PACKED BED CATALYSIS MODEL SOLUTION EXERCISE

This exercise uses the finite difference grid and weight Matlab function developed in the previous Matlab
exercises to solve a mathematical model for a packed bed catalytic reactor developed in class.

Task 1: Scale the equations to dimensionless form

From the lectures, we have the following system of equations to describe the mole fraction distributions of

reactant A and product B in a packed bed:
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Task 1a: Define a characteristic velocity and length scale for the system.
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Task 1b: Define which dimensionless variables should be used.

W\// Cown 105;!7 [/rw&/ n gﬂﬁwv\smml@éé W\fl‘ﬂ\lo{{ I‘vx {;l/u V@Qw\?ﬂ oﬁ'mg%fon:

2= > de- 1 s




Task 1c: Write the system equations and boundary conditions in dimensionless form
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Task 1d: Identify the principle dimensionless coefficients in the dimensionless model. How many are there?
What do they mean? Based on the system of equations defined above, do you need to solve both
equations?
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Task 2: Write a Matlab script to solve the model

Write a Matlab script that uses the Finite Difference grid and weight function you wrote in the last exercise
to provide the discretized coordinate grid and weights as a basis to transform the non-linear differential
equations into a set of non-linear algebraic equations. Then use the Matlab function “fsolve” to solve the
system. Once you have finished Task 1, ask Brian or the teaching assistants for numerical values for your
dimensionless coefficients. These should be the only numerical inputs needed for the model beside the
number, N, of grid points which you should set yourself.

The final result should be a plot of x, and x; as a function of z.
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%% Functions used in the problem

% Creating a function for the f(xA) defined on my submission
function toReturn = f(x)

toReturn = log(1/(1-0.5%x));
end

% Creating the equation system to be solved
function wantToBeZero = sysEquations(xA, dxA_matrix, ...
d2xA2_matrix, paraml, param2, numberOfNodes)

%Creating empty array to optimize performance
wantToBeZero = zeros(numberOfNodes, 1);

% Computing the differentials values beforehand using the grid
d2xA_dz2 = d2xA2_matrix*xA;
dxA_dz = dxA_matrixkxA;

%% Boundary conditions
% At z=0
wantToBeZero(1) = xA(1)-1;

%% General solution for the middle nodes:

for i = 2:(numberOfNodes-1)
wantToBeZero(i) = d2xA_dz2(i) - paramlxdxA_dz(i) - param2%f(xA(i));

end '

% At z=1

wantToBeZero(numberOfNodes) = dxA_dz(numberOfNodes);

end

. . Cal . . . i . . . . . i
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% The distance between nodes will be used multiple times.
dx = 1/(N-1);

% a) Creating equally spaced vector
x = linspace(®,1,N);

%b) Creating the weight array

w = dx * ones(1, N);

% Changing the first and last elements:
w(l) = dx/2;

w(end) = dx/2;

% c) Creating the matrix for the 1st derivative
A = zeros(N,N);

A(1:N+1l:end) = -1;

A(N+1:N+1l:end) = 1;

% Fixing the end node:

A(end, end) = 1;

A(end, end-1) = -1;

% Multiplying by 1/dx:

A = 1/dx * A;

% d) Creating the matrix for the 2nd derivative
B = zeros(N,N);

B(1:N+l:end) = -2;

B(2:N+1:end) = 1;

B(N+1:N+1l:end) = 1;

% Fix the boundaries

B(1,1) = 1;
B(1,2) = -2;
B(1,3) = 1;

B(end, end-1) = -2;
B(end, end-2) 1;

% Multiply with 1/dx"2
B = 1/dx"*2 * B;

B(end, end) = 1;
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% Number of nodes in the grid
N = 50;

% Collecting the grid used in th previous exercise (the nodes will be along
% the z-axis) .
[z_hat, w, A, B] = FiniteDifferenceGrid (N);

% The dimensionless parameters
alpha = 10;
beta = 1000;

% Need initial guesses for fsolve, choosing values in the middle of range:
xA® = @.5%ones(N,1);

% Calling fsolve to find xA:
xA = fsolve(@(xA) sysEquations(xA, A, B, alpha, beta, N), xA@);

% Calculating xB from the fact that we have a binary mixture
xB = 1-xA;

Plothng the result:

% Creating a title-string:

titletext = sprintf('Mole fractions for \alpha = %d and \beta = %d\n', alpha, beta);

% Properties of the plot

figProps = struct('Color', [1 1 1], 'OuterPosition', [170, 170, 1000, 700]);

fontProps = struct('FontName', 'Calibri', 'FontSize', 18, 'FontWeight', 'bolld');

% Initializing the plot

fig = figure(1);

ax = axes;

% Plotting the results

plot(z_hat, xA, 'Color', 'r', 'LineWidth', 2, 'Marker', 'o', 'MarkerEdgeColpr', 'r', 'MarkerFaceColor', 'none', 'DisplayName', 'x_A');
hold on;

plot(z_hat, xB, 'Color', 'b', 'LineWidth', 2, 'Marker', 'o', 'MarkerEdgeColpr', 'b', 'MarkerFaceColor', 'none', 'DisplayName', 'x_B');
% Tidying up

set(fig, figProps);

set(ax, 'FontSize', fontProps.FontSize);

set(xlabel("z' = z/L", 'interpreter', 'tex'), fontProps);

set(ylabel('Molar fractions, x_i'), fontProps);

set(title(['Mole fractions for \alpha = ', num2str(alpha), ' and \beta = ',| num2str(beta)],'interpreter', 'tex'), fontProps);
xlim( [0 1]);

box("on");

grid("on");

set(legend(), 'FontName', fontProps.FontName)
%Saving the figure

saveas(fig, 'Ex6_2_plot', 'jpg')
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Task 3: Evaluate the parametric behavior of the model

Choose 4 potential values for each of your dimensionless equation coefficients of your model. For each
dimensionless equation coefficient, plot the axial (z-direction) profiles of x4 and xz on the same plot (this
means there will be 8 lines on the same plot). Use different line types, markers, and/or colors to distinguish
the different curves. You should produce 1 plot for each dimensionless coefficient you have identified in
Task 1.

Analyze your plots, try to relate the behavior you see in the profiles to the mathematical form of the
equations and the parameters that constitute the dimensionless equation coefficients.
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