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The objective of this research is to develop a low-cost heat pipe solar thermal collector. A 1.5 m? flat-

Abstract

plate solar thermal collector equipped with 12 heat pipes as heat transfer elements to the water manifold was
designed and tested. The performance of the solar thermal collector was tested following the ASHRAE standard
93-77. The following water flow rates in the manifold were adjusted; 40, 60, and 80 L/hr. The current results show
that the water outlet temperature greatly depends on solar radiation intensity and the water flow rate in the
manifold. The maximum water outlet temperature of 53°C can be achieved when the water flow rate of 40 L/hr.
and average solar radiation of 3.95 kw/m? were applied. A maximum thermal efficiency of 55.61% can be reached
when the water flow rate of 80 L/hr. and the average solar radiation of 3.39 kW/m? were applied. From the analysis,
the maximum total heat loss of the collector of 3.40 W/m? can be found at the water flow rate of 40 L/hr. followed
by the total heat loss of 2.60 W/m?at a water flow rate of 60 L/hr. and 1.63 W/m? at a water flow rate of 80 L/hr,,
respectively. From the simple economic analysis, a payback period of 1.35 years was obtained for this low-cost
heat pipe-solar thermal collector. This is found to be a shorter payback period compared with that of the

conventional commercial flat plate solar collector (2.25 years) and the vacuum solar collector (1.54 years).

Keywords: heat pipe, thermal efficiency, solar radiation, solar thermal collector
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40 0.017 395 295 53 2833
60 0.025 379 215 505 4233
80 0.033 339 215 a8 5561

a ¢

HANSAWINUSEAYS MnuaAUSd oing
WU31 7 §n31n15a 80 L/hr wnafiussdending 3
UsEAvBn1igsgawiniy 55.61% 505091 Aot sne
nslva 60 wag 40 L/hr. muwinllaUsedndn 42.33%
Waz 28.33% 9z4iu3 il e ns1ns e uiy
UseAvs mnmesunafiugdonfindifiaty Weswinnis
Wgasnslvavenindn d walwsnsnsaiem
Audoulviutingstu SeilsusyAvs nmee s
m’m%’auwé’amul,l,ma’]ﬁmsfqﬁfumuiﬂﬁw lng
USEANS N NUBILEIINUNS D UNS 19 ULES T M
AoRPE DI UANNTT 4
dlofiasananuduiussemnassavs am
Bammudou a vaurleauzmils 0, (Tﬁ-Ta) /G,
wituliemudiiusaananegluguaunmsdunsea
'31J‘171' 7

danstva ()
-FrU | Fr(to) i
whn) | ke ¢
40 0017 34011 045 0.3961
60 0.025 25944 0.34 0.0347
80 0.033 1.6344 0.26 0.0168

PNATT 6 Sns1msivia 40 L/hr. Sannsdainuen
gandussderindvesiaufiusdgeiiagn lnefisasms
i 80 L. Sldmsgaydemnsoutiontian

4.3 NaMTIPTRVINATUZAENS

4.3.1 SEUgnaAunU

Amdsnuli esraA UTENNSAUI
waaulwias o i ussdwindu 1092 My/m?-
day W3 3 KWh/m’day Asaunsii 9 9l uilune
Fudduaeniingwindu 1.5 m?srafu Sasarlii
37171 vwkWh uazdnnuiuldnunet windu 365
dy Amdanulninduiudimianiu 6,105.34 1A

FaluszernaAun ureHanAT S au
W ILUAI N A WUUWH 11T BULUUF U A1 910

AuyuusaieuToulunsm 1 Wity
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JLULIAAWNY = (8,200 UM)/(6,105.34

UmA) Wi 1.35 U vise 17 4 ihiou
4.3.2 .WRsUiisuiReinANsou

9NgUA2 LARSTIAUATIS DUN 971
UANOINE VDIUT TR 199 auRANL S SU UL
Beuuaziuuviognne Welad ssimunaiiay
Founuuisiudou Wi Medunuvsumaed v 7
UIEN WINNU 13,463 UI/MN51UAT LAZLAYINAIIY
SounuuviogaannA 5 V3T S5eniade 8,847 uw/
PNTIRS INTeUARNA TN ST IAAY
vy el

JEUELIATA UY ULKHIYINAIUT DUNE 191U
WAIDNTIM1E WUULH LT 81U = (13,463 U)/(6,105.34
A Winiu 225U 139 2T 3 oy

FEUTLIAA UY ULKHIYINAINT DUNE 191U
WERNTINE LUUYIBg ey INeI= (8,847 UIM)A6,105.34
A Wiiu 1.54 U 139 1T 6 oy

HANTIAATIEVN KA NUATUFANENT WU
ﬁﬁﬂam%fauﬁ'a%w%uﬁé’wquwhﬁu 7,900 UMD
tE QﬂmfwLLmﬁﬁmm%auLauﬁagﬂuﬁaama’m a1
funaszeznanAuvuledl 17 4 Weu stevnanties
nindloBsudisusuusaharaunuuusE S suLay
wuugRRMATislszeznaAuwUliT 2T 3 Weu uag

19 6 Wau MUERU

5. djUuazaniusena

MsaNuwawhAuS eusonuuuliL T e
Mmesounuuius sulaeltvionuseu (Flat plate
heat pipe solar collector) & YU U 9 ngUT 9@
WEIDIRY 1.5 AISINUAT ATNAFDULHILT USIE
waefing JumsvndouLUUNaN WS sausiaan 09.00-
1500 u. IneUsubiunafvsdoindviyudes 15
a9 uazTus S uaslumanidld dlevadnssuuusu
Samnslviaiisns 40 60 wazs0 L/hr.

HANIYIARDURRDAY WA TEII I LTINS
{{Za0% Qm'wgﬁmﬂ’mmﬂﬁamzﬁﬁ%ﬁuqﬁu QR
mé’auﬁ’J’m"l,é’asﬂuﬂhwizmm 2435 °C fiosmnus

AUSAua0e 1A SUNE SN NUITLS EonTiee
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v
a =

dwalitdgamgiiasiu et ndnsnisiva 40 Lhr.

g v fveeig 9g i nseenvauna uf 4
wawefing Wiy 53 C Amnudusdorfindinde
PRDANSNIARBUWNY 658 W/m? Waziis msimslya
80 L/hr. wrai Ui eniind I Use@ns nmasgaminiu
55.61% s9%a9 Aef 8nTINTIva 60 uag 40 L/hr
Al UsEavsnm 42.33% uaz 28.33% laeAnIs
gudendanumouveunaiuisdenting 7sne
nslua 40 Uhr. Fawndi aawindu 3.40 W/m’
sesmunAefisnsmslva 60 uag 80 L/hr. dAwiniy
260 W/m’ uag 1.63 W/mnadeu

MFAT AN MAATHGAARS WU IV
AU oUNA U RS LAY AT Sz AL U
Wity 1.35 U TuusiuafvideinduuiusiuFe
LAELUUA YR AT N DamATlszezmAL L
whef 225 uay 150 Y auddiy

MMHANIVAFBUI LI L S AN
ot UssAE nmassunainaud ound s
uasefindifai dewnnmadiusarmsivaveninn
N eiqwaﬁﬂﬁﬁmwmsﬁwmmm%auiﬁﬁmfﬁqﬁu 34
MUTEAVE MBS BUNG S ULaRe TR
g9y el suiioutuusyavsnmussiniseu
W& SR ng YeIUF Nl Sadminedug wuin
LA DUNS N UL A8 7 T 1
UstAviB AMEeaaWinU 55.61% @ sl AUszAvsnm
FoBnITNaF SIS AV Mg 76% (sl
2) UHNIUS BUBUAUTIPA WY LAY SEE ST ALY U

o ¥ v a

wrvhA BN sAe RS LTy Ssagn
wagflsvornmAumuduniushanudoureniey
1 Faunshemmdound snunasefing 7 anndu
wnzaudmiulszg ndldkamindoudolilusaidon
v ofiogord i smuazmnlumstigsinwinas
3 udnerlvai annsomldialulagliidasnmuie
guUnsal wu vaeauiaa A Al umsi iy

Ul



6. AnAnTIUUTZNA

VDYBUNTLA UAMIITE WAy U9
AMATVITAINTTUAT BING UMNI NS 8 UATIYENT]
d' ¥ o =2 % 4 a o o Xo @
neplidSnuuazatuayulienddeatuildnia

aaluse
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