Reacting systems: Use of Matlab as a problem solver tool.
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Problem 9.4 in Fogler 2nd. Edition.

A mixture of 50% A and 50% B is charged at constant volume batch reactor in which equilibrium is rapidly achieved. The initial total concentration is 3.0 mol/dm3.

a) Calculate the equilibrium concentrations and conversion of A at 330 K for the reaction sequence:

Reaction 1: 
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Reaction 2: 
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b) Suppose now the temperature is increased to 350 K. As a result a third reaction must now be considered in addition to the above 2 reactions.

 Reaction 3: 
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Calculate the equilibrium concentrations, conversion of A and selectivities for the pair of reagents.

a) at T=330. The equations to solve are:
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The stoichiometric relations stated in the equations let us write:
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, where X1 is the conversion of reaction 1

B and C are involved in two of the other reactions so the conversion for both will appear:


[image: image12.wmf])

1

(

2

1

0

X

X

C

C

B

B

-

-

=

: NOTE CA0=CB0
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Now, the implementation in MATLAB:

First of all, For non linear algebraic equations the subroutine to use in matlab is called fsolve. We type help fsolve in the command window.

1) We need to create a function that retrieves the value of the equations equated to zero we want to solve. This is the ‘F’ they’re referring to in the help.

2) To do so, the word function is required at the beginning of the file. Then the output of the function and the in parenthesis the inputs:

The function I created is called prob94.m and the input parameters is the vector x. This vector x corresponds to the different conversions and concentrations as follows:
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The file that I have created is as follows:

function F=prob94(x)

F=[4-x(5)*x(6)/(x(3)*x(4))

1-x(7)*x(8)/(x(5)*x(4))

x(3)-1.5*(1-x(1))

x(4)-1.5*(1-x(1)-x(2))

x(5)-1.5*(x(1)-x(2))

x(6)-1.5*x(1)

x(7)-1.5*x(2)

x(8)-1.5*x(2)];

Then from the command window we can give matlab the instructions to solve the set of equations.

1) First make sure that you are in the right subdirectory

2) Type the command line and if you want save the answer in a variable verify them.

3) x = fsolve('prob94',.5*ones(1,8))

b) In this case the three equations have to be considered. Now, the problem is slightly more complicated why?????????????

Problem 4.26 in Fogler 2nd. Edition.

A catalyst is a material that affects the rate of a chemical reaction yet emerges unchanged from the reaction. For example, consider the reaction 
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In which

rA=-kCACB
Where B is the catalyst. The reaction is taking place in a semibatch reactor, in which 100 ft3 of a solution containing 2 lbmol/ft3 of A is initially present. No B is present initially. Starting at time t=0.5 ft3/min of a solution containing 0.5 lbmol/ft3 of B is fed into the reactor. The reactor is isothermal and k= 0.2 ft3/lbmolmin

a) How many moles are present in the reactor after half an hour

b) Plot the conversion as a function of time.

The solution of the problem is given now:

Now, the implementation in MATLAB for part c:

First of all, for differential equations solver the subroutine to use in matlab is called ode23 (low order Runge-kutta method). We type again help ode23 to find out the format of the inputs.

3) We need to create a function that retrieves the value of the derivatives of the independent variables to solve with respect to the independent variable. This has to be a column vector. This is the ‘F’ they’re referring to in the help.

4) To do so, the word function is required at the beginning of the file. Then the output of the function and the in parenthesis the inputs which in this case are t (independent variable and conversion x, (dependent variable).

The function I created is called prob426.m  Notice in this case the input parameters is the scalar x. BUT we could and we will use vectors too 

The file that I have created is as follows:

function dX=prob426(t,X)

dX=[(0.02*t-10*X)/(100+5*t)];

Now from the command window, we give the instructions for the equation to be solved.

1) Again, first make sure that you are in the right subdirectory

2) Type the command line and if you want save the answer in a variable write them.

3) [t,x]=ode23('prob426',[0:50:750],0)

The command scripts and the answers for problems 8.6 and 8.7 are given next:

Example solved, 8.6)

function main=ex86

%This are the limiting catalyst weights

W0=0;

WF=50;

%This is the initial condition

X0=[0 450 1];

[W,X]=ode23('ex86b',W0,WF,X0);

whitebg

subplot(3,1,1),plot(W,X(:,1));

%and now for T

subplot(3,1,2),plot(W,X(:,2));

%and now for Dimensionless pressure

subplot(3,1,3),plot(W,X(:,3));

The function the retrieves the derivatives is

function rate=ex86a(W,X)

Cao=.271;

Fao=5.42;

alpha=.019;

k=.133.*exp(3776.66.*(1/450-1./(X(2))));

Ca=Cao.*(1-X(1)).*450.*(X(3))./((1+X(1)).*(X(2)));

rate=[(k.*Ca)./Fao

20000.*k.*Ca./(Fao.*40)

(-X(1)-1).*X(2).*alpha./(450.*2.*X(3))];

Problem 8.7) The command script file is

function main=ex87

%This are the limiting catalyst weights

W0=0;

WF=37;

%This is the initial condition

X0=[0 450 1];

[W,X]=ode23('ex87a',W0,WF,X0);

whitebg

subplot(3,1,1),plot(W,X(:,1));

%and now for T

subplot(3,1,2),plot(W,X(:,2));

%and now for Dimensionless pressure

subplot(3,1,3),plot(W,X(:,3));

Now the auxiliary function that retrieves the derivative is the next function:

function rate=ex87a(W,X)

Cao=.271;

Fao=5.42;

alpha=.019;

k=.133.*exp(3776.66.*(1/450-1./(X(2))));

Ca=Cao.*(1-X(1)).*450.*(X(3))./((1+X(1)).*(X(2)));

rate=[(k.*Ca)./Fao

20000.*k.*Ca./(Fao.*40)

(-X(1)-1).*X(2).*alpha./(450.*2.*X(3))];
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