Hapdoderypa #4
EINIAYXH T'PAMMIKQN AATEBPIKQN
YYXTHMATOQN ME EITANAAHIITIKEX MEGOAOYX
EIIIMEAEIA: N. Baou.elaong

Aoknon 1
Ta 1colVylo pdloc Tov GLOTNUATOG JVOUN ATUOD GE HOVAdH SWAICTNPIoL divoviol amd Tig
TOPOKATO E1I0MCELS:

181.60-x, -132.57 - x, — X, =5.1
1.17%, =%, =0

132.57-0.745x, =61.2

Xs + X, = Xg — Xg — X + X, =99.1
Xg + Xg + Xyo + Xy — X;, — Xp3 =—8.4
Xe — X, =24.2

—1.15(181.60) + X=X + X, + X =—19.7
181.60-4.594x,, —0.11x, =35.05
—0.0423(181.60) + X, =2.88
-0.016(181.60)+x, =0

X; —0.0147x, =0

X, —0.07x, =0

—0.0805(181.60) +X, =0

X, =X + % =-97.9

To X éovv povadeg og 1000 kg / hr. Ta woldyia palog spoapudloviol otig cvokevéc: Header
680-psia, De-super heater, Alternator turbine, Header 170-psia, Header 37-psia, Header 215-psia,
BFW balance, Condensate drum, Blow down flash drum, Boiler atomizing, Treated feed-water
pump, Boiler feed-water pump, Boiler fan, De-aerator.

Na 7mpocdioptotovv ot 14 dyveotol, AVVOVIOG TO YPOUUKO GUCTNUO HE TIC ETOVOANTTIKES
uebodovg o) Jacobi pe PB) Gauss-Seidel xor y) S.O.R. (va yiver mapapetpikny peAétn tov
AALTOVUEVOL AP0V EXAVOAYEDY GE GYEOT| LLE TO ).

N 2
e OAeg TIg LebBddoLg va YpNoYLoTon el KPITHPLO TEPUATIGUOV: & = % \/ Z(X.(m”) - x.(m)) <10

i i
i=1



Anavinon:

Elvaw @avepd mwg yia tig pebddovg Jacobi, Gauss-Seidel kot S.O.R givon avaykaio va
avadtotoyfovv ot eEloMOEI MOTE TO dSlaydVia oToryEia Tov mivaka cvuvieheot®v A vo givar pn
undevikd. Extedovrag tig mpdéelg kot avadiatdocoviag T €E100DCELG TPOKLATEL TO akOAOVOO
cOotnUo (CNUELOVETAL 6TL 0 VEOG TIVUKAS GUVTEAEGTAV £YEL U1 UNOEVIKG droydVIX GTOLYElN
aALd dev givar owayovia vagptepog!!l):

X, + X, — X + X, =189.14

—X, + X, =24.2

X3 + X, + X, =43.93

X, = 2.9056

X, —0.07x, =0

1.17%, =X, =0

0.745x, =71.37

—-0.0147x, +%; =0

X, =14.6188

X, + X+ X, = Xg = X9 — X, =99.1
X, =10.5617

0.11x, +4.594x,, =146.55

Xg + Xg + Xgg + Xy = Xpp — X3 = —8.4
Xp + X, = X%, =—97.9

Apa T0 TOpOTAVE YPOUUIKO cOGTNO UTopel va ypapel oty poper] AX = b, énov:
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Onwg deiydnke oto Ilapdderyua 3 pe v Pondeia g Mathematica kot yprion ¢ €vioAng

LinearSolve n Avon tov ypoppikod GLGTHUATOS TPOKVTTEL:
{164.7,0.00196857,20.6854,2.9056,20.339,24.202,95.7987,
2.42109,14.6188,-0.000304565,10.5617,27.9567,8.0446,290.557}



1a. Jacobi

[poypappa og Fortran yia v uébodo Jacobi:
program Jacobi

implicit none

integer::i,j,iter,maxiter,n

real*8:: s,rel,err,tstart,tend
real*8,allocatable:: a(:,:),xold(:),xnew(:)

IFind program start time
call cpu_time(tstart)

10pen output File
open (100, file="Jacobi_results.dat')

IDefinition of parameters for the Jacobi method

n=14 INumber of equations
allocate(a(n,n+1),xold(n) ,xnew(n)) IAllocation of required matrices
maxiter=10000 IMaximum number of iteration
IDesired relative error

TlInitial guess x0

IDefinition of the linear system of equations

a(l,:)=(/1.,0.,1.,0.,0.,-1.,0.,0.,0.,0.,0.,1.,0.,0.,189.14/)
a(2,:)=(/0.,-1.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,24.2/)
a(3.:)=(/0..,0.,1.,1.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,43.93/)
a(4,:)=(/0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,2.9056/)
a(5.:)=(/0..0..0..0..1..0..0..0..0..0..0..0..0..,-0.07,0.7/)
a(6,:)=(/0.,0.,1.17,0.,0.,-1.,0.,0.,0.,0.,0.,0.,0.,0.,0./)
a(7,:)= (/o-,o-,o-,o.,o.,o.,o.745,o.,o ,0.,0.,0.,0.,0.,71.37/)
a(8,:)=(/-0.0147,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0./)
a(9,:)=(/0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,14.6188/)
a(10, :)=(¢/0.,1.,0.,0.,1.,0.,1.,-1.,-1.,-1.,0.,0.,0.,0.,99.1/)
a(11,:)=(/0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,10.5617/)
a(12,:)=(/0.11,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,4.594,0.,0.,146.55/)
a(13,:)=(/0.,0.,0.,0.,0.,0.,0.,1.,1.,1.,1.,-1.,-1.,0_,-8.4/)
a(14,:)=(/1..0..0..0..0..0..0..0.,0..0..0..1.,0.,-1.,-97.9/)

IWrite system of equations to be solved to output file

write(100,"CA)') ™
write(100,"(A)') "
write(100,"(A)'") "
do i=1,n

write(100," (10000ES15.5)") a(i,

end do

err=1.
iter=0

D)

IWrite initial guess to output file
write(100,"(A)")
write(100,"(A,)™) ™
write(100,"(A)™)

write(100,"(A,ES15.5)") "The error is: ",err
do i=1,n
write(100,"(2(A,10),A,ES20.10)") x",iter," (", 1,")="",xold(i)

end do



IComputations for the Jacobi method
do while (iter<=maxiter .and. err>=rel)
IFind new X
do i=1,n
s=0.
do j=1,i-1
s=s+a(i,j)*xold(j)

s=s+a(i,j)*xold(j)

end do

xnew(i)=Ca(i,n+tl)-s)/a(i,i)
end do
IFind error
err = sgrt(sum((xnew-xold)**2))/n
xold = xnew
iter=iter+1
IWrite results to output file
write(100,"(A)") "M-——mmm e '

write(100,"(A,15,A)") "————————— Iteration ",iter," -—————-——- "
write(100,"(A)") "M-mmmmm e "
write(100,"(A,ES15.5)") "The error is : ",err
do i=1,n
write(100,"(2(A,10),A,ES20.10)") "x",iter,"(",1,")=",xnew(i)
end do
end do

IWrite results to screen
IT (iter>maxiter) then
write(*,"(A)") "For x in each iteration open file Jacobi_results.dat..."
write(*,*)
write(*,"(A,10,A)") "Solution didn"t converge after: ",iter,"
iterations."
else
write(*,"(A)"") "For x in each iteration open file Jacobi_results.dat..."
write(*,*)
write(*,"(A,10,A,ES12.4)") "Solution converged after: ",iter," iterations
with error: ",err
write(*,"(A)") "Solution of linear system given below:"

do i=1,n
write(*,"(A2,10, ,A2,ES20.10)")"x(*",i,")="",xnew(i)
end do
endif

IFind program end time

call cpu_time(tend)

write(™,"(A,ES14.4,2X,A)'") "Program has used", tend-tstart,'seconds of CPU
time."

write(100,"(A)") Mmm e "
write(100,"(A,ES14.4,2X,A)") "Program has used', tend-tstart,'seconds of CPU
time."

IClose output File
close(100)
end



Tpéyovtag to mpoypappo eaivetal Tmg n uébodog Jacobi pe apyikn extipnon X = 0ocvykAivel
netd omd 38 emovaljyelg pe opdipe 9.25997x10°. Ztov mapakdto mivake @oiveton mog
SUOPOOVETAL 1] AVOT) GE KATOLES EVOEIKTIKES EMAVOANYELS.

Ap1Ouog emovarnyemv
1 2 5 10 20 30 38
X, | 189.14000 | 113.30969 | 182.64347 | 162.81042 | 164.67168 | 164.69937 | 164.69982
X, | -24.20000 | -24.20000 | 15.78054 | -1.44981 | -0.01681 0.00166 0.00196
X; | 43.93000 | 41.02440 | 24.32372 | 20.30527 | 20.68126 | 20.68536 | 20.68544
X, 2.90560 2.90560 2.90560 2.90560 2.90560 2.90560 2.90560
Xs 0.00000 6.85300 | 20.94606 | 20.31435 | 20.33706 | 20.33890 | 20.33895
X 0.00000 51.39810 | 21.87734 | 24.70771 | 24.21222 | 24.20214 | 24.20198
X, | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866
X 0.00000 2.78036 2.55457 2.43047 2.42159 2.42110 2.42109
X, | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880
Xo | -99.10000 | -42.12014 | 20.04860 | -0.34589 0.02069 0.00021 | -0.00028
X, | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170
X, | 31.90031 | 27.37149 | 27.73927 | 27.94140 | 27.95588 | 27.95667 | 27.95669
X3 8.40000 | -97.41981 | 38.27063 | 6.81553 8.02518 8.04398 8.04457
X, | 97.90000 | 318.94031 | 299.45845 | 291.20042 | 290.59099 | 290.55725 | 290.55655

1p. Gauss-Seidel

[Ipoypappa og Fortran yio v uébodo Gauss-Seidel:

program GaussSeidel
implicit none
integer::i,j,iter,maxiter,n

real*8::

IFind program start time
call cpu_time(tstart)

10pen output File
open (100, file=""GaussSeidel results.dat')

s,rel,err,tstart, tend
real*8,allocatable::

a(:,:),xold(:),xnew(:)

IDefinition of parameters for the Gauss-Seidel method
INumber of equations

n=14

allocate(a(n,n+1),xold(n) ,xnew(n))
maxiter=10000
rel=1d-5
xold=0.

TAllocation of required matrices

IMaximum number of iteration

IDesired

Ilnitial guess x0

relative error




IDefinition of the linear system of equations

a(l,:)=(/1., o ,1.,0.,0.,-1.,0.,0.,0.,0.,0.,1.,0.,0.,189.14/)
a(2,:)=(/0.,-1.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,24.2/)
a(3.:)=(/0..0.,1.,1.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,43.93/)
a(4,:)=(/0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,2.9056/)
a(5,:)=(/0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,-0.07,0./)
a(6,:)=(/0.,0.,1.17,0.,0.,-1.,0.,0.,0.,0.,0.,0.,0.,0.,0./)
a(7,:)=(/0.,0.,0.,0.,0.,0.,0.745,0.,0.,0.,0.,0.,0.,0.,71.37/)
a(8,:)=(/-0.0147,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0./)
a(o, ):(/o-,o-,o-,o-,o-,o.,o.,o.,1.,o.,o.,o-,o ,0.,14.6188/)

.,0.,0.,99.1/)
.,0.,10.5617/)
4

a(11.-)=(/0..0. .
.594,0.,0.,146.55/)

a(12.:3=(/0.11,0..0..0..0..0..0..,0..0..0..0..
a(13,:)=(/0.,0.,0.,0.,0., 1.,1.,-1.,-1.,0.,-8.4/)
a(14,:)=(/1.,0.,0.,0.,0., .,0.,0.,1.,0.,-1.,-97.9/)

IWrite system of equations to be solved to output Ffile
write(100,"(A)"™) M- o
write(100,"(A)") "-———————- Linear system of equations —---——-——-——- oc
write(100,"(A)") M m e "
do i=1,n

write(100, " (10000ES15.5)") a(i,:)
end do

err=1.
iter=0
xnew=xold

IWrite initial guess to output file
write(100,"(A)") Memmmmmmmm e '
write(100,"(A,)") "-———————- Initial guess -———————-—- .
write(100,"(A)") M- "
write(100,"(A,ES15.5)") "The error is: ",err
do i=1,n

write(100,"(2(A,10),A,ES20.10)") "x",iter,"(",1,")="",xold(i)
end do

IComputations for the Gauss-Seidel method
do while (iter<=maxiter .and. err>=rel)

IFind new Xx
do i=1,n
s=0.
do j=1,i-1
s=s+a(i,j)*xnew(j)
end do
do j=i+l,n
s=s+a(i,j)*xold(j)
end do
xnew(i)=Ca(i,n+tl)-s)/a(i,i)
end do
IFind error
err = sgrt(sum((xnew-xold)**2))/n
xold = xnew
iter=iter+1



IWrite results to output file
write(100,"(A)") " .

write(100,"(A,15,A)") "————————— Iteration ",iter," -—————-——- "
write(100,"(A)") "M-——mmm e '
write(100,"(A,ES15.5)") "The error is : ",err
do i=1,n
write(100,"(2(A,10),A,ES20.10)") "x",iter," (", 1,")="",xnew(i)
end do
end do

IWrite results to screen
IT (iter>maxiter) then

write(*,"(A)") "For x in each iteration open file
GaussSeidel _results.dat..."

write(*,*)

write(*,"(A,10,A)"™) "Solution didn"t converge after: ",iter,"
iterations.”

Else

write(*,"(A)") "For x in each iteration open file
GaussSeidel results.dat..."

write(*,*)

write(*,"(A,10,A,ES12.4)") "Solution converged after: ",iter," iterations
with error: *,err

write(*,"(A)") "Solution of linear system given below:"

do i=1,n
write(*,"(A2,10, ,A2,ES20.10)")"x(*",i,")="",xnew(i)
end do
endif

IFind program end time

call cpu_time(tend)

write(*,"(A,ES14.4,2X,A)") "Program has used', tend-tstart,'seconds of CPU
time."

write(100,"(A)") M- mm '
write(100,"(A,ES14.4,2X,A)'") "Program has used', tend-tstart,'seconds of CPU
time."

IClose output file
close(100)

end
Tpéyovtag to Tpdypappo n pébodog Gauss-Seidel pe apyikn extipnon X =0 cvykiivel uetd and

novo 15 emovalqyelc pe oedipa 6.8801x107. Ttov mivako mov okolovBel gaivetar mog
SOUOPPOVETAL 1] AVOT) GE KATOLES EVOEIKTIKES EMAVOANYELC.



Aglktng emovdinyng
1 2 3 4 5 8 11

X, | 189.14000 | 169.23661 | 168.26609 | 164.50135 | 164.64239 | 164.70053 | 164.69983
X, | -24.20000 | 27.19810 | 23.79855 | -1.95175 | -0.36070 0.00656 0.00191
X; | 43.93000 | 41.02440 | 19.01560 | 20.37547 | 20.44178 | 20.68837 | 20.68541
X, 2.90560 2.90560 2.90560 2.90560 2.90560 2.90560 2.90560
Xs 0.00000 22.00880 | 20.64893 | 20.58262 | 20.32540 | 20.33904 | 20.33896
Xs | 51.39810 | 47.99855 | 22.24825 | 23.83930 | 23.91689 | 24.20539 | 24.20193
X; | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866 | 95.79866
Xg 2.78036 2.48778 2.47351 241817 2.42024 2.42110 2.42109
X, | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880 | 14.61880
X | -44.90050 | 28.79899 | 24.05382 | -1.70744 | -0.37568 0.00437 -0.00036
X, | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170 | 10.56170
X, | 27.37149 | 27.84806 | 27.87130 | 27.96144 | 27.95806 | 27.95667 | 27.95669
X5 | -35.91113 | 37.01921 | 32.23654 | 6.32978 7.66700 8.04929 8.04454
X, | 314.41149 | 294.98467 | 294.03739 | 290.36280 | 290.50045 | 290.55721 | 290.55652
1y. S.O.R.

[Ipoypappa oe Fortran yio v pébodo S.O.R.:
program SOR
implicit none
integer::i,j,iter,maxiter,n
real*8:: s,w,rel,err,tstart,tend

real*8,allocatable::

IFind program start time
call cpu_time(tstart)

10pen output File
open (100,File="SOR _results.dat")

a(:,:),xold(:),xnew(:)

IDefinition of parameters for the SOR method

n=14
allocate(a(n,n+1),xold(n) ,xnew(n))
maxiter=10000
rel=1d-5

w=1

.2

xold=0.

INumber of equations

TAllocation of required matrices

IMaximum number of iteration

IDesired

Innitial guess x0

IDefinition of the linear system of equations
,-)=(/1.,0.,1.,0.,0.,-1.,0.,0.,0.,0.,0.,1.,0.,0.,189.14/)
,:-)=(0.,-1.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,24.2/)

a(a
a(2
a(3
a4
a(sb

=(/0.
(/0.
0.,

»2)
o)
»2)

[eNeoNe)

OO r

or R
ROR

[eNoNe)
[eNoNe)

[eNoNe)
[eNoNe)

relative error
IRelaxation parameter

[eNoNe)

.,0.,0.,0.,43.93/)
.,0.,0.,0.,2.9056/)
.,0.,0.,-0.07,0./)

[eNoNe)




a(6,:)=(/0.,0.,1.17,0.,0.,-1.,0.,0.,0.
a(7,:)=(/0.,0.,0.,0.,0.,0.,0.745,0.,0.
a(8,:)=(/-0.0147,0.,0.,0.,0.,0

a(9,:)=(/0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,14.6188/)
a(10,:)=(/0.,1.,0.,0.,1.,0.,1.,-1.,-1.,-1.,0.,0.,0.,0.,99.1/)
a(11,:)=(/0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,10.5617/)
a(12,:)=(/0.11,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,4.594,0.,0.,146.55/)
a(13,:)=(/0.,0.,0.,0.,0.,0.,0.,1.,1.,1.,1.,-1.,-1.,0_,-8.4/)
a(14,:)=(/1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,-1.,-97.9/)

IWrite system of equations to be solved to output Ffile
write(100,"(A)"") Mmoo "
write(100,"(A)") "-———————- Linear system of equations —---——-——-——- oc
write(100,"(A)") Mmoo "
do i=1,n

write(100, " (10000ES15.5)") a(i,:)
end do

err=1.
iter=0
xnew=xold

IWrite initial guess to output file
write(100,"(A)") Memmmmmmmm '
write(100,"(A,)") "-———————- Initial guess -~ ——————-——-— "
write(100,"(A)") M- "
write(100,"(A,ES15.5)") "The error is: ",err
do i=1,n

write(100,"(2(A,10),A,ES20.10)") "x",iter,"(",1,")="",xold(i)
end do

IComputations for the SOR method
do while (iter<=maxiter .and. err>=rel)

=1,i-1
s=s+a(i,j)*xnew(j)
(o]

do j=i+l,n
s=s+a(i,j)*xold(j)
end do
xnew(1)=(1.-w)*xold(i)+w*(a(i,n+l)-s)/a(i,i)
end do

IFind error
err = sgrt(sum((xnew-xold)**2))/n
xold = xnew
iter=iter+1

IWrite results to output file
write(100,"(A)") M-mmmm "
write(100,"(A,15,A)") "————————- Iteration ",iter," - ———————- "



WrFite (100, (A)™) *=———mmm oo oo oo .

write(100,"(A,ES15.5)") "The error is : ",err
do i=1,n
write(100,"(2(A,10),A,ES20.10)"") x",iter," (", 1,")="",xnew(i)
end do
end do

IWrite results to screen
IT (iter>maxiter) then
write(*,"(A)") "For x in each iteration open file SOR results.dat..."
write(*,*)
write(*,"(A,ES12.4)'") "Relaxation parameter: ",w
write(*,"(A,10,A)") "Solution didn"t converge after: ",iter,"
iterations."

else
write(*,"(A)") "For x in each iteration open file SOR_results.dat..."
write(*,*)
write(™,"(A,ES12.4)"") "Relaxation parameter: ",w
write(*,"(A,10,A,ES12.4)") "Solution converged after: ",iter," iterations

with error: *,err
write(*,"(A)") "Solution of linear system given below:"

do i=1,n
write(™,"(A2,10, ,A2,ES20.10)")"x(*",i,")="",xnew(i)
end do
endif

IFind program end time

call cpu_time(tend)

write(™,"(A,ES14.4,2X,A)'") "Program has used", tend-tstart,'seconds of CPU
time."

write(100,"(A)") Mmmm "
write(100,"(A,ES14.4,2X,A)'™) "Program has used", tend-tstart,'seconds of CPU
time."

IClose output Ffile
close(100)

end

Mo ™mv mopopeTptk] aviivon tov oplBpoy EMOVOANYEDV GE OYXECT UE TNV TOPAUETPO
xoAdpwong eivarl avaykoio 1 EKTELECT] TOL TOPATAVE TPOYPAULATOS Y10 SIAPOPES TYLES TOV @ .
210 ypaonuo TOL aKoAoLOEL PaiveTal OTL 0 EAGYIOTOG EPIKTOG aplOUOG emavarnyemy givat 15
Ko avtiotoyel omv tun @ =1 (Gauss-Seidel) eved yio @ >1.3 1 pébodog S.O.R apyiler va
amoKALveL.

Mo v katovonon avTng TG CLUTEPLPOPES Ivol CNUAVTIKY 1) LEAETN TNG QOCUATIKNG OKTIVOG
Tov mivako emavainymg g SOR. Kotaokevdlovtag to ypdenuo TS QOCUATIKNG OKTIVOG €
oXEOMN LE TO @ YiveTon eavEPO MG TO BEATIOTO @ GUUMINTEL Pe TNV EAAYIOTN p(GSOR) EVOD 0TV

P(Ggor ) >1 1 pébBodog amoxhiver.
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Kddwag oe Mathematica yio tov vmohoyiopd g QUCHOTIKAG OKTIVOG:

n = 14;
w=0.1
A={{1.,0.,1.,0.,0.,-1.,0.,0.,0.,0.,0.,1.,0.,0.}, \
{0.,-1.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.}, \
{0.,0.,1.,1.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.}, \
{0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.%, \
{0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.,0.,0.,-0.07}, \
{0.,0.,12.127,0.,0.,-1.,0.,0.,0.,0.,0.,0.,0.,0-}, \
{0.,0.,0.,0.,0.,0.,0.745,0.,0.,0.,0.,0.,0.,0_}, \
{-0.0147,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.,0.}, \
{0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.,0.,0.}, \
{0.,1.,0.,0.,1.,0.,2.,-1.,-1.,-1.,0.,0.,0.,0.}, \
{0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,0.,0.}, \
{0.12,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,4.594,0.,0.}, \
{0.,0.,0.,0.,0.,0.,0.,1.,2.,2.,1.,-1.,-1.,0.}, \
{1.,0.,0.,0.,0.,0.,0.,0.,0.,0.,0.,1.,0.,-1_}%}};
Diag = ConstantArray[ , {n, n}l;
Do[Diag[[i, i11 = A[[i, i1l, {1, 1, n}1;
Low = LowerTriangularize[A] - Diag;

= U

Upp pperTriangularize[A] - Diag;
GSOR = ldentityMatrix[n] - w*Inverse[Diag + w*Low]-.A
Max[Abs[Eigenvalues[GSOR]]]

Aoknon 2

To mapokdto akyefpikd TpOYOVIO GOGTNIO TPOKVTTEL OO TNV SLOKPLTOTOINGT TG cLVNBOVG
dwpoptkng eElomong petapopdc Beppomrag pe aywyn o€ po. papoo HE adldoTATO KOG
0<x<1. Ot dyvootol tov cvotiuotog T, 1=12,..,N oavtictoyodv otig Beppokpacieg g
papdov ota ecwTEPIKA 1IG0mEYOVTO onpeio TG pafdov X, 1=12,...,N, evd ot mocotTeg A Kan
B &ivaw o1 Beppokpacieg oto 600 drpa tng pdpdov oto i =0 kot i =N +1 avrtictoryo.

11
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Na Avfel to Tapamdve Tpdtaydvio oot Yo 3 EcmTEPIKA onueio Kot Oewpovtag A =600
kot B =300 pe tig emavoinmrikég pebodovg o) Jacobi B) Gauss-Seidel kot y) S.O.R. pe o =1.2.
Téhog, va yivel TOPAUETPIKY] HEAETN TOV OmOLTOLUEVOL 0pBuoy emavainyenv ¢ S.O.R og
oyxéon pe o o yuoo N =3, 30, 300.

pX OAeg TG pebdd0ovg va xpMNoonom el KPLTNplo TEPLLATIGULOV:

£ = % \/i (T - )2 <10°

i=1

Anavinon:

Xpnoiponotovvtal ot KOdikeg Tov d60nkav otnv Acknon 1. H pdévn adhayn eivar o optopog tov
GLGTNUOTOG:
IDefinition of the linear system of equations
a=0. ; a(1,1)=-2 ; a(2,1)=1
Do 1=2,n-1
a(i,i)=-2
a(i-1,i)=1
a(i+1,i)=1
Enddo
a(n,n)=-2; a(n-1,n)=1; a(l,n+1)=-600; a(n,n+1)=-300

Mo 11 PaopHOTIKEG OKTIVEG TOV TIVAK®OV ETOAVAANYNG UTOpEL va ypnoiponombel o mopakdto
Koowkog o Mathematica. Apyikd o mivakoag A omdel otovg wivakeg D (dtaydviog), L (kdtw
Tpryovikog) kot U (dvo tpryovikdg). Kataokevaleton o wivakag emavainyng G kabe pebdoov,
VTOAOYILOVTOL OAEC O1 IO10TIUEG TOV KOt EUPOAVICETOL 1] 1O10TIUN LE TO HEYOADTEPO HETPO.

n = 3;
w=1.2;
A= {{-2, 1, 0}, {1, -2, 1}, {0, 1, -2}};

Diag = ConstantArray[O., {n, n}];

Do[Diagll%, #]11 = ALLT, 1], {i, 1, n}]

Low = LowerTriangularize[A] - Diag;

Upp = UpperTriangularize[A] - Diag;

GJ = ldentityMatrix[n] - Inverse[Diag]-A;

GGS = IldentityMatrix[n] - Inverse[Diag + Low].A;

GSOR = ldentityMatrix[n] - w*Inverse[Diag + w*Low].A;
MatrixForm[GJ]

MatrixForm[GGS]

MatrixForm[GSOR]

12



Det[GJ - IdentityMatrix[n]*\[Lambda]]
Det[GGS - IldentityMatrix[n]*\[Lambda]l]
Det[GSOR - IldentityMatrix[n]*\[Lambda]l
Max[Abs[Eigenvalues[GJ]]]1
Max[Abs[Eigenvalues[GGS]1]
Max[Abs[Eigenvalues[GSOR]]]

Me Bdon ta mopandve TpoKHTTOVY 01 TVOKES ETAVAANYNG TOV TPLOV HEBOOWV:

0 05 0 0 05 0 02 06 0
G,=|05 0 05| Gg=|0 025 05| Gg,=|-012 016 0.6
0 05 0 0 0125 0.25 ~0.072 0.096 0.16

O avtioTotyeg xopaKTNPLoTIKES EE1I0ADGELG Elvat:
~A2+054, =0, —A% +054% =0, —Adr +0.1245, +0.0244,, —0.008 =0

AT6 TV MO0 TOV apaKTNPIoTIKDY e&iohogmv Tpokdmtovy p (G, )=0.7071, p(Gss)=0.5 ka

p(GSOR ) =0.2. ZoumepaiveTton mwg Ko ot Tpelg pEBodot Ba cuyKAivouv.

2a. Jacobi

INo v pébodo Jacobi pe oapywr extiunon T =0 ovykhivel petd omd 48 emavolnyels pe
opdipa 8.9407x10°. Mapakdtm diveton 1 ADOT 68 KATOEG EVOEIKTIKES EMOVOANYELG.

Aglktng emovdinyng
1 2 5 10 20 48
T (0.25) 300.0 300.0 468.75 510.9375 524.56055 524.99997
T (0.50) 0.000 225.0 337.5 435.9375 449.56055 449.99997
T (0.75) 150.0 150.0 318.75 360.9375 374.56055 374.99997

2p. Gauss-Seidel

Mo v pébodo Gauss-Seidel pe apykn extipnon X =0 cvykdivel petd and 25 emavornyelg pe

opdipa 8.9407 x10°. TTapakdtm TapovostdleTol | Ao 68 KATOLEC EVOEIKTIKES ETAVAAYELC.

Aglktng emovdinyng
1 2 5 10 15 25
T (0.25) 300.0 375.0 506.250 524.4141 524.98169 524.99998
T (0.50) 150.0 300.0 431.250 449.4141 449.98169 449.99998
T (0.75) 225.0 300.0 365.625 374.7070 374.99085 374.99999

13



2y.S.O.R

Mo mv pébodo S.O.R pe mapdapetpo yardpwong @ =1.2 ko apywn ektipnon 7T =0 cvykiivel
LETd omd povo 12 emavalqyelg pe oedhpo 2.8997x10°. Stov mivaka mov akoiovdei Siveton 1
A0oM G€ KATO1EG EVOEIKTIKEG EMAVOANYELS.

Aglktng emoaviiny
1 2 3 5 8 12

)

T (0.25) 360.0 417.60 | 512.3520 | 525.22261 525.00388 524.999989

T (0.50) 216.0 393.12 | 441.1584 | 450.17635 450.00265 449.999994

T (0.75) 309.6 353.95 | 373.9046 | 375.12849 375.00028 374.999998

20. lMopapetpkn avaivon apBpov enavainyemv S.O.R

Tpéyovtag to kmowka g SOR yia dtdpopeg Tipég ov @ kot yio N =3, 30, 300 pmopei va
KOTOOKELOOTEL TO Ypaenua tov apfuod eravoinyewv ce oyéon pe 1o o. daivetor 6TL Yo
N =3 10 Bértioto @ givar ~1.2, evd kaBdg T0 péyebog Tov cuoTNUaTog avédvel To BEATIOTO @
emiong aw&avetl. I'ia N =30 kot N =300 1o fértictawm sivor ~1.85 ko ~1.98 avtictoryo.

10°
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Aoknon 3
H petddoomn petagopds Oepudmrog oe éva tetpayovo 0< X, ¥y <1 oto omoio dev vmdpyet

mopayyn BepudtnTog TEpypaeeTol amd TV TopaKat® eALETTIK) MAE:

T 0T
—+—=0
ox~ oy

Av pe T

ij
KOTAANYEL TNV EMIALGON VOGS YPAUUIKOD GUGTNUATOG TG LOPPNG:

ovpuPolotel  Oeppoxpacio otov koOuPo i, J TOTE M OopOunTIKY emilvon g

4T . =T

ij i+1,j

Ty =T =T, =0

ij+1 e T

2NV TOPOKAT® EKOVA OVOTOPIOTATAL YPOPIKA TO Tapomdve mpoPAnua yioo NxN =3x3=9
o6mov aivovtalr ot 9  dyvooteg Oepuokpaciec (umhe). Ov Beppokpacieg 6To GUVOPO TOL
TETPAYOVOL efvar yvwotés kar ovpPorilovron pe Ty, Ty, Ty ko T,y v kdte, ndvoe,
aplotepn kot 0e€1d TAELPE TOV TETPAYDVOL AVTIGTOLYO.

TZI TZZ TZ] T24 TZS TS,l TS_.'! TS‘S T5,4 TS,S
Ty
T T, Ty Ty Ty T, T, Tss Tya Tys
2 2
T, 9——5 +G—F£ =0 Ty Ty, T, T; T, Tis Ts, Ts, Tss Ts, Tss
0x~ Oy
T]5 TI TZ T} Tlﬁ Tz,l Tzl TZ,} T2,4 T2,5
TD T]U Tll TIZ T13 T]4 Tl‘] Tl,2 Tl,} T]‘fl Tl,5

4 -1 0 -1 0 0 O O O)\T T,+Ts To+T,
1 4 -1 0 -1 0 0 0 0T, T To
0 -1 4 -1 0 -1 0 0 0T, T +T To +Tq
-1 0 -1 4 -1 0 -1 0 0T, T, T
0 -1 0 -1 4 -1 0 -1 0T |=| 0o |= o0
0 0 -1 0 -1 4 -1 0 -1|T, Tis Tr
0 0 0 -1 0 -1 4 -1 0||T,| [Te+T,| [T +T,
0 0 0 0 -1 0 -1 4 -1|T, T T,
0O 0 0 0 0 -1 0 -1 4)T T+ Ty Te+Ty
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Noa A0l to ypappkd cHotpa Tov TPoKHTTEL amd TV e&icwon BeproTnTog o€ £va TETPAY®VO
ue Tp =T, =T, =0 wxor T, =100 yio N =3, 9, 19 pe mig pebodovg Jacobi, Gauss-Seidel won
S.0.R a1 va d00¢el cav amotédecpa o aplBudg tov omortovpuevoy exavoiyemv. Na yivel to
yphonua g katavoung Oeppokpaciog kotd unkog tov 0<y<1l yuww x=0.5. Télog va
KOTOAGKEVOOTEL 1] YPOPIKY TOPACTACT TOV 1600YhV Beppokpaciog yioo N =99.

Kpumpro teppaticpov ¢ =

1 NxN 2
NxN \/ 2 (T -Tm) <10°
i=1

Améavtnon:

H mopondve MAE uropei va emivdel avaivtikd oe Mathematica:

sol = DSoIve[{D[T[x y] {x 23] + DITIx, vy1, {y, 2}] == 0, \

T[O, y] == 0, T[x, 0] == 0, T[1, y] == 0, T[x, 1] == 100}, TIx, vyl.X, vl
AvoloTikn Aoon:

- 200(—1+(—1)k)sin(n;zx)sinh(n;ry)

=0 nz cosh (n7)

T(xy)=

Aidetor M avOALTIKY YpaQlkn mapdotaon ¢ Oeppokpaciog yio Xx=05 wor 0<y<l1
dnNpadvTog Toug TPMTOLG 100 OPOLE TG ATEPOCELPAC:

Plot[Evaluate[T[x, y] /- sol[[111] /- {x -> 0.5, Infinity -> 100} \
// Activate, {y, 0, 1}, Frame -> True]
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Kodwag oe Fortran mov emidel to mopandave tpdfAnua yuo omowdnrote N pe tic pebooovg

Jacobi, Gauss-Seidel kot S.O.R. :

program HeatTransferSquare

implicit none

integer::i,j,k,n,nn,maxiter,solver
integer,allocatable: :numij(:,:)

real*8:: w,rel,tstart,tend,TD,TL,TR,TU
real*8,allocatable:: a(:,:),x0(:),x(:),tempDistr(:,:)

IFind program start time
call cpu_time(tstart)

10pen output File
open (100, File=""HeatTransferSquare_ results.dat'™)

IDefinition of parameters

solver=3 11:Jacobi, 2:Gauss-Seidel, 3:SOR

n=99 INumber of inside nodes per square side
nn=n*n INumber of equations

TD=0. Itemperature of plate down side

TL=0. Itemperature of plate left side

TR=0. Itemperature of plate right side
TU=100. Itemperature of plate up side

allocate(a(nn,nn+1) ,x0(nn),x(nn),numij(nn,2),tempDistr(n+2,n+2))
max iter=1000000 IMaximum number of iteration

rel=1d-6 IDesired relative error
w=1.9 IRelaxation parater (used only in SOR)
x0=0. ITlInitial guess x0

IDefinition of linear system of equations
do i=1,n

end do

a=0.

do i=1,nn
if (numij(i,1)==1 .and. numij(i,2)==1) then
IDown-left corner
a(i,i)=4._; a(i,i+l)=-1_; a(i,i+n)=-1.; a(i,nn+1)=TD+TL
else if (numij(i,1)==1 .and. numij(i,2)==n) then
IDown-right corner
a(i,i)=4_; a(i,i-1)=-1_; a(i,i+n)=-1.; a(i,nn+1)=TD+TR
else if (humij(i,1)==n .and. numij(i,2)==1) then
1Up-left corner
a(i,i)=4_; a(i,i+l)=-1_; a(i,i-n)=-1.; a(i,nn+1)=TU+TL
else if (nhumij(i,1)==n .and. numij(i,2)==n) then
1Up-right corner
a(i,i)=4_; a(i,i-1)=-1_; a(i,i-n)=-1.; a(i,nn+1)=TU+TR
else if (numij(i,1)==1) then
IDown side

a(i,i)=4_; a(i,i+l)=-1_; a(i,i-1)=-1_; a(i,i+n)=-1.; a(i,nn+1)=TD

else if (numij(i,1)==n) then
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1Up side
a(i,i)=4_; a(i,i+l)=-1_; a(i,i-1)=-1.; a(i,i-n)=-1. ; a(i,nn+1)=TU
elseif (numij(i,2)==1) then
ITleft side
a(i,i)=4_; a(i,i+l)=-1_; a(i,i+tn)=-1_; a(i,i-n)=-1.; a(i,nn+1)=TL
else if (numij(i,2)==n) then
TRight side
a(i,i)=4_; a(i,i-1)=-1_; a(i,i+n)=-1.; a(i,i-n)=-1.; a(i,nn+1)=TR
else
Ilnside
a(i,i)=4_; a(i,i+l)=-1_; a(i,i-1)=-1.; a(i,i+n)=-1_; a(i,i-n)=-1.
end if
end do
write(*,"(A)"") "Solving..."
ICall the appropriate solver to solve the system of equations
IT (Solver==1) then
Call Jacobi(nn,a,x,x0,rel,maxiter)
else if (Solver==2) then
Call GaussSeidel(nn,a,x,x0,rel,maxiter)
else if (Solver==3) then
Call SOR(nn,a,x,x0,w,rel,maxiter)
end if

TArrange and write results to screen and file
tempDistr(1, :)=TD
do i=2,n+1
tempDistr(i,1)=TL
tempDistr(i,2: (n+1))=x((i-2)*n+1:(i-1)*n)
tempDistr(i,n+2)=TR
end do
tempDistr(n+2, :)=TU

if (mod(n,2)==1) then
write(100,"(A)"') "Temperature profile for x=0.5"
do 1=1,n+2
write(100, " (2ES15.5)") (i-1)/Real(n+l),TempDistr(i,(n+3)/2)
end do
else
write(*,*) "n must be odd to find temperature at (x=0.5,y=0.5)"
end if
write(100,%*)
write(100,"(A)") "Temperature distribution for whole square"
do i=1,n+2
write(100, " (1000F9.4)") tempDistr(i,:)
enddo

IFind program end time

call cpu_time(tend)

write(*,"(A,ES14.4,2X,A)") "Program has used', tend-tstart,'seconds of CPU
time."

write(100,"(A)") Mmm e "
write(100,"(A,ES14.4,2X,A)'") "Program has used', tend-tstart,'seconds of CPU
time."

write(*,"(A)"") "Open Ffile HeatTransferSquare results.dat to find"
write(*,"(A)"") "detailed temperature distribution.._."
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Contains

Subroutine Jacobi(nn,a,xnew,x0,rel,maxiter)
integer::i,j,iter,nn,maxiter

real*8:: s,err,a(nn,nn+1l),xnew(nn),x0(nn),rel
real*8,allocatable: :xold(:)

allocate(xold(nn))
xold=x0

err=1.

iter=0

do while (iter<=maxiter .and. err>=rel)
IFind new Xx

do i=1,nn
s=0.
do j=1,i-1
s=s+a(i,j)*xold(j)
end do

do j=i+l,nn
s=s+a(i,j)*xold(j)
end do
xnew(i)=Ca(i,nn+1)-s)/a(i,i)
end do
IFind error
err = sgrt(sum((xnew-xold)**2))/nn
xold = xnew
iter=iter+1
if (mod(iter,10)==0) write(*,"(2(A,1X,10,1X,A,ES15.5))") "Jacobi
iter:",iter,"error:",err
end do
write(*,*)
if (iter>=maxiter) then
write(*,"(A,1X,10,1X,A)"™) "Jacobi didn"t converge
after" ,maxiter,"iterations."
else
write(*,"(A,1X,10,1X,A)") "Jacobi converged after",iter,"iterations"
write (*,"(A,ES15.5)")"with error",err
endif
deallocate(xold)
end Subroutine Jacobi

Subroutine GaussSeidel(nn,a,xnew,x0,rel,maxiter)
integer::i,j,iter,nn,maxiter

real*8:: s,err,a(nn,nn+1),xnew(nn),x0(nn),rel
real*8,allocatable::xold(:)

allocate(xold(nn))

xold=x0

err=1.

iter=0

do while (iter<=maxiter .and. err>=rel)
IFind new x
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s=s+a(i,j)*xnew(j)
end do
do j=i+l,nn
s=s+a(i,j)*xold(j)
end do
xnew(i)=Ca(i,nn+1l)-s)/a(i,i)
end do
IFind error
err = sgrt(sum((xnew-xold)**2))/nn
xold = xnew
iter=iter+1
if (mod(iter,10)==0) write(*,"(2(A,1X,10,1X,A,ES15.5))") "Gauss-Seidel
iter:",iter,"error:",err
end do
deal locate(xold)
write(*,*)
if (iter>=maxiter) then
write(*,"(A,1X,10,1X,A)"™) "Gauss-Seidel didn"t converge
after' ,maxiter,"iterations."
else
write(*,"(A,1X,10,1X,A)") "Gauss-Seidel converged
after",iter,"iterations"
write (*,"(A,ES15.5)")"with error",err
endif
end Subroutine GaussSeidel

Subroutine SOR(nn,a,xnew,x0,w,rel,maxiter)
integer::i,j,iter,nn,maxiter

real*8:: s,w,err,a(nn,nn+1),xnew(nn),x0(nn),rel
real*8,allocatable: :xold(:)

allocate(xold(nn))
xold=x0
err=1.
iter=0
do while (iter<=maxiter .and. err>=rel)
IFind new X
IFind new X
do i=1,nn
s=0.
do j=1,i-1
s=s+a(i,j)*xnew(j)
end do
do j=i+l,nn
s=s+a(i,j)*xold(j)
end do
xnew(1)=(1-w)*xold(i)+w*(a(i,nn+1l)-s)/a(i,i)
end do
IFind error
err = sgrt(sum((xnew-xold)**2))/nn
xold = xnew
iter=iter+1



if (mod(iter,10)==0) write(*,"(2(A,1X,10,1X,A,ES15.5))") "SOR
iter:",iter,"error:",err
end do
deal locate(xold)
write(*,>)
iT (iter>=maxiter) then
write(*,"(A,1X,10,1X,A)") "SOR didn"t converge
after" ,maxiter,"iterations."
else
write(*,"(A,1X,10,1X,A)"™) "SOR converged after",iter,"iterations"
write (*,"(A,ES15.5)")"with error",err
endif
end Subroutine SOR

end

Aivetar o amartovpevog aplfudc erovarnyemv yio tig pebodovg Jacobi, Gauss-Seidel ko SOR
v dtdpopa @ karyioo N =3, 9, 19.

N Jacobi Gauss- SOR
Seidel w=11 w=1.3 w=15 w=17 w=19
3 44 24 19 16 26 47 157
9 235 127 105 69 38 46 145
19 771 419 350 239 152 74 140

Ta amoteréopata TV TpLOV pHeBdd®V ota avtictoyya onueia. Epocov yio N =19 to Bértioto
w givon kovtd oto 1.7 glvar Loyikod ywo v emiAven tov cvotiuatog N x N =99x99 =9801 va
emieyel 1 néBodog SOR pe w =1.9 yia va emttevyBel o edyiotog aptBpdc eravaryemv. Ot dvo

YPOUPIKEG TOPACTAGES TNG OpOUNTIKAG AVONG T(0.5, y)yux N=3 9 19 «abog xor tov

wwobymv Beppokpacioc yio N =99 divovtal ota TopakdT® YPaeUATa.
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