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Problem

The temperature , of a long, thin rod of constant cross section and homogeneous

conducting material is governed by the one-dimensional heat equation. If heat is generated in the

material, for example, by resistance to current or nuclear reaction, the heat equation becomes

where is the length, is the density, is the specific heat, and is the thermal diffusivity of the

rod. The function = , , represents the heat generated per unit volume. Suppose that = 1.5

cm, = 1.04 cal/cm · deg · s, = 10.6 g/cm3, = 0.056 cal/g · deg, and , , = 5.0 cal/cm3 ·

s.

If the ends of the rod are kept at 0 ? C, then 0, = , = 0, 0.

Suppose the initial temperature distribution is given by

Reference: Excercise 15:

Use the results of Exercise 15 to approximate the temperature distribution with = 0.15 and =

0.0225

Modify Algorithms 12.2 and 12.3 to include the parabolic partial differential equation

Algorithms 12.2

Algorithms 12.3

Step-by-step solution

The 1-D heat equation of a long, thin rod of constant cross-section and homogeneous conducting

material, and the conditions which govern it, are as follows:

Here,  is the length of the rod,  is the density,  is the specific heat,  is the thermal

diffusivity of the rod, and  is the heat generated per unit volume respectively.

Comment

The parameters are defined as shown below:

The required parabolic partial differential equation becomes,

Comment

Assume that the ends of the rod are kept at  and the initial temperature distribution is,

 for 

In that case, the boundary conditions are,

 for 

Use of parameters leads to,

Comment

Use the Modified Backward Difference Algorithm to approximate the temperature

distribution with  as follows:

Set  and 

The Modified Backward-Difference Algorithm with Maple technology is shown below:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Hit the enter key near restart of the Maple Algorithm and proceed to input the data as per the

instructions in the maple pop-up as shown below:

Comment

Continuation of the above is as follows:

Comment

MODIFIED BACKWARD-DIFFERENCE METHOD:

I X(I) W(X(I),2.250000e-01)

1 0.15000000 0.12569689

2 0.30000000 0.23908969

3 0.45000000 0.32907872

4 0.60000000 0.38685524

5 0.75000000 0.40676367

6 0.90000000 0.38685524

7 1.05000000 0.32907872

8 1.20000000 0.23908969

9 1.35000000 0.12569689

Result: Thus, the required approximate solution is the final Maple output.

Use the Modified Crank-Nicolson Algorithm to approximate the temperature distribution as

follows:
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Was this solution helpful?

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Continuation of the above is as follows:

Comment

Hit the enter key near restart of the Maple Algorithm and proceed to input the data as per the

instructions in the maple popup as shown below:

Continuation of the above is as follows:

Comment

MODIFIED CRANK-NICOLSON METHOD:

I X(I) W(X(I),2.250000e-01)

1 0.15000000 0.12047950

2 0.30000000 0.22916564

3 0.45000000 0.31541944

4 0.60000000 0.37079779

5 0.75000000 0.38987987

6 0.90000000 0.37079779

7 1.05000000 0.31541944

8 1.20000000 0.22916564

9 1.35000000 0.12047950

Result: Thus, the required approximate solution is the final Maple output.

Comment
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