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Numerical Solution of Second Order Linear Partial Differential Equations
using Agricultural Systems Application Platform
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The Agricultural Systems Application Platform (ASAP) provides bottom-up modelling and simulation environment for agricultural engineer. The
purpose of this study is to expand usability of the ASAP to the second order partial differential equations: elliptic equations, parabolic equations, and
hyperbolic equations. The ASAP is a general-purpose simulation tool which express natural phenomenon with capsulized independent components to
simplify implementation and maintenance. To use the ASAP in continuous problems, it is necessary to solve partial differential equations. This study
shows usage of the ASAP in elliptic problem, parabolic problem, and hyperbolic problem, and solves of static heat problem, heat transfer problem, and
wave problem as examples. The example problems are solved with the ASAP and Finite Difference method (FDM) for verification. The ASAP shows
identical results to FDM. These applications are useful to simulate the engineering problem including equilibrium, diffusion and wave problem.
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1. @0verride

2. public void preProcess() {

3. set("preTemp", get("temp"));

4. set("temp", get("temp") + get("trans"));
5. set("trans", 0);

6. }

7

8

. @override
9. public void process(List<TreeNode> neighborhoods) {

10. for (TreeNode neighborhood : neighborhoods) {

11. double neighborhoodTemp = neighborhood.getModel().get("preTemp");
28 double temp = get("preTemp");

13.

14. if (temp < neighborhoodTemp) {

15. double trans = k/1*(neighborhoodTemp - temp);

16.

17. if (trans > (neighborhoodTemp - temp) / 2) {

18. trans = (neighborhoodTemp - temp) / 2;

19.

20.

21. set("trans”, trans + get("trans"));

225

23. if (neighborhood.getModel().get("isTrans") > 0) {
24. neighborhood.getModel().set("trans",

25. neighborhood.getModel().get("trans") - trans);
26. }

Fig. 1 Component source code for static heat transfer problem
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1. @verride

2. public void preProcess() {

3 set("preTemp”, get("temp"));

4. set("trans", 9);

5.}

6.

7. (@verride

8. public void process(List<TreeNode> neighborhoods) {

9.

10. double dt = this.get("dt");

11. double dx = this.get("dx");

128 double alpha = this.get("thermalDiffusivity");

13.

14. double Fo = alpha * dt / (dx * dx);

15.

16. double sumNeighborhoodsTemp = ©.0;

17. double preTemp = get("preTemp");

18.

19. for (TreeNode neighbor : neighborhoods) {

20. if (!neighbor.getModel().hasValueKey("preTemp")) continue;
21. double neighborhoodTemp = neighbor.getModel().get("preTemp");
22.

23. sumNeighborhoodsTemp += neighborhoodTemp;

24.

25.

26. double temp = Fo * sumNeighborhoodsTemp + ( 1 - 4 * Fo )* preTemp;
27.

28. this.set("temp", temp);

29. }

Fig. 2 Component source code for dynamic heat transfer problem
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1. @Override

2. public void preProcess(){

3 set("prePreU”, get("preu"));

4. set("preU”, get("U"));

5.}

6.

7. @verride

8. public void process(List<TreeNode> neighborhoods){
9. double preU = this.get("preu");

1e. double prePreU = this.get("prePreu");

11.

12. double sumNeighborPreU = 0.0

13.

14. for(TreeNode neighbor : neighborhoods){

15. sumNeighborPreU += neighbor.getModel().get("preU”);
16. }

17.

18. double dt = this.get("dt");

19. double dx = this.get("dx");

20. double ¢ = this.get("c");

21.

22. double newU = 2.0 * preU - prePreU + ( dt * ¢ ) * ( 1.0 /dx / dx )
23. *(sumNeighborPreU - 4 * preU);

24.

25. this.set("U", newl);

26.}

Fig. 3 Component source code for wave problem
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Fig. 10 Screenshots of wave problem simulation by ASAP
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