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º·¤Ñ´Â Í! 

¡ÒÃ»ÃÑº»ÃØ§ËÃ×Íà¾ÔèÁ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº¹Ñé¹ í̈Òà»$¹µ#Í§·ÃÒº»ÃÐÊÔ·¸ÔÀÒ¾¢Ñé¹µ#¹¢Í§ÃÐºº¡ Í¹·Õè¨Ð·íÒ¡ÒÃ
»ÃÑº»ÃØ§!ÃÇÁ¶Ö§µ#Í§·ÃÒº Ø̈´Í Í¹¢Í§ÃÐººà¾×èÍãË#ÊÒÁÒÃ¶»ÃÑº»ÃØ§ä #́µÃ§ Ø̈´«Öè§¨Ð·íÒãË#¡ÒÃ í́Òà¹Ô¹¡ÒÃ»ÃÑº»ÃØ§
»ÃÐÊÔ· Ô̧ÀÒ¾à»$¹¼Å Ṍ!º·¤ÇÒÁ¹Õé¹íÒàÊ¹Í¼Å¡ÒÃÇÔà¤ÃÒÐË"»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº¼ÅÔµá¡%ÊäÎâ´Ãà¨¹·Õèãª#¾ÅÑ§§Ò¹ä¿¿&Ò
áÅÐ¤ÇÒÁÃ#Í¹·Õè¼ÅÔµÁÒ¨Ò¡ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"!(Solar Photovoltaic-Thermal Hybrid 
System,!PV/T) â´Â¹íÒàÊ¹Í·Ñé§¡ÒÃÇÔà¤ÃÒÐË"»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐººÂ ÍÂáÅÐÃÐººâ´ÂÃÇÁ  ÃÐººÂ ÍÂ»ÃÐ¡Íº #́ÇÂ
ÃÐºº!PV/T áÅÐÃÐºº¼ÅÔµá¡ÊäÎâ´Ãà¨¹ #́ÇÂ¡ÃÐºÇ¹¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò!â´Âãª#á¼§à«ÅÅ"áÊ§ÍÒ·ÔµÂ"·íÒ§Ò¹Ã ÇÁ¡Ñº
á¼§¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"áººàÃÕÂº·Õè¶Ù¡»ÃÐ¡Íºà»$¹ªØ´à ṌÂÇ¡Ñ¹!¾×é¹·ÕèÃÑºáÊ§ÃÇÁ!100!µÒÃÒ§àÁµÃ!áÅÐãª#¹éíÒà»$¹
ÊÒÃµÑÇ¡ÅÒ§!â´ÂµÔ´µÑé§·íÒÁØÁ¡ÑºÃÐ¹Òº!14° áÅÐËÑ¹Ë¹#Òä»·Ò§·ÔÈãµ# à»$¹áËÅ §»&Í¹¾ÅÑ§§Ò¹ä¿¿&ÒáÅÐ¤ÇÒÁÃ#Í¹ãË#¡Ñº
¡ÃÐºÇ¹¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò!¨Ò¡¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇ Ò!»ÃÐÊÔ·¸ÔÀÒ¾ÃÇÁ¢Í§ÃÐººÂ ÍÂ·Ñé§ÊÍ§¤ Í¹¢#Ò§µèíÒã¡Å#à¤ÕÂ§¡Ñ¹¤×Í
»ÃÐÁÒ³!7% Ö̈§Ê §¼ÅãË#»ÃÐÊÔ·¸ÔÀÒ¾ÃÇÁ¢Í§ÃÐººÁÕ¤ ÒµèíÒ #́ÇÂÁÕ¤ Ò»ÃÐÁÒ³!0.06% à· Ò¹Ñé¹ 

¤íÒËÅÑ¡: ¡ÒÃ¼ÅÔµá¡ÊäÎâ´Ãà¨¹; ¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò; ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹Ã ÇÁ¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ". 
 
Abstract 

To improve the efficiency of any systems, both individual sub-system and also overall-system 
efficiencies should be firstly known before implementation of effective improving process. This paper 
presents an experimental study on the efficiency assessment of a hydrogen production system which 
energized, both electricity and heat, by a Solar Photovoltaic-Thermal Hybrid, (PV/T) system. Both 
individual sub-system and overall-system efficiencies were presented in this paper. The sub-system 
consist of a PV/T system and an electrolysis hydrogen production system. The PV/T system used in this 
study comprise of 75 poly-crystalline Silicon solar photovoltaic modules (total effective area of 100 m2) 
equipped with built-in solar water heating system. All of collectors has a single glass cover and were 
tilted at 14° and facing due south. The electricity and hot water from the PV/T system was supplied for 
the electrolysis hydrogen production reactor. The experimental results show that both mentioned sub-
system yielded so low efficiencies about 7% and therefore the overall-system efficiency obtained was 
also low at about 0.06%. 
Keywords: Hydrogen production; Electrolysis; Photovoltaic thermal system. 
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1. º·¹íÒ 
ã¹ª Ç§ÊÍ§ÊÒÁ»'·Õè¼ Ò¹ÁÒ¨¹¶Ö§»(¨ Ø̈ºÑ¹!äÎâ´Ãà¨¹

ä #́ÃÑº¤ÇÒÁÊ¹ã¨à»$¹ÍÂ Ò§ÁÒ¡¨Ò¡¹Ñ¡ÇÔ Ñ̈Â·Ñè Ç âÅ¡!
à¹×èÍ§¨Ò¡äÎâ´Ãà¨¹à»$¹áËÅ §¾ÅÑ§§Ò¹·ÕèÁÕÈÑ¡ÂÀÒ¾ÊÙ§ã¹
¡ÒÃ¾Ñ²¹ÒÃÐºº¾ÅÑ§§Ò¹ÂÑè§Â×¹à¾×èÍÍ¹Ò¤µ!·Ñé§ã¹´#Ò¹¡ÒÃ
Å´ÁÅ¾ÔÉáÅÐá¡#»(ËÒÇÔ¡Äµ¡ÒÃ³"¾ÅÑ§§Ò¹!áÅÐ·ÕèÊíÒ¤Ñ
áÁ#Ç ÒäÎâ´Ãà¨¹¨ÐäÁ ÊÒÁÒÃ¶ËÒä #́ã¹¸ÃÃÁªÒµÔ!áµ ÁÑ¹
à»$¹àËÁ×Í¹µÑÇ¡ÅÒ§ã¹¡ÒÃÊ §¼ Ò¹¾ÅÑ§§Ò¹·ÕèÊÒÁÒÃ¶¼ÅÔµ
ä #́¨Ò¡ËÅÒ¡ËÅÒÂáËÅ §¾ÅÑ§§Ò¹·Õèáµ¡µ Ò§¡Ñ¹·Ñé§¾ÅÑ§§Ò¹
¿ÍÊ«ÔÅáÅÐËÁØ¹àÇÕÂ¹!¡Ñ¡à¡çº #́ÇÂÇÔ Õ̧áÅÐÃÐºº·ÕèäÁ 
ÂØ §ÂÒ¡àÁ×èÍà·ÕÂº¡Ñº¾ÅÑ§§Ò¹ä¿¿&Ò!ÍÕ¡·Ñé§ÊÒÁÒÃ¶¹íÒä»ãª#
»ÃÐâÂª¹"ä #́ËÅÒ¡ËÅÒÂÃÙ»áººâ´ÂäÁ »Å´»Å ÍÂÁÅ¾ÔÉ
ÍÍ¡ÊÙ ÊÔè§áÇ´Å#ÍÁ [1]! Ñ́§¹Ñé¹ #́ÇÂ¤Ø³ÊÁºÑµÔ·Õèà»$¹àËÁ×Í¹
µÑÇ¡ÅÒ§ã¹¡ÒÃÊ §¼ Ò¹¾ÅÑ§§Ò¹ä #́ËÅÒ¡ËÅÒÂÃÙ»áºº
¾ÅÑ§§Ò¹áÅÐÊÒÁÒÃ¶¼ÅÔµä #́¨Ò¡ÇÑÊ Ǿ»&Í¹·ÕèËÅÒ¡ËÅÒÂ!
ÃÇÁ¶Ö§¹éíÒ·ÕèÁÕÍÂÙ ÁÒ¡ÁËÒÈÒÅº¹âÅ¡ãº¹Õé ! Ö̈§·íÒãË#á¹Ç
·Ò§¡ÒÃºÃÔËÒÃ Ñ̈´¡ÒÃ¾ÅÑ§§Ò¹¼ Ò¹ÇÑ¯ Ñ̈¡ÃäÎâ´Ãà¨¹à»$¹
á¹Ç·Ò§·ÕèÊÃ#Ò§¤ÇÒÁÊÁ ǾÅ¢Í§áËÅ §¾ÅÑ§§Ò¹ä #́à»$¹ÍÂ Ò§
Ṍ·Ñé§¼Ù#¼ÅÔµáÅÐ¼Ù#ãª#¾ÅÑ§§Ò¹!¹Í¡¨Ò¡¹Õé!äÎâ´Ãà¨¹à»$¹

¾ÅÑ§§Ò¹ÊÐÍÒ´·ÕèÁÕ¤ Ò¤ÇÒÁÃ#Í¹ÊÙ§![1-5]!ÊÒÁÒÃ¶¹íÒä»ãª#
à»$¹¾ÅÑ§§Ò¹·´á·¹ã¹ #́Ò¹µ Ò§æ!àª ¹!ãª#à»$¹àª×éÍà¾ÅÔ§!
áÅÐà«Åàª×éÍà¾ÅÔ§!)Fuel Cell) à»$¹µ#¹! Ñ́§¹Ñé¹¾ÅÑ§§Ò¹
äÎâ´Ãà¨¹ Ö̈§à»$¹ÍÕ¡·Ò§àÅ×Í¡Ë¹Öè§·ÕèÊÒÁÒÃ¶¹íÒÁÒãª#à»$¹
¾ÅÑ§§Ò¹·´á·¹ä #́ÍÕ¡·Ñé§ÂÑ§à»$¹ÁÔµÃ¡ÑºÊÔè§áÇ´Å#ÍÁÍÕ¡
#́ÇÂ «Öè§á¹Ç·Ò§¡ÒÃ¼ÅÔµ!¡Ñ¡à¡çº!áÅÐ¡ÒÃãª#»ÃÐâÂª¹"

¨Ò¡äÎâ´Ãà¨¹áÊ´§ Ñ́§ÃÙ»·Õè!1 

 
ÃÙ»·Õè!1 á¹Ç·Ò§¡ÒÃ¼ÅÔµ!¡Ñ¡à¡çº!áÅÐ¡ÒÃãª#äÎâ´Ãà¨¹ [1] 

 
äÎâ´Ãà¨¹·ÕèÁÕÍÂÙ µÒÁ¸ÃÃÁªÒµÔ¨ÐÍÂÙ ã¹ÃÙ»¢Í§

ÊÒÃ»ÃÐ¡Íº·ÕèÃÇÁÍÂÙ ¡Ñº¸ÒµØÍ×è¹æ!à· Ò¹Ñé¹!àª ¹!ÍÍ¡«Ôà¨¹

ã¹¹éíÒ!¤ÒÃ"ºÍ¹áÅÐÍÍ¡«Ôà¨¹ã¹ÊÒÃÍÔ¹·ÃÕÂ"!áÅÐà»$¹
Í§¤"»ÃÐ¡Íº¢Í§àª×éÍà¾ÅÔ§¿ÍÊ«ÔÅ!à»$¹µ#¹! Ñ́§¹Ñé¹¡ÒÃ¼ÅÔµ
á¡ÊäÎâ´Ãà¨¹Ê Ç¹ãË ¨Ö§à»$¹¡ÒÃáÂ¡äÎâ´Ãà¨¹ÍÍ¡¨Ò¡
ÊÒÃàËÅ Ò¹Õéâ´Â¡ÒÃãª#¾ÅÑ§§Ò¹ã¹¡ÒÃáÂ¡!«Öè§¡ÃÐºÇ¹¡ÒÃ
¼ÅÔµ·Õè Ṍ·Õèãª#¡Ñ¹ÍÂ Ò§¡Ç#Ò§¢ÇÒ§¤×Í¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò!
)Electrolysis) «Öè§¨ÐàËç¹ä #́Ç Òà¡×Íº·Ñé§ËÁ´à»$¹¡ÒÃÈÖ¡ÉÒ
#́ÇÂÃÐºº¢¹Ò´àÅç¡ã¹Ë#Í§·´ÅÍ§  

»ÃÐà·Èä·ÂµÑé§ÍÂÙ »ÃÐÁÒ³ÅÐµÔ Ù̈´·Õè!14 Í§ÈÒàË¹×Í!
«Öè§ã¡Å#àÊ#¹ÈÙ¹Â"ÊÙµÃ Ö̈§ÁÕÈÑ¡ÂÀÒ¾·Õè¨Ðãª#»ÃÐâÂª¹"¨Ò¡
¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"ä #́à»$¹ÍÂ Ò§ ṌáÅÐà¹×èÍ§¨Ò¡»ÃÐà·È
ä·ÂÁÕÊÀÒ¾ÍÒ¡ÒÈÃ#Í¹¡ÒÃãª#»ÃÐâÂª¹"¢Í§¾ÅÑ§§Ò¹
áÊ§ÍÒ·ÔµÂ"ã¹ÃÙ»¤ÇÒÁÃ#Í¹ Ö̈§ÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾ÊÙ§¡Ç Ò
»ÃÐà·È·ÕèÁÕÊÀÒ¾ÍÒ¡ÒÈàÂç¹!«Öè§ËÒ¡à¾ÔèÁ¤ÇÒÁà¢#Á¢#¹¢Í§
¤ÇÒÁÃ#Í¹¹Õé¡çÊÒÁÒÃ¶¹íÒä»ãª#ã¹ÃÐººµ#¹¡íÒÅÑ§¼ÅÔµ
¡ÃÐáÊä¿¿&Òä #́àª ¹à ṌÂÇ¡Ñºà«Å-áÊ§ÍÒ·ÔµÂ"!¨Ò¡¢#ÍÁÙÅ
¾ºÇ Ò»ÃÐà·Èä·ÂÁÕÈÑ¡ÂÀÒ¾¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"ÊÙ§¤×Í
ä #́ÃÑºÃÑ§ÊÕ´Ç§ÍÒ·ÔµÂ"ÃÒÂÇÑ¹à©ÅÕèÂµ Í»'ã¹ª Ç§!18-20 
MJ/m2-day [6] 

¨Ò¡¡ÒÃÈÖ¡ÉÒ¢Í§![7] «Öè§ä #́ÈÖ¡ÉÒàªÔ§·´ÅÍ§à¡ÕèÂÇ¡Ñº
¼Å¢Í§¡ÒÃà»ÅÕèÂ¹á»Å§ÍØ³ËÀÙÁÔ¢Í§ÊÒÃÅÐÅÒÂÍÔàÅç¡â·Ã
äÅµ"µ ÍÊÁÃÃ¶¹Ð¢Í§ÃÐºº¼ÅÔµá¡ÊäÎâ´Ãà¨¹¼ Ò¹
¡ÃÐºÇ¹¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò!â´ÂÁÕ¡ÒÃà»ÅÕèÂ¹á»Å§¤ Ò
ÍØ³ËÀÙÁÔÊÒÃÅÐÅÒÂÍÔàÅç¡â·ÃäÅµ"ã¹ª Ç§ÍØ³ËÀÙÁÔ!270!¶Ö§ 
353!K ¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇ Ò!ÍØ³ËÀÙÁÔ¢Í§ÊÒÃÍÔàÅç¡â·ÃäÅµ"
á»Ã¼Ñ¹µÃ§¡ÑºÍÑµÃÒ¡ÒÃ¼ÅÔµá¡ÊäÎâ´Ãà¨¹ 

ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"!à»$¹
ÃÐºº·Õè¶Ù¡ÍÍ¡áººÁÒà¾×èÍÇÑµ¶Ø»ÃÐÊ§¤"ËÅÑ¡ÊÍ§»ÃÐ¡ÒÃ
¤×Í!à¾×èÍÅ´ÍØ³ËÀÙÁÔ¡ÒÃ·íÒ§Ò¹¢Í§à«ÅáÊ§ÍÒ·ÔµÂ" !
à¹×èÍ§¨Ò¡»ÃÐÊÔ· Ô̧ÀÒ¾¡ÒÃ·íÒ§Ò¹áÅÐÍÒÂØ¡ÒÃãª#§Ò¹¢Í§
à«ÅáÊ§ÍÒ·ÔµÂ"¨Ðá»Ã¼¡¼Ñ¹¡ÑºÍØ³ËÀÙÁÔ!áÅÐà¾×èÍ¹íÒ
¤ÇÒÁÃ#Í¹·Õèä #́¨Ò¡¡ÒÃÅ´ÍØ³ËÀÙÁÔä»ãª#ãË#à¡Ô´»ÃÐâÂª¹"
«Öè§¨ÐÊ §¼ÅãË#»ÃÐÊÔ·¸ÔÀÒ¾â´ÂÃÇÁ¢Í§ÃÐººÊÙ§¢Öé¹ 

§Ò¹ÇÔ¨ÑÂ¹Õéà»$¹¡ÒÃ»ÃÐÂØ¡µ"ãª#¢#Í Ṍ¢Í§ÃÐºº!PV/T ·Õè
¼ÅÔµä #́·Ñé§ä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¹íÒÁÒãª#ã¹ÃÐºº¼ÅÔµá¡Ê
äÎ â´Ã à¨¹ #́ ÇÂ¡ÒÃáÂ¡¹éí Ò #́ ÇÂ ä¿¿& Ò ! à¹×è Í § ¨Ò¡
»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº¹Õé¨Ðá»Ã¼Ñ¹µÃ§¡ÑºÍØ³ËÀÙÁÔ¢Í§
ÊÒÃÅÐÅÒÂÍÔàÅç¡âµÃäÅµ"! Ö̈§à»$¹¡ÒÃãª#¾ÅÑ§§Ò¹·Õè¼ÅÔµä #́
¨Ò¡ÃÐºº!PV/T ÍÂ Ò§¤Ø#Á¤ Ò·Ñé§¾ÅÑ§§Ò¹ä¿¿&ÒáÅÐ¤ÇÒÁ
Ã#Í¹!â´Âº·¤ÇÒÁ¹ÕéÁÕÇÑµ¶Ø»ÃÐÊ§¤"à¾×èÍÈÖ¡ÉÒàªÔ§ÇÔà¤ÃÒÐË"
à¡ÕèÂÇ¡Ñº»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº!à¾×èÍãË#·ÃÒºÇ Ò Ø̈´Í Í¹
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¢Í§ÃÐººÍÂÙ µÃ§äË¹!à¾×èÍãË#ÊÒÁÒÃ¶»ÃÑº»ÃØ§ä #́µÃ§ Ø̈´
«Öè§¨Ð·íÒãË#¡ÒÃ í́Òà¹Ô¹¡ÒÃ»ÃÑº»ÃØ§»ÃÐÊÔ· Ô̧ÀÒ¾à»$¹¼Å Ṍ!
â´Â¹íÒàÊ¹Í¼Å¡ÒÃÇÔà¤ÃÒÐË"»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº·Ñé§
ÃÐººÂ ÍÂáÅÐÃÐººâ´ÂÃÇÁ 

 
2. ÃÐººáÅÐÍØ»¡Ã³ ·Õèãª"ã¹¡ÒÃ·´ÅÍ§ 

ÃÙ»·Õè!1 áÊ´§á¼¹¼Ñ§¢Í§ÃÐºº¼ÅÔµá¡%ÊäÎâ´Ãà¨¹·Õè
ã Ë# ¾ÅÑ § § Ò¹ #́ Ç Â ÃÐºº !PV/T!·Õè ã ª# ã ¹¡Ò Ã·´ÅÍ§!
»ÃÐ¡Íº #́ÇÂÃÐººÂ ÍÂ!2 ÃÐºº¤×Í!ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ
¹éíÒÃ#Í¹Ã ÇÁ¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"!áÅÐÃÐºº¼ÅÔµäÎâ´Ãà¨¹
µ#¹áºº·Õèãª#ã¹¡ÒÃÈÖ¡ÉÒ¹Õéãª#¡ÃÐºÇ¹¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò 
2.1 ÃÐºº¼ÅÔµä¿¿$ÒáÅÐ¹éíÒÃ"Í¹Ã%ÇÁáÊ§ÍÒ·ÔµÂ  

ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹Ã ÇÁ¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"
·Õèãª#ã¹¡ÒÃÈÖ¡ÉÒ¤ÃÑé§¹Õé!»ÃÐ¡Íº #́ÇÂá¼§à«ÅÅ"áÊ§ÍÒ·ÔµÂ"
áººÍÐÁÍÃ"¿(Ê«ÔÅÔ¤Í¹·Õè·íÒ§Ò¹Ã ÇÁ¡Ñºá¼§ÊÐÊÁ¤ÇÒÁÃ#Í¹
¼ÅÔµ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"áººàÃÕÂº!(Flat Plate 
Hot Water Solar Collector) ·Õè ¶Ù ¡»ÃÐ¡Íº à»$ ¹ªØ ´
à ṌÂÇ¡Ñ¹!áÅÐ¶Ñ§¹éíÒÃ#Í¹ ( Ñ́§áÊ´§ã¹ÃÙ»·Õè!2 áÅÐ!3)! «Öè§
ÃÐºº!PV/T ¹Õéãª#§Ò¹ÁÒáÅ#Ç!8 »' ÁÕ¾×é¹·ÕèÃÑºáÊ§ÃÇÁ 100 
m2!áÅÐãª#¹éíÒà»$¹ÊÒÃµÑÇ¡ÅÒ§ â´ÂµÔ´µÑé§áÅÐ·´ÊÍº
ÃÐºº·ÕèµíÒáË¹ §ÅÐµÔ Ù̈´!14°2�!àË¹×Í!ÅÍ§ Ô̈ Ù̈´!100°43� 

µÐÇÑ¹ÍÍ¡ á¼§·Ø¡á¼§ÁÕ½Ò»*´¡ÃÐ¨¡ªÑé¹à ṌÂÇ (single 
glass cover) áÅÐ·Ø¡á¼§ËÑ¹Ë¹#Òä»·Ò§·ÔÈãµ#  (faced 
due south)!·íÒÁØÁàÍÕÂ§¡Ñºá¹ºÃÐ¹Òº! (tilted)!14°!
·´ÅÍ§ã¹ª Ç§àÇÅÒ!9.00¹.-17.00¹. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
ÃÙ»·Õè!2!á¼§à«ÅÅ"áÊ§ÍÒ·ÔµÂ"·Õè·íÒ§Ò¹Ã ÇÁ¡Ñºá¼§¼ÅÔµ¹éíÒ
Ã#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"áººàÃÕÂº·Õèãª#ã¹¡ÒÃÈÖ¡ÉÒ 

 

 

ÃÙ»·Õè!3 ¶Ñ§à¡çº¹éíÒÃ#Í¹·Õèãª#ã¹¡ÒÃ·´ÅÍ§ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
ÃÙ»·Õè!1 á¼¹¼Ñ§¢Í§ÃÐºº·Õèãª#ã¹¡ÒÃÈÖ¡ÉÒ¹Õé 
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2.2 ÃÐºº¼ÅÔµäÎâ´Ãà¨¹ "́ÇÂÇÔ¸ÕáÂ¡¹éíÒ "́ÇÂä¿¿$Ò 
ÃÐºº¼ÅÔµäÎâ´Ãà¨¹µ#¹áºº·Õèãª#ã¹¡ÒÃÈÖ¡ÉÒ¹Õéãª#

¡ÃÐºÇ¹¡ÒÃáÂ¡¹éíÒ #́ÇÂä¿¿&Ò! Ñ́§áÊ´§ Ñ́§ÃÙ»·Õè!4 â´Â
¼¹Ñ§¢Í§¶Ñ§» Ô̄¡Ã³"·íÒ¨Ò¡á¼ ¹ÍÐ¤ÔÅÔ¤Ë¹Ò!10 mm!
»ÃÔÁÒµÃ!100X52X40 cm3 ¢ÑéÇÍÔàÅç¡â·Ã´·íÒ¨Ò¡á¼ ¹
Êáµ¹àÅÊ 304!Ë¹Ò!2 mm â´Âá¡ÊäÎâ´Ãà¨¹áÅÐ
ÍÍ¡«Ôà¨¹·Õè¼ÅÔµä #́ÁÕ¡ÒÃ¡Ñ¡à¡çºáÂ¡ÍÍ¡¨Ò¡¡Ñ¹!â´Â
¡ÒÃÈÖ¡ÉÒ¹Õé¨Ðãª#ÊÒÃÅÐÅÒÂÍÔàÅç¡â·ÃäÅµ"áÅÐÊÀÒÇÐ¡ÒÃ
·íÒ§Ò¹·Õè´Õ·ÕèÊØ´·ÕèÃÒÂ§Ò¹äÇ#ã¹![8]! 

 

ÃÙ»·Õè!4 â¤Ã§ÊÃ#Ò§¢Í§¶Ñ§» Ô̄¡Ã³"µ#¹áºº 

 
2.3 à¤Ã×èÍ§Á×ÍÇÑ´áÅÐÍØ»¡Ã³ ºÑ¹·Ö¡¢"ÍÁÙÅ 

ºÑ¹·Ö¡¤ ÒÃÑ §ÊÕáÊ§ÍÒ·ÔµÂ" #́ ÇÂä¾ÃÒâ¹ÁÔ àµÍÃ"
(Pyranometer) ÂÕè Ë# Í EKO! ÃØ ¹ S11107.064! Ã Ç Á ¡Ñ º
ÍØ»¡Ã³"ºÑ¹·Ö¡¢#ÍÁÙÅ!(Data Logger) ÂÕèË#Í GRAPHTEC!
ÃØ ¹ GL!820!) Ñ́§ÃÙ»·Õè!5+!â´Â·ÕèµÔ´µÑé§ã¹ÃÐ¹Òºà ṌÂÇ¡Ñº
á¼§ÊÐÊÁ¤ÇÒÁÃ#Í¹áÅÐºÑ¹·Ö¡¤ Ò·Ø¡æ!1 ¹Ò·Õ! 

 

ÃÙ»·Õè!5 ÍØ»¡Ã³"ºÑ¹·Ö¡¢#ÍÁÙÅ·Õèãª#ã¹¡ÒÃ·´ÅÍ§ 

3. ¡ÒÃÇÔà¤ÃÒÐË »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº 
¡ÒÃ·´ÊÍºÊÁÃÃ¶¹Ð¢Í§ÃÐºº·íÒµÒÁÁÒµÃ°Ò¹

¡ÒÃ·´ÊÍºá¼§ÊÐÊÁ¤ÇÒÁÃ#Í¹áÊ§ÍÒ·ÔµÂ"¢Í§! ISO 
9459-2 [9] â´ÂÁÕ¢Ñé¹µÍ¹¡ÒÃ·´ÅÍ§ Ñ́§àÊ¹ÍäÇ#ã¹![10] 
3.1 ¡ÒÃÇÔà¤ÃÒÐË »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº PV/T 

- ¾ÅÑ§§Ò¹ä¿¿$Ò 
¡ÒÃ·´ÊÍºÊÁÃÃ¶¹Ð¢Í§ÃÐºº¼ÅÔµä¿¿&Ò¾ÅÑ§§Ò¹

áÊ§ÍÒ·ÔµÂ"·íÒ¡ÒÃ·´ÊÍºà¾×èÍËÒ¤ Ò»ÃÔÁÒ³ä¿¿&Ò·Õè¼ÅÔµ
ä #́!)output electrical energy) áÅÐ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§
á¼§à«ÅáÊ§ÍÒ·ÔµÂ"ã¹ª Ç§ÊÀÒÇÐ¤§µÑÇ!â´Âµ ÍÇ§¨Ãä¿¿&Ò
Ñ́§ÃÙ»·Õè !1 »ÃÐÊÔ· Ô̧ÀÒ¾¢Í§á¼§à«ÅáÊ§ÍÒ·ÔµÂ"¨Ò¡

ÊÁ¡ÒÃ·Õè!(1) áÅÐ!(2) µÒÁÅíÒ Ñ́º 

  
                   (1) 

 

                    (2) 

 
â´Â·Õè  

 = ¾ÅÑ§§Ò¹ä¿¿&Ò·Õè¼ÅÔµä #́ã¹ª Ç§àÇÅÒ·´ÊÍº![J] 
   = áÃ§ Ñ́¹ä¿¿&Ò¢³Ð·Õè·íÒ¡ÒÃ·´ÊÍº [volt] 
    = ¡ÃÐáÊä¿¿&Ò¢³Ð·Õè·íÒ¡ÒÃ·´ÊÍº [amp] 
  = àÇÅÒ·Õèãª#ã¹¡ÒÃ·´ÊÍº![sec] 

 = ¾×é¹·ÕèÃÑºáÊ§¢Í§á¼§ [m] 
 = ¤ Ò¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"![W/m2] 

 
- ¾ÅÑ§§Ò¹¤ÇÒÁÃ"Í¹ 

à»$¹¡ÒÃ·´ÊÍºà¾×èÍËÒ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº·íÒ¹éíÒ
Ã#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"!â´Â¾Ô¨ÒÃ³Ò¨Ò¡ÍÑµÃÒÊ Ç¹¢Í§
¾ÅÑ§§Ò¹¤ÇÒÁÃ#Í¹·Õè¼ÅÔµä #́!(output heat) µ Í¾ÅÑ§§Ò¹
áÊ§ÍÒ·ÔµÂ"·Õèµ¡¡ÃÐ·ºº¹¾×é¹·Õè ÃÑºáÊ§·Ñé §ËÁ´ã¹
ª Ç§àÇÅÒ·Õè·íÒ¡ÒÃ·´ÊÍºÃÐºº!â´Â¤íÒ¹Ç³¨Ò¡ÊÁ¡ÒÃ·Õè!
(3) áÅÐ!(4) [11] µÒÁÅíÒ Ñ́º 

 
!!!!!   (3) 

áÅÐ 
     !!!     (4) 

 

â´Â·Õè 
 = ÍÑµÃÒ¡ÒÃ¼ÅÔµ¤ÇÒÁÃ#Í¹![J]! 

 = ÍÑµÃÒ¡ÒÃäËÅàªÔ§ÁÇÅ¢Í§¹éíÒÃ#Í¹![kg/s] 
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 = ¤ Ò¤ÇÒÁÃ#Í¹ í̈Òà¾ÒÐ¢Í§¹éíÒÃ#Í¹ 

  = 4.19!kJ/kg. °C 

 = ÍØ³ËÀÙÁÔ·Õè·Ò§ÍÍ¡¢Í§á¼§![°C] 

  = ÍØ³ËÀÙÁÔ·Õè·Ò§à¢#Ò¢Í§á¼§![°C] 
 = »ÃÐÊÔ·¸ÔÀÒ¾¢Í§á¼§à¡çº¤ÇÒÁÃ#Í¹ 

 = ¾×é¹·ÕèÃÑºáÊ§¢Í§á¼§à¡çº¤ÇÒÁÃ#Í¹![m] 
 = ¤ Ò¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"![W/m2] 

 
»ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº! PV/T â´ÂÃÇÁ! ¤íÒ¹Ç³ä #́

¨Ò¡ÊÁ¡ÒÃ·Õè!(5) 
 

                  !!!!!(5) 

 
3.2 »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº¼ÅÔµäÎâ´Ãà¨¹ 

à»$¹¡ÒÃ·´ÊÍºà¾×èÍËÒ»ÃÐÊÔ·¸ÔÀÒ¾¢Í§¤ ÒÍÑµÃÒ¡ÒÃ
¼ÅÔµäÎâ´Ãà¨¹ã¹Ë¹ ÇÂ¤ÇÒÁÃ#Í¹â´Âà©ÅÕèÂ!)¤íÒ¹Ç³¨Ò¡
ÊÁ¡ÒÃ·Õè ! (6)+ !µ Í¾ÅÑ§§Ò¹ä¿¿&Ò·Õè»&Í¹à¢#Ò» Ô̄¡Ã³" !
)¤íÒ¹Ç³¨Ò¡ÊÁ¡ÒÃ·Õè!(7)!ã¹ª Ç§ÊÀÒÇÐ¤§µÑÇ!¡ÒÃ¡Ñ¡à¡çº
á¡ÊäÎâ´Ãà¨¹·íÒâ´Â¡ÒÃá·¹·Õè¹éíÒáÅ#Ç¨´ºÑ¹·Ö¡à¾×èÍËÒ
»ÃÔÁÒµÃ¢Í§á¡Ê·Õè¼ÅÔµã¹áµ ÅÐª Ç§àÇÅÒ 
 

!!!!!!!      (6) 
áÅÐ 

          !!!!     (7) 

â´Â·Õè 
 = ¾ÅÑ§§Ò¹äÎâ´Ãà¨¹·Õè¼ÅÔµä #́![J]! 
 = »ÃÔÁÒµÃ¢Í§á¡ÊäÎâ´Ãà¨¹·Õè¼ÅÔµä #́![ml] 

 = ¤ Ò¤ÇÒÁÃ#Í¹¢Í§á¡ÊäÎâ´Ãà¨¹! 
 = 11.71 J/ml 

 = »ÃÐÊÔ·¸ÔÀÒ¾¢Í§» Ô̄¡Ã³"¼ÅÔµäÎâ´Ãà¨¹![-] 
  = ¤ÇÒÁµ Ò§ÈÑ¡Â"ä¿¿&Òà©ÅÕèÂã¹ª Ç§·´ÊÍº![V] 
  = ¡ÃÐáÊä¿¿&Òà©ÅÕèÂã¹ª Ç§·´ÊÍº![amp] 
  = àÇÅÒ·Õèãª#ã¹¡ÒÃ·´ÊÍº![sec] 

 
3.3 »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº¼ÅÔµäÎâ´Ãà¨¹â´ÂÃÇÁ 

»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº¼ÅÔµá¡%ÊäÎâ´Ãà¨¹·Õè ãª#
¾ÅÑ§§Ò¹ä¿¿&ÒáÅÐ¤ÇÒÁÃ#Í¹·Õè¼ÅÔµÁÒ¨Ò¡ÃÐºº¼ÅÔµ
ä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"â´ÂÃÇÁ!(Overall 
System Efficiency) ¤íÒ¹Ç³ä #́¨Ò¡ÊÁ¡ÒÃ·Õè!(8) 

 

          !!     (8) 

 
3. ¼Å¡ÒÃ·´ÅÍ§ 

¡ÒÃ·´ÊÍºÊÁÃÃ¶¹Ð¢Í§ÃÐºº¼ÅÔµäÎâ´Ãà¨¹·Õè
àÊ¹Í¹Õéä #́ í́Òà¹Ô¹¡ÒÃ·´ÊÍºà»$¹àÇÅÒäÁ ¹#ÍÂ¡Ç Ò!3 ÇÑ¹!
«Öè§â´Â·ÑèÇä»ÊÒÁÒÃ¶·íÒ¡ÒÃÇÔà¤ÃÒÐË"ÊÁÃÃ¶¹Ð¢Í§ÃÐºº
â´Âãª#¢#ÍÁÙÅ·Õèà»$¹¤ Òà©ÅÕèÂ¢Í§ªØ´¢#ÍÁÙÅ·ÕèÁÕ¤ Ò¾ÅÑ§§Ò¹
áÊ§ÍÒ·ÔµÂ"ã¡Å#à¤ÕÂ§¡Ñ¹!áµ à¾×èÍáÊ´§ãË#àËç¹¶Ö§ÊÁÃÃ¶¹Ð
ÃÒÂÇÑ¹!º·¤ÇÒÁ¹Õé¨Ð¹íÒàÊ¹ÍÊÁÃÃ¶¹Ð¢Í§ÃÐººà»$¹
ÃÒÂÇÑ¹ã¹ª Ç§·Õèà¢#ÒÊÙ ÊÀÒÇÐ¤§µÑÇÁÒ¡·ÕèÊØ´à· Ò¹Ñé¹ «Öè§
ÁÒµÃ°Ò¹ ASHRAE 93-1986 ¡íÒË¹´ÊÀÒÇÐ¤§µÑÇäÇ#
Ñ́§¹Õé: 

Solar radiation : >790 W/m,; /32 W/m, 
Inlet water temperature  :  ±1 °C 
Ambient temperature :  /1.5 °C 
 

3.1 »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº#PV/T 
ÃÙ»·Õè!6 áÊ´§¤ Ò¢Í§¤ÇÒÁà¢#Á¢Í§ÃÑ§ÊÕáÊ§ÍÒ·ÔµÂ"·Õè

àÇÅÒµ Ò§æ!µÅÍ´·Ñé§ÇÑ¹·Õè·íÒ¡ÒÃ·´ÅÍ§!¨Ò¡¡ÃÒ¿áÊ´§
ãË#àËç¹Ç Ò¤ Ò¤ÇÒÁà¢#ÁáÊ§ÍÒ·ÔµÂ"!(insolation) ÊÙ§ÊØ´ÁÕ
¤ Ò»ÃÐÁÒ³ 916!W/m2 ÍØ³ËÀÙÁÔºÃÃÂÒ¡ÒÈÍÂÙ ã¹ª Ç§
»ÃÐÁÒ³!30-35  C 

 

 
ÃÙ»·Õè!6!ÃÑ§ÊÕáÊ§ÍÒ·ÔµÂ"ã¹ÇÑ¹·Õè·íÒ¡ÒÃ·´ÊÍº 

 
 ã¹¡ÒÃ·´ÊÍº» Ô̄¡Ã³"¼ÅÔµá¡ÊäÎâ´Ãà¨¹ãª#
ÊÒÃÅÐÅÒÂâ«à ṌÂÁäÎ´ÃÍ¡ä«¤"!)NaOH) !!à»$¹ÍÔàÅç¡â·Ã-
äÅµ"!à¹×èÍ§¨Ò¡·´ÊÍºáÅ#Ç¾ºÇ ÒãË#¼Å Ṍ¡Ç ÒÊÒÃÅÐÅÒÂÍ×è¹!
[8] ÍÕ¡·Ñé§ÂÑ§ËÒ«×éÍä #́§ ÒÂµÒÁ·#Í§µÅÒ´áÅÐÃÒ¤Ò¶Ù¡!!â´Â
ãª#¤ÇÒÁà¢#Á¢#¹¢Í§ÊÒÃÅÐÅÒÂà· Ò¡Ñº!17:!!)â´ÂÁÇÅ+!
à»$¹¤ÇÒÁà¢#Á¢#¹·Õè¼ÅÔµá¡%Êä #́ Ṍ·ÕèÊØ´! ÃÐÂÐË Ò§¢Í§
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ÍÔàÅç¡â·Ã´·Õè àËÁÒÐÊÁ·ÕèÊØ´¤×Í!10!cm áÅÐ¨Ò¡¡ÒÃ
·´ÅÍ§â´Âãª#à«ÅÅ"áÊ§ÍÒ·ÔµÂ"¡ÃÐáÊµÃ§¢¹Ò´¾×é¹·ÕèÃÑº
áÊ§!100!m2!¾ºÇ Ò¡ÒÃ¼ÅÔµäÎâ´Ãà¨¹â´Âãª#¡ÃÐáÊä¿¿&Ò
·Õè¼ÅÔµ¨Ò¡à«ÅáÊ§ÍÒ·ÔµÂ"ÁÕ¤ÇÒÁà»$¹ä»ä #́! 
 ¨Ò¡¡ÒÃ»ÃÐàÁÔ¹»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº¼ÅÔµ¹éíÒÃ#Í¹
¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ"!â´Â¡ÒÃ¤íÒ¹Ç³ #́ÇÂÊÁ¡ÒÃ·Õè!(3) 
áÅÐ!(4) ¾ºÇ Òã¹ª Ç§àÇÅÒ·ÕèÃÐººà¢#Òã¡Å#ÊÀÒÇÐ¤§µÑÇ
ÁÒ¡·ÕèÊØ´!)ª Ç§!11:00-11:50 áÅÐ!12:30-14:00!áÊ´§ Ñ́§
ÃÙ»·Õè!7)!ÃÐººÁÕ»ÃÐÊÔ·¸ÔÀÒ¾ Ñ́§áÊ´§ã¹µÒÃÒ§·Õè!1  

 
ÃÙ»·Õè!7!ã¹ª Ç§àÇÅÒ·ÕèÃÐººà¢#Òã¡Å#ÊÀÒÇÐ¤§µÑÇÁÒ¡·ÕèÊØ´ 

 
µÒÃÒ§·Õè 1 »ÃÐÊÔ·¸ÔÀÒ¾¢Í§ÃÐºº!PV/T 

Ê Ç¹·Õè¾Ô¨ÒÃ³Ò!)ÊÁ¡ÒÃ·Õèãª#+ »ÃÐÊÔ· Ô̧ÀÒ¾ 

- ÃÐººà«ÅáÊ§ÍÒ·ÔµÂ"!¼ÅÔµä¿¿&Ò!(2) 8.29% 
- ÃÐºº¼ÅÔµ¹éíÒÃ#Í¹!(4) 17.68% 
- ÃÐºº!PV/T â´ÂÃÇÁ!(5) 25.97% 
- » Ô̄¡Ã³"¼ÅÔµá¡ÊäÎâ´Ãà¨¹!(7) 7.01% 
- ÃÐºº¼ÅÔµá¡ÊäÎâ´Ãà¨¹ #́ÇÂ!PV/T!

(8) 
0.06% 

 
4. ÊÃØ»¼Å¡ÒÃÈÖ¡ÉÒ 

ÃÐºº¼ÅÔµá¡%ÊäÎâ´Ãà¨¹·Õèãª#¾ÅÑ§§Ò¹ä¿¿&ÒáÅÐ¤ÇÒÁ
Ã#Í¹·Õè¼ÅÔµÁÒ¨Ò¡ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹
áÊ§ÍÒ·ÔµÂ"¶Ù¡·´ÊÍºà¾×èÍËÒ¤ Ò»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐºº
·Ñé§¡ÒÃÇÔà¤ÃÒÐË"»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§ÃÐººÂ ÍÂáÅÐÃÐºº
â´ÂÃÇÁ!¼Å¡ÒÃÈÖ¡ÉÒ¾ºÇ ÒÃÐººÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾¢Í§à«Å
áÊ§ÍÒ·ÔµÂ"ÁÕ¤ Ò¤ Í¹¢#Ò§µèíÒà· Ò¡Ñº!8.29% «Öè§¾ÅÑ§§Ò¹
ä¿¿&Ò·Õè¼ÅÔµä #́¨Ò¡à«ÅáÊ§ÍÒ·ÔµÂ"·Õè¼ÅÔµä #́ã¹»ÃÔÁÒ³·Õè
¹#ÍÂ¹Õé¶Ù¡¹íÒä»ãª#ã¹¡ÒÃ¼ÅÔµá¡ÊäÎâ´Ãà¨¹ #́ÇÂÇÔ¸ÕáÂ¡¹éíÒ
#́ÇÂä¿¿&Ò! Ö̈§¼ÅÔµä¿¿&Òä #́ã¹»ÃÔÁÒ³µèíÒ!»ÃÐ¡Íº¡Ñº

» Ô̄¡Ã³"¡çÁÕ»ÃÐÊÔ·¸ÔÀÒ¾¤ Í¹¢#Ò§µèíÒà· Ò¡Ñº!7.01% áÁ#Ç Ò

¨ÐÁÕ¡ÒÃà¾ÔèÁÍØ³ËÀÙÁÔ¢Í§ÍÔàÅç¡âµÃäÅµ"â´Âãª#¹éíÒÃ#Í¹¨Ò¡
ÃÐºº¼ÅÔµ¹éíÒÃ#Í¹«Öè§ÁÕ»ÃÐÊÔ· Ô̧ÀÒ¾ÊÙ§»ÃÐÁÒ³!25.97% 
Ö̈§ÁÕ»ÃÔÁÒ³ÁÒ¡à¡Ô¹¤ÇÒÁµ#Í§¡ÒÃ!¨Ò¡¼Å¡ÒÃ·´ÊÍº

áÊ´§ãË#àËç¹Ç Ò»ÃÐÊÔ·¸ÔÀÒ¾àªÔ§¾ÅÑ§§Ò¹¢Í§ÃÐºº·ÕèàÊ¹Í
ÁÕ¤ ÒµèíÒÁÒ¡à¾ÕÂ§!0.06% à· Ò¹Ñé¹!«Öè§ Ø̈´·Õèµ#Í§»ÃÑº»ÃØ§¤×Í
ãË# Ṍ¢Öé¹à¾×èÍãË#»ÃÐÊÔ· Ô̧ÀÒ¾ÃÇÁÊÙ§¢Öé¹¹Ñé¹! í̈Òà»$¹µ#Í§
»ÃÑº»ÃØ§·Ñé§ÃÐºº¼ÅÔµä¿¿&Ò #́ÇÂà«ÅáÊ§ÍÒ·ÔµÂ"áÅÐ
» Ô̄¡Ã³"¼ÅÔµá¡ÊäÎâ´Ãà¨¹!«Öè §ÃÐººÂ ÍÂ·Ñé §ÊÍ§ÁÕ
»ÃÐÊÔ·¸ÔÀÒ¾¤ Í¹¢#Ò§µèíÒ 
 

5. ¡ÔµµÔ¡ÃÃÁ»ÃÐ¡ÒÈ 
 ¼Ù#à¢ÕÂ¹º·¢Í¤ÇÒÁ¢Íº¤Ø³¤³ÐÇÔÈÇ¡ÃÃÁÈÒÊµÃ"!
ÁËÒÇÔ·ÂÒÅÑÂà·¤â¹âÅÂÕÃÒªÁ§¤Å Ņ̃ºØÃÕ!·ÕèÊ¹ÑºÊ¹Ø¹
§º»ÃÐÁÒ³ã¹¡ÒÃÇÔ¨ÑÂáÅÐà¼Âá¾Ã º·¤ÇÒÁ¤ÃÑé§¹Õé! 
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[10] ¾§É"ÈÑ¡ Ốì !¾ÙÅÈÃÕ, ÁÒ¹¾!áÂ#Áá¿§ , Ñ̈¡ÃÇÒÅ!ºØ
ËÇÒ¹!áÅÐ!ºØ³Â"Ä·¸Ôì!»ÃÐÊÒ·á¡#Ç, ¡ÒÃÈÖ¡ÉÒÊÁÃÃ¶¹Ð
¢Í§ÃÐºº¼ÅÔµä¿¿&ÒáÅÐ¹éíÒÃ#Í¹¾ÅÑ§§Ò¹áÊ§ÍÒ·ÔµÂ", ¡ÒÃ
»ÃÐªØÁÇÔªÒ¡ÒÃà¤Ã×Í¢ ÒÂÇÔÈÇ¡ÃÃÁà¤Ã×èÍ§¡ÅáË §»ÃÐà·È
ä·Â!¤ÃÑé§·Õè!28, 15-17 µØÅÒ¤Á!2557. 
[11] Duffie, J.A. and Beckman, W.A. (1991).  Solar 
Engineering of Thermal Processes, second ed. 
John Wiley, New York. 
 

ETM-09


