Distillation Column Example:

Mixture: 200 kmol/h of 50-50 mole % Cyclohexane and n-heptane

Feed Conditions: 1 atm pressure and zero vapor fraction

Column Conditions: 

1. No pressure drop

2. 40 trays and 20th tray is the feed tray

Column Specifications for steady state:

1. 100 kmol/h in the bottom stream

2. 217 kmol/h in the liquid reflux stream

Additional Specifications for dynamic simulations:

1. Simulate the column for 100 min with 5min as step size

2. Startup with steady state continuous column

3. Ignore liquid and vapor holdups

4. Constant condenser and reboiler holdup

Problem Statement:

1. Perform the steady state simulation. What is the steady state distillate mole fraction? What is the steady state distillate mole rate?

2. Perform dynamic simulation with no disturbance. 

3. Perform dynamic simulation with 10% disturbance in total feed flow rate at

a. 0 min

b. 20 min

c. 50 min

and plot the feed flow rate with time for all three cases

4. Perform dynamic simulation with 5 % disturbance in component mole fraction (55-45 mol% mixture and 45-55 mol% mixture). 

5. For items 2 through 4, Report the distillate stream characteristics in comparison with their corresponding steady state values. Plot the distillate mole fraction with time

6. Design a PID controller to keep the distillate mole fraction at its “steady state” value despite the disturbances in feed flow rate (Liquid reflux rate is the controller input and distillate mole fraction is the controller output). Plot the reflux mole rate as well as the distillate mole fraction with time.

7. Provide recommendations to improve the simulator performance for the distillation column control (hints: any additional information to be given the simulator, other column characteristics worth observing during simulation, shortcomings in the used controller design method, etc.)

