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Randvardesproblem, |

Exempel: Hur stor effekt per m borrhal?

Temperaturfordelning runt laaangt bergvarmeborrhal:

Fourier’s lag och axialsymmetri:
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Randvardesproblem, differensmetod, |

Stationart: d/dt =0 dT i 42T
Linjart problem ”AT=b” FE( kE)—O W+ deO
lokalt fel O(h?) T(R)=Tg
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Randvardesproblem, differensmetod ||

il +%(TW ~Tp) =0:

h
1 1

Tig = 2Ti+Ticg _

a .
Ty =——Ty,1=0
1= W

2h !

N 8; % T(1l...N+1)
I inspace(D/2,R,N+1);
r(2)-r(1); h2 = h*h;
zeros(N+1,N+1);

zeros(N+1,1);

O>r o=

>
7~
=

-(alfa/k+1/h);
1/h;
—alfa/k*TW;

,1)
A(L,2)

b(1)

for J = 2:N % k = 1+1
rj =rd);
A(Q.J-1)
AG. 1)
AQ,J+1)
end

-1/(2*h)+rj/h2;
-2*rj/h2;
1/(2*h)+rj/h2;

A(N+1,N+1) = 1;
b(N+1) = TB;



Temp., oC

Randvardesproblem, differensmetod Il

N P1 P2
10  75.7
20 113.1 141.4
40 157.8 190.8
80 201.2 234.0
160 235.3 262.6
320 257.8 277.0
640 270.8 282.7
1280 277.9 284.6
o Effekt per m: 270.816 W, dr 0.015469
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Fel O(h) ... oekonomiskt ?
Forbattra approx. av dT/dr
| randvillkoret (P2)

?TI“O) 5 (=312.Ty+2-T, =1/2-T,) I, Fel O(h?)



Randvardesproblem, differensmetod ||
function res = tempbvpres(T) LOSekv.syst.res=AT-b=0

G'Obf’i" P k alfa R Jacobian-matrisen kan konstrueras
Pos :egfiT;( ) med numerisk differentiering
r = linspace(D/2,R,n)"; som I Newtons metod
h = r(2)-r(1);
h2 = h*h;
% BVC at r = D/2 T(1) T.-T: o
res(1) = (T(2)-T(L))/h + .. res) =——2+ = (Tyy - Ty)
alfa/k*(TW-T(1)): h K
% the inner points  Tigg—Ti_
D2T = difFF(diFF(T)); res(l) = I+12h =
res(2:n-1) = (T(3:n)-T(1:n-2))/(2*h) + T _oT 4T

r(2:n-1) .*D2T/h2; +rH ST L G2 n-1
% BVC at r = R h?2
res(n) = T(nh)-TB; res(n) =T, - Tg

80;
—tempbvpres(zeros(N,1));
jJacobian("tempbvpres® ,zeros(N,1),1e-4); T = A\ b;

> T =
Tl



Randvardesproblem, inskjutningsmetod |

2
T 2T orR) =15, 20 -—Z (T -T)
dr  gr? driy—pys2 K
—

fui:uz, u (R)=Tg
Us =—Uy /T,Up(R) =2

G(z):uz(D/2)+%(TW —u(D/2))=0

Bestdm z sa att villkoret vid r = D/2 blir uppfyllt: G(z) =0
LLos ODE systemet med gissade z som IVP med t ex ODE45
Iterera med t ex Newton-Raphson

« 1 iteration ska racka, lineart problem

e Hur berdkna Jacobi matris dG/dz ? — numerisk derivering!



Randvardesproblem, inskjutningsmetod, MATLAB |

function x = NewRaph(F,x,tol)

Ui::uz’ Ul(R):;TB h = 2*tol*norm(x);
Ur =—Us/r,Uus(R) =12 steg = le-5;
S 2 2 2( ) iter = 0; 1tmax = 20;
104 while norm(h) > tol*norm(x)
G(Z)=U2(D/2)+?(TW —-uy(D/2))=0 f = feval (F,X);
. J = jacobian(F,x,steg);
% temp-BVP med inskjutning h = J\f; x = x-h;:
clear all, close all iter = iter + 1:
gIObaI TW TB D k alfa R opts if 1ter > i1tmax
D =0.2; k = 20; alfa = 100; break
R =10; TW = -5; TB = 10; end
tol = 1le-6; z0 = 1; end
z = NewRaph("Gtemp*,z0,tol);
opts = odeset("reltol”,le-4,"abstol",1le-4);
[rout,uout]=

ode45("tempODE*,[R D/2],[TB; z],opts);

function r = Gtemp(z)

global TW TB D k alfa R opts
[rout,uout]=..

ode45("tempODE*",[R D/2],[TB; z],opts);
TD2 = uout(end,l); TrD2 = uout(end,2);
r = TrD2 + alfa/k*(TW-TD2);



Randvardesproblem, inskjutningsmetod, MAT

Fel O(h%), 65 steg ©

Steglangdsminskning vid r = D/2

© Differens-metoden ocksa (?)
Inskjutning dver langa intervall

svart ®
Z zn - zn-1
0.2271 0.7729
0.2271 0.0000
0.2271 0.0000
P =
285.3750
Pex =
285.3758
z0 = 1;
EN 1teration, sedan klart
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Icke-linjart randvardesoroblem. |

NAM p 119,
differensmetod
Parametersvep:
c=0,cl,c2,...
¢ =0 linjart, latt

Losning foOr c; tas som
startvarde for ¢, ;.

Fortsattning/Homotopi/...

y"+cy? —(6-y)x=0

y(0)=1y(4)=-1

function [r,J] = fnam(u)

global X C H

d2u = diff(diff([1;u;-1]))/H/H;
r = d2u+C*u.”2-(6-u) .*X;

if nargout > 1

n = length(X);
J = spdiags(ones(n,1)*[1 -2 1],..
-1:1,n,n)/H/H;
J =J + 2*C*diag(u) + diag(X);
end
Yp===—=—=—======
global X C H
for C = clist
k = k+1;

u NewRaph("fnam® ,u,le-5);
utab(k, z)=u;
end
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