MINgaonsae T 1L HANUAUITBI NGl

Tagszifiouds 1l ludequ

WIBING IUYNATY

v

%aﬂwuﬁﬁgﬂuﬁauwﬁwmmiﬁﬂy1@1uma"ﬂqmﬂ%ujtyﬁmﬂﬁumammmﬁm«ﬁﬁ
M3n3AanssuinTedna MAIN3AINTILNTena
AMZAAINTTUANAAT PNAINTAINMINHD
Umsfny 2547

ISNB 974-53-1195-2

g
=

AVANTU0INAINTAINNINGIED



LOCAL GRID REFINEMENT FOR THERMAL STRESS ANALYSIS
BY FINITE VOLUME METHOD

Mr.Withaya Wattananukulchai

A Thesis Submitted in Partial Fulfillment of the Requirements
for the Degree of Master of Engineering in Mechanical Engineering
Department of Mechanical Engineering
Faculty of Engineering
Chulalongkorn University
Academic Year 2004
ISBN 974-53-1195-2



LY = e o [ =) a4 o A = ) o
widoIneiinug msusgesnsaie s iziaudwlion nguugli Tauszioy3s W

ludoqu
Ty WM Juynaty
- - 4
1139 FINTTMATOINA
ol 18 1 o ad Ao o
919138750 Aerurmans 1015 a3, nual ualial

= =

»
ansdennssumand guaensoiumyinede oyl inedwusatoiiiudunil

yomsanamnangasdiygunituda

P e X .
ﬂmuaﬂmt']ﬁ’lﬂiiﬂﬁ']ﬁﬂi

................................................

= o dan
(AEn319130 5. 9150 a1INIAT)

AMENSTUMTADU INGITWUT

.......... '4"/ k/"'(’ﬂ'fb 5H1UNTINNTT

i PR
............... ? 219156AUT N1

.............................. e DISAMS
(fromans1nrsd as.auwad ynignifnd)
Q%‘ .. N L j .. LA ASINMT

(010158 A3.50AU unafied)



AN Sauynade | meutdesniaieTinneianuiduiioninguygiiTassien
33 lud1equ (LOCAL GRID REFINEMENT FOR THERMAL STRESS
ANALYSIS BY FINITE VOLUME METHOD), 0. Ml5nw - Aromans1913d as.

A o

qmm"ﬁ 1 mﬁ, 126 w111 ISBN 974-53-1195-2

a a u’dy ) a [ a a A
'JV]?JTHWH‘EHL?(H@ﬂ']ﬁu?&ﬂﬂuﬂﬂWiﬂﬁUﬂluTﬂﬂiﬂT@iﬂ'NJﬂﬂJLﬂWTZUiL'JmiJ']Gl%LWN

A A o A a a o Y a k4 <3|
UszansomlumsamiampamasaassislsFaauay laslsainanurAanaiaanaiaily

an 9

y o ) 2 y a ~ a o
Joulvmsdsuvine dmSundlymanudwioinguugiilu 2 46 Areszibends W ludae
quuu Unstructured — Grid _maiiamsdsuvinailsmasaiuaummeusng siemuniny

9 o Y 2 a a A~ o o
gnAeaazaamsz lumsmuanad Menslivvnalsuasauguimmzinuiinnusuiy

A o [ i a = <
Immamgmzrﬂumsu,mqﬂaﬁnJimmmuqﬂﬁ’mmmaﬂm (h-refinement)

a

MANUAaNAIAANA1IY0 AR NNITAN IR U Idanaundenan1ave i s

linswandumisiinaignigadenugaaediufes ssuaunnmslsznuauiadu

'
v A

' :/‘ 1 o g Jd o T { A
IEHINMITDIYIAND Ll,ﬁ$Waﬂ1ﬂﬂ13ﬂ1u3mg{ﬂﬂﬂuﬂiﬂlﬂEJLﬁE]'i’l’J‘L!ﬂ‘U‘VI 1 ﬂ]ﬂfﬂqﬂﬁﬂﬁ‘w%'lﬁm'l

o

1 1w ~ 9 I o [ dyl a o o 1 )
HaaveImaulsi IdsziudadsiilSinasaavugulanisiimsdsoameansuitlddiuam
Y Y
aseae 1 nsdidnwimshanufeudiiaimsdivvniazdiuinuininaiguugd dau
[ F
nsdlAnEIAIAle N IAILFMTUT VIR AIuIAIINAIgU g luAz ST oY

nszgdandnnuld TegSeu lvithimansamganmsdsuvmadmnisasivualden S1uause

[ 1

y /3o X 4 - v
ﬂTﬁ‘l]ﬁ‘]J"Uu’]@ Lﬂ@ﬁl“ﬁu@m@ﬂwuﬂﬂﬁﬂmu']ﬂ LAZATAITNAANATAANATNNINTYTU

Lﬁaﬁmﬁﬂ%mumuazﬁmammwamaﬂanﬂﬂiﬂﬁﬂy1msfi1mm§"auua$ﬂ’nmﬁ'u
A a2 = ~ ° o 1 Jd a 4
iesnngungil TeenlSouisunamsmuraiuraimasuiuasauas Tusunsu I luaedmud

4 { ] 1o A A 4 o o a
Easy  FEM danaf lduaasldimuisnnugndesiudriinmuiuvdmisdsvvumailiuing

1A o

auqu taziiehmsdsuruailsinasaiuqulassadawanseonuuunews Tagwu iwan

Y
o a 1 R ' o < @ a I~
Glﬁ’mmumumqm“lmg“luﬂquﬁummma‘u uazmmmmumiﬂszmﬂmmmqmwgu"ls?fﬂﬁu

AV IAINITUIATDING aeio¥oidan

Umsdnm 2547



## 457 05378 21: MAJOR MECHANICAL ENGINEERING

KEYWORD: LOCAL GRID REFINEMENT/ RESIDUAL ERROR/ UNSTRUCTURED

GRID/ THERMAL STRESS/ CELL CENTER FINITE VOLUME METHOD.
WITHAYA WATTANANUKULCHAI: LOCAL GRID REFINEMENT FOR
THERMAL STRESS ANALYSIS BY FINITE VOLUME METHOD. THESIS
ADVISOR: ASST.PROF. KUNTINEE MANEERATANA, Ph.D., 126pp.
ISBN974-53-1195-2

This thesis presents the utililsation of local a grid refinement (LGR) in
conjunction with a residual error estimator for 2D thermal stress problems with a
unstructured, cell-center finite volume method (FVM). LGR increases the accuracy and
reduces computation costs by refining only parts of the computation domain where small

control volumes are needed in the the A-refinement manner.

The simplified residual error of a given control volume is estimated from the
average discrepancy of the unknown variables at the mid-points between the

corresponding nodes of the control volume i.e., and adjacent nodes. The interpolation

between two adjacent nodes and the extrapolation by 1* order Taylor series from the
node is used to identify cells for refinement in next level. The error estimator for heat
conduction problems are calculated by temperature and by temperature and displacement
vector components for thermal stress problems. The LGR can be terminated by setting

number of refinement levels, percentage of adaptive area or normalized residual error.

The program is verified by solving heat conduction and thermal stress test cases
and the solutions are compared with the exact solutions and numerical solutions from
Easy FEM program. It is shown that the improvements of solutions are obtained from
LGR. When applying LGR to results of the topology design by evolutionary algorithm,
some solutions are excluded from set of non-dominated solutions and better temperature

distributions are observed.
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gjch av = [q-nds+[Hdv (3.3)
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T
€ = 1 6_u+8_u (3.6)
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3.3.3 Stress-Strain Relationship
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3.3.4 Plane Stress-Plane Strain
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3.3.4.2 Plane Strain

wiennsanilymlugy 2 16 ludnyue Plane Strain msgiinszihuuingdaiinam

[ o a =/ 4
e1nngagll 3.1 (v) dmualdanuduazanunssauedismsiianilugud Taodsznendae
O3 =0, =&; =863 =8;=0 (3.13)

v
~

A A o P a o v o MY
i]1ﬂN6‘L!ulall‘VlﬂTH‘Ll@’s’ﬂll15ﬂﬁi?\imﬂiﬂ“ﬁﬂ’e]"mﬁilwuﬁllﬂﬂﬂu

| IL 0
u E(1=v) % IV 0 ~ (3.14)
o, |= £ )
2 (1 )(l—2v) 1-v R
612 1__2v 812
0 0 (1 )
—v

[y a d
3.4  QWUUNNAUAF AT

.
A a

ieNnsanaumsoysng luuudn Tasunumdloaunsmniznzas ¥3senoudln

ANUFUITUTT21HINAAY AMAT IR LazguNE BITAES NALUNATamManT Va9

4
=1

9Y v
aums 1asatl

jt CjiudV j(zuﬁm( e)I)-dS—[((2u+31)aT 1)-dS+[f,dV (3.15)

[ 1 Y

Wueudsafuileisanaumseusnindsnudimiuiaateangusadu nfeufuauns

Q

4
v A

RNITIITAN ﬁTNTiﬂﬁ%}NSﬁ”JLL‘U’U‘VINﬂiﬁ@]ﬂTﬁ'ﬁﬂig]}@Qu

%IchdV jk dS deV (3.16)
Vv



27

o [ Y A a 1a A @ [TK4 @
dwmsuilgmnnonsananzduganaz luAausuilesnniag aunisoysny lumuday (3.15)

v o { 1 ' <3|
HAZAUNMIDYINENANIU (3.16) ﬁnnzmj@;auaz"luﬁ;mmmm%’aumaiu swangihiluy

0=[(2ue+Atr(e)1)-dS—[((2u+31)aT 1)-dS (3.17)
or
O—lkads (3.18)

1 9 ]
Faaumamariiayth lladuszuuaumaiverinamasiioszdouds vl ludequee'lal

3.5 unajgl
My = A o a k2 Yy A a o o o
Gl,u‘]JVluhlﬂf‘laTJﬂ\‘]’(ffllﬂ']i1/]1!111']'JLﬂinﬁ‘ﬂﬂJﬁ"Iﬂ'J"IﬁJLﬂULu’E)\ﬁ]']ﬂQﬂ!‘ﬁgll FIMIUIAR

d  w

A I Ay Aa = 9 Y v o o 12
ﬂﬂﬁquﬁﬂlﬁuﬂuﬂﬁlﬁﬂgﬂu@ﬂ ﬂigﬂﬂﬂﬂﬁﬂﬁuﬂﬁﬂlﬁﬂ‘]elT‘iJLlluﬂll TUNITOYINHWANU LA
o v o d 1
AUNTRNITLIICIY ﬂixﬂflﬂ%’m ﬁnmsmsmmm%’au UAZAUNITANUTUNUDIICHINAIY
Y =) aa A @ a S Y a -]
muﬂummmmﬂiu 2 4@ me’aqmﬂmgmumaﬂmmmamﬂﬂagiugﬂﬁumammuwuﬁﬂaa

v k4
mymramasiuassvesilymidanusugeuiuiilannvioonmwaman lild

9
Tuunae'li) aznandimsdszanamaumadeuiusieomarilfegluglvesszuy

aumsisadiadoszdonds I ludreau o lmramaslael¥szieuitiednavae i



N 4

szitiends W ludrequ

dy 1 =< 9 - a9 ~ am 4 @
Tuuniisgnandimsadnsznudumsfisasiadieszdouds W luarequ 1naauu
a AN Y Y Y 1 a 1 ' v A o ]
nuadiasnaas i lanauwas dszneuaie mstensaglsne msdsznmadmnlsidumis
1 o o < J o | Y
Taaq mstszmnmmaunisngll ddnssvesauns I ludmequ msdmuaeu lvvoua @7

a 4 o’j ) [ Y
HUUNNAAARNEAT LAZTUADUMITAIUIN Tasls1saziDeanall

4.1 ﬂﬁ!l‘ﬁdﬂ%ﬂgﬂ‘i’ﬁ (Spatial Discretisation)
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Aunue S, ununawesHAIRIn lunamanmilsniasaiuguiiufes (Surface  Vector)
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1o d, UNUNAMDITLILNIZINTEHINIAAD (Distance Vector) UANUAUNUTANTUNT 4.1
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4.2 mydszanameaamlsiduvvslag (Spatial Distribution of Variables)
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ANGER ¢, T0UYAdE P, il nb UTinasaruny (Muzaferija, 1994) Famunso
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G - "bﬂ (4.4)
x
h = ZI’M (4.5)
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@ a o 1 . . . A a [ 1 @ a =
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43.1  msdszanamwarinndsumlasmanan (Approximation of the Temporal Term)
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Tao1/5e18 (Implicit Scheme) {EEN
1V, =1y
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d
— I\ dV =~
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4.3.2  msdszanamnaimsing (Approximation of the Diffusion Term)
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Wdndvesmsuns D, vesdauils ¢ uuilsinasaiugudiu p Iusdiva Ve fif
1 9
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D, = [D,(V$)-dS = (D, (V) -S) (4.11)
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(Drp)p(v‘f’); 'S, ~ (D¢)

4.3.3 miﬂizmmﬂ'm%ﬁﬂlaﬁﬂq (Approximation of the Source Term)

1 A a @ aov o § a
myszmnanmaiananniagluglmsvliwusvesiiui (Surface Integral) 501

1 Y 4
Usinasauaulugdaumsiisania dszmnam g ldaunasvesmaliuasaiugy 1daedl

nb

[Q,s-ds = an:jQq,S-dS ~ Z(Q¢S-S)p (4.14)
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o o 1 A a @ awov a
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[QudV = (QyaV), (4.15)
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(Final Form of Discretised Governing Equation)
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(%)PU O, —Zl(%)P ¢p = b, (4.16)
p= P
miﬂﬁzumlﬂ'ﬂugﬂﬁuﬂwiﬁ%ﬂﬁmmaqﬁuﬂizﬁﬂ§(a¢)P , (a,), waz b, namalddad
S
(@), = (%LH (@.17)
p
nb (Cl;V)
(8Y,, = DA == (4.18)
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¢
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4.5 msmnuaeylvveuun (Implementation of Boundary Condition)
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4.5.1 Implementation of the Dirichlet Boundary Condition
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4.5.2 Implementation of the Neumann Boundary Condition
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