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2.2.1 mMs1iAu5au (Conduction)

T(x)

T,

— L —>

JUN1 2.2 nsdemauIeuluumMaihauieu [1]

ASEUIUNITAEWMANLS DU LAINNITAITUIUUT U UNSINUAONELNABNUILIAT dINSUNITUN

[ a | % 5 ] 7 £% t:il‘ aa (% Qll t:ll I
ANUTDU AUNITLIUNIN Fourier’s law @I UNUITEUIUNUNUR dN1TTAINTD VlLLﬁ@\ﬂuE‘LJVl 2.2 4

N13n528gMgR T aun1ssdy

" T, —-T, AT
g, =k———=k=— 2.1)
L L
k = Thermal Conductivity (W/m.K) fie Aauaud@lunisiinuiou
q” = heat flux (W/m?) Ao SasnsthemaruSeusenmieiui

q = heat rate (W) fi9 §n5In13618LMANTOU
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I H &
y o Fluid y T
> —_—
> - __ |- ___
B ; Velocity Temperature
distribution distribution
“(_"3) q” Tf\,‘)
T r

it T R u(y) Heated L T(y)
surface

UM 2.3 M3dgmAuTeuLUUNITINANNTEU [1]

AUNTITNITNIAINGOU W30 Newton’s law of cooling

ger = h(\IL T T e (2.2)

h = convection heat transfer coefficient (W/m?.K)

2.2.3 MsuHTadmuiou (Radiation)
Jundsnuiivdesesnunanaasngamgiiliiduaud nswddedliiesusiiniuain

YoILT9 LHNISAD1ALARTUINVOLAILas A AUy

Gas
T,h

Gas
T,h

G E ., Surroundings B B
9.(‘ ;‘f /qconv at Tsur qrad\ /qcon\r
Surface of emissivity Surface of emissivity T.>T.,,.T>T
£, absorptivity @, and s =a, area A, and
temperature T, temperature T,

SUT 2.4 M3AEWMANUTDULUUNTUNSIE [1]
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qz}d = = SEIJ(T';) —alG = SU(T? _ T‘il[‘) (2.3)

Pha | W2y

h, = radiation heat transfer coefficient (W/m?.K%
— 2 2
’?’F' - S(T(T,’ + TSL[]')(T\' + ?_.:iLlT (2'4)
€ = emissivity coefficient

O = 5.6704x10°® W/m?-K Stefan-Boltzmann constant

2.3 au3UA2MUTaU (Thermal Resistance)
Ao ArNvanANaINInvesianiunsduginsiva vietemanuseulasiued fuaiy
W wazA k vasTanuugme ety m2/wW Bann 845

2.3.1 Thermal resistance for conduction

A% Ti;,l ~ TS',Z b L (2.5)
Rr,cond 100; 1L ’
G kA
2.3.2 Thermal resistance for convection
R W/ i gl (2.6)
2.3.3 Thermal resistance for radiation
.
Rr A Lt 3 sur _ 1 2.7)
: rad h A

r
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Hot fluid ke kg k¢ T.4
T.1hy
A B C T T T
) 48 _
Cold fluid
1 L, Ly L. 3 T4 by
!;.
1 Tm‘l Tsl TZ T3 Tv.i‘l Tno.d

5UN 2.5 MidemanuTouwuuntiaviatetu [1]

Tm_]_T:r:‘q. . o,
T = (U /A) + (Lalka) + (LyfksA) + (LolkcA) + (AT R (2.8)

mgszuuApulngs Tordulseansnisanemanuseulaesiy U agvintideaintunisiesieu

11NN F9IsUAA18AU Newton’s law of cooling

g, = UA AT (2.9)

v=_1 = 1 (2.10)
RoA  [(1/hy) + (Ly/ky) + (Lglkg) + (Lolke) + (1/hy))




2.5 NMsaEWAUSBULUUNTINSZUaN (Radial System Cylinder)
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Y

T, 1, hy
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h2xrL 21 kyL 2mkgL 2n kL hy2mr,L

JUN 2.6 MstgmANTBULUUNTINSEUBNHT AT [1]

14 ¥ Y
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_In(ry/ry)

R .=
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2.6 Computational Fluid Dynamics
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Color Legend: I ambient gas I metal (solid)

sU# 2.7 Tnwuu3gdl (Spatial Domain) [4]

Total 2.0M cells

Wy
WO
'
’
|
'

=W .

JUN 2.8 1a59n191818eU3u1ms (Volume Mesh) [5]
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udl91niuIelddanessy (Algorithm) lunisudaunisvesnisindeund wduaunisessians
dusunmsivanuulainie

a

Alaiuuau (Unstructured Mesh) wiu Sidnwauziduanuwdedly 2 06 vse nssUsfialu 3 IAvsea199e
fyunsauuuillaseainauiueu (Structured Mesh)

wazaun1suwIdes-aland dmsunsivawuunila lassvieenavsiidnuusunsauulasasis

(b)

SN\~

g‘ﬂﬁ 2.9 a) Structured Mesh b) Unstructured Mesh [6]

Yy & Aaa . a ' (JAK @ yal =
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Jufiuan 1eni1 Adaptive Mesh Refinement Methods
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I
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BEEISESEEEERSE:
Color Legend: B metal (vapour) 11 metal (solid)

EIEEEEEE metal (liquid) B metal (re-solidified)
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||

gﬂﬁ 2.10 Adaptive Mesh Refinement [4]
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PNALISHAZITNISIATITHNE

3.1 gandwsnldlunisiasizvinanazutinivosgenanag
3.1.1 SolidWorks 2020 viwihil TiasgsiAUTaNsgaden1anLseunieisnis

computational fluid dynamics

gﬂﬁ 3.2 SolidWorks Flow Simulation

12



3.2 A5N15ATITH
3.2.1 Analytical Method

M sAmnamumg e lunsmaUsunanisaadenisanuiou

Tsc = 28 °C Tet= 74 °C

radiation

T, =23°C
a

N\

convection

Tsurround = 23 °C

One-Dimensional, Steady-
State, No Internal Energy
Generation, Constant

Properties, Cylinder

U 3.3 diagram waghian1an1sarenauioud niun i g

WO Touround A8 BUNHNRIVDINTIVDS
= Ae‘la
Tec . Case Surface AD RUNNUNNIVOY Case
A Qe‘la U
Tst - Tank Surface 18 QWWQN‘WN]%@\‘]QQ

T . fie gaumpilvesenniAnislues

Quoss AB ANAEYFENIANUTOUNARTY
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Rins Rconv

st coa

loss

1
=

5U#1 3.4 Thermal Circuit NsengnAUTauveIRInuAITawiIgugdenA
Tuigdavvinisiesginisanemaudousuunsinszueninedmuatiludu 1 47
an1aeasil Auaundingg (A1n1suiauseussauIuai) lulidinidandauainaiely
= I3 =~ v o o % v o Y = A A
Weosnnidunmsminsagydsanuseuluvagniiauseulatanisviunsd Juvieiiies

NSIngmMANNToUTRIITIeaNgRINAUSINTBULAT OIS

convection heat transfer coefficient

h

Process (W/m?* K)
Free convection

Gases 2-25

Liquids 50-1000
Forced convection

Gases 25-250

Liquids 100-20,000
Convection with phase change

Boiling or condensation 2500-100,000

mi’]\‘l‘ﬁ 3.1 convection heat transfer coefficient
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910 Thermal Circuit aglaaunis

= Tse = Torg (3.1)
ln(rz/r1)+(1 L1 )_1 '
2nLk hA " h A
muuali k = 0.022 W/m.K (A1 Thermal Conductivity 484 PU Foam) [7]

L = 0.34 m (AU81VDIE4)

Ty = 74°C (@aunaiiindssuuen)

T .= 23°C (gamglonnAuanden)

r, = 0.125 m (5A%ing)

r,= 0.16 m (rfiadeq)

h = 25 W/m? ({0u gas LU free convection mmia@lé’mﬂmswﬁ 3.1) [1]

A= 0.5008 m? (WufiRaves Case 970 SolidWorks)

h, = radiation heat transfer coefficient (1 laanaunns 2.4)

INAUNT 2.4
hr 7 ae(Tsc + Tsurround) (Tgc + T?urround) (3.2)

MAUALA O = 5.67 x 108 J/s - m? - K4 (A1 Stefan-Boltzmann constant)
€ = 0.97 (emissivity 984 PP CaCOs3) [2]
T, = 301 K (@uuilid Case Auuengn)
Touround = 296 K (@UuiIFIanmwInge)

ety aglden h, Wihdu 6.326 W/mZK

PNMunUAIatly #un13 3.1 wiANsgaLdenIeeuseu 18.169 W
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3.2.2 Numerical Method
T3t dagldnsiinseflagds Computational Fluid Dynamic Tuluswnsy SolidWorks

Feludil az138n91 SolidWorks Flow Simulation

5UM 3.5 1AT09NUNURUUEIANLLLY Front View

Tunsieseiiuaziuseandu 2 dwu

'
1 =

d1uf 1 Ao Transient Intemnal Analysis Type tJun1sdrassuvuiinandinnieides \Wunis

a

¢ %,' s I Y (% 1= 4 = 4 =~ 1 %,' 2 =
’]Lﬂi?%MLWENUWLLﬁ%QUﬂiﬂJW@Qﬂ’]EﬂUﬂQ wagzas liflenniAtuieates LWE]Q’J’]UWINQ\TR]%%Jﬂ’ﬁﬂi%ﬂEJ

= a v YV

amniiegals Tawiledersieamgindsenis BadtlndlAesiunmeasaswselil uasiiideu

9 Y

IS a ] a v o E4 o v =® 1 d'gj 14 d'c’l’d o Y = o 1
wenfloamgiivintalladinanuseunganisinnu (wesluadniisenfiaald lunlife 74 °C) i

Y

v v

aa Ay v ad =] ) v aa v Y Ay v a Y
gaun iR uNen#lia1n3s CFD WSsulfisuivgaumnIRafeiuuenfilaainnimaasdase ey
ANNeRevesisll MntuthAgnnniivestihngludalulddeludiudaly

dufl 2 Ao Steady-State External Analysis Type tJunissrassuuvan1igasd lddnandnun

Wendes lunsiessisuugunsalasuianiglusazneuends Jernadiuifesdes wazlinsaewm

Il A& o

ANuSouLUULHSE dAgamgliveaiildeindud 1 Alduualu 3 siu@innismaasiass gamgll

1 1 =)

voslusyAusn Lt wilusgdudeiuazunndnsiudniies) wildiiieginAgadeniseiuiou

Y

YoeiitiivengeINAuIuseuATenugy ddwile lnggndwinimnsiusenieviufetiu CFD
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N13AUINANGYLEEN19IAIIUTOULUY Transient Tdiangeunnilewiguiukuy Steady-State [7] A

Genldn1sAuIaluU Steady-state

3.3.2.1 Transient Internal Analysis Type
ludumauusn agvihinsdaesnisguiiluduiiognisuendugumgivesunluds (Water

Hvesuntudalduingy dieamaiainitage

Temperature Stratification) LWiwiummLfJuﬁﬂqquu
nfigumgdainda Fadierudndundesiduneuiineululdlunisludmuaninisgayde

o 1

33®UQQﬂQ
ANSoulutunou Steady-State External Analysis Type wiald

gﬂﬁ 3.6 Water Temperature Stratification
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JUABUN 1 ANRUAITNNTIATIZI

Wizard - Analysis Type

Analysis type

0O Intemal

() Extenal

Conzider closed cavities

[ Exclude cavities without flow conditions

Exclude internal zpace

Physzical Features

Radiation
= Time-dependent
------ Total analysis time
4 Output time step
= Gravity
X component
...... ¥ component
il Z component
Rotation

Free surface

< Back

[=) Heat conduction in solids
e Heat conduction in solidz onhy

Meut

alue
a

O

O

a
1975 =
5=

a

0 m's"2
-59.81 m's2
0 mis2
O

=

Dependency...

5U# 3.7 Mwiua Analysis Type WUy Intemal Jiaseiiiieanigluda

Total Analysis Time: 1975 s = 32 min 55 s I%L’Jmﬁqquﬁ

kY 9 Y

Cancel Help

d9dnng 74°C 8 NUTEU1 30

Wil Fuenanludnidntesiiodunangfnssusuzdawmesnganisinnu sglununisldnuaiaee

mmuaesluannlifn 74°C uazld Time Step = 5 s Wistlunisannanlunisussunana

Tumauildalulyd Radiation WS12ANN1S5NEAAB9IF1aDI9 2 UV kUUL Radiation TAKAANWSN

1 1Y I3 v 15 ¥ 1 1y 1 £ = I Y =
wane1eiudndes wildiaanlunsuszaiarawnnasiuaaut1egs elunisusendanan 3alilyly

TuppUlATIEINITgdeAuTauluan1e Steady State LitemAAIMEAENIAIUTOUTIAAYY
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JUABUN 2 AMUATDI IALEUAY

Wizard - Default Fluid 7 =
»
Fluids Path Mew...
Gases
= Liquids
Pre-Defined
Non-Newtonian Liquids
Real Gazes
Steam
P~ \
\\\\\ /////’/
— b _ Z8"¢ , Add
Project Fluids Default Fluid Remove
Water-compressible [ H
Compressible Liguids §
2~ PR LN\ ~
Flow Characteristic Value
Flow type Laminar and Turbulent [~]
»
¢ Back Meut » Cancel Help

g‘l.l‘ﬁ 3.8 Nuum Default Fluid

Tu i 19 Water-Compressible lunuiany Compressible Liquids wnu Water lunsuanmng]
Liquids Lws1221nn15919a0sd1a09919 2 wuu Water-Compressible TinaansnlnalAssiunisnnasiasy

l&viA U3 EN SNC ATLANTIC WATER HEATER ASIA CO , LTD §swinszuas Tnedngmng

a

{7199

gt (3a91 3) AsgUn 3.9
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Temperature ( C)

80.00

70.00

60.00

50.00

40.00

30.00

20.00

10.00

0.00

0.00

NS EUTBUTENIN @UNANRIE191NN5NARBRSe U aumgiiRadsaIn CFD

Y

5.00 10.00 15.00 20.00 25.00 30.00 35.00

Time (min)

n3H 3.1 WgueUTEnIn aumniase (U eumgiann CFD
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JUADUN 3 AINUAVBILTISUAY

el

Solids Path Mew...
Solder (Au 80%5n
20%) Pre-Defineduilloys
Suld?r (Au 88%(Ge Pre-DefinedvAlloys
12%)
Solder (Pb S0%/5n
10%) Pre-DefinedvAlloys
Solder (Sn §3%/Ph i
37%) Pre-DefinediAlloys
:.
Sqiien (58 J6.5 )64, Pre-Definedialloys
3.5%)
Stee.l {Tectnca Pre-Defined\Alloys
¢ Resizstance)
| Steel (Mild) . _Pre-Defined\Alloys
; Steel Stainless 302 Pre-Defined\Alloys
Steel Stainless 321 Pre-Defined\Ailloys
~{# Building Materialz
[#] Ceramics
'--&l Glaz=zes and Mineralz
«f# IC Packages
[ Interface Materials
Default zolid:  Steel [Mild] [ Pre-Definedtallops )
< Back Mest Cancel Help

sUfl 3.10 i Default Solid

TuAidld Steel (Mild) vilpsarndaiuingusinuiain Mild Steel waglidunuuiguidu Default

Solid wiasaniduvesndsidusindn
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YPUABUN 4 MnuaauluSUAY

Wizard - Initial Conditions [ *
Parameter Walue
Parameter Definition User Defined L

=l Thermodynamic Parameters
------ Parameters Pressure, temperature e
- Pressure 101325 Pa
------ Pressure potential ]
------ Refer to the origin O
- Temperature 22°C
Velocity Parameters
Turbulence Parameters
=l Solid Parameters
.4 Initial solid temperature 22°C

41_!“! ) Time,s| -.Eoo-rdi-ne;te-S_l.,lstAem..-.—. f | DEEEr‘l_dEnC_I,I...

. <Back  Fish  Cancel | Hep

;s‘l.lﬁ 3.11 AU Initial Conditions

22 °C uwae

=).

Y

Tnaumgiiveslya (1U1) Fudu 22 °C iMs1gaumgiuIaINNITNnaeIaseey

€

[

o A v oA ° [ ¥ a - Y @ w1 = o 14 = a 1w
ANLIUAUN 22 °C L‘U‘Llﬂ‘LJL‘Wi'WG]E]\'iL‘UG]‘L!’]I‘Vil,(ﬂllﬂ\‘iﬂ@u%ﬂﬂqﬂﬂiﬂﬂaaﬂlﬂ INWURUNNININU

=

1
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Jupaun 5 Mviuaian

PP

E5 Project(1)
B@ Input Data

@ Computatienal Domain
--[@) Fluid Subdomains
@ Solid Mat=ri=l
: E‘ﬁ Boundan
PE Goals |£ Impert Data Frem Model...
EI@ Mesh

L.} Global Mesh
[]—---@a Results (Mot loaded)

o

U 3.12 fviun Material liveaudanna ¢

@ Solid Material @
v X M
Selection L)
. 1 Xo ol 1 = 1 1 [}
| [ l@oNduUUIZNDU WU 03
“— .AudnS U MaN19uLgN
7iav191198n
2]
Solid ~
B- F'_re-D efined
G- Alloys
[+l Building M aterials
-- Ceramics VY. .
) Glazses and Minerals < LBNIER LU Steel (Mild)
i IC Packages
-- Interface Materials
-- Lamirates
-- b etals
[+ Morizotropic

5U# 3.13 ntheen1simun Material
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Component

Material

Tank

Mild Steel (SolidWorks database)

Flange

Mild Steel (SolidWorks database)

Heating Element

Copper (SolidWorks database)

Anode

Magnesium (SolidWorks database)

Inlet / Outlet pipes

Mild Steel (SolidWorks database)

A15199 3.2 diuusenausing 9 warianuesdiuusenauii 9

Heating Element

5UN 3.14 dudsznausng 9 tieimun T
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JUABUN 6 NUAUDbraluds

e

£5: Project(1)
E@ Inpl..rt [Data
------ @ Computational Domain

[ Fluid Suk -~

= Mesh

------- tH Global Mesh
O Results (Not loaded)

------ @ S @ InsetFuid Subdomain...

JUN 3.15 Mnunvainaluds

@ Fluid Subdomain @ Fluids L Thermodynamic Parameters
v X M Fluid type: Bp Tp
| Compressible Liquids | P 500000 Pa % Fe
Selection A ——————— —
m ” Water-compressible [ Comp [ T 22°C % £
A A a LY oY ol B W T
Laaﬂwuwimﬂﬂ‘lﬂ,‘u B Pressure potential
[T refer to the origin
] Turbulence Parameters
_Il“. Global Coordinate System L
£ YTV T T T TVTTTTNE Flow Characteristics
Reference axis: ){‘) _ e, ﬁ Q) | Add fluidy. g I._aiﬂi‘nar?arnd_T_uLbulei\t'_ w

JUN 3.16 nihsnenisivuavesiva

EZ Project(1)

E@' Input Data

------ @ Cemputational Domain
------ g Fluid Subdomains

------ % Solid Matenals

- Of Results (Not loaded)

<]

------ i Boundary C__""
...... B e

SUN 3.17 MuuaLssRuLaza ) IIinuNRINYe Inlet
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TulUsunsu SolidWorks 2020 n15A19uA Boundary Conditions @BN1SAIRUA WISIA ULAE
gaunil Tufednsnisivaiivseseniuunansd uwilundlidlanmvue snsnislva Amuaiies wsesiu

wazgauuiven msziunistiassuuiiuiaududidatansinuvesivineudeu Fadednlid

an51N15 e TRgdaniuRiYie outlet AN1999N WALAINUALSIAUT 800000 Pa %138 8 bar lAed19991n

AMNSNUSENMAsYILAeInU CFD [7]

Selecti o
0NN Type 4  Thermodynamic Parameters ~
x| &~ 00000 :
\deniiufiavio outlet ~ Po - =
= Environment Pressure T 22°C = A
mvgen Static Pressure .
= Total Pressure B Pressure potential
}l’,x Global Coordinate System [] Refer to the origin
Reference axis: X ")

5UT 3.18 mihdnansmmuausssuLag M) iveeva Inlet

[ o < 19 va o [ [ =
NN UALAIALA aslmmmagmmm ﬂ\‘izﬂ‘l/l 3.18
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Yunaudl 7 @519 Point Goal LiieiiudAaumgiifigasig o

Py

£5: Project(1)

E@- Input Data

------ @ Computational Demain
------ gy Fluid Subdomains

...... W Solid Materials

m Insert Surface Goals...
FF'. Inzert Volume Goals...

F:: Insert Equation Goal...

5U#1 3.20 @514 Point Goal ieldlumsaslignmesngarinnuiiiefigunguiiednis

Parameters -

Points Y Parameter
Total Pressure

@] :‘I' Dynamic Pressure
Z Temperature (Fluid}
[=]

Mean Radiant Temperz
bi 0

Operative Temperature
Draught Rate

Density (Fluid)

Velocity

Velocity [¥)

I Welocity [f)

A INNAYNL %mmﬁmﬁaﬂlﬁﬂ Pick points Velocity (2)
Circumferential Velocit

X a A a aa = Dynamic Viscosity .
vuiiuiiiiiden lagluiiiaziden WYZ 1% [m] ¥[m] Z[m] meTemple Turbulent Viscosity

Turbulent Time

m

S0

[

{969 lnggasaianun 9 9a

Turbulence Length
Turbulence Intensity
Turbulent Energy
Turbulent Dissipation
Heat Transfer Coefficie

mug‘dﬁ 3.21

0e00bo00oooDoooooopubos
0000000000000 0000000BGS

Cwerheat above Meltin

5Ufl 3.21 niheinsnnsadrs Point Goal
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5UN 3.22 90619 9 719 9 9AVBIRN

Paramet -~

Points e Parameter
Total Pressure

Va
O
@ . I,',. Dynamic Pressure O
z Temperature (Fluid) O

Mean Radiant Temperz [:]
@] Operative Temperature [:]
Draught Rate O
Density (Fluid) ]
=] Velocity ]
=] Velacity (¥ ]
I Velacity (1) (]
Velocity (7) ]
O

N

O

O

]

O

O

O

]

a

]

Circumferential Velocit

Dynamic Viscosity
Turbulent Viscosity
Turbulent Time
Turbulence Length
Turbulence Intensity
Turbulent Energy
Turbulent Dissipation
Heat Transfer Coefficie

WYZ W [m] ¥[m] Z[m] meTemple

0000000000000 0B00BOEs

COwerheat abowve Meltin

3U# 3.23 mieinan13a$e Point Goal tiedargaumaiiunnigluda
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3UN 3.24 90614 9 9 9 pvesinnglugs

JUABDUN 8 NMNUALTAINLTAAIINSDU

H o\ F ®m W s on

Conditions | Goals Clobal 5:1:5:125 Bun  Bate
Mesh Rui

'Eﬁ Boundary Condition

T Initial Condition

% Porous Medium

W Solid Material

WP sufaceSouce |

ﬂ/& Volume Source

5UN 3.25 Myuaunasniinaiusou
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Selection ~

N

T \ Parameter ~
X B
.rﬁ’x Global Coardinate Sy\em =
: =
Reference axis: :,\ o Q 2500w =] .ﬁs

5UN 3.26 MruAdaLmosINeNau 2500 W

Wennlummeaedsslddnmesaunn 2500 W Asmmualiuvasiiinnanusau agil 2500 W
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Togale ~ B Dependency ? *
{!J Dependency Dependency ype:
Flgoal] - table e
. . Dependent an gaoal:

14 Point Goal 71 3 1N5124UUAN ——> PG Temperature (Solid] 3 v
DUMNNFIFIAINNITNABITIS

() Switch ON when goal » control value

0 Switch OFF when goal > control value

() Switch OM when goal £ control walue

() Switch OFF when goal < contral value

Contral walue: Diead band:

mmﬁﬁéﬁlﬂﬁla Point Goal ii——>74°T 2K «—zx2°C

()]

ALADSALNEANITVINIU

5UN 3.27 Mvungumginvinlvgnnesngainau
) = v '
Yunaui 9 a39lasanIvng

P e — a o mEEma m— —

£5 Project(1)

EI@- Input Data Type ~

------ @ Computational Domain % Automatic
------ Ly Fluid Subdomains
...... @ Solid Materials et | Manual
------ Eﬁ Boundary Conditions S 7
------ ‘)“ Heat Sources Settings -
...... F Goals Dm 1 ] !
B@ Mesh j ” O
o Global 1=~ e — - <
-8 RESLI%{NDHDEI & EditDefinition... e )
Show Basic Mesh BAdu’anced channel refinement

| [] show basic mesh

sU# 3.28 nthsineUuusianuaziden Mesh
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BaUsuszauge Builiild Mesh Afvwadn dawaviilinisinszilaanufiuaugiunn

[ '

U WATlEIAT WATNSNYINTABUN MBS UINVUAUALE

5UN 3.29 Mesh va3d7usi99

g’l dl o a o
YUABUN 10 ALUUNITINEDN

- R 1

£0 Project(M

_@ Inpt =  Run. o
Hi  Mew Parametric Study... Startup T
. Rur
Improved Geometry Handling Mesh Take previous results
«  Automatic Rebuild Solve Cloze
(¢ Rebuild © Mew calculation Help
L Hide Global Coordinate System Cortirue calculation
Clone Project... Cores and memany uzage

Create Template... Run at: Thiz computer ~

% Delete Project... Use [use &l o LCorelg]

Open Project Directory

. . Results proceszing after finishing the calculation
Hide Basic Mesh

B Load results B atch Results. .

Custemize Tree..,

5UN 3.30 Aullun1sdnaes
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UAUN 11 Wnasnshultnslutussld

JUN 3.31 nslasziuaamgivenituduasgniia 9 Aveansmi 3.2

(%
[

gaunniveninNseausie luragndnmeivgainau (Raf 3 i 74°C)

80.00 : N 2 g
ﬂ‘i'W\|LLﬂﬂ\?ﬂ?QﬂJ‘ViQN‘UE]\‘iu']ﬂqﬂlua\‘i‘ﬂﬂ 9 'i]'ﬂ
70.00
60.00 |
50,00
Q
b
=
2 40.00 t1CFD
g ——t2CFD
E ——13CFD
30.00 t4 CFD
——t5CFD
50,00 —— 16 CFD
——t8CFD
——t9 CFD
10.00 ———1t7CFD
0.00
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00

Time (min)

N3 3.2 uanwmagauuniiveniingludans 9 9adaus 0 w1l fis 40 w1

34



a

1NN 3.2 wiulenn 9afl 3 Hugeiidonmgiiaefian wazaed 7 1ugeiidenmginign

1Hg )
wazaziiuldindamesiinnsvgaviaudeds 30 und Luaamﬂmaﬁuammlmmamuqﬁ faaly (7a°0) Tu
wumaumaiﬂamﬂumsamewmmsqiyLaamqmmsau (Steady-State External Analysis Type) lagay
wiadu 3 szdu

3 907 1-3 WIZRgUUTTUIURE T Ygaumnlyai 7i 1-3 unadearld 74.12 °C
seAUT 2 9971 4-6 IszaguusTIUREIAY 1haamniignd 4-6 nuadsagls 72.63 °C

seiufl 1 a;mﬁ 7-9 WsgeguuITIURgITU Ygumniynd i 7-9 nuadsagld 68.96 °C
3.3.2.2 Steady-State External Analysis Type

YUABUN 12 MMPUAITNITIATIEH

Wizard - Analysis Type ? >
Analysiz type Consider closed cavities @
() Internal [] Exclude cavities without flow conditions
0 Extemnal [ ] Exclude internal space

Phyzical Features Value
[=l Heat conduction in solids ]
= Heat conduction in solids onhy [:]
= Radiation ]
------ Radiation model Discrete Transfer
------ Environment temperature 23°C
S Solar radiation [:]
Time-dependent O
=] Gravity H
------ X component 0 m's"2
------ " component -9.81 mis"2
b Z component 0 mis*2
Rotation O
Free surface [:]

Dependency... @

¢ Back Meut » Cancel Help

JUT 3.32 AMmuaIBNTiATIeAlUL External Bas1eiingluds anguends uarenalagseulnIed
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Tufitizdumsinseiluanioe Steady-State Tihindousgifiudaguugd 3 sedu muduneu
11) uaBnmesldnganisiau Tnefimsggydeonsarudouiatuiionnemaseuduadoshgud
Fnfi 23°C

lufifiazil Radiation WanAuadios esnnldnadwsiunnsinegs sewined Radiation ffu

1315l Radiation wazluassilazlalll Time-dependent wsngindunisAuiaiuuu Steady-State

JUABUN 13 NMrunveslralsuAu

Wizard - Default Fluid

X

Fluids Path Mew...
Gases

B ®

Liquids

Non-Newtonian Liquids
Real Gazes
Steam

H ®H

&

Add

Project Fluids Default Fluid Remove
Air ( Gases ) [}

Water-compressible ( |
Compressible Liguids )

Flow Characteristic alue
Flow type Lamlnar and Turbulent [~
Humidity

‘*"i)')o..,.n \‘Q(\@y/ %

¢ Back Mest Cancel Help

U 3.33 Mvuaveslrasusuy

=

Tuitazivunli Air (Gases) 1Hu Default Fluid wisne Air L*'fJusuaaiwawé’ﬂﬁﬁﬂﬁl,ﬁmmsaﬁuLa‘a

o

N9ANNSOU Ly Nﬂ’JWNGUULSU'uJ’]LﬂEJ’J‘UENLWi’]uIUG]@H‘VIﬂﬁ@QQN ‘VI@@@QI@EJV’]SJV’TNNGUUVL'W] 50 - 70 %
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Solids

Solder (Au 80%5n
20%)

Solder (Au 88%/Ge
12%)

Solder (Pb S0%/5n
10%)

Solder (Sn §3%/Ph
37%)

Solder (Sn 96.5%/Ag
3.5%)

Steel (Electrical
Resizstance)

. | S
Steel Stainless 302
Steel Stainless 321
~{# Building Materialz
“[¥ Ceramics
'--&l Glaz=zes and Mineralz
«f# IC Packages

[ Interface Materials

Path

Pre-Defineduilloys

Pre-Definedblloys

Pre-DefinedvAlloys

Pre-DefinediAlloys

Pre-Defined\Alloys

Pre-Defined\Alloys

. _Pre-DefinediAlloys

Pre-Defined\Alloys
Pre-Defined\Ailloys

Default zalid:  Steel (Mild] [ Pre-Defined\Alloys |

< Back

Mest

sUTl 3.34 fiwua Default Solid

wWudeafiuiuneuil 3 14 Steel (Mild) insziluiaguesds Fuduveudman
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Wizard - Initial and Ambient Conditions :
Parameter Value

= Thermodynamic Parameters

...... Parameters Pressure, temperature ol
...... Pressure 101325 Pa

------ Pressure potential H

------ Refer to the origin D

‘o Temperature 23°C

= Velocity Parameters

------ Parameter Velocity ~
...... Defined by 30 Vector i
- Velocity in X direction 0 mis

- Velocity in ¥ direction 0 mis

Lo \felocity in Z direction 0 mis
Turbulence Parameters
[= Solid Parameters

! 4 Initial =olid temperature 23°C
[= Humidity

-~ Relative humidity 50 %

- Reference pressure 101325 Pa

g Reference temperature 23°C

Coordinate Systen... Dependency...
< Back Finizh Cancel Help

gﬂﬁ 3.35 A%ue Initial and Ambient Conditions

muualioniadigamad 23 °C uagdaudun

v a [y

ANNTOUIINUNTNUNYH 74.12 °C NT2AUN 3, 72.63 °C NTzAUT

3.31) 9zn3z1vann)lludmeianigun 3.36
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U7 3.36 gaungiiniiuiavesweswdslugu Section Cut Front View

¥ 1
YUABUN 16 ARUATDULUANITATUIN

s

EZ: Project(2)

El@- Input Data

...... @W

...... Fluid Subdoma @ Edit Definition...
------ W Solid Materials Hide
------ Ff Boundary Conditions

------ D:ﬂ Radiative Surfaces

IEI@ Mesh

------- (i Global Mesh
-0 Results (Mot loaded)

5U# 3.37 v Computational Domain
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() Axial Periodicity v

Size and Conditions L

E, 05m g -
@: D340 % E -

=]

&, 03m =3~
(=]

&, 03m =3~
=]

=4 (A =@ -
=]

&, 03m =@ -

Reset |

sU# 3.38 ntlenan1simun Computational Domain

X=05m&-05m
y=03m&-0.3m
z=03m&-0.3m

31117; 3.39 Computational Domain
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£5 Project(1)
EI@ Input Data
------ @ Computational Domain

...... @ Solid Ma [§ Insert Fluid Subdomain...

I'_—'l@ Mesh

------- tH Global Mesh
O Results (Not loaded)

fvuaLSITUT 800000 Pa

7150 8 bar LAY® 1989970
TAINSTA USH NN tALYIN

U 3.40 Awuavesinalud .
\igartu CFD [7]

@ Fluid Subdomain @ Fluids Ll Thermodynamic Parameters ~
v X - Fluid type: P-p-Tp
) Compressible Liquids e I 3110000 B % Fe
Selection ~ -3 V7 ZYY.YY \1l a
m = Water-compressible | Comp [ T 22°C % Fe
A A a v YV | K - B I
Laaﬂwumjﬂ\jﬂ']u‘lu ﬂ Pressure potential

D Refer to the origin

o Turbulence Parameters v
}l’. Global Coordinate System —
z Flow Characteristics L
Reference axis: X e \ Ej 7 Il Laminar and Turbulent e

JUN 3.41 wihedeanismvuavesiva

1%

UM 3.42 szgvvesgaumiliiudazseau laginanssesriaiu y = 0

| [y
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[y

Taszorvinsudazszaulaediouiu y = 0 udr3sideyaninnsini 3.2 Aldviuuadu 3 szav

[% (%
)=

wazindeAgamiiintdlutunoud
lagNgUN 3.42

Wil 1 Aeszdudl 1 Tenmgiii 68.96 °C
091 2 ARTEAUN 2 Tgnung ﬁ‘ﬁ 72.63 °C
Wl 3 Aoszuil 3 Tonmgiil 74.12 °C
Thermodynamic Parameters g ~
Pp Tp Dependency ype:
p 800000 Pa o Flw] - table L
T o2c L A T able of values:
ﬂ Pressure potential Values y Values fl:‘}"}
[:] Refer to the origin
Y. 0.048 m 68.96 °C
Turbulence Parameters . 0181 m 72.63 °C
[ oz52m wad

Laminar and Turbulent w

= Y

5UN 3.43 Mvungumnlveni1nsesiusig 9

Yupauil 18 Mvunian

P

53 Project(1)
D @ Input Data
@ Computaticnal Domain
Fluid Subdomains
@ Solid Mat=ri=le
- Boundan B Insert Solid ﬁeq-\ \,Q
F Goals @ Import Data From Model...
El @ Mesh

------- ) Global Mesh
[]—---@a Results (Mot loaded)

U 3.44 fviun Material Tsivasudasing
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W Solid Material
A S

Selection

® | Fondiulsenou WU 89

Solid

Wuthseu vian19uien

11991911980

= Pre-Drefined

+ Alloyz

- Building b aterialz
- Ceramics AN .
- Glazzes and Minerals <+ L3anNIde LU Steel (Mild)
- |C Packages

- Interface b aterials
- Laminates

- Metalz

- Mon-igotropic

5U# 3.45 vtlsnenisimun Material

Component Material
Tank Mild Steel (SolidWorks database)
Flange Mild Steel (SolidWorks database)

Heating Element

Copper (SolidWorks database)

Anode

Magnesium (SolidWorks database)

Inlet / Outlet pipes

Mild Steel (SolidWorks database)

Bracket EPS

EPS (SolidWorks database)

Case Polypropylene CaCOs (User Defined)
Insulation 245fa Polyurethane Foam (User Defined)
Sponge Sponge Sheet (User Defined)

M157991 3.3 drudsenausng o wazTanuesdIulsenauiiy 9
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Tank

Heating Element

Inlet Pipe
Outlet Pipe

3UN 3.46 daudsznausing 4 iemmvunadan

Bracket EPS

Insulation

5UN 3.47 drudsznausing q emvuadan
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Material Density (kg/m?) | Specific heat (J/kg.K) | Thermal conductivity (W/m.K)
PP CaCOs, 900 1209.6 0.36
245fa PUF 38 1339.8 0.022
Sponge Sheet 44.9 1900 0.3

A13199 3.4 AN 9 VOITAR

PP CaCOs, 245fa PUF , Sponge Sheet 131y Material 989 SolidWork2020 ﬁﬂﬁﬁlﬂuﬁ%ﬁm

v 4’( 1 o
as19vunnluy Tneanunsavinle eail

ﬂﬁ@iﬂiﬁlaﬁ%ﬂﬂ Material —-»IB "’ ‘ F‘ ‘ " . ‘ }K h'. 4=]

Solid

1%
Y v A

#- Pre-Defined

Create/Edit... ]47

St

[ atabaze tree:

-

- =3 Contact Electrical Resi:
ﬁ Contact Thermal Resis!
- g Customn - Visualization

G Cities
+

-5y Fans

Heat Sink.s
I aterialz
& Compreszible Liqu
-l Gazes
- (b Liquids
0 Mon-Mewtonian Li
- & Real Gazes
- &5 Solids
% Pre-Defined
- % UsBI'QE(fII‘LIEd
- s Steam

i}

[l
]

&
ftems
tems

UM 3.48 nthwinensainavizounluian
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kems  ftem Properies

Tables and Curves

Radiation properties

Melting temperature

JUN 3.49 MyuATauazAI1g 9 Y0ITd0

Property Value

MName PP CaCO3
Comments

Density 500 kog/m"3
Specific heat 1209.6 Jikg*K)
Conductivity type lzotropic
Thermal conductivity 038 WIim*K)
Electrical conductivity Dielectric

Sunaudl 19 fuunnswidausou
Component Material Emissivity coefficient
Tank & Flange Steel, Rough, Oxidized (SolidWorks database) 0.94 - 0.97
Case PP CaCO, 0.97
Sponge Sponge Sheet 0.95
Insulation 245fa PUF 0.975

M1319% 3.5 A1 Emissivity coefficient ¥833a0)

PP CaCOs;, 245fa PUF , Sponge Sheet 1l3iglu Radiative Surfaces w89 SolidWork2020 34

o & a o v X ' oMy o X
FnTunazfesas1suunly lnsarunsavinle fadl

:=,§;. Project(2)
=] @ Input Data

]----% Results (Mot loaded)

[ @ Computational Domain
Fluid Subdomains

@ Solid Materials

Ff Boundary Conditions
D:G Radiative Surfac--

R Goals {4 InsertRadiative Surface..
B@ Mesh J
" Global Mesh

JUN 3.50 AmuansuHIEruTou
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NAMSITLNBEAS1Y Radiative Surfaces

Type

B2 Hep X

o

>

[ Pre-Defined

tems tem Properties  Tables and Curves

Create/Edit...

-

Database tree:

- Cities
:—3 Contact Electrical Resist:
ﬁ Contact Thermal Resistar
- g Custarn - Yisualization Pa
oy Fans

Heat Sinks

o]

4, Materialz

JE Perforated Plates
T Porous Media

B Frinted Circuit Boards
-, Fradiation Spectra

[_jD:Q R adiative Sufaces

D‘:% Pre-Defined

¥4 D:@J‘?V(W
0 S Thermoelectic Coalers
H--T3 Tracers

]m Two-Resistor Compaonent

tems

s 2_“ Urits

ltems Comments

5U# 3.51 nihsinsnsadavisewnly Radiative Surfaces

b Emizsivity coefficient

Property Value
Name PP CaCo3
Comments
Radiative surface type Wall
Reflection Diffusive
= Emissivity Specific for thermal and solar radiation

0.87

- Solar absorptance

U

pr
7

47
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Selection LA

m & 1 1
wanaludsenau WU Case

T

Type 2

& Pre-Defined
= Uszer Defined

® PP CaC03
<«—— 890 Radiative Surfaces \u
PP CaCO3
U 3.53 vtlenan1simviun Radiative Surfaces
) o v .
Yunaui 20 #5191A99UE
£5¢ Project(1) Type .
53 Input Data Automatic
------ @ Computational Domain -
------ gy Fluid Subdomains % Manual
------ @ Solid Materials 2 4 XV /
------ Eﬁ Boundary Conditions Settings Y
------ ) Heat Sources o1 6 7
...... FE Goals Al DN & 0
B@ Mesh I y '
[ Globalt — % 0.001 m =
EJ----@E Results (Mot loa o T

Hﬁ.d\ranced channel refinement

Show Basic Mesh
| C]Shcuw basic mesh

JUT 3.54 mihsinalSuseauauasiden Mesh
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T
1

5U# 3.55 Mesh vaaiAotiaranNAlagsoy

g’ dl o a o
YUABUN 21 ALUUNITINEDN

i et 1

Project(
B Inp P> Run..

Rebuild

Clone Project...

Create Template...

Delete Project...
Open Project Directory
Hide Basic Mesh

Custemize Tree..,

@ Hl  Mew Parametric Study... Startup
Improved Geometry Handling Mesh Take previous results
Automatic Rebuild n Solve o

© Mew calculation

Hide Global Coordinate System Continue calculation

Coreg and memorn uzage

Run at: This computer w

Use [uze all] «  Corels]

Results proceszing after finishing the calculation

Load results B atch Fesults. .

5UN 3.56 Aullun13dnaes
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ATUNNUNIVD AT

a a

Junaui 22 g Heat Flux 71

LTI W S viaLen g

------ P Boundary Conditions
EEI----[}:Q Radiative Surfaces

: EEI----@ Mesh
=-Dg Results (2.fid)

------ & Cut Plots
------ {) Surface Dlnte

...... &y lsosurf; {) Insert...

...... £5 Flow Traiectnries

Selection

NP

A n:gll a A
WEBNNURNINGNBINTA

AUNE

[ Use all faces

Display

|
—

[l

Contours

Isolines

Contours ~
FUTUIZAUNITWUIVD9E P Surface Heat Flux [Conv :L'_gj.
§9108 §a9iunN1IUIA. > s 100 :

FoLau 9110 SUAUNIT

laszavudlaiou

gﬂﬁ 3.57 Anuum Surface Plots

a1u150UsuLUA su
Parameter 1o L9 u
Wasudy Radiative

Heat Flux

ludunauilagld Surface Plots Li@agg Contour ¥4 Heat Flux MAnTuitituiivenso

gousdeauseuliun 01na lneseu laslunilifindunaiuy Convection uay Radiation
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gﬂﬁ 3.58 Convective Heat Flux MAATUUUNURINIEUBN 33 Isometric

U#1 3.59 Convective Heat Flux Minduuuiiuiiniguen yunssdny Isometric

51

400000
363 536
327273
2909049
254 545
218182
181814
145 455
109.091
72727
36.364
1]

Heat Flux [W/m"2Z]

400 000
363 636
327273
240404
254 545
218182
181.814
145 435
1059091
72027
36.364
1]

Heat Flux [V/m"2]




400 000
363 636
- 327273
- 200490
o254 545
- 218182
- 151.818
- 1454455
- 109.097
72027
36.364
1]

Heat Flux (WWim*2]

JU# 3.60 Radiative Heat Flux MiAnduuuiuiian1guen yul Isometric

400 000
363 636
327273
240 9049
254 545
218182
181.818
145 455
109091
12027
36.364
0

Heat Flux [Wim*2]

35U 3.61 Radiative Heat Flux Ainfuuuiuringuen yunsetiy Isometric
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------ £y ISOSUMaces
-E3: Flow Trajectories
",':” Particle Studies
------ (;9: Point Parameters

Surface Parameters

...... | Volume Pararmr ‘73"
...... lgjx XY Plots

------ ﬁ Goal Plots

------ F:‘I'[I Flux Plots

------ @ Report

------ Tm Animations
------ @ﬂ Export Results

Insert...

Selection

—

P foniuiigneiniea

(YY)

UNE

() Use all faces

Parameters

I:lAdiabatic Fluid Temperature
[:JBottIeneck Mumber

l:JHeat Transfer Coefficient
I:]Heat Transfer Coefficient [Adiab
B Heat Transfer Rate

I:| Heat Transfer Rate [Conductive]
I:J Heat Transfer Rate [Convective)
I:l Overheat above Melting Temper
[JshortCut Number

Maore Parameters...

3‘Uﬁ 3.62 1% Surface Parameters Lﬁaamig’{iyﬁsmm%@uﬁLﬁWTJu
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Heat Transfer Rate|19.427 W

5UN 3.63 n1sgayiduanuseuiiiniu

ngUawLituladn T Heat Transfer Rate = 19.427 W dsiiuanisgaydennuseuiiiniu 1ng3s

Numerical Method adiavindu 19.427 W

54



3.2.3 Experimental Method
TStz duisnmeasauuuldaunsaling lunsine iudeyaiiieinlvinse
3.2.3.1 gunsalsinge

1. inewinhgurliadainuuunseuvagey

5UN 3.64 a3ewviniguriiaduinuuunssunaaey

2. wesluAuavila T
3. @uRnzgnay
4. wileaililey

5. wmun1n
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3.2.3.2 35015717884

1.

WZATRWINUIGUUSIIN Ae3UT 3.63 inazilugaifiaamgiigenan

9

397138171 Top Tank

o ~N o 0 A OWN

USnUNYNIsaNe Wieindunasiusula

5UN 3.65 UShafvin1siae iednnuvesiuAuila

- wlzwesludulamemdeaiiionuuiuiivesdeiily Steel
ihlnukazunaainatzeenuaanauluLaY

- wlgmgmunmiiuvge

o

Wevntumau 1-4 1asauaidsinesaslufndainaaau
. ADEEYNINNINY AL N8N

a !ol Y [
I RIRIRVIEPIAR

Wansianuvesdnnasiaenlivganisieui 74°C uagnduavinauin 69°C wiay

futuiindeyagamgiinnnmesludlila tnevinstufinteyaussun 72 Flus
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[

9. aglans et

A

steady range

Cut out;
e thermostat cut heating
v i power
©
(]
o
S
(]
}_
v 70 e M NN N M
C
© . Cutin;
24 HRS until steady [ thermostat connect heating
« >4 N power

< »Heater off

Heater on

Time (hr)

nIN# 3.3 Uans@uunll ad ae1a9 [10]

o 1 a a d' A v o [ [ a o
10. UIARQUNNN MMNUILIUVIAINLLAT NWF"’]']‘IJ'JEMIU dun1s (UUITNIIAIUIUNYBINIGUIYN) [10]

AT
Q—mchxT (3.3)
AUAUA LA Q = nseemANSeuTLAaTY (W)
m = 19.5082 kg (aavasiiludy) mildan m = pV (3.4)

p = 975.41 ke/m® (Aamu RNt 74 °O) 8]

V=201 =002m® W3umsvesiludy)

Cp = 4.192 KJ/kg °C (mmagmm%am‘hl,wwmaqﬁwﬁ 74.°C) [9]

AT = mnsinsgamnil (°0) Tugsiidnmesdansvinnu (nswitasitanas)

t=1281(s)
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uni 4

= =
NALAZIUIBULNYUNS

Tuunilazuanifanadnsussni 3 35 Av Analytical Method , Numerical Method , Experimental
Method wd3shund3suiou laevis 3 350unsauinninisgydeninusousinidivesiesnd
a1nAlagseu luragiidinnuseungainnu Surfeusginuds ludnislnanieluds fifieanisivaves

DINALABTDULAT DNV TIU

4.1 Analytical Method

’mﬂmiﬁﬁmmquwﬁimﬁuqmﬁﬁu One-Dimensional, Steady-State, No Internal Energy
Generation, Constant Properties, Cylinder LarUsean A dUUTEANE N5E8mMALY U INAS
Tunangudl (ns1eft 3.1) vilian1sgdeanuouainiadigornialasseuiaiosiiinguimiaty
18.169 W

4.2 Numerical Method
1NNITALIULUYU Numerical Method Taelaluswnsy SolidWorks 2020 : Flow Simulation ¥

IAnsgadeauseuaniiiegeinalagseulasesiniiguviiu 19.427 W

4.3 Experimental Method

FBilhiawsmideyansvinmeaesesnnweunsld eswinnsuisnlieyneliidoya
N31M93998NIHELNS UianTlAsyN1sMAaesa3e ldnsmlmiuns il 3.3 Fdlu 24 daluausn nswidle
laifianmados Jedldlddeyaluts Swdlidoyaludieiiadonud dulvgogudeialue 24 Wudu
U 9nnsmeaesagldngslil qumgdl 74 - 76 °C ammde 69 - 70 °C 1¥ianUszanal 80 - 100 il
Juagiumanganisvnuvesdnnesiniilfgumgfawaetululdfeamaduiile anduiaiiisnisan
vosgamgiiindruaaluanns 3.3 Tagldanusisesgamgilutisiusasnafldludusigumniaae
anasudoguundingn ann1mmnaeafiuat 72 $2lus Iddasnariomn 32 g Seldrgyidonis

AuTeuTavaA 32 A1 udddunade Jalargaidenimnuseusg 31.153 W ilesainlunisnaaes

YRS

o

\Nudeyargauungifivesdufissuagadewaninuduin 39u3s Analytical Method gaungiifitan
Anufegungilindeniig wagliliiinsiadduussnsnisarswmanuieuluiemaassinlndifes

Fuenldluis Analytical Method wiely fuiudsduwalidAunnsdsain Analytical Method GR

58



4.4 W3suiguna

Method Heat Loss (W) Difference (%)
Analytical Method 18.169 Ref
Numerical Method 19.427 6.92
Experimental Method 31.153 71.62

a = = i = 1% & aa
M1919N 4.1 L‘UsEJ‘UW]EJUﬂ']EjQJ}LﬁEJVl'Nﬂ'J']@Ji@u"U']ﬂVN 319

NAN5197 4.3 azdtuldan 35 Numerical Method Seuansnaiu 33 Analytical Method e
Antlon @38 Experimental Method thufiduansnefiu 33 Analytical Method Aeufiegs

Tng35 Analytical Method 1{uASidneuazazanfigainsizldifisaudnnuimanguijuaziaios
Amauiisasinty Wuasndeszeiasm o

3% Numerical Method 181337ifianuenUiunansuazasainseauliunasnsededldaiud

Y

= o & v o a I3 ) a cal A o v v eal
manguuazlusunsy ndudeddnauiiomes Ingmninineinsaouianesiiad uililanadwsy

'
A =

FIM5mNTL FFUTevavBeauaziunndau aunsagteyauaza1du o la liifleusnisgeyde
NeANUToUINTIY
adaa |

8 Experimental Method 1Hu3g7ifinugengs Idaunn waglimsneinsas Weswnded

PRILAUN ITANNTUNITNNGDY hazADIlNARNA UGS WML NAdU
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5.1 d@gunan1innaey

a

NNIMANGAYLFENIAINTEUIINTG 3 T3 TF Analytical Method ldengsyidenisminy

a 12

Soueg#l 18.169 W 35 Numerical Method ldegadensauiousy 19.427 W uazis
Experimental Method #fngadenisainudoust i 31.153 W aziiulddn 35 Numerical
Method dAuanma1aiy 35 Analytical Method Liteaidnsiae (6.92 %) @1u35 Experimental
Method Wufieunne19iy 35 Analytical Method Aoudsgs (71.46 %) v psa1nluis
Experimental Method seufinaaestufuioyadgnmgifvesdaiioauagaifioaudum
A 35138 Analytical Method aaumaififitunmuinfegamgiidsiiige uazluneud
naaeslulddnsindrdulseans mademanuieuluremaassinlndifssfueilsluis
Analytical Method 1i3elal Tnesta 3 354 33 Analytical Method L“fJu%%'ﬁ'dwsnmzazmaﬁqmwsw

¥

IdilewArnuiimguiuazies sshnaviisavintgu 1Wwisnslesgian 9 38 Numerical
Method +JuisAfiaueinUiunantwazasainszavUiunarunszldnnuinmaujuas
Wsunsu Sudusiedldpauiinnes Wnenindninensrouiannesnadwilvlanadnsfsinss

LINVUNIIZ IUNITILATIERA LA AZATIUY MINARINISHAdNSNTAuazdsaLazLlug s1LTun

¥
a

wwdaddinanunn reufinmesfiininensgelsainsnannaludndld uarisdiniuanen
waziiunmdaeulasivesnudunmluea 3 47 sudsansagdoyauazaidu q 1¢ Ll
LﬁmLm'ﬂﬂi@@LﬁUMﬂaﬂawu§auLﬂﬂﬁu 1 g Surface Heat Flux g Surface Temperature +3u
fu Fildamnideiedeutsgsuazussvinnaldinnninmmeassmindunaiei wansun
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5.3 Uselevinlasuannnisannafine
5.3.1 fisela

4 %

5.3.2 laauinisldnwsanguludienaunisdsuwladininununingzdene i
Wi usunyniu wazdesduinnanuauniisiufaiiaueludimawh (uveauien Wy
musnaidouvgdgeiiaavuiuiavesUadileeld CFD, Mameastsing 9 Tuuau Wus)
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