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Section 1: Problem Identification

To solve the problem posed, it is required to create software that will create curves on a graph that will represent the change in concentration over time for the three unique transient response system of reactors. In order to produce adequate programming software to solve this problem, the software must be designed in a way such that the unique mass balance of each reactor must be determined. This value will be derived from the law of conservation of mass which in the case of this problem is; accumulation inside reactor = total input – total output. The reactor system functions in a way such that that the input flow and output flow rates are the equal therefore there is ideally no accumulation within the reactor, following the applicable law of conservation of mass as previously mentioned. The transient response, referring to how the substance concentration in the reactor changes over a given time interval for a mixed reactor also needs to be determined using software. This value can be determined by using Euler’s method; which given the normal form of a differential equation will provide a difference equation which is required. The derived mass balance equation then needs to be applied to the mass balance of a single reactor which is already determined from prior calculations, this will produce a unique difference equation to calculate the change in concentration within each reactor. This program when produced correctly should work to perform individual and sequential difference equations for all three reactors which are connected in a sequence, the calculated equation of each reactor will be used to produce unique curves on a graph, which will depict how the concentration changes over time. 





Section 2: Gathering Information and Input/Output Description

To solve the various mathematical equations in this software, a top-down approach will have to be used to ensure logical arrangement and decrease potential of calculation and logic errors.

2.1 Gathering info and Developing Equations 
Accumulation =  		(1)
V – volume (constant)
c - concentration (in reactor)

From (1) and the law of the conservation of mass; 
	 = Qcin − Qc 		 (2) 
Equation (2) relates the transient response to mass balance. 
There are three reactors present in this system, therefore three equations are required to calculate the change in concentration in each individual reactor. These equations are as follows; 
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These values will however have the constraints as given in the assignment; 
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Flow values are inputted by the user
Euler’s method is then used to obtain a differential equation, which will be used to plot three curves on a graph showing the concentration of the substance in the reactor changing over time; 
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(3.1) applied to (8):
 = Qcin − Qc 
= 
 	(9)

The three equations that will be used to calculate the transient responses in each reactor are as follows: 

Reactor 1:

  		(10.1)

Reactor 2:

   	  		 (10.2)
	
Reactor 3:

   	 (10.3)

Concentration c1,i and c1,i-1 represent the concentration in the reactor at times ti and ti-1 respectively. Also, the concentration c3,i-1 represents the concentration in reactor 3 at time ti-1. 





2.2 Input & Output 

Input:

1. The constant volume in each reactor (V1, V2, V3 ).  
2. The flows ( Q01 , Q 03 , Q1 2 , Q 23 , Q 31 and Q 33 ).  
3. The input substance concentrations ( c01 and c03 ) .  
4. The initial values of substance concentrations at t=0 ( c1,0 , c2 ,0 , and c3,0 ) .  
5. A final time that defines the range at which the concentrations are studied (Between t = 0 and t =  tf ) .  

Output: 
1. Prompts for user valid input 
· (If invalid input is entered, print statement will prompt for another input of valid data).
2. User will be given the option to save inputs in a file (up to 5).  
3. The inputted values will appear on the output screen. 
4. Functions of three distinct curves to be plotted on a graph. 
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