HEAT CONDUCTION FORMULATION IN CARTESIAN COORDINATE SYSTEM
Fourier Law of Conductigiin x direction) ;
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Substituting Fourier law of conduction into the First law of thermodynamics for solid in differential cartesian element
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If mternal energy be approxmated as
MU @C,(T)dT equatiorbecomes
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If it is assumed that thermal conduct|V|ty coeff|C|ent is independent of time and homogeneous in all direction
k=k,(T) =k, (T) =k, (T) equation becomes
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HEAT CONDUCTION FORMULATION IN GENERAL COORDINATE SYSTEM




For a general coordinate system a path dS can be expressed as a function of cartesian coordinate system as
(d9)* = (dx)* + (dy)* +(d2)*
If the relation between orthagonal coordinate syst@mu,,u,) andcartesian coordinate syst¢m y, z) is given as
X=X (U, Uy,Uz) Y=Y (U,U,,Uy)  Z=2Z(uy,U,,Us)
Then the differential lengths dx ,dy and dz can be obtained as:
dx = a3 PX (uy, U,,Us) dy= a : HY(u,U,,U;) dz= a : pZ(uy,u,,Uy)
i=1 MUY, i=1 MUY, i=1 MUY,
Substituting these back into the path equation
(dS)* =a;(du,)* +&;(du,)* + a3 (du,)*where
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Heat transfer in mhagonal coordinate system becomes:
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In thiscase general first law of thermodynamics for this coordinate system becomes:
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Example case:

Relation between cartesian coordinate system and cylindrcal coordinate system given as:

x=rcosf) y=rsin(f) z=z
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a =1 a, =r a,=1 a =r so heat transfer equations becomes:
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Relation between carte3|an coordinate system and spherical coordinate system given as:
x=rcosf) y=rsin(f) z=z



x=rsin(@)cosf) y=rsin(@)sin(f) z=rcosg)
u =r u,=f u, =g, The scale factors:

ax& &
=%58 +aéEo = (sin(g) cos())? + (sin(@) sin(f))* + (cosg))* =1

QW* QW-
%—58 +% %zg =r?(sin(@)sin(f))? +r?(sin(@) cosf))* + 0 =r?sin*(q)
a; = a —aég o =r?(cos@)cosf))® +r?(cos@)sin(f))* +r?sin*(f) =r?
* quz— 9u2+
a =1 a, :rsm(q) a,=r a =r?sin(g) so heat transfer equations becomes:
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BOUNDARY CONDITIONS

Isup

For a differential surface element
q, =-kbT
uT uT

Uz

_-k%H“ NN
pz =

Energy balance at the surface: Heat supply=heat loss
qn + qsup = qconv + qrad

pT = “Tl +HD |

I +—I,

T
- ku— +0,,=h(T-T,)+e $T*- T*) As addition to this generalised case, a temperature distrbution on the surface

can also be specified, such as:
T=f(x,t) on SorT=00n S

In addition to the surface type of boundary, interphase of the contacting surface can also specify a boundary
(Heat canduction through solid 1)=(heat conduction through solid 2)=(heat transfer across the gap)
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kB =he - T =k Rz
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SEPARATION OF VARIABLE METHODS FOR HOMOGENEOUS AND NOROMOGENEOUS HEAT CONDUCTION
Let us consider cartesian coordinate system heat condecfi@tion
T (X, Y,z 1) N T (X, Y, z,t) N WT (X, Y,z,t) 1 uT(X Y, zt)

2 2 2
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Assume a segpation of variables in the form:
T(XY,zt) =y (XY, 2)J1) in this case above equation becomes:

e X, V,Z XV,Z X V,Z t)o
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Then seprated functions becomes:
Ly (X Y.2) 1Y (%Y., 1Y (X%Y.2)

e * Ya * pz> +/% (x,y,2)=0

“Cjt) +aG(t)/2=0

The other side can also be separated the similar way such as:
Y (%y,2) = X(X)Y(y)Z(2)
Substitution of this equation into above differential equation yields:
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Where

b*+g +h*=/?

General solution of the equation becomes:
T(X, Y, 2,t) =[C, sin(bx) + C, cos@X)][C, sin(gy) + C, cos@)][C, sin(12) + C, cosiz) |lexp- a (% + g% +h?)t)|

PROBLEM 1 HOMOGENEOUS SOLUTION; CARTASIAN COORDINATES

PT(xt) _ 1 WT(xt)
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Boundary conditions
M =0 x=0 t>0
174
h
M+H*T(X,t):o x=L t>0 H=—
X k

T(xt)=F(x) t=0 0O<=x<=L

Separation of variables

T(x,t) = X(X)* ((t)

oty FX09 - X 09 pS(x)

KX a Ht
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“fét) +b2*a* Q) =0
Boundaryconditions
WX(x) =0 x=0 t>0
X
HX() | e X (x) =0 x=L 50
X

T(x,t)=F(x) t=0 0O<=x<=L

Solution set

X(x) =C, cos(bx) +C, sin(bx)

G(t) =C,exp(- b?at)

T(x,t) = (C, cos(bx) + C, sin(bx) * exp(- b’at)
Application of boundary conditions

UXT(X) = - C,bsin(bx) +C, b cosx)

W) _g x=0 t50
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b, tan(b,L) =H equation has more than one solution

T(xt)=8 C, cospx)* expt b’at)
NO1

T(xt)=F(x) t=0 0O<=x<=L

F()=a C,cosx)

n=1




This equation has n coefficients. In order to solve these coefficients, we will use properties of orthogonal functions.
€ Om,n
I

L

2 X (b,%)* X (b,x)dx=
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analytical methods.

r’j F (x)cos(®,,x)dx Depends on value &f(x), this integration can be solved by using numerical or

~

T(x,t) =4 C,cospx)* exp¢ b’at) = § SL fj F(X) cos@mx)dxgcos@x) * expé bat)
n=1 n=1 éN (bm) l:l

PROBLEM 1 MATLAB SOLUTION

function [T] = T1(x,t,L,H,alpha)
T=0;
for m=1:20
beta=betal(m,L,H);
T=T+CN1(beta,L,H)*cos(beta*L)*exp( - beta*beta*alpha*t);
end

function [C] = CN1(beta,L,H)
y=@(x) F1(x).*cos(beta*x);
%hazeéer integral programé kull anél deé
Cl=quad(y,0,L);
N=(L*(beta*beta+H*H)+H)/(2*(beta*beta+H*H));
C=C1/N;
end

function [beta] = betal(m,L,H)
Pl=4*atan(1);
x1=(m - 1)*P1+0.0000001;
x2=x1+PI/2 - 0.000001;
beta=bisection(@(x) funcl(x,L,H),x1,x2);
end

function xr=bisection(f,xl,xu)
% bisection root finding method
maxit=100;
iter=0;
e€s=0.0000001;
ea=1.1*es;
while ((ea>es)&&(iter<maxit))
xr=(xI+xu)/2.0;
iter=iter+1,;
if xr~=0ea=abs((xu - xI)/(xu+xI))*100; end
fxlI= f(xI);
fxr= f(xr);
test= fxI*fxr;
if test==0.0 ea=0;
elseif  test<0.0 xu=xr;

else xl=xr;
end
end
if (iter>=maxit) fprintf( ‘Maximum number of iteration is exceeded result might not be
valid", " MAKSKMUM NUMBER OF ), TERATI ON WARNI NG
end
end

function [F] = F1(x)
F=1.0;
end

function [f] = funcl(beta,L,H)
f=(beta*L)*tan(beta*L) - H*L;

end




function [N] = N1(m,L,H)
beta=betal(m,L,H);
N=(L*(beta*beta+H*H)+H)/(2*(beta*beta+H*H));
end

PROBLEM 1 JAVA SOLUTION

import java.util.*;

import java.awt.*;

import java.applet.Applet;
import java.awt.event.*;
import javax.swing.*;

public class HT_duvarl
{public double x0,x1,x2;
intn;
public double fx(double beta,double L,double H2)
{ return (beta*L)*Math.tan(beta*L) - H2*L;

}
public HT_duvarl()
{x1=0.00001;n=0;}
public double dfx(double x,double h,double L,double H2)
{/l  derivative
return (- fx((x+2.0*  h),L,H2)+8.0*fx((x+h),L,H2) -8.0%x((x - h),L,H2)+x((x -
2.0*h),L,H2))/(12.0*h);
}

public double beta(double L,double H2)

{n++;

double x1=(n - 1)*Math.PI1+0.0000001;
double x2= x1+Math.Pl/2 - 0.000001;

double xacc=1.0e -10;

double EPS=1.0e - 10;

double h=0.0001;

i nt MAXIT=100;

int j;

double dfr,dx,dxold,fr,th,fl;

double temp,b,a,r;

fl=fx(x1,L,H2);

fh=fx(x2,L,H2);

System.out.printin("x1 ="+x1+"fl="+fl+"x2="+x2+"fh="+fh);
if ((f1>0.0 && th>0.0) || (fl < 0.0 && fh < 0.0))
System.out.printin("n = "+n+"X1="+x0+"X2="+x2+" no roots existed in the given region ");
if (fl == 0.0) return x1;

if (fh == 0.0) return x2;

if (1<0.0) {a=x1;b=x2;}

else {b=x1;a=x2;}

r=0.5*(x1+x2); [/ /orta nokta dejeri
dxold=Math.abs(x2 - x1);

dx=dxold;

fr=fx(r,L,H2);

dfr=dfx(r,h,L,H2);

for (j=1;j<=MAXIT;j++)

{
if ((((r -b)*dfr  -fr)*((r  -a)*dfr -fr)>0.0) || (Math.abs(2.0*fr) > Math.abs(dxold*dfr)))
{ //ikiye b°l me

dxold=dx;
dx=0.5%(b - a);
r=a+dx;
if (a==r&& fr>EPS) {x1=r+ 10e-5; return r;} [/ -°z¢;gmb 1
else{ //Newton - Raphson
dxold=dx;
dx=fr/dfr;
temp=r;
r o-=dx;
if (temp ==r) && fr<EPS) {x1=r+1.0e -5; return r;} [/ -°z¢mb b
}
if ((Math.abs(dx) < xacc)&& fr<EPS) {x1=r+1.0e - 5;return r;} /Il -°z¢imb bl

fr=fx(r,L,H2);
dfr=dfx(r,h,L,H2);
if (fr <0.0)

a=r;

else

b=r;




}

System.out.printin(" Maximum iteration number is exceeded
x1=r+1.0e -5;
return r; //program never reaches here

public double X(double x,double beta)
{return Math.cos(beta*x); }

public double N(double beta,double L,double H2)
{double a=(L*(beta*beta+H2*H2)+H2)/(2*(beta*beta+H2*H2));
return a;

}
public double F(double x)

{/ 1 T=0 daki sécakl é&k daj él émeé
double a=1.0;
return a;

}

public double fa(double x,double beta,double L,double H2)

{
return X(x,beta)*F(x);

public double integral(double beta,double L,double H2)
{ /IGauss Kronroad integrali
/'l eps hata miktarée
double eps=1.0e - 8;
int n=20;
int Aused=0;
boolean sonuc;
double a=0;
double b=L;
double integral=0;
double A[][;
int Aw = 0;
double toplamhata = 0;
double[] c;
double[] xg;
double[] xk;
int nn =0;
intng =0;
inti=0;
intj=0;
inth=0;
double v = 0;
double k1 = 0;
double k2 = 0;
double intg = 0;
double intk = 0;
double ta = 0;
double tb = 0;
Aw = 4,
A = new double[n - 1+1])[Aw - 1+1];
nn =61;
ng = 15;
¢ = new double[nn];
xk = new double[nn];
xg = new double[nn];
/|l Gauss katsayéel ar e
xg[0] = 0.007968192496166605615465883474674;
xg[1] = 0.018466468311090959142302131912047;
xg[2] = 0.028784707883323369349719179611292;
xg[3] = 0.038799192569627049596801936446348;
xg[4] = 0.048402672830594052902938140422808;
xg[5] = 0.057493156217619066481721689402056;
xg[6] = 0.06597422988218049512812851 5115962;
xg[7] = 0.073755974737705206268243850022191;
xg[8] = 0.080755895229420215354694938460530;
xg[9] = 0.086899787201082979802387530715126;
xg[10] = 0.092122522237786128717632707087619;
xg[11] = 0.096368737174644 259639468626351810;
xg[12] = 0.099593420586795267062780282103569;
xg[13] = 0.101762389748405504596428952168554;
xg[14] = 0.102852652893558840341285636705415;
c[0] = 0.999484410050490637571325895705811,
c[1] = 0.996893484074649540271630050918695;
c[2] = 0.991630996870404594858628366109486;

")




c[3] = 0.983668123279747209970032581605663;

c[4] = 0.973116322501126268374693868423707;

c[5] = 0.9600218649683075122168710255817 98;
c[6] = 0.944374444748559979415831324037439;

c[7] = 0.926200047429274325879324277080474;

c[8] = 0.905573307699907798546522558925958;

c[9] = 0.882560535792052681543116462530226;

c[10] = 0.85720523354606109895865851 0658944,
c[11] = 0.829565762382768397442898119732502;

c[12] = 0.799727835821839083013668942322683;

c[13] = 0.767777432104826194917977340974503;

c[14] = 0.733790062453226804726171131369528;

c[15] = 0.69785049479331579 6932292388026640;
c[16] = 0.660061064126626961370053668149271;

c[17] = 0.620526182989242861140477556431189;

c[18] = 0.579345235826361691756024932172540;

c[19] = 0.536624148142019899264169793311073,;

c[20] = 0.49248046 7861778574993693061207709;
c[21] = 0.447033769538089176780609900322854;

c[22] = 0.400401254830394392535476211542661,

c[23] = 0.352704725530878113471037207089374;

c[24] = 0.304073202273625077372677107199257,

c[25] = 0.254636926167889846439805129817805;

c[26] = 0.204525116682309891438957671002025;

c[27] = 0.153869913608583546963794672743256;

c[28] = 0.102806937966737030147096751318001;

c[29] = 0.05147184255531769583302521 3166723;
¢[30] = 0.000000000000000000000000000000000;

/'l Kronrod katsayél ar é

xk[0] = 0.001389013698677007624551591226760;

xk[1] = 0.003890461127099884051267201844516;

xk[2] = 0.006630703915931292173319826369750;

xKk[3] = 0.009273279659517763428441146892024;

xk[4] = 0.011823015253496341742232898853251;

xk[5] = 0.014369729507045804812451432443580;

xk[6] = 0.016920889189053272627572289420322;

xk[7] = 0.0194141411939423811734089510501 28;
xk[8] = 0.021828035821609192297167485738339;

xk[9] = 0.024191162078080601365686370725232;
xk[10] = 0.026509954882333101610601709335075;
xk[11] = 0.028754048765041292843978785354334;
xk[12] = 0.0309072575623877624 72884252943092;
xk[13] = 0.032981447057483726031814191016854;
xk[14] = 0.034979338028060024137499670731468;
xk[15] = 0.036882364651821229223911065617136;
xk[16] = 0.038678945624727592950348651532281;
xk[17] = 0.04037 4538951535959111995279752468;
xk[18] = 0.041969810215164246147147541285970;
xk[19] = 0.043452539701356069316831728117073;
xk[20] = 0.044814800133162663192355551616723;
xk[21] = 0.046059238271006988116271735559374;
xk[22] = 0.047185546569299153945261478181099;
xk[23] = 0.048185861757087129140779492298305;
xk[24] = 0.049055434555029778887528165367238;
xk[25] = 0.049795683427074206357811569379942;
xk[26] = 0.050405921402782346840 893085653585;
xk[27] = 0.050881795898749606492297473049805;
xk[28] = 0.051221547849258772170656282604944,
xk[29] = 0.051426128537459025933862879215781;
xk[30] = 0.051494729429451567558340433647099;

for(i=nn -1;i>=nn/ 2;i --)
{clil = -c[nn - 1-1];}

for(i=nn - 1;i>=nn/2;i -)
{ xKk[i] = xk[nn -1-i]; }
for(i=ng -1;i>=0;i -)

{xglnn - 2- 2%] = xg[i];
xg[1+2*] = xgfi];

for(i=0; i<=nn/2; i++)

{xg[2*]] = 0; }

k1=0.5*b -a);

k2 = 0.5*%(b+a);

intg = 0;

intk = 0;

for(i=0; i<=nn -1 i+4)

{ v = fa((kl*c[i]+k2),beta,L,H2);
intk = intk+v*xKk[i];




if(1%2==1)
{intg = intg+v*xgl[i];}

intk = intk*(b - a)*0.5;

intg = intg*(b - a)*0.5;

A[0][0] = Math.abs(intg - intk);
A[O][1] = intk;

A0][2] = &;

A[0][3] = b;

toplamhata = A[O][0];
if( topl amhata<eps )

sonuc = true;
integral = intk;
Aused =1,
return integral;

}

Aused =1,

for(h=1; h<=n  -1; h++)

{
Aused = h+1;
gir(A, h, Aw);
toplamhata = toplamhata - Alh - 1][0];
ta=Alh -1]2];
tb=Ah -1][3];
Alh - 1][2] = ta;
Alh - 1][3] = 0.5*(ta+tb);
A[h][2] = 0.5*(ta+tb);
A[h][3] = tb;
forG=h -1;j< =h;j++)

KL=05A[B] - Afll2):;
k2 = 0.5*(AlII[BI+AT2D);

intg = 0;

intk = 0;

for(i=0; i<=nn -1;i+4)

{ v=fa((k1*c[i]+k2),beta,L,H2);
intk = intk+v*xKk([i];
if(i%2==1)

{intg = intg+v*xg[i];}

intk = intk*(A[j][3] - A[jl[2])*0.5;
intg = intg*(A[]][3] - Alil[2])*0.5;
A[j] [0] = Math.abs(intg - intk);
A[j][1] = intk;

toplamhata = toplamhata+A[j][0];

}

cik(A,h -1, Aw);
cik(A, h, Aw);

if( toplamhata<eps )
{break;}

sonuc = toplamhata<eps;
integral = 0;

for(j=0; j<=Aused -1; j++)
{integral = integral+A[j][1];}
return integral;

}
public void gir(double A[][],int n,int Awidth)

inti=0;
intp=0;
double t = 0;
int maxcp = 0;
if(n==1)
{return; }
for(i=0; i<=Awidth -1 i+4)
{ t=An - 10;
A[n - 1][i] = A[O][i];
A[O][i] = t;
Ylend of for
p=0;
while( 2*p+1<n  -1)
{ maxcp = 2*p+1;
if(2*p+2<n  -1)
{ if( A2*p+2][0]>A[2*p+1][0] )
{ maxcp = 2*p+2; }




}
if( Alp][0]<Almaxcp][0] )
{ for(i=0; i< =Awidth - 1;i++)
{ t=A[p]if;
A[p[i] = A[maxcp]fil;
Almaxcp][i] = t;

p = maxcp;
}
else
{ break; }
} /lend of while
}

public void cik(double A[][],int n,int Awidth)
{
inti=0;
intp=0;
double t = 0;
int kk = 0;
if(n==0)
{return;}
p=n
while( p!=0)
{ kk=(p - 1)/2;
if(  Alp][0]>A[kK][O])
{ for(i=0; i<=Awidth -1;i+4)
{t=Apll
A[pI[i] = AKK];
ALKK][I] = t;

}

p = kk;
}
else
{break;}

}
public double Cn(double beta,double L,double H2)
{return 1.0/N(beta,L,H2)*integral(beta,L,H2);}

public double teta(double L,double H2,double alfa,double x,double t)
{ double tt=0;
double In=0;
for(int n=1;n<20;n++)
{
In=beta(L,H2);
double c1=Cn(In,L,H2);
System.out.printin("Cn="+c1+"lambda="+In+"n="+n);

tt+=c1*X(x,In)*Math.exp( - In*In*alfa*t);}
return tt;
}
public static void main (String args|[])
{ /Ifb f=new fb();
double L,H1,H2,alfa, Xt
L=Double.parseDouble(JOptionPane.showlInputDialog(" L (m) : "));
H2=Double.parseDouble(JOptionPane.showlnputDialog(" H2=h1/k (1/m):"));
alfa=Double.parseDouble(JOptionPane.showlnputDialog(" alfa :"));
x=Double.parseDouble(JOptionPane.showlnputDialog(" x=(m):");
t=Double.parseDouble(JOptionPane.showlInputDialog(" t=(sn):");
HT_duvarl ht=new HT_duvarl();
JOptionPane.showMessageDialog(null," teta = "+ht.teta(L,H2,alfa,x,t),
"duvarda zamana bajlé ésé transferi " ,JOptionPane.
System.exit(0);
}
}

PROBLEM 2 HOMOGENEOUS SOLUTION; CARTASIAN COORDINATES

PT(xt) _ 1 pT(xt)
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Boundary conditions

x |N:r

N

MY |y Tx)=0 x=0 150 H, =t M,
kX K,

MY 4y« T(x1) =0 x=L 150
X
T(xt)=F(x) t=0 0O<=x<=L

Seperation of variables
T(x,t) = X(X)* ((t)
oty FX09 - X 09 pS(x)
KX a Ht
1L WX _ 1 pGxb) _ e
X(x) w* ar*gt) u

X9, poy (=0

2

uqui(yt) + bZ*a* qt) - O

Boundary conditions

S X (=0 x=0 t>0
X

KX ()

+H,* X(X) =0 x=L t>0

T(x,t)=F(x) t=0 0O<=x<=L

Solution

X(x) =C, cos(bx) +C, sin(bx)

G(t) =C,exp(- b?at)

T(x,t) = (C, cos(bx) + C, sin(bx) * exp(- b’at)
Applications of boundargonditions

“Xw((x) = . C,bsin(bx) +C, bcosEx)

- HX(X)+H1X(x):0 x=0 t>0

X
X - _ ¢, bsin(b0) + C, b cosb0) + Hy(C, cos(p0) +C, sin(b0) = 0
X
-G 0+C,* b1+ H,(C,*1+C,*0) =0
H
c,="2¢C,
X (X) = C,[bcos(Bx) + H, sin(bx)]

“XT(X) = Cl[' b?sin(bx)+H, b COS@X)]

HXO) 4 1, X (%) =0 x=L 150
X

C.|- #2sin(bL) +H,bcospl)|+H,C,[bcos(eL) + H, sin(bL)] = 0




|- b?sin(bL) + H,bcos(L)|+H,[bcos(bL) +H, sin(bL)] = 0

bm(H1+ HZ)

tan,L) = b2 HLH
m 1" "2

This equation has multiple roots.

T(x,t) = a C,(bcos@x) + H, sin(bx))* expt bat)

T(Xt)=F(x) t=0 0O<=x<=L

F(x)=84 C, (b cos(x) + Hlsin(bx)) This equation has n coefficients. In order to solve these coefficients, we will u

n=1
properties of orthogondlinctions.
Om, n
n X(b,x)* X(b, x)dx =
,N(b ) m=n

F1F (* (bcos(x) + H,sin(tx) Jdx = C,, 7 (bcosx) + H, sin(6x)) dx

N(b,) =05g(62 + H2) B+ Pz 8y 8
SRS (R L

Crn = N(lb ) er(X)* (bcos(x) + H, sin(bx))dx Depends on value of F(x), this integration can be solved by using
numerical or analytical methods.
T = N(i) )nF(x) (bcosx) +H S'n(bx))qu(bCOS@X)Jf H, sin(x))* exp¢ b*at) PROBLEM 2

o

MATLAB SOLUTION

function [T] = T2(x,t,L,H1,H2,alpha)
T=0;
for m=1:20
beta=beta2(m,L,H1,H2)
C2=CN2(beta,L,H1,H2)
T=T+C2*(beta*cos(beta*x)+H1*sin(beta*x))*exp( - beta*beta*alpha*t);
end

function [C]= CN2(beta,L,H1,H2)
=@(x) F2(x).*(beta*cos(beta*x+H1*sin(beta*x));
Cl=quad(y,0,L);
N=0.5*(L*(beta*beta+H1*H1)*(L+H2/(beta*beta+H2*H2)+H1);
C=C1/N;
end

function [beta] = beta2(m,L,H1,H2)
Pl=4*atan(1);
x1=(m - 1)*P1+0.0000001;
x2=x1+PI1/2 - 0.000001;
beta=bisection(@(x) func2(x,L,H1,H2),x1,x2);
end

function [F] = F2(x)
F=1.0;
end

function [f] = func2(beta,L,H1,H2)
f=tan(beta*L) - beta*(H1+H2)/(beta*beta - H1*H2);

PROBLEM 2 JAVA SOLUTION

import java.util.*;

import java.awt.*;

import java.applet.Applet;
import java.awt.event.*;




import javax.swing.*;

public class HT_duvar2
{public double x0,x1,x2;
int ix;
public double fx(double beta,double L,double H1,double H2)
{ double e=beta*L;
double B=H1*L;
return (beta*L - H1*H2*L/beta)*Math.tan(beta*L) - (H1+H2)*L;

}
public HT_duvar2()
{x1=0.00001;ix=0;}

public double dfx(double x,double h,double L,double H1,doub le H2)
{ I/ T¢rev hesabeé
return (- fx((x+2.0*h),L,H1,H2)+8.0*fx((x+h),L,H1,H2) -8.0%x((x - h),L,H1,H2)+x((x -

2.0*h),L,H1,H2))/(12.0*h);
}

public double beta(double L,double H1,double H2)

{ix++;

/'/1ineer ol mayan denkl| emi n -KéwtorgRaphsonine yodub °© | me

/'l genislet (L, H1, H2) ; /1 k°k séenérl aréené saptar
double x1=(ix - 1)*Math.PI+0.0000001;

double x2= x1+Math.PI/2 - 0.000001;

double xacc=1.0e -10; //iterasyonlar araséndaki fark, bu rakamdan
/'l k¢-¢k oldujunda -°9z¢me ul aktéjémezé kabul edecejiz

double EPS=1.0e - 10;

double h=0.0001; I'1t¢rev step begyekl ¢ ¢
int MAXI T=100; /'l Maksi mum iterasyon sayéseé
int j;
double dfr,dx,dxold,fr,fh,fl;
double temp,b,a,r;
fl=fx(x1,L,H1,H2);
fh=fx(x2,L,H1,H2);
System.out.printin("x1 ="+x1+"fl="+fl+"x2="+x2+"fh="+fh);
/' I/ B°l gemi zde k°k dejeri varmé kontrol et
if ((fl>0.0 && fh > 0.0) || (fl < 0.0 && fh < 0.0))
System.out.println("n = "+ix+"x1="+x0+"x2="+x2+"verilen si¢
if (fl == 0.0) return x1;
if (fh == 0.0) return x2;
if (fl < 0.0) {a=x1;b=x2;}
else {b=x1;a=x2;}
r=0.5*(x1+x2); [/ /orta nokta dejeri
dxold=Math.abs(x2 - x1);
dx=dxold;
fr=fx(r,L,H1, H2); /' / fonksiyonun r noktaséndaki dejeri
df r=dfx(r,h, L, H1, H2) ; /'l fonksiyonun tg¢grevinin r noktaseéndgé
for =1 ;j<=MAXIT;j++)
{
if ((((r -b)*dfr  -fr)*((r - a)*dfr -fr)>0.0) || (Math.abs(2.0*fr) > Math.abs(dxold*dfr)))
/' /i kiye b°l me
dxold=dx;

dx=0.5%(b - a);

r=a+dx;

if (a==r&& fr>EPS) {x1=r+1.0e -5;return r;} [/ -°2z¢gmbbbd
else{ //Newton - Raphson

dxold=dx;

dx=fr/dfr;

temp-=r;

r -=dx;

if (temp ==7r) && fr<EPS) {x1=r+1.0e -5;return r;} [/l -°z¢mb bbb

}

if ((Math.abs(dx) < xacc)&& fr<EPS) {x1=r+1.0e -5;return r;} [/ -°2z¢;gmb b

fr=fx(r,L,H1,H2);

dfr=dfx(r,h, L,H1,H2);

if (fr <0.0)

a=r;

else

b=r;

}

System.out.println("Maksimum iterasyon sayésé akeéelde");
x1=r+1.0e -5;

return r; //program buraya gelmemeli

public double X(double x,double beta, double H1)
{return beta*Math.cos(beta*x)+H1*Math.sin(beta*x);}




public double N(double beta,double L,double H1,double H2)
{double a=0.5*(beta*beta+H1*H1)*(L+H2/(beta*beta+H2*H2))+H2;
return a,;

}

public double F(double x)

{/ 1 T=0 daki sécakl ék daj el eéme
double a=1.0;
return a;

}
public double fa(double x,double beta,double L,double H1,double H2)

{
return X(x,beta,H1)*F(x);
}

public double integral(double beta,double L,double H1,double H2)
{ /IGauss Kronroad integrali
/' /' eps hata miktaré
double eps=1.0e - 8§;
int n=20;
int Aused=0;
boolean sonuc;
double a=0;
double b=L,;
double integral=0;
double A[][];
int Aw = 0;
double toplamhata = 0O;
double[] c;
double[] xg;
double[] xk;
intnn=0;
intng =0;
inti=0;
intj=0;
inth=0;
double v = 0;
double k1 = 0;
double k2 = 0;
double intg = 0;
double intk = 0;
double ta = 0;
double th = 0;
Aw = 4,
A=newdou ble[n -1+1]JAw - 1+1];
nn =61;
ng = 15;
¢ = new double[nn];
xk = new double[nn];
xg = new double[nn];
/'l Gauss katsayél ar é
xg[0] = 0.007968192496166605615465883474674;
xg[1] = 0.018466468311090959142302131912047;
xg[2] = 0.028784707883323369349719179611292;
xg[3] = 0.038799192569627049596801936446348;
xg[4] = 0.048402672830594052902938140422808;
xg[5] = 0.05749315621761906648172168 9402056;
xg[6] = 0.065974229882180495128128515115962;
xg[7] = 0.073755974737705206268243850022191;
xg[8] = 0.080755895229420215354694938460530;
xg[9] = 0.086899787201082979802387530715126;
xg[10] = 0.092122522237786128717632707087619;
xg[11] = 0.096368737174644259639468626351810;
xg[12] = 0.099593420586795267062780282103569;
xg[13] = 0.101762389748405504596428952168554;
xg[14] = 0.102852652893558840341 285636705415;
c[0] = 0.999484410050490637571325895705811,;

c[1] = 0.996893484074649540271630050918695;
c[2] = 0.991630996870404594858628366109486;
c[3] = 0.983668123279747209970032581605663;
c[4] = 0.97311632250112626 8374693868423707,

c[6] = 0.944374444748559979415831324037439;
c[7] = 0.926200047429274325879324277080474,
c[8] = 0.905573307699907798546522558925958;

|
|
|
c[5] = 0.960021864968307512216871025581798;
|
]
]
|

c[9] = 0.8825605357920 52681543116462530226;




c[10] = 0.857205233546061098958658510658944;
c[11] = 0.829565762382768397442898119732502;
c[12] = 0.799727835821839083013668942322683;
c[13] = 0.767777432104826194917977340974503;
c[14] = 0.7337 90062453226804726171131369528;
c[15] = 0.697850494793315796932292388026640;
c[16] = 0.660061064126626961370053668149271;
c[17] = 0.620526182989242861140477556431189;
c[18] = 0.579345235826361691756024932172540;
c[19] =0.536624148142019899264169793311073;
c[20] = 0.492480467861778574993693061207709;
c[21] = 0.447033769538089176780609900322854;
c[22] = 0.400401254830394392535476211542661;
c[23] = 0.352704725530878113471037207089374;
c[24] = 0.304073202273625077372677107199257;
c[25] = 0.254636926167889846439805129817805;
c[26] = 0.204525116682309891438957671002025;
c[27] = 0.153869913608583546963794672743256;
c[28] = 0.10280693796673703014709675 1318001,
c[29] = 0.051471842555317695833025213166723;
¢[30] = 0.000000000000000000000000000000000;

/'l Kronrod katsayéel ar e

xk[0] = 0.001389013698677007624551591226760;
xk[1] = 0.003890461127099884051267201844516;
xk[2] = 0.006630703915931292173319826369750;
xK[3] = 0.009273279659517763428441146892024;
xk[4] = 0.011823015253496341742232898853251,;
xk[5] = 0.014369729507045804812451432443580;
xk[6] = 0.0169208891890532726275722894203 22;
xk[7] = 0.019414141193942381173408951050128;
xk[8] = 0.021828035821609192297167485738339;
xk[9] = 0.024191162078080601365686370725232;
xk[10] = 0.026509954882333101610601709335075;
xk[11] = 0.02875404876504129284 3978785354334;
xk[12] = 0.030907257562387762472884252943092;
xk[13] = 0.032981447057483726031814191016854;
xk[14] = 0.034979338028060024137499670731468;
xk[15] = 0.036882364651821229223911065617136;
xk[16] = 0.038678945624727592950348651532281;
xk[17] = 0.040374538951535959111995279752468;
xk[18] = 0.041969810215164246147147541285970;
xk[19] = 0.043452539701356069316831728117073;
xk[20] = 0.044814800133162663192 355551616723;
xk[21] = 0.046059238271006988116271735559374;
xk[22] = 0.047185546569299153945261478181099;
xk[23] = 0.048185861757087129140779492298305;
xk[24] = 0.049055434555029778887528165367238;
xk[25] = 0.0497956 83427074206357811569379942;
xk[26] = 0.050405921402782346840893085653585;
xk[27] = 0.050881795898749606492297473049805;
xk[28] = 0.051221547849258772170656282604944,
xk[29] = 0.051426128537459025933862879215781;
xk[3 0] = 0.051494729429451567558340433647099;

for(i=nn - 1;i>=nn/2;i -)
{clil = -c[nn - 1-1];}

for(i=nn - 1;i>=nn/2;i -)
{ xKk[i] = xk[nn -1-i]; }
for(i=ng - 1;i>=0;i -)

{xglhn - 2-2*] = xg[il;
xg[1+2*]] = xg[i];

for(i=0; i<=nn/2; i++)

{xg[2*] = 0; }

k1=0.5%*b -a);

k2 = 0.5*%(b+a);

intg = 0;

intk = 0;

for(i=0; i<=nn -1;i+4)

{ v = fa((k1l*c[i]+k2),beta,L,H1,H2);
intk = intk+v*xK[i];
if(i%2==1)
{intg = intg+v*xq[i];}

intk = intk*(b - a)*0.5;
intg = intg*(b - a)*0.5;
A[0][0] = Math.abs(intg - intk);

A[O][1] = intk;




Al0][2] = &;

A[O][ 3] =b;
toplamhata = A[O][0];
if( toplamhata<eps )

sonuc = true;
integral = intk;
Aused = 1,
return integral;

}

Aused =1,

for(h=1; h<=n -1; h++)

{
Aused = h+1,
gir(A, h, Aw);
toplamhata = toplamhata - Alh - 1][0];
ta=Ah -1]2];
tb = Alh - 1][3];
Alh - 1][2] = ta;
Alh - 1][3] = 0.5*(ta+tb);
A[h][2] = 0.5*(ta+tb);
A[h][3] = tb;
for(=h -1, j<=h; j++)

k1=05*A[IB] - Alfji2));
k2 = 0.5*(AlII[BI+AT2D);

intg = 0;

intk = 0;

for(i=0; i<=nn -1; i)

{ v=fa((k1*c[i]+k2),beta,L,H1,H2);
intk = intk+v*xk([i];
if(i%2==1)
{iintg = intg+v*xg[i];}

intk = intk*(A[j][3] - A[jl[2])*0.5;
i ntg = intg*(A[][3] - Ali][2])*0.5;
A[j][0] = Math.abs(intg - intk);
A[jl[1] = intk;

toplamhata = toplamhata+A[j][0];

}
cik(A,h -1, Aw);
cik(A, h, Aw);
if( toplamhata<eps )
{break;}
}
sonuc = toplamhata<eps;
integral = 0;
for(j=0; j<=Aused -1; j+4)
{integral = integral+A[j][1];}
return integral;

}
public void gir(double A[][], int n,int Awidth)

inti=0;
intp=0;
double t = 0;
int maxcp = 0;
if(n==1)
{return; }
for(i=0; i<=Awidth -1;i+4)
{ t=A[n - 1]0T;
Aln - 1][i] = A[O][il;
A[O][i] = t;
Ylend of for
p=0;
while( 2*p+1<n  -1)
{ maxcp = 2*p+1,;
if(2*p+2<n  -1)
{ if(A[2*p+2][0]>A[2*p+1][0] )
{ maxcp = 2*p+2; }

}
if( Alp][0]<A[maxcp][0] )
{ for(i=0; i<=Awidth -1;i++)
{ t=A[pIl;
A[pI[i] = A[maxcp]il;
Almaxcp][i] = t;




p = maxcp;
}
else
{ break; }
} /lend of while
}

public void cik(double A[][],int n,int Awidth)
{
inti=0;
intp=0;
double t =0;
int kk = 0;
if(n==0)
{return;}
p=n;
while( p!=0)
{ kk=(p -1)/2;
if( Alpl[0]>A[KK[0] ) _
{ for(i=0; i<=Awidth -1;i+4)
{t=Aplil;
Alp]li] = A[KK]T;
ALKK][] = t;

}

p = Kkk;
}
else
{break;}

}

public double Cn(double beta,double L,double H1,double H2)
{return 1.0/N(beta,L,H1,H2)*integral(beta,L,H1,H2);}

public double teta(double L,double H1,double H2,double alfa,double x,double t)
{ double tt=0;
double In=0;
for(int n=1;n<20;n++)
{
In=beta(L,H1,H2);
double c1=Cn(In,L,H1,H2);
System.out.printin("Cn="+c1+"lambda="+In+"n="+n);

tt+=c1*Math.exp( - In*In*alfa*t)*X(x,In,H1);}
return tt ;
}
public static void main (String args|[])
{ /Ifb f=new fh();
double L,H1,H2,alfa,x,t;
L=Double.parseDouble(JOptionPane.showlnputDialog(" L (m) : "));
H1=Double.parseDouble(JOptionPane.showlnputDialog(" H1=h1/k (1/m):"));
H2=Double.parseDouble(JOptionPane.showlInputDialog(" H2=h2/k (1/m):"));
alfa=Double.parseDouble(JOptionPane.showlnputDialog(" alfa :"));
x=Double.par seDouble(JOptionPane.showlnputDialog(" x=(m):");
t=Double.parseDouble(JOptionPane.showlInputDialog(" t=(sn):");
HT_duvarl ht=new HT_duvarl();
JOptionPane.showMessageDialog(null," teta = "+ht.teta(L,H1,H 2,alfa,x,t),
"duvarda zamana bajlé ésé transferi " ,JOptionPane.
System.exit(0);
}
}

PROBLEM 3 HOMOGENEOUS SOLUTION; CYLINDRICAL COORDINATES
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Boundaryconditions:

%20 r=0 t>0 H :%
M+H*T(r,t)=0 r=b t>0
T(lEl,rt) =F(r) t=0 0O<=x<=b

Solution
R(r) =C,J,(br) +C,Y,(br)

G(t) =C,exp(- b’at)

T(r,t) = (CJo(br) +C,Y, () * exp(- bat)
J andY in this equation called Bessel functions. In Figure 1 behavior of Hessgibns are given as a plot.
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As it is seen from the plot,
35(0)=1,3,(0)=0,Y,(0) = -=,Y, (0) = -a

Before going any further, let us look at some properties of bessel fun®essel functions can be defined as series.
Bessel function,Jz) can be défied by using théollowing series:

oq 2K
al_g
a1 g2 e2”?
J,(2)=2 20 8
(2 c2 Tkazo( b’ k!G(n+k+1)
Where gamma function defined &z) = f}*'e 'dt = —O %+ 0 e“

z=0 n=1 Q n-
Whereg=0.577216.. is the Euléflascheroni constant. The Bessel functigfizYis given by:
Yn(Z) - ‘Jn(z)co.s(7 p_ ‘J-n(z)
sing? Y
Whenn=n is a positive integer, the solutidifz) and J(z) are not independent: thery are related by:
3,(2=(-1"3.,(2)

Derivatives of the J or Y bessel functions can be given as:

d _

d

L [3o(62)]=- b3, (t2)

Integrals of the J or Y bessel functions can be given as:
{29, (02)=5 23,

Alza(b2)] =1 At
After this introduction to bessel function, boundary conditions can be applied now
“Fff) = C,B3,(fr) - C,bY,(br)

Vg

t>0



“'Tf) =_C,53,(0)- C,bY,(0)=0

%:-Qb*o- C,b*(- 9=0 C, =0

HRIY |y *T(r,t)=0 r=b t>0
r
- C,b3,(bb) +HC,J,(bb) =0

- b.,J,(b,b)+HI,(b,b) =0 This equation has multiple roots.

T(r,t)=& C.J,(b.r)exp¢ b ‘at)
n=1

T(r,t)=F(r) t=0 0¢rc¢hb
F() =8 C.do(b,)

n=1

This equation has n coefficients. In order to solve these coefficients, we will use propettesgdnal functions.
b €0 m, n

Nrd,(6.r)J, (b, r)dr=j ’

r(] O(n)O(m) :’N(bm) m=n

2E(r)3,(b.r)dr =C_ArI2(b r)dr
m 0 n mr(-)] o n
2 b(b2+H?)

N = e B2
_ 1
_— N(5.) mrF(r)Jo(bnr)dr

Depends on value of F(r), this integration can be solved by using numerical or analytical methods.

by

T(.0) =8 G o6, XpE £, =8 g T (0 B00rgo(b,0)expt Bl
u

n=1 éN(bm

n=1

PROBLEM3 MATLAB SOLUTION

function [f] = func3(beta,H,b)
f=(beta*b)*besselj(1,beta*b) - H*b*besselj(0,beta*b);
end

function [beta] = genislet(x0,H,b)

x1=x0+0.01;

x2= x1+0.00001;

fl=func3(x1,H,b);

f2=func3(x2,H,b);

=0;

NTRY=200;

FACTOR=1.01;

while  ((f1*2>0) && (j<NTRY))
x2=x2+FACTOR*(x2 - x1);
f2=func3(x2,H,b);
=ity

end

beta=bisection(@(x) func3(x,H,b),x1,x2);

end

function xr=bisection(f,xl,xu)
% bisection root finding method
maxit=100;

iter=0;

es=0.000000001;

ea=1.1*%es;

while ((ea>es)&&(iter<maxit))




xr=(xl+xu)/2.0;

iter=iter+1,
if  xr~=0 ea=abs((xu - xI)/(xu+xI))*100; end
xl= f(xI);
fxr= f(xr);
test= fxI*fxr;
if test==0.0 ea=0;
elseif test < 0.0 xu=xr;
else xl=xr;
end
end
if (iter>=maxit) fprintf( 'Maximum number of iteration is exceeded result might not be
valid", " MAKSKMUM NUMBER OF ) TERATI ON WARNI NG'
end
end
function [beta] = beta3(m,H,b)
x0=0;
for i=1:m
x0=genislet(x0,H,b);
beta(i)=x0;
end
end
function [C] = CN3(beta,H,b)
y=@(r) r.*F3(r,b).*besselj(0,beta*r);
Cl=quad(y,0,b);
JO=besselj(0,beta*b);
N=J0*J0/2*b*b*(H*H+beta*beta)/(beta*beta);
C=C1/N;
end
function [F] = F3(r,b)
F=1.0;
end
function [T] = T3(r,t,H,b,alpha)
T=0;
m=2;
beta=beta3(m,H,b);
for i=1:m
C1=CN3(beta(i),H,b)
T=T+C1*besselj(0,(beta(i)*r))*exp( - beta(i)*beta(i)*al pha*t);
end
end

PROBLEM3 JAVA SOLUTION

import java.util.*;

import java.awt.*;

import java.applet.Applet;
import java.awt.event.*;
import javax.swing.*;

public class HT_silindirl

double x0,x1,x2;
intix;

public HT_silindirl()
{

ix=0;

x1=0.0;

}

public static double fx(double beta,double H,double b)
{return beta*b*Mathd.J(1,beta*b)/Mathd.J(0,beta*ehi*b;}

public static double dfx(double x,double h,double H,double b)
9 kk¢NNBGJ KSaloP
return (-fx((x+2.0*h),H,b)+8.0*fx((x+h),H;B)0*fx((>xh),H,b)+fx((>2.0*h),H,b))/(12.0*h);




}
public double F(double r)
{return 1.0;}

public double N(double beta,double H,double b)
{double JO=Mathd.J(0,beta*b);

double N1=J0*J0/2.0*b*b*(H*H+beta*betaieta*beta);
return N1;

}
public double fa(double r,double beta)
{
return r*F(r)*Mathd.J(0,beta*r);
}
public double integral(double beta,double b1)
{ /I Gauss Kronroad integrali
Kk SLa KFGF YAQLGF NP
double eps=1.08;
int n=20;
int Aused=0;
boolean sonuc;
/lintegral limits
double a=0;
double b=b1,
double integral=0;
double A[][];
int Aw = 0;
double toplamhata = 0;
double]] c;
doublel] xg;
double[] xk;
intnn =0;
intng =0;
inti=0;
intj=0;
inth=0;
double v = 0;
double k1 = 0;
double k2 = 0;
double intg = 0;
double intk = 0;
double ta = 0;
double tb=0;
Aw = 4;
A = new double[fl+1][Aw1+1];
nn =61;
ng = 15;
¢ = new double[nn];
xk = new double[nn];
xg = new double[nn];
KkDFdzaa 1l dal@Ptl NP
xg[0] = 0.007968192496166605615465883474674;
xg[1] = 0.018466468311090959142302131912047,
xg[2] = 0.028784707883323369349719179611292;
xg[3] = 0.038799192569627049596801936446348;
xg[4] = 0.0484026728305940529029368422808;
xg[5] = 0.057493156217619066481721689402056;
xg[6] = 0.065974229882180495128128515115962;
xg[7] = 0.073755974737705206268243850022191,
xg[8] = 0.080755895229420215354694938460530;
xg[9] = 0.0868997872010829502387530715126;
xg[10] = 0.092122522237786128717632707087619;
xg[11] = 0.096368737174644259639468626351810;
xg[12] = 0.099593420586795267062780282103569;
xg[13] = 0.101762389748405504596428952168554;
xg[14] = 0.10852652893558840341285636705415;
c[0] = 0.999484410050490637571325895705811;
c[1] = 0.996893484074649540271630050918695;
c[2] = 0.991630996870404594858628366109486;
c[3] = 0.983668123279747209970032581605663;
c[4] = 0973116322501126268374693868423707;
c[5] = 0.960021864968307512216871025581798;




c[6] = 0.944374444748559979415831324037439;
c[7] = 0.926200047429274325879324277080474;
¢[8] = 0.905573307699907798546522558925958;
c[9] = 0.882560535792052681543116462530226;
c[10] = 0.857205233546061098958658510658944;
c[11] = 0.829565762382768397442898119732502;
c[12] = 0.799727835821839083013668942322683;
c[13] = 0.767777432104826194917977340974503;
c[14] = 0.733790062453226804726171131369528;
c[15] = 0.697850494793315796932292388026640;
c[16] = 0.660061064126626961370053668149271,;
c[17] = 0.620526182989242861140477556431189;
c[18] = 0.579345235826361691756022932540;
c[19] = 0.536624148142019899264169793311073;
c[20] = 0.492480467861778574993693061207709;
c[21] = 0.447033769538089176780609900322854;
c[22] = 0.400401254830394392535476211542661;
c[23] = 0.3527047255308783471037207089374;
c[24] = 0.304073202273625077372677107199257;
c[25] = 0.254636926167889846439805129817805;
c[26] = 0.204525116682309891438957671002025;
c[27] = 0.153869913608583546963794672743256;
c[28] = 0.1028069®66737030147096751318001;
c[29] = 0.051471842555317695833025213166723;
¢[30] = 0.000000000000000000000000000000000;
KKYNRYNRR 1FdGal &Pt NP
xk[0] = 0.001389013698677007624551591226760;
xk[1] = 0.0038904611270998840%1/201844516;
xk[2] = 0.006630703915931292173319826369750;
xK[3] = 0.009273279659517763428441146892024;
xk[4] = 0.011823015253496341742232898853251;
xK[5] = 0.014369729507045804812451432443580;
xk[6] = 0.0169208891883272627572289420322;
xk[7] = 0.019414141193942381173408951050128;
xk[8] = 0.021828035821609192297167485738339;
xk[9] = 0.024191162078080601365686370725232;
xk[10] = 0.026509954882333101610601709335075;
xk[11] = 0.028754048765041292843978785354334;
xk[12] = 0.030907257562387762472884252943092;
xk[13] = 0.032981447057483726031814191016854;
xk[14] = 0.034979338028060024137499670731468;
xk[15] = 0.036882364651821229273 065617136;
xk[16] = 0.038678945624727592950348651532281;
xk[17] = 0.040374538951535959111995279752468;
xk[18] = 0.041969810215164246147147541285970;
xk[19] = 0.043452539701356069316831728117073;
xk[20] = 0.0448148133162663192355551616723;
xk[21] = 0.046059238271006988116271735559374;
xk[22] = 0.047185546569299153945261478181099;
xk[23] = 0.048185861757087129140779492298305;
xk[24] = 0.049055434555029778887528165367238;
xk[25] = 0.049795683427074206357811569379942;
xk[26] = 0.050405921402782346840893085653585;
xk[27] = 0.050881795898749606492297473049805;
xk[28] = 0.051221547849258772170656282604944;
xk[29] = 0.051426128537459025933862879215781
xk[30] = 0.051494729429451567558340433647099;
for(i=nn-1; i>=nn/2; i-)
{clil =-c[nn-1-i];}
for(i=nn1; i>=nn/2; i-)
{ xk[i] = xk[nAl-i]; }
for(i=ng1; i>=0;4-)
{ xg[nn2-2*i] = xg[i];

xg[1+2%i] = xg[il;
}
for(i=0; i<=nn/2; i++)
{xg[21] = 0; }
k1l = 0.5*(ba);
k2 = 0.5*%(b+a);
intg = 0;
intk = 0;




for(i=0; i<=nAl; i++)

{ v = fa((k1*c[i]+k2),beta);
intk = intk+v*xk[i];
if(i%2==1)

{intg = intg+v*xq[i];}

}
intk = intk*(b-a)*0.5;
intg = intg*(ba)*0.5;
A[0][0] = Math.abs(intantk);
A[0][1] = intk;
Al0][2] = &;
A[O][3] = b;
toplamhata = A[0][O];
if( toplamhata<eps )
{
sonuc = true;
integral = intk;
Aused = 1;
return integral;
}
Aused = 1;
for(h=1; h<=nl; h++)
{
Aused = h+1;
gir(A, h, Aw);
toplamhata = toplamhatsA[h-1][0];
ta = A[h1][2];
th = A[h1][3];
Alh-1][2] = ta;
A[h-1][3] = 0.5*(ta+tb);
A[h][2] = 0.5*(ta+tb);
A[h][3] = tb;
for(j=h1; j<=h; j++)
{

k1 = 0.5*(AlI[3IALI[2]);

k2 = 0.5*(A[I[B]+Afl2]);

intg = 0;

intk = 0;

for(i=0; i<=nRAl; i++)

{ v =fa((kl*c[i]+k2),beta);
intk = intk+v*xk[i];
if(1%2==1)

{intg = intg+v*xgl[i];}

}

intk = intk*(A[j][3FA[][2])*0.5;
intg = ing*(A[I[3]-Alll[2])*0.5;
A[j][0] = Math.abs(intgntk);
A[jI[1] = intk;

toplamhata = toplamhata+A[j][0];

}
cik(A, h1, Aw);
cik(A, h, Aw);
if( toplamhata<eps )
{break;}
}
sonuc = toplamhata<eps;
integral = 0;
for(j=0; j<=Aused; j++)
{ integral = integral+A[j][1];}
return integral;
}
public void gir(double A[][],int n,int Awidth)
{
inti=0;
intp=0;
double t = 0;
int maxcp = 0;
if(n==1)
{ return; }
for(i=0; i<=Awidthl; i++)
{ t=AR1]f;




Aln-1][i] = A[O]iT;
A0l =t
Y/end of for
p=0;
while( 2*p+1<nl)
{ maxcp = 2*p+1,;
if( 2*p+2<nl)
{ if(A[2*p+2][0]>A[2*p+1][0] )
{ maxcp = 2*p+2; }

}
if A[p][0]<A[maxcp][0] )
{ for(i=0; ¥=Awidth1; i++)
{ t=Alp]fl;
A[pI[i] = A[maxcp]il;
Almaxcp][i] = t;

p = maxcp;
}
else
{ break; }
} /lend of while
}

public void cik(double A[][],int n,int Awidth)
{
inti=0;
intp=0;
double t =0;
int kk = 0;
if(n==0)
{return;}
p=n
while( p!=0)
{ kk=(a)/2;
if( A[p][O]>A[KK][O] )
{ for(i=0; i<=AwidtHL; i++)
{t=Alp][i;
Alp][i] = ALKK][I];
ALKK][l] =t;

p = kk;
}
else
{break;}
}
}

public double Cn(double beta,double H,double b)
{ double cl=integral(beta,b);
double NN=N(beta,H,b);
double N2=1.0/NN*c1;
System.out.printin("c1="+c1+"NN="+NN+"N2="+N2);
return N2;}

public void genislet(double,Houble b)
{

kKkl1l11 2tFy O6ANJ 61 €3S

X0=x1,;

X2=x1+0.00001;

int NTRY=200;

double a[]=new double[2];
double FACTOR=1.01;
int j;

double f11j2;

odz | yI

1FRENI @SNAE Sy &PYPNP 3ISyA

AT OEmM I'T EHO {283a0SYD2dzidLINAYGf yobDANAS RSESNI SNA

f1=fx(x1,H,b);

f2=fx(x2,H,b);

for (j=1;j<=NTRY;j++) {
if (f1*f2 < 0.0) {ix++;break;}
else

ety




{f2=fx(x2 += FACTOR*x®),H,b);}
}

K K Em @S En yAy &Syir RSESNI SNR 38t RA

public double beta(double H,double b1)

{
KkEAYSSNI 2 YI & ye &&MawioSRaphgon hetcdlN Y A |
3SyArat Siol somoT KK11 1 aPyPNILFNPYyP &l LIl NJ

double xacc=1.0&4 N T Kk AGSNF &@2yft NI FNF&aPYRI{A FENLJZ 6dz N} 1+ YRFIY
KK 1N@N| 2fRdz€dzyRlI c TNYS dzZ I GPEPYPI P {lFodzd SRSOSenl
double EPS=1.680;

R2dzof S KrnonnnmNENKINNBES adGSL) oNeNTft

Ayid al! -Le¢mnnT Kkal {48AYdzy AGSN} &aezy ale&PapP

int j;

double dfr,dx,dxold,fr,fh,fl;

double temp,b,a,r;

fl=fx(x1,H,b1);

fh=fx(x2,H,b1);

/ISystem.out.printin("x1 ="+x1+"fl="+fl+"x2="+x2+"th="+fh);

KkK. 1 £t3SYATRS 111 RSESNR G N¥P (2yidNBt Si

if (fl > 0.0 && > 0.0) || (fl < 0.0 && fth < 0.0))

{eaiSYo2dzi PLINARY(Gf yoby I bbAEbhHhEMIbbENbhEHThbEHBHBSNAE Sy &1
if (fl == 0.0) return x1;

if (fh == 0.0) return x2;

if (f1<0.0) {a=x1;b=x2;}

else { b=x1;a=x2;}

r=0.5*(x1+x2); INI I  y 21 GF RSESNA
dxold=Math.abs(xX1);

dx=dxold;

FNITFEONEI S6MOT KKkF2ylarez
RTNITRTEONEKZI TomMOT kkTF2ylah
for (j=1;j<=MAXIT;j++)

ydzy NJ y?2 :
8 i

1dFaPy
2ydzy GNNBOAYA

<

{
if ((((~b)*dfr-fr)*((r-a)*dfr-fr) > 0.0) || (Math.abs(2.6fr) > Math.abs(dxold*dfr)))
9 kkAlAeS ol tfvYS
dxold=dx;
dx=0.5*(ba);
r=a+dx;
AF 6 F ' Nlgs FNHOt{0O 9EMINBbAOPAAMTNBGAZNY NIY kkoel I NYHHH

else{ //NewtonRaphson
dxold=dx;

dx=fr/dfr;

temp=r;

r-=dx;

AF 606GSYLITT ND 33 FNXO9Ot{0 9EMINBbAn®daaMTNBGdzZNY NIY K Kol

}

AT o06al GKPFHBAOREOD f EIFOOU3s FNFOt{0 SEMINBAOAnAMTNBGdzZNY NI
fr=fx(r,H,b1);
dfr=dfx(r,h,H,b1);
if (fr <0.0)
a=r;
else
b=r;
} .
System.out.printin("Maksimum iterasyon @@ P | 6 Pf RPbO T
return 0.0; //program buraya gelmemeli

}

public double teta(double t,double r,double alpha,double H,double b)
{double tt=0;double In=0;
for(int n=0;n<20;n++)
{In=beta(H,b);
/ISystem.out.printin("In = "+In+" n = "+n);
double fix=fx(Irk,b);
double cn;
if(Math.abs(ffx)<1.0et)

{
cn=Cn(In,H,b);




System.out.printin("In ="+In+"Cn = "+cn+" ix="+ix+" X1="+x0+"x2="+x2+"fx="+ffx+"fa="+fa(1.0,In)+"N="+N(In,H,b));
tt+=cn*Math.expfIn*In*alpha*t)*Mathd.J(0,In*r);

}

}

return tt;

}

public static void main (String args[])

{
HT_silindirl hts=new HT_silindir1();
double H,b,alpha,rt;
alpha=Double.parseDouble(JOptionPane.showlnputDialog(" alpha : "));
H=Double.parseDouble(JOptionPane.showInltgy(" H=h/k (1/m) : "));

0rs2dzot SOLI NES52d20f SOWhLIIAZ2Yt | ySOPaK26LY LIzi5A1f236b aAf AY|
r=Double.parseDouble(JOptionPane.showlnputDialog(" silindirik koordinat r = : "));
t=Double.parseDouble(JOptionPane.showInputDidlagnan t = : *));

JOptionPane.showMessageDialog(null," teta = "+hts.teta(t,r,alpha,H,b),

baAf AYRANRS TFYlIYylF oF&€ftP PaAaP GNIYyaFSNR Y bIWhLIiAz2yt | ySd

PROBLEM4 HOMOGENEOUSTEADY STATE SOLUTION; C ARTESIAN COORDINATES

Aty T

T, T(x.y) T

2 2
T (6Y) BT () g

kX by
T (xy)=T, x=0 0¢yc¢cWwW
T (xy)=T, x=L 0¢CyecW
T (xy)=T, y=0 0¢x¢L
T (xy)=T, y=W 0¢x¢L

T(X1 Y) =T (X’ y) - Tl

2 2
HTO0Y) , WT(Y) -

pX Hy
T(x,y)=0 x=0 0¢ycW
T(x,y)=0 x=L 0¢cyc¢cWwW
T(X,y)=0 y=0 0¢x¢CL
T(xy)=T,=(T,-T,) y=W 0¢x¢L

Separation of variables:

T(Xy)=X(X)*Y(y)
1 w@X()_ 1 YY) _ e

X(x) Y(y) w?




MZLEX)-;/ZX()Q:O
X

HYO9 12y =0
My

X(x)=0 x=0

X(x)=0 x=L

Y(y)=0 y=0

Y =(T,-T,) y=w

X(x) =C,;sin(/ x) + C, cos(/ x)

Y(y) =C,sinh(/x) + C, cosh({ x)
Boundary values:

X(x) =C;sin(/ 0)+C, cos(/ 0)=0C G=0
X(x)=C,sin(/L)=0 /. =%
X(x)=C;sin(/ 0)+C,cos( 0)=0

X(x) =C,sinh(/ 0) +C,cosh({ 0)=0C C=0

T y) =& C. sin(®)sinh(?)
n=1 L L

T(xy) =4 C,sin)sinn ) =7,=(,- 7))

n=1 L L
This equation has n coefficients. In order to solve theséicients, we will use properties of orthogonal functions.
¢ Om,n

ﬁX(/nX)* X(/mx)dX:‘:, N(/.) m=n

SB I

T—;*sin(mx)dxzcnﬁsinz(mx)dx
sinh(PPVy L
L
L
B ; é,(_ 1)n+1 +1g
- now.& n u
sinh(T) € u

T

n

T* (X, y) :T(X’ y) +T1

PROBLEM5 NONHOMOGENEOUSTEADY STATE SOLUTION; C ARTESIAN COORDINATES
SUPERPOSITION PRINCIPLE

Aty
Ta

Tl Tixy) 2

T3



2* 2%
HT (6Y) BT (6Y) g

X 1Y
T(x,y)=T, x=0 0¢y¢W
T'(xy)=T, x=L 0¢y¢W
T'(xy)=T, y=0 0¢x¢L
T (xy)=T, y=W 0¢x¢L

T(X1 y) =T* (X, y) - T1

2 2
K T(>;,y) LK T(>:, Y) _o

X Ly
T(Xx,y)=0 x=0 0¢ycecW
T(xy)=(T,-T,) x=L 0¢y¢w
T(xy)=(T,-T,) y=0 0¢x¢L
Txy)=(T,-T,) y=W 0¢x¢L

New problem can be constitutegs superposition of three homegenous problem
TXY) =T (X Y)- T =y} y) +¥ (%) +¥ 5(%. )

2 2
uyl(;c Y, uyl(ze Y) — g

X Hy
Y, (%y)=0 x=0 0¢yc¢wW
y.(xy)=(T,-T,) x=L 0¢yc¢wW
y.(%y)=0 y=0 0¢x¢L
y.(xy)=0 y=W 0¢x¢L

2 2
uyz(z,y) +Ll)/z(;<,y) —0

X Hy
y,(xy)=0 x=0 0¢yCcW
y,(x,y)=0 x=L 0¢ycWwW
y,xy)=(T,-T,) y=0 0¢x¢L
Y,(%y)=0 y=W 0¢x¢L

2 2
uys(?y) +uyg,(;sy) o

KX Ky
yi(x,y)=0 x=0 0¢yc¢cWwW

Yi(xy)=0 x=L 0¢y¢W
Y4(xy)=0 y=0 0¢x¢L
v,y =(T,-T,) y=wW 0¢x¢L

Solution of each homegenous problem can be carried out sihoildre previous problem




yi(xy)= aqﬂmﬁ%ww—w

n=1

Y,(%y)= aansm( X)smh( Pw-y)

n=1

ya(0y) = aQﬂM—MWMpW

n=1
PROBLEM6 NONHOMOGENEOUSTEADY STATE SOLUTION; C ARTESIAN COORDINATESHEAT GENERATION

2 2
uT(i,y)+uT(>;,y)+g:0
X Hy k
T(x,y)=0 x=L 0¢CyCcW
T(x,y)=0 y=0 0¢x¢CL

T(xy)=T, y=W 0¢x¢L

This equation can béivided into two equation to define a homogeneous problem
T(XY) =y (X Yy)+F(X) where

Wy (xY) , Ky (%) _

|JX2 I}JyZ
T(x,y)=0 x=L 0¢CyCcW
T(x,y)=0 y=0 0¢x¢L

T(XYy)=T,- f(X) y=W 0¢x¢CL

and

2
uf(zx)+g:0

X k
f(X)=0 x=0

f(x)=0 x=L

Solution:
m:-gx+cl
X k

2
F(X)=- %X7+Clx+02
f(x)=0 x=0- C,=0

F()=0 x=L - cl—%

N

2
f()() =- gx_+gkx
k 2 k2

y(xy)= aC s )Slnh( e

n=1

2
y(xy)= aC sin(—— 'O()smh(n’wv) =T,- f(X) = QX__QEX

n=1 k2 k2
Orthogonality conditions:

el ., N . NPpW g Q. npx
C sin“ (—)dxssinh(——) = = —- =2 —x@asin dx
gL S )i (V) = N§Lk2 T~ xin(™Z)cx



2 Y gx* gL 6. nm

C, = L+ 22 I = yasin(C ) dx
Lsmh(n'?_w)x—o(; k2 k2 = L
s X, . Ny, gx® gL
T(x,y)=a C,sin(—)sinh(=) +=—- =—
(XY)anl(L)l(L) K2 K2~

n=1

PROBLEM7 NONHOMOGENEOUSME DEPENDENT SOLUTION; C ARTESIAN COORDINATES

h1 Tlinf h2 T2inf

L

PCT (xt) _ 1T (xt)
e a o
Boundary conditions

kMY LT xt) x=0 t50
X

- k%:hz(f(x,t)- T,) x=L t>0

T (xt)=F (X) t=0 0<=x<=L

T(Xt) =T (xt)- T,

KT (xt) _ 1 WT(xt)

we o a
Boundary conditions

] kuTL(»):'t) —h (T, - T ) +T,.) =-T(x ) +h (T, +T,.) x=0 t>0
H :ﬁ H :E
1T 2=
- UT(X,t) + Hl* T(X,t) = hl(Tln +T2u)
X

MT (X,1)

- k =hT(xt) x=L t>0

HTOSD |y T (x4) =0 x=L t50
X

T(xt)=F(X)=F (X)+T,, t=0 0<=x<=L

T =T, (%1) +T(X)

T, (x,1) _ 1 HT, (x,1)

X a
Boundary conditions




MO T (x1)=0 =0 150

ML) w7 () =0 x=L 150
X

T () =F(X)- To()=F () +T,, - To(X) =0 0<=x<=L

2
p’ Tssz(x) - O

Boundary conditions
H=09 4 4,7, 00 = Hy* (T, +T,,) x<0

HTs() 4y o7 (0 =0 %=L 150

Solution:
uTSS(X) = C TSS(X) = Clx + C2

1

C = H, 2
1+H,L
C2:°H( )
a 0
?1 1+H |__

The first part of the problem is solved as problem 2.

PROBLEM8 NONHOMOGENEOUSME DEPENDENT SOLUTION; C ARTESIAN COORDINATES

v ¥y v v

h T.=0

=X

KT (1) _ 1 W7 (xt)

X a
Boundary conditions

- k—HT (x.1 =q', x=0 t>0
X

- kM:h(T*(x,t)- T.) x=L t>0
X

T (xt)=F (X) t=0 O<=x<=L

T(xt) =T (xt)- T,

LT (x,t) _ 1 T (x.t)
wa
Boundary conditions

- kM = q"o x=0 t>0




MY i (x,) =0 x=L 150
X

T(xt)=F (x)- T, =F(X) t=0 0<=x<=L

T =T, (%) + T (X)

KT, (%) _ 1 pT, (xt)
e a
Boundary conditions

p'TH—(X’t):O x=0 t>0
X

ML (6D st () =0 x=L 50
X

T, (X)=FX)- T (X)=F (X)+T, - T(X) t=0 0<=x<=L

2
HT=() _ g

X
Boundary conditions
- HT(X) :% x=0
X k
HTs() 4 s 1 (=0 xeL 150
X
Solution:
M =C, T, (x)=Cx+C,

The first part of tk problem is solved as problem 1

FINITE DIFFERENCE SOLUTION
PROBLEM9 NONHOMOGENEOUSME DEPENDENT SOLUTION; C ARTESIAN COORDINATES

h1 Tlinf h2 T2inf

L

WT(xt) _ 1 uT(x.t)

W a
Boundary conditions

- k%:h(ﬂu S T(xt) x=0 t>0

kMY k)= T ) x=L 50
X




[T =F(x) =0 0<=x<=L

P P P P p P ptl_ TP
me+1 2Tm +Tm-1 +(1_ f) Tm+1 2Tm +Tm-1 ziTm Tm
Dx? Dx? a Dt
t= pD[ X:mD)(Fo:a_I:l2 B|:hL.X a:L
Dx k rc,

By rearranging the equation

fFOTP, +(1- 2fFO)T” +fFoT?, =- (1- f)FOT 7 +(1+2(1- f)FO)T > - (1- f)FoTP!
f =1explicit solution

7 =0implicit solution

Any other 7 mixed solution

Boundary conditions:

AT, - TP) +f'§—.i\(TJ’ TP +(L- HRAT, - TP +f‘§(np“- TP =

p+l _ p
re,(a2y I To
2’ o

kA kA
fth(Tzu - Tkr-)l) +f&(TkE)2 - Tk‘-)l) + (1' f)hZAa-Zu - Tk'-Jl) + (1' f)&(-rkr-)z - Tk?1) =

%) Tk‘.)f - TKF—)l
2 Dt

By rearranging the equations

2fBi,Fo(T,, - T,”) +2f(T,° - T) +2(1- F)Bi,Fo(T,, - /") +2(1- F)(T,>™- TP =T " - T,

ZfBizFO(rzu - Tkr-al) + 2f(Tk'-)2 - Tkr-)l) + 2(1' f) BizFO(Tzu - Tkl?l) + 2(1' f)(Tk’-JZ - Tkr-)l) :Tkﬁl - Tk?l

Java solution:
import java.io.*;

rC, (A

class HT_xt_FDB
{ public static double [] thomas(double a[][],double b[])

/I3 band matrix
int n=a.length;
double f[]=new double[n];
double e[]=new double[n];
double g[]=new double[n];
double x[]=new double[n];
for(int i=0;i<n;i++)  {f[i]=a[i][i];}
for(int i=0;i<(n-1);i++) {g[i]=a[i][i+1];}
for(int i=0;i<(n-1);i++) {e[i+1]=ali+1][i];}
for(int k=1;k<n;k++)
{e[k]=e[k]/f[k -1];
fIKI=f[k] -e[k]*g[k -11;

for(int k=1;k<n;k++)
{b[k]=b[K] -e[k]*b[k-1];

X[n-1]=b[n-1]/f[n-1];

for(int k=(n-2);k>=0;k--)
{X[K]=(bIK] -g[Kk]*x[k+1])/f[K];}

return x;

}
public static double [][] q(double k, double dx,double T[][])
{ /Iheat transfer
int nx=T[0].length;

int nt=T.length;
double qi[][J=new double[nt][nx];

for(int p=0;p<nt;p++)

{ for(int m=1;m<nx;m++)

{ di[p][m -1]=-k*(T[p][m] -T[p][m-1])/dx:}




}

return qi;

}

public static double [J[] HT_xtcoz(double fi, double L,double t, double dt,double TO[],double alpha,double Bil,double Bi2,double
T1inf,double T2inf)

!/ L duvar kalénl éjeé

/I t maksimum zaman

/I dt zaman stebi

/I T1 x=0 t>=0 boundary temperature

/I T2 x=L t>=0 boundary temperature

int nx=TO0O.length; //x step sayésé
/ISystem.out.printin(nx="+nx)

double A[][J=new double[nx][nx];

double B[]J=new double[nx];

doubledx=L/(nx1 ) ; [/ / x steb wuzunluju

int nt=(int)(t/dt+0.001);

double Fo=alph*dt/(dx*dx);

double T[][]J=new double[nt+1][nx];

for(int m=0;m<nx;m++) {T[0][m]=TO[m];}

for(int p=0;p<nt;p++)

{ /lt>0 wall temperatures

for(int m=0;m<nx;m++)
{

if(m==0) B[m]=(1.0-2.0*Fo*fi-2*Fo*Bi1*fi)*T[p][m]+2.0*fi*Fo*T[p][m+1]+2.0*Bi1*Fo*T1inf;

else if(m==(nx1)) B[m]=(1.0-2.0*Fo*fi-2*Fo*Bi2*fi)*T[p][m]+2.0*fi*Fo*T[p][m -1]+2.0*Bi2*Fo*T2inf;
else B[m]=fi*Fo*T[p][m-1]+(1.0-2.0*Fo*fi)*T[p][m]+fi*Fo*T[p][ m+1];

if(m==0)

{AIm][m]=(1+2.0*Fo*Bi1*(1.0 -fi)+2.0*Fo*(1.0-fi));

Alm][m+1]=-2.0*(1.0i)*Fo;

else if(m==(nx1))

{A[m][m]=(1+2.0*Fo*Bi2*(1.0 -fi)+2.0*Fo*(1.0-fi));
A[m][m-1]=-2.0*(1.0-fi)*Fo;

}

else

{A[m][m]=(2.0*Fo*(1.0 -fi)+1);
A[m][m-1]=-(1.0fi)*Fo;
A[m][m+1]=-(1.0i)*Fo;

}

}
T[p+1]=thomas(A,B);

return T;

}

public static void main(String argsl[])
{
double TO[J=new double[81];
double L=0.8;
/'l t=0 daki TO(x) sécakl ek profili
int N=TO0.length;
for(int m=0;m<N;m++) {TO[m]=300300.0*Math.sin(m*Math.PI/N);}
double T1linf=100.0; /'l x=0 da t>0 zamané | -
double T2inf=25.0; //x=Lde & z a

; i

mané i-in duvar sécakléjé sénér «kart
double h1=50.0; /1 x=0 da t>0 zamané i-in duvar sécal
double h2=50.0; /|l x=L de t>0 zamané i-in duvar sécal

double t=600.0; //sn toplam zaman
double dt=1abtan/ aséem
double dtplot=0.3; [/
double alpha=8.46;
double x0=0.0;
double xn=L;
double fi=0.5;
double k=200.0;
double dx=L/T0.length;
double h=250.0;
double Bil=h*dx/k;
double Bi2=h*dx/k;
double T[][J=HT_xtcoz(fi,L,t,dt,TO,alpha,Bil,Bi2,T1linf, T2inf);
double b[J[]=Matrix.T(T);
double q[][]=q(k,dx,T);
timeplot p=new timeplot(T,x0,xn,dtplot,dt);
/ltimeplot p=new timeplot(q,x0,xn,dtplot,dt);
p.start();

-@&@

er-ek z
sn her bir plotta bekleme zamané




}
}

Matlab solution

function x=gaussl(a,b)
% Gauss elimination
n=length(b);
carpan=0;
toplam=0;
for k=1:n
%pivoting
p=k;
buyuk=abs(a(k,k));
for ii=k+1:n
dummy=abs(a(ii,k));
if  dummy > buyuk buyuk=dummy;p=ii; end
end
if  p~=k
for jj=kin
dummy=a(p.jj);
a(p.ji)=a(k,jj);
a(k,jj)=dummy;
end
dummy=b(p);
b(p)=b(K);
b(k)=dummy;
end
%gauss eleme
for i=k+1:n
carpan=a(i,k)/a(k,k);
a(i,k)=0;
for j=k+1:n
a(i,j)=a(i,j) - carpan*a(k,j);
end
b(i) =b(i) - carpan*b(k);
end
end
%back substituting
x(n)=b(n)/a(n,n);
for i=n-1:-1:1
toplam=0;
for j=i+lin
toplam=toplam+a(i,j)*x(j); end
x(i)=(b(i) - toplam)/a(i,i);
end
end

function [T] = HT _xtcoz(fi,L,t,dt, TT,alpha,Bi1,Bi2, T1linf,T2inf)
L wall thickness
% t maksimum time
% dt time step
% T1 x=0 t>=0 boundary temperature
% T2 x=L t>=0 boundary temperature
nx=length(TT); %x number of steps
dx=L/(nx - 1);
nt=t/dt;
Fo=alpha*dt/(dx*dx);
for p=l:nt
for m=1inx
if  p==1T(p,m)=TT(m);
else  T(p,m)=0.0;
end

=

end
end
A=zeros(nx,nx);
B=zeros(nx);
for p=1l:nt
for m=1inx
if (m==1)
A(m,m)=(1+2.0*Fo*Bil1*(1.0 - fi)+2.0*Fo*(1.0
A(m,m+1)= - 2.0%(1.0 - fi)*Fo;
elseif (m==nx)
A(m,m)=(1+2.0*Fo*Bi2*(1.0 - fi)+2.0*Fo*(1.0

- fi));

- fi));




A(m,m- 1)=-2.0%(1.0 - fi)*Fo;
else
A(m,m)=(2.0*Fo*(1.0 - fi)+1);
A(m,m- 1)=- (1.0 -fi)*Fo;
A(m,m+1)= - (1.0 -fi)*Fo;
end
if m==1
B(m)=(1.0 - 2.0*Fo*fi)*T(p,m)+fi*FO*T(p,m+1)+Fo*T1inf;
elseif m==nx
B(m)=(1.0 -2.0*Fo*fi - 2*Fo*Bi2*fi)*T( p,m)+2.0*fi*Fo*T(p,m - 1)+2.0*Bi2*Fo*T2inf;
else
B(m)=fi*Fo*T(p,m -1)+(1.0 - 2.0*Fo*fi)*T(p,m)+i*Fo*T(p,m+1);
end
end

W=gauss1(A,B);
for m=1:nx
T(p+1,m)=W(m);
end
end
end

,

-

PROBLEM10 NONHOMOGENEOUSME
DIMENSION

1 Tt

TAinf, il

INDEPENDENTSOLUTION; C ARTESIAN COORDINATESTWO

2* 2*
T O0y) T (0Y) g

KX Ky
L HTO0Y)

i k%:hﬂzn “T(xy) x=L, 0¢y¢wW

_ K HT(XY)

=h (T, - T(xy)) x=0,0¢yc¢W

=h,(T,, - T(x,y)) y=0,0¢x¢L




- kM=h4(T4u -T(xYy)) y=w,0¢x¢L
Hy

Tm+l,n - 2Tm,n +Tm—1,n +Tm,n+1 - 2Tm,n +Tm,n—l _
DXZ wZ -
If Dx =Dy
Tm+1,n +Tm— 1n +Tm,n+l +Tm,n—1 - 4Tm,n =0
Boundary conditions:
m=0n, 0
Toein- T, DX . Tona - T, DX . Tons- T,
_ k 1 m+L,n mn _ k 71 m,n+1 mn k 71 m,n-1 mn _ 1 _ -I—D
(Dy )7DX (2 )7Dy (2 )7[)), h(Dy. D (T - Tia)
m=0 n=0
[)y Tm+1n_ Tmn Dx Tmn+l_ Tmn [)y Dx — — — _
- k(="M (=)t M —h (=21 -To)+h(—.1 - T,,) M=M (x=L) m=M (x=L)
(2) x (2) Dy h1(2)(Fm,n 1)h3(2 )T = Taa)
n, o0
Toin- T, DX\ Tonea- T, DX o Tons- T,
_ k 1 m-1,n mn _ k 71 m,n+1 mn _ k 71 mn-1 mn _ 1 _ Tu
(Dy )7DX (2 )7Dy (2 )7Dy h(Dy. (T - Too)
m=M (x=L) n=0
[))/ Tm—ln_Tmn Dx Tmn+1_Tmn [)y Dx
- k(=L i mn =2 ) me o g (=2 - T ) +Hh (=T, - T..
(2) x (2) Dy h2(2)(Tm,n 1)h3(2 )(Ton - Taa)
m, 0 n=0
T - T, Dy o Toin- T, Dy . Toin-T,
_ k DXl m,n+1 mn _ k 71 m+1,n mn _ k 71 m-1,n m,n - 1 _ Tu
( )7Dy (2 )7DX (2 )7[)( hy(Dy.D(Toyn - Tso)
m. 0 n=N (y=W)
Tons- T, Dy o Tin- T, Dy  Tnin- T,
_ k DXl m,n-1 mn _ k 71 m+1,n mn _ k 71 m-1n m,n :h 1 - -]—u
( )7Dy (2 )7DX (2 )7DX , (DY D(Toy - o)
m=0 n=N (y=W)
>x . T...,-T Dy . Toun-T Dy Dx
- k(—.) Bl mh | k(=)= = py (== INT, - T,.) +h(—.(, - T,
(2) Dy (2) X 4(2)(Tm,n 4)h(2)(Tm,n 1)
mM=M(x=L) n=N (y=W)
Dx Tmn-l_Tmn W Tm-ln_Tmn Dy Dx
- k(=)o mn 2L i mn o (L (T ST, ) +h(— )T, - T,
(2) Dy (2) Dx 4(2)Um,n 4)hz(2)(r, 10)
Java solution:
import java.io.*;
import visad.*;
import visad.java3d.DisplaylmplJ3D;
import visad.java2d.DisplaylmplJ2D;
import java.rmi.RemoteException;
class HT_plane_FD2
public static double [] gauss_seidel(double a[][],double b[],double x[],double lambda)
{
/'l denkl em si stemi -%z¢mg b iteratif gauss_seidel met odu m
/|l yakénsama fakt°rg¢ |l ambda ile birlikte verilmik formgl
int n=a.length;
int imax=1000;// maksimum iterasyon sayeéseé

double es=1.040;
double dummy=0;
double ea=14;
double sum=0;
double old=0;




int iter=0;
int sentinel=0;
//System.out.print(“iter = "+(iter+1)+" ");
for(int i=0;i<n;i++)
{ dummy=al[il[i];

for(int j=0;j<n;j++)

{aliljl/=dummy;}
b[i}/=dummy;

for(int i=0;i<n;i++)
{ sum=bli];
for(int j=0;j<n;j++)
{if(i=j)sum -=afili]*x[i];}
xX[i]=sum;
//System.out.print(x[i]+ " ");

/ISystem.out.printIn();
iter++;
do

sentinel=1,;
//System.out.print(“iter = "+(iter+1)+" ");
for(int i=0;i<n;i++)
{
old=x[i];
sum=bl[i];
for(int j=0;j<n;j++)
{if(i'=j) sum -=afi][jT*x[];}
x[i]=lambda*sum+(1.6lambda)*old;
if(sentinel==1 && x[i]'=0.0 ) {ea=Math.abs((x[#old)/x[i])*100.0;}
if(ea<es) sentinel=0;
/ISystem.out.print(x[i]+ " ");

}
/ISystem.out.printin();

iter++;

Jwhile(sentinel==1 && iter<imay;

if(iter>=imax) System.out.println("Maksimum iterasyon say
return x;

}

public static double[] pivotlugauss(double a[][],double b[])
{ [/ késmi pivotlu gauss el eme y°ntemi
int n=b.length;
double x[]=new double[n];
double carpan=0;
double toplam=0;
double buyuk;
double dummy=0;
/lgauss eleme
inti,j,k,p,ii,jj;
/ISystem.out.printin("Orijinal Matrisn"+Matrix.toString(a));
for(k=0;k<(n-1);k++)
{ /Ipivotlama

p=k;

buyuk=Math.abs(a[k][K]);

for(ii=k+1;ii<n;ii++)

{ dummy=Math.abs(al[iil[k]);

if(dummy > buyuk) {buyuk=dummy;p=ii;}

}
if(p!=k)
{ for(jj=k;ji<n;jj++)
{ dummy=al[p][ijj];
alp[iil=alkIiil;
a[k][jjl=dummy;

}
dummy=Db[p];
b[p]=b[K];
b[k]=dummy;

/ISystem.out.printin("pivotlu Matris : k="+k+{"+Matrix.toString(a));
/'l gauss el emeyi - °%zme
for(i=k+1;i<n;i++)
{ carpan=a[i][k])/a[K][K];
a[i][k]=0;
for(j=k+1;j<n;j++)
{_afi][i] -=carpan*alKIfil; }




b[i] =b[i] -carpan*b[K];
}

}

/| / geriye dojru yerine koyma
x[n-1]=b[n-1}/a[n-1][n-1];

for(i=n-2;i>=0;i--)

toplam=0;
for(j=i+1;j<n;j++)

{ toplam-+=ali][i*x[i];}
x[i]=(b[i] -toplam)/ali][il;

return x;

}

public static double []J[] HT_planecoz( double L,double W,double dx, double Tx0,double Txn,double Ty0,double Tyn,doubllex0,d
hxn,double hy0,double hyn,double kc)

{

/I Assume dx=dy=const;

/I Temperature of 4 sides are known

int nx=(int)(L/dx+0.01);

int ny=(int)(W/dx+0.01);

System.out.printin("nx="+nx+"ny="+ny);

int mx=nx;

int my=ny;

int mt=mx*my;

double A[][]=new double[mt][mt];
double b[J=new double[mt];
double x[]=new double[mt];
double x1,x2,y1,y2;

/I boundary conditions

int i=0,j=0;

for(i=0;i<my;i++)

for(j=0;j<mx;j++)

x1=dx*j;
x2=(L-x1);
y1=dx*i;
y2=(W-y1);
int k=i*my+j;
X[K]=((x1*TX0+x2*Txn)/L+(y1*Ty0+y2*Tyn)/W)/2.0;
int kpl=(i+1)*my+j;
int km1=(1)*my+j;
/1
if((i==0)&&(j==0)) {AK][K]+= -(hyO*dx/kc+hx0*dx/kc+2.0);Akp1][k]+=1.0;A[K][k+1]+=1.0;b[k]+=hy0*dx/kc*Tx0-hx0*dx/kc*Ty0;}
114

else if((i==0)&&(j==(mx-1))) {A[K][K]+= -(hxn*dx/kc+hy0*dx/kc+2.0);A[kp1][k]+=1.0;AK][k1]+=1.0;b[k]+=hxn*dx/kc*Txn-
hy0*dx/kc*TyO0;}

12

else if((i==(my1))&&(j==0)) {A[K][k]+= -(hx0*dx/kc+hyn*dx/kc+2.0);A[km1][k]+=1.0;A[k][k+1]+=1.0;b[k]+=hyn*dx/kc*Tyn-
hx0*dx/kc*Tx0;}

I3

else if((i==(my1))&& (j==(mx-1))) {A[K][k]+= -(hxn*dx/kc+hyn*dx/kc+2.0);Alkm1][k]+=1.0;A[K][k1]+=1.0;b[k]+=hyn*dx/kc*Tyn-
hxn*dx/kc*Txn;}

n7

else if(j==0) {A[k][K]+=-(2.0*hx0*dx/kc+4.0);Alkp1][k]+=1.0;A[km1][k]+=1.0;A[K][k+1]+=2.0;b[k]+=2.0*hx0*dx/kc*Tx0;}

/5

else if(i==0) {A[k][K]+=-(2.0*hy0*dx/kc+4.0);Alkp1][k]+=2.0;A[K][k-1]+=1.0;A[K][k+1]+=1.0;b[k]+=-2.0*hyO*dx/kc*Ty0;}

118

else if(j==(mx1)) {A[K][K]+= -(2.0*hxn*dx/kc+4.0);Alkp1][k]+=1.0;A[km1][k]+=1.0;A[k][k-1]+=2.0;b[k]+=2.0*hxn*dx/kc*Txn;}
116

else if(i==(my1)) {A[K][K]+= -(2.0*hyn*dx/kc+4.0);A[K][k-1]+=1.0;A[K][k+1]+=1.0;A[km1][K]+=2.0;b[k]+=2.0*hyn*dx/kc*Tyn;}
/'l i- b°lge

else {A[K][k]+=-4.0;A[km1][k]+=1.0;A[kp1][k]+=1.0;A[K][K-1]+=1.0;A[K][k+1]+=1.0;}

}

}

l[Text.print(A);

double T[][]J=new double[ny][nx];

/ldouble a[]=conjugate_gradientl.conjugate_gradient(x,A,b);
/ldouble af}gauss_seidel(A,b,x,1.2);

double a[]=pivotlugauss(A,b);

for(i=0;i<ny;i++)

{ for(j=0;j<nx;j++)

{




{int k=i*my+j;
}T[i][i]=a[k];

}
}

return T;

}

public static void main(String args[]) throws IOException,RemoteException, VisADException

{

double a[][]=HT_planecoz(1.0,1.0120.0,20.0,20.0,100.0,200.0,200.0,200.0,200.0,200.0);

Text.print(a);

ContourPlot pp=new ContourPlot(a,0.0,0.1,0040, false,"x","y","T=f(x,y)");
pp.plot();

Plot3D.data(a,0.0,0.1,0.0,0.1,400,"x","y","T=f(x,y)");

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00
0.05 40.9 31.8 29.7 29.3 29.3 29.4 29.5 29.6 29.7 29.8 29.8 29.7 29.6 29.5 29.4 29.3 29.3 29.7 31.8 40.9
0.10 52.0 57.9 58.7 59.0 59.3 59.7 60.0 60.3 60.5 60.6 60.6 60.5 60.3 60.0 59.7 59.3 59.0 58.7 57.9 52.0
0.15 54.6 57.2 58.6 59.5 60.1 60.6 61.0 61.4 61.6 61.7 61.7 61.6 61.4 61.0 60.6 60.1 59.5 58.6 57.2 54.6
0.20 55.7 57.5 59.0 60.1 61.0 61.6 62.2 62.6 62.8 63.0 63.0 62.8 62.6 62.2 61.6 61.0 60.1 59.0 57.5 55.7
0.25 56.5 58.3 59.8 61.0 62.0 62.8 63.4 63.9 64.2 64.3 64.3 64.2 63.9 63.4 62.8 62.0 61.0 59.8 58.3 56.5
0.30 57.5 59.3 60.9 62.2 63.3 64.2 64.8 65.4 65.7 65.9 65.9 65.7 65.4 64.8 64.2 63.3 62.2 60.9 59.3 57.5
0.35 58.7 60.6 62.2 63.6 64.7 65.7 66.4 67.0 67.4 67.5 67.5 67.4 67.0 66.4 65.7 64.7 63.6 62.2 60.6 58.7
0.40 60.1 62.0 63.7 65.2 66.4 67.4 68.2 68.8 69.2 69.4 69.4 69.2 68.8 68.2 67.4 66.4 65.2 63.7 62.0 60.1
0.45 61.8 63.7 65.5 67.0 68.3 69.4 70.2 70.9 71.3 71.5 715 71.3 70.9 70.2 69.4 68.3 67.0 65.5 63.7 61.8
0.50 63.6 65.6 67.5 69.1 70.4 71.6 72.5 73.1 73.5 73.8 73.8 73.5 73.1 72.5 71.6 70.4 69.1 67.5 65.6 63.6
0.55 65.6 67.8 69.7 71.4 72.8 74.0 74.9 75.6 76.0 76.3 76.3 76.0 75.6 74.9 74.0 72.8 71.4 69.7 67.8 65.6
0.60 67.9 70.2 72.2 73.9 75.4 76.6 77.6 78.3 78.8 79.0 79.0 78.8 78.3 77.6 76.6 75.4 73.9 72.2 70.2 67.9
0.65 70.5 72.8 74.9 76.8 78.3 79.5 80.5 81.2 81.7 81.9 81.9 81.7 81.2 80.5 79.5 78.3 76.8 74.9 72.8 70.5
0.70 73.3 75.8 78.0 79.9 81.4 82.7 83.7 84.4 84.9 85.1 85.1 84.9 84.4 83.7 82.7 81.4 79.9 78.0 75.8 73.3
0.75 76.3 79.0 81.3 83.3 84.9 86.2 87.1 87.9 88.3 88.6 88.6 88.3 87.9 87.1 86.2 84.9 83.3 81.3 79.0 76.3
0.80 79.7 82.6 85.1 87.1 88.7 89.9 90.8 91.5 92.0 92.2 92.2 92.0 91.5 90.8 89.9 88.7 87.1 85.1 82.6 79.7
0.85 83.3 86.6 89.3 91.3 92.8 93.9 94.8 95.5 95.9 96.1 96.1 95.9 95.5 94.8 93.9 92.8 91.3 89.3 86.6 83.3
0.90 86.5 91.3 94.2 96.0 97.2 98.2 99.0 99.6 100.0 100.2 100.2 100.0 99.6 99.0 98.2 97.2 96.0 94.2 91.3 86.5
0.95 86.7 98.0 100.2 101.1 102.0 102.8 103.4 103.9 104.3 104.5 104.5 104.3 103.9 103.4 102.8 102.0 101.1 100.2 98.0 86.7
1.00 71.2 56.8 53.7 53.2 53.4 53.7 54.0 54.2 54.4 54.5 54.5 54.4 54.2 54.0 53.7 53.4 53.2 53.7 56.8 71.2

Matlab solution:

function [T] = HT_plane_xy(L,W,dx,Tx0,Txn,Ty0, Tyn,hx0,hxn,hy0,hyn,kc)
nx=L/dx;
ny=W/dx;
mx=nx;
my=ny;
mt=mx*my;
A=zeros(mt,mt);
B=zeros(mt);
T=zeros(mt,mt);
% boundary conditions
for i=l:my
for j=l:mx
k=(i - 1)*my+j;
kpl=i*my+j;
km1=(i - 2)*my+j;
%1
if (i==1&&j==1)




Ak,k)=A(k,k) - (hyO*dx/kc+hx0*dx/kc+2.0);
A(kp1,k)=A(kp1,k)+1.0;
Ak, k+1)=A(k,k+1)+1.0;
B(k)=B(k) - hyO*dx/kc*Tx0 - hx0*dx/kc*TyO;
% 4
elseif (i==1&& j==mx)
Ak, k)=A(k,k) - (hxn*dx/kc+hy0*dx/kc+2.0);
A(kpl,k)=A(kpl,k)+1.0;
Ak -1)=Akk -1)+1.0;
B(k)=B(k) - hxn*dx/kc*Txn - hyO*dx/kc*TyO;
% 2
elseif (i==my && j==1)
A(k,k)=A(k,k) - (hx0*dx/kc+hyn*dx/kc+2.0);
A(km1,k)=A(km1,k)+1.0;
Ak, k+1)=A(k,k+1)+1.0;
B(k)=B(k) - hyn*dx/kc*Tyn - hx0*dx/kc*Tx0;
% 3
elseif  (i==my && j==mx)
Ak, k)=A(k,k) - (hxn*dx/kc+hyn*dx/kc+2.0);
A(km1,k)=A(km1,k)+1.0;
Ak -1)=Akk -1)+1.0;
B(k)=B(k) - hyn*dx/kc*Tyn - hxn*dx/kc*Txn;
%7
elseif  (j==1)
Ak,k)=A(k,k) - (2.0*hx0*dx/  kc+4.0);
A(kpl,k)=A(kpl,k)+1.0;
A(km1,k)=A(km1,k)+1.0;
Ak,k+1)=A(k,k+1)+2.0;
B(k)=B(k) - 2.0*hx0*dx/kc*TxO0;
%5
elseif  (i==1)
Ak,k)=A(Kk,k) - (2.0*hyO*dx/kc+4.0);
A(kpl,k)=A(kpl,k)+2.0;
Ak -1)=Akk -1)+1.0;
Ak,k+1)=A(k,k+1)+1.0;
B(k)=B(k) - 2.0*hy0*dx/kc*TyO;
% 8
elseif  (j==mx)
Ak,k)=A(Kk,k) - (2.0*hxn*dx/kc+4.0);
A(kp1,k)=A(kp1,k)+1.0;
A(km1,k)=A(km1,k)+1.0;
Ak -1)=AKkk -1)+2.0;
B(k)=B(k) - 2.0*hxn*dx/kc*Txn;
% 6
elseif  (i==my) A(k,k)=A(k,k) - (2.0*hyn*dx/kc+4.0);
Ak -1)=Akk -1)+1.0;
Ak,k+1)=A(k,k+1)+1.0;
A(km1,k)=A(km1,k)+2.0;
B(k)=B(k) -2.0*hyn* dx/kc*Tyn;
% internal region
else
Ak,k)=A(Kk,k) -4.0;
A(km1,k)=A(km1,k)+1.0;
A(kpl,k)=A(kpl,k)+1.0;
Ak -1)=Akk -1)+1.0;
Ak,k+1)=A(k,k+1)+1.0;
end
end
end
T=zeros(ny,nx);
B=B(;,1);
aa=linsolve(A,B);
for i=liny
for j=linx
k=(i - 1)*my+j;
T(i.)=aa(k);
end
end
end

>> [T]=HT_plane_xy(1.0,1.0,0.01,20.0,20.0,20.0,100.0,200.0,200.0,200.0,200.0,200.0);
>> surf(T)




PROBLEM11 NONHOMOGENEOUSME INDEPENDENT SOLUTION; C ARTESIAN COORDINATESTWO
DIMENSION

T4

T e Tz

T

2 2
HT(Y) , KTO0Y) g

pX Ky
T(x,y)=T, x=0,0¢yc¢W
T(x,y)=T, x=L, 0¢ye¢W
T(X,y)=T,y=0,0¢ x¢ L
T(Xy)=T, y=W,0¢ x¢ L

Tm+1,n B 2Tm,n +Tm-1,n Tm,n+1 B 2Tm,n +Tm,n-1 _
sz + wz -

it Dx =Dy

Tm+1,n +Tm— 1n +Tm|n+l +Tm,n—1 - 4'Tm,n =0

Java program:

import java.io.*;

import visad.*;

import visad.java3d.DisplaylmplJ3D;
import visad.java2d.DisplaylmplJ2D;
importjava.rmi.RemoteException;

class HT plane_FD_T

public static double [] gauss_seidel(double a[][],double b[],double x[],double lambda)

{

/'l denkl em si stemi -%z¢mg b iteratif gauss_seidel met odu met odu
/|l yakénsama fakto°or g kl gdmbbdegli l e birlikte verilm

int n=a.length;

int imax=1000;// maksimum iterasyon sayeéseé

double es=1.040;
double dummy=0;
double ea=14;
double sum=0;




double old=0;
int iter=0;
int sentinel=0;
/ISystem.out.print(“iter = "+(iter+1)+" ");
for(int i=0;i<n;i++)
{ dummy=ali]i];

for(int j=0;j<n;j++)

{aliljl/=dummy;}
b[i]/=dummy;

for(int i=0;i<n;i++)

{ sum=Dbli];
for(int j=0;j<n;j++)
{if(it=j)sum -=afili]*x[i];}
X[i]=sum;
//System.out.print@+ " );

/ISystem.out.printin();
iter++;
do

sentinel=1;
/ISystem.out.print(“iter = "+(iter+1)+" ");
for(int i=0;i<n;i++)

old=x[i];
sum=b[i];
for(int j=0;j<n;j++)
{if(i=j) sum -=afi][iT*x[]:}
X[i]=lambda*sum-+(1.6lambda)*old;
if(sentinel==1 && x[i]'=0.0 ) {ea=Math.abs((x[#old)/x[i])*100.0;}
if(ea<es) sentinel=0;
/ISystem.out.print(x[i]+ " ");

}
/ISystem.out.printin();

iter++;

Jwhile(sentinel==1 && iter<imay;

if(iter>=imax) System.out.println("Maksi mum
return x;

}

public static double[] pivotlugauss(double a[][],double b[])
{ [/ késmi pivotlu gauss el eme y°ntemi
int n=b.length;
double x[]=new double[n];
double carpan=0;
double toplam=0;
double buyuk;
double dummy=0;
/lgauss eleme
inti,j,k,p,ii,jj;
/ISystem.out.printin("Orijinal Matrisn"+Matrix.toString(a));
for(k=0;k<(n1);k++)
{ /Ipivotlama

p=k;

buyuk=Math.abs(a[k][k]);

for(ii=k+1;ii<n;ii++)

{ dummy=Math.abs(al[iil[k]);

if([dummy > buyuk) {buyuk=dummy;p=ii;}

}
if(p!=k)
{ for(jj=kiji<n;jj++)
{ dummy=a[p][ii];
alpllijl=alkIh;
alK][jj]l=dummy;

}
dummy=b[p];
b[p]=bl[k];
b[k]=dummy;

/ISystem.out.printin("pivotlu Matris : k="+k+1"+Matrix.toString(a));
/1 gauss el emeyi - °%zme
for(i=k+1;i<n;i++)
{ carpan=ali][K]/a[K][K];
a[i][k]=0;
for(j=k+1;j<n;j++)

iterasyon




{ a[i]lj] -=carpan*a[k][j]; }
b[i] =b[i] -carpan*b[K];
}

/Iback substitution
X[n-1]=b[n-1)/a[n-1][n-1];
for(i=n-2;i>=0;i--)

toplam=0;
for(j=i+1;j<n;j++)

{ toplam-+=alil[i]*x[i];}
X[i]=(b[i] -toplam)/a[i][i];

return x;

}

public static double [][] HT_planecoz( double L,double W,double dx, double Tx0,double Txn,double TyO,double Tyn)

{

int nx=(int)(L/dx+0.01);

int ny=(int)(W/dx+0.01);

int mx=(nx1);

int my=(ny-1);

int mt=mx*my;

double A[][J=new double[mt][nt;
double b[J=new double[mt];
double x[]=new double[mt];
double x1,x2,y1,y2;

/I boundary conditions

int i=0,j=0;
for(i=0;i<my;i++)

for(j=0;j<mx;j++)

x1=dx*j;

x2=(L-x1);

y1=dx*i;

y2=(W-y1);

int k=i*my+j;
X[K]=((x1*TX0+x2*Txn)/L+(y1*Ty0+y2*Tyn)/W)/2.0;
int kpl=(i+1)*my+j;

int km1=(F1)*my+j;

if(j==0) {b[K]+=Tx0;}
ifG== (mx-1))  {b[K]+=-Txn;}
if(i==0) {b[K[+=-Ty0;}

else if(i==(my1)) {b[k]+=-Tyn;}

Alk][k]+=-4.0;

if((i==0)&&(j==0)) {Alkp1][K]+=1.0;A[K][k+1]+=1.0;}

else if((i==0)&&(j==(mx-1))) {Alkp1][k]+=1.0;A[K][k -1]+=1.0;}

else if((i==(my1))&&(j==0)) {A[km1][k]+=1.0;A[k][k+1]+=1.0;}

else if((i==(my1))&&({j==(mx-1))) {A[km1][k]+=1.0;A[k][k -1]+=1.0;}
else if(j==0) {Alkp1][k]+=1.0;A[km1][k]+=1.0;A[k][k+1]+=1.0;}

else if(i==0) {A[k][k+1]+=1.0;A[K][k -1]+=1.0;A[kp1][K]+=1.0;}

else if(j==(mx1)) {A[kp1][k]+=1.0;A[km1][k]+=1.0;A[K][k -1]+=1.0;}
else if(i==(my1)) {A[km1] [k]+=1.0;A[k][k -1]+=1.0;A[k][k+1]+=1.0;}
else {A[km1][k]+=1.0;A[kp1][k]+=1.0;A[k][k-1]+=1.0;A[K][k+1]+=1.0;}
}

}

double T[][J=new double[ny+1][nx+1];
double a[]=conjugate_gradientl.conjugate_gradient(A,b);
for(i=0;i<=ny;i++)
{ for(j=0;j<=nx;j++)
{if(==0) {TT[1=Tx0;}

else if(i==0) {T[i][j]=Ty0;}

else if(j==nx) {T[i][j]=Txn;}

else if(i==ny) {T[i][j]=Tyn;}

else

{int k=(i -1)*my+(j-1);

}T[i][J']=a[k];

}
}

return T;

public staic void main(String args[]) throws IOException,RemoteException, VisADException




{ double a[][]=HT_planecoz(1.0,1.0,0.05,20.0,20.0,20.0,100.0);
Text.print(a);
ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)");
pp.-pld();
Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)");

public static void main(String args[]) throws IOException,RemoteException, VisADException
{ double a[][]=HT_planecoz(1.0,1.0,0.02,20.0,20.0,100.0,100.0);
Text.print(a);
ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)");
pp.plot();
Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)");

public static void main(String args[]) throws IOException,RemoteException, VisADException
{ double a[][]=HT_planecoz(1.0,1.0,0.02,20.0,20.0,60.0,100.0);
ContourPlot pp=new ContourPlot(a,0.0,1.0,0.0,1.0,40, false,"x","y","T=f(x,y)");
pp.plot();
Plot3D.data(a,0.0,1.0,0.0,1.0,400,"x","y","T=f(x,y)");




