Aspen Plus Tutorial: Absorber
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Gas Feed:

100 kmol/hr 
30% Ammonia, 70% Air
T = 20°C
P = 25 psi


Solvent Feed: 

90 kmol/hr 
Pure Water


T = 60° C
P = 30 psi


Number of Stages:  3

Column Pressure:  1 atm
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A
Determine the exiting ammonia concentration in Gas Product if water flowrate is 90 kmol/hr and the gas flowrate is 100 kmol/hr.


*Note:
The following instructions assume a certain knowledge of Aspen.  If any of the instructions are vague, or the instructor is moving too quickly, please let him/her know.  They will be happy to review or clarify any information.

Note:  In the following tutorial, SLC=Single left-click; SRC=Single right-click.

1) Select Aspen Plus User Interface under Program/Applications. When Aspen Plus window pops up, select “Blank Simulation”. 

2) At the Connect to Engine Window, under Server Type select ‘Unix Host’; in the User Info, under Node Name, type ‘Sunblast’.  Enter username (i.e. for account Smith@suntan.eng.usf.edu, enter only “Smith” as the username) and password.  Disregard Working Directory and enter.  You will be informed when the connection has been established.  

3) Aspen defaults to Flowsheet Simulation.  It will be necessary to design the components of the system.  Add the absorber block by selecting the Columns Tab from the bottom toolbar.  Then select Radfrac.  You will be given a list of possible separation units.  Select the ‘Absbr2’ (the name will be displayed as you highlight the item with the mouse).  Single left-click on the icon and then place the column on the flowsheet by left clicking with the cross hairs somewhere on the flowsheet background.  Right click to de-select the block.  If you don’t you’ll get several identical blocks.  Note:  if you select the unit and press F1, the Help file regarding that topic will be displayed.

4) Now we need to connect the feed and product streams.  Select ‘Material Streams’ on the left of the toolbar at the bottom.  Single left-click on the ‘Material’ Stream option.  Aspen will automatically assign feed and product streams to the block.  The red streams are required and blue are optional.  SLC and hold on the red input arrow; drag the mouse up to position the feed at the top of the column.  Release the left-click and drag the mouse to place the input arrow.  SLC to anchor the arrow.  SLC and hold on the original feed arrow (now blue); drag the mouse down to position the feed at the bottom of the column.  Release the left-click and drag the mouse to place the input arrow.  SLC to anchor the arrow.  Repeat this procedure for the product streams.  Remember to use the ‘Vapor Distillate’ for the Gas-Prod stream and the ‘Bottoms’ for the Liq-Prod Stream.  There are several options for the absorbers, but Absorber2 is straightforward.  Rename the feed streams and product streams: Gas, Water, Gas-Prod, and Liq-Prod, respectively.  SLC on the stream name box.  SRC to get a menu of options for the stream.  Select ‘Rename Stream’ and enter the appropriate name.

5)
After completing the connections,  press F4 or the ‘N(’ button on the toolbar.

6)
Fill in the title if desired.  You may change the input/output data units under ‘Units of Measurement’.  You will note a red circle adjacent to the screen title if the screen input is incomplete and a blue check is the screen input is complete.  A blue check is Aspen’s indication that the required input has been provided and you may proceed to the next form.   If you want the stream summary sheet to display mole fractions by default, select ‘Report Options’ under the ‘Setup’ Folder to the left.  Under the Streams tab, select ‘mole’ under ‘Fraction Basis’. Press F4 or the ‘N(’ button on the toolbar.

7)
Fill in the three compounds being used in this example: Water, Air, Ammonia.  Aspen should know these components. Press F4 or the ‘N(’ button on the toolbar.
8)
Select a model which will adequately predict the interactions between the compounds being used in the simulation.  Click on ‘Property Method’ and select NRTL-RK from the displayed list.  This model is a good choice for polar groups and non-ideal liquids.  You can obtain some valuable information regarding the model and its benefits/limitations by highlighting the item in the list and pressing F1. These help screens will provide invaluable information to aid in the selection of the appropriate model for the system under study. Press F4 or the ‘N(’ button on the toolbar.   Aspen will display the ‘Property Parameters Binary Interactions’ screen for NRTL. Press F4 or the ‘N(’ button on the toolbar.   Aspen will indicate that the required property input is complete.  Select ‘OK’ to go to next required input step.  

9)
Enter the Feed stream information for both the Gas and Water streams.  The stream specifications are listed on the first page of this handout.  Make sure to choose the right composition basis and the total overall flowrates and remember to check for the appropriate units.  Try specifying mole-frac for the gas and mole-flow for the liquid. Press F4 or the ‘N(’ button on the toolbar.
10)
The sheet on the screen now should be the Radfrac Setup information sheet. Each of the unit blocks in the flowsheet design has a sheet like this which specifies the information needed for each unit operation.   Enter the required information under the ‘Configuration’ tab:



Number of Stages
3




Condenser:

None



Reboiler:

None

11)
Select the ‘Streams’ tab to specify stream location.   Under ‘Conventions’, there are only two options for feeding: on-stage or above-stage.  Also remember that the top stage is the first stage and the bottom stage in this case will be three.  Therefore the Water stream will be fed above stage 1. The Gas stream will be fed above stage 4. 

12)
Select the ‘Pressure’ tab to specify the pressure profile across the column.  In this case, the column will be operated isobarically at 1atm.  Enter stage 1 under ‘Top Stage Condenser Pressure’ at a pressure of 1atm. Aspen will assume that the column operates isobarically if no additional information is provided. Press F4 or the ‘N(’ button on the toolbar.
13)

The ‘Required Input Complete’ window will appear which states that we have provided all the necessary information for this run.  Press ‘OK’ or Enter and the simulation will start.  When the simulation is complete, select the icon for ‘check results’ (blue folder with a check) and review the stream summary.   The concentration of ammonia in the exiting gas stream should be 0.175 (mole fraction).

B
Repeat the simulation but assume now that the column has 10 stages instead of only 3.

1)
Double-click on the absorber block and the absorber window  (RADFRAC) will be displayed.  Under Configuration Tab, change the number of stages to 10.  The red circle on the Streams tab indicates that input for that window is now incomplete.  Select the Stream Tab to adjust the feed locations. In this case, the feed stage for the gas will need to be changed to above stage 11.

2)
After making these changes, press F4 or the ‘N(’ button on the toolbar, and run the simulation.  Compare your answers with what you wrote down previously, or the podium (yNH3 = 0.149).  How effective was increasing the number of stages on the separation?

C
A useful tool in studying process units with Aspen is the Sensitivity Analysis.  The purpose of the sensitivity analysis is to see how some dependent variable changes due to changes in some other independent variable.  In this case we will be manipulating the water flowrate and examining its effect on the exiting ammonia concentration.

1)
Access the Setup Data Browser by selecting the icon on the Aspen toolbar for “Setup”.  As you point to the icon, Aspen will display the icon name.  Double-click on the “Model Analysis Tools” Folder and then select “Sensistivity”.  The object manager will be displayed; choose “New” to create a new sensitivity run.  On the next window, Aspen will prompt you for an ID for this run.  This ID is just a name to keep track of sensitivity analyses if there is more than one. Just choose a valid FORTRAN variable name.  Lets just call it YNH3 for this example.  Press OK.

2)
There are three main actions to create a sensitivity analysis: Define, Vary, and Tabulate.  You will see these options as the tab labels.  At this point, each should have a red circle indicating that input is incomplete.  The Define tab should automatically be displayed.  Select “New” under Define.  You will be prompted to enter a variable name.  Enter YNH3 and press OK.  You will then be prompted to define the variable.  Select “Type” and choose “Mole-Frac” from the displayed list.  Select “Stream” from the newly displayed pull-down menu and select “Gas-Prod” from the displayed list.  Two more pull-down menus will be displayed: Substream and Component.  Under “Component”, select “Ammonia”.  Substream will default to Mixed




Varname
YNH3

(FORTRAN variable name)




Vartype
mol-frac
(what type of variable)




Stream

gas-prod
(in which stream)




Component
ammonia
(which component to monitor)

3)
Press ‘N(’ and select the Vary Tab. Under “Variable Number”, choose  new.  Under “Type”, select “Mole-Flow”; under “Stream”, select “Water”; under “Component”, select “Water”.  This tells Aspen to vary the mole-flow of water in the water stream to determine its effect on the output concentration of ammonia in Gas-Prod.



Vartype
mole-flow 
(what type of variable is manipulated)



Stream

water

(in which stream is it located)



Component
water

(which component of the stream)


There are several ways to vary the independent variable.  We will use a constant step-size over a given range.  Select “Overall Range” and enter the following for the Upper, Lower, and Increment.  


Lower Limit: 50
Upper Limit: 1000

Increments: 50


Aspen also allows you to label output columns.  In the first label box type (Line 1) “Water” and in the second (Line 2) type “Flow”.  This allows you to label a column “Water Flow” where “Water” will be on the first line and “Flow” on the second.

4) Select the Tabulate tab.   This screen is used by Aspen to set up tables.  Enter 1 under “Column No.”. SRC on the adjacent cell under “Tabulated Variable or Expression.”  Select “Variable List” and drag and drop your variable name into the cell.  You may also just type in the variable name.    Select “Table Format” and type “YNH3” as the first column label. Press F4 or the ‘N(’ button on the toolbar until the simulation runs.

5)
From the Data Browser displayed with the results, select Model Analysis Tools / Sensitivity / YNH3 / Results to display the tabulated data. It would really be nice to see a graphical representation and for this reason Aspen provides graphing capabilities.  SLC on the independent variable column heading and press Ctrl+Alt+X.  SLC on the dependent variable column heading and press Ctrl+Alt+Y.  You can also define the dependent and independent variables through the “Plot” option on the menu. Choose Plot from the menu and select Display Plot.  You will see a graph of the sensitivity analysis just performed.  This type of exercise is necessary when trying to find a design specification.  This sensitivity analysis will give you limits of operation and will help in providing a good estimate for a design specification search discussed in the next section.

D
Often, engineering problems have certain requirements or Design Specifications.  In this case the EPA says that air vented to the atmosphere must have less than 1 mole % ammonia. (It’s not that anyone really cares what the EPA says, but we have to at least pretend to listen to them….  (.)  

1)
First we will delete or hide the sensitivity analysis just performed, or both the Design Specifications and Sensitivity Analysis will be run at run time. From the Data Broswer, Select Model Analysis Tools / Sensitivity / YNH3.  SRC on the YNH3 sensitivity folder and select “hide”.   Selecting delete will permanently remove the previous analysis.  The Hide command simply prevents Aspen from running both concurrently. You can reveal a previously hidden Sensitivity Analysis by performing the same steps and selecting “Reveal”.  For this case simply hide the previous sensitivity.

2) From the Data Browser select  Flowsheeting options folder, and then Design-spec.  We will need to give this design spec a name in the same manner that we did for the sensitivity analysis.  Press “New” and enter DSYNH3;  press OK.. There are three main actions to create a Design Specification: Define, Spec, and Vary.  You will see these options as the tab labels.  At this point, each should have a red circle indicating that input is incomplete.  The Define tab should automatically be displayed.  Select “New” under Define.  You will be prompted to enter a variable name. Enter YNH3 and choose OK. You will then be prompted to define the variable.  Select “Type” and choose “Mole-Frac” from the displayed list.  Select “Stream” from the newly displayed pull-down menu and select “Gas-Prod” from the displayed list.  Two more pull-down menus will be displayed: Substream and Component.  Under “Component”, select “Ammonia”.  Substream will default to Mixed. Press ‘N(’.




Varname
YNH3

(need to give it a FORTRAN variable name)



Vartype
mol-frac
(which type of variable)



Stream

gas-prod
(which stream)



Component
ammonia
(which component)

3) 
Select the “Spec” tab. On this screen we will need to specify the target value for the variable we just defined, the tolerance with which it must meet the target, and the variable we want to vary in order to get the target value.


Spec
YNH3

(tells Aspen we want to specify a value for the y





variable we just defined)


Target
0.01

(we want a mole fraction of 0.01)


Tolerance
0.0001

(we want the be within ± 0.0001 of the target)


As before, if you right clock on the cell for Spec and select Variable list, you can click and drag the variable name.  Alternately, if you SLC on the variable name in the Variable list you can paste it in the cell by right clicking on the cell and selecting “paste”. 


Select the “Vary” tab. Under “Type”, select “Mole-Flow”; under “Stream”, select “Water”; under “Component”, select “Water”. 


Vartype 
mol-flow 
(what type of variable to manipulate) 



Stream

water 

(which stream)




Component
water

(which component)


At the right we see the manipulated variable identification box which is used to specify what variable we want to change to meet the design criteria



Bounds:



Lower bound:  100 (kmol/hr)

Upper bound:  1000 (kmol/hr)



Labels:



1) Water
2) Flow

4)
Press F4 or the ‘N(’ button on the toolbar until the simulation runs. From the Data Browser, select “Results Summary”.  Continue to page through the results using “>>” until you reach the Block Summary Results.  The flow results will be displayed in lbmol/hr.  To confirm our results, change the units to kmol/hr using the pull-down menu adjacent to the Liquid Flow.   You should get a flow rate of about 408 kmol/hr.

8

