February 11, 2004

Process Control Lab1: Phase III
Before Reading the Instructions: 
NOTE DOWN THE TIME IN YOUR DATA SHEET AS IT APPEARS ON YOUR COMPUTER SCREEN (Time-1).
Problem Statement:

1. A CHEMCAD simulation of a distillation operation for the separation -pinene, -pinene and camphene is given.  The simulation currently produces a distillate product of 2.05 kmol/hr.  The -pinene in the distillate has a mole fraction of 0.08. Using the simulation and instructions given, manipulate the variables 1,2 and 3 to obtain a -pinene mole fraction of 0.26 in a total distillate product of 19.81 kmol/hr.
2. Record all the attempts in the sheet given.  You may stop if you are within ±5% of the desired specifications or after 1.5 hours.  
Introduction:
The CHEMCAD simulation provided to you describes the separation of  -pinene, -pinene and camphene using a distillation column at steady state. The feed mixture, consisting of 10 kmol/hr of each of the three components, enters the column after passing through a pre-heater that heats the mixture to 400 K. The tray number through which feed enters is called as the feed tray. Vapor comes out of the column from the top, goes into a condenser, and gets condensed. A part of the condensed mixture, called the reflux, is sent back into the column through the top tray. The remaining condensate is drawn out as the distillate product. A divider is used to distribute required amounts of condensate as reflux and distillate respectively. Liquid comes out of the column from the bottom and goes into a divider. The divider distributes the liquid into a bottoms stream that is drawn out as product and a stream that goes back into the column as boil-up after passing through the reboiler that vaporizes the bottoms liquid. Changes in the distribution of the distillate and/or bottoms divider affect the quality of the distillate and bottoms products.
Instructions:
The CHEMCAD simulation provided to you is very similar to the distillation simulation (PC-Distiller) used during Phases I and II of this lab in terms of process layout. The faults are already given to you in the form of inaccurate settings on some of the valves. Use the following pointers to meet the objective described in problem statement.
1. Save the simulation given to you under a different name (username.ccx) in the same folder (go to File menu and click on Save as Case). Always use username.ccx for troubleshooting and keep the original file unchanged.
2. All unit operations are numbered in circles and all streams are numbered in squares.

3. The only three parameters that can be manipulated in this simulation are:
a. Feed tray location (Variable-1)

b. Reflux tank split (Variable-2)  

c. Reboiler split (Variable-3)
4. To manipulate Variable-1 (Feed tray location): Double click on the distillation column (unit operation #1 labelled in red as Variable-1). On the bottom left hand corner, find the dialogue box corresponding to Feed stage for stream 4. The number in this box represents the feed tray number at which the feed mixture currently enters the column (trays are numbered from top to bottom). After typing the appropriate number for feed tray, click on Ok. Click on Yes to ignore the warning messages that appear in the window. Range of values for this variable: Integer values between 2 and 9.
5. To manipulate Variable-2 (Reflux tank split): Double click on Reflux Tank (unit operation 4 labelled in red as Variable-2). The dialogue box corresponding to output_1 contains the fraction of liquid going back into the column as reflux. The second dialogue box, that corresponding to output_2, contains the fraction of liquid being drawn out as the distillate product. Range of values for this variable: Fractions between 0.30 and 0.95, the fractions in the two dialogue boxes must add up to exactly 1. Click Ok to continue.
6. To manipulate Variable-3 (Reboiler split): Double click on Reboiler (unit operation 5 labelled in red as Variable-3). The dialogue box corresponding to output_1 contains the fraction of liquid being drawn out as bottoms product. The second dialogue box, that corresponding to output_2, contains the fraction of liquid going back into the column through the heat exchanger. Range of values for this variable: Fractions between 0.30 and 0.95, the fractions in the two dialogue boxes must add up to exactly 1. Click Ok to continue.
7. To Run the simulation:  Go to Run menu and click on Run all. Click on Yes to ignore the warning messages and continue with the simulation. After the simulation is ran, a dialogue box with the message “Recycle calculation has converged” appears. Click on ok to continue.
8. To view the results: Double click on the Distillate product stream (stream#8). The final mole fractions of all the components will appear in a window along with the temperature and pressure. Click Ok to exit this window.
9. To document the results: Fill in the data sheet given to you the numbers used for all three variables before running the simulation and the final mole fractions of the three components after running the simulation.
10.  Repeat steps 4 through 9 until the objective stated in problem statement is met.
Notes: 

1. Ignore the warning messages CHEMCAD gives while changing the feed tray location (Variable-1) and before running the simulation.

2. While noting down the mole fractions and mole flow rates, use only upto two significant digits after the decimal point.

3. If, for any reason the simulation 
a. does not run

b. gives an error message
c. gives the message “Recycle calculation did not converge”
d. gives the messages “Heat exchanger Pinch Zone”, “Column empty” etc.,

write “Did not converge” under the results column of your data sheet. Even if the 
simulation does not run, you have to include the values you used for the three 
variables in your data sheet.
4. If the simulation settings other than the three variables mentioned are accidentally altered, go to the original file given to you and repeat step 1 given under the instructions section and use a different filename while saving (username2.ccx). DO NOT MAKE ANY CHANGES TO THE ORIGINAL FILE.
5. Finally, note the time down on the data sheet before you begin the lab (Time-2) and after meeting the objective (Time-3).
