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%the program solve numerically the partial differential equation of
%termodynamic for analytic function y=kr"2+4kt+e”(-t)*sin(x)+c that ¢ and k
%are constants and alphatermo should be assume 1

% The important variables

% U at the last of program is temprature, U(R,X,T) is the 3d matrix and show
%temp of structure in any time and any point ,, y is analytic answer for
%equation that used for bondary condition and at the end of program use for
9%solving errors

%t 1s time as second and U temp as centigrade degree
p g g

clear all;
cle;

&=L

alphatermo=1;
=L

%dr and dimr are the resolution and number of grids in R
dimr=20;

dr=10/(dimr-1);

r0=0;

r=r0:dr:dimr*dr-dr/2;

r=r,

%dx and dimx are the resolution and number of grids in x
dimx=20;

%pi or 2pi should be entered in this line
dx=2%pi/(dimx-1);

x0=0;

X=0:dx:dx*dimx-dx/2;

rr=r*ones(1,dimx);

%%dt and dimt are temporary resolution and number of grids in t
dimt=1000;

dt=.01;

t0=0;

%

alphatermo=1;

[X,r]=meshgrid(X,r);
k=-.05;
y=sin(X)+k*r."2+1100;
T=y,

clear X;

VoV



clearr;
r=r0:dr:dimr*dr-dr/2;
X=x0:dx:dimx*dx-dx/2;

%rang kutta coefficient
c1=8/15;

¢2=5/12;

c3=3/4;

d1=0;

d2=-17/60;

d3=-5/12;

=0

%$*****************************$*****$******#****

tul=dimt*dt;

% the first line that function of t in t=0 be input via the function of t
% and X for example in f(x,t)=b*(1+exp(-t3/360)*sin(X)/900) you should
% enter U(:,:,1)=(b(1)+.0002*%rr.”2).*(1+sin(xx)/900) and change the line bondary condition;

U(dimr,dimx, 1)=0;
U(:,:,1)=T;

=L

for t=0:dt:dimt*dt,
T=UC(,:));
=i+

%the first drivate via R matrix

ek sk e ek koo stk

N(dimr,dimr)=0;
M(dimr,dimr)=0;

N(1,1)=-5/(2*dr);
N(1,2)=4/(2*dr);
N(1,3)=1/(2*dr);
N(dimr,dimr)=-N(1,1);
N(dimr,dimr-1)=-N(1,2);
N(dimr,dimr-2)=-N(1,3);

M(1,1)=1;
M(1,2)=2;
M(dimr,dimr)=1;



M(dimr,dimr-1)=2;
N(2,1)=-3/(dr);
N(dimr-1,dimr)=-N(2,1);
N(dimr-1,dimr-2)=N(2,1);

M2, 1)=1;

M(2,2)=4;

M(@2,3)=1;
M(dimr-1,dimr)=1;
M(dimr-1,dimr-1)=4;
M(dimr-1,dimr-2)=1;

alpha=1/4;
aprim=(16*alpha+32)/(40*alpha-1);
alpha=aprim;
zz1=(alpha+2)/(3*dr*alpha);
zz2=(4*alpha-1)/(12*dr*alpha);
N3, 1)=-z22;

N(3,2)=-zz1;

N(3,4)=zz1;

N(@3,5)=zz2;
N(dimr-2,dimr)=z22;
N(dimr-2,dimr-1)=zz1;
N(dimr-2,dimr-3)=-zz1;
N(dimr-2,dimr-4)=-zz2;

M@3,2)=1;

M(3,3)=1/aprim;

M(@3.4)=I;
M(dimr-2,dimr-1)=1;
M(dimr-2,dimr-2)=1/aprim;
M(dimr-2,dimr-3)=1;

alpha=1/3;
zz1=(alpha+2)/(3*dr*alpha);
zz2=(4*alpha-1)/(12*dr*alpha);
for n=4:dimr-3;

N(n,n+1)=zz1;

N(n,n-1)=-zz1;

N(n,n+2)=772;

N(n,n-2)=-z72;

M(n,n-1)=1;
M(n,n)=1/alpha;
M(n,n+1)=1;
end,
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moshf=M"(-1)*N;
clear M;

clear N;

%the second drivate via R matrix

S s ok R okokoR R RO

ks sioloRskoRsioR sk}

N(dimr,dimr)=0;
M(dimr,dimr)=0;

N(1,1)=-3/2;
N(1,2)=0;
N(1,3)=3/2;

N(dimr,dimr)=13;
N(dimr,dimr-1)=-27;
N(dimr,dimr-2)=15;
N(dimr,dimr-3)=-1;

M(1,1)=I;
M(1,2)=2;
M(dimr,dimr)=1;
M(dimr,dimr-1)=11;

N2,D)=12;

N(2,2)=-24;

N(2,3)=12;
N(dimr-1,dimr)=N(2,1);
N(dimr-1,dimr-1)=N(2,2);
N(dimr-1,dimr-2)=N(2,3);

M2, 1)=1;

M(2,2)=10;

M(2,3)=1;
M(dimr-1,dimr)=1;
M(dimr-1,dimr-1)=10;
M(dimr-1,dimr-2)=1;

for jjj=1:tul*3.2,

J2(3))=((jj/tul).~4)*N(2,3)*4e-004;
end,



for n=3:dimr-2;

N(n,n+1)=4;
N(n,n-1)=4;
N(n,n)=-9;
N(n,n+2)=.5;
N(n,n-2)=.5;

M(n,n-1)=1;
M(n,n)=4;
M(n,n+1)=1;
end,

N=N./(dr*dr);
moshs=MA"(-1)*N;

clear M;
clear N;

%the second drivate via X matrix

G i ek ool R e kiR ol ook ok

AR L L P s LT

N(dimx,dimx)=0;
M(dimx,dimx)=0;

N(1,1)=-3/2,
N(1,2)=0;
N(1,3)=3/2;

N(dimx,dimx)=13;
N(dimx,dimx-1)=-27;
N(dimx,dimx-2)=15;
N(dimx,dimx-3)=-1;

M(1,D=I,

M(1,2)=2;
M(dimx,dimx)=1;
M(dimx,dimx-1)=11;

O s ot ok okl ol R ok

N@2,D=12;

N(@2,2)=-24;

N(2,3)=12;
N(dimx-1,dimx)=N(2,1);
N(dimx-1,dimx-1)=N(2,2);
N(dimx-1,dimx-2)=N(2,3);

Y



M(2,
M(2,
M(2,

D=1;
2)=10;
3)=1;

M(dimx-1,dimx)=1;
M(dimx-1,dimx-1)=10;
M(dimx-1,dimx-2)=1,;

O

for n=3:dimx-2;

N(n,n+1)=4;
N(n,n-1)=4;
N(n,n)=-9;
N(n,n+2)=.5;
N(n,n-2)=.5;

M(n,
M(n,
M(n,

end,

n-1)=1;
n)=4;
n+1)=1;

O 3 ool ool kool okl ol ok el ook

N=N./(dx*dx);

moshx=M"(-1)*N;

clear M;
clear N;

ostep 1

Tprim=moshf*T;

%divide via R

Tprim(1,:)=0;
tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);
Tprimrom(1)=0;

Yotprim/r is calculated

%second drivate via X and R
tzegondr=moshs*T;

tzegondx=(moshx*T")";

ru=alphatermo*(tprimrom-+tzegondr+tzegondx);

RIS L EELEE
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%step 2

tl=t+c1*dt;
=T+cl*dt*ru;

Tprim=moshf*T;
Tprim(1)=0;
Tprimrom(1)=0;
Jotpriny/r is calculated

tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);
tzegondr=moshs*T;

tzegondr=moshs*T;
tzegondx=(moshx*T")";

rul=alphatermo*(tprimrom+tzegondr+tzegondx);

Dostep 3

t2=t1+(c2+d2)*dt;
T=T+(c2*rul+d2*ru)*dt,

Tprim=moshf*T;
Tprim(1)=0;
Tprimrom(1)=0;
%otpriny/r is calculated

tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);

tzegondr=moshs*T;
tzegondx=(moshx*T")";

ru2=alphatermo*(tprimrom+tzegondr+tzegondx);

Tostep 4

t3=t+dt;
UG, )=TH(c3*ru2+d3*rul )*dt;

%bondary condition
U(1,:,j)=exp(-t3)*sin(X)+4*k*13+1100;

U, dimx,j}=4*k*t3+k*r."2+1100;
UG, 1,j)=UC, dimx,j);

%the initial condition for aborting divergence

Y
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if (tul>3200)&(tul<4000)&(dimx==13)&(dimr==10),
teste=(alphatermo/170e-6)12.5%.9;
for ii=2:dimr,

U(ii,:))=((U(i-1,.))-U(ii,:,j- 1)) *dt*teste+U(1i,:,j-1));
end,

end,
clear jz;
%the initial condition for aborting divergence

end,

[Xx,rr]=meshgrid(X,r);
for jj=1:dimt,
t33=jj*dt-dt;
t(jj)=t33;
kl=abs(U(:,:,jj)-(exp(-t33)*sin(Xx)+4*k *t33+1 100+k *11.12));
hh=mean(kl."2);
errl(jj)=sqrt(mean(hh");
end,
plot(terrl);
grid on;
title('root of mean square error via time for all points’);
figure;

% plots and figures

y=exp(-t3).*sin(X)+4*k*t3+1 100+k*r(dimr)"2;
Tp=U(dimr,:,j);

err=((y-Tp)*100./y);

subplot(3,1,1);

aa=plot(X,Tp);

set(aa,'linewidth',2);

grid on;

title('calculated temp on surface at end’);
subplot(3,1,2);

aa=plot(X,y);

set(aa,'linewidth’,2);

grid on;

title('real temp on surface at end");
subplot(3,1,3);

aa=plot(err,™");

set(aa,'linewidth',2);

grid on;

title('error via % between calculated and real temp');

Y
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%all files and programs should be copied in matlab drive, work subfolder to
%run correctly for example: c:\matlab6.5\work\data.txt

% The important variables

% U at the last of program is temprature, U(R,X,T) is the 3d matrix and show
Jotemp of structure in any time and any point

%t is time as second and U temp as centigrade degree

clear all;

cle;
a=load('taha.txt’);
bt=a(:,1)";
bu=a(:,2)";
tul=length(bt);
bt=bt/60;

%dr and dimr are the resolution and number of grids in R
dimr=10;

dr=1/(dimr-1);

r0=0;

r=r0:dr:dimr*dr-dr/2;

r=r';

%dx and dimx are the resolution and number of grids in x
dimx=13;

%pi or 2pi should be entered in this line
dx=2*pi/(dimx-1);

X=0:dx:dx*dimx-dx/2;

9% %dt and dimt are temporary resolution and number of grids in t
dimt=5000;

dt=max(bt)/dimt;

t0=0;

%
alphatermo=(170e-6);

%rang kutta coefficient
cl1=8/15;

c2=5/12;

c3=3/4;

d1=0;

d2=-17/60;

d3=-5/12;

RIS



=0
a(1,3)=0;

Yoregression of input condition
for i=1:3:tul-2,
=i+
a(j,’)=polyfit(bt(i:i+2),bu(i:i+2),2);
end,
if (i~=tul-2),
gt
a(j, 1:2)=polyfit(bt(i+2:tul),bu(i+2:tul),1);
end,

a(j,.)=[0a(,1:2)];

0;
0;

]
u
k

Tl

for i=1:3:tul-2,
=i+
k=1+u;
p=bt(1):dt:bt(i+2);
u=length(p)+k-1;
t(k:u)=p;
clear p;
s=a(j,);
ss=t(k:u);
b(k:u)=polyval(s,ss);

end,

L e e e e R D

tul=length(b);
U(dimr,dimx,1)=0;
[xx,rr]=meshgrid(X,r);

% the first line that function of t in t=0 be input via the function of t

% and X for example in f(x,t)=b*(1+exp(-t3/360)*sin(X)/900) you should
% enter U(:,:,1)=(b(1)+.0002 *1r.~2).*(1+sin(xx)/900) and change the line
bondary condition;

U(,:, D=b(1)+.0002*rr.*2+sin(xx);

di=60%*dt;

=1

for i=1:tul-1,
T=U(,:.));
=it
t=60%t(j);

V&



%the first drivate via R matrix

Gk e ok e e ko e oo ek ok

N(dimr,dimr)=0;
M(dimr,dimr)=0;

O %% e oo ek sk

N(1,1)=-5/(2*dr);
N(1,2)=4/(2*dr);
N(1,3)=1/(2*dr);
N(dimr,dimr)=-N(1,1);
N(dimr,dimr-1)=-N(1,2);
N(dimr,dimr-2)=-N(1,3);
M(1,D)=1;

M(1,2)=2;
M(dimr,dimr)=1;
M(dimr,dimr-1)=2;

N(2,1)=-3/(dr);
N(2,3)=-N(2,1);
N(dimr-1,dimr)=-N(2,1);
N(dimr-1,dimr-2)=N(2,1);

M(2,1)=1;

M(2,2)=4;

M(2,3)=1;
M(dimr-1,dimr)=1;
M(dimr-1,dimr-1)=4;
M(dimr-1,dimr-2)=1;

alpha=1/4;
aprim=(16*alpha+32)/(40*alpha-1);
alpha=aprim;
zz1=(alpha+2)/(3*dr*alpha);
7z2=(4*alpha-1)/(12*dr*alpha);
NQ@G3,1)=-222;

N(3,2)=-zz1;

N(3,4)=zz1;

N(3,5)=zz2;
N(dimr-2,dimr)=zz2;
N(dimr-2,dimr-1)=zz1;
N(dimr-2,dimr-3)=-zz1;
N(dimr-2,dimr-4)=-zz2;

M@3,2)=1;

M(3,3)=1/aprim;

M@3,4)=1;
M(dimr-2,dimr-1)=1;
M(dimr-2,dimr-2)=1/aprim;

Ny



M(dimr-2,dimr-3)=1;

G %ok d ool Rtk ok okoR Rk ek

alpha=1/3;
zz1=(alpha+2)/(3*dr*alpha);
7z2=(4*alpha-1)/(12*dr*alpha);
for n=4:dimr-3;

N(n,n+1)=zzl;

N(n,n-1)=-zz1;

N(n,n+2)=z72,

N(n,n-2)=-z22;

M(n,n-1)=1;
M(n,n)=1/alpha;
M(n,n+1)=1;
end,

moshf=M*(-1)*N;

clear M;
clear N;

%the second drivate via R matrix

G ¥ s gk oo ook e g ook el ok el k

N(dimr,dimr)=0;
M(dimr,dimr)=0;

N(1,1)=-3/2;
N(1,2)=0;
N(1,3)=3/2;

N(dimr,dimr)=13;
N(dimr,dimr-1)=-27;
N(dimr,dimr-2)=15;
N(dimr,dimr-3)=-1;

M(1,1)=1;
M(1,2)=2;
M(dimr,dimr)=1;
M(dimr,dimr-1)=11;

N(2,1)=12;
N(2,2)=-24;
N(2,3)=12;

VYA



N(dimr-1,dimr)=N(2,1);
N(dimr-1,dimr-1)=N(2,2);
N(dimr-1,dimr-2)=N(2,3);

M2, =1,

M(2,2)=10;

M(2,3)=1;
M(dimr-1,dimr)=1;
M(dimr-1,dimr-1)=10;
M(dimr-1,dimr-2)=1;

for jjj=1:tul*3.2,
JzGip=((jj/tul).24)*N(2,3)*4e-004;
end,

Otttk e dofotedof s el ofokof ok

for n=3:dimr-2;

N(n,n+1)=4;
N(n,n-1)=4;
N(n,n)=-9;
N(n,n+2)=.5;
N(n,n-2)=.5;

M(n,n-1)=1;
M(n,n)=4;
M(n,n+1)=1;
end,

N=N./(dr*dr);
moshs=M*(-1)*N;

clear M;
clear N;

%the second drivate via X matrix
Qe

N(dimx,dimx)=0;
M(dimx,dimx)=0;

N(1,1)=-3/2;
N(1,2)=0;
N(1,3)=3/2;

N(dimx,dimx)=13;
N(dimx,dimx-1)=-27;
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N(dimx,dimx-2)=15;
N(dimx,dimx-3)=-1;
M(1,D)=1;

M(1,2)=2;
M(dimx,dimx)=1;
M(dimx,dimx-1)=11;

N@2,1D=12;

N(2,2)=-24,

N(2,3)=12;
N(dimx-1,dimx)=N(2,1);
N(dimx-1,dimx-1)=N(2,2);
N(dimx-1,dimx-2)=N(2,3);

M2, 1)=1;

M(2,2)=10;

M(2,3)=1;
M(dimx-1,dimx)=1;
M(dimx-1,dimx-1)=10;
M(dimx-1,dimx-2)=1;

for n=3:dimx-2;

N(n,n+1)=4;
N(n,n-1)=4;
N(n,n)=-9;
N(n,n+2)=.5;
N(n,n-2)=.5;
M(n,n-1)=1;
M(n,n)=4;
M(n,n+1)=1;
end,

N=N./(dx*dx);
moshx=M*(-1)*N;

clear M;
clear N;

O ook sk ok stk sk bl ok ol gk o

Dostep 1

Tprim=moshf*T;

%divide via R

Tprim(1)=0;
tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);

VY-



Tprimrom(1)=0;

Yotprim/t is calculated
%second drivate via X and R
tzegondr=moshs*T;
tzegondx=(moshx*T")";

ru=alphatermo*(tprimrom+tzegondr+tzegondx);

%step 2

tl=tt+c1*dt;
T=T+cl *dt*ru;

Tprim=mosh{*T;
Tprim(1)=0;
Tprimrom(1)=0;
%tprim/r is calculated

tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);
tzegondr=moshs*T;

tzegondr=moshs*T;
tzegondx=(moshx*T")";

rul=alphatermo*(tprimrom-+tzegondr+tzegondx);

O % o sk o I R RO R R R R

Jostep 3

t2=t1+(c2+d2)*dt;
T=T+(c2*rul+d2*ru)*dt;

Tprim=moshf*T;

Tprim(1)=0;

Tprimrom(1)=0;

9%0%tprim/r is calculated
tprimrom(2:dimr,:)=Tprim(2:dimr,:)./rr(2:dimr,:);

tzegondr=moshs*T;
tzegondx=(moshx*T")";

ru2=alphatermo*(tprimrom-+tzegondr+tzegondx);

O sedofiest e s o ol ol ool ook sk ke

Yostep 4

3=tt+dt;
UG,5L))=T+(c3*ru2+d3*rul )*dt,

T



%bondary condition
U(1,:,j)=b()+exp(-t3/360)*sin(X);
%the initial condition for aborting divergence

9@**************************************

Qi s iR ool R b kR R el R R R R R

if (dimr~=10) break; end,
if (dimx~=13) break; end,
if (tul>3200)&(tul<4000)&(dimx==13)&(dimr==10),
teste=(alphatermo/170e-6)"2.5%.9;
for 1i=2:dimr,

U(ii,:,)=((U(i-1,:,)-U({i,:,j- 1) *dt*teste+U(ii,:,j-1));
end,

end,
clear jz;
%the initial condition for aborting divergence

q%************»*********¥¢£*****x112J*****

end,
uu=1:tul;
k(uu)=U(dimr,(dimx+1)/2,uu);
k1(uu)=U(1,(dimx+1)/2,uu);
%temprature of core and surface via t, red for core and blue for
%surface
plot(t,k,r,t.k1,'b");
grid on;
figure;
Y%the start temprature for t=0;
surf(U(:,:,1));
grid on;
figure;
Ythe final temprature for t=720 second;
surf(U(:,:,tul));
grid on;
figure;
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Abstract:

In this work we studied the 2D transient heat conduction problem by means
of compact finite difference method. To achieve this, an inverse method
was employed. The method used both the temperature-time history and the
spatial rate of change of the temperature-time trace at the middle of a
cylindrical bar as a Dirichlet and Numann type boundary conditions. The
spatial derivatives in the thermal heat conduction equation were
approximated numerically using the compact finite diference scheme of
Lele. The temporal derivative of the governing equation was treated
according to the compact third order Runge Kutta method developed by A.
Wary. The solution of the governing equation was obtained using the
methods just described. For this reason a MATLAB cods were developed
and verified against an exact solution and the results of an experimental
data. The inverse simulation has also been verified by applying a direct
method which uses the temperature distribution at the final stage of the
inverse simulation. The results of the simulation indicate the accuracy of
the proposed algorithm for solving both the inverse and direct heat
conduction problems. Two more simulations were also conducted with
different thermal diffusivities. The results show that the temperature is
quickly changes for the simulation with the high thermal diffusivity than

the other simulation which used a lower thermal diffusivity.
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