CSTR Example:

Reaction:

Decomposition of di-t-butyl peroxide (DTBP) to acetone and ethane
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Reaction rate:
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Reaction conditions:

Temperature 154.6 oC

Pressure 491.8 mmHg

Feed and feed conditions:

100 kmol/h of (DTBP) at 110 oC and 760 mmHg

Information for steady state:

1. Reaction is isothermal

2. Conversion with respect to DTBP is 85%

3. Reference temperature for heat of reaction is 25 oC

Additional specifications for dynamic simulations:

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

Problem Statement:

1. Perform the steady state simulation. What is the required volume of the reactor at steady state? What is the steady state heat duty? What are the steady-state mole rates of components in the product stream?

2. Perform dynamic simulation with no disturbance. 

3. Perform dynamic simulation with the following feed characteristics

a. 0 to 20 min: 100 kmol/hr

b. 20 to 40 min: 90 kmol/hr

c. 40 to 60 min: 110 kmol/hr

d. 60 to 100 min: 100 kmol/hr

and plot the feed flow rate with time.

4. Perform dynamic simulation with 10 kmol/hr of acetone in addition to 100 kmol/hr of DTBP in the feed. 

5. For items 2 through 4, report the required reactor volume and heat duty.

6. Design a PID controller to keep the product component mole rates at their corresponding “steady state” values despite the disturbances in feed flow rate as described in items 3 and 4. Plot the product mole rates with time for each case.

7. Provide recommendations to use the simulator more efficiently for the dynamic simulation and control of CSTR. (Hint: Any additional information to be given the simulator, other reactor characteristics worth observing during simulation, shortcomings in the unit operation used, etc.) 
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