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ESS 134

"HEATER" LAB

Finite Difference Method

BACKGROUND:

In this lab, you will be given a complete finite-difference program called Heater for solving the 2-dimensional diffusion equation.  The vocabulary used in the program assumes that diffusion of heat is being modeled in material of uniform and isotropic thermal conductivity, so the dependent variable is temperature:
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Parameters:

SYMBOL 114 \f "Symbol" = density (mass/volume, or kg/m3)

C = heat capacity (energy/mass/degree, or J kg-1 SYMBOL 176 \f "Symbol"K-1)

K = conductivity (power/distance/degree, or W m-1 SYMBOL 176 \f "Symbol"K-1)

H = heat production (power/volume, or W/m3)

Notes:
-In some references, the equation is divided through by 
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-Parameters SYMBOL 114 \f "Symbol", C, and H can vary in space, but if K varies (or if K is anisotropic), then the term involving K must be rewritten as 
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Independent Variables:

t = time (time, or s)

x, z = Cartesian space coordinates (distance, or m)

Dependent Variables:

T = temperature (degrees, SYMBOL 176 \f "Symbol"K or SYMBOL 176 \f "Symbol"C)

However, by making appropriate substitutions the same program could be used to study diffusion of chemicals in rocks, or of groundwater.  (In the first case, the dependent variable would be concentration, in the second case the variable would be water pressure.)

This program uses the highly-efficient, accurate, and unconditionally-stable "alternating-direction-implicit" (ADI) method, described in Ferziger's book.

ASSIGNMENT:

1. Before coming to lab, write some alternative code to update the temperature grid (over one timestep) by the explicit method that was detailed in lecture notes.  This is much simpler than the ADI method, and should fit on one page.  To make this part of the assignment easier, I have given you the headers for subprogram Confuse:

Fortran 90 header:
SUBROUTINE Confuse(conduc, dt, dx, dz, heatpr, kappa,&

     &             nrd, nx, nz, & ! intent(IN)

     &             tgrid0)        ! intent(IN OUT)

  REAL, INTENT(IN) :: conduc, dt, dx, dz, heatpr, kappa

  INTEGER, INTENT(IN) :: nrd, nx, nz

  REAL, DIMENSION(nrd,*), INTENT(INOUT) :: tgrid0

     SYMBOL 77 \f "MT Extra"
C++ header:
const int SIZE = 49; // maximum width/height of grid

     SYMBOL 77 \f "MT Extra"
void Confuse (/*Input*/ float conduc, float dt, 

                        float dx, float dz, 

                        float heatPr, float kappa,

                        int nx, int nz,

             /*Modify*/ float TGrid0[SIZE+1][SIZE+1]) {

where conduc is the thermal conductivity (K), dt is the timestep (
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), dx is the horizontal grid spacing (
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), dz is the vertical grid spacing (
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), heatpr is the radioactive heat production (H), kappa is the thermal diffusivity (SYMBOL 107 \f "Symbol"), nx is the number of columns of gridpoints, and nz is the number of rows of gridpoints.  In the temperature grid Tgrid0, the first subscript gives the row number (related to z), and the second subscript gives the column number (related to x).  In both languages, including C++, the arrays start at subscript values of 1 (not 0).

Note that:

-You do not need to call TriSys or any other subroutine/function, in your code.

-You should declare a "work" array TGrid1 so that you have a place to store the new temperatures you are calculating, without overwriting TGrid0 (which is still being used).  The last thing your subprogram should do is copy TGrid1 into TGrid0.

-Remember to provide special code for points at the edge of the grid, where there are no "neighbor" points on one side.  The way you treat these edge points will impose the boundary conditions, which should be (a) no change in T along the top and bottom rows; (b) no flow of heat through the side boundaries.  In practical terms, the easy way to do this is to write the code for ordinary internal points first, then copy it and make small changes appropriate to each edge.

2. Try out both methods (explicit and ADI) on the same problem, for several different timesteps.  (This should be a static problem, NOT involving subduction.)  Specifically, find out:

(A) At what precise timestep SYMBOL 68 \f "Symbol"t does the explicit method go unstable? (Each of your test runs should go through at least 10 timesteps so that exponential growth of the error will be unmistakable.  Remember, the definition of instability is not "large error", nor is it "some temperatures are negative"; it is error which grows exponentially with each timestep.)

(B) What kind of problems does the ADI method develop when it is used with SYMBOL 68 \f "Symbol"t  much larger that that which would make the explicit method unstable?  (Describe in qualitative terms.)

Note that it is not necessary or desirable to use a complex or realistic problem in this test.  One problem which reveals a lot about diffusion (and these programs) is this:

-Set 
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-Set H = 0.

-Initialize grid to 0's and request a time-duration of 0.

-Use NotePad to place a single hot point (T = 9999) in the center of the array.

-Investigate timesteps SYMBOL 68 \f "Symbol"t in the range 0.001 to 100.

3. Use the subduction feature of the program to answer some question of geological interest.  Possible topics include:

-How much shear stress is needed on the subduction fault to make the steady-state temperatures locally higher than the starting temperatures, instead of lower?  (The answer depends on all the parameters, so let the shear stress be the only one you vary.  Try to determine it within a factor of two.)

-How long must subduction run before the temperature reaches steady-state in the overriding plate (above the thrust fault)?  Does the answer depend on whether the magma-intrusion feature is used?  (It will be necessary to manually extract the temperatures of certain reference grid points at each timestep.  After you have typed these into a file, you can use EXCEL to plot the thermal histories of these points.)

NOTE: It will be easier for me to understand and check your work if we are all working with about the same parameter values.  Let me suggest [in SI units]:

SYMBOL 70 \f "Wingdings" \s 12 \h
total depth range (nz - 1) SYMBOL 68 \f "Symbol"z = 9.0E4 m
(90 km)

SYMBOL 70 \f "Wingdings" \s 12 \h
surface temperature of 0SYMBOL 176 \f "Symbol"C

SYMBOL 70 \f "Wingdings" \s 12 \h
initial thermal gradient of 0.0133SYMBOL 176 \f "Symbol"C/m
(40SYMBOL 176 \f "Symbol"C per each 3 km)

SYMBOL 70 \f "Wingdings" \s 12 \h
dip of subduction zone = 30 degrees

SYMBOL 70 \f "Wingdings" \s 12 \h
velocities in the range of 3.16E-10 to 3.16E-9 m/s
(1 to 10 cm/a)

SYMBOL 70 \f "Wingdings" \s 12 \h
thermal diffusivity SYMBOL 107 \f "Symbol" = 1.14E-6 m2/s
(6 km in 1 Ma)

SYMBOL 70 \f "Wingdings" \s 12 \h
thermal conductivity K = 3 W m-1 SYMBOL 176 \f "Symbol"C-1
SYMBOL 70 \f "Wingdings" \s 12 \h
radioactive heat production H = 0

SYMBOL 70 \f "Wingdings" \s 12 \h
timestep 
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(one grid point per timestep)

SYMBOL 70 \f "Wingdings" \s 12 \h
ADI method of integration.

TURN IN your code for Confuse, and your work done to answer questions #2(A,B) and #3 above.

OPTIONS (not graded, just for fun):

1. After doing any simulation, read in the old output as a new initial condition and reverse the calculation by setting the time interval and timestep negative.  How well do you get back to the initial state?  Why do you think the accuracy is less for backwards-diffusion (which is called "curdling")?

2. Use Contour to display the results of any of your calculations. All you have to do is either (a) run Heater without displaying intermediate results, so that only one T array is output; or (b) if all intermediate T arrays were output, then make a spare copy of the output file, and use NotePad to delete all timesteps but the last.  Otherwise, the format (.grd format) is already correct for Contour.

3. Use Quaker to display results as deformed-mesh plots.  If necessary, prepare the input file as in (2b) above.  Use the scaling option to adjust the temperature range to be about half as great as the range of x and/or y, so the plot is not too distorted. (You can just specify any non-existant file name when prompted for hypocenters!)
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