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Process Simulation Tutorial #1
In this tutorial, you are introduced to the world of computer simulation, and you will perform some calculations with the ASPENPLUS process simulator.  A process simulator is a computer program that lets the engineer develop a process flowsheet and then calculate all of the mass and energy balances, as well as the stream properties.  The simulator has a large database of physical and thermodynamic properties that it accesses as needed to perform the calculations.  The result is a rapid calculation of a mass and energy balance, as well as equipment sizing.

These notes show you how to start using the simulator.  Once you have learned the fundamentals, the rest of the tools can be learned using the ASPENPLUS training slides as well as through using the help screens.  The key thing to remember is that the software was developed by chemical engineers, and the error messages provides clues as to what has gone wrong, and thereby provides clues as how to make the calculation work correctly.  
One Key Approach

There is one key rule when doing process simulation, and that is to start simple, and to add complexity to a simulation that works.  The simulator is a computer program that performs calculations one process unit at a time.  If the first calculation does not work, then they all don’t work.  So – we get the first block working, and then we add complexity.

Gas Compression Simulation

The flowing is a set of instructions that you need to follow.  When completed, you will have developed a process flowsheet, and a stream table.  

Accessing ASPENPLUS

Start up your ECF account.  Move from the Start key to Chem Software, to ASPENTECH, select Process Modelling V8.0, then ASPENPLUS, the ASPENPLUS V8.0.  Indicate that you are an academic user – and the click OK on the next window.

ASPEN will now load – don’t be impatient.
When you are at the ASPEN Start Page – select NEW – Blank Simulation.  We will choose a chemical Simulation with Metric Units
Simulation Logic

There are 5 things that one must do in order to solve a chemical engineering mass and energy balance.  You need to define the chemical species; you need to have the physical property data (a property method), you need a flowsheet, you need the inlet stream flows (T, P and composition), and you need operating conditions for the process units.  
Properties

ASPEN opens up to a COMPONENTS SPECIFICATIONS page.  The Component ID is the name that you want use for the chemical (8 characters).  The Component Name is the proper chemical name.  The ALIAS is the chemical formula (the stoichiometric formula) for the chemical.
Component ID

Type

Component name
Alias

PROPANE

Conventional
PROPANE

C3H8

For this simulation, we are going to cool a gas stream, so that it condenses.  Pick a simple hydrocarbon, such as ethane, propane or butane, and add Nitrogen (we need an inert species).

One thing about ASPEN – you need to hit the ENTER key, once a field is filled, so that it executes.  
The NEXT N Key
On the top menu bar, you will see a key that looks somewhat like N; this is the Next key.  The program will automatically take you through the required steps to define the problem if you continue to click on this icon.  Click it now – it will take you a Global Methods page.
In the Base Method field – Select IDEAL.  We will use the IDEAL Equation of State, which means that gases are treated as ideal gases, and that solutions are treated as ideal solutions.  We will do more with equations of state in the future.

Now, when you hit the NEXT key, you can select to go to the SIMULATION ENVIRONMENT.
Drawing a Flowsheet

A flowsheet is developed by combining Streams and Blocks.  A Block is a unit operation, and a stream moves either matter or energy.  Once the flowsheet is drawn, then the inlet stream composition is defined (T, P and material flowrates).  The final step is to define the operating conditions of the blocks.  Sounds simple enough doesn’t it?

Move the mouse to the lower menu bar sheet called Pressure Changers; Click on the icon for a Compressor, and the move the pointer to the a spot on the blank working screen – left click again, and a compressor block is placed on the screen (click twice, and second appears).  The block is automatically called B1, but it can be renamed – use the right mouse key after selecting the block, and type the name you like.

Insert a HEATER block (found in Exchangers) after the compressor.  We can call it HX1.
Next – on the left hand side of the bottom menu bar select a Material Stream.  Move the mouse pointer to a spot left of Block B1, and left click.  This starts drawing a Stream.  You will notice that a red arrow appears at the inlet (left) side of B1.  Move the mouse over to B1 and click again.  This creates Stream 1, and connects it to the inlet of Block B1.

You will see that red arrow appears on the left side of Block B1 – this is the outlet stream.  Select this point with the mouse, and then move the mouse to the right, and left click on the inlet of the heat exchanger.  This creates Stream 2, between the compressor and the heat exchanger.  Repeat the process at the heat exchanger outlet.
On the top menu bar, you will see a key that looks somewhat like N; this is the Next key.  The program will automatically take you through the required steps to define the problem if you continue to click on this icon.  Click it now – it will say that the “flowsheet connectivity is complete”.
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INLET Streams
The definition of the inlet stream is the temperature, pressure and flowrate for the stream.  Let’s start by defining 25C and 5 bar for the pressure.  

In the Composition Table – look at the dropdown menu.  The flowrate can be specified as molar flowrate or mass flowrate or standard volumetric flowrate – for individual components.  Or – you can define a molar or mass composition, as well as the total flow rate.

BLOCK Definition

Once all of the inlet streams are defined, you need to define the outlet conditions for the blocks.

For B1, define the exit pressure as 25 atm, and select isentropic compression.  
The heat exchanger discharge is 298°K and 25 atm.
Clicking the Next key, and the software asks if you are ready to calculate – since you are, accept this, and watch what happens.

Results

If everything works well – you should see the following messages appear.
<< Loading Simulation Engine 12:10:34 Mon Jun 1, 2015>>

->Processing input specifications ...

  Flowsheet Analysis :

 COMPUTATION ORDER FOR THE FLOWSHEET:

 COMP1 HX1

->Calculations begin ...

   Block: COMP1    Model: COMPR

   Block: HX1      Model: HEATER

->Generating block results ...

    Block: HX1      Model: HEATER

->Simulation calculations completed ...

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

  ***  No Errors or Warnings were issued during Simulation ***

->Generating results ...
The simulator will only execute if the problem is correctly specified.  The first step is to define the order in which the calculations will proceed (Block 1 then Block 2).

The simulator then executes the blocks and the generates all of the results.

Stream Results

You can select any stream (left mouse), then do a right mouse click.  This lets you look at the results for that stream.

Scroll through the folders in the left hand pane, and open up RESULTS, and then STREAMS.  This gives the stream table for all streams.  And, if you click the STREAM TABLE button – you get a stream table beneath the flow diagram.

[image: image2.emf]Heat and Material Balance Table


Stream ID


1


2


3


From


COMP1


HX1


To


COMP1


HX1


Phase


VAPOR


VAPOR


LIQUID


Substream: MIXED


 


 


 


Mole Flow


kmol/hr


 


 


 


  PROPANE


  100.0000


  100.0000


  100.0000


  NITROGEN


       0.0


       0.0


       0.0


Total Flow


kmol/hr


  100.0000


  100.0000


  100.0000


Total Flow


kg/hr


  4409.652


  4409.652


  4409.652


Total Flow


l/min


  8263.058


  2067.945


  149.2828


Temperature


C


  25.00000


  99.93082


  25.00000


Pressure


bar


  5.000000


  25.00000


  25.00000


Vapor Frac


  1.000000


  1.000000


       0.0


Liquid Frac


       0.0


       0.0


  1.000000


Solid Frac


       0.0


       0.0


       0.0


Enthalpy


cal/mol


 -25002.39


 -23556.95


 -28538.60


Enthalpy


cal/gm


 -566.9923


 -534.2133


 -647.1849


Enthalpy


cal/sec


-6.9451E+5


-6.5436E+5


-7.9274E+5


Entropy


cal/mol-K


 -67.48971


 -66.37551


 -80.63165


Entropy


cal/gm-K


 -1.530500


 -1.505232


 -1.828526


Density


mol/cc


2.01701E-4


8.05953E-4


  .0111644


Density


gm/cc


8.89431E-3


  .0355397


  .4923151


Average MW


  44.09652


  44.09652


  44.09652


Liq Vol 60F


l/min


  145.2403


  145.2403


  145.2403




Heat and Material Balance Table

Stream ID 1 2 3

From COMP1HX1

To COMP1HX1

Phase VAPOR VAPOR LIQUID

Substream: MIXED      

Mole Flow kmol/hr     

  PROPANE   100.0000  100.0000  100.0000

  NITROGEN        0.0       0.0       0.0

Total Flow kmol/hr  100.0000  100.0000  100.0000

Total Flow kg/hr   4409.652  4409.652  4409.652

Total Flow l/min   8263.058  2067.945  149.2828

Temperature C   25.00000  99.93082  25.00000

Pressure bar   5.000000  25.00000  25.00000

Vapor Frac   1.000000  1.000000       0.0

Liquid Frac        0.0       0.0  1.000000

Solid Frac        0.0       0.0       0.0

Enthalpy cal/mol  -25002.39 -23556.95 -28538.60

Enthalpy cal/gm  -566.9923 -534.2133 -647.1849

Enthalpy cal/sec -6.9451E+5-6.5436E+5-7.9274E+5

Entropy cal/mol-K -67.48971 -66.37551 -80.63165

Entropy cal/gm-K -1.530500 -1.505232 -1.828526

Density mol/cc 2.01701E-48.05953E-4  .0111644

Density gm/cc 8.89431E-3  .0355397  .4923151

Average MW   44.09652  44.09652  44.09652

Liq Vol 60F l/min   145.2403  145.2403  145.2403


BLOCK Results
You can select any block, and right click for the Results.
   Compressor model:
Isentropic Compressor

   Phase calculations:
Vapor phase calculation

   Indicated horsepower:
168.10499
kW

   Brake horsepower:
168.10499
kW

   Net work required:
168.10499
kW

   Power loss:
0
kW

   Efficiency:
0.72

   Mechanical efficiency:
1

   Outlet pressure:
25
bar

   Outlet temperature:
99.9308241
C

   Isentropic outlet temperature:
80.2730708
C

   Vapor fraction:
1

   Displacement:


   Volumetric efficiency:


You can also Right Click to look at the Stream Results – the mass and energy balance for the streams going into and out of the block.

Substream: MIXED



Mole Flow kmol/hr



PROPANE

100

100

NITROGEN

0

0

Total Flow kmol/hr
100

100

Total Flow kg/hr
4409.652
4409.652

Total Flow l/min
8263.058
2067.945

Temperature C
25

99.93082

Pressure bar

5

25

Vapor Frac

1

1

Liquid Frac

0

0

Solid Frac

0

0

Enthalpy cal/mol
-25002.39
-23556.95

Enthalpy cal/gm
-566.9923
-534.2133

Enthalpy cal/sec
-694510
-654360

Entropy cal/mol-K
-67.48971
-66.37551

Entropy cal/gm-K
-1.5305
-1.505232

Density mol/cc
0.000201701
0.000805953

Density gm/cc

0.00889431
0.0355397

Average MW

44.09652
44.09652

Liq Vol 60F l/min
145.2403
145.2403

At this point – SAVE the Simulation into a folder – we will use it again.

Summary & Alternate Cases  

So far, you have learned the basics of the Process Simulator.  It is a tool which enables the calculation of mass and energy balances.  It has a database of physical property data for a large number of chemicals.  It has an interface which allows you to draw a flow diagram, and to calculate the balances for the process.

For the rest of tutorial, explore the simulator.  You can add chemicals, and change conditions.  In the next weeks, we will add blocks.

