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We will consider the process from textbook Example 3.2, but the change 

is not in the feed composition; the reactor experiences a step change in 

the feed flow rate of -0.03 from its base value of 0.085 m

3

/min.  

Determine the linearized model and compare the predictions from the 

linearized model with the non-linear model.

Modified Workshop 1.   CSTR with flow change
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We will consider the process from textbook Example 3.2, but the change is not in the feed composition; the reactor experiences a step change in the feed flow rate of -0.03 from its base value of 0.085 m3/min.  Determine the linearized model and compare the predictions from the linearized model with the non-linear model.

Modified Workshop 1.   CSTR with flow change
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Data. The flow, volume, and inlet concentrations (before and after the step) are
the same as for the stirred-tank mixer in Example 3.1.

1. F=0.085 m¥min; V=2.1 Mm% (Cao)inir=0.925 mole/m?; ACao=0.925 mole/m>

2. The chemical reaction is first-order, r4 = —kC, with k = 0.040 min™',

3. The heat of reaction is negligible, and no heat is transferred to the surround-
ings.
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Workshop 7.  What-if questions

Example Gain, K

P

Time constant, 



Example 3.1 Mixing tank

Example 3.2 CSTR with first-

order kinetics

Example 3.5 CSTR with 

second-order kinetics

Complete the following table using results in this e-Lesson and Chapter 3

For each example, what is the effect on the gain and time constant when

•

The temperature is increased

•

The CSTR volume is decreased

•

The feed flow rate is increased

•

The initial value of the feed concentration is increased
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Workshop 7.  What-if questions

		Example		Gain, KP		Time constant, 

		Example 3.1 Mixing tank				

		Example 3.2 CSTR with first-order kinetics				

		Example 3.5 CSTR with second-order kinetics				



Complete the following table using results in this e-Lesson and Chapter 3

For each example, what is the effect on the gain and time constant when



The temperature is increased

The CSTR volume is decreased

The feed flow rate is increased

The initial value of the feed concentration is increased
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﻿The chemical reactor in Example 3.3 is considered in this question.  Because 

of safety concerns, the concentration of A in the second CSTR must never 

exceed a limit of 0.53 mole/m3. 

b. Strategy 2:  The inlet concentration is decreased to zero whenever the 

concentration in the second tank exceeds its limit; after the action is taken, the 

inlet concentration is never adjusted again. Determine the dynamic response of 

the concentration of both tanks.

c. Strategy 3:  The feed flow rate is reduced to zero whenever the concentration 

in the second tank exceeds its limit; after the action is taken, the inlet 

concentration is never adjusted again. Determine the dynamic response of the 

concentration of both tanks.

d.   Based on your results in (a)-(c), discuss how you would design an emergency 

system to prevent  the concentration of A in the second tank from exceeding a 

specified maximum value. 

a. Strategy 1:  The inlet concentration is 

returned to its initial value whenever the 

concentration in the second tank exceeds its 

limit; after the action is taken, the inlet 

concentration is never adjusted again. 

Determine the dynamic response of the 

concentration of both tanks.
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﻿The chemical reactor in Example 3.3 is considered in this question.  Because of safety concerns, the concentration of A in the second CSTR must never exceed a limit of 0.53 mole/m3. 



b. Strategy 2:  The inlet concentration is decreased to zero whenever the concentration in the second tank exceeds its limit; after the action is taken, the inlet concentration is never adjusted again. Determine the dynamic response of the concentration of both tanks.

c. Strategy 3:  The feed flow rate is reduced to zero whenever the concentration in the second tank exceeds its limit; after the action is taken, the inlet concentration is never adjusted again. Determine the dynamic response of the concentration of both tanks.

d.   Based on your results in (a)-(c), discuss how you would design an emergency system to prevent  the concentration of A in the second tank from exceeding a specified maximum value. 

a. Strategy 1:  The inlet concentration is returned to its initial value whenever the concentration in the second tank exceeds its limit; after the action is taken, the inlet concentration is never adjusted again. Determine the dynamic response of the concentration of both tanks.
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Workshop for Flipped Class

Based on students having completed the Chapter 3 e-Lesson before class

Chapter 3 Part II

Mathematical Modeling Principles

Copyright © Thomas Marlin 2016
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Practice with linearization

2.   The following model has a non-linear term.  The dependent (output) variables 

are X and S, and the independent variable is S

in

. Flow, F, and volume, V, are 

constant.   Linearize the model equation.  

1.   The following model has a non-linear term.  The dependent (output) variable is 

C

A

, and the independent variable is C

A0

. Flow, F, and volume, V, are constant.   

Linearize the model equation.  
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Practice with linearization

2.   The following model has a non-linear term.  The dependent (output) variables are X and S, and the independent variable is Sin. Flow, F, and volume, V, are constant.   Linearize the model equation.  

1.   The following model has a non-linear term.  The dependent (output) variable is CA, and the independent variable is CA0. Flow, F, and volume, V, are constant.   Linearize the model equation.  
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