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Study on Thermal Performance of Flat Plate Solar
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Abstract

This research aims to experimental study on the thermal performance of the flat
plate solar collector with closed-loop oscillating heat pipe. The collector plate was

1X1.5 m” in size. The closed-loop oscillating heat pipe was made of a copper capillary
tube with 1.5 mm inside diameter and 2.8 mm outside diameter. The distilled water
was used as the working fluid with 50% filling ratio of total internal tube volume. The
effects of various parameters ie., radiation intensity, evaporator length, number of
meandering turns and number of heat pipes, on the thermal performance of solar
collector were investigated. The solar collector was test under the solar simulator. The
halogen lamps were used o simulate the solar energy. The heat was transferred from
the absorber plate to the heat pipe array at the evaporator part. Then heat was
removed from the condenser part to the cooling water that flowing through the copper
tube wrapped by this section. It was found from all experimental results that the
thermal performance of solar collector improved with an increase in the radiation
intensity. The proper evaporator length, number of turns and number of closed-loop
oscillating heat pipes, for which the thermal efficiency of solar collector was the
maximum of 0.8, were 1 m, 20 turns and 8 pipes, respectively.
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Yadvlan dmiudoinssuinduna anudssiidnvasdugyyinadaduauiued i
anmatesiumsgudvrniaunnnisiuaznsiaiudauldinn oveayannidliiu
Hiduasenfing Asianisgandoein nsasviouvesimaaniaduuanuasinlu udufu

v w o ‘e ede] v &
pMNTeuME IgaduTditndaverluvasauiiguly

gﬂﬁ 2.4 yiegyanaa [11]



Flat plate collector
outet Glazing

Absorber,”

Flale
Insulation T e
Flow Tubes ™ ;
Headerf

o) =t e

JUA 2.5 fiasusedanfiaduuunsius ey [10]

2.2.3 fSUSEaiinonuuLHuS o

lafin1seanuuudiivisdviniliuiialdauiaunaisnitaumgiivindey

) 1t ciu ar m . -:1 4 1o
sz 100°C Tngvimithisuisdsiy (Total radiation) Manaszvusazlidwiudasdissuy
Fanmuansending dnalonmiuilddudeuiaslidasnisninimeinuman dnivglas
luldlunsedninfou vanufeunislueiais szuvdsueinid Lagnsyurunsnianu
W d v owoar e . Pt o I T ar o
Saulugmamnssy Wusu Mivisdefinduvuiduisuiidnuamilunaesdavzdagun 2.5
Tnefthaseudunszan (Glazing) vievanaiindwannisgandonuiauesngussemelag
1esf o bl § |-=! /) 1 A 124
mismasun S uasilauiiuamuiou (Insulation) adwsudtafisanntigyidanuieu
| & - = et o =) ] o ar [ - é’, pr e
Wawwnnisia diangianfindniuatuadseiiunsyanaziianisvnimamiusiudund
WAL aYANATEIUAIULIgATU (uilaudsingnisaliaunsyan) dagadu (Absorber
1o o B 4 w [ o ] v
plate) Wurkuiiiddmissauiimaenfundinuamifeunniaeind wasdehuniuiou
E 7y U -‘6’ ‘!.L ) 1 1 l‘—'E al k2 1 ddv ‘;
Tumhilvaluievnsciulundadavaiioiuaruiou adaalsianlunsdil nuamesni
EF d = s 1 g =1 !:’ C’{ a r = ;24
asliidapfiilasannisiinvesnsenuluiataziienisiiiy il iansdemewaly
< = 27, Aoy o T 27 . o '
yuiliildludige deuidgwilddafinisthmalulagveanuiou (Heat Pipe) Wty
4 = - d’! =F 1 o© - . 2t et <
wranduszAnsntwuaniu [5] 158031 “Flat pleat heat pipe collector #3adia3usd
o v al nktv =T o Y PR ' v o,
arfinduvuusudsuildmaluladviennuiou” dwanduzui 2.6 lnsvieanufousuiy
o Q } 24 - ar 23 1 ‘6’ $ d 1 k24
dnharufeuninfagadusnliundndniivile ilesamnagluvearuiousrussyveuvad
QI o P LART- C} CI a = é i 1] ot u et ar
ausliBamiidisnnsanarafulelduilusamaiidy Wewdugadudladundsuain
= ot -4 ﬂ;’ +r 13 1 b2 A
wasefing vauvalfiatarsronmdulelvaduluddruuuvasisainuiau wisilnng
¥ v ¥ ; v o v ,
uanasuauiaugadatuih lefrsmuutnduresvaarinanduaunmuiizsuluva
anuisufisiunuiourithiusderinddnasudulgdnaGenly
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5
Glass cover

- Aluminum atloy profile

" Solar selective coating
Serew
Heat pipe

. Watcr tube
- Insufation

@ e ar

Uil 2.6 Siufedorinduuuwsiudeuiildmealuladyianaufou [5]

2.3 viapaisau (Heat pipe) [24]

viamuiou Wugtnsaldunoansfeusinniliiussivinmeg defveanslivien
foudlawioulitouiugunsaidadonufouniadug da anrmodsdganafaudiinasn
dufuindndng anssewaidesns Inglideseriideuiaudhgsruu vhong
senuyulasailiing wagiidom pilasasndaneduvilsidndiumiaies wénans
vhawavefunssselasn e uresa s uiiussagmalue vieanufeuiivans
silandmunssBnmsisuvmndugdnissvataesanuazgns

2.3.1 weslilavleunuulnaasaauy (Two-phase closed thermosyphon)

wasTulaveunuulnsesanius RevienrmSauslinuililordolawzuselthidn

‘4 o I ot w 1 bd 1 k2 A
gadlantfiouwawnainiuliulvand usndsdiuvinsziug (Evaporaton) Wuvearufeuni

- i L} L 3 . b L3 d 1 ‘i}
n1ssggndldinnludssinelneg wu nmsfsanuisuainfigledaiouiivassiialu

nTevuNTHdnTsIAgndmvnIsunaunlglvg drduitduateniing uaznisuszvdn
wismlussuumsiuennia Wuiu defveennufeuriiniide YsrenTagrsunisly
vio aiiuliie miangn uesiaussnurnisiemanuieu TasunfmesTilavieueans
neheglundwionnBeduanaluguil 2.7 fveweslulevoulsznaudae dasi
sume dliifimsiomei ey (Adiabatic) wardiuniuwiiu (Condenser) lasldauvia
iRt hdumuinasenssie e fouslindadanlunsiuresssuy
navhenluakiessimsnssnefusseanmmunivseufiediurhssvalfin i
B Tnsavnefysidssiosnd 50° suRumnTzdy Lesasiaussousnistewmanuieud
gehag



i1

L4 —
- >
Heatsink  + ™~ > Condenser
= =
- - Adiabatic Cond
Vapour flove —_ "] B Evaporator  section oot
Adiabatic i
Liquid flow ~|t ) fe Je T
7 section -f—ffl’" -
-3 f— \D
— f— ML A ;
Heat source % I~ >~ Evaporator g
— d R
= - Pocl  Heat source Heat sink
poal | Liquid flaw
Vapour flow

= @ o
3 2.7 wailuloviaunnsluusiuasuuade [2)

Evaporator section

Evaporator

Heal source

Cond
SHhtssei— B ety
Heat sink

EJ 1 } 23 A o a4 By «of
U 2.8 vioaTusaunvinnulasadouwsirtiaans [8)

1 o = ¥ e ¢ . .
23.2 mammsauwﬁiﬂ‘iqa‘iwaaﬂwqu (Heat pipe with wick structure)

1 g7 é ) s = . - -

vioaufouminilasandeussataats (Capillary-driven heat pipe) Tognns
= 5 ar qiq 3 C¥) 1 [ %3 s -:E [ 3 ot a3 =t
AnnaTanwu (Wick) Alwiluvesniavie dnvadagui 2.8 Taawiuasainuswivataans
Cd p L i o i1 o = o p 23 § 1 -] &
wisléfsreavamuudundugdiiesne Jeumohenlddednshssmveeglussdu
WwendutuvIamniduaunly  weAfmudadidndusiausaiTtsmausauMansai
a X8 4w -~ o g 4 a4 e e A o . ™ | a & 04
dAnduluvierufeusilail ivusnniigafie dadninantiaand (Capillary imit) #siiniuite
Tnssadedagnsuldannsmbwowaavinunduinddnissveldivioms  vlbihans
wis Ory out) FuimtiwiawazTagrsu wasilelianuiowduiy veenuiouisuinns
\denela (Burn out)

2.3.3 vieAruounuudunsau (Closed-loop oscillating heat pipe, CLOHP)
vieAuauwuUd (Pulsating or Oscillating heat pipe, OHP) WuiTaunmsdian
o c! or 1 }24 n::' = oy 2 -:1; 5 :} A b

gpanaluladinannursanuisu FeilnsAnruduasansndiadszuin 20 Uiuda Tas
ar ¥y o % o ] [ o a4 3 & ar =i 1
wantureuntlymiaadidanisaramanuieuitiniuluvaanuseunll fiviuvesde
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Fadrianlaaniduiintuilelassaina Yagnguliaunsnhoesailnadeunduinddsi
sumgldetameifivwasaitaue wazdadrianisisanainduiuinninnavasnisiva
anmeszwindlatazveamariiviwihdudavanar-les dudadiadu wu Tasiin
nsien Seddaamiln wasTediaanuiiudes deftveniernutauninine dussauz
Msthomanuiouge auiuldine wavannsadlfdmielimnsaivmiliamdanis
FufludrsiiundiimsduaditoAnfuieruifourinted e lneiilvamnse
wiwszimeweruFeunuuduld 3 sliamulasaiuema Ui 2.9

f"*“”n”:‘r’"“ (Y (Y (0 (A YN
l;]
oSN Al N 2 N O W N N NS

CEQHP CLOHP CLOHP/CV

| 1 v <
UM 2.9 dsstnvrewmeauseuluudy [24]

- viemueunuudutaneln (Closed-end oscillating heat pipe, CEOHP) @i
e aaiviaieaitinnlalameeresiusnandy  lunsdiimsdemany
Fousfinturnniduresiiiumauinuniafissed ey Taomsduasgn
nsedulnonsirnuuasniuaridue dased faiesinmaieauuuriaduuedluarheu

- yioarmdauuuudingay (Closed-loop oscillating heat pipe, CLOHP) #574310
vientlaatienniadeaiinadeudeuaeviorassiadieiudunsey lunsdliinng
famanudsusziiatuannsdusessashanusmiunstvaiourasansvieshulis
ey lufiamslafiemanile

t 123 g cid £ 2t . . -
- vieAnusauwuuduRTauRiGINundy (Closed-loop oscillating heat pipe
. . v & o - ¥ o w
with check valves, CLOHP/CV) Aaviaanuiaunuuduiauninisfssemdiiunaulily
e‘j 1 /) é’ A oy o x [
sasdiaud 1 dduld WisTiifenmsluadouwssasihoutulufiamadisatu

T o< = =f t - n 3 b4 PN

aglsinn nmaFauliioy OHP anuelieflindmudn vieanudouniindy

ar I < &y o 11

wuunseune CLOHP ivdndrruouiigs annsaainiuldhe nazannsovhamddlsii
fviaazaiadaiygllag teuduwwsedy
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I4 Condenser 2\

i suonerrese Bnig s @i6ang

srraiaseet

.......

A U I D

ff } f Evaporafos } ‘H f
Ui 2.10 AR oavaEnsvinnumalimanussulLu vduesay [24]

CLOHP za¥iannvisatlaaienq (Capillary tube) viotfigaiiandmunivan
sywiaundsns e utasindass e feuandulindedy (Meandering turn) Tay
UsennYannulazursgasiuU St Smelu Tnsmsdhauneluvienaasi
qufiansdeliawilugUirisvaaa (Liquid slug) way winriaviadla (Vapor plug/bubble)
afuflumaonausnyewmawdaiendt slug train M3Ui 210 dunssurunisyian
Wadsdhsa S fsandisannvienufouwuusssunn nalnitugnlumstemanudeu
Ao mawmapuiindulUndusisuuudusesdarsvhauiunsasudensresdtsvinanu
fufe dledwvhsawieldsunmian ansieumaresianisssvenanaihile vilwvede
Tudawshsesiinalngfiuasiiauiiloiuiy Sufaussiuashonluguiesaa
wasvtaaleliilvaludadaunuiuil g amgiidinds Boaussiidn usadu (Oriving force)
wdaniurladloaziinnsauniuiiugearadiidaiuniil uazdoifiunadisranudy
sewindasdnil awineataa3iluiodsiveluinsewinduihswenasdy
aumignaaiesiily fduninedsuivewruranmanasiesledununileinduh
sypnddiuauiy asihliiansiedeuiive e uisunatiaziaslodnduaumils
duldsdnndduihssmetasiinnissemeresdrsyinuduiy Sehltausuled

gelunastinusedaundy (Restoring force) Faazauarirnulvlwadeunduludedou

auuiuEna Mnnavewsifusasssdounduiintundeug M SuhlnAanmandeud
wuvduresEns i uIsnuYafies uanmnﬁwmmLﬁurhu@uénawma‘l.uﬁaé’aﬁma
sansdnsssinvesasvhausgluguuvieavaiuasvesleds lnsvevedesfivuindn
Lﬁmwaﬁaamﬁmﬁmmﬁmﬁmﬁ’waamsﬁum’lugﬂuuuﬁ%ﬂé’ Tufe

D, <2|—2 @2.1)
(pl _p‘.)g
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lneh D,,, Aovuacfurihugudnaintelugagavasio (m)

max

3

1

o, AamAnuivireaumnal (N/m)

A

p, AsATIIMUMUUTBDIET (ke/m?)

&

i

p, Asavumuiuvedle (ke/m?)

J

g Aemarmusailomnusddudiwedan (m/s)
Tnevhlunnaduiuguinaumedluvisszegluda 0.5 mm i 3 mm deiwdenisiaviels
T6edn uenanil feuvessaediumsdiasinuemasdousing (F) ssuania
snvieaTwauiig U AednindseniwiSinassarivaviau (V) devsinasmeluvie
Wavia

Vl

:A—l, (2.2)

i a & J v ow f Y 2 5 & ) I
e A Aeviuinihdnneluiannuieu (m?) | Aepiusvasnvevioanuiou (m)
WagdnI LN TELAITIANIINAT 50% TaslSunnsaaluva

2.4 nsgruntivingauiaiuiedanfing ASHRAE 93-77 [23]

WagRug e s Taaussausrassiaiuideoniind annsanagouldieludy tndoon
warna1auda Outdoon wazvaslnaildiduldiuauuainazonia MW mdudivun
Uszvidnmwvsa ssaugssns s tuaasiiussdending

2.4.1 Boulvnsvaasy ifd

]
of k. 7

- Anddguudannaignreaarnndiiduwaserfing lunisnagoussviinisveday

Tugafivieadluss Lidlwe dsdaarnmdusduasoindissunudiondaudrensitnia
wWasawasliiuy «32 Wim? ludaaaan 10 widl

- dagamgiioniAanizandey MelleTiiminarfaumniiennimanto
wandsrlaiiiiy 30°C

- #mzavh lunmsvaasunstiaiivatiufdeiindezdesiiaamgiingiivie
Wasuwdaslaitin +2% e +1.0°C uazArdnsnisivansiinderiasuntasldiin +
0.0002 kg/s-m? muuzihwadnsms masomheiuiisiuddwiumsvageu lunsdi
gadluariiureunaifio 0.02 kesm? nadnveduadivermadsasinisluasziu 003
kg/s.m?

- ENMEUsIaY ‘lumswﬂaaafi'lmmL%’JLQ%ﬂfuaaamsﬁamzjwij 2.2-4.5 m/s

2.4.2 windayuesnsvindaussiinnsy i ASHRAE 93-77 fieil

- fouvediaiimunugampilugaifiesnisiddiusidaniing

- Faanuduisdariind (Solar Intensity) daglnsueiivnesivrefauussuny
WenduirTuidending

- Andarinsiva gampilvesivansmiadiuasmisesn wavgampiianrsiiaaay



15

thiayaiildudwan mnufouilivsslonildvdodamnisdommandouves
fiuideing (Q,) Ao
Q, = the,(T,~T;) (2.3)
Tagit @ Aesmsnislnaunaveasiva (ke/s)

¢, Aornufeuduvsuasvadlva UrkgK)

T, Aegumailvesetlativen (°C)

T, Aeammgilvasvativavid Q)
wansdsaLTsausnATISBuTashIudeingivinnumeldannasi Ssasnsoideuld
Twaldeil

Q, = AFira)-U, (T, -T,)] (2.0)
Taedl A, foituiifusds (m?)

F, fafudsnisdeinaniiauveswiniufad (Collector heat removal factor)

I Aeanunduuas (W/m?)

oL ABANNSAHIY (Transmissivity) Lagn13aAnaY (Absorptivity)

U,  Aedissdvisnsgrydenufaunesihiufd (Wn’K)

T, fisgumpiionaiindey (°C)

wazawsasnnamdssavsnmwinvasladu ()

Q E U (T, -T.)
—— LU by ) — R-LATE a i .
T‘l A cl R(Ic) I (2 5)
rire,, (T, = T;)
b4 Ll 2.6
“a = AT (26)

o = o 5
tglsunmivaceuenssld 7, Fsdegangiiniovewaivassmadiuasmisean wi T,
j \
Tuaunsh (2.49) wax (2.5)



|
unn 3
N1528NLUY #3519 waznagay

3.1 Mmssenuuukasaisiafuidanfinduuuudubeu grusesdifuisdening uazya
Ia9audeefing

Tudndunauiiliinisssnuuushiuiidefinduuunsiudou Frusasmiiuidendiag
wazgadtasauasaniing uarliBouwuunivane 2 ffuaznmlalonmin (Isometic) nitn
fugohnsaemmuuieutu

3.1.1 mfuideniinduuuuiuiou

N3 3.1 uas 3.2 fiufedaiisduuuidudousiennndnainng 1x1x1/8

in Weudamuundaadivionnie 114 cm 8717 170.5 cm d¢ 115 cm Undendmidauaz
sudeiguauagiidaumn 0.5 mm muluiiuideriiadlsznaudsaundefiumn 2.5
cm Meegiuagnua e Andimhiiiunuiuaaeou noiudsusidngd
0 1x1.5x0.001 m viudheddmianumnieauinmhiduiaganiudumeiinduazgn
Yasaouehunszanlasn 5 mm winszanlassimihiiinfuduae indggaiannain
Wildusiuonsan (Acnlio) tduduozasaniiymitudunimuanadou degamgiives
Fdudelaniindgaiudaaliviuaza’ dnianslihisiaumsaldnilunsvenssdd it
3.3 wamenaiwewisuSdorinduuuududsuildatiu

17050

114

Li?ié’,._ 85 42.75
1OP vikys
i
HE— = ! S Sm————ry
hi ——\& & cravead

dAvihaaiawed

ALp DRSO AR SCEHTINTER

127159 [ U 1D

- = £y er of  ar s ¢ 1 =l
“ileVI 3.1 wEsniwang 2 16 waamimaﬁmmmmmuumul:mu
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WaARNIUTR 1x1x1/8 in

t b=] o E <
uslugandu yienuiudansd
miuddmslianuanuiou .

1}
wriunTEanlann 5 mm

A o O owat o f -
Eﬂm 3.3 LEMNTH NUSNNITUTIEA MRS U UL UL EY

3.1.2 guouiiuidefiaduuunsiniou
13Ul 3.4 grusesfafuedorftaduvundudey afwaniudnainuia
1.5x1.5x1/8 in thwudeufaiudulassadanmmuadagud 3.5 hmnsauiunsesiu
ffuisdorfinduuuusiudouduingdos 18° funnszuu wasfindarionim 4 de el
annsnnfeuieldiasasmnlumsiafganaass 3UT 3.6 wansnmaiwasgiuses
nFuadeniinduuunsiudouiiaiedu



54 « s ar At =3 1
3UR 3.4 uanaindsunuulelumsnuasgiuseadhsuiidenvnduuuusiuiay

189 ,
I gl
b
& &
TOP ViEw
/N ;\\{gp
} —.
3t/
ol 18° ;f:‘ =
= 10
g‘i—; 42.50 5 w0t t + %-
FROMNT ViEW

ALt DRHNSON] AR HLDNERITLR

resnrde it miad

1241539 1 TS [0

5; e e L A T | = L3 ]
gﬂ"fl 3.5 ugshnviang 2 16 maqgmiaqmwmaammauuuumm‘%’a}u

18




to

U 3.6 wananmItwosgiasiiuidsiaduuunsiudou

3.1.3 gradnasaudiaiing

Tassaisuatgniaaae 1Wndaswenvinainuun 1.5x1.5x1/8 in \deude
fudulasaa daguil 3.7 was 3.8 Snisfindeiion 4 &o dieliaurmedeudeliie
wazagmInlunsiindayavianns surmaaslasiaiidudaianigs 120 cm a3 150 cm
17 150 am dhulassadadiuvuiiulasundnanni@ouiniuvi 18° fulurssdu Weld
guwiuiiuideinduuusiuioy Jehlidiuideiinglddusadutmaann dauy
Anmasolaulldwasnalamuiuundstiianm ouindidsliia 1500 W S 15
vaen lasi3vsiuiiu 3 um undas 5 waen suulihmuaudedfunsaduliiiva
yiifimvsuussiulihdademaimnuinassgniasuateing Tunsmaaesaslden
usasulithlugaasening 65-125 Volts Taaguil 3.9 uamanimadevosgasrasuaseniingil
Wi
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U 3.7 uananwang 2 i vasgndnasiuwaeeind
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Taseasad v
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U7 3.8 uamsrmdsunuulelauninvesgndiaeuaeiing
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50T T Reiing 2

- o a @ a7 oo o & T
5U7 3.10 wrmanmidsuwuulalawminuasgavageuiiuidominduuumsiud oy
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3UR 3.11 s wawasgavageudiiuiidafiadicuunsiuiey

qi a & o W o a & i
91A5Y7 2.10 uay 311 10unmuaasnsiniresaiiiuTdorfinduuuwiudsuuy
grusasdiiuid wazfnddlinaldyndraswataiing

3.2 nsa§rauasinnaienudounuuiuassauluganaseuia fuiidorfinduuuusiudey
3.2.1 msafinenusauiuuduaeseu

32,11 hwiamilaarinesuasiiivnmduhugudnatsniousn 2.8 mm sty
Audnanmoly 1.5 mm m*amu]masa-unamaamuﬂumﬂmmu‘ﬂﬂuam 15, 20 wag 25
e Tnondesogidioudldi 2 1uim fe 0.0075x1x0.025 m way 0.0075x1.5%0.025 m
Fednwuwmesndasogiideuinfafuvansuasiiivnaduiugudnaisaeuen 12.7 mm
ma’l«mﬂumumvLLuu‘lummaﬂuJaﬂuﬂ':rmsau‘tunuuwamaﬂmsauLmuﬁ'maiau Wetm
ms‘um 3.12.
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E‘I < 9 1] o
g‘d‘n 3.13 wamansiivdnsyauasiueausau

3.2.1.2 [enllavasenilaaiveanadadoiulidunseulasfosdatiulie
deRlddwi Ui vy hnsinansinulasansiauiliuinndu Sasnaduens
vswesdy 50% aaUinasyamnanioludaniufeou daunisiiuaisvineudiaaintly
agluansawasvamginidlagld ﬁuqu,qpmﬂ (Vacuum purnp) Ladawinistiuans
vy uansaglil 313 wdmniadavimadentiavennudeuiazadeunITYEe
viorrufaulnglithieulunnngey uansiaguil 3.14

2| ) v . 1 Y o oo Y,
Eﬂ‘ﬂ 3.15 ttaﬂqwaﬂ’l’]ﬂiﬂum%ﬂﬁu&lqgaﬂ'l'ﬁﬂﬂ?]'ﬂﬂ?']lﬁﬂu
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3.2.1.3 thwlearufaunuud e uiithunsas nae i vuseadstomy

m1mauL%'mmuﬂ'i”ﬁﬂﬁﬂ'rrft‘lmsmmnauLLaq Ltammiﬂw 3.15
3.2.2 nsRasaveanieuuuudinGeu

'uumaum'smmmmammsauuuuamaiamﬁaﬁwmwmaauammuvmamm%’au
gpeiuiduasefinduvunsuSouitldviearusounuuduisseu uammiﬂw 3.16 mﬂiﬂm
3.16 mwam’miauusuUamﬁawwuﬁﬂwuﬂwum'}maumLsmmuul,muﬂmﬂauiqa*uaq
mauwauummuwauwa guuFIUIBIfIused thansan®ala (Silicone tube) aauidiuy
Honadasiidafntuduunaaionndoy Wedumahlwarnda- aaa‘lun'rsuamﬂaﬂu
ATISau mﬂuummsmﬂmamaﬂuﬂﬂL‘T_la (Thermocouple) win Kmmmam ~9onTe
druissvevavienuseunuuiuasseu u,mummﬂau uriunszanuazanelusias ieldsn
ammuusimmﬁ mummumammasﬂw 3.17 mmmmammmm dal)uananivandnina
waqmsmuuwﬂmﬂmwnu mnuuuwamaﬂlﬂmnmswmaaulﬂal,ﬂswvwmamsnuwmaﬂ:rm
iawuaqm'imeaaa'mmEJLuumwursaUﬁ‘twammiauwuamﬁav

P a o 1 2 ) o o e a [T
U0 3.16 uamsnsfiasavian e feunuudingseuluiiudidefinduvuwiudou
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gaumnlidiuissmg

DM IUTIENIA

A\
aaumiliHugnnEy

gumgilinisan

Ej o 1 - Q‘.Jl i <
JUfi 3.17 wnsiwdinsirssvesaawmasiuduila

3.3 MANAMSMITIRYBITTUURAA2uU s N snngau

o L3

wdnn1siauessFIUTBava e e iinduuutsduFouildviernaieuuuy
Funasou e uddlffunamngndiaeuaaiindaziniuadsullunkugandused
wazanalyiiuviornfouiidiuiisame vanuaufousrgndsdisandwrissmglud
drumuwivlogarsvheumeluteniuiounuudinsey waranuiouiidumuniasgn
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Abstract

An application of the closed-loop oscillating heat pipe (CLOHP) on the flat plate solar collector was
expertmentatly studied. The effect of the evaporator length on the thermal efficiency of solar collector
was investipated. The collector plate wag 1x1.5 m” in size and consisted of five parallel CLOHP. Each
CLOHP was made of a copper capillary tube with 1.5 mm inside diameter and 2.8 mm outside diameter.
The number of meandering turns was 15 and the distilled water was used as the working fluid with 50%
filling ratio of total internal tube volume. The evaporator lengths were 1 and 1.5 m. The flat plate solar
collector with CLOHPs was test under the solar simulator, The halogen lamps were used to simulate solar
energy. The radiation mtensity of solar simulator was able to be adjusted by the voltage regulator. The
heat was transferred from the absorber plate to the evaporator part of heat pipe. Then heat was removed
from the condenser part of heat pipe to the tap water that flowing through the copper tube wrapped by this
section. The thermal performance of flat plate solar collector with CLOHPs improved with the radiation
intensity of solar simulator. The thermal efficiencies of flat solar collector with CLOHPs for both
evaporator lengths are insignificantly different and their values are about 0.55 at the maximum radiation
intensity of 520 W/m” In order to reduce the scale of the flat plate solar collector and make it more
economical, the flat plate solar collector with the short evaporator length of CLOHP is interesting.

Keywords: closed-loop oscillating heat pipe, evaporator length, flat plate solar collector,
thermal efficiency.

CLOHP was used as the auxiliary heat transport
1. Introduction device to enhance the rate of heat gain of water
in tank. Because there is not only the piping

The thermal performance of flat plate solar _ ]
system of natural circulation of hot water but

collector with a heat pipe has been continuously

developed. The evaporator part of heat pipe is also the capillary tubes of CLOHP were
placed in the collector. The heat, which is embedded in the collector, the design of the flat
collected in the absorber plate, is transferred by plate solar collector was cqmplicated. The flat
the phase-change working fluid in the heat pipe plate solar collector‘wnh using only CLOHP as
and it is removed at the condenser part of heat the heat transfer device was studied by Hudakorn

ive. In il .o v . . and Terdtoon . Five CLOHPs with I mm ID
pipe. In the majority of previous researches, two ‘ >
main types of heat pipe, i.e. the two-phase closed 0.17 m condenser length, I m evaporator length
thermosyphon and the heat pipe with wick and 157 turns were placed in the collector with
structure. were applied in the flat plate collector. 2x1 m” in size. R134a was used as the working
However. an closed-loop oscillating heat pipe fluid with 50% filling ratio of total internal tube
(CLOHP). which is one type of heat pipe and has volume. The thermal efficiency improved with
several advantages. was rarely investigated, Arab increasing the flow rate of air that was flowing
et al. ! developed a thermosyphon solar water through the condenser section. An application of
heater which was combined with two CLOHPs. CLOHP in the solar desalination system was

proposed by Kargar Sharif Abed et al. ®l, The

N8
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1m evaporator length and 24 turns was partially
filled by distilled water. The collector was 0.5x1
m” in size. A remarkable increase in the rate of
desalinated water production was shown. The
flat plate solar collector with CLOHP that was
illuminated by the solar simulator was studied by
Nguyen et al. ¥ The halogen lamps were used
to simulate solar energy. The CLOHP had 2 mm
ID and 8 turns. The effects of working-fluid
filling ratio and cooling-water flow rate on the
collector performance were found.

From all the mentioned works, the effect of
evaporator length on the therimal efficiency of
flat plate solar collector with CLOHP was absent
and 1t will be experimentally investigate in this
research.

_CLOHP with 2 mm ID, 0.4 m condenser length,

y Voltage 1 Tap water flow
! regulator 8w
H —
e i Flowmeter
Pyranometer,” A
: K-type = W
Glass cover & N ; Thermocouples | = (WA

_dp=ooo
05388

/"
Absorber pline

Insufation CLOHP Témperature recorder

Figure 1. Details of experimental setup.

2. Experimental Setup and Procedure

The experimental setup as shown in Fig. |
consisted of the flat plate solar collector with
CLOHP, the solar simulator connected to a
voltage regulator, a pyranometer connected to a
multimeter, K-type thermocouples connected to
a temperature recorder and a flow meter. The
collector was 1x1.5 m? in size and it was
comprised of a glass cover, five CLOHPs, an
absorber plate and an insulation layer. Each
CLOHP was made of a copper capillary tube
with 1.5 mm ID and 2.8 mm OD and filled with
the distilled water at 50% filling ratio of total
internal tube volume. The copper capillary tube
was wrapped around an aluminum rectangular
tube and a copper tube to form the meandering
turns of 15. The evaporator part was located at
the aluminum tube and its length equaled the
aluminum tube length of 1 and 1.5 m. The
condenser part was located at the copper tbe
and 1its length equaled the copper tube diameter
of 12.7 mm. Five CLOHPs were placed on the
absorber plate and the copper tubes were
connected together by the silicone rubber tube,

20A

- where 77, is the mass flow rate (kg/s), ¢ o

The tap water. with the. temperature .of£ 28-30°C—... . ..

was able to be passed through all copper tubes at
a constant flow rate of 0.4 Vmin which was
measured by a flow meter. The collector was
tested under the solar simulator with using nine
500 W halogen lamps to simulate solar energy.
The radiation intensity of solar simulator was
adjusted via the voltage regulator and measured
by a pyranometer (KIPP&ZONEN, SP Lite 2)
connected fo a multimeter (EXTECH,
MM560A).

The heat was transferred from the absorber plate
to the evaporator part of heat pipe array. Then
heat was removed from the condenser part to the
tap water that flowing through the copper tube
wrapped by this section. During the experiment,
the temperatures of the evaporator part of
CLOHP, the absorber plate, the glass cover and
the tap water temperature at the inlet and outlet
of the condenser part were measured by the
chromel-alumel thermocouples (OMEGA type
) and recorded by the temperature recorder
(Agilent, 34970A with 21°C accuracy). The
water [low rate was also detected. The rate of

heat gain of water (g ) was calculated as
~T,.) (1)

.is the

g=1ih¢ (T

W pw e

specific heat (J/kgK) and 7, and 7, are the

inlet and outlet témperatures of water. The
measurement error of the recording instruments
was also considered. The thermal efficiency of
collector (77) was calculated as

e, (T,,.’,, - Tw,r‘)
y = 5 (2)

where 7 is the radiation intensity of solar
sinulator (W/m®) and 4 is the collector area.
The mathematical model of collector efficiency
was also defined as

L1,

= F(ra)-FU, 3)

where F, is the collector heat removal factor,
ta is the transmissivity and absorptivity, U, is
the overall heat loss coefficient of collector
(W/m’K), T, is the evaporator temperature (°C)

and 7, is the ambient air temperature (°C).

3. Results and Discussions
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The effects of the radiation intensity and the
" evaporator length on the thermal performance of
flat plate solar collector with CLOHPs are
presented in Fig. 2 (a-c). The rate of heat gain of
water, the outlet water temperature and the
collector efficiency obviously increase with an
mcrease in the radiation intensity. For both
evaporator lengths, this trend is exhibited.
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Figure 2. The effects of I and Le on (a) the rate
of heat gain of water; (b) the outlet temperature
of water; (c) the collector efficiency.

207

. However, for the tested evaporator length of f n. . _

and 1.5 m, the influence of the evaporator length
on performance of collector is much less. The
difference of the thermal efficiency of collector
with 1 m evaporator length of CLOHPs and that
for 1.5 m evaporator length was about 1%. At
the maximum radiation intensity of 520 W/m?
the collector efficiencies are about 0.55 for both
evaporator lengths.
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Figure 3. Collector efficiency versus(7,—T,)/ 1 .

Table 1. Values of Fp(re) and FU, for
different evaporator lengths (Le).

Le (m) F, (za) faly
(W/m“K)
1.0 0.6164 0.4951
1.5 0.6858 0.7847

Fig. 3 shows the relationship between the
collector efliciency (s7) and (7,—-T,)/1. The

mathematical models to predict the thermal
efficiency of collector which are corresponding
to Eq. (3) were carried out for both evaporator
lengths by applying the least-square linear
regression method with the reliable data sets.
The R-squared values of these equations are
about 0.8. The intercept of the equation line with

the y-axis is the value of F, (rar) while the slope
of the equation line is the value of F,U, . These

values are summarized in Table 1. The F}e(fa)
represents  the transmission and absorption
capability of solar collector and the mU,

represents the heat loss coefficient of collector.
Although the heat loss coefficient of collector
with 1.5 m evaporator length is higher than that
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of 1 m evaporator length, its transmission and

~absorption capability is also higher. Therefore,
for both evaporator lengths, their collector
efficiencies are insignificantly different.
However 1t is seen from Fig. 2(c) and Fig. 3 that
the collect efficiency for 1.5 m evaporator length
tends to be higher than that for 1 m evaporator
length at the high radiation intensity and vice
versa at the low intensity. This may be because
since the transmission and absorption capability
of the collector with 1.5 m evaporator length is
higher, more heat can be absorbed and
transferred to the water when the solar intensity
15 increased. On the other hand, at low solar
uitensity, simce the collector with 1.5 m
evaporator length can collect less heat but its
heat loss coefficient is high when comparing
with that for 1 m evaporator length, its efficiency
tends to be lower.

4, Conclusions

From all experimental results, the conclusions
are;

- .The thermal performance of flat plate solar
collector with CLOHPs improved with the
radiation intensity of solar simulator.

- The thermal efficiencies of flat solar
collector with CLOHPs for both evaporator
tengths are insignificantly. different and their
values are about 0.55 at the maximum radiation
intensity of 520 W/m".

- In order to reduce the scale of the flat plate
solar collector and make it more economical, the
flat plate solar collector with the shoit evaporator
length of CLOHP is interesting.
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Abstract’
The tested flat plate solar collector was 1X1.5 m? in size. The closed-loop oscillating heat pipe (CLOHP) was
made of a copper capillary tube and the distilled water was used as its working fluid. The effects of various
parameters ie, the solar intensity, the evaporator length of CLOHP and the number of meandering turns of
CLOHP, on the thermal performance of solar collector were experimentally investigated. The solar collector
was test under the solar simutator. The halogen lamps were used to simulate the solar energy. It was found
from all experiments that the thermal performance of solar collector improved with an increase in the radiation
intensity. The proper evaporator length and number of turns, for which the maximum thermat efficiency of flat
plate solar collector with CLOHP was about 0.6, were 1 m and 20 turns, respectively.
Keywords: closed-loop oscillating heat pipe, evaporator length, flat plate solar collector, number of turns,
thermal performance.
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