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ABSTRACT

An inverse analysis is applied to estimate simultaneously the
constant thermal conductivity coefficients for cylindrical
materials by using the conjugate gradient methods. Simulated
measured input temperature data are generated by adding errors
to the exact temperatures. Direct problem solved by finite
difference method.
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Inverse method, thermal conductivity, conjugate gradient
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MATLAB U (g 33 guaolS 05 1) Cawguy

%1. Conjugate Gradient Method with Flecther-Reeves (or Polak-Ribiere)
% to find a vector x that gives a MINIMUM of a function (a scalar).
%2. Ideas taken from J.R. Shewchuk and Numerical Recipes.

%put initial guess here (x is an n-dimensional vector).
Yox=[-2 ; -3];

clc

clear

x=[100];

[F] = func(x);
[F_prime] = dfunc(x);

%From here in this m-file, I usually follow the notations in the ‘pseudocode’ of
B4
%in Shewchuk’s note.

r=-1*F _prime;

d=r;

%aq is for use in Polak-Ribiere
g=r;

delta_new=r"*r;
delta_O=delta_new;

fp=F;

%ftol is a convergence tolerance
ftol=1.e-7;

ITERMAX = 10000;

%Don't worry too much about this
EPS=1.e-10;

for iter =1 : ITERMAX
%disp(strcat(‘cg-',numa2str(x)))
%Doing the line search here. First bracket a minimum, then use Golden section
to find it.
%Not using Newton-Raphson as in Shewchuk. So you don't need the second
derivative.
[ax,bx,cx,fa,fb,fc] = func_mnbrak(0,1,x,d);
[xt,golden] = func_golden(ax,bx,cx,x,d);
%To recover vector x, which is along d at xt away from initial x.
X =X + xt.*d;
%The function value at x is golden as returned by func_golden.
F = golden;
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[F_prime] = dfunc(x);

r=-1*F_prime;
delta_old = delta_new;
%This is Fletcher-Reeves
delta_new = r'*r;
%This is Polak-Ribiere
% delta_new = (F_prime+g)'*F_prime;
beta = delta_new/delta_old;
d=r+beta*d;
g=r;
if r'*d<=0
d=r;
end
%this convergence criterion is taken from NR.
if 2.*abs(F-fp) < ftol.*(abs(F)+abs(fp)+EPS)
iter
X
F
break;
end
fp=F;

end

func.m

function [f_out] = func(x)
%give your own function here. it is a scalar output

%example function f_out = cos(x(1)).*cos(x(2));
%another example function cos x(1)cos x(2)exp(-sqrt(x(1)"2+x(2)"2)/4)

%f _out = cos(x(1)).*cos(x(2)).*exp(-(x(1).~2+x(2).7~2)"0.5/4);
1=3;

k=x;

%Y =[99.3982;98.4812;97.3970];
%Y=[25.3231;25.2874];

%Y=[25.3031;25.2974];

%Y=[25.3231];

Y=[25.3031;25.2974;25.5268];

%Y =[25.3031;25.2974;25.5168;25.3933;25.5108];
T=fun(k);

T=T";

S=(Y-T)™*(Y-T);



f out=S;

%here | try to maximise the function
%f _out =-1.*f_out;
disp(strcat(num2str(S),’|',num2str(x)))

dfunc.m

function [f_prime_out] = dfunc(x)

% %ogive your own derivative here. it is a vector output in
% % f_prime_out=(del/del(x1) del/del(x2) ... etc)’
%

% %f_prime_out(1) = -sin(x(1)).*cos(x(2));

% %f _prime_out(2) = -cos(x(1)).*sin(x(2));

%

% expf = exp(-((x(1)"2+x(2)"2)"0.5)/4);

% ss = -((X(1)"N2+x(2)"2)"0.5)/4;

%

% %osee func.m for function definition

% %del func/del x(1)

% f_prime_out(1) = cos(x(2)).*(-sin(x(1)).*expf-cos(x(1)).*expf.*ss.*x(1));
% %del func/del x(2)

% f_prime_out(2) = cos(x(1)).*(-sin(x(2)).*expf-cos(x(2)). *expf.*ss.*x(2));
%

% %here | tried to maximise the function

% f_prime_out = -1.*f prime_out’;

k=x;

e=1le-5;

%Y=[99.3982;98.4812;97.3970];

%Y =[25.3231;25.2874];

%Y =[25.3031;25.2974];

%Y=[25.3231];

%Y =[25.3231;25.2874;25.5368];
Y=[25.3031;25.2974;25.5268];

%Y =[25.3031;25.2974;25.5168;25.3933;25.5108];
J=[0;0;0];

T=fun(k);

J=(fun(k+e)-fun(k-e))./(2*e);

J=J%;

T=T";

DS=-2*3"*(Y-T);

f_prime_out(1)=DS;
func_mnbrak.m

function [ax,bx,cx,fa,fb,fc] = func_mnbrak(ax,bx,x_in,d_in)

961. Uses a user-defined func.m
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%2. To bracket a minimum from initial guess of ax and bx; see p.393 in
Numerical Recipes F77.

%3. | added axt=x_in+ax.*d_in, etc, for use in multidimensional conjugate
gradient

% calculation, where the search direction is d. In NR, this step is

% performed by the function fldim on p.413.

%a4. If you are following us, the outputs from these function are all scalars.
%5. Nothing too interesting here, unless you are hunting a bug.

GOLD=1.618034;
GLIMIT=100.;
TINY=1.e-20;

axt=x_in+ax.*d_in;
[fa]=func(axt);
bxt=x_in+bx.*d_in;
[fb]=func(bxt);

if fb > fa
dum=ax;
ax=bx;
bx=dum;
dum=fb;
fb=fa;
fa=dum;

end

%first guess for ¢
cx=bx+GOLD.*(bx-ax);
cxt=x_in+cx.*d_in;
[fc]=func(cxt);

while fb >= fc

r=(bx-ax).*(fb-fc);
g=(bx-cx).*(fb-fa);
u=bx-((bx-cx).*g-(bx-ax).*r)./(2.*abs(max(abs(qg-r), TINY)).*sign(g-r));
ulim=bx+GLIMIT.*(cx-bx);
if (bx-u).*(u-cx) > 0.
ut=x_in+u.*d_in;
[fu]=func(ut);
if fu<fc
ax=bx;
fa=fb;
bx=u;
fo=fu;
break;
elseif fu > fb
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CX=U;
fc=fu;
break;
end
u=cx+GOLD.*(cx-bx);
ut=x_in+u.*d_in;
[fu]=func(ut);
elseif (cx-u).*(u-ulim) > 0.
ut=x_in+u.*d_in;
[fu]=func(ut);
if fu <fc
bx=cx;
CX=U;
u=cx+GOLD.*(cx-bx);
fb=fc;
fc=fu;
ut=x_in+u.*d_in;
[fu]=func(ut);
end
elseif (u-ulim).*(ulim-cx) >= 0
u=ulim;
ut=x_in+u.*d_in;
[fu]=func(ut);
else
u=cx+GOLD.*(cx-bx);
ut=x_in+u.*d_in;
[fu]=func(ut);
end
ax=bx;
bx=cx;
CX=U;
fa=fb;
fb=fc;
fc=fu;
end

func_golden.m
function [xmin,golden] = func_golden(ax,bx,cx,x_in,d_in)

%1. Given bracket points ax, bx, cx, this function finds the minimum with tol;

% return independent variable as xmin (a scalar!) and function value as golden.
% See NR F77, p.394

%2. Uses a user-defined func.m

%3. | added x1t=x_in+x1.*d_in, etc, for the use of multidimensional conjugate
% gradient method. This step is performed by fldim in NR on p.413.

%a4. Like in func_mnbrak.m the outputs from this function are again scalars.
%5. You may want to change tol here.
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tol=1.e-7;
R=0.61803399;
C=1-R;

x0=ax;
X3=CX;
if abs(cx-bx) > abs(bx-ax)
x1=Dbx;
x2=bx+C.*(cx-bx);
else
x2=bx;
x1=bx-C.*(bx-ax);
end
x1t=x_in+x1.*d_in;
[f1]=func(x1t);
X2t=x_in+x2.*d_in;
[f2]=func(x2t);

while abs(x3-x0) > tol.*(abs(x1)+abs(x2))
if f2<fl
x0=x1;
X1=x2;
X2=R.*x1+C.*x3;
f1=f2;
X2t=x_in+x2.*d_in;
[f2]=func(x2t);
else
X3=X2;
x2=x1;
X1=R.*x2+C.*x0;
f2=f1;
x1t=x_in+x1.*d_in;
[f1]=func(x1t);
end
end

if f1<f2
golden=f1;
Xxmin=x1;
else
golden=f2;
Xmin=x2;
end

fum.m

function h=fun(k)
%disp(strcat(‘fun-,numz2str(k)))
% Physical Parameter
R=0.01;%m
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L=0.01;%m
%k=80.2;%W/m.k Iron(Fe)
c=449;%J/kg.k
g=4e3;%W/m”~2
ro=7870;%kg/m”3
T0=20;

% Calcucation Domain
n=11;

m=11;

i=1:n;

J=1:m;

hz=L/(m-1);
hr=R/(n-1);
z=(j-1)*hz;
r=(i-1)*hr;
T=ones(n,m).*(T0);
dt=0.1;

tf=30;
maxitr=floor(tf/dt);
tcl=[1 6];

tc2=[6 m];

tc3=[6 1];

%tc4=[6 6];
%tc5=[n 6];

% Implicit Method
for time=1:maxitr

for i=1:n
for j=1:m
if (i::]_ | i::n) | (j::]_ |j::m)
if j==m
T(i.J)=T(0.j-1);
end
if i==
T(@.)=T(i+1));
end
if j==1
T(i,j)=T(,j+1)+g*hz/k;
end
if i==n
T(@i,)=T(i-1,j)+g*hr/k;
end
A(i,J)=0;
B(i.j)=0;
C(i,j)=0;
D(i.j)=0;
E(i.j)=0;
else

A j)=k/(2*r(iy*hr)+k/hr2;
B(i,j)=-k/(2*r(i)*hr)+k/hr’2;

00



C(i.,j)=k/hz/2;
D(i,j)=k/hz/2;

E(i,j)=-2*k/hr~2-2*kihz/2-ro*c/dt;

end
F(®i,j)=-ro*c*T(i,j)/dt;
%------ Modify
end
end
inx=0;
M=zeros((n-2)*(m-2));
for i=2:n-1
for j=2:m-1
ii=i-1;
Ji=i-1;
INX=inx+1;
M(inx,(ii-1)*(m-2)+jj)=E(i.j);
if(i~=2)
M(inx,(ii-2)*(m-2)+jj)=B(i.j);
else
F(i.J)=F(.J)-B(i.j)*T(i-1,j);
end
if(i~=n-1)
M(inx,(ii)*(m-2)+jj)=A(i.j);
else
F(.J)=F(.J)-AG.J)*T(i+1.]);
end
if(j~=2)
M(inx,(ii-1)*(m-2)+jj-1)=D(i,));
else
F(i,J)=F(,J)-D(.j)*T(i,j-1);
end
if(j~=m-1)
M(inx,(ii-1)*(m-2)+jj+1)=C(i,j);
else
F(i.J)=F(J)-C(1.j)*T(i.,j+1);
end
Y (inx)=F(i,j);
end
end
X=inv(M)*Y";
X=reshape(X,m-2,n-2); X=X";
for i=1:n-2
for j=1:m-2
T(@+1,j+1)=X(1,));
end
end
tc(time,1)=time*dt;
tc(time,2)=T(tc1(1),tc1(2));%TC1
te(time,3)=T(tc2(1),tc2(2));%TC2
tc(time,4)=T(tc3(1),tc3(2));%TC3
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% tc(time,5)=T(tc4(1),tc4(2));%TC4
% tc(time,6)=T(tc5(1),tc5(2));%TC5
[Xx,Yy]=meshgrid(z,r);

end

h(1)=tc(end,2);

h(2)=tc(end,3);

h(3)=tc(end,4);

% h(4)=tc(end,5);

% h(5)=tc(end,6);
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