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Abstract

The present investigation describes the construction and experimentation of 

²¹©や±©œ̶°やØ-Ø°º½や̶Æ±©°ÆØ°±³±ı-ºや¹̶²Ø°や̶±や¹©°øı-ºやS³ıŁや̶-Łやı²±や±ıß³œ̶²ı©-や
in Computational Fluid Dynamics (CFD). For Absorber A with rectangular 

cross section and Absorber B with circular cross section, water temperature 

was calculated using solar radiation and ambient temperature measure-

ments showing increases of up to 62.5°C for both absorbers. The maximum 

²æØ°ß©±ı¬æ©-ıªや S©¹やßØ̶±³°ØßØ-²や ı-や"Æ±©°ÆØ°や"や¹̶±や ｷｰœのæや ̶-Łや ｷｹœのæや ı-や
"Æ±©°ÆØ°や#╆や0-や²æı±やÆ̶±ı±╇やR-ı²ØやØœØßØ-²やßØ²æ©Łや̶-Łや$'%や¹Ø°Øや³±ØŁや²©や̶-̶-

œ½¾Øや²æØやŁıTØ°Ø-ªØやÆØ²¹ØØ-やÆ©²æやS©¹±╇や¹ı²æやｴｵ╇やｵｰ╇やｵｵ╇やｶｰ╇やｶｵや̶-Łやｷｰやœのæや̶±や
simulation values. With the simulation results the Reynolds numbers were 

ŁØ²Ø°ßı-ØŁ╇やR-Łı-ºや²æ̶²や²æØやß̶¼ıß³ßやS©¹や〉ｷｰやœのæ《やºıµØ±や²æØやœ̶°ºØ±²や3Ø½--

©œŁ±や-³ßÆØ°やµ̶°ı̶²ı©-╈やｲｵや┙や3Øや┙やｱｱｵやŒ©°や"Æ±©°ÆØ°や"や̶-Łやｱｹｹや┙や3Øや┙やｲｳｵやŒ©°や
"Æ±©°ÆØ°や#╆や8ı²æや ̶や ±ß̶œœØ°やµ̶°ı̶²ı©-や ı-や"Æ±©°ÆØ°や#╇や ²æØやS©¹や̶²や ̶œœやŁ³ª²±や
turns out to be more uniform, which results in more ducts transferring heat 

²©や²æØや¹©°øı-ºやS³ıŁ╆
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Introduction

Solar energy collection as a topic of renewable energy 

has been the primary interest of many researchers for 

the past two centuries, because it can reduce the cost of 

Ł©ßØ±²ıªや¹̶²Ø°やæØ̶²ı-ºや³¬や²©やｷｰゾ╆や.©°Øや̶mØ-²ı©-や¹̶±や
¬̶ıŁや²©や²æı±や²©¬ıªやı-や²æØやØ̶°œ½やｷｰ±やŁ³Øや²©や²æØやºœ©Æ̶œや©ıœや
ª°ı±ı±や©Œやｱｹｷｳや〉4Øœßıやet al╆╇やｲｰｰｸ《╇やı-ª°Ø̶±ı-ºや²æØや-ØØŁやŒ©°や
ÆØmØ°やæØ̶²や̶Æ±©°¬²ı©-ま¬Ø°Œ©°ß̶-ªØや ı-や ²æØやØ®³ı¬ßØ-²╆や
*-や ²æØや ŁØ±ıº-や ̶-Łや ª©-Rº³°̶²ı©-や ©Œや ±©œ̶°や æØ̶²ı-ºや ±½±-
tems, Naewngerndee et al╆や 〉ｲｰｱｱ《やæ̶±やŁØµØœ©¬ØŁや̶や °Ø-

±Ø̶°ªæや©-やS©¹±や¹ı²æやª½œı-Ł°ıª̶œやºØ©ßØ²°½╇やØµ̶œ³̶²ı-ºや
²æØや¬Ø°Œ©°ß̶-ªØや¹æØ-や²æØ±ØやS©¹±や̶°Øや¬œ̶ªØŁやı-やœ©-º╇や
±®³̶°Øや̶-Łや¹ıŁØや̶°°̶½やß©Ł³œØ±╇や°Ø±³œ²ı-ºやı-や̶-や©¬²ıßı-
¾̶²ı©-や©Œや²æØやS©¹やŒ°©ßやｱやœのßı-や²©やｳやœのßı-や¹æØ-や±®³̶°Øま
array modules are used. Design and validation were 

Ł©-Øや³±ı-ºや²æØやR-ı²ØやØœØßØ-²やßØ²æ©Łや¹æıªæや¹̶±や±©œµØŁや
¹ı²æや $'%╆や .©°Ø©µØ°や ;æ³や et al╆や 〉ｲｰｱｱ《や Øµ̶œ³̶²ØŁや ²æØや
̶ß©³-²や ©Œや æØ̶²や ²æ̶²や ̶ª²±や ©-や ̶や ±³°Œ̶ªØや¹æØ-や ²æØやS³ıŁや
velocity varies, validating the simulation results by 

$'%╆や,³ß̶°や ̶-Łや 4̶ı-ıや 〉ｲｰｰｸ《や Æ³ıœ²や ̶や ±©œ̶°や ̶ı°や æØ̶²Ø°や
̶-Łや³±ØŁや$%'や²©やØµ̶œ³̶²Øや²æØやæØ̶²や²°̶-±ŒØ°やØTØª²や©-や̶や
bow-shaped geometry working with the Reynolds 

-³ßÆØ°や̶-Łや²æØやøまむやß©ŁØœや³±ØŁや©-や²æı±やı-µØ±²ıº̶²ı©-╆
(°©±±ß̶-や̶ -Łや;µı°ı-や〉ｱｹｷｷ《やª©-Ł³ª²ØŁやØ¼¬Ø°ıßØ-²±や

in a parallel-plate absorber which would be very simi-

lar to one single channel of Absorber A in this study. 

Evaluating the separation between the plates to deter-

ßı-Øや²æØı°やØUªıØ-ª½╇や(°©±±ß̶-やª©-ªœ³ŁØŁや²æ̶²や°ØŁ³ª-

ı-ºや ²æØや ±Ø¬̶°̶²ı©-や ı-ª°Ø̶±Ø±や ²æØや ØUªıØ-ª½╆や )©¹ØµØ°╇や
reducing the separation between the plates also de-

ª°Ø̶±Ø±や²æØやS©¹や°̶²Ø±╆や5æı±や²½¬Øや©ŒやºØ©ßØ²°½や¬°©µıŁØ±や

æıºæや ª©-²̶ª²や ̶°Ø̶や ÆØ²¹ØØ-や ²æØやS³ıŁや ̶-Łや ²æØや ̶Æ±©°ÆØ°や
surface exposed to solar radiation.

The main objective of this research is to evaluate the 

performance of two types of absorbers: One with pipes 

and the other with rectangular ducts, through the con-

struction, experimentation, theoretical formulation and 

ı²±や±ıß³œ̶²ı©-や©ŒやS©¹や̶-ŁやæØ̶²や²°̶-±ŒØ°╆

Experimental

Eqpuvtwevkqp"qh"rtqvqv{rg

5æØや ±©œ̶°や æØ̶²Ø°や æ©³±ı-ºや 〉'ıº³°Øや ｱ《や¹ı²æや ŁıßØ-±ı©-±や
ｰ╆ｰｹｵやßやæıºæ╇やｱ╆ｰｰやßや¹ıŁØや̶-Łやｱ╆ｶｰやßや œ©-ºや¹̶±やÆ³ıœ²や
¹ı²æや $まｱｵｰや ±²ØØœや ¬°©RœØや 〉Œ°̶ßØ《や ̶-Łや ｲｲや º̶³ºØや º̶œµ̶-

nized steel sheet. The joints were sealed with silicone to 

prevent air leakage and the inner part was covered with 

̶やｰ╆ｰｲやßま²æıªøや¬©œ½±²½°Ø-Øや¬œ̶²Ø╆や"Æ±©°ÆØ°や"や¹̶±やÆ³ıœ²や
©Œや©-Øや｠;ı-²°©をやªæ̶--Øœま±æ̶¬ØŁや±²ØØœや¬œ̶²Øや〉ｰ╆ｰｱやßやæıºæ╇や
ｰ╆ｸｹやßや¹ıŁØや̶-Łやｱ╆ｴｷやßやœ©-º《や¹ØœŁØŁや²©や̶やS̶²やｲｲやº̶³ºØや
º̶œµ̶-ı¾ØŁや ±²ØØœや ±æØØ²╇や Œ©°ßı-ºや ｱｰや °Øª²̶-º³œ̶°や ª°©±±や
±Øª²ı©-やªæ̶--Øœ±や〉ｰ╆ｰｱやßやæıºæ╇やｰ╆ｰｸやßや¹ıŁØや̶-Łやｱ╆ｴｷやßや
œ©-º《や ±Ø¬̶°̶²ØŁや ｰ╆ｰｱやßや Œ°©ßや Ø̶ªæや ©²æØ°╆や 5æØや Œ©°ßØŁや
channels were welded to two heads of galvanized pipe 

〉ｰ╆ｰｳｸｱやßやŁı̶ßØ²Ø°や̶-Łやｱ╆ｱｰやßやœ©-º《や̶-Łや²æØやØ-²ı°Øや̶Æ-

sorber painted with fast dry black paint. Absorber B 

¹̶±や Æ³ıœ²や¹ı²æや -ı-Øや ª©¬¬Ø°や ¬ı¬Ø±や 〉ｰ╆ｰｱｲｷやßやŁı̶ßØ²Ø°や
̶-Łやｱ╆ｴｷやßやœ©-º《や±Ø¬̶°̶²ØŁやｰ╆ｰｹやßやŒ°©ßやØ̶ªæや©²æØ°や̶-Łや
¹ØœŁØŁや²©や²¹©やæØ̶Ł±や©Œやª©¬¬Ø°や¬ı¬Øや〉ｰ╆ｰｳｸｱやßやŁı̶ßØ²Ø°や
̶-Łやｱ╆ｱｰやßやœ©-º《╆や-ıøØや"Æ±©°ÆØ°や"╇や²æØや¹æ©œØや̶Æ±©°ÆØ°や
¹̶±や¬̶ı-²ØŁや¹ı²æやŒ̶±²やŁ°½やÆœ̶ªøや¬̶ı-²╆や5æØやª©µØ°やı±や̶やS̶²や
°Øª²̶-º³œ̶°や¹ı-Ł©¹まºœ̶±±やｰ╆ｰｰｴやßや ²æıªø╇やｱ╆ｰｰやßや¹ıŁØや

Resumen 

La presente investigación describe la construcción y la experimentación de dos ab-

±©°ÆØŁ©°Ø±やŁØやØ-Ø°ºç̶や±©œ̶°や®³Øや³²ıœı¾̶-や̶º³̶やª©ß©やS³ıŁ©やŁØや²°̶Æ̶ł©や½や±³や±ıß³œ̶ªıŸ-や
Ø-や Łı-Àßıª̶や ŁØや S³ıŁ©±や ª©ß¬³²̶ªı©-̶œや 〉$'%《╆や 1̶°̶や Øœや ̶Æ±©°ÆØŁ©°や"や ª©-や ±ØªªıŸ-や
transversal rectangular y el absorbedor B con sección transversal circular, la tempe-

ratura del agua se calculó utilizando la radiación solar y las mediciones de tempera-

²³°̶や̶ßÆıØ-²Øやß³Ø±²°̶-やı-ª°ØßØ-²©±やŁØやæ̶±²̶やｶｲ╆ｵ┱$や¬̶°̶や̶ßÆ©±や̶Æ±©°ÆØŁ©°Ø±╆や-̶や
ßØŁıªıŸ-やŁØœやS³ł©や²Ø°ß©±ıŒŸ-ıª©やßÀ¼ıß©やØ-やØœや̶Æ±©°ÆØŁ©°や"やŒ³ØやŁØやｷｰœのæや½やØ-やØœや̶Æ-

±©°ÆØŁ©°や#やŁØやｷｹœのæ╆や4©Æ°ØやØ±²̶やÆ̶±Ø╇やØœやßÔ²©Ł©やŁØやØœØßØ-²©やR-ı²©や½や$'%や±Øや³²ıœı¾̶や
¬̶°̶や̶-̶œı¾̶°やœ̶やŁıŒØ°Ø-ªı̶やØ-²°Øや̶ßÆ©±やS³ł©±╇やª©-やｴｵ╇やｵｰ╇やｵｵ╇やｶｰ╇やｶｵや½やｷｰœのæやª©ß©や
µ̶œ©°Ø±やŁØや±ıß³œ̶ªıŸ-╆や$©-やœ©±や°Ø±³œ²̶Ł©±やŁØやœ̶や±ıß³œ̶ªıŸ-や±ØやŁØ²Ø°ßı-̶°©-やœ©±や-1-

ßØ°©±やŁØや3Ø½-©œŁ±╇や Ø-ª©-²°À-Ł©±Øや ®³Øや Øœや ª̶³Ł̶œやßÀ¼ıß©や 〉ｷｰœのæ《や ©Œ°ØªØや œ̶やß̶½©°や
µ̶°ı̶ªıŸ-やŁØœや-1ßØ°©やŁØや3Ø½-©œŁ±╈やｲｵや┙や3Øや┙やｱｱｵや¬̶°̶やØœや̶Æ±©°ÆØŁ©°や"や½やｱｹｹや┙や3Øや┙や
ｲｳｵや¬̶°̶やØœや̶Æ±©°ÆØŁ©°や#╆や$©-や³-̶やµ̶°ı̶ªıŸ-やßØ-©°やØ-やØœや̶Æ±©°ÆØŁ©°や#╇やØœやS³ł©やØ-や
²©Ł©±やœ©±やª©-Ł³ª²©±や°Ø±³œ²̶や±Ø°やßÀ±や³-ıŒ©°ßØ╇やœ©や®³Øやıß¬œıª̶やßÀ±やª©-Ł³ª²©±や²°̶-±R-

°ıØ-Ł©やª̶œ©°や̶œやS³ıŁ©やŁØや²°̶Æ̶ł©╆

Descriptores: 

̋" hnwlq"guvtwevwtcn
̋" eqngevqt"uqnct"rncpq
̋" ukowncek„p"gp"EHF
̋" vtcpuhgtgpekc"fg"ecnqt
̋" tcfkcek„p"uqnct
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̶-Łやｱ╆ｶｰやßやœ©-º╆や5æØや¹̶²Ø°や²̶-øやı±やŒ©°ßØŁやÆ½や²¹©やª©--

ªØ-²°ıªやª½œı-ŁØ°±╆や5æØやŁı̶ßØ²Ø°±や̶°Øやｰ╆ｵｲやßやŒ©°や²æØやı--Ø°や
ª½œı-ŁØ°や̶-Łやｰ╆ｷｲやßやŒ©°や²æØや©³²Ø°や©-Øや̶-Łや²æØやœØ-º²æ±や
ｰ╆ｷｲやßや̶-Łやｰ╆ｹｲやß╇や°Ø±¬Øª²ıµØœ½╆や5æØや±¬̶ªØやÆØ²¹ØØ-や²æØや
²¹©やª½œı-ŁØ°±や¹̶±やRœœØŁや¹ı²æや¬©œ½³°Ø²æ̶-ØやŒ©̶ß╆

Oqfgnkpi"ÑCpu{u"YqtmdgpejÒ"Ï"vjg"rtgrtqeguu

5æØやŁ©ß̶ı-やºØ©ßØ²°½や©Œや²æØやS³ıŁや¹̶±や¬°Ø¬̶°ØŁや³±ı-ºや
｠%Ø±ıº-や .©ŁØœØ°を╆や 1æ½±ıª±や 1°ØŒØ°Ø-ªØ╇や $'%╇や .Ø±æや
.Ø²æ©Łや̶-Łや$'9ま.Ø±æや¹Ø°Øやª©-±ıŁØ°ØŁやŒ©°や²æØやßØ±æ-

ı-º╆や5æØやŒ̶ªØや±¬̶ªı-ºや±Ømı-º±やŒ©°や"Æ±©°ÆØ°や"や¹Ø°Øや ²æØや
Œ©œœ©¹ı-º╈やØŁºØやœØ-º²æやÆØ²¹ØØ-やｰ╆ｰｰｴやßや̶-Łやｰ╆ｰｸやß╉や5æØや
̶-º³œ̶°や°Ø±©œ³²ı©-やŒ©°や²æØや²©¬や̶-ŁやÆ©m©ßや±³°Œ̶ªØ±や¹̶±や
±Ø²や²©やｳｰ┱╉や²æØや̶-º³œ̶°や°Ø±©œ³²ı©-やŒ©°や²æØやœ̶²Ø°̶œや±³°Œ̶ªØ±や
©Œや²æØやªæ̶--Øœや¹̶±や±Ø²や²©やｱｸ┱╉や²æØやØŁºØやœØ-º²æやŒ©°や²æØやæØ̶Łや
¬ı¬Ø±や¹̶±や±Ø²や²©やｰ╆ｰｰｵやßや¹ı²æや̶やß̶¼ıß³ßや²æıªø-Ø±±やı--

S̶²ı©-や©Œやｰ╆ｰｸやß╆や5æØやŒ̶ªØや±¬̶ªı-ºや±Ømı-º±やŒ©°や"Æ±©°ÆØ°や
#や¹Ø°Øや²æØやŒ©œœ©¹ı-º╈やŒ©°や²æØやｰ╆ｰｱｲｷやßやŁı̶ßØ²Ø°や¬ı¬Ø╇や²æØや
ØŁºØやœØ-º²æや¹̶±や±Ø²やÆØ²¹ØØ-やｰ╆ｰｰｵやßや̶-Łやｰ╆ｰｲｵやß╇や¹ı²æや
ｳｰ┱やı-や²æØや̶-º³œ̶°や°Ø±©œ³²ı©-╉やŒ©°や²æØやæØ̶Łや¬ı¬Ø±や²æØやØŁºØや
œØ-º²æや¹̶±や ±Ø²や ÆØ²¹ØØ-や ｰ╆ｰｰｵやßや ̶-Łや ｰ╆ｰｰｸやßや ̶-Łや ²æØや
ß̶¼ıß³ßや²æıªø-Ø±±やı-S̶²ı©-や¹̶±や±Ø²や²©やｰ╆ｰｲｵやß╇やºØ-Ø°-
ating the mesh shown in Figure 2.

System equations

Jgcv"vtcpuhgt

"±や±æ©¹-やı-や'ıº³°Øやｳやª©-±ıŁØ°ı-ºや²æ̶²や²æØ°Øやı±や-©や̶Æ-

sorption of solar energy in the glass, the radiosity for 

the absorber is: Jｱ = EÆｱ and the energy supplied to sur-

Œ̶ªØやｱやı±

 ｲ ｱ
ｱ

( )e

4

kq q
T T

" ¼ "

×× Ù? / -Ù F ÙÚ Ú
や 〉ｱ《

Considering the radiant exchange

 * +ｱ ｱｲ ｲ ｲ ｱ       
i

4

e
b

k q
E F J T T

¼ "
×/ ? / - ÙF Ú  (2)

The global energy balance of surface 2 is

 * + * + * +2
ｲ ｲ ｲ ｲ ｱ ｳ ｲ

2

2
ｱ

e
b i e

k
E J J T T h T T

x

g / / ? / - // g F や 〉ｳ《

Hkiwtg"30"Uqnct"jgcvgt"eqorqpgpvu=""
3"Jqwukpi."4"Rqn{uv{tgpg"Rncvg.""
5"Cduqtdgt"C."6"Cduqtdgt"D."7"Incuu

Hkiwtg"40"Ogujkpi"qh"cduqtdgtu""
C"*nghv+"cpf"D"*tkijv+ C" " " " D



Analysis of Flow and Heat Transfer in a Flat Solar Collector with Rectangular and Cylindrical Geometry Using CFD

Ingeniería Investigación y Tecnología, volumen XIV (número 4), octubre-diciembre 2013: 553-561 ISSN 1405-7743 FI-UNAM556

For the global system, the absorbed solar energy must 

in the end be transferred to the exterior of the glass by 

convection and radiation

 * + * +ｲ ｳ ｲ ｲ ｳ
4

b b

q
h T T E E

"
× ? / - g /ÙÚ や 〉ｴ《

The lost radiation through the outer surface of the 

glass is

* + * + 2
ｲ ｲ ｳ ｲ ｲ

2
ｱb b b e

rad

q
E E E J

"
g× ? g / ? /Ù / gÚ  (5)

The heat exchange from the absorber to the working 

S³ıŁ

* +ｱ ｰ

,

,

 
ｱa bs rad

a b w

T Tq q

x" "
k h

Ç ×È Ù/× × È Ù/ ?Ù Ù È ÙÃ ÔFÚ Ú È Ù-Ä ÕÄ ÕÈ ÙÅ ÖÉ Ú
 (6)

Finally obtaining Tｰや , which is the temperature of the 

¹©°øı-ºやS³ıŁや〉)©œß̶-╇やｲｰｰｱ《

Hnwkf"ogejcpkeu

The independent parameters included are the Reyn-

olds number and the geometry of each Absorber. The 

Reynolds number is based on the hydraulic diameter: 

 h
v D

Re
t? o やや 〉ｷ《

For the geometry of Absorber A

* +ｴ
 
2h

WH
D

W H
? - やや 〉ｸ《

For the geometry of Absorber B, Dh is the diameter of 

²æØやｰ╆ｰｱｲｷやßやŁı̶ßØ²Ø°や¬ı¬Øや〉&œ±æ̶ŒØıやet al╆╇やｲｰｱｰ《╆

5æØやS³ıŁや ı-²Ø°̶ª²ı©-や¹ı²æや ı²±や ±³°°©³-Łı-º±や ª̶-やÆØや
ª̶œª³œ̶²ØŁや³±ı-ºやª©ß¬³²̶²ı©-̶œや²©©œ±や¹æØ-やı²や°Ø®³ı°Ø±や
thousands of calculations. In these complex situations it 

is almost impossible to manually do the calculations. 

5æØやª©ß¬³²̶²ı©-̶œや²©©œ±やª̶œª³œ̶²ØやS³ıŁや¬°©¬Ø°²ıØ±や¬©ı-²や
Æ½や¬©ı-²や Œ©°や Ø̶ªæや¬°©ªØ±±や ̶-Łや ²æØやß̶²æØß̶²ıª̶œやS³ıŁや
relations are often solved numerically with a computer. 

5æØや¬æ½±ıª̶œや̶±¬Øª²±や©Œや̶-½やS³ıŁやS©¹や̶°Øやº©µØ°-ØŁやÆ½や
²æ°ØØやŒ³-Ł̶ßØ-²̶œや¬°ı-ªı¬œØ±╈や5æØやª©-²ı-³ı²½やØ®³̶²ı©-╈

* + ｰ
v

Vdsdv
t

• - t ?t• ÐÐÐÐ Ð や 〉ｹ《

/Ø¹²©-‒±や4Øª©-Łや-̶¹や©Œや.©²ı©-╈

 
xy yz zx

x

1'¼ Ł¼Ł½Ł¾ Œ Ł¼Ł½Ł¾
x x y z

Ã •v •v Ô•v•? / - - - - tÄ ÕÄ Õ• • • •Å Ö や 〉ｱｰ《

and energy conservation.

The CFD software tool can replace integrals and 

partial derivatives with discretized algebraic forms, 

¹æıªæや̶²や ²æØや ±̶ßØや ²ıßØや̶°Øや ±©œµØŁや ²©や©Æ²̶ı-や ²æØやRØœŁや
¬̶°̶ßØ²Ø°±や ©Œや ²æØや S©¹や ı-や Łı±ª°Ø²Øや ¬©ı-²±╇や ²ıßØや ̶-Łや
±¬̶ªØや〉,̶°ß̶°Øや̶-Łや5ıøØø̶°╇やｲｰｱｰ《╆

Test conditions

Rtqvqv{rg"fcvc

5æØやØ¼¬Ø°ıßØ-²̶²ı©-や¹̶±やŁØµØœ©¬ØŁやŁ³°ı-ºや.̶½やｲｰｱｰ╇や
ı-や²æØやªı²½や©Œや4̶-や+³̶-やŁØœや3ç©╇や±²̶²Øや©Œや2³Ø°Ô²̶°©╇や.Ô¼ı-
ª©╉やı²やı±やœ©ª̶²ØŁやｲｰ┱やｲｳ‒/╇やｹｹ┱やｵｹ‒や8╇や¹ı²æやæıºæや±©œ̶°や°̶-

diation levels during the year. The collectors were side 

Æ½や±ıŁØや¹ı²æや̶-やı-ªœı-̶²ı©-や̶-ºœØやØ®³̶œや²©や²æØや¬œ̶ªØやœ̶²ı-
tude for both collectors. Between the thermo tank and 

²æØや±©œ̶°やª©œœØª²©°±や²æØ°Øや¹̶±や̶やµØ°²ıª̶œやŁı±²̶-ªØや©Œやｰ╆ｲｵや
m to prevent the return of water overnight according to 

Rudnick et al╆や〉ｱｹｸｶ《╆
Solar radiation was measured with an Eppleypyrheli-

©ßØ²Ø°やß©ŁØœや/*1╇やª̶¬̶ÆœØや©ŒやßØ̶±³°ı-ºや̶や°̶-ºØや©ŒやŒ°©ßや

Hkiwtg"50"Eqpvtqn"xqnwog"hqtogf"d{"vjtgg"
uwthcegu
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ｰや²©やｱｴｰｰや8ß–2╇やß©³-²ØŁや©-や̶ や±©œ̶°や²°̶ªøØ°や45まｱ╆や5æØや̶ ß-

ÆıØ-²や²Øß¬Ø°̶²³°Øや¹̶±やœ©ººØŁや¹ı²æや̶や%#まｵｳｵやŁ̶²̶やª©œœØª-
tor. With the radiation and ambient temperature data, the 

heat transfer model was solved to determine the working 

S³ıŁや²Øß¬Ø°̶²³°Ø╆や5æØや°Ø±³œ²±や̶°Øや±æ©¹-やı-や'ıº³°Øやｴ╆
Water temperature was measured at the zenith time, 

¹ı²æや̶やŁ̶²̶やª©œœØª²©°や%#まｵｳｵやØ®³ı¬¬ØŁや¹ı²æや̶-や34まｲｳｲや
communication port, programmable sampling rate and 

Ł̶²̶や %#ま-̶Æや ¬°©ªØ±±ı-ºや ±½±²Øß╆や.Ø̶±³°ØßØ-²±や ¹Ø°Øや
©Æ²̶ı-ØŁや̶œ©-ºや²æØやªæ̶--Øœ±╇や¹æØ°Øや¬©ı-²やｱや¹̶±やœ©ª̶²ØŁや
-Ø̶°や²æØやæØ̶Łやı-œØ²や̶-Łや¬©ı-²やｷや-Ø̶°や²æØやæØ̶Łや©³²œØ²╇や²æØや
rest of the points were distributed evenly throughout 

each channel or pipe (depending on the absorber). Fig-

ure 5 shows the typical temperatures reached on chan-

-Øœ±やｱ╇やｶ╇や̶-Łやｱｰや©Œや"Æ±©°ÆØ°や"や̶-Łや¬ı¬Ø±やｱ╇やｶ╇や̶-Łやｹや©Œや
Absorber B.

A Blue-White®やS©¹やßØ²Ø°╇や¹ı²æやßØ̶±³°ØßØ-²や°̶-ºØや
Œ°©ßやｰ╆ｴや²©やｴ╆ｰやœのßı-╇や¹̶±やª©--Øª²ØŁやı-や±Ø°ıØ±やÆØ²¹ØØ-や
the collector and the thermo tank. The temperature of 

the water contained in the thermo tank was measured 

¹ı²æや̶やŁ̶²̶やª©œœØª²©°や%#まｵｳｵ╆や5æØや°Ø±³œ²±や̶°Øや±æ©¹-やı-や
Figure 6.

Cpcn{uku"kp"EHF

Flow analysis was developed in CFD considering: The 

general domain as water, a Thermal Energy process, 

²æØやøまむやß©ŁØœ╇や̶やｸｰｰや8のß2やæØ̶²やS©¹や©-や²æØや¹̶œœ╇や̶やｱｲ╆ｱｷや
¼やｱｰまｳやßの±やØ-²°½やS©¹やµØœ©ªı²½╇や̶やｲｹｳや,や²Øß¬Ø°̶²³°Øや̶-Łや
̶やｰ╆ｰｰや1̶や©³²œØ²や°Øœ̶²ıµØや¬°Ø±±³°Ø╆や5æØや°Ø±³œ²±や̶°Øや±æ©¹-や
ı-や'ıº³°Øやｷ╆

Hkiwtg"60"Õ"Uqnct"tcfkcvkqp.""
ﾖ"codkgpv"vgorgtcvwtg.""
ゴ"ecnewncvgf"ycvgt""vgorgtcvwtg""
kp"cduqtdgt"C.""
+"ecnewncvgf"ycvgt"vgorgtcvwtg""
kp"cduqtdgt"D
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Results and discussion

Vjgtocn"rtqhkng

With the solar radiation and ambient temperature data 

applied to the theoretical heat transfer model the water 

temperature is obtained. The results are shown in Figure 

ｴ╆や5æØ±Øやª̶œª³œ̶²ØŁや°Ø±³œ²±や̶°Øやª©-±ı±²Ø-²や¹ı²æや²æØやØ¼¬Ø°ı-
mental data shown in Figure 5. The water temperature is 

similar in both absorbers according to the theoretical 

〉'ıº³°Øやｴ《や ̶-ŁやØ¼¬Ø°ıßØ-²̶œや 〉'ıº³°Øやｵ《や °Ø±³œ²±╆や"-やｸや,や
variation is noticed in the experimental results when 

measuring the temperature between the inlet and outlet 

water for both absorbers. The maximum variation be-

²¹ØØ-やŁ³ª²±やı±やｳ╆ｴや,やŒ©°やÆ©²æや̶Æ±©°ÆØ°±╆や$©-±ıŁØ°ı-ºや²æı±や
low temperature increases according to the thermal test-

ı-ºや²æØ°Øや±æ©³œŁやÆØや̶ や±ıßıœ̶°や²æØ°ß©±ı¬æ©-ıªやØTØª²やŒ©°や̶ œœや
Ł³ª²±╆や)©¹ØµØ°╇や²æØやS©¹やßØ̶±³°ØßØ-²やµ̶œ³Ø±や〉'ıº³°Øやｶ《や
±æ©¹やŁıTØ°Ø-²や°Ø±³œ²±╈や5æØ°Øやı±や̶やÆıººØ°や̶°Ø̶や³-ŁØ°や²æØや
S©¹やª³°µØやŒ©°や"Æ±©°ÆØ°や#╇やºØmı-ºやæıºæØ°や²Øß¬Ø°̶²³°Øや©Œや
the water contained in the thermo tank, which repre-

±Ø-²±や̶やæıºæØ°やS©¹やª©ß¬̶°ØŁや²©や"Æ±©°ÆØ°や"╆や5æØ°ØŒ©°Ø╇や
if the temperature variation between ducts for both ab-

sorbers is similar, this could mean that the amount of 

S©¹やª̶-やÆØや̶TØª²ØŁやÆ½や²æØやS³ıŁやßØªæ̶-ıª±や̶-Łや-©²や-Øª-
Ø±±̶°ıœ½や©-œ½やÆ½や²æØ°ß̶œやØTØª²±╆

Hkiwtg"80"c+"ゴ"hnqy"qwvngv"kp"Cduqtdgt"C."〉"vgorgtcvwtg"ogcp"kp"vjgtoq"vcpm"ykvj"Cduqtdgt"C."cpf"d+"+"hnqy"qwvngv"kp"Cduqtdgt"D."ﾖ"
vgorgtcvwtg"ogcp"kp"vjgtoq"vcpm"ykvj"Cduqtdgt"D
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Hnqy"rtqhkng

One of the CFD software functions is measuring the ve-

locity at any location of the designed geometry. A simu-

œ̶²ı©-や¹̶±やß̶ŁØやµ̶°½ı-ºや²æØやS©¹やŒ°©ßやｴｵやœのæや²©やｷｰやœのæ╇や
registering the velocity values for each simulation re-

sult. The Reynolds number for each registered value 

was calculated. The results for Absorber A are shown in 

'ıº³°Øやｸ╆

Hkiwtg":0"Tg{pqnfu"pwodgt"xgtuwu"ejcppgn"hqt"cduqtdgt"C<""
Õ"67"n1j.-"72"n1j."ゴ"77"n1j."ﾖ"82"n1j."×"87"n1j."〉"92"n1j

"±や ı²や ª̶-や ÆØや -©²ıªØŁ╇や ²æØ°Øや ̶°Øや Æıºや ŁıTØ°Ø-ªØ±や ı-や ²æØや
3Ø½-©œŁ±や-³ßÆØ°±╆や5æØや°Ø±³œ²±や±æ©¹や̶やŁıTØ°Ø-ªØや©Œやｴｲや
³-ı²±や ÆØ²¹ØØ-や ªæ̶--Øœや ｱや ̶-Łや ªæ̶--Øœや ｱｰや Œ©°や ̶や ｴｵや œのæや
S©¹╇や̶-ŁやŒ©°や²æØやß̶¼ıß³ßや±ıß³œ̶²ØŁやS©¹や〉ｷｰやœのæ《や²æØや
ŁıTØ°Ø-ªØやı±やｹｰや³-ı²±╆や*²やª̶-やÆØやª©-±ıŁØ°ØŁや²æ̶²や²æØ°Øや̶°Øや

œ©¹やµØœ©ªı²ıØ±やŒ©°や²æØやR°±²やｷやªæ̶--Øœ±やª©ß¬̶°ØŁや²©やªæ̶--

-Øœ±やｸ╇やｹや̶-Łやｱｰ╆や5æØ°ØŒ©°Ø╇やØµØ-やıŒや²æØや²Øß¬Ø°̶²³°Øや̶²や
²æØやŁıTØ°Ø-²やªæ̶--Øœ±やı±や±ıßıœ̶°╇や²æØやß̶ı-やæØ̶²やª©-²°ı-
Æ³²ı©-や²©や²æØや²æØ°ß©や²̶-øやı±やß̶ŁØやß©±²œ½やÆ½や²æØやœ̶±²やｳや
channels from left to right in Absorber A.

For Absorber B, the Reynolds numbers are higher 

〉'ıº³°Øや ｹ《や ÆØª̶³±Ø╇や ̶ªª©°Łı-ºや ²©や ²æØや$'%や ±ıß³œ̶²ı©-╇や
the velocity is higher compared to Absorber A. The 

µ̶°ı̶²ı©-や©Œや²æØや3Ø½-©œŁ±や-³ßÆØ°±やÆØ²¹ØØ-やªæ̶--Øœやｱや
̶-Łやªæ̶--ØœやｹやŒ©°や̶やS©¹や©Œやｴｵやœのæやı±やｲｲや³-ı²±╇や̶-ŁやŒ©°や²æØや
ß̶¼ıß³ßや±ıß³œ̶²ØŁやS©¹や 〉ｷｰや œのæ《や ²æØやŁıTØ°Ø-ªØや ı±や ｳｶや
units. Therefore, it will have similar performances for 

all pipes, each of them transferring similar amounts of 

heat to the thermo tank. This isa possible reason why it 

æ̶±や ÆØmØ°やS©¹やµ̶œ³Ø±や ̶-Łや ª©-±Ø®³Ø-²œ½╇や æıºæØ°や ²Øß-

perature values at the thermo tank, due to the possibil-

ı²½や©ŒやÆØmØ°やS³ıŁやßØªæ̶-ıª±や¬Ø°Œ©°ß̶-ªØ╆

Eqorctkuqpu"ykvj"rtgxkqwu"yqtm

Selmi et al╆や〉ｲｰｰｸ《やª©-Ł³ª²ØŁや̶や°Ø±Ø̶°ªæや©-や±©œ̶°やª©œœØª-
²©°±╆や"やｰ╆ｰｱｲｷやßやª©¬¬Ø°や¬ı¬Ø¹̶±や¬œ̶ªØŁやı-±ıŁØや̶や¹©©ŁØ-や
housing with a glass cover. The heat absorber was com-

posed of the copper pipe and a sheet of aluminum with 

̶や¬©œ½³°Ø²æ̶-ØやÆ̶±Øや̶²や²æØやÆ©m©ß╆や5æı±や±ı-ºœØま¬ı¬Øや±©œ̶°や
collector was exposed to sunlight radiation to heat up 

¹̶²Ø°や¹ı²æや̶やæØ̶²やS©¹や©Œやｵｴｰや8のß2╉や²æØや¹̶²Ø°や²Øß¬Ø°̶-

²³°ØやßØ̶±³°ØŁやØ¼¬Ø°ıßØ-²̶œœ½や¹̶±やｳｲｶや,や̶-Łや²æØや±ıß³-

œ̶²ØŁや©-Øやｳｲｷや,╆や'©°や²æØや±̶ßØやª̶œª³œ̶²ØŁやæØ̶²やS©¹や³±ı-ºや
²æØやØ®³̶²ı©-±やı-や²æı±やı-µØ±²ıº̶²ı©-╇や²æØや°Ø±³œ²や¹̶±やｳｳｱや,╆や
5æØやµ̶°ı̶²ı©-や©Œやｴや,や©Œや²Øß¬Ø°̶²³°Øやß̶½やÆØやŁ³Øや²©やŁıTØ°-
ences between the materials used in the construction of 

the prototype and design considerations. For his analy-

±ı±╇や4Øœßıや³±ØŁや²æØやR-ı²ØやØœØßØ-²やßØ²æ©Łや²©やµ̶œıŁ̶²Øや²æØや
CFD results. On this basis, CFD is considered a consis-

tent solving method for this research work.

Fan et al╆や 〉ｲｰｰｷ《や ı-µØ±²ıº̶²ØŁや ²æØや¬Ø°Œ©°ß̶-ªØや 〉Ø¼-

perimentation and CFD simulation) of a U-type solar 

ª©œœØª²©°╇や¹æØ°Øや ²æØや S©¹や ¬̶±±Ø±や ²æ°©³ºæや ̶や °æ©ßÆ³±ま
±æ̶¬ØŁや ª°©±±や ±Øª²ı©-や ı-や ̶や ｱｶま±Øª²ı©-や ̶°°̶½や ¹ı²æや ²æı±や 
ºØ©ßØ²°½╆や7̶°½ı-ºや²æØやS©¹やŒ°©ßやｱｵｰやœのæや²©やｱｵｰｰやœのæ╇や²æØや
velocity characteristic curves show similar performanc-

Ø±や²©や²æ©±Øや±æ©¹-やı-や'ıº³°Øやｸ╇やı-や¹æıªæや²æØやŒ̶°²æØ°や²æØや
Ł³ª²やı±やŒ°©ßや²æØやS³ıŁやı-œØ²╇や²æØやæıºæØ°や²æØやS©¹やµØœ©ªı²½や
ı±や ı-や²æ̶²や°Ø±¬Øª²ıµØやŁ³ª²や〉Œ©°や²æØやR°±²やæ̶œŒや©Œや ²æØや²©²̶œや
amount of ducts). For the other half, a mirror view of 

such curves can be considered because Fan used a U-

²½¬Øやª©œœØª²©°╇や¹æıœØや²æı±や±²³Ł½やØµ̶œ³̶²Ø±や̶や;ま²½¬Øや©-Ø╆
In the experimental work for Absorber A, the water 

ı-œØ²や ̶-Łや ©³²œØ²や ²Øß¬Ø°̶²³°Øや¹̶±やßØ̶±³°ØŁや ºØmı-ºや ̶や
µ̶°ı̶²ı©-や©Œやｱｳや,や̶²や²æØや¾Ø-ı²æや²ıßØ╇や¹æıœØや4æınØ°やet al. 

〉ｲｰｰｳ《や°Ø¬©°²や̶や²Øß¬Ø°̶²³°Øやµ̶°ı̶²ı©-や©Œやｱｴや,╆Hkiwtg";0"Tg{pqnfu"pwodgt"xgtuwu"rkrg"hqt"cduqtdgt"D<"Õ"67"n1j."
+"72"n1j."ゴ"77"n1j."ﾖ"82"n1j."×"87"n1j."〉"92"n1j
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Conclusions

5æı±や±²³Ł½や±æ©¹±や²æØやæØ̶²や²°̶-±ŒØ°や̶-ŁやS³ıŁやßØªæ̶-ıª±や
performance of two absorbers from experimental data. 

The calculated and simulated values show consistency 

¹ı²æや Ø̶ªæや©²æØ°や ̶-Łや¹ı²æや ±ıßıœ̶°や ±²³ŁıØ±やÆ½やŁıTØ°Ø-²や
authors as well. The calculated values of water tempe- 

rature for a typical day are similar for both absorbers. 

In the experimental data for Absorber A the highest 

µ̶°ı̶²ı©-やı±や-©²ØŁやı-や²æØやßıŁŁœØや©Œや²æØやS³ıŁや¬̶²æや¹ı²æや
µ̶œ³Ø±や©Œやｳｴｷや,╇やｳｴｶや,や̶-Łやｳｴｵや,やŒ©°やªæ̶--Øœ±やｱ╇やｶや̶-Łや
ｱｰ╇や°Ø±¬Øª²ıµØœ½╆や'©°やØ®³ıµ̶œØ-²やœ©ª̶²ı©-±やı-や"Æ±©°ÆØ°や#や
²æØや°Ø±³œ²±や¹Ø°Øやｳｴｵ╆ｵや,╇やｳｴｴ╆ｵや,や̶ -Łやｳｴｴ╆ｵや,やŒ©°や¬ı¬Ø±やｱ╇や
ｶや̶-Łやｹ╇や°Ø±¬Øª²ıµØœ½╆や5æØや²Øß¬Ø°̶²³°Øや̶µØ°̶ºØやµ̶œ³Ø±や
for each absorber were calculated from the experimen-

²̶œやŁ̶²̶や̶-Łやª©ß¬̶°ØŁ╉や©Æ²̶ı-ı-ºや²æ̶²や²æØや²Øß¬Ø°̶²³°Øや
average variation from one absorber to the other is only 

ｱや,╆や*-や±¬ı²Øや©Œや±³ªæや̶や±ß̶œœや²Øß¬Ø°̶²³°ØやŁıTØ°Ø-ªØ╇や²æØや
$'%や±ıß³œ̶²ı©-やŒ©°や̶やｵｰやœのæやS©¹や±æ©¹ØŁや²æ̶²や²æØやß̶¼ı-
ß³ßやµØœ©ªı²½やŒ©°や"Æ±©°ÆØ°や"や¹̶±やｱ╆ｳｸや┓やｱｰ–2やßの±やß̶ı-œ½や
©-やªæ̶--Øœ±やｸ╇やｹや̶-Łやｱｰ╇や¹æıœØやŒ©°や"Æ±©°ÆØ°や#や²æØやµØœ©ª-

ı²½や°Ø̶ªæØŁやµ̶œ³Ø±や©Œや³¬や²©やｱ╆ｷや┓やｱｰ–2やßの±やı-や²æØやｹや¬ı¬Ø±╇や
¹æıªæやßØ̶-±や²æ̶²や²æØ°Øやı±や̶やß©°Øや³-ıŒ©°ßやS©¹やı-や"Æ-

sorber B similarly the Reynolds is a function of velocity 

̶-Łや²æØや°Ø±³œ²±や¹æØ-や½©³やæ̶µØやS©¹や©Œやｷｰや œのæや ²æØや"Æ-

±©°ÆØ°や"╇や3Ø½-©œŁ±や¬°Ø±Ø-²±やµ̶œ³Ø±やŒ°©ßやｲｵや²©やｱｱｵやŒ©°や
ªæ̶--Øœや ｱや ̶-Łや ªæ̶--Øœや ｱｰや °Ø±¬Øª²ıµØœ½╇や æ̶µı-ºや œ̶°ºØや
variations in velocity, however for Absorber B under 

²æØや ±̶ßØやS©¹やµ̶°ı̶²ı©-±や ̶°Øや ｲｰｰや ²©や ｲｲｵや ±³ªæや ²æ̶²や ²æØや
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²©や"Æ±©°ÆØ°や"╇や²æØ°ØŒ©°Øやß̶øı-ºやı²や̶ やß©°ØやØUªıØ-²やæØ̶²-
ing system.
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Nomenclature

A surface área, m2

Dh hydraulic diameter, m

Ebや Øßı±±ıµØや¬©¹Ø°╇や8のß2

)や ªæ̶--ØœやæØıºæ²╇やß
hや æØ̶²や²°̶-±ŒØ°やª©ØUªıØ-²や8のß2°C

hwや æØ̶²や²°̶-±ŒØ°やª©ØUªıØ-²や²©や¹̶²Ø°╇や8のß2°C

Jや °̶Łı©±ı²½╇や8のß2

kや ²æØ°ß̶œやª©-Ł³ª²ıµı²½や8のß2.°C

Re Reynolds number (–)

v velocity, m

W channel width, m

♪x wall thickness, m

Itggm"u{odqnu

れや ŁØ-±ı²½╇やøºのßｳ

む2 emissivity

ょや S³ıŁやŁ½-̶ßıªやµı±ª©±ı²½╇やøºの〉ßや±《
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