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How to determine the approximate time to steady state:

* Run a simulation well past the time when the contour lines appear to stop moving. Determine the average
temperature at the tip at that time.

* Rerun the simulation and determine the amount of time required until the temperature at the tip reaches
99% of the steady state value.

For each scenario, obtain an image of the steady state temperature distribution on a separate page (five pages

total). Under each plot, write the following information:

® Scenario name

* For scenarios 2-5, write a 2-3 sentence description about how adjusting the material properties or flow
conditions altered the contour lines, time to steady state, and heat rate into the fin. Does this give you
some insight into why certain materials are used for fins.

Bonus opportunity

As discussed above, if you successfully implement the ADI method, you will receive an additional 3 points. If
your ADI algorithm does not work perfectly, you will not receive bonus points.

What do you submit?

You will submit three files on Blackboard:

* An M-file named calcTystime . mthat contains the function calcTystime. If the contour lines,
temperature at the tip, and heat rate into the fin are correct, you will earn 10 points.
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* A PDF containing the following results: (6 points)
o Complete the table in the Scenarios section. Also, write the method you used (explicit or ADI)
below the table. (2 points)
o For each of the five scenarios, include an image of the steady state temperature distribution and
write the comments discussed in the Scenarios section. (4 points)

« A PDF showing evidence of deriving equations: (4 points)
o If you use the explicit method, derive the equations for the bottom nodes, top nodes, and lower
right corner node.
o If you use the ADI method, write the AX = B matrix for the top and bottom horizontal strips in
Step 1, and the AX = B matrix for the right vertical strip in Step 2 (see Topic 4 lecture notes for
Steps 1 and 2). You only need to include the first three rows and last three rows for each matrix,
similar to what we discussed in lecture for the interior strips.
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ﬁolving an elliptic PDE
Goal

Solve the time-varying heat diffusion equation from an initial time f; to a final time # for a fin.

Background

A long rectangular fin is attached to a heat sink. The fin is much longer (into the page) than its other
dimensions, so heat flow is approximately two-dimensional. Its left side is subjected to a constant base
temperature of 100 °C and the other three sides experience convection. The fin’s initial temperature is 40 °C
and the free stream air temperature is 25 °C.

Below is a cross sectional view of the fin:
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The time-dependent temperature distribution is governed by the 2D heat diffusion equation,
or _ (&'t @'
dr

a oy




image2.png
Program Details

Your job is to create an M-file named calcTvstime.m which contains a program that performs the

following tasks:

* Calculate the temperature distribution across 2D fin as a function of time using the finite difference
method. You may use either the explicit method or the ADI method.

* Calculate the average temperature at the tip at steady state conditions.

* Calculate the heat rate into the fin at steady state conditions.

* Create an animation of the temperature distribution evolving in time on a contour plot.

The user (me) will have the ability to adjust the fin dimensions, node spacing, fin properties, convection
coefficient, and time step size.
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I will run a program similar to the code below.
glgi clear; clf;

alpha = 10e- % thermal diffusivity (m*2/s)
keond = 10: % thermal conductivity (W / m K)
="50; % convection coefficient (W / m*2 K)
= 0.001; % node spacing, x-direction (m)
= s % node spacing, y-direction (m)
0.04; % fin length, x-direction (m)
0.01; % fin length, y-direction (m)
0.20; % fin length, z-direction (m)

round (Lx/dx) +
Tound (Ly/gy) +

% number of nodes, x-direction (m)
% number of nodes, y-direction (m)

0; Lf = 10%60; % initial time, final time (seconds)
6000; % number of time steps
(tE-t0) /Nt: % dt = time step (seconds)

dt =

= zeros (Nx, Ny, Nt); 3 Create T array

=40; % Initial condition (Celsius)

% base temperature (Celsius)

% free stream temperature (Celsius)

%1 will adjust the parameters above when grading your assignment

lam = (alpha*dt/dx"2); % Fourier number

Bi = h¥dx/kcond; % Bigf number

disp(['number of nodes, x-direction = ', num2str(§x)1)
displl" numher of nodes, y-direction = ',num2str(Ny)1)
disp(l'l ', num2str (lam) 1)

displl'Bi = ', num2str(Bi)]1)

% Calculate the temperature distribution as a function of time,
% as well as the average temperature at the tip and heat rate into the fin.
[

T, ILipsim.Qfinsiml = galeTvstime (ToNx Ny, Nt lamkeond h dx,dt Lx, Ly, Lz, Bl IR Iin) 7

<I will insert code that calculates the temperature at tip using 1D approximation>

disp(['Temp at tip, 1D approximation = ',num2str(TtiplD)])
disp(['Temp at tip, simulation = ',num2str(Ttipsim)])
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<I will insert code that calculates the heat rate into fin using 1D approximation>
disp(['Heat rate into fin, 1D approximation = ',num2str(QfinlD)])
disp(['Heat rate into fin, simulation = ',num2str(Qfinsim) 1)

Your job is to create an M-file named calcTvstime.m that contains a function named calcTystime. The
outline of the function is the following:

function [T,Ttipsim,Qfinsim] = galcTvstime (T, Nx, Ny, Nt, lam kcond h, dx dt Lx, Ly, Lz, Bi, Tb, Tinf)
Insert code that calculates the temperature distribution at each time step

Insert code that calculates the average temperature at the tip at the last time step
Insert code that calculates the heat rate into the fin at the last time step

Insert code that creates an animation of the temperature distribution (only plot 100
steps)
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Guidelines for the animation:
* Use a contour plot to show lines of constant temperature across the fin. The contours should be labeled
with temperature values and include a colorbar to indicate the value of the colors. The x- and y-axes should

be labeled with length units (not node coordinates).

* It can take a long time to plot every time step, so only plot 100 time steps (e.g., if there are 5000 time
steps, only plot the temperature distribution at step 50, 100, 150, 200, ..., 4900, 4950, 5000).

* Show the time (in minutes) at each time step using the text command.

Below is an example of the steady state solution for a fin that is 0.04 m x 0.01 m. Your animation should look

similar.
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Here are three sanity checks to test if your code is producing reasonable values:
* Run your simulation until steady state conditions are reached (when the contour lines stop changing).
o Compare the average temperature at the tip of the fin with the result from the 1D steady state

equation.

o Compare the heat rate into the fin with the result from the 1D steady state equation.
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Here are three sanity checks to test if your code is producing reasonable values:
* Run your simulation until steady state conditions are reached (when the contour lines stop changing).
o Compare the average temperature at the tip of the fin with the result from the 1D steady state
equation.

o Compare the heat rate into the fin with the result from the 1D steady state equation.

* Since there is symmetry about the x-axis, the contour lines should be symmetrical at every time step.

Warning! If you use the explicit method and exceed the stability criteria, your code will produce meaningless

junk.

Scenarios

After your code is working properly, explore the following scenarios:

N w m? approx. time to tip, tip, heat rate, heat rate,
Scenario ke | e ) steady state (min) mlg;u@c) ;{,‘:‘ (°C) | 1D ean (W) | sim (W)

Pure Al, fan high 240 97x10¢ 100
Pure Al, fan low 240 97x10¢ 10
Stainless steel 15 4x10¢ 100
AlSI 302

Low k, high @ 3 100x106 100
High k, low a. 100 3x10% 100





