use the PropertiesSpecificationsGlobalsheet to select the thermodynamicmethods

usedto calculatepropertiessuchasK-values,enthalpy,anddensity.
• In general,the UNIFACpropertymethodfor liquid phasenonideality ischosen.
• But for refinery product, Refinery/Chao–Seaderproperty method is used.

EnteringStreamData
• Enterthe followingstatevariableandcomponentflow specificationsfor the feedstream
• feed is 100 lb mol/h propane, 300 lb mol/h i-butane, 500 lb mol/h n-butane, 400 lb

mol/h i-pentane,500lb mol/h n-pentane.
• P=138psiaandT= 75oF



Entering Unit Operation Block Data
• Clickthe Next button on the Data Browser window title bar.

• The AspenPlusexpert systemdisplaysa CompletionStatuswindow, stating that you
need to enter Number of stages, Condensertype, specifications,in order to complete
this sheet:

• Now enter the operating
specifications for the
column:

• 26 stages, Set the reflux
ratio to 3.44 and enter the
feed on the thirteenth
stage.



Running the Simulation

• Clickthe Next button on the Data Browser window toolbar.

• Click OK on the Required Input Complete dialog box.

• The Control Panel allows you to
monitor and interact with the
AspenPlussimulationcalculations.

• Thesimulationcalculationsoccurin
three sequentialsteps:
1) Processinginput specifications
2) Calculationsbegin
3) Generatingresults



Examining Block Results

• ClickThe individua Blockn the simulation flowsheet.

• Select Resultsfrom the menu.

• Clickthe Profilesform in the menu tree on the left side of the Data Browser window.
TABLE. Stream data for
Multicomponent Distillation with
RadFrac, RefluxRatio=3.44

• 86% of the propane goesout
in the top stream; along with
4% of the i-butane. The
condenseris at 80oFand hasa
heat duty of –2.94 ×106 Btu/h,
and the reboiler is at 199.5oF
and has a heat duty of 11.5
×106 Btu/h. Above the feed,
the flow rate varies between
283 and 344 lb mol/h, and
below it, the flow rate varies
between 2998 and 3097 lb
mol/h.



Calculation with higher reflux ratio

• For reflux ratio 5, 94.2 lb mol/h of propanegoes out in the top stream. Increasing the 
reflux ratio to 7.5gives 98.2 lb mol/h of propane, and a reflux ratio of 10gives 99.2 lb
mol/h of propane.

Fig. Condenserand reboilercalculations for Multicomponent distillation with RadFrac, reflux ratio = 3.44.



Reactors

• Chemicalreactionsoccurunderdiverseconditionsin manydifferent typesof equipment.

• RStoic, RYield, RGibbs, andRCSTRcanhaveany numberof material feedstreams, which
are mixed internally. Heatsof reaction are not required for any reactor model. Aspen
Pluscalculatesheatsof reactionusingheatsof formation.

• ForRCSTR, RPlug, andRbatchutilizereactionkineticsinformationusing:
1. Thebuilt-in power law model.
2. Thebuilt-in generalizedLangmuir-Hinschelwood-Hougen-Watson(LHHW)model.
3. Auser-written Fortransubroutine.

• Rstoic
1. Reactionkineticsareunknownor unimportant.
2. Extentof reactionor conversioncanbespecified.
3. Rstoiccanhandlereactionsthat occurindependentlyin a seriesof reactors.
4. It canalsoperformproductselectivityandheat of reactioncalculations.



• RYield
RYieldmodelsa reactorby specifyingreactionyieldsof eachcomponent. Thismodel is
usefulwhen:
1. Reactionstoichiometryandkineticsareunknown.
2. Yielddistributiondataor correlationsareavailable.

• REquil
REquil models reactors when some or all reactions reach equilibrium. REquilcan
calculate single-phase chemical equilibrium, or simultaneous phase and chemical
equilibria. REquilcalculatesequilibrium by solvingstoichiometricchemicaland phase
equilibriumequations.

• Rgibbs
1. RGibbsmodels single-phase chemical equilibrium, or simultaneous phase and

chemicalequilibria.
2. reactortemperatureandpressure, or pressureandenthalpyarespecified.
3. RGibbsminimizes Gibbs free energy, subject to atom balanceconstraints. This

modeldoesnot requirereactionstoichiometry.



4. Rgibbscandeterminephaseequilibrium without chemicalreaction,particularly for
multiple liquid phases.

5. Assigncomponentsto be in particularphasesin equilibrium.
6. Usedifferent propertymodelsfor eachliquid or solidsolutionphase.
7. Chemicalequilibriacanbe restrictedby specifying

I. Fixedmolesof anyproduct
II. Percentageof a feedcomponentthat doesnot react
III. Fixedextentsof reaction
IV. Temperatureapproachto equilibriumfor the entire system
V. Temperatureapproachesfor individualreactions

RCSTR
1. Reactionkineticsareknown.
2. Thecontentsof the reactorhavethe samepropertiesasthe outlet stream.
3. RCSTRcanmodelequilibriumreactionssimultaneouslywith rate-basedreactions.
4. RCSTRcomputesheat duty giventhe temperature or temperature giventhe heat

duty.



• RPlug
1. RPlugrigorouslymodelsplugflow reactors.
2. Acoolingstreamaroundthe reactorisoptional.
3. RPlugmodelreactorswith cocurrentandcountercurrentcoolantstreams.
4. RPlughandlesrate-basedkinetic reactionsonly.

• Rbatch
1. RBatchrigorouslymodelsbatchor semi-batchreactors.
2. For semi-batch reactors, a continuous vent and any number of continuous or

delayedfeedscanbespecified.
3. RBatchhandlesrate-basedkinetic reactionsonly.





Ammonia Process
• Thefeed to the processis nitrogen,hydrogen,and a smallamount of carbondioxide

(left overfrom the processto makethe hydrogen).

• Input streamto the process(at 80oFand 300psia): nitrogen,100lb mol/h; hydrogen,
300 lb mol/h; ammonia, 0; and carbon dioxide 1 lbmol/h . The inlet stream is
compressedto 4000psiwith an isentropiccompressor

• The processfeed is mixed with a recyclestream and heated to 900oF, the reactor
temperature,andsent to the reactor. Thefeed to the reactor is roughly a 3:1 mixture
of hydrogenandnitrogen,with someammonia,too.

• In the reactor,there isa pressuredrop of 30psi.

• Theoutlet iscooledto 80oFandthe liquid andvaporphasesareseparated.

• The vapor phase goes to recycle, and 0.01 percent of it is used as purge.

• A recycle compressor then compresses the rest from 3970 to 4000 psia.

• A small part of the recycle stream is bled off as a purge stream to prevent the buildup 
of impurities. 



ASPEN Flow Sheet of Ammonia Process



The identification of components
• It is useful to check the connections between the units using the Flowsheet

option/Section//GLOBAL

Components of the process



• After selecting Flowsheet option/Section//GLOBAL, the data browser screen is
shownin the followingfigure:

Flowsheet in brief

Any disconnected stream
will not show its numbers
that is shown by input
streamIDandPort.



The operating parameters for the compressors

• An isentropic compressor (B1) in the feed stream to compress feed gases.

• Discharge pressure 4000psi.



• An isentropic compressor (B9) in the recycle stream to compress recycle gases.
• Discharge pressure 4000 psi.



The operating parameters for the heaters 

• A heater (B3) in the reactor inlet to heat the reactor feed to 900 oF, and at a pressure of 
4000 psi.



• A cooler (B5) in the reactor outlet to cool the reactor product to 80 oF, and at a pressure 
of 3970 psi.



The operating parameters for the reactor

• A Gibbs reactor (B4, RGibbs) operated at a pressure of 3970 psi and at a temperature of 
900 oF. 





The specifications for the mixer (B2)



• The specifications for the separator/flash chamber (B6, flash2)



Specifications for the simple splitter (B8, FSplit)



• In Aspen Plus streams and units different operating conditions like, T, P etc can be 
specified. 

Aspen Plus convergence



Sequential module for iteration

• Unit B1 is calculated only once, since the exact input to that unit is known. 

• Then units B2–B9 are calculated. 

• Since B9 is the last unit, Aspen Plus compares the output from unit B9 on this iteration to 
the output from unit B9 one iteration before. If they are the same, convergence has been 
achieved.

• If not, it iterates more.



• This simulation used the
Wegstein method of
acceleratingconvergence.

• Thesolutionshavenot fully
converged after 30
iterations; the mass
balanceerror is in blockB9
(the recycle compressor);
discrepancyas 0.5805 vs
0.5801, for a relative
differenceof 0.07percent.

• The small difference is
acceptable.

• The Broydenmethod does
not convergemuchbetter.

• Direct method of iteration
did converge

• It calculates all the
equations simultaneously
around the loop over and
overagain.



Mass balance for ammonia process

• Discrepancybetween streams 9 and 10; hydrogenflow rate is off by 0.05 lb mol/h,
comparedwith a total flow of 1490lb mol/h.

• Conversionis
(135.25�>36.49)100

135.25 = 73%of N2 whichisa limiting reactant.

• Most of the carbondioxide 1 lb mol/h goesout in the product ammoniastream and
remaining1.91 lb mol/h in the recyclestream; the purgestreamwasno carbondioxide
soit isnot necessary.



Energy balance for ammonia process



Feed compressor variables, unit B1.
• The compressor is

very large ~ 900 HP
with compression
ratio 4000/300=13.3.

• Instead, two stage
compressorseach of
compression ratio

13.3 = 3.65 can be
used to maximize
work efficiency.

• From the
thermodynamics
point of view, optimal
configuration has
equal compression
ratios with inter-stage
cooling back to the
inlet temperature.



Recycle compressor variables, unit B9.



Heat exchanger (upstream to the  reactor) variables, unit B3.



Heat exchanger (downstream to the reactor)variables, unit B5.
• From given heat duty

capital cost can be
estimated.

• Enthalpies of the
process streams from
energy balance table
can be integrated over
the process combined
with the heat duty that
verifies the overall
energybalance.



Mass balance for ammonia process (repeated figure)

• Equilibriumpersistsin the reactoreffluent.
• From the thermodynamicof chemicalequilibria, K-valuescan be calculatedfrom the

molefractionof the scream5.
• �U�Ç�.

= 0.0204; �U�Á�.
= 0.8346; �U�Ç�Á�/

= 0.1434; �w= 
Ù.
Ù
Ù
Ý
á
á
• It iscloseto the valueof 0.00473measuredby Stephenson(1966).
• Thereactorutilizesthe NRTLthermodynamicmodelfor chemicalreactionequilibrium.



Testing vapor-liquid equilibria in streams 6 and 7

• Solubility of nitrogen is 27.6 cm3/g ammonia when the pressureis 270
atm(~4000psia)andat 25oC(~80 oF). It corresponds0.021mole fraction of
nitrogen in the liquid phasethat is interpolated from valuesmeasuredby
StephenandStephen.

• Usingthe valuesfor stream 6 from the massbalancetable givesa mole
fraction of 0.0061that is smallerthan literature but there is carbondioxide
(ternaryequilibrium)in the stream6.


