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ISSARAPORN AMORNSAWATWATTANA : NEW DESIGN OF SOLAR
THERMAL PROTOTYPE BY 3-D FINITE ELEMENT METHOD.

THESIS ADVISOR : ASSOC. PROF. PADEJ PAO-LA-OR, Ph.D., 175 PP.

SOLAR THERMAL/NEW DESIGN/TEMPERATURE/3-D FINITE ELEMENT

METHOD (3-D FEM)/PARABOLIC CONCENTRATION

This thesis proposed mathematical model of temperature in solar thermal. The
model shown in second-order partial differential equation. The simulation applied 3-D
finite element method, which develops in programming of MATLAB, and can be
shown the result of temperature in solar thermal. Finite Element Method is one among
popular numerical methods that is able [to handle partial differential equation in
various forms. At present, the finite element method has been widely applied in most
engineering fields. Even for problems of temperature distribution, the finite element
method is able to estimate solution of Maxwell’s equations which appeared in
temperature model of solar thermal. To solve this time-dependent(system, a step-by-
step numerical integrationof the backward difference algorithm is applied. This thesis
utilizes the advantages of the 3-D finite element method for handling the heat
calculation in solar thermal. Solar thermal which work at temperature is higher up
from glass layer to absorber then go to layer of water respectively due to heat
accumulation when sunlight touch solar thermal and heat transfusion from absorber to
pipe which pipe will transfer the heat to water. So the water gets maximum

temperature. After that, foil and foam will be an insulator by not let the heat out. This



thesis analyze and new designs of solar thermal prototype with parabolic

concentration for increase temperature of water.
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Ein = qin + qy + qz (3'2)

a

1 4
waanuanwdeuidngszuy q, q, uaz 0, YuegiuAUFUVeIgU YT

U

. 2 Jd . -4 dy
(Temperature gradient) G]”IiJﬂg]le?Nﬁi 185 (Fourier’s law) 41U

q, =—kxdydza; (33)
q, = —kydxdzg; (3-4)
q, = —kzdxdya; (3-5)

] 4
ok, k, uaz k, Ao ausz@ntn131inaimion (Thermal conductivity)
o U U z d' d'
Tunuuny x y nag z muddy asiuunuaumsi 3-3) 3-4) uag (3-5) asluaunmsi 3-2)

a2 1daunan (3-6)

oT oT ar
E_=-k dydz— — Kk dxdz— — k, dxdy— 3-6
" < ox 7 oy ° dyaz (36)

Y
[

1 [ d’ 9 =\
AIUNANIUNDONINNTS UV %gllﬂ JU

Eout = (qx+dx ) + (qy+dy )+ (qz+dz) (3_7)

WATNUANNTOUNOONIINTEUY Oy Gy,q 10T O,.q WO 0, g, 102

] [ J J @ Y
d, lvaruszez dx dy uaz dz Taserdonmisnizaioveseynsumdaoioz 1d aail
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10,

qx+dx = qx + qX dX (3'8)
aq

qy+dy = qy +Eydy (3-9)
19,

qz+dz = qz + aqzz dz (3'10)

9
[

W uNUFNMIH (-8) (3-9) 1Az (3-10) adluaumsi G-7) 12ld
E.=10 +a&dx +q +%dy +q +a&dz (3-11)
o N Y S

1 [ 1 o a a dg) d‘ =) 1 1 [ 9 9
daundenunenuinrginatuieilnsdintondsaudnldlussuy  uda
Yaaldesndsulugivoandsnual wasouldih wdsounduudmanliih way

a a Jd 3 Y Y 1A A
wasnuiaaaes Wuau aunsonaaslugdannisnelalsmasaiuguindnelugluvy 3

Eg = Qdxdydz (3-12)
d' A a Y d' a .
9 QAD 1J5uanuTeuNNane (Internal heat generation)

@ A < Y 1 (K] IS
pagwasnunazanluszuuidumsazaundsnulugda q lideziu

) v o ) 4 ! ) ¢S o
Wﬁ\‘]\ﬂﬂﬂ’ﬂh%@l&ﬁhﬂﬁ mm%’@uum Wﬁ\‘l\ﬂuﬁluzﬂﬁu S LU WANTUIAU WANTUANY TIN

9
v A

Tufawdsaumanil 18un wasonuiusy Wudu vaadlugidaums 1ddadl
aT
Est = FCE dXdde (3'13)

o r A9 AUHULUUNIA (Mass density)

A Y o . .
c 9 AUINNUIDUINUNIE (Specific heat capacity)
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t A0 1721 (Time)
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oq aq oq oT
— X dx——Ldy——%2dz=r c— dxdydz— Qdxdydz 3-14
ox Py y pe a ydz— Qdxdy (3-14)

w3odag1 i Tasumuann1si 3-3) -4) uaz (3-5) aslueumsi (3-14) 118
0 dr o ar 0 adr or
dz—— dx+k dxdz—— dy+ K dxdy— —dz=rc—dxdydzQdxdyc  (3-15
I&dy@(@(lg@,@,ykzya—zaz o dxdydzQdxdyc  (3-15)

A o Y 1 9 @ dy
nyedaledlugdaumsniuiou dal

kxgﬂ+kygg+kzﬁg+Q:rcg (3-16)
OX OX oy oy 0z 0z ot

352  nalnmamalauanudou

U 9 I A S A o w 1 o 1
ﬂa"lﬂmiawiaummmm‘ﬂuwﬁmmmwummmﬂmmmimmmm

o

a

[ ' Y A A Y @ a @ d? Y
gangdl iumsoieToundsnuninszuundmageunu lidgungiiaie q dull Juiy

9 a d? Y o A A 2 39y !
aANIITUINADY i‘)ﬁ]Lﬂﬂ"’UL!W3’E]‘JJﬂu‘Vii’t]!,ﬂﬂmWWzﬂﬂhlﬂiﬂﬂﬂllﬂﬂuQﬂllﬂ ﬂﬂllﬂﬂ”l'iﬂ”lfﬂi’)u

9 = = o Y . v . H
ANTOUY 3 HUY AB NITUININNITDU (Conduction) NITNINAINITDU (Convection) LASNITLE

[

= Y .. ¥ v a v a 4 =
fadanuiou (Radiation) (aido 5NN Az Wi dn 19813, 2545)
1. mahanudeu

o Y A @ 9 1 @ &
ﬂTi’L!']ﬂ'JnJ'if)u‘IJi'lﬂ;]ﬂ'l'imﬂWﬁ\i\ﬂuﬂ'ﬂiJiﬂuﬂ18!1/]5]1811!'3@@141‘1\1 9

Y v [ v
W3035e I TN FUNFuATA U TaeliNAN19U9IN1TIAADUNVDINAIITUANT BUIN
a A a [ a A QS J A w 1 A A A 9
vsnunigungiige lldswSnauntiguugidind Tashdainarshilimsndeun aumsnld
4
=1

o a o v A S (o 4
TunmsdnnavlsunamsthanuSeugniauediull a.d. 1822 Tastininemdaasdsusado

Y
Tawswl iS50 (Joseph Fourier) Tagiaumseail



31

Qeona = KA— (3-17)
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a < % g A A 4 §
sinsalanth (prisms) 3o gUnseiisiia (pyramids) 214 Faluniiez 90admudznsed
I3 < 1 o 1] ' 1 lel v
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o 1 =Y o o ny 9 9 [ a JY gas ‘a A
$raewamguundluglnsaidnifoulaeldwdsunaseriadaronis193s 1 luioad
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ldndsnuuasernaduuuiandulviidusans Tuansuue wzilszneudlssuiuge

A0 21,593 9Ad0 LAZIILIUDADIUA 119,035 Dadmud Aaudainogili 4.2




Maiinean

N GHGEIGE
g
Man

Y
v A

o ¥ Y v a J ~ 1 A
"I'L!1561!1@]81%1"!%1\1\1114&!.’&1\1@11’]@]ElL!‘]J‘]JNLLW‘L!Qﬂﬂa‘HiQﬁ

o

n) damtlsznevuesgilnial

45



46

v

T Aa A o do o Y 9 o a J = 1 A v A
) ﬂ"lill”]J\‘]f)ﬁﬁLiJuﬁ‘U@QQﬂﬂiﬂ‘l 'llﬂﬁi’)uiﬂElGlGISWﬁQ\‘]'luLLﬁQfﬂ“VIﬂEJLHJ‘UMllwu@ﬂﬂﬁuiﬁﬁ

§ [l J o oy [ a J
517 4.1 drulsgnovesginssiinidou Tagldnasauuaseriiag

] @ 1 a A J
!.I,‘]JUﬁllwuﬂﬂﬂanQﬁ!LﬁgﬂWﬂLU\‘]ﬂaamuﬁ




47

2w Avlan

Nn13ean

NanAaal

o o
N1uN

Y

o ¥ Y o a J A a
1“15@“1@81%W@QQ1UMﬁ0@1ﬂﬁﬂuﬂﬂuuﬂﬂWTiTTUﬁﬂiﬂNuﬁﬂ

o

n) damtlsznevussgilnial




48

9
o ¥

1T a A 4 d o Y o a J
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MINLNBAANUAYDINONOUIAIAIAAIAIBFUN 4.3
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E‘ﬂﬁ 4.3 MNVIIYNTHUNDAAUNUALATLIANDUBDINDNDILA



49

Jd o a a d aa
4.3.2 W&nwumiﬂﬁxmmmﬂclueaamummu RE[

Qsll dyd A J v a a J
ﬂlumumﬂumsmﬂﬂgﬂgm‘ummﬂﬂﬂ%umiﬂixmmmﬂluﬂaamummu 3

Aaa 4 Aa v Aa a < Aa a
ua Tﬂmﬁaﬁmmaﬂymxmsﬂszmﬂm’eNwamaﬂuuaaamumﬂmmmmgﬁu (luﬂiﬁ@‘ﬂ!‘ﬁﬂu

G

Tuginsaiinideulasldwdsnuuasoriadey dasaunsi (4-2)
T(xyz) =T/N;+T,N,+T;N;+T N, (4-2)

{ Jd o a a 4 4
Tagn N foilsndumsdsenumeludaduud o n = 1, 2, 3, uaz 4 uag
1Y 4 1 a 1 1 a a ¢ & a a 4
T, Aowaawsvosnmguunlluuaazyade 1, 2, 3, uaz 4 vesoaawud Flunsaidadmwue

siUnssaninancoay 14

U q

N; :é(ai +hx+qy+di2) (4-3)

A a A 9 1 Aa A S =& Y =) Ia 4
V o 1J53Jmseumgﬂmaawmmmzmazaaamum mm"lmnﬂﬂmmmmu@
9

v A

[ a J
o4 duilszansaall

1 439 @

voif 2 Y2 % (4-4)
L X3 Y3
1 x 4 Yo %

Tauil
A, = X, (Y223 — ¥3Z,) + X5 (YaZ, — ¥,2,) + %o (Y324 — YaZs)
8, = X, (Y32 = V123) + Xo(Y12Z4 = V4 2) + X (YaZs — Y52Z,)
8y = X, (Y12, = ¥,2) + X,(Y42Z - ¥12,) + Xl( Y2Zs = YaZs)
a5 = X,(Y,2 = Y1Zo) + %o (Y12, = ¥a22) + X (YaZ, — ¥223)

b1 = y4(Z3 - Zz) + ys(zz - Z4) + Y2(Z4 - 23)
b, =Y,(z, - 2,) + ¥,(z, - 2,) + Y5(z, - 2)
b3 = y4(23 - Zz) + Y2(21 - 24) + y1(24 - Zz)
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b, =Y:(z-2)+ V(2 - 2) + ¥,(, - 2)
G =%(Z, - %)+ %(Z,-2,) + X%(2,- 2,)
C,=X(2-2)+%(z-2)+x(2,-2)
C,=X%X,(2-2)+x%x(z,-2,)+ %(z,- 2)
Ci=%(2-2)+%(2-2)+x(z-12)

1= X (V3= ¥2) + X(Yo = Vo) + % (Vs — 3)
Xy (Y1 = Ya) + X (Vs = Vo) + %5(Y, — Vi)
3= X (Y2 = Vo) + X% (Y1 = Ya) + X (Y, — Y2)
2 =% (Y1 = ¥2) + X (Y, = ¥Ya) + X, (V5= Y1)

o O O O
N
Il

a J
4.3.3 ﬂ]iﬁ%1ﬁﬁuﬂ1iﬂl®&@ﬁalﬂluﬂ

v
9 w =

oijl dyd 1 I~ us/' d‘ an Ja A 4 d! I~
TuaouineIndudusaundidunanvedds W lunsadmud  Fudduns

g q

a a @ a [ 4 1 9 @
adraumsvesdaaud IndeandosnuaumaFeeyiusvesilymiae q dmsuilym
9 av dyd [y, 9 a 9 o 1 Aaa A a
anudouluadsetiduilgianuioumusudulugoiuzdinguuy 3 48 Taumad

J 2
~

o AR [ { { 1 ]
PUNUTHIOY AIUAAIAI0TUNITN (4-1) NUAAINDOUNTIITAL (Huebner, Dewhirst, Smith, and

Byrom, 2001)

0 oT 0 0T 0 oT oT oT oT
K——+k——+K——-rcju—+v—4wW—
OX OX oy oy 0z 0z oX oy oz (4-5)
ot
+Q=rc—
Q ot

[ 1w 4 [ {
vinaumsdagllddruvnvesaumsmiinogudez lddeaunisi - 4-6)
o [ AaA o A Ja A 4 J I U g’
dmsuilymanudoulu 3 danduiudes W luisaamudiez 19segndismanani
Y] Y 9 ad Ia [] = [ [ A [ 9 ~
HINABANA1IAI8IT N a0 s AT UAsINUA LTy MgurgiNHILINAIaAIAI8a NS

(4-7)

oT 80T  806T , ooT 6T oT _oT
k=T sk k25 i rd

c—-— + + U—+VvV—+Ww
ot OX OX oy oy 0z 0z

“|-0= (4-6)
OX oy 62} Q=0
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% ' . . < 1A { a 4
¥4 R (FeNIUABANAIG (Weight Residual) Lﬂummwmﬂﬁmﬂﬁumnmﬂ%’wa
4
maglagilse mmm"lu“lwamammumwmﬂmm HHANANT R TR ﬂﬁumiuﬂmmaﬂ it

EJ
v AAaAd

Wﬁ!ﬂaElIﬂEl“lJ‘i$3J1fl!°ﬂ!ﬂﬂﬂluﬂ%uﬂ“ﬂﬁlﬁﬂﬁﬂm']ﬂ“ﬂijﬂ nazluaud ﬂﬂu’)‘ﬁﬂTﬁ‘l’NU']‘ﬁuﬂlﬁ‘H

Y

9 9Jq Yas Ia . & axA o
GlﬂﬂNulﬂﬁlGIf’J‘ﬁGU@\‘]ﬂTmeiﬂu (Preston et al., 1988; Kim et al., 1999) maﬁummmﬂizm%

9
%

o Jo g’ o . . . 2.8
TagnsgauAyana1e R A2elanduiimiin (Weighting function : ) H&28UNINIARADANT

a a J o { ' v < @
Tawnvesdaawua (V) tazimuaran 18 ldmnugud tiune

Tagionnsanilymanuiou vz lawuanaie R dsaunsn (4-8)

or (o adr o oT 0 oT oT oT 0
R=rc k—-—|+rcC

K——+k=——+ U—+V—atw—|-Q (4-8)
ot OX OX oy oy 0z 0z OX oy 0z

[ = 1

) v a Aa L4 A 9 A £ Y A o
ﬁmiuaaamuﬁgﬂmﬁﬁﬂm i]ﬂ‘ﬂlllljﬂnJ 4 90 "lf\illﬂllﬂfgﬂﬁ@ 37 ANUUN

L1l Q

9 4 A 191 o =3 A 9 a
ADINIT 4 ﬁumﬂummnm@@ﬂmgm uuwmaaﬂuaumi‘n 4-7) a0 n = 1, 2, 3,
v

a % 1 o Ia Y 4
uag 4 uaz Tagdndvziaon W =N, Fa5ona1 0 Tunl-nuaesau (Bubnov-Galerkin) fatiutilo

UNUAT R @eaun1an 4-8) adluaumsn 4-7) a2 laaumsn 4-9)

2 2 2
LN" g—kaz 6'I2'+6T +r uﬁ+vg+w£ -Qldv=0 (49
ot x> oy* ozt oxX oy 0z

Y d d‘ o a 9
UAILULANNIUAN €] DDNUUNDNINITWITIUN ﬁ]zllﬂ

2 2 2
J.NrcéTdV ijaI 0T % av

ox* oy* ozt
(4-10)

+ [ Norg TELIYCLLE dv | N,QdvV =0
v OX oy 0z v
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a a a =} 4 ~ ) o 4 £ J 4
NATUINITDUNNTIANASNIUUBDITUNITN (4-10) TN NFUY UNIY

v Jdo W ya a A = 1 . Y = 4
’E’J‘I{Wu‘ﬁﬂuﬂ‘ﬂﬁ@ﬂi“ﬁ’)ﬁﬂﬁﬂuﬂlﬂﬁﬁ‘ﬂagﬁﬁu (integrate by parts) Iﬂﬁl%%i‘ﬁﬂq‘]ﬂg‘ﬂ“ﬂﬂlﬂ%ﬂWﬁ

(Gauss’s theorem) Gdﬁqﬁgﬂgmuﬁqﬁ
[u(v-viv = [ ulv-Alr-[ (vu-vhv @-11)
T Ao W uaupIdaduuatlonlToumon fUniusnUeIaunNIsn (4-10) a2 1a

OX OX oy oy 0z 0z

V:ﬁ?+£f+ﬁlz
ox oy oz

vk ok kR
ox ey ez

v Y
%

HAZII199970 n ADNNINBDI HHINLENAININA LV LLVAVDIDAAIUA T

\7-ﬁ=k6—TnX+ka—Tn +ka—TnZ
OX oy 7 oz

ulV - )= Nnk[g—TnX +%ny +Z—Tnzj
X z

Vu=aN”f+6N ~ ON Q
oX oy 0z
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_ ON, 0T ON,oT ON, dT
vuV=k——+—"—+—"—
OX OX oy oy 0z oz

@ ng' A A = = Y I
AIUUIINANUNITIN (4-10) B n=1, 2, 3, uas 4 %\‘]ﬁ']ll'ﬁﬂl"’llﬂullﬂlﬂu

LI\chdV—J;I\Lk{ ny+ nZ]d“+L éN‘61-+6N”5|-+6'\L(Z1Z- \%

4-12)
ar ar
+ L N.r {u Ryl +V\FjdV—'[/ N.QdV=0

e

NEUMSh (4-12) 3a31) Inaivy 1gaums Il uidadmuddmsudaamud lanail

LNrC—dv L (GN aT N, 8T+8N Jdv

X X oy a2 ez W

+L N r{u§+vg+wgzr]dV+I (hT)dr = LN QdV+I (hT, )dr

d‘ d' =\ nazl = Ja A 79 Y ]
HAZIUDINNFUNITN (4-13) UNINUA 4 qUNIT Liwmmmmjﬂummﬂﬂ"lumaaamm“lmg

a  J @ ] Y J
Tugdmsng laasaumsf (4-14) Al

o S ES LA 5L 3
o NarduZ AT e 78 =[N e [N

(4-14)

A = Y o a 1 a A 4
HAZAINAUNITN (4-14) ‘1]\1Ulﬂﬁﬂi&lﬂ!%ﬂﬁﬂigﬁﬂﬂﬂlﬂﬂqmﬂﬂvﬂ T Taolszualuinazdaqmuua

ndJu

T(X’ Y, Z) = [N]]x4 [T]4><l
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oT ON oT ON oT ON
o= T T s 2T
M m.e 2 { ayL[ ko e 22

wazaums W lundadmuddenatonuilu

el D3] 5] 5] 5 {31151 poe

AMA(D] A5 2] LAt e
= [N QaVt [ [NLo(hT Jar

wieReuaunms W hisadunddmiudasSaamudisynoude 4 aums Idsad
ChuafT| IR TR Thoa = R0, + Qe @16)
mm3nduesmaganuiow: [Cl,,
[Clcs = [ (NLar c[N].0 )V (4-17)

\

k4
v W

NNAUNTN (4-2) HAZHIDANUR UYL T u,azmm%’em‘hmw C AR At uaums

#i (4-17) Sananoiily
[Clos =rc[ NN Oxdydz  n,m=1,23 uaz 4 (4-18)

1 4
aunmsh 4-18) Hawsamuialdlaeldgansidilsznenlumsilszmumsduinga

a A v o Y A Y
ﬁaaﬂﬂ’immmmuﬂmam‘ﬂmumﬁ]z"lﬂ



21 11

rev|1 2 1 1

[ ]4x4:71 1 2 1
1 1 1 2

a o ' Y
mwnanguesmsuwsnszneanuiou: [K |, ,

v R ELARLEL AR LAy

nnflanFumsdszinanmelugiagunmsn 4-2) 3914

b, ON, ¢, ON, d,
= =—— uay =— n=1,2 3, uag 4
ox eV oy 6oV 0z 6V

v o A ~ Y
UNUANUFTUNUTUDITUNIIN (4-20) aﬂuﬁnma‘n (4-21) %leﬂ

bn bm G Cn dn dm _ .
[Kc]4x4 = kj‘(aa-kaa—i-a—/—a/—)dxdydz nm=1,2 3 1as 4
k
- 36\/2 (bn bm +Ch Clm +dn dm)J.dXdde
k
— g B e G v d o) wm= 1,2, 3, 0 4

bh+cg+dd hb+cc+dd, hb+ce+dd, b +ac+dd,
bb+cG+dd, bh+cg+dd, bh+cg+dd,
bb,+cc+dd, bl +cg,+dd,

Sym hb,+cc,+dd,

[K:]Ax4 232/

mwn3ndvesmsmanuiou: [K |,
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(4-19)

(4-20)

(4-21)

(4-22)

(4-23)
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[KnJsa = [IN]esh[ND,.dr (4-24)
T

] 7 v !
NAUNTN (4-24) Lmzﬁ"lﬂﬁllﬂigﬁ‘ﬂ‘ﬁﬂ”li‘WWﬂ’JTJJ%}@Ll h iA1Aef Wen1sanIonem A

Y a a a IR 3
Souvulsunasvesdadwuadnareiu
(Ko Jaa = hj NN dxdydz nom=123Uag 4 (4-25)

aumsi 4-25) ldgasgeiilsenoulumsilszinamssuiinsanasalSuaseg 18

2 111
hvil 2 1 1
Kilos =59 (4-26)
Kli=%0]1 1 2 1
111 2
mmsndueanusa: [K |,
Nl
N 1 bl b2 3 b4
[KV]MZJFC NZ [UVW]W C, C C; ¢C,|dV (4-27)
i/ , dp dy d,
4
N
: b, 1 b; - by b,
N 1
[KV]MZIVC NZ [UVW]W C, C, C; cC, |dxdydz (4-28)
N3 d d, d, d,

£

A a a <3 Y kY ~
Lll'ﬁ]'ﬁ]u‘ﬂlﬂﬁﬂlﬁimla'Jﬂgllﬂﬁﬂﬂ'lﬁﬂ (4-29)

uh+vg+wd ub+vc+wd, ub+ve+wd, ul+vG+wd,
[K,Lx _rc u+vg+wd ub+vc+wd, ub+vg+wd, ub+ve+wd, (4-29)
4 38/|uq+vg+wd ub+vg+wd, ub+vg+wd, ub+vG+wd,

uQ+vg+wd ub+vc+wd, ul+vg+wd, uly+vg+wd,
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¢
Iﬁﬁﬂlﬁﬂlﬁﬁ]‘iﬂﬁWWﬂ’NN%}@u: { h }4X1

Q. hs f ],.hT, dr (4-30)

r

A A a 1 9 a Aa A J v 3 ~ = I
HIDWONITUINITDIUNANNTOUVUT WA VeIDaauUARIT UENNSN (4-30) naedlu

Qlis= hTooj N,dxdydz nom=123 8z 4 (4-31)

e

=

aumsh 4-31) lgandeiilsznoulumsiszmamsduininianasallsuas ldai

1

hT V|1
Qe = Z 1 (4-32)

1

Traanmmeivoslaunanimiouiingans: Qg f, |

- _”N ]4x1QdQ (4-33)
Q
N30
{QQ = QJ. N, dxdydz nom=1 23 a4 (4-34)

E4
=

aumsf (4-34) Wgasgadalsznenlumsilszanamsdouiinanasalimas Idasi

1
VvV |1
{QQ }4><1 = Q4 1 (4_35)

=
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434  mauddymmeldamuziing
Y 9 o ' yas v v I v A =
msunlyrimeladoiuziingazlsisanuduiusioutiuia  Tagazil

@ [ r{y [ { [ { 1
dnuazypanaansyusgiua b naenld dewaaaluaumsn 4-36) lag At Aoa1usq

G

] I a 1 I a
%341381 (Time step) Iasdudenld b=0 azifluITveseesass (Euler) 1 bzi HuiTvea

J a o . 2 I A Ia .
UASIN-1 Inadau (Crank-Nicolson) M b=§ WuITveeanaes AU (Galerkin) azd1 b=1az

E4

F9NIIINAA AU U (Backward difference) 1ua1uI9ethaen 1995 Han19a L1104
¥ v o ~ A an s o "y v @ v ¢ A
Gounasasaunsn (4-37) 1199913585 UM IgiinvoINaans uazkaansazing

nlasunlasedanoiiio

b{T’}t+ . (1/b){T.}t _ }HZ; ) (4-36)

{T'}HM A L 4-37)

At

A Ya 1 A A Y [V ~ 2K o 3
1NN51a0N IFITHANNFUIUITOUNAY aunIsN (4-16) WU IuNTlY

4 2 . 4 4 2y o @
AUMIN (4-38) NATULNUAIANNITN (4-37) adluaunisn @-38) 39 ldnadnivosauns I

Tuisadmudidefinsandam luaniusdang dsaunsi (4-39)
.y teat
e T« [k Jmy o = foy @39)

(el Ik - ey Q) @39)
Taoit (K] = [<J+ [, ]+ [K.]

waz Q) =1{Qu}+1Q0 !
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a_a X«
4.3.5 msisenevaumsoaamuavuiuszuy
Qs: dyd ) 1 a a SN Y [~
mumaumﬂumimﬁumﬁmmLmazaaamuw”lﬂmﬂszﬂﬂﬂﬂmﬂufmmi
qg./’ v 9 d‘ an | Y] 1
590U0952VY lagninduaeuluriaden 43.1 luszuy 3 ua mmsmmaﬂymxgﬂﬁwm

1< a a J : ' 1 a %
Hymeoniludadmuddosdlsznoudis » gade  zne lHIAATTUUAUNTIINGS

k4 9
%

k4 9 i1
ﬂizﬂauﬁ”mﬁumiaaaﬁmmﬁqﬁu n quNII @Tquuﬁﬂﬁ'ﬁumﬁammqm’;%ﬂﬁgﬁawmimw

Paymuuudaduluaniuzding fo

(L ekt Kb ThE =Ll + 01 0
ezl Ididu
(Cln+ AtlK ] iT i =€ hntT e + AHQJT @4

M. =[Cl.., +at[K]

nxn

[F ]nxl - [C]nxn {T }tnxl +At {Q}tnjt

9 E4
[

= Y Ay A A
Quui]ﬂllﬂﬁllﬂﬁi?lﬁl@ﬂﬂlﬂﬁ]&m R

M ]t hns =[Floa (4-42)

¢ 4 2 v 4 y '
43.6  msszgnateuluSudunazSoulvveulanieumamamas
Y v ] v
JunoUMIMIANamasvesgungll T 5unnmsiivuaon lusuduliun
9

d o 3’91 Y a J A a ' Ay aA
Q‘iJﬂ'3"L‘L!‘V]TLHi@uiﬂﬂﬁl%waﬁﬂullﬁﬁﬂTﬂﬁEl uamau'lwammmnmmq 9 Taga1u2ei

A A 9 A A do o Y Y o A A
Nﬂuhlslllﬁﬂﬂualuﬁf)‘llllﬁﬂ‘ﬂw%15m1@ﬂﬂﬁﬂl‘ﬂ']uﬁ@uiﬂﬂicﬁwa\‘lﬂuuﬁﬂﬁﬂﬂﬁﬂ o
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QUUYNITUAY T(1=0) = 30 °C
9N 1AsI01 (Ambient temperature) T, =30 °C
a ¥ A A v o o Y Y o a
Ysmanudouninaa ldiesvesginsaiinidoulasldndsnunaserinduny
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2 1 1 1
revil 2 1 1
[C]4><4:2—0 11 2 1 (5-2)
111 2
hh+cg+dd, hb+cc+dd, hb+cc+dd; bb, +cc,+dd,
K] _k bl +cc+dd, bb+ce+dd; bl +cg+dd, (5:3)
s bb+cG+dd, bh+cg,+dgd,
Sym bb, +cc,+dd,
(2 1 1 1]
hvil 2 11
[Kh]4x4_2_0 1 1 2 1 (5_4)
111 2

uh+vg+wd ub+vc+wd, ub+ve+wd, ub,+vc+wd,
_rc uh+vg+wd ub+vc,+wd, ub+ve+wd, ub,+ve+wd, (5-5)
36/ | uh+vGg+wd ‘ub+ve,+wd, ub+ve+wd, ul,+vg +wd,

uh +vg+wd ub,+ve+wd, ub+Vve+wd, ub,+vG,+wd,

(K e

1
hT V|1
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v |1
Qo = |1 (5-7)
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QuUUQiITNAY 7(1=0) = 30 °C
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9N 1A8I0Y (Ambient temperature) T, =30 °C
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qmwgmmﬂwwfﬁ (Water inlet temperature) = 30 °C
< J .
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EEE-WTO-F42 SOLAR COLLECTOR
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EEE-WTO-F42 FLAT PLATE SOLAR COLLECTOR

REFLECTION 5%

TiNOX

METALLIC =
SUBSTRATE

Absorption: o ~ 95%, Emission: € ~ 5%

Ultrasonically Welded

NO. 'PECIFICNHON

1 Glass: 3.0mm Tempered Selar Glass

2 Quter Casing: Stainless SUS 304

3 Strengthens the side frame: The galvanized sheeting are made solid construction integrated toe casings
4  Absorber Coating: Highly-selective sputtering 0.95/0.05

5 Absorber Plate: Aluminum Full Plate Absorber

6 Tubing Material: 1/2" x 10pcs Stainless Tubes

7 Piping Connection: §/4" Male Thread (Drain Hole ; Piping Connegtion)

8 Tubing Material: 1" Stainless Tubes

9 Insulation Material: 16 kg/cm’ Wool Glass of 25mm

10 Absorber type: Patent M356884 M418270 bonding technology for absorber plate/tube Ultrasonically welded

11 Hot Convection inhibitory pole: Collect the hot air within the heat exchanger and separate the convection

Overall Collector Dimensions: 2005 x 1010 x 76 mm Gross area: 2.025 m" Absorber area :1.89 m’
Maximum Working Pressure: 1 Mpa Fluid capacity: 3.05 Litre Net weight: 36.8 kg
TR @ 6
. DIN | N
et T 4 e ZURICH  Xwmass

www.eakaphatenergy.com E-mail: info@eakaphatenergy.com TEL: (66-2) 4036018-9 FAX: (66-2) 4036017
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THERMOSIPHON SOLAR WATER HEATER

Fasrigns. el Tark
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MAIN EQUIPMENT

"EEE-WTO-FAZ” Flst Flate Solar Coflsctos

« Biue Full Plste of Ukra -Selsctive Spatiering. kehdiusanfaydemsmmsiismnusainibaniiisnT Spuerng
vbirandedeiruseiiusilananndass Windrinmmmgesdmudng

» Ulttastnically Welded imsiarivia Beader, Riser S2010 Ultiasonically lvmemisahismuseran

o verimanpde s fedTag SUS 34 dnaw 10 wn meseniesTiuatmatanim Sangmldm

o FTBEBTLS g AR 10 bar

» HmanTemER R e L R e TR

Starege Tank

. fn’qéumméu‘lmi‘umm ALl TR, 04 GRALTY My )
» sl Sndiesumis nan 304 ibilfurmadldion

Heater Backup
« e il 4 1 2200 Sephenaumass mumoas bR
motvmasdnmedlreme el

« urBaRiR sl AlAReen 20 Sl
ginacl Safery

« Temperature and Pressure Relief valves (T&F) ﬁmmﬂnuﬂﬁwmqmm
o Air Vent vrmismmames

wrw.eakaphstenergy.com E-mail infe@eskaphstensrgy.com TEL: (66-2) 40360189 FAXN: (66-2) 4036017
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SWHT-125 SWHT-200 SWHT-300

SOLAR WATER HEATER

T GQRIPLE £

ERERE EANT TRLET

Overall system (Empty); kg

Overall aystem (Fifed) ; by 25 b | 500
Dimension : W x L (mm) 1,010 X 2550 1520 X 2580 2,500 X 2550

Selar Collector EEE-WTO-F4

Colectar dimension [mm) 2006 x 1010 x 75

Cross area (m') 205

Abenrter area {m) 189

Fluid capacity (Litre) 305

Header dimension {mm) Stainless Stecl SUIS 304 34"

Welding Ultrasonically Weldad

Max. working pressure {Mpa) 1

Absorber material Aluminiom Full Plate

i

Absorber coating Blue Full Plate Ulra -Selective Sputtering
Absnrption 5%
Emittance %
Riger OT.Y 10

Insulation  Insulation matensl Woal gless, Thickneas 25 mm
Tranemittance 7%

Glazing
Miterial/ Thickness Tempered Glaas, Thicknass 3.0 mm
Frame Stainless Steel SUS 304, Thickness (.4mm

i Back it Stainless Steel 55304~
Net weight kg %3

Hot Water Produces Connudpfss 140 LES0E e weviclnwi efdeticar - Water InjetOatiet temperatore : 3°C 7 6I'C

HoteE
::M:: F'.I:_l Thigksun Qdors - Dorsbi sod hesrebal
{mrw & Lons o o SUS304 STORAGE HOT WATER TANK
. .

®
» DTSR R INERMLAH 304 I.L‘g\II.L‘.‘d TN

iznar Tack - SUSIN, Thxionam 180w
oo Wl ek conom

o nmubniigeondrbussindnsuaued 3
srardaulaio

e Copumny Y Tazs

b T

T PR 5 i S R I P R IR REIS \-1‘ - 0 5_1/
 A—

wwweaiaphatensrgy.com E-mail: info@eskaphatensrgy.com TEL: (66-2) 4036018-9 FAX: [66-2) 4036017




CIRCULATION SOLAR WATER HEATER
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MAIN EQUIPMENT

“EEE-WTO-F42" Flat Plate SolariGallector

» Blue Full Plate of Ultra -Selecfive Spattering weiidluasnfaushusmimsiiinps Ranisidieit Sputtenng
ibimandeydafrussiuslsnanndan bleimmgeddadug

» Ustrasonically Welded (S=iiarivia Hesdes, Rissr s16981 Ulnasorically 318w min auauasnom:

o v usmindliig SUS 204 fmow 10 wn melemrfrusemianisu Segmlin

o PTGl 10 ber

o dnmE Y s S AT

Storage Tank (Vertisgl /Hosizontal)

o GriumanuseTi T SURLAE qR 304 B e By

o susmendnigemlrnuazinfasumuag s 04 AueRaiso

Automatic Temperature Control “CAREL"

« sl e oo Fussldsugod o

== [

www.sakephatenergy.com E-mail: info@eaksphatensrgy.com TEL: (+66-2) 4036016-9 FAXN: [+66-2) 4036017

Heater Backap
« TEmnedsirins MAINN 4 W 220V Temphwmeumien maonsuRhguegim i
sefrreilrome T insdibifuswes dusmmaiidsiinnddeeos 2 #la




@ I
&

Owverall Callector Dimens

b A0 22010 x 75 mm
Abworber arase |80 m2, Walghts 35 8 log
Fiuld caparity: .05 Litre

@ ZLIII[I‘.:H .'?E'%!!.!...

Gross arest 2025 m’

Max. Working Pressure: | Mps,

N ko ¥
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| ENERIGY SAVING TRIST

9 RIPLEE

FORCE CIRCULATION
SOLAR WATER

SPECIFICATION

(Slass: 3.0mm Tempered Solar Glass
Onrter Casing: Stnimless SUS M4

Stremgthens the side frame: The galvaneed sheeting e made solid oo
sruction integrated toe camngs

Absachor Costing: Highly-selectone sputtering 0.9V006

Albsarhor Blate: Aluminum Ful Plate Ahsorber

Tubing Muteriak 17" x 10pes Stainless Tubes

Biping Connaction: 34" Mzle Theead (Train Hole ; Piping Cannectioe)
Tubing Materiak 1" Stainles: Tubes

Insulation Material: 16 kyioe” Wocl Glass of 6mm

ibsarher type: Patemt MI66834 M41B270 banding technalogy for absorner
piateftube Utrassicalty weidied

Hot Comvection inhihitory polm Callect the hot air witha the heat ex-

changer and separate the eonvection
SUS30d STORAGE HOT WATER TANK \

o Gnimiasais frmsakasavsmiEn yhninaLwad 304 Wi manm Cajasicy Diamsmsr  Lengh || Weighs
« pmnindgmmilruseinfrsumues a0 oo J M) i W
» Bremefeimariatiin 4 W 220V Temrmeumasd 525 1020 305

s bR e e ' 525 10 S

derraahils fidolnsen 20 #1ls 500 2500 665
« wrtisnfliFen: (Magnesinm Anods) tlaarfunmmde, 70 10 200

Qm‘nﬂumhumhlimqﬁn}ﬁu

wrw.ealiaphatensrgy.com E-mail: Info@eakaphstenergy.com TEL: (66-2) 40360189 FAX: [6E-Z) 4036017
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THERMOSIPHON SOLAR WATER HEATER

TRIPLE E ENERGY PLUS

CO.LTD. REFERENCE PROJECTS
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FORCE CIRCULATION SOLAR WATER HEATER

TRIPLE E ENERGY PLUS
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Abstract—This paper presents a mathematical model of
temperature in solar thermal which are evinced in the second-
order partial differential equation. The solar thermal analysis
uses copper pipe, aluminium pipe, and anodized aluminium pipe
to compare temperature distribution of water from three types of
pipe. In a computer simulation, 3-D finite element method
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Section 111, The linear tetrahedron elements can be discretized
the domain of study with the 3-D FEM. Section 1l contains the
conducted simulation based on the 3-D FEM method. Section
IV expresses the dimension and parameter of solar thermal. In
MATLAB program environment, all instructions for

established in MATLAB program were applied for temperature
investigation. The result was shown the graphical performance of
the water temperature in various type of pipe.

Keywords— solar thermal; 3-D finite element method (3-D
FEM); comp imulation; temy

L. INTRODUCTION

It is known that the sun is the important energy. There are
many ways to use the solar energy in thermal form.
Especially, using the solar energy to make heat water for
household. Although, Thailand is in the warm zoné but still
there are so many household and hotels use water heater. This
paper will present the way to make the solar collector which it
help to save energy and reduce the global warming.

For the purpose of analyzing temperature in solar thermal,
the numerical approximation methods such as finite difference
(FD) or finite element methods (FEM) have been recently
utilized for temperature calculation [1]. Additionally, in
nonlinearity of temperature involvement, the first approach is
not often used for this occasion due to the lack of accuracy [1].
Moreover, thesFEM is suitable for solving temperature
problems in a bread range due to its flexibility, and accuracy.
Therefore, in term of effectiveness, the FEM method to the
solar thermal is more apphcible than the FD method due to
advantages of flexibility dnd aceuracy.

In this task, the distribution of ‘tempefature in salar
thermal is examined. The outcomes are obtained with the aid of
a set of partial differential equations (PDE). The mathematical
model of temperature in solar thermal based on a set of heat
transfer equations states in Section II while the 3-D FEM by
using Galerkin approach applied to solar thermal for the
purpose of obtaining temperature distribution explains in

978-1-5090-4666-9/17/331.00 ©2017 IEEE

progra temperature analysis are coded. In section V, the
data on the test precedent and simulation results are shown for
investigation. The last section finalizes the conclusion of the

study.

1I. MODELING OF TEMPERATURE FOR THE SIMULATION

The following 3-D heat transfer equation as in (1) with the
heat source is used to obtain the temperature distribution in
solar thermal [2].

g 9L 0097 99T f(9F or .o
dedr  dvdy dzd: dxr  dv oz
d 1
+Q=;r£ o
ot
Where

T is temperature ("C)

k_is thermal conductivity (W/K-m’)

¢ is the capacity of the specific heat (Jxgk)
p 18 the density of the mass (kg/m’)

¢ is internal heat generation (Wim")

IIL. 30-FEM FOR SOLAR THERMAL

A. Discretization

In  discretization, linear" tetrahedron elements have
discretized the domais of the temperature distribution with the
3D-FEM.~Solid. Wosk for 3D grid generation can be
accomplished this characteristic. Fig. 1. and Fig. 2. displays
details and grid representation of solar thermal respectively.
The Asphalt Solar Collector is indicated at the top and middle
layers as shown in the part of Fig. 1. In the same part of the
figure, the insulation is at the bottom layer. The pipe for the
water is shown in another part of the Fig. 1. The 76,994 nodes
and 442,008 elements were contained in the region domain.
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Fig. 1. Details of solar thermal

Fig. 2. Discretization of solar thermal

B. Formulation of Finite Element

In the particular method of weighted residual for the
weighting functions which are the same as the shape function,
Galerkin approach was used in heat transfer equations for
governing each component from derived formula. In this
research, the application of 4-node tetrahedron element (three-
dimensional linear element) was employed in the shape
function for 3D-FEM. According to the method, the
temperature is expressed as follows equation as in (2) - (3) [3].

. ’ f f Y, r
T(xyz) =TpN; +T,N, +T3N  + TN, (]

where

Ni,i= 1,2 3,4 is the element shape function, and the Ti, i =
1,2, 3, 4 is the temperature approximation at each node (1, 2,
3, 4) of the elements, which is

I

= (a; + bix + ¢y +d;2) 3)

where
¥ is the tetrahedron element volume, which is expressed as in
equation (4).
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From Galerkin approach equation as referring in (1), the
differential was then applied by using the weighted

q

residual method, where the element domain V' as in (4) was
performed by using the integrations as in (5) - (6) [4].
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To simulate the solar thermal, the temperature distribution
needs to be discretized as in (6). In (7) shows the continuation
of discretization method. Consequently, in an interval of short
time Af, the time-dependent field is manipulated by
discretizing the time. For endeavor on this task, forward
difference method (f=0), backward difference method (f=1),




St ional Electrical Engi

ing Cong)

and Crank-Nicholson method (/#=1/2) are three basic methods
used for the time discretization due to its convergence [5].
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e

For this technigque, (6) can be rewritten at time (+4¢. Thus,
(6) becomes (9). Insert (7) into (9), (10) can be obtained.

EC]{%}I*& +IIK‘ ]+[K*]+[K‘ ]]{T}:u. - {{QQ}+ {Q‘}}’*-\f B

(3l kbl Ifrr =ticy+aialk 10

The FEM approximation expression is a 4x4 matrix for
one element containing four nodes. In the account of all
elements in the system of # nodes, the equation of the system
is sizable as the nxn matrix.

IV. DIMENSION OF SOLAR THERMAL AND PARAMETER OF
SOLAR THERMAL

The dimension of solar thermal is shown in Fig. 3 and
parameter of solar thermal are provided in Table I and
TABLE 1L

loyer2 laye 3

Fig. 3. Dimension of solar thermal [6]

TABLE L PROPERTIES OF MATERIAL [6]

k C ]

material (W/K-m’) Urkgk) (kg/m?)
HMA (laver 1Y 1.83 920 2600
Base (layer 2) 183 920 2600
Sub, (layer 3} 1.2 1800 | 2200
Copper pipe 40 385 R700.
Al pipe 208 R 2700
Anodized aluminium pipe 570 951 3200

, Pattaya, Thailand, 8-10 March 2017

TABLE IL. INPUT DETAILS FOR THERMAL ANALYSIS IN FINITE ELEMENT [6]

Initial temperature 0°C
Internal heat generation 20,000 Wim*
Ambient temperature 30°C
Water inlet I 28°C
Inlet water velocity 50 mm/sec
convective heat transfer of water 20 klkg

V. 3D-FEM SIMULATION RESULT

The FEM-based simulation conducted in this paper is coded
with MATLAB programming for calculation of temperature
distribution within solar thermal. To utilize a graphical feature
of MATLAB, the graphical represent for temperature which
varies with time is in Fig. 4 (copper pipe), Fig. 5 (aluminium
pipe) and Fig. 6 (aluminium pipe) and the result when steady-
state at 20 sec is presented in TABLE I11.

a) 0 sec b) 1 sec
¢ 5 sec d) 10 sec
’
e) 15 sec 1) steady-state

Fig. 4. Result of tempemture distribution in water of copper pipe ("C)
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a) 0 sec b) | sec
c) 5 sec d) 10 sec
HM l
y
€) 15 sec f) steady-state

Fig. 5. Result of temperature distribution in water of aluminium pipei*C)

]
=
'8

a)0'sec b) 1 sec

€) 5 sec d) 10 sec

e) 15 sec 1) steady-state
Fig. 6. Result of temperature distribution in water of

anodized aluminium pipe ("C)

TABLE IlIl: THE STEADY-STATE SIMULATION

Pipe ICopper pipe |aluminium pipe | anodized aluminium
pipe
Max. temp. ("C) 72,01 65.74 79.65

From Fig. 4 (copper pipe), Fig. 5 (aluminium pipe), Fig. 6
(anodized aluminium pipe) and TABLE III show the result of
temperature distribution in water using 3D-FEM. It can be
seemed that the temperature in the anodized aluminium pipe
has the maximum rate then the copper pipe and the least is an
aluminum pipe. It conforms with S. Joe paper which
mentioned that water temperature in the anodized aluminium
pipe is 75 "C which is similar to water temperature rate in this
article [7]. From the Fig. 4. a), Fig. 5 a), and Fig. 6 a) show
Initial temperature (30 *C) which is the result from take
boundary condition.

V1. CONCLUSION

This article investigated the temperature that took place in
solar thermal. The sample model from computer applied the
3D FEM which developed by MATLAR. It can be observed
that the temperature in the anodized aluminium pipe has the
maximum rate then the copper pipe and the least is an
aluminium pipe.
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Abstract

This peper present mathematical mode! of temperature dismbution i solar thermad whach performs i second-
wnder partial diffisrential equation. Solar therma] mnalysis wses copper absorber. alumirmm absorber, and anodized
bamiien absorber to conpars tEmpaanre dstibution of watr in pipe fom tree t3pes of absorber, The paper
sinmlation using 3-D fmite element method tar all the ooded developed by MATLAB prozram: and show the
graphical represent for tenzperaure which varies with time of glass, absorber, pipe, waser, forl, and foam tempennire
in various fype of absorber.

Kayword:: Selar charmal, 3-D finite elermenr method ¥3-D FEM), computer somlation, temperanse, abrarber

1. Intrs duction

It is well known that the sun is the vital epeggy. However, thers are different ways to utilize tha solar
energy m thermal form Mostly, for the Domsehold purposes, it used to emergize water at various
temperaturss. Moreover, in Thailand, mapy bousehaid and hotals were still used water heater although it
£: in the warm zone as 2 wopical country. In this shudy, the method to produce the solar thenmal which
belps to conserve energy and minimize the global wanming were presentad.

Plecently, for temuperature cabculation., the mumerical approximation rechniques such as finite difference
(FD) or finite element methods (FEM) have been unlized I analyzation of solar thermal [1]
Furtherenors, die to the lack of acouracy in nonlinear temperaruze involvement, the first approach is not
frequently wsed for this occasion [1]. Nowadavs, the FEM hac becoms mare appropriaie for resolving
remperaturs problems m a broad rangze due to it flexibility, and accumcy. Consequentdy. in term of
potancy. the FEM to the solar thermal is moge applicable than the FD dus to advantages of flexibility and
efficiency [2]-[5]

Addingnally, the temperature disoibution in solar thermal i mspected With thie 2id of a set of
partialdiffezental equatsons (PDE), the evaluations are acquired. In Section I, the mathemarical model of
remperaturs it solag-thermal based on a set of heat transfer equations are stated The 3-Dr FEM by using

(Galerkin approsch aprlied Jom solar thermal to obtain temperanire disin bumon is explamed in Section
I0. Likewize. the limear t2trabedron elements byvealso Deen discremzad the domain of disquisition on the
3-D FEM. Section 3 comtzins the camryout simulations imitiaced on the 3-D FEM method. Section 4
sperifizs the solar thermal dimensions and parametars. In programming tameperanrs, MATLAB program
Es insoucted for coded analysis to compare tampennure distribution of water from thres types of absarber
when considered copper absorber [6], alumirum absorber [6], and amodized alummum absorber [7].
mespectively. The daia on the test precedent and simulaton resulis are displayed m Section 7 for
mvertization. The last saction concheded the conclusion of the study.

 Mamusoipt recarved M0 0T, 301 8: meised W02 I0, 2018
Convapending author Tek +66-H-22-2200; £-marl adebess- podsj@sutac ta
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2. Modeling of temperature for solar thermal

Equation (1) is shown 3-D heat transfer equation with the heat source is used to obtain the temperature
distribution in solar thermal and Equation (1) is partial differential equations (PDE}, so it uses FEM [8].

éor aéar .8ar ar -ar ..ar ar
F——tk—— 4k ——=plu—+v—+w— [+ Q= pr—
fxdr dvdy && b5 S ficg &t {n
Where.

T is temperature (*C)

k is thermal conductivity (W/m-+C)

¢ s the capacity of the specific heat (J/kg-+C)

p is the density of the mass (kg/m®)

o is internal heat peneration (W/m®)

u, v, w is axis velocity of water flow x. y, 2, respectively (m/sec)

3. 3-D FEM for solar thermal
3.1 Discretization

The domain of study with the 3-D finite element method can be discretized by using linear tetrahedron
elements. Solid Work for 3-D grid generation can be accomplished this characteristic. Fig. 1. displays
details of solar thermal and Fig. 2. displays mesh of solar thermal and mesh of pipe and water. The solar
thermal is indicated at the first layers is glass prevent dust and heat losing. The second layer is absorber
which is absorbs solar radiation and converts it to be heat energy into the fluid. This
layer for diagnose the property of each material which are copper absorber, aluminum
absorber, and anodized aluminum absorber, respectively. The third layer is pipe and water. The absorber
from second layer transfers heat to pipe then pipe transfers the heat to water. The fourth layer is foil,
which is insulation and the last layer is foam, which is also insulation. The 76,994 nodes and 442 008
elements were contained in the region domain.

a) Details of solar thermal b) Details of each layer
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waner cutlet
b

water tnlet

€] Details of pipe and water

Fig. 1. Details of solar thermal

a) Mesh of solar thermal Is) Mesh of pipe and water

Fig. 2. Mesh of solar thermal
3.2. Formuldtion of finite element

In the particilar method of weighted residual for the weighting functions that are similar in the shape
function, Galerkin method wis applied. in heat transfér equations for éontrolling each component from the
derived formula. For this paper, ‘the 4-node tewrahedron elément (three-dimensional linear element) was
used for the shape function for 3-D finite element method. According to this method, in Equation (2) and
Equation (3) are expressed comresponding with temperature [9].

T(xyz) =T + TNy # TN + TNy @)

Where,

Nii=1, 2 3 4is the element shape function. And the T, /= [, 2, 3, 4 is the temperature of each node
{1, 2, 3, 4) of the elements, then
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Where,

¥ is the volume of the tetrahedron element as in Equation (4).
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The positional coefficient defined by
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cymu iz, =z ) a(s = )+ (=) d,mr(y, =)+ g v, =) (v =)

From Equation (1) is Galerkin approach equation as referring to the differential equation was then
adapted by using the weighted residual method, in which element domain ¥ as in Equation (4) was done
by using the integrations as in Equation (5) [10].

u?ilr.r &\ET ?'ﬁfzr
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In the emmpact matrix form,
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Where,
h is convective heat transfer (klikg)
7, is ambient temperature ("C)

The simulation of solar thermal in temperature distribution needs to be discretized such as Equation (5)
the contimuation of discretization method shown in Equation (13). Therefore, the time-dependent field is
improved by discretizing the time. For endeavor on this task, forward difference miethod ( f=0), backward
difference_method (f5=1), and Crank-Nicholson method (f=1/2), the backword difference is used as
shown in Equation {14) due to its convergence [11).

g{f-}w + mm{:'r}’ Foldriain (13)

Ar
{T} S -

The finite element estimate expression is a 4=4 matrix for one element containing four nodes. In the
caleulation of all elements in the system of i nodes, nxn matrix as the sizable is the system equation.
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4. Dimension and parameter of solar thermal

The dimension of solar thermal is shown in Fig. 3. and parameter of solar thermal are provided in
Table 1. And input details for thermal analysis are provided in Table 2. [6], [12].

dizmeter 20 mm., 2 mm. thickness
[

} 1000 grm, |
i mm
[0 0] 9] o]
4
"'ESmm.
Fig. 3. Dimension of solar thermal
Table 1. Parameters of solar thermal simulation
Material k{Wim-sC) e [ WgsC) o (kgihm’y
Cilass 1.05 Bl 2600
Absorber {copper) 400 385 2700
Absorber (alumimsm) 205 AR08 2700
Absorber (anodize abiminum) 570 9351 3200
Air 0.024 1003 12
Fail 0.0395 1200 i
Foam 0.031 1500 30
Fipe feopper) 400 385 2700
Water 0.6 4187 1040
Table 2. Input details for thermal analysis in finite element
Input details for solar thermal
Initial temperatuse n-C
Amdbient temperature nC
Water inlet temperatune wnc
Top layer temperature (glass) 40°C
Inlet water velocity 50 mm/sec
Convective heat transfier of water 20 kg
Ar 1 sec

Axis welocity of water flow

X
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5. 3-D FEM simulation result

The FEM-based simulation conducted in the paper is coded with MATLAB programming for
calculation of temperature distribution within solar thermal To utilize a graphical feature of MATLAB,
the graphical represent for temperature in Fig. 4., Fig. 6., and Fig. 8. show result when considered
temperature distribution in solar thermal of copper absorber. aluminum absorber, and anodized aluminum
absorber, respectively. Fig. 5., Fig. 7., and Fig. 9. show result of temperature distribution in water when
considered copper absorber, aluminum absorber, and anodized aluminum absorber, respectively.
Maximum and Minimum temperature in each layer of solar thermal when considered copper absorber,
aluminum absorber, and anodized aluminum absorber are presented in Table 3., Table 4., and Table 5.,

respectively.

3

a) il see by 1 see ) 20 see

Fig 5. Result of temperature distribution in water when considered copper absorber ("C)

Table 3. Maximum and minimum temperature in solar thermal when considered copper absorber
Resulis ("C)  glass absorber pipe waler foil foam
Max temp. 4432 6117 6214 B4 6245 SR
Min. temp. 4 4432 61.98 £l 3809 30
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Fig. 6. Result of temperature distnbution in solar thermal when considered aluminum absorber ("C)

a) 0 sec B 1l sec )20 see
Fig. 7. Result of temperature distribution in water when considered aluminum absarber (*C)

Table 4. Maximum and minimum temperature in solar thermal when considered aluminum absorber

Foesults (°C) glass  absorber  pipe  waner foil foam
Max_ remp. 4212 5317 5714 o068 3648 3512
Min. temp. 40 42.12 36.27 30 3512 30
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Fig. 8. Result of temperature distribution in solar thermal when considered anodize aluminum absorber (*C)

| T |

P18

a) 0 sec by 10 sec ) 20 sec
Fig. 9. Result of temperature distribution in water when considered anodize aluminum absorber (*C)

Table 5. Maximum and minimum temperature in solar thermal when considered anodize aluminum absorber

Resulis (°C) ghiss  absorher pipe water foil foam
Max. tefp. 5236 6572 6239 7136 Bh4l  GOART
Min. temp. 40 1236 f1.88 30 BLET 30

From Fig. 4., Fig. 6., and Fig 8. present result of temperature distribution in solar thermal when
considered copper absorber, aluminum absorber, and anodized aluminum absorber, respectively which
show that the temperature is higher up from glass layer (40°C) to absorber then go to layer of water
respectively due to heat accumulation when sunlight touch solar thermal and heat transfusion from
absorberto pipe which pipe will transfer the heat to water. So the water gets maxifaum temperature. After
that, foil and foam will be an insulator by not let the heat out then temperatureswill be lower from water
pipe to foil and foam till the temperature rate is ambient temperature (30°C).ofsolar thermal.

From Fig .5, Fig. 7., and Fig. 9. present result of temperature distributiont in water when considered
copper absorber, aluminum’ ahsorbet, and anodizéd alumimun absarber, respectively, which show that
when the water is released. the temperature is” not changed mich since the heat accumulation is not
enough to transfer heat to absorber. But when heat accumulation can transfer heat to absorber, the water
will be changed very fast. Water is steady state because water flow out continuously and new water will
replace the old part. The temperature will be higher from the bottom zone that water inlet into above zone
that water flow outlet because of heat accumulation in every time that water is flowing. From a) 0 sec.
Fig .5., Fig. 7., and Fig. 9., it is the first picture show when sunlight transfer the heat to water. Water
outlet at steady state has maximum temperature is 68.74 °C, 60.68 *C, 72.36 *C when considered copper
absorber, aluminum absorber, and anodized aluminum absorber, respectively. Which water outlet
anodized aluminum absorber is the maximum temperature.
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Form Table 3, Table 4, and Table 5 show maximum temperature and minimum temperature in each
laver of solar thermal when considered copper absorber, aluminum absorber, and anodized aluminum
absorber, respectively. The anodized aluminum absorber has the maximum water temperature. Next, the
water temperature of copper absorber and the least is water temperature of aluminum absorber. Due to
anodized aluminum has conductivity is the maximum rate then the copper and the least is aluminum.

6. Conclusion

This article investigated the temperature that took place in solar thermal. The sample model from
computer applied the 3-D FEM which developed by MATLAB. This paper is time-dependent field which
is improved by discretizing time. It can be observed that the temperature of the anodized aluminum
absorber has the maximum water temperature. Next, the water temperature of copper absorber and the
least is water temperature of aluminum absorber.
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