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EK®QNHZH

Avolypa COMSOL 4.4 kai emmIAoyA QUOIKOU JOVTEAOU
KaBopIopog yewueTpiag Kal opiopos UAIKoU atrd Tn BIBAI0BrAKn
2xediaon yewMETPIag

Opiopo6g UAIKoU aTrd T BIBAI0BRKN

OpIoPOG OUVOPIOKWY CUVONKWY Kal ETTIAOYH TTAEYUATOG
dlaKPITOTTOINONG
OpIoPOG OUVOPIAKWY CUVONKWYV

EmAoyn TAéypaTtog dlakpiToTroinong

AtroteAéopaTa

ATToTeEAéoPOTA TTOU EP@AviovTal AUTOPATA YE TRV ETTIAUCT
Mpoo6brkn pévwong armd nylon

Anpioupyia YEWUETPIOG

MpooBrkn véou uAikou (nylon)

Néeg ouvopIakEG OUVONKES

Katavour Bepuokpaciag Katd PAKOG TNG aKTiVag
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10

11

12

13



EKOQNHZH
Z& aywyo KUKAIKAG diaTounig atrd aloupivio, péel vepd Bepuokpaaiag 90 °C.
1. MNoid cival n Bgppokpacia otV EEWTEPIKH ETTIPAVEIQ TOU;
Aivovrai:
EowrTepikA akTiva aywyou: 1 cm
EwTtepikn akTiva aywyou: 1.2 cm

H Bepuokpaaia TepIBaAovTog gival 25 °C Kal 0 GUVTEAEDTAG PETAPOPAGS BepUdTNTAG
ME ouvaywyn ival h= 1000 W/(m2 K)

2. Na emmavaAneBei o uttoAoyIouog Bewpwvtag OTI 0 aywyog TePIBAAAETal aTTd
MOvwon nylon Trayxoug 0.2 mm

- Na oxedlaoTei n Katavour BepUoKPaCiag KAt PAKOG MIAG OKTIVOG

ii



A. Avoiypa COMSOL 4.4 kai iAoy} QUOIKOU JHOVTEAOU

»

COMSOL

- Avolyuya COMSOL Multiphysics 4.4 REZEs

- EmAoyr Model Wizard oddead

- EmAoyn 2D

- EmAoyn

20

QUOIKOU  PovTédou. A0 TV TTAPOKATW

W@ Heat Transfer in Solids (ht) ko Add Add I

Select Physics

X
R
1))
Ja¥
o

[

4

li(e

AC/DC

Acoustics

Chernical Species Transport
Electrochemistry

<= Fluid Flow

Heat Transfer
B Heat Transfer in Solids (ht)
V82 Heat Transfer in Fluids (ht)
S8 Heat Transfer in Pipes (htp)
¥ Heat Transfer in Porous Media (ht)
¥ Bioheat Transfer (ht)
[ Heat Transfer in Thin Shells (htsh)
. Conjugate Heat Transfer
Radiation
x| Electromagnetic Heating
Thermoelectric Effect
Optics

ANioTa

H emAeypévn Quoikn epgavicetal oto TAaiolo Added physics:
Added physics:

B Heat Transfer in Solids (ht)

Remove |

° Space Dimension o Study

Mpoxwpdue 01O ETTOPEVO BANA TTATWVTAG TO TTPACIVO BeEAAKI Study.

5. 21 Aiota Preset Studies, emAéyoupe Stationary petd mrardue

QVOIYEl N ETTIPAVEIN EPYATIAG TOU TTPOYPAUMUATOG.
4 ~do Preset Studies
[~ stationary
[X Time Dependent
oo Customn Studies

ETTINEyOUE

M Done Kal



B. Zxediaon yEwWMETPiIag Kal opIoHOG UAIKOU a1rd Tn BIBAIOOARKN

B. 1 Zxediaon yewpeTpiag

- 210 Model Builder, kdvoupue d¢&i KAIK 0TO A Geometry 1 kou emAgyoupe Circle.
Tote epgavidetal atn AioTa Tou A Geometry 1 10 Circle 1 (c1)

- Me apiotepd KAIK oTo | Cirde 1 fe1) | epgaviletal o Tivakac Circle émou
MTTOPOUV va 000UV oI dIOCTACEIG TNG YEWMETPIAG:

W2 =R ) e B | b AN =lolx|
Home Definitions Geometry Physics Mesh Study Results 7]
/2N o " WiHeat Transfer in Solids ~ 18 Build Mesh = Compute [l Model Libraries
Q S = == . ’ _ =
= 24 Add Physics AiMeshl ~ ~ostudy 1+ dE)Add Plot Group ~ [FMore windows ~
ComrlJopent cgmgggent . Definivtiol'ls Geon:etrv Matevria|s ~oo Add Study Layfnut
Model Builder >+ Circle ~ ' Graphics M
= =E~v T~ =tEl 1%} Build Selected | |5} Build All Objects 3 R RPN rz' e® O
4 £ untitled.mph froot) v Object Typée = S E N X g C
(Z) Global Definitions ® =
4 Q) Component 1 {compt) Type: ISoIid Z| T
= Definitions 0.0127]
4 A\ Geometry 1 v Size and Shape 0.017]
1 Circle 1 {c2) 0.008]
- ﬁthrrin Unjion (72/ Radius: |1.2 [cm] m 0.0067]
228 Materials -
H . 0.004
4 \@ Heat Transfer in Solids ¢, sector angle: [360 %9 0.0027]
& Heat Transfer in Solids e ' o
5 Thermal Insulation 1 M AEILE] 2 0.002]
D Initial Values 1 9
A Mesh 1 Base: ICenter j -0.0042
4 "o Study 1 o IU m -0.006
[~ step 1: Stationary -0.0087]
(& Resuts v o m 0017
Rotation Angl 0.0127] T T T T T
S gationanoie '0.01 "0.0050  0.005 0.01
1. Aegi kAik Geometry. EmiAoyn
i — d
Circle Rotation: [0 ® Messages x Progress Log Table x ¥ I X
2.’Op|apog akTtivag R=1.2 [cm]- Layers \
kévipo oTo (0,0) i f Iti iti COMSOL 4.4.0.150
3. Build All Objects yia v Selections of Resulting Entities thiallh
BHHIOUPYIG YEWUETPIAG [ Create selections
’V Contribute to: [HDFIE‘ L] MNew ‘

Mo va oAoKANPpwOEi N yewpeTpia emmAéyoupe To = BuldAlObiects  arrare gro Seki
MEPOG TNG ETTIPAVEING Epyaciag oTo Graphics eP@avifeTal 0 KUKAOG TTOU OPICOE.
H mTapatmdvw diadikacia eravaiapBavertal yia tn dnuioupyia deUTEPOU KUKAOU UE
akTiva 1 cm ka1 kévrpo oT1o (0,0).

- Anuioupyia TNG dIa@opPAag dUO KUKAWV:
Ae&i KAk Geometry 1 > Boolean Operations > Difference

Avoiyel To TTapadBupo emmAoywv Difference 61mou opioupe

- To oxnua amo 1o omroio Ba agaipéoouue 010 Objects to add TTatwvrag Tavw
oTO PeyaAo KUkAo oTo TTapdBupo Graphics

- To oxnua mou Ba agaipebei oto Objects to subtract TTatwvrag mavw oTO
MIKPG KUKAO oTo TTapdBupo Graphics

- 210 TéAOG emmAéyoupue Build all objects yia va dnuioupynBei n yewpueTpia

2TO TTAPOKATW OXAUA ATTOTUTTWVETAI auTr n dladikaaoia:



2 mR B e Bl i | e AN -: =lalx

Home Definitions Geometry Physics Mesh Study Results
Q @ @ = =E= |WiHeat Transfer in Solids ~ BuidMesh = Compute [5select plot Group < [[Tf] Model Libraries =
@Add Plot Group ~

%Add Physics AiMesh1 ~ ~ooStudy 1 v [FMore Windows ~
Com[;ofem Com:g:ent‘ Definitions | Geometry | Materials ~o Add Study Layout
Model Phy. Mesh Study Results
Model Builder -t Differencg
= =-%- st 1 Build Selecte Build &ll Objects 3|
—
4 @ Untitled.mph froot) v Difference

() Global Defiritions
4 9 Component 1 fcompl)
= Definitions
4 A Geometry 1

O circle 1 (1) -
(O ol A o] Active

Difference 1 (&)
L1 Goreens v e | )

Materials

4 @ Heat Transfer in Solids (¢,
B Heat Transfer in Solids - | Objects to subtrfct:
25 Thermal Insulation 1 ‘ =z

Objects to add:
‘ B

B Initial Values 1
A Mesh 1
4 ~oo Study 1
|~ step 1: Stationary +
{Ei Results .01 0.005%0

Active

"b.00s 0.01

1. ApioTepo kAik Difference. Messages X Progress Log Table x ¥ * X

2. KaBopiouo6g peydAou
KUKAOU Kal HIKpoU KUKAou
TTOU OQAIPEITAI OTTO TO UEYC
3. Build All Objects yia v Selections of Resulting Entities
dnuioupyia yewpeTpiag

I~ Keep input objects

[V Keep interior boundaties N
COMSOL 4.4.0.150

xlalative repair tolerance: [ 1E-6

[ Create selections
’( Contribute to: INone j New




B. 2 Opiop6¢g UAIKoU atréd tn BIBAI0OAKN

A6 10 0pICOVTIO pevou oTo Materials emAéyoupue Browse Materials

a2 (=N G5 (a2 | EEpimN S e AN =lolx]
Home Definitions Geometry Physics Mesh Study Results 7]
AN —\ " WiHeat Transfer in Solids ~ & Build Mesh = Compute [{ff] rModel Libraries
Q LD |5 = = | b ? =]
~— £ Add Physics £iMesh1 ~ ~ostudy 1+ dELAdd Plot Group ~ [FMare windows ~

Component Add
1+

Component ~ Definitions  Geometr| Matevrials ~ add Study layfvut

Avoiyel To TTapakdtw 10 TTapdBupo Material Browser:

[l 2 (= R ) (e IEE MmN ) b7 AN |
Home Definitions Geomefry Physics Mesh Study Results

Material Browser

I 1_[aluminum i _Search | Material: Aluminum

4 [l material Library
= Brer Phase: Isolid ;I
= =22 Alumninum Orientationfvariation: IbU|k =
Ul Miscellaneous Polyrmers
[l rMinerals, Rocks and Soils
[l Ceramic Matrix Cormnposites
[l Glasses and Metallic Glasses
[l rold Materials
[l Built-In
[l Piezoelectric Properties
" Property Expression Unit Property group
du {dL_solid_1{T[1/K])-dL_s... -
CTE CTE_solid_1(T[1/KDI1/K]
Thermal conductivity k_solid_bulk_1{T[1/KD[... Wi{m*K)
Resistivity res_solid_1{T[1/K][ohm... Q*m

Coefficient of thermal expansion {alpha_solid_1{T[1/K])[1... 1K
Heat capacity at constant pres... C_solid_1{T[1/K][3/{ka*... )f{kg*K)

HC HC solid 1(TT1/KTIH(m... =
| 4 |

Property reference:

- 3 s
528 AddtoComponent [B28~ AddTo

Added to model:

Inputs

" Input Yariable Unit
Strain reference temperature Tempref K
Temperature T K

8~ 0 EF=1]

- 210 TTapaBupo ypdgoupe aluminum kai Trataue Search

- Metd atro Aiyo gpgavicovTal €TTIAOYEG OTO TTAPABUPO Kal ETTIAEYOUUE

Material library>Elements>Aluminum. Aggid epgavifovral o1 1010TNTEG TOU
UAIKOU atTo Tn BIBAIOBAKN

- EmAéyoupe Add to component

- EmA&youpe Done yia va kAgioel auto 1o TTapdBupo

210 Model Builder epgavifetal To Aluminum kdtw atmmé 1o Materials.
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» aENEE e N

Home  Definitions  Geometry  Physics  Mesh  Study  Results
— o \@iHeat Transfer in Solids ~ 24 Build Mesh = Compute
Q X (B M@ @ e ’
; S £82 Add Physics AMesh1 v | "SoStudy 1 -
omponen S o
1 T Deflnﬂ:nons Georcetry Mate'rlals ~co Add Studs
Model Physics Mesh Study
Model Builder vt Material v
==+ TvEtE v Material Properties
“% tubed4.mph froot) 4 Basic Properties =
(£) Global Definitions Absorption Coefficient
“9 Component 1 (compl) Activation Energy
4 = Definitions Bulk Viscosity
J- Boundary System 1 fsys1) Characteristic Acoustic Impedance
View 1 Coefficient of Thermal Expansion
4 A\ Geometry 1 Compressibility of Fluid
O Circle 1 fc1) Dersity
o Crcle 2 (c2) Diffusion Coefficient
Difference 1 (a1 Dynamic Viscosity
=l Farm Union {fi} Electrical Conductivity
4 5 .M.e.;tenals Electron Mability ~|

228 Alurninum [solid,bulk] fmstt)
4 @ Heat Transfer in Solids (At}

& Heat Transfer in Solids 1

29 Thermal Insulation 1

+

Material type:

o Initial Values 1 [ solid =l
A\ Mesh 1
~do Study 1 v Material Contents
{E Results
Property MName  Value U
+ Thermal conductivity k k_solid_b... W4
+ Heat capacity at constant pressure (Cp C_solid_1... 3}
+ Density tho rho_solid... ke
dL dL {dL_solid_...
CTE CTE CTE_solid... 1)
Resistivity res res_solid_... Q
Coefficient of thermal expansion  alpha (alpha_so...|1)
HC HC HC_solid_... 3}
mu mu mulT[1/K]... P¢
Electrical conductivity sigma  |sigma_soli... 5|
Yp VP YP_solid_... P:
kappa kappa

Wi im .

q

c

S I A

kappa(T[... P¢
c/Tr 4 e f
»

H egiowon mou emAéCaue pe 1o poviéAo Heat Transfer in Solids ¢aiverar pe
apIoTEPO KAIK OTO /@ Heat Transfer in Solids {ht)

Me apioTepd KAIK emIAEyouue To Heat Transfer in Solids 1 yia va gpgavioTouv ol

AETTTOMEPEIEG TOU PJOVTEAOU
4 @ Heat Transfer in Solids (/)
&0 Heat Transfer in Solids 1



Heat Transfer in Solids v

Domain Selection

=

Active . .

Domain oT1o oTroio
emAGeTan n eicwon ™
TTou emIAEXONKE

Selection: |A|I domains j
+

Override and Contribution
v Equation
Show equation assuming:

[ Study 1, Stationary LI
pCou- VT =V (kVT) +0Q Prn eSiocwon ou emIAEXONKE

Model Inputs 4
v Coordinate System Selection

Coordinate system:

IGIobaI coordinate system ﬂ

v Heat Conduction, Solid

Thermal conductivity: \

o

Duoikég TTOPAPETPOI TOU

k | From material

v Thermodynamics, Solid mpoBAfiparog wou 8a
/ TAPOUV TINEG OTTO TO
Density: UAIk6 TnG BiBAIOBAKNG

4 IFrom material / TR EETEERE LI

Heat capacity at constant pressure:

Cp |From material ~|



. OpICHOG CUVOPIAKWY CUVONKWYV Kal ETTIAOYN TTAEYyHATOG SIAKPITOTTOINONG

. 1 OpIop6g Zuvoplakdg Zuvlnkwyv
Eméuevo BrApa cival o KaBOPIOPOS TwV CUVOPIOKWY OUVONKWY OTNV €0WTEPIKN
em@Aaveia Tou aywyou. Me Oe&i KAk oTO @ Heat Transfer in Salids (ht) emA&youpe

Temperature ométe oTn AioTa epgaviletar 1o cUuBoro ) Temperature 1 gy o
GVT|O'TO|XOg T”VGKGQ ME £T|'|)\OVEQ:
D W Z =N G GENmEeEeNe =loix|
LA Home  Definitions — Geometry  Physics  Mesh  Study  Results
Q <<> (=) E_ .:. WiHeat Transfer in Solids ~ &8 Build Mesh = Compute @Temperature hty +  [fff] Model Libraries E
=/ "a® 582 Add Physics AMesh1 v+ | ~oostudy1 ~  dElAdd Plot Group ~ (& More Windows ~
Com?opent Coondrc\‘ent' Defin!:ions Georgetry Matevnals ~oo Add Study Layfut
Mo Physics Mes| Stud Results findows
Model Builder >+ Temperature vt Graph|cs vt
= E-3~EE Boundary Selection Q Q 4
4 %@ tubed4.mph froot) ) S N
() Global Definitions Selection: | Manual H eaa
4 ) Component 1 {compt) 3 L
= Definitions E1 4 w |
YA Geomnetry 1 6
=52 Materials active JI7 i
4 @ Heat Transfer in Solids ¢t}
& Heat Transfer in Solids 1 L
25 Thermal Insulation 1 ouvépwyv
B Initial Values 1 +
A %;Le;n perate 1 Override and Contribution L
"o Study 1 Equation
& Results .02 T001 0 o1
v Temperature
Messages x Progress Log Tablex ¥ * X

|

COMSOL 4.4.0.150
Opened file: tubed4.mph

Tel R
T°||90[degc] 2 i

KabBopiopog Bspuokpaaciag oto oUvopo

Eméuevo Bripa eivar 0 KaBopIopdg Twv OUVOPIAKWY CUVONKWY OTNV €EWTEPIKN
em@aveia Tou aywyou. Me O¢ei KAk aTO @ Heat Transfer in Solids (ht) emAéyoupe ToO

Convective Heat Flux omore om Aiota epgavi¢etar 10 OUPBOAO
) Convective Heat Flx 1 k) o avTioToIxog mvaKag HE €TIAOYEC:
‘Dhm!l*wféﬁﬁi"‘?m =10l x|
Home Definitions Geomefry Physics Mesh Study Results
9 Component 1 ~ =\ % WiHeat Transfer in Solids ~ 188 Build Mesh = Compute L:l
=) — H
4> add Component ~ N~ E . 92 add Physics AiMesh1 ~ ~oStudy 1 v @ - @
Definitions  Geometry Materials ~o add Study Results  Windows  Layout
Mest Stud
Model Builder ~ ' Convective Heat Flux ~ ' Graphics v 4
==~ s~ EtE Boundary Selection QQ " I/' T '3'
4 & tubedd.mph froot) _ L =] N E RN
(=) Global Definitions Selection: [ Manual Bl || Cc | @ =
4 Q) Component 1 {compl) : N 1 1 L
= Definitions o 2 F- w i & |
YA Geometry 1 5 4 &g = 0.0
252 Materials active | |8 |
4 |@ Heat Transfer in Solids (¢,
@B Heat Transfer in Solids . . L
23 Thermal Insulation 1 Emidoyn efwrepikiv
2 Initial Values 1 guvopwy -0.0057] I
) Temperature 1 . . o '
I Override and Contribution 0.01 i
/5 Mesh 1 Equation . = T
~o Study 1 -0.01 0 0.01
& Results v Heat Flux
X
Heat transfer coefficient: M... x | [REaE (Cog) RECS
IUser defined ;I b

Heat transfer coefficient:

h  [io00 W/(m2K)
External temperature: 2
Tex |25[deaC] K

OETOUME TIMEG VIO TIG QUOIKEG TTAPAUETPOUG

COMSOL 4.4.0.150
Opened file: tubed44.mph
Saved file: tube44.mph



. 2 EmAoyn TAéypaTog SlakpIToTroinong

AKOAOUBEI 0 XWPIOPOG TNG YeEWWETpiag eTTiAuong pe TMAéypa (Mesh) kavovtag
apioTepd KAIK oT0 A Mesh 1 omdte  eppaviferal 0 TAPAKATW THVAKAS WE
ETTIAOYEG:

P W2 =S @By =lolx
RN Home  Definitons — Geometry  Physics  Mesh  Study  Results 7]
9 Component 1 ~ o\ ] \@iHeat Transfer in Solids ~ 18 Build Mesh = Compute
> & = =#= e m BB
4 add Component ~ N~ &% add Physics AiMesht ~ ~dosStudy 1~
Definivtions Geon:etry Mate'rials ~oo Add Study Res::lts Winciows Lay?ut
Model Physics Mesh Studh
Model Builder v |Mesh >t Graphics 4
-2 =+ % StE 8 Build Al Q Q R
4 @ tubedd.mph froot) v Mesh Settings A @ N
() Global Definitions x c
4 9 Component 1 (compl) Sequence type: L L L
= Definitions IPhysics-controIIed mesh j 0.01

'/\ Geometry 1 _
252 Materials Element size: \

4 \@ Heat Transfer in Solids (¢, | [Fine 5] | 0-005
B Heat Transfer in Solids
25 Thermal Insulation 1

-Gl
B Initial Values 1 EmiAéyoupe Element size: Fine -0.005]
) Temperature 1

() Conyertive Heat Flux 1 -0.017]
/5 Mesh 1
My

{E Results

M...x Progr.. Log Ta..x ¥ X

|

COMSOL 4.4.0.150

Opened file: tube44.mph

Saved file: tubed44.mph

Complete mesh consists of 184 domain elemer
Complete mesh consists of 480 domain elemer
Complete mesh consists of 264 domain elemer

Me Oegi KAk oTo Study 1 epgavifetal o avTioToIX0G TTVAKAG WE ETTIAOYEG OTTOU
emAéyoupe = Compute



A. AtroTeAéopaTa

A. 1 AtroteAéopara TTou eg@avi¢ovral auTéuaTa JE TNV ETTIAUCT

To Tpoypappa TTapayel armd HOVO TOU KATTOIEG KATAVONEG AVAAOYA PE TO HOVTEAO
QUOIKNG TTOU ETTIAUETAI. 2TNV CUYKEKPIPEVN TTEPITITWON TTAPAYETAI N KATAVOWUN
Bepuokpaciag Surface plot: Temperature (K). Me 1n BorBeia TNG XPWHATIKAG
KAipakag ota Oeggid ptTopouphe va OIaTmOoTWOoOoUPE OTI n Bgppokpacia oTnv
eCwTePIKA emiQaveia ival 363 K3 90 °C .

D 2 =N el e =lolx|
AN Home Definitions Geometry Physics Mesh  Study  Results Temperature (ht) a
% .Surface iLine ::Arvow Line l_r-;m EFEvahate

ﬂsurface with Height <) Contour 3=, Particle Trajectories = ./ First Point For Cut Line
Plot. Plot. _ More . i . 2D Player
In~ [Z]arrow surface 3F streamline & Mesh Plots + /" Second Point For Cut Line Image
0 Add Plot Selec Export
Model Builder -t 2D Plot Group ' Graphics -t
- =-%-tE &3] Plot Q Qb Lyl @E
4 % tubed4.mph froot) v Data Surface: Temperature (K)
(2) Global Definitions >
4 9 Companent 1 fcompl) Dataset: | Solution 1 A t T t t t A 363
= Definitions 0.01 i
YA Geometry 1 L Title 363
252 Materials 0.005 | J

4 \@Heat Transfer in Solids e, ¥ Plot Settings
B Heat Transfer in Solids . _
2 Thermal Insulation 1 View: Atomatic ¥] | 4 /
B Initial Values 1 xeaxislabel, T [T -0.005 L

) Temperature 1

) Convective Heat Flux 1 y-axis label: [~

363

A Mesh 1 I Show hidden obj I ! - . g
jects . N
~o Study 1 0.02 0.01 0 0.01 0.02 V¥ 363
PR Results
i Data Sets Messages X Progress Log  Evaluation 2D x viX

Derived Values

[® Temperature (ht
||

B Export
[ Reports I Window Settings

HENXxXEEEE S -

Frame: |Material (x, v, 2) 'I
x y Value

Color Legend -0.01034 -0.00568 362.61041
-0.00998 0.00376 362.93954
-0.005320.00926 362.93513
0.01062 -0.00196 362.89833

Me apioTeEPO KAIK pECO OTN YEWHETPIA ETTIAUONG
E£UPAVIOVTAl AUTOHOTA KATW Ol CUVTETAYUEVEG TOU
onueiou Kai n TIpPR TG Beppokpaaciag

H eikdva auTr) ptropei va cwBei wg apxeio TTATWVTAG TO =

TTAPOKATW TTapdBupo

x

OTTOTE EPPAvVICETAl TO

- Image T et EmiAéyoupe 1o Include £101
Size: M | ~ ¥ Include lﬂ—w 1R%) (o) (£t A (1L
e I anda ﬂ I o TiTAo, kKAipaka, a§oveg Kai
Unit: |pixels (px) ;] ML T0 AoyoTutro Tou Comsol
[V Color legend
™ Lock aspect ratio v Axes
width: | 800 2 IV Logotype
Height: 600 px
< I Font size: |9 pt
Resolution: I 96 DPI
Background: ICoIor ﬂ
Image size: 212 % 159 mm
Size on screen: 858 x 519 px ' F‘
[V antialiasing

AraAéyoupe TOV TUTTO TOU
— Output apxEiou Tou 0o owoei

| File

Target:

Format:

Quality: [~ I 92

Filename: |C:1Documents and Settingshadministrator . PCLABDesktopiUntitled. jpg Browse. .. I

OK I CanceII

AloAéyoupe TTou Ba cwoOEi
TO apxeio



2T0 OEVTPO TWV aTTOTEAEOUATWY, KATW atrd TO Isothermal contours uttdpxel 10
Contour 1 ka1 To Arrow Surface 1. Autd Tapdyouv TNV TTApPaKATW IKOVA
4 @ Isothermal Contours (ht)
“Y) Contour 1
Arrow Surface 1

Graphics
Q Q 4 Loy @

Contour: Temperature (K) Arrow Surface: Total heat flux

T T T T T T T A 363

0.012 . 3 363
1 363
1 363
) {363
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Ta BEAn deixvouv OTI n pory Bepudtnrag yivetal ammod 10 BePUOTEPO OUVOPO
(EOWTEPIKO) TTPOG TO YUXPOTEPO ECWTEPIKO.

A. 2 NpooBRkn pévwong amrd nylon
A. 2. 1 Anpioupyia yewpeTpiag
O¢éAoupe va TTPooBEcoupE yUpw atrd Tov aywyod, HovwTikd @A atmd Nylon kal va
ETTAVAAGBOUNE TN MEAETN, TTPOKEIMEVOU va TTPOCDIOPIOTEI €K VEOU N Bepuokpacia
OTNV €CWTEPIKA ETTIPAVEIA TOU AywyoU.
- EmavahauBaverar To BAPa 6 yia oxediaon kKukAou pe kEvipo 1o (0, 0) Kau
akTiva R1=1.2 cm
- EmavahauBaverar To BAPa 6 yia oxediaon kKukAou pe kEvipo 1o (0, 0) Kau
akTiva R1=1.22 cm
- Anpioupyia TnG d1a@opAag dUO KUKAWV:
Ae&i KAk Geometry 1 > Boolean Operations > Difference

Avoiyel To TTapadBupo emmAoywv Difference 61ToUu opifoupue

To oxApa amé 1o omoio Ba agaipéoouus oto Objects to add TTaTwvTag TTAVW OTO
MeyaAo KUKAO oTo TTapdBupo Graphics

To oxnua mmou Ba agaipebei 010 Objects to subtract TTatwvTag Mavw OTO PIKPO
KUKAO oTo TTapdBupo Graphics

210 TéEAOG etmIAéyoupe Build all objects yia va dnuioupynBei n yewpeTpia

10



A. 2. 2 NpooBRKNn véou UAIKoU (nylon)

AkoAouBolpe TO BAMOTO TTOU avaypd@ovTal OTO TTAPAKATW OXAMA yia TN
onuioupyia véou UAIkou (nylon)

D |12 (=N ) ol (EENi =0l
Home Definitions Geometry Physics Mesh Study Results
q @ Pi Parameters l._. [ Import ala \WiHeat Transfer in Solids ~ 8 Build Mesh = Compute @lsothermal Contours (ht) ~ [{ff} Model Libraries E
a= Yariables ~ - LiveLink ~ at 2 Add Physics AiMesh1 ~ ~sostudy 1+ dElAdd Plot Group ~ [FjMore Windows ~
Component Add X Build Material L t
1+  Component~ f0)Functions ~ all aerias ~doadd Study Sl
Model Definitions Geometry Physics Mesh Study Windows
Model Builder ~ ' Materials ~* | Graphics ~* Add Material ~*X%
~=E- T~ EtE v Material Overview Q Q (= 4
4 % tubedd.mph froot) 5 (i e (=N ] ' + Addto Selection
Global Definiti erial el ion
4 %c;mgonZnT 10?;”” 1) Aluminum [solid,bulk] {m... Domains 1-2 & B; 0 0 0 0 0 I“Y|°" 2 ) Search I
= Definitions 0.0167] 4 [ Material Library
4 A Geometry 1 0.014 [ Nylons and Pfyamides
O circle 1 {c1) 0.0127] 4 [ Built-In
O Circle 2 {c2) 0.017] - 252 Nylon 3
Difference 1 (@) 0.0087 - [ MEMS
O circle 3 (c3) e I
O Circle 4 {c4) 0'006_
Difference 2 (aiz) 0.004
Q0. 0.002” i
0] r
== Alurninurn [solid,bulk] ¢ l - -
\@ Heat Transfer in Solids f#2, 0'002_ L
A5 Mesh 1 -0.0047] N
~oo Study 1 -0.006
{E Results -0.008"] i
-0.017] [
. . . .. 0.0127 ) } i
1. Me 3€&i kKAIk oTo Materials emiAéyoupe Add New Material  o; 4 -
2. 'pagoupe nylon kai Tratdue search 0,016 T T —" 4 |
. , , , . -0.01 -0.005 b 0.005 0.01
3. EmAéyoupe 1o Nylon kdTtw atmé 1o pevou Built In
4. EmiAéyoupe Add to component Messages x  Progress Log  Evaluation 2D x vix
MpétTel va ONAWOCOUE TTOIA YEWMETPIO AVTIOTOIXEI O€ TTOI0 UAIKO:
-  Eowtepikdg owArvag -> AAoupivio
- E&wrepikOg dakTUAIOG -> nylon
R (5) (a0 EE MmN D) Se i alaix]
Home  Definitions Geometry Physics Mesh  Study  Results
Q @ Pi Parameters I.—. [T Import aln \@iHeat Transfer in Solids ~ 18 Build Mesh = Compute & Isothermal Contours (ht) ~ [l model Libraries
a= Variables ~ — LiveLink + et 2 Add Physics AMesh1 - ~oostudy1 -+ dE)Add Plot Group ~ [ More Windows ~
Component Add 3 Build Material L t
1+  Component~ fCOFunctions - Al aenes oo Add Study Yo
Model Definitions Geometr; h Study Results
Model Builder ~*  Material ~ % Graphics vt
==~ EtE Geometric Entity Selection B e Q & v @ e@0 SN
4 %@ tubed4.mph froot) el ID " | = @
@ G[Dbal DEﬁnitiDnS eometrc entity levell omain 1 1 1 1 1 1 1
4 9 Component 1 {compl) Selection: anual _ﬂ 0.0127 L
= Definitions . i L
>A\ Geometry 1 1 % O+ 0.01
v 2 = | 0.0087 I
T aive T ¥ .05 i
(@ Heat Transfer in Solids () @ 0.0047] L
A\ Mesh 1 :
~do Study 1 0.0027] [
& Results o L
Override
Material Properties (0002
-0.0047 [
v Material Contents
-0.0067 [
”  Property Name  VYalue Ui 0008 L
+ Heat capacity at constant pressure Cp 1700[f¢k... It :
/ Density tho 1150(kgf... kg -0.017
+ Thermal conductivity k 0.26[W/(... W .0.0127 [
Relative permittivity epsilonr |4 1 T T T = T T T
Coefficient of thermal expansion  |alpha  280e-6[1/... 1/ ©0.015 -0.01 -0.005 0 0.005 0.01 0.§
‘Young's modulus E 2e9[Pa] Pz . -1
Poisson's ratio o 04 mj Messages x  Progress Log Evaluation 2D x X
3 b

1. Ap1oTepo KAk oTo Nylon(mat2)
2. EmiAéyoupe Je KAIK OTO OXAMO T YEWHETPIO TTOU BEAOUME va £XEl 1810TNTEG TOU VEOU UAIKOU
3. O11316TNTEG TOU UAIKOU @aivovTal oTn AioTa

COMSOL 4.4.0.150
Opened file: tube44.mph
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Definitions Geometry Physics Mesh Study Results a
Q @ Pi Parameters l" [ Import ala \@iHeat Transfer in Solids ~ 158 Build Mesh = Compute @Isothevmal Contours ¢ht) ~ [Tl Model Libraries E
a= Variables ~ “ LiveLink ~ - >'§<Add Physics AiMesh1 ~ ~costudy 1~ @Add Plot Group ~ EMore Windows ~
Com?o'n et Com;od:ent +  f)Functions ~ B:“d Mate‘rials Ay LaYBUt
Model Definitions Geometr Physics Me Studs Results Windows
Model Builder -t ' Graphics -t
- = =Ev T v =t QQ | 3 = R
4 % tubed4.mph froot) ~ Mesh Settings xR
() Global Definitions .
4 9 Component 1 {compl) St 0.012 i
= Definitions IPhysics-controIled mesh L
>A\ Geometry 1 i 0.01
aterials Element size: 00 N
Alurninum [solid,bulk] ¢mat1) | Fine 2 [ §e
Nylon ﬁ'nar_z) ) 0.006 r
\@ Heat Transfer |n190llds ) 0.004 L
"o Study 1 0.002 i
{1 Results o L
0.002 [
0.004 [
0.006 [
0.008 [
0.017] [
1. ApioTep6 kAIk oTo Mesh 1 0.012 i
2. EmiAéyoupe Element Size -> Fine '0.015 001 0.005 © 0.00s bo1 o
3. Mg Build All epgpaviletal To TAEya 0T VEQ YEWHETPIA .
Messages x  Progress Log Evaluation 2D x viX
N
COMSOL 4.4.0.150 -
Opened file: tube44.mph
Complete mesh consists of 2548 domain elements and 620 boundary elements. Ll
A. 2. 3 Négg ouvoplakéG cuvOnKeg
>10 Model Builder, katw am¢ '@ Heat Transfer in Solids (ht)  rapatnpoupe 61 TO
Convective Heat Flux 1 1Tou cixaue opioel Trponyoupévwg, @aivetal OTi Ogv gival
TAéov Active ota boundaries TTou €ixaue opioel TTpIv dIOTI gival TTAEOV E0CWTEPIKA
olvopa ot yewpaplq
B | W2 =N ) @ ENmIE =10l x|
Home Definitions Geometry Physics Mesh Study Results 7]
Q @ @ E_ ula (@ Heat Transfer in Solids ~ &8 Build Mesh = Compute @Temperature (ht) ~ [l Model Libraries
=/ ol & add Physics AMesh1 » | ~dostudyl v dElAdd Plot Group ~ [EMore Windows ~
ComToPent CamSod:ent . Defini'tiuns Geon:etry Mate'vials o idd Study Layfiut
Model Phy Mesh Study Windows
Model Builder ~*  Convective Heat Flux v 4
- = =E~v T v =t

4 & tubedd.mph froot)
() Global Definitions

“9 C_omponght 1 fcomp1) [on )| [3 (ot applicable)
= Definitions 4 {not applicable)
YA\ Geometry 1 3 (not applicable)

Materials
Alurinum [solid,bulk] (st}
=2 Nylon (mat2)
4 @ Heat Transfer in Solids ()
& Heat Transfer in Solids 1
25 Thermal Insulation 1
B Initial Values 1
() Temperature 1

~oo Study 1
& Results

Boundary Selection

Selection: |Manua|

11 (not applicable)

Override and Confribution
Equation
v Heat Flux

Heat transfer coefficient:

IUser defined

Heat transfer coefficient:

h [1000

External temperature:

W/(m2K)

Texe |25[deaC]

T0.005 0

To.01

0.005 .01

Messages X

b

Upeneda riie: tuness, mpn _I
Complete mesh consists of 2548 domain elements and 620 b

Number of degrees of freedom solved For: 5444 (plus 1800 —I
Solution time {Study 1): 7 s. ;I

Progress Log Evaluation 2D x X
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Mpétrel va opicoupe Tnv idla ouvoplak Ouvlnkn oTa véa eEwTEPIKA oUvopda. 2TO
Tapdbupo Graphics emAEyoupe 1O €ikovidio Select Boundary (BA. Zxrua) kai pe
KAIK TTAvw OTa vEéa eEwTePIKA ouvopa Ta emmAéyouus. Ta véa ouvopa gugavidovral
oTo TTapdBbupo Convective Heat Flux

W2 mUR) a2 EE MmN 54 AN =lolx|
Home Definitions Geometry Physics Mesh ~ Study  Results
Q k\/\ = E— .== WiHeat Transfer in Solids ~ 18 Build Mesh = Compute @Temperature hty ~ [l Model Libraries
- =/ - £ add Physics AMesh1 ~ | ~ostudy1 ~  {E}Add Plot Group ~ [ More Windows ~
Comrlmpent Comsg:ent . Definitions  Geometry Materials ~do add Study Layout
Model Builder - * ['Convective Heat Flux v+ Graphics Select Boundary -
E v T v =t E " 5 & - 7 =1 =
S * TEL Boundary Selection Q Q & _ L D ‘e B N
4 % tubedd.mph froot) BN ~EEECcC @
() Global Definitions Selection: | Manual [~ 0.0147 ! : . ! .
4 9 Component 1 {compt) 1 + ' ”
= Definitions 2 B 0.012
YA\ Geometry 1 3 (not applicable) &l - 0.01
4 aterials Active |4 (not applicable) EEI A\ g
" ; " 7 |
:E: Alurminum [solid,bulk] fmat1 8 (not applicable) 0.008
=22 Nylon (mat2) 11 (not applicable) 0.00671
4 |@ Heat Transfer in Solids () 12 :
& Heat Transfer in Solids 1 0.0047
=) i
in ;Ttei?\?;ﬁ:: Iftlon ! Override and Contribution 0.0027]
£ Temperature 1 Equation o))
() Convective Heat Flux 1 M
A Mesh 1 v HeatFlux 0.002
~do Study 1 -
@ Resulﬁs Heat transfer coefficient: 0.004
I User defined L] -0.006']
Heat transfer coefficient: -0.008"
h [1o00 w/im%Kk)  -0.017
External temperature: 0.01271
Text |25[deqc] K .0.01473 . . : . .
-0.01 -0.005 0 0.005 0.01
Messages x Progress Log Evaluation 2D x v1X
AN
Complete mesh consists of 2548 domain elements and 620 boundary elen ;l
Number of degrees of freedom solved for: S444 (plus 1800 internal DOFs =
Solution time (Study 1): 7 5.
Al | LI Saved file: tube44.mph

Kavoupe degi oto Study 1 ep@avietal o avTioToIXog TTivaKag HE €TMIAOYEG OTTOU
emAéyoupe = Compute

AT véa katavoury Beppokpaciag TTPOKUTITEL OTI N BEpPOKPACIia OTNV EEWTEPIKN
emeaveia givar 335 K 3 62 Babuoi KeAoiou dpa utrdpxel onuavTikh d1agopd Adyw
NG NOvwong nylon.

A. 2. 4. Katavopun 8gpuokpaciag KaTd HRKOG TnG aKTivag
- Me &¢&i KAk oTo Data Sets emAéyoupe Cut Line 2D 10 o110i0 gu@avideTal KATW
até 1o Data Sets wg £¢¢:
4 {F Resuits
4 i Data Sets
# Solution 1
1 Cut Line 2D 1

- Me apiotepd KAk 010 Cut Line 2D cpgaviletal To TTapdBupo O1ToU TTPETTEI VA
KaBopioouye TN YypOuuR KATA MAKOG TnG otroiag Ba oxedlaoTtry n €mluunTn
Katavopr. AnAadrf TIPETTEl va OPICOUME TIG OUVTETAYUEVEG OUO ONUEIWV TTou
KaBopifouv TNV akTiva TOU KUKAOU:

Point 1 (x,y)=(0,0)

Point 2 (x,y) = (1.22 cm, 0)
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Defintions | Geometry | Materials

Madel
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= Definitions
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~ob Study 1
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== Data Sets
B Solution 1
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#E Derived Values
B Tables
4 [ Temperature (ht)
Surface 1
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{8 2D Plot Group 2
Export
Ex5 Reports

| b

=lolx

Physics Mesh Study Results
\WiHeat Transfer in Solids ~ | [58 Build Mesh = Compute @,20 Plat Group 3 = F @
S48 idd Physics AMesh1 » | ~dostudy 1 - E|Add Plot Group + 4
i Add Study ‘Windows | Layout
Physics Mesh Study Results 3 5
Cut Line 2D ~* | Graphics -

w Data

Diatka set: ISqutmn 1

¥ Line Data

Line entry method: ITwo points
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!
Jo

Jo

Paint 1 |D

Paint 2: | 1.22[cm]
[V Bounded by points

Distances: mo] |
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’— ™ additional parallel lines

- Advanced

- Me Be&i KAk To 4 ElResults emAéyoupe To

Results n avtioToixn €l

Kova {& 1D Plot Group 3

Q Q @B e

Messages x | Progress

b

Solution time (Study 1): 7 5.

Saved file: tube44.mph

Mumber of degrees of freedom solved For: S444 (plus
Solution time (Study 13 3 s,

(o=}

-0.01 -0.005 0O

0.005 0.01

Log Evaluation 20 x

W

1D Plot Group o1dTE gu@avifeTal oTa

- Me &¢&i KAIK aTO {E1 10 Plot Group 2 gmAéyoupe D Line Graph 1 omgre gdaviceTal:

4 (& 1D Plot Group
v Line Graph

3
1

Matwvtag Tadvw oto Line Graph 1 gpgavidetal To pevou emAoywy oxediaong:

=lolx
Horne Definitions Geometry Physics Mesh Study Results 10 Plot Group 3
)
m M E L o\ =R
Plat Plot Line Point  Global  Table  Histogram MNygquist  Far Export  Player
In~ Graph  Graph Graph Flat Field Data
Flot #Add Plot Expart
Model Builder - % | Line Graph -t | Graphics -t
~ =2 =-F - =tE 3 |lmrd &5 aaal IlE @@
4 & tubedd.mph root) ~ Data 2 Line Graph: Temperature (K) .
@ Global Definitions >
4 Q) component 1 fromst) Data set: |Cut Line 20 1 =l 5 — t t
= Definitions 362 |-
YA\ Geormetry 1 v y-Axis Data + - %~ 360 -
4 83 Materials 158
Alurninum [solid,bulk] st Expression: I
Mylon fmat2) IT 356 |-
4 |@ Heat Transfer in Salids (#¢) _ 354 |
o Heat Transfer in Solds 1 Unit: =
o 352
&5 Thermal Insulation 1 [k = °
B Iriitial Values 1 B i % 350 [
(3 Temperature 1 escription: 5 348 |-
(3 Convective Heat Flux 1 | Temperature o
E 346 -
A Mash 1 2
~da Study 1 [ Tie 344
el Result -
ﬁ%' nesat » u-Axis Data + - &~ 342
= 340 -
\B8 Solution 1 :
E Cut Line 20 1 Pararnster: 338 |-
222 Derivad values arc length 4| 336
B Tables I 1 L 1 I
B Temperature (ht) 0  0.0005 0.001 0.0015 0.002

& Isothermal Contours (ht)
T

1. ApiOTg,

I» Coloring and Style
> Legends
o Quality

PO KAk oTo Line Graph 1

2. EmiAéyoupe Data -> Cut Line 2D1

|

3. Mg PIIot M@avileTal n Katavour Beppokpaciag
3

Arc length

Messages x| Progress Log  Evaluation 2D0x - B X

b

Solution time (Skudy 1 7 s, ;I
Saved file: tubed4.mph

Murber of degrees of freedom solved For: 5444 {plus 1800 inte =
Solution time (Study 1 35, ;I
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