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Absolute error

Exercise 5.3 - Results from the calculation

Solution
Monolitic i Splitting Operator
At 0.25 0.5 1 | o0.25 0.5 1
u, 0.0764 0.0881 0.0954 : 0.0811 0.0938 0.1017
u, 0.0847 0.0980 0.1064 | 0.0811 0.0938 0.1017
Errors
Absolute | Differential (split. - mon.)
At 0.25 0.5 1 , 025 0.5 1
u; 0.0047 0.0057 0.0063 | 0.0047 0.0057 0.0063
u, 0.0037 0.0043 0.0047 ! -0.0037 | -0.0043 | -0.0047

Absolute Error of Splitting Operator

0.0070
0.0060
0.0050
0.0040
0.0030
0.0020
0.0010

0.0000
0.2 0.3 0.4 0.5 0.6 0.7 0.8

Dt



l"‘F 3]

: e g s =

oS
e s@owm (m *"Q‘& %@h&. e im P2 Preiion-3 esulfs oy
ﬂ.g_@.\eo‘(@&c& Q()Q -WWS,MQSW
S 2 Bz Lm\oﬁ*ev nadel «Lm 2, T & ducpto'(e&/

Suce f S oﬁzu dauﬂ»z e ¥ Sefomd] 3"{ ’fm‘*?ud V‘”Q7
dEse Fvo\oQ:,m %Q&w Sheee Ho) Comackon, | (& mst] M
e, SORO 1Rmaims Symsz:ﬁuc.

As o Cothe tabtn o3 Fo T, eaor (wel, Sih), S ool
o S0 ak W Coit o8 hulbpert Soum (o apeantor SOty
Tecan

Brkue. Plaserts Qm excessive VoBue (s mosle 4 WAl
F & Sovoua, Tdom 102 | mhomdd (w W mede (7. Hus Mw&&

e fime oorve® (AL | ] HEEE

Exercise & Fm'ﬁdmc ST’EJP" HETU DS
Loblam 4

p

H

(U a_f““)wg_@“:mg(ffﬂ_gw)

e 0t Q?.Mo,'{’dfm/ WL 39%199/ Qe

bt ot qlosclude oamdd W 3\8«& decun&v wdﬁ»‘f&f Sz o€ |

(

<

omet %-sm by e regligemcs. af e convectie o | and e |




4 M N KT L A
';Q“f A-L/—f Qm 4»59 +C=;Emi=£
1 5 St N
oAy Ay md act A s i
¢ M U™ M O™ K U™ x K U™ G R
&

}
e
) 0>
:
"
@)

(5 possdet. fo oo Hpat fr X = 4
WGLECom'mb ajw\we Mowertim waaﬁfm

bt

e, Yosde etled Gns bovem Untiodcld b To deal W wunsked
incompressiole. Nowm~ Stoiess Qquation 1 Dses s opaitiiy of 2
SR VNCE T CY ANV SISV P quooédaa o wlacty o
0o (JLQS?«Q,:, fledas. Tx meflod R o ”M- sza,ssﬂ;&‘(y” Sent
Simer Hhe q;uk»j of ¥ prom Uehediicad am erat afteckhe 44
Cartimuty e;tua#\bw I e SCheme. @, Smol pednbadiy, & aclded
ot Cort ity Guslion v gofer To shhbke He Soliton > but
& vl | G2 lotbme. wdsv’?/ Dt dvesz ety om be wgedd
B bott fo2ols apoonmations | |

b

(’)

~

i
{




There one o po&%ﬁ}ﬁ% ol conections
A\ Vil e P =0 p = P las ARnFICIAL CoaZ=BUTY
e Jt " leso " KETHob

z,> Veo +€P =0 bamel PENALTYy ®eTROD

3) Ve + EAP=O  Pettov - GAGKKIN KETHOD
'W;‘@\V-P°m( s A
T

53 Comif Lo too Smel® | gtlerwilse a deetm STa]'x&‘@NS @wolge\/;
‘t&z foseneucel Nv«,e_,'(ie_od L@{’ CQM+ Lo ed»d,u u‘f&\m oter wBe |
ﬂ*&) I’JL\,WLGY\S ?&EA\ oss mot Qnumaﬁ m«f)Mr‘r.'x't‘Ed um‘ﬁe/ Covxﬁle)/

WJ%.

E sorcie 1 ALE FoRROLATIONS

| 20bCerm A

Gotem | et S(mﬂpl dqguullo‘\’bm\ of a Puapg/d‘y :

y <, %)t) = Fxt]
ye
2

Tow -V/?Lni’\\c\nS of muovesment 2

x- Xe

y=Y+e -«

=14

Tee ?-fmi‘mg of He rolment 8402 cmesti:
= X+t
AR y‘ﬁt
2 - F

QueStiom ()

e v griim j Botwers tha tmes®h  codes (X omd Tl Qfxﬂmo Cootcbaeates X
s = DX Y« x(% 1)

| ; - ' -

T4
l







|
|

[ ' et =~x][ 20 ©
| ~Bt-p)et4| etip [ O € -
L o g o

|

; |
|- \8§‘+2-Xef_\z_~.( 1)t l
R e e
|

|

}

!L'O

- L
-

EE===8
;fﬁ‘i‘f_‘f_ﬂ |

, Tl»:» ALE ‘Fm. sFCmmpo.sSdo&. Naer —30\(*& Q?J.gg‘h\cm (YNLST
be obtaimed from H00 T T e G | TR means fo |

|
+

; m»ocllfv Be  convechve Toam Mf")g e, VC""‘~"<»d¢“‘b Wy i

: (_:: §=&‘&mwmo€'ﬁe\e’mm QM'FWL_&
|5 N soome: [T QPIXeNE CE Ve = C PV

N~ S =T
el Ualcolsted ot

ot te Ko Sramiac
N@:‘ON ‘ S?ORB\UATVE.S

e ———————

o INoMeRESsIBLTY @ Ve = 0

oo p@EKN ¢ c(Vu)) <V Bian

GRaluted

r
— S S S S S GH——

o He. WRuloded o
| e Spabisl
"’t”ga’w D) \AES

I‘ Steee foae & Iaprshdy e cmsfwﬁf; P & we
| Conglolen o Newtow am {eld We Woulel 8(1‘ ‘0t G+ ’P;+\7vs*_i‘

;&d@T,'m‘mWwwwb«m:, i

L’l R GIRIE §(§§:)j = iSLY_P +0 8y + b‘ |
L 6 A -

T —e——




f Bl spactiol EER
| Wl ¢ ovdoans é,\/nf.\a.n}_.‘%(hu =Y 132,?&,0—/'&4@3 ebery\Aons

ovRudlad (te  Mixed  1efRemis (A«.e). |

e tome airiaahration gl e [ dovel Vbl amy @ rmeffool |
with, Bde Uifforamees T taer fost / ames® zdoﬁmmal/ toam E
The ot ol Homs, e Compifed O, PodebQ. Coalides . |
Toss ears Wst He W dewvehve, | omce. compueden (, E
fonde g fferomees Way,  ColuQates Yy au)fewﬂ\w/ Un Ot Wﬁ/;
bdenveefiom puvions skp () o fo@awie one (mt4) cwcwfg
& He NDW:";\(’ mooleS  of Hew (mesk, |

.——————E“k P31 Bhtopaffuiol weaondds |

d&?%vd' Woy'S + ;41 meSh WQJ&M /. p_J' etk am(np‘h.ﬁ,bw . ‘

4]Hse~1%wng,d' e [ L[ [ ][ ‘
e SR ' | | : |
‘WBW,MWkaW%m%@WM/o@J& \
|
%
|

iw Slole To @voie] Mmesh M&m‘lﬂ# o5 17,(&5 2 oot
it omailon, sbod Hue el Constbns b eacs time step (O
posctioon of fa mostes ) From He ifpocemests jast eoeadTecd ov
Lo fo il | et velsedy. Wheze 0w Moy woysS To comfade ;
Hx | '
1) T Hhe omolon Getaedy)  of Hhe makubl Sufaces (u;«méb/'
The loom»m/) 5 kol d%o",m)ow’, e | rmesty otion
5 alo pusebeo! a/m;m',ms e ke demes by ?y&gou
well, oleflmed et \/ng;‘t?/. Tus moies o fomuaton of
lmWMWe for dhe morhp surfares onst am Eulolam
Gonibton. olone ot away fom Hhes bousclsir.




Ths 8 well explevred ntwo rmodiw WaudS & HUERTA A LIV (43%)

arnd  ROBRIGOER - FERRAN (z02) ot .« o,

M) Moindy, in a0t olbon com, wllgus, Hoe- fation (3 Lncrowm 20
raot P&WA / %/Dov.':ﬂow of 4,&:70,2, of éow‘ey (ol.o‘}w
A 00 {2, rovmicd) gltcdbmn | st ba Togeedl | dundy Ha compuy
me&ax of cowse| @, Laawvy«bm Brmeldadoon aQaa/
Hee by . Diffest peoahitiby s fo k- Shucduts indeiag
Hov, Vo Joo Shuckne o tuclod '@ Lopen spiun. st
MG e T Lo e most o ot de il upoteect Hhrough
Smpe, ifeapolesion ﬂw‘ifw fudt prast o Bere oy On
MM&’?’ 2o Nimortal ‘Mpud:&c\am dome | (el Ly NoH on
A4 B e Goden by Law asel (et (498G) @ crones Oheop
Sludy 403 |egm danes disioeg Runioh ~Shosfvae oderoction..
Bcba Studies www e e ﬂ@»\w@:
IT) Csing & " transhinde: musgping mndfoel - dloveloped in 4394
Wod Shoked by Roitfst and Hopte | T imicdies o, QBaep plecedsas
\JA/WQ\.:IQR/ Geosifes a.«mm&ﬁ,j frlom. | boumoloner, pnce, Hee vk
beon citzatited (depinoting o fae climension )
) bet Sroolttng 08 an oRgauiAhon by i, o, Sysom
wenaes ek, SqueRte. amd istoslon of each tQJYY'Z/'/d‘(ey:
" Daveo! om :(‘337-) | |
Y) Zﬂf’a‘b@*\ 5“0"“*38' s & & youstt | ametbiod Simce, o (mvediey
e Bplacho /Fisan puorlum. b rdlen to 1ea0me peopady Hre,
eodes, (L g 4998) |
?_:! me, Lol Powy ot Qlwtzﬂbpwa U A fowuladibr (5
Foe Hasu—Ammnov‘ medhodt Do, —éew am & Yo aptimure, e
oS To | aclone, A G&mwny/ LS Q. CGeap cmfum’,ao k.




s qoears et W musreken of Hhe o@mants and He comectiiity
Owiwﬁffqm-f bit bnows (odapt) e rodes ©f fre mest Whene
e Us o M 8\c»d\2m‘f (G dee,mfm%w\ £oU mon- Unear
W).%mmmhmm«enmqm |
ond (s | set sachHot Hore & o equlRlde  Akhudibon z}w%b |
domam, (1605 05 dowe by u)g 'u, & @oac Aifforrdals Qua | |
w Agaime HVERTE (4393) anel el GUsa—| Feal @,g) ore bhe
Procims WIS founch ov. douk %ulgwt |

‘é_w&(wm.»ofw) T
1 4) HueRTA & Liv (436%:») = MBtous. ‘F-Qow ngwtm/ rdkra cddons =

T T Bedebtl &F pmwsx% Wcﬁogy

—|2) RobRiGUER-FereaN (Lot) — Arkthoy Leg\nr« dam - au@odon Lm)
%Www J&w hyper 9%Si‘&arf:y- joxwwob me -(ob L]
| Nl Re:)&pels o Emgweuwng Lt , '
[ 3) NoH (‘(35’-\) —A time~ degenolent "Mo—‘{?@% FrmemsloMmal
ww Emamm Logmgm cm\e, - I‘\H@’F&sds W&o

4

1 Ac.ademw \%ss Nzw YOL‘& REERD ,
| ) LU & CHaVG (xa%q) Ege,@a.@ W‘MW ‘a\oce,dwws ey
;zwg.tmw Quatlen. M s*wmu m\mkm (m\rﬁjmx Js

T Pl Vs Rebor - ng CAsMe 9k

T 5) PATTHAT B Hosel (49%4) - 2 NN c‘i%c &mm lagwx&w

' F“ On ool ﬁ:vwg Ofpunh\aré wwsg Covtact amok

Q.dnffv(b tres@ [ F ol AM (n Fondi Deformoadvon Bob@ams

on Madonlo? ﬁpuef;m\% Qovdae N cvmk Reddy TN (eds) . ASME

WG Aol Magfing | CASME 1 AWD- 4'5 Aste (Armeitom Sty

ot wm Emgineers) | AMlonto. | 4334 |

L G) DoweA Gtuux\m Qnd HALLEVX - A’“WW LQBW\&L«M\-E&




QU(J)_/\U fowite %M MQJF&»J‘ Gm "flon&qu'f' é/)m.m\w 'Q&AD\‘ |
| Shectuag (ndeachloms Cquuﬁqu}&ods e,,g EZANNENENENNE
F) L, CRANG  CHEN | amd | BELyTSCHKO | ~A¢kcfwy Wm_—mmhf

| |
|

Pe:hw~ GQQL’W-W\ M Qﬁmem‘t& o cvom @uwmr uﬁxmf ENENEN

VWW

' 8) Hvtﬂtﬁ Robmgue% FcﬁKAN ,J)\a qm Snemfc Holn,gfm., fuwk/ ‘

: g#g,,

SW%M om_ezot QS%S&N%‘VW Trdatrnas

| ot f Vusonn | Hatindls o, E0ghneanlog :Jaesm
il ,,;3) HARM oMUt -FEReAN | ECLOE Adnpm wpflysas ot V@d
Q;)vw poi'\QM\,S_ w nQﬁe& wc&, *&@ﬁ, )| o | [

e ai
e ———

,‘\% QW W{ (*qb W«ﬁ% uw]béo mg&owos @ym
T esas qumd qwoiex) e poke & i fod M e po&zFT’

m epuusimxs Q,daso%w, aT'Rw Ptedwted W‘\'\m mk%w o

\\\\\

T T \m‘te,&w 100stedt | do the mew. foms ot e wdv&ow Cmmcf Rom g

}\

Qwol Jaaﬁkad’fom#?&;&w,‘%m (s M&MMWV |
| [ hatlon W&M»v I Wuang Bticem's ze&xc&bu nvd«a»d o Shegpast — ol#Scm‘f'
N nnM o, fron- et 80 aﬂow wdwdm o o(eocew,e/r&q/xd;&w«
?:anabQum 2] .,,_,,,,f,k ENEEEEEEEEEEN

4 ‘ ‘
I il M 1;71;757‘\; u

| T@se/ cwgum@ ove - dwm&bm@ -&Qg;t'ﬁms{e\, [Jls"JQw\'\ TQ Bew&us:

fz‘

QM |y e
| | 3 | axid, |
| | | y || ] L
| | W‘Oi !w asz Yt‘c‘:ﬂ | NN
—t— — [ ; ; ‘ —1 =1 B B ‘




1

411 - S I N I ) A A O S ) (] 1T 1
j q:_g__l_FF =2 ;j“
[ ] [ ] __ [ \.‘i‘ A P . 1 i B B 4 L [ 1 bl NS Lo [ | ” _v _ {1 > il
08 0 RNy EEEEN RN
EEESEESLESEL IR e R DR SRR AR
T | i ﬁ | k | | |
v _W_ ,_ E & i !llli..ff ] S N~ N SR A A N s_ﬂ»t 1T>w.l,,rr.
T N ENEEREEN — 8t
i R ERE amS. BEEESNOEEEED
T T3 T Bl BT _ IENNEEEEEEE
TR IR EEE ol | lHEITN =] > | 0 | |
iwu fe % T e el Teal ad ] .ﬁ
-,T,.\M i _ﬁ, o sy =T =0 W , M _,.Qh;
R e 5 HER
R R S SEEEENEREN
mn I ) D 1 e e L SR B
Hai =) ® T P S R
i | [szk 3 - — W& » X ENER ﬁm r [
et —+— 7. G ) > i P S L 25 ,,
,. _ .Mr, 111810 2 m,.__ M 3| |
| 4T T T LIPS - 2 4 AEdEEE
[ | :.11 J Lh-\&..l i ,_ .m_lw), - m H.Jw ﬁ ,nl
2] ST Y. miisa R
: 2 D T [ i e g [ RIS [ 1
] .rv.rwli | e | =13 Al | Lol . fw M].Ar#n -9 |
a el NN __kf A - o ,M,ﬂq_'l;lml)i
FIEL MEEE-1FAL BN ELE NEENE
e MH.AU M 2yl S Vi N N
e NI N R B
el 1.m¢ 2| | &~ 4 < | o
BT (- I T BN
|1¥||H..‘rla /'*\ Ylw w\- N— X -& —
2 = 814 TTE
fiw_ .W‘!\ —_\m (] m
[ 1 | | R I
T T
1 ﬁ \Mr - - b=l




|| |
EEEEEE -
3 e
_ O
[ | A S) _ ,‘“ ,
i S " gt
; : | ” 1+
ol _..M .M.\ , M :
£ | | EENE
. B! =
Awf ..,"4) 2 _ ,
W TR "
21 D
53 g A i :
8 EEEEEE
L 13 ] 35 “ ~
_ H,—_wu g\%. _ _“
. % _
M ! :
25 EEE
A - v [ [ ﬁ ”
B -
b9 i ‘
Al — L] i_\ ,ﬂ
S o] W. Om .ﬁ
i JW\ ,_”L.I
91 S8
g (o] | ¥ __,_:T
i As_Is L _T“
R R
18 = m € :
1TF] =< s i
._,14.M_ ".”‘OW = m ﬁ
EENEN =2
; M : | | I
) | .
——
| | L




Exercise 8.2 — Aitken’s Relaxation Scheme

MatLab code:

clc
close all
clear variables

% Problem 1

% Geometry
Data.inix = O0;
Data.endx = 0.4;
Data.nelem = 2;

% Physical properties
Data.kappa = 1;
Data.source =1;

% Boundary conditions - Dirichlet
Data.FixLeft = 1; % 0: do not fix, 1: fix
Data.LeftValue = 0;

Data.FixRight = 0;

Data.RightValue = 0;

% Boundary conditions — Neumann
Data.FixFluxeslLeft = 0;
Data.LeftFluxes = 0;
Data.FixFluxesRight = 1;
Data.RightFluxes = 0;

% Problem 2

% Geometry

Data2.inix = 0.4;

Data2.endx =1;

Data2.nelem = 3;

% Physical properties

Data2.kappa =1;

Data2.source =1,

% Boundary conditions - Dirichlet
Data2.FixLeft = 1; % 0: do not fix, 1: fix
Data2.LeftValue = 0;
Data2.FixRight = 1;
Data2.RightValue = 0;

% Boundary conditions - Neumann
Data2.FixFluxeslLeft = 0;
Data2.LeftFluxes = 0;
Data2.FixFluxesRight = 0;
Data2.RightFluxes = 0;

% Initialization
w = 1; % Initial relaxation

HeatProblem.Solution.uRight = 0; %Initial value at the interface =0-Shd 1 at i
HeatProblem?2.Solution.uleft = 0; %Initial value at the interface =0 - Shd 2 at i
uGamma21_1 = 0; %Initial Sbd 2 interface value ati-1/=0
uGamma21l_2 = 0; %Initial Sbd 2 interface value ati-2 /=0
uGammal2_1 = 0; %Initial Sbd 1 interface value ati-1/=0

% Cycle data initialization

i = 1; % lteration Counter initialization
imax = 100; % Maximum iterations
err = 100; % Error initialization

tol = 107-6; % Tolerance



% Cycle "while"
while (i < imax && err > tol)

% Problem 1

HeatProblem = HP_Initialize(Data); % Initialization

HeatProblem = HP_Build(HeatProblem); % Building
HeatProblem = HP_Solve(HeatProblem); % Solving

% Calculation of Aitken relaxation (if iter counter is > 2)
ifi>?2
w = (uGamma2l_2 - uGamma21l_1)/(uGamma21_2 - uGamma21l_1 + HeatProblem.Solution.uRight -

uGammal2_1);
end

% Calculation of uGamma21 at the current iteration
Data2.LeftValue = w*HeatProblem.Solution.uRight + (1-w)*uGamma21_1;

% Updating the interface values from the Shd 2

uGamma21l_2 = uGamma21_1; % the i-1 becomes i-2 for the following step
uGammaz21_1 = Data2.LeftValue; % the i becomes i-1 for the following step

% Problem 2

HeatProblem2 = HP_Initialize(Data2); % Initialization

HeatProblem2 = HP_Build(HeatProblem2); % Building
HeatProblem2 = HP_Solve(HeatProblem2); % Solving

% Updating the flux going to Sbd 1 (for the following step)
Data.RightFluxes = -HeatProblem2.Solution.FluxesLeft;

% Error calculation

err = abs(abs(HeatProblem.Solution.uRight -
uGammal2_1)/uGammal2_1)*100;
fprintf('The current error is: %f\n',err);

% Recalculating the interface value (Sbd 1) for the following step (it will be i-1 in the next iteration)
uGammal2_1 = HeatProblem.Solution.uRight;

% Incrementation of the iteration index
i=i+1;
end

HP_Plot(HeatProblem,1,1); %Plot Problem1

HP_Plot(HeatProblem2,2,1); %Plot Problem2 (in the same figure)
legend('ul (Left Sbd)','u2 (Right Sbd)','Location’,'northeast'); % Legend

Final graph:

—u1 (Left Shd)
u2 (Right Shd)
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