	VLE Calculations using ASPEN - a Tutorial











The ASPEN Process Simulator is a computer program that allows the user to simulate a variety of chemical processes, and you will use it for that purpose in several courses further into the curriculum.  Since ASPEN does mass and energy balances, it requires a knowledge of the thermodynamic and transport properties for a variety of industrially important pure fluids and mixtures and it has much of this information stored in its data bank.





In this class, we will use ASPEN only to perform thermodynamic property calculations. Specifically, we will see how ASPEN can be used to perform vapor-liquid equilibrium calculations using a variety of different equation of state and/or activity coefficient models. This will be useful to you because you will need to specify property models for process simulations in your upcoming courses.





In this tutorial two different ways of using ASPEN in vapor-liquid equilibrium calculations are described.  In the first example, we will show how to use ASPEN to obtain binary interaction coefficients in an equation of state model so as to represent a set of VLE data that the user has supplied.  Specifically, we will use ASPEN to find the binary interaction coefficient k12 in the Peng-Robinson equation that gives the best fit to vapor-liquid equilibrium data for mixtures of carbon dioxide and n-pentane.  We will also be able to see a comparison between experimentally determined properties and those calculated using the Peng-Robinson model with the "best-fit" k12.





In the second example, we will show how to perform flash calculations for a system when the equation of state model and value for k12 have been specified.  Here, we will use the Peng-Robinson model with the k12 obtained in the first example to calculate outlet compositions and flash pressure for a specified flash temperature and vapor fraction.



































Example 1:  Find the k12 for the Peng-Robinson equation that best represents the following isothermal vapor-liquid equilibrium data for carbon dioxide(1) - n-pentane(2) at 220 oF:


P(psia)		  x1			  y1	


  94			0.0			0.0


 132			0.0119		0.2568


 214			0.0482		0.5092


 341			0.1115		0.6668


 486			0.1797		0.7410


 653  		0.2548		0.7854


 850			0.3452		0.8094


1055			0.4367		0.8162


1286			0.5601		0.8000


1397			0.6447		0.7674





(1)	Click on the Start button, then find 003 Applications, and finally, aspen 9.3 (gateways only).   





(2)	You will be given the option of opening an existing run or creating a new run.  Select "Create a New Run" and click on OK.





(3)	Leave the Application type on "General with English Units," and for the Run Type select "Property Data Regression Run (DRS)" and click OK.  This tells Aspen that we wish to regress experimental data.





(4)	Either click on the "Next" button in the upper-right hand corner, or hit F4 to go on.  You will be told that graphics are not necessary for this run and will be asked if you want the next input form displayed.  Click on OK.





(5)	The setup.main form will come up next.  Enter what you want


for the title.  Now highlight the "ENG" by the In-Units


field by clicking on it.  Either click the right mouse button of hit F5(List) to see what options are available.  In this example, English units are appropriate so leave units set at ENG.  Click on F4(Next) and the components.main form comes up.  





(6)	Enter CO2 in the first line under Component ID and then enter pentane on the second line of the same column.  Note


that the databank formula and the component name come up


automatically for CO2 but not for pentane.  This is because ASPEN recognizes "CO2" as carbon dioxide but does not recognize	"pentane" as the identifier for n-pentane. Move to the Component Name column on the pentane line and type pentane and hit return.  You will be presented with a menu from which you can select the correct component name for this compound.  Select N-Pentane from the list.  Note that the databank formula in the middle column comes up automatically.





(7)	Click on F4(Next) and the Properties.Main form comes up.


Highlight the field beside the option set name and click


on F5(List).  Scroll down to PENG-ROB and select it.  This


tells ASPEN we wish the property option set that models the


VLE by the Peng-Robinson equation.  Note that many other option sets are available.  These are described in the ASPEN manuals.





(8)	Click on F4(Next) and the Properties Parameters Binary form comes up.  As you can see, ASPEN already has a kij value for the system CO2 - n-pentane stored in its databanks.  We will compare this value of 0.1222 to the value we find by regressing experimental data.  Hit F4(Next) to move on.  ASPEN will then prompt you to enter the sets of data to be regressed; click OK.





(9)	The Object Manager pops up next.  Click the Help button to see what all it is used for.  We will be creating an "object" in which we will store our PXY data.  Click on the Create button, then select Mixture for the data type and click OK.  Name the data set CO2PENT and click OK.





(10)	When the Properties Data form comes up, highlight the Data Type field and hit F5(List).  Select the data type appropriate to our regression (PXY).  Now go to the first Components field, hit F5(List), and select CO2.  In the second components field select pentane.  The Composition 	


Basis defaults to MOLEFRAC, and this is correct for us so leave it.	Enter the temperature in the appropriate field.  The first row of the data field can be used by ASPEN if you know the standard deviations in your data.  For our purposes just leave it as is.  Starting in the second row, enter the PXY data.  Note that you only have to fill in xCO2 and yCO2; the mole fractions for pentane fill in automatically.  Hit F4(Next) when you're done.





(11)	ASPEN prompts you to enter more data or Specify the regression cases.  Select the latter and click OK.  Name the regression case RCO2PENT and click OK.





(12)	When the Properties Regression form comes up, move to the bottom half of the form to the first Type field.  ASPEN defaults to find the parameter OMGPRS, the acentric factor, for each component.  Hit F5(List) and note that you can use this tool to find many physical properties of pure components.  We only want to find kij, which is a binary parameter, so change Parameter to Bi-Parameter in the first type field by using F5(List).  Under the Name/Element field, select PRKIJ.  Delete the information in the second parameter fields by using the spacebar.  Use F5(List) to select CO2 for CompIDi and pentane for CompIDj.  The form is now complete so hit F4(Next) twice.





(13)	ASPEN now gives you the option of modifying your data, entering more data, or moving on.  Select Go to Next required input step and click OK.  The input is complete so click OK to run the regression.  Note that while running, the control panel reports severe errors.  This is most likely because we are in the critical region for this mixture and ASPEN probably made some bad guesses while iterating.  Note, however, that the regression did finally converge and so we'll look at the results.  If the errors were severe enough the regression would not have been completed and/or the results would have been incomplete.  It is good to always approach the results of a "black box" program like this with a critical eye - do the results make sense? Let's see.





(14)	From the control panel click on the Results button.  Click once on the >> button and note the estimate of kij.  It should be 0.141, which is close to ASPEN'S databank value of 0.1222.  Can we trust these results?





(15)	In order to see more detailed results, including comparisons


between calculated and experimental properties, you must


create a Report file.  To do this, Click on File, then


Export.  Select Report File and enter run1 as the filename.


Click on OK to save the Report File.  





(16)	You can look at the report file using the DOS editor.  To see the file, click on RUN, then SHELL, at the top of the screen.  This will give you a DOS prompt.





(17)	Type edit at the C: prompt to get into the DOS Editor. Click on File, then Open, and enter run1.rep.  Click on 


OK to receive your Report File.  You can now scroll down through the file to obtain additional information about your regression run.  Among other things, it includes as the very last section, a comparison between calculated and experimental bubble point pressures and vapor phase compositions.





(18)	You can exit the DOS editor by clicking on FILE, then EXIT. This will return you to a DOS prompt.  To return to ASPEN, type EXIT.  When you wish to exit ASPEN, click on FILE, then EXIT.  You will be asked if you wish to save your run.  You can if you wish but it will probably be easier to start over from scratch for your project.


�



Example 2:  In this example we will use ASPEN to perform a TV flash calculation for carbon dioxide - pentane.  We will use the Peng-Robinson model with the k12 found in the previous example.  In particular, let us assume that the inlet to the flash drum is a CO2 - pentane mixture at 300 oF and 300 psia with a CO2 mole fraction of 0.25. The flash temperature is to be 220 oF and the fraction vaporized is to be 0.5





(1)	Click on the Start button, then 003 Applications, then aspen 	9.3 (gateways only).





(2)	Leave the Application type on "General with English Units," 	and the Run Type as Flow Sheet Simulation and click OK.  	This tells ASPEN that we wish to simulate a process.





(3)	Click on F4(Next) and ASPEN will prompt you to create your 	flowsheet.  Click on OK to continue, or Help to learn more.





(4)	Under "type" on the right of the screen, click on FLASH/HX. Then, under "model", click on FLASH2.  With these two steps we have specified that we wish to create a two-phase flash drum.  You can also change the look of the flash drum by using the options under "icon".  Move the cursor to the middle of the screen and single click to drop the flash drum icon onto the screen.





(5)	Under "type" on the right of the screen, click on FEED/PROD. Then, under "model", select FEED.   Move the cursor to the left of the flash drum on the screen and single-click to drop the feed stream icon onto the screen.  Now, under "model", select PROD and move the cursor to the upper right of the flash drum icon on the screen and single click to drop a product stream icon.  This will become our vapor product stream.  We also need a product stream icon for the liquid product.  Select PROD again under "model" and move the cursor to the lower right of the flash drum icon on the screen.  Single click to drop the second product stream icon.





(6)	We now need to connect the feed and product streams to the flash drum.  Move the cursor to the FEED icon you have placed on the screen and double-click.  A red arrow should appear. Single-click on this red arrow and move the mouse to the feed port of the flash drum.  You will see a dashed line created as you move the mouse.  Single-click on the feed port of the flash drum and you will see a stream created that connects the feed stream to the flash drum.  Now double-click on the flash drum and find the red arrow that represents the vapor product stream (labelled VAPOR REQ).  Click on this arrow and drag the dotted line to the upper right product stream icon. Single-click on the product icon to form the vapor product stream.  Find the red arrow in the flash drum that represents the liquid product stream (LIQUID REQ).  Use the same method to drag a product stream from that arrow to the product icon on the lower right of the screen to form the liquid product stream.  This completes the specification of the flowsheet.  Click on NEXT.  You will be told that flowsheet connectivity is complete and will be prompted to provide the remaining information on input forms.  Click on OK.





(7)	The Setup.Main form will come up next.  Enter what you want


for the title and leave the units as "ENG".  Use F5(List) to change NOMOLEFRAC to MOLEFRAC so that we can see mole fractions in the results form.  Also change the Stream Format from GEN_E to FULL to see the most stream information.  Click on F4(Next) until the Components.Main form comes up.





(8)	Fill in the Components.Main form as described in step (6) of 	the previous example.





(9)	Click on F4(Next) and the Properties.Main form comes up.


Fill in this form as described in step (7) of the previous example.  Click on F4(Next) and the Properties Parameters form comes up. 





(10)	Change the value of kij from 0.1222 to the value we just found, 0.141.  Note the similarity of the two values.  Click F4(Next), select Go to Next required input step, and hit OK. The Stream.Main from will come up.





(11)	This form is for stream 1 which is the inlet to the flash drum.  The inlet stream is at 300 oF and 300 psia so enter these for the temperature and pressure.  Click on the composition basis field then click on F5(List).  Select Mole Fraction.  Then, enter the inlet mole fractions (0.25 for CO2 and 0.75 for pentane) in the appropriate fields.  We also need to enter a total inlet flow.  Since we are only interested in compositions of the exit streams here, this number can be selected arbitrarily. 1.0 or 100.0 lbmol/hr are reasonable choices.





(12)	Click on F4(Next) and the Flash2.Main form comes up.  This is a TV flash so enter the appropriate numbers (220 and 0.5) for temperature and fraction vaporized. Click on F4(Next) until you are told that specifications are complete.  You are asked if you wish to run the simulation.  Select OK.





(13)	After the simulation is complete, click on the "Results" bar.  Then move to the top of the form and click on >> and the Stream-Sum.Main form comes up.  The format should be FULL, as we selected earlier and you should be able to view mole fractions. 





(14)	After looking at these results and scrolling through the other results, exit the program by clicking on File then Exit.
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