% ® a A ® A
NMMsANHIENIIAMEANAUSIRa M guuuRaNaNsawInilaaldisasludiannsn
UnAALa

Tunsane1auITaNe AL AUTIFNaduuuNguauTan Wil laslmsasludiannsni

[l = | 1 o ,_-3'
wiInseneaantde 3 §auadt

' A A g v o = ~ o A& A a A
saunintsvaslasamith  ldvinswSeuifivudnonnaessesladidnrinlugariania
TwWiuazsiavinanuininalalunsnge Wi nurasauTandl  lumIinaaadlaiaanisas-
I&JSLﬁﬂﬂ%ﬂiu@;aﬁﬁmm%awnrﬁmﬂmmﬂmﬁwﬁm“ﬂw 2 Tues uazriarinanudn 2 lues

YIN1INA[INN Ell(ﬁﬂ'ﬁﬂ%’i.lLﬂaﬂ‘%ﬂ’l"mLL@lﬂ@i"Ix‘liz‘lﬁ’j”lx‘]qm‘ﬁﬂﬁﬁ’]%gautl’ﬂtﬁﬁ%@%‘ﬂ QGL‘E?J%INS-

U

a

\@nvianluga suTsnuzmInda iWihweasesludidnninlugagniadiomas Wi nngeled
Twpimenziiarsgmaaiuaadlugddunudaniionsnda kaanminasauaaslnii

dﬁLﬁaﬂw'ﬁLﬁﬂﬂ%ﬂiug}a"ﬁﬁ@ﬁwmwLﬁumiﬁmﬂ"ﬁwﬁmvlwwmﬂLmaiamw%aw‘h

1 A Y v o [~3 v A a 6 v Y Aa a
ﬁ')%“ﬂﬁadvl(ﬂﬁi’]\iLLaz‘Y]@&@U@I’JLﬂUiGﬁaTﬂ@IElLLTJ?JNﬁ&lﬂ')']lliauvLWW’]L‘D’E]ﬂllamﬂ“(liﬂ

SMRTUNAfaIM@Tan Usznaudsuruilanyinannnszan Tesinsanna Lmug@]ﬂﬁu%'ﬁmﬁmﬁ

a A £ [

a & a A @ a a { = A 6o o o
Lﬁaﬂ&laLﬂﬂﬂ'ﬁﬂINﬂa Lﬂﬁﬂﬂi:lﬂUﬂ?qwiﬂuuﬂﬂﬂsugﬂﬁlsﬂaUNN%N’] i\‘laa’m@ﬂ‘ﬂ’lm’]&l‘iaﬂ%

LLNugﬂﬂﬁu LﬂuLﬁqlﬁLﬁ@qm%gﬁu@m@i’mwdwqmﬂgﬁﬁ’lﬁammzsﬁmﬁmad L‘ﬁaﬂwaLgﬂ-

&l

‘n’%ﬂiug}a Lﬁ@miwamVLW%mﬂLﬁaﬂuaLﬁﬂﬂ%ﬂIu@a AU IR NN TIRaN AN
uaadulwih sanenuieudulngiivgunndldiuunuganauisd axmeawiadanlnalna
L°1T1Lﬂ%aaszmﬂmmﬁ”auﬁaﬂag}ilu*’ﬁméﬁu&mLLaz"L@T%'ﬁJmm%’auanﬂm%aas:mslmm'%“au

g; v ‘3’ L [ v lﬁl Qo v 1 =} o A | e v
mﬂuummﬂsamzvlmmu"l,ﬂm*’naomuumwaiumwmam'mLmugﬂﬂamaa \dumsuiudysla

a =) a v a =) 1 AI J 1
U3z ANTNINITIANNT DALY T ANTATWIINY I T UL R AL NN NANIINARAINLIN

A a A o a & A o a X Ao, o Yy A a o
USTANTNIWTIANNTOWALD® L Ha0aNT e MaANTL e Niad INHNNNEa lauas

a a e J [ 1 U a Y v v a
ﬂszawﬁm‘wﬂ’ml,ﬂmwmmumuagnuwa@rmzm’mqmﬁgummamm:mmﬁm E]GL‘EQ%I&I -

Lﬁﬂﬂ%ﬂiuga nadIznigmnniduiaunazduibn 22.8°C faInNRariad T le 2.13

U

W azlUse&NTANwnshURInadINk 6.17% s:uuammmamﬁ@]ﬁuummmﬁmgﬂﬁﬂmm%‘f
1 s s =3 o A a 6 U £% Aa a s =3 o A a 6
FIUNUAIAUTIRNNA T UL UNFNANUTaW WA TS INBIANNIN  FUITIDULVAIALAUSIRANAAL]

LLmJNaumm%auvl,WWﬁLﬁaﬂuaLﬁﬂﬂ%ﬂgﬂi’@ﬁdmrﬁﬁagjﬁ‘uﬁLLa:ﬂirﬁmﬁauﬁa@muma e

s '

o v o o @ Y o a £
u’]Naﬁvl,@ﬁ]’]ﬂﬂ’]?ﬂ@ﬂﬂﬂll’]Lﬂ%UULﬁUUﬂu WU’J’]ﬂ’]ﬂﬂvawqLLﬂ:ﬂ?q&liﬂuLWNTu 21.7% s 21%

>

o o a a A o A A
VI RIN ] LN@LﬂSUULVlUUﬂUﬂEm@%} un



FIUNENNAIINIILAINEARUIINULURZL AT BFANFASVAIANNUTIFNATULUNFNAY
Tau WAL TasluBANNINARITUNRAYNTaW  AAuT R aduUUNENANTaw WL Tas L E-
=3 a [ 1A t:ll o [ 1 1 A o a 6 Aa a
WWnnindszneudsurulaninainnizan gesinie e uriuganauiiFenfiad rasluBlannsn
I&lga YTz ungaNuTaun i dwa1Ivinen  waznafuintan  INNNINARaINLIN

Uz RNTANWLTIANNS AU UIZRNTANWIINVAITZUUWINAY 74.9% Way 77.3% GNNE1AU N

gammilnati 0.33 kg/s Ainadsrznivamnglduiauuasdmin 27.1°C manInnGa
Magtaile 3.6 W msdiarziiasgmsasuaasliiinit safuifafieduuunsuanusan

Infsesludidnninndanmslvah - 033 kois  Wazpzmdunusuiigauazdasnnig

nanauunwely (IRR) 8980



Performance study of hybrid thermoelectric solar collectors

Abstract

The hybrid thermoelectric solar collectors are investigated in this study, which divide in

three main parts as follow:

First, this project compares the potential of thermoelectric power modules and cooling
modules to generate electrical power when each is being used to generate the power from a
low intensity heat source. Two commercial thermoelectric power models and two cooling
models were tested under variation of the temperature difference between the hot and cold
sides of the thermoelectric module. The generating performance of a thermoelectric module is
evaluated in terms of its power output while an economic analysis is investigated based on the
cost per watt. The results show that a thermoelectric cooling module is a promising device for

generating power from a low intensity heat source.

Second, a hybrid TE solar air collector has been developed and tested. The TE solar
collector was composed of transparent glass, air gap, an absorber plate, thermoelectric
modules and rectangular fin heat sink. The incident solar radiation heats up the absorber plate
so that a temperature difference is created between the thermoelectric modules that generate a
direct current. Only a small part of the absorbed solar radiation is converted to electricity, while
the rest increases the temperature of the absorber plate. The ambient air flows through the
heat sink located in the lower channel to gain heat. The heated air then flows to the upper
channel where it receives additional heating from the absorber plate. Improvements to the
thermal and overall efficiencies of the system can be achieved by the use of the double pass
collector system and TE technology. Results show that the thermal efficiency increases as the
air flow rate increases. Meanwhile, the electrical power output and the conversion efficiency

depended on the temperature difference between the hot and cold side of the TE modules. At a

temperature difference of 22.80C, the unit achieved a power output of 2.13 W and the
conversion efficiency of 6.17%. An electromechanical, single axis sun tracking system is
integrated with the hybrid thermoelectric solar air collector. The performance measurements of
a hybrid thermoelectric solar air collector were carried out first when the hybrid thermoelectric
solar air collector was in a fixed position and then the hybrid thermoelectric solar air collector
was controlled while tracking the sun on solar altitude angle and the necessary measurements

was performed. The data obtained from the measurements were compared, it was seen that



the output power and thermal gain were increased by 21.7% and 21% respectively, compared

to that for a fixed mounted system.

Third, performances and economic analyses of a hybrid thermoelectric (TE) solar water
heater have been studied. The hybrid TE solar water heater was composed of transparent
glass, air gap, an absorber plate, thermoelectric modules, water cooled heat sinks and storage
water tank.. The experiment shows that the thermal and overall efficiencies increase as the

water flow rate increases. The maximum and overall efficiencies were 74.9 and 77.3%,

respectively, at the water flow rate of 0.33 kg/s. At a temperature difference of 27.1 °C, the unit
achieved a power output of 3.6 W. Moreover, economic analysis indicates that the payback
period of the hybrid TE solar water heater operates at the water flow rate of 0.33 kg/s is shorter

and higher IRR.





