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The effect of porous media on solar collector efficiency is investigated in this 

research. In this research, stainless steel cross mesh, scrap and pebbles was selected 

as porous media. The experiments were conducted on the following conditions: solar 

radiation of 400-1,000 Wlm2
, air velocity of 0.5-2.0 mis and porous porosity of 0.4-0.8. 

The criterion for comparing study was solar collector efficiency. It was revealed from 

the experimental results that solar collector efficiency increases with the increment 

of air velocity or solar radiation. Additionally, it was found that the solar collector 

combined with porous media yields the efficiency higher than that without porous 

media. It should be noted that the maximum solar collector efficiency is 61 % on the 

conditions of scrap porous media, 2 mis of air velocity and 800 Wlm2 of solar 

radiation. Finally, the efficiency of solar collector combined with porous media in this 

work can be written in form of Hottel-Whillier-Bliss equation as the followings: 
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4.56 m1 bu~ EJ'\J b Vi EJ'\Ju1 :::~'Vl5mY1 bbe-J.:i bn'U1' .:ii'1mrui'.ibb~:::1lJiJ1?J ~Y11'U 
' ' 

~fl111lboU1l'!JeJ.:i1'.:ii'1 400 Wlm 2 

4.57 m1b u~ EJ'\J b Vi EJ'Uu1 :::~'Vl5mY1 bbe-J.:i bn'IJ1'.:ii'1 m ruiJ bb~::: 1lJiJ1?J ~Y11'U 
' ' 

~fl111lboU1l'!JeJ.:i1'.:ii'1 600 Wlm2 

4.58 m1 b u~EJ'\Jb Vi EJ'Uu1:::~'Vl5mV1bbe-J.:ibn'IJ1'.:ii'1mruiJbb~::: 1lJiJ1?1~V11'U 
' ' 

~fl111lboU1l'!JeJ.:i1'.:ii'1 800 Wlm 2 

4.59 m111~1J~'Uth:::V111.:iu1:::~'Vl5.fl1V1bbe-J.:ibn'IJ1'.:ii'1n1rll1lJiJ1'?1~V11'Un'Ue-J~~1.:i'!Jei.:i 
' ' .,. (T -T) tJW'Vi.fll.J I a 

' " I 

"' 'Vl'U1 

75 

76 

76 

77 

77 

78 

78 

79 

81 

81 

82 

82 



d ~ 
fl1'W'Vl Vl'l.11 

4. 63 rn1:u~:u~'U61~V111..:ith ~i1VJ5m'V'l bbt:.J..:i bfi'U-r..:i~ m rut -tl\911"1l1 tJ~ bb\9l'Ub(;l~ b ll'U 

1~~V'l1'Ufl'Ut:.Ji;i~1..:i"lJ€l..:l€lUJV1.nil (I; -Ta ) ~fl11:UV'l1'Ubvl1fl'U 0.63 
, " , " I " 

4.64 rn1:u~:u~'U61~V111..:ith~?IV16m'V'lbbt:.J..:i bn'U-r..:i~mrut -tl\911"li1tJ~ bb\9l'Ub(;l~ b ll'U 

1~~V'l1'Ufl'Ut:.Ji;i~1..:i"lJ€l..:l€lt\JV1.f1il (I; -Ta) ~fl11:UV'l1'Ubvl1fl'U 0.75 
, , , 'ti I , 

4.65 

., , ... (T-T)"" ,., fl'LJ[:.J{;j(911..:j"lJ€J..:j€JUJVl.f)lJ I a VJfl111JV<j)'lJb VJ1fl'LJ 0.63 bb(;l~ 0. 75 
' " I ' 

4.66 rn1:u~:u~'U61~V111..:ith ~?IVJ5m'V'l bbt:.J ..:i bn'U-r ..:i~ m rut ibl"l~b VI~ m ll'U1'~~V'l1'LI 
' ' 

n'Ut:.Ji;i~1..:l"lJ€l..:l€lUJV1.nil (I; -Ta ) ~fl11:UV'l1'Ubvl1fl'U 0.55 
' " I ' 

4.68 fl11 b LJ~ tJ'U b Vi tJ'UU1~?1Vl5.f11V'l bbt:.J ..:i bn'U-r ..:i~ m rut iLl"l~b VI~ m U'Ul~ ~V'l1'Ufl'U 
' ' 

t:.Ji;i~1..:i"lJ€l..:l€lUJV1.nil (I; -Ta ) ~fl11:UV'l1'UL vi1nu 0.55 bb(;l~ 0.64 
' " I ' 

, ... (T -T) [:.J{;j(911..:j"lJ€J..:j€JUJVl.f)lJ I a 

' " I 

fl .1 i;rfl~ru~m111..:i\911"li1tJmL\9l'UL(;1~1 'ULLt:.J..:i Lnu-r..:i~ 

fl .2 .f11V'l~~"lJ11..:li;r fl~ru~ fl1111..:l\911"1l1 tJ~ Lb\9l'UL(;1~1 'ULLt:.J ..:i Lnu-r ..:i~ 

fl .3 i;rfl~ru~m111..:iLl"l~L Vl~fl 1 'ULLt:.J..:iLnu-r..:i~ 

fl .4 .f11V'l~~"lJ11..:li;rfl~UJ~fl1111..:lLl"l~L Vl~fl 1 'ULbt:.J..:lLnu-r..:i~ 

fl .s i;rfl~ru~m111..:i~'Um1~ 1 'ULLt:.J..:iLnu-r..:i~ 

fl .6 mV'l~~"lJ11..:ii;rfl~ru~m111..:i~'Um1~ 1 'ULLt:.J..:iLnu-r..:i~ 

84 

85 

85 

86 

86 

87 

87 

98 

98 

99 

99 

100 

100 



1.1 fl112.1a19"cytt~::~2.11'Uv.:iilcyv11 

d 
\J'Vl'VI 1 

0 

\J'Vl'U1 

'Vl~\l\11'LJb U'UU~~ m1'1 ~nr bb~:::iirn1:lJ"il1b U'U 1 'Urn1t111111 i1 ~bn ~th::: fo"lltl?l\l?I~ b tiv \I~ 1 n 
•i.: 'lJ ' 

'V11\lbl"l1~;jf)~ 1 'ULb~~:::tJ ~1 m1t.1\11'U'Vl~\l\11'U'\J1:::'11tl"l.lv\lm:::'Vl11\l'Vl~\l\11'U'Vl'U--.i1't.h::: b 'Vll"l1 'Vlt.1iim1 ... 
1otl'Vl~\l\11'U1mb'l11'mJ1?1bb1n"l.lv\IU 'Vl .1"1. 255 7 iitJ~mru 18, 950 'W''U~'Ub Vi t.J'Ub vhtl1l!'U~'U b ~:lJ;'U 
~1 n'li1\lb~t.11 tl'U"l.lv\IU 'Vl .l"l.2556 ~v t.1~::: 1.2 ( m:lJ'W' \ijj'IJ1'Vl~\l\11'U'VI~ Lb 'Vl'Ubb~ :::v'Uf n,;'Vl~\l\11'U, 

' 
255 7) 'Vl~\l\11'Uvtl i1 'U'\J1:::b 'Vll"l1'Vlmh'U1 V1t1J111~1n'Vl~\l\11'U~'Ub tJ~v\lvi b U'U'Vl~\l\11'U b ~vb 'Vl~\lvJv?16/I~ 
1~Lbn J1~'Ub ~m 'Vl~\I ri1'U~'U bb~:::n161lu11:lJ"111~ ~v--.i1L U'Ubb'Vl~\l'Vl~\l\11'UeJ'U~'U~'U'l "l.lv\ltJ1:::b 'Vll"l~n 

t111 tJ1 -tl~\1~1'Uvt'l?11V1m1:lJrn1c..J~l'l rn1"l.l'UG1\I rn1c..J~l'l 1 vJvh bb~:::v\11-tl'b tl'Ub ~m 'Vl~\11 'Uflf1 b~v'U 
' 

bb~b ~m 'Vl~\ltJ1:::L.n'Vldii11fl1bb 'Vl\lbb~:::v\IG1\lc..J~ b~t.1~v~\lbb 1~~ v:lJvi'11 ~bil~:lJ~~~'V11\lmrnl"I $1\ltT'U~\I 
"il1b ll'U~v\IVl1bb'Vl~\l'Vl~\l.:i1'U"lfU~1 VllJb ~vb U'U'Vl1\lb~vn 1 'Um11 otl'Vl~bb 'Vl'U'Vl~\l\11'Ub ~vb 'Vl~\lvJv?168~ 

Yl~\l\11'Ubb?1\lv1Vil'l8b U'UYl~\l\11'Uvit11?1'U hviiimJv v1\l 11J"il1n~?11m1'1t11m 1oil·t.h:::1t.1"1l'U1~v v1\I 
'lJ 

hJiii 'UVl:lJ~B n ~\l'Vl~\l\11'Ubb?l\lv 1Vi I'} 8 EJ\I b U'U'Vl~ \l.:J1'UVl:lJ 'Ub 1 t.J'Uvi ?!::: B1~ 11J n v 1 ~ bfl ~lJ~ .fl11 :::~ v 
' 

~\lbb 1~~v:lJ bb~::: 11Jii~'U'Vl'Uri11 oil~1 t.1 m1tl1'Vl~ \l\11'Ubb?l\lv1Vit'l8m 1 oil"il1b U'U~::: ~v 'liim.J mru1 'Uf111 
' ' 

bb '\J~\l'Vl~\l\11'Ubb?l\IV1Vll'l m ~v v1 'U1'\J"l.lv\l'Vl~ \l\l 1'Ufl11:lJ~v'Ub~ t.1n--.i1 bbc..J\I bn uf \I~ (Solar collector) 
'lJ 'lJ 

~\lrn1:lJ~v'Um~~:::'1nri1m 'Vl1 ~nu"l.lv\11 V1~V1~vv1ml"lffi V1~c.11'Ubbc..J\lbnuf\I~ 'Vl~\l\11'Um1:lJ~v'Uvit~d 
'lJ 

'Vl1\lf111bn~1 rn11ic..J~l'JJ1~v'U m11 ~fl11:lJ~v'U.n1t.11 'UV1fl11 b ll'U~'U bbc..J\lbnuf \l~bb'U'Ubbc.i'U11u 
L ll'Uv'\Jmruvi1 iLb tJ~\l'Vl~\l\11'Ubb?I \lv1Vil'l8B mtJ bb uuVJtl'lviii rn1tl1:lJ1'\J 1:::t.1n 1'11 -ilL U'Ub 1~ 1'U1'U 

' 'lJ ' 

b ~v\1~1mbc..J\lbnuf \l~tJ1:::b.n'Vldii-Uv~ ~v c..J~l'l1~~1t.1 ?111111'1fuf \l~m:::~1t.11~~b vhnum1fuf\I~ 
1'11\1 L ll'UvtJmruvi~1t.1~vm11 i'l1'Ubb~:::m1u11\lfn~111Jii~'U'Vl'Uri11 oil~1t.1~1'Ub ~m 'Vl~\I bb~vv1'111 

' ' ' 
nm:lJV\liiuqiV11V1~n 'l ~v ~:::iitJ1:::~V15m'Vl'Vl1\lf111:lJ~v'U~1 b 'Vl11:::Ln~m1~qib~t.1rn1:lJ~v'U~\lb ll'U 

c..J~111~1 nBVJ5w~"l.lv\lv1ml"lbb1~~v:lJbb~:::~:lJvi'W'~c.11'U ~\I b U'Uc..J~vi'11 ~bn~m1'Vl1fl11:lJ~v'Uvi~'U~1 

~1'U'U'U"l.lv\lbbc..J\lbnuf\lmu8\1?1.n11:::bn~~vlJ (w~'Vl5 111L'Ul'l1 bb~:::flru:::, 2548) 1~m~tJmru61°1V1fu 

bbc..J\lbn'Uf \l~vi'11~ru ~mbc.i'UU~fl~:lJ~1 'U'U'Ubb~::: bbc.i'U~~n~'Uf \I~ b ~B\1~1n b U'UBU mruvif u'Vl~ \l\11'U 
II.I , 'U , 

bb?I \Iv 1Vi1'18 bb ~::: l1 v \I fl 'U f111?Iqib~tJrn1lJ~v'U~1 'U 'U 'U ~\I J 'U ~\I "il 1 b tJ 'U ~ v \I~~ 11ru1 v tJ m ru ~\In~ 11 
'lJ ' 

b ~vb ~lJU1::: ~'Vl5.fl1W'VI1\Ifll1 :lJ~ v 'U bb~ :::~ ~ f111?Irub~tJfll1:lJ~v'U~1nf111W1fll1 :lJ ~ v 'U ~1'U'U 'U bbc..J \I b fl 'U 
'lJ OJ 



2 

H awlader, 2006) fl11 flin~1'\.J1 :::i1 'VIB.fl1'V'J6Ufl\I LL~ \I Ltl'Uf \IITT~t1'\.J1\Jth \I LLc.l'U~ ~fl~'Uf \I~ L U'ULL 'U'U~fl \I 
' 'U 

1'\.J~11 (Fudholi et al., 2011) m1Pin~1'\.J1:::i1V15.fl1'V'J6Ufl\ILL~\1Ltl'Uf\l~LL'U'U1 'V!'11'Ufl~'UbL'1:::iJA~'U 
'U 

~~ ~\1'1 :::Lll'Ufl11L ~11eJ'~11m1ri1 m 'VIA11l.rfom ~fl\1111'11fl~'U~~1i11~61 tl'Ufl1fl113!L ~11~'U LL'1::: 

'Ufl fl'11fl Lb 'U1'Vl1\lfl11~~'U1Lb'1:::'1Jf 'U'IJ1 \ILLcJ'U~~fl~'Uf \l~~\lfl~11-li'1\l~'Ubb~1,!'U Ufll~ ti EJ\l 1~fi~'Vl1 
' \J 

LL'U1'Vl1\lfl11'1J1:::t1n~1i161~'V'J1'Ub ~fl 1 otlL llmLc.l'U~~fl~'Uf \I~ (Mohamad, 1996) m1tl1L61'UfJLL 'U1 
, , 'I 'U 

'Vl1 \lfl1)'1~ fl111J~fl 'U~61 f1I b~ tl'11 fl m:::'1 nu~ ~1'U'U'Ubb~ \I btl'U f \I~ fl1Vi ~t11~ tlfl 11'11161~'V'J)'Ul.J11 i 
'\JIDt: 'I 'I 

LL 'Vl'U~LLc.l'U~~fl~'Uf\I~ (Sopian et al., 1999) n11Pin~1'\.J1:::i1V15m'V'J'Vl1\lfl111J~fl'U6Ufl\ILL~\1Ltl'Uf\I~ 
'U 

Lb 'U'U 1 'Vl'11'Ufl~'U6Ufl\lfl1fl113l~iJLL'1::: hJiJ161~'V'J1'U b ~fl\1'11fll61~'V'J1'UiJ~n~ru:::L~'U1 ~fl iJ~'U~~1~fl 
'IJ~l.11~161\1 (Area to volume ratio) Lrn:::fi1m1tl1m111~fl'U (Conductivity) 6Ufl\ll61~'V'J1'UiJfi161\I 

'U 'I 'I 'U 

n11fi1m1tl1m111~fl'U6Ufl\16Ufl\l1 'Vl'1~"~"1-HiJfi1i11tJ1:::~V1tm1ri1mVJm111~fl'U1~ t1n 11'V'J1 A1111 

~fl'U61 \l'Ufl fl '11fl d161 ~'V'J)'UEJ\liJ A111J611111)fl1 'LI fl11 b 'IJ~ tl'U1'\.J'V'J~\l\11'UA111J~fl 'U):::'V!l1\I fl11'V'J1 fl111J 
'U 'I 'I 'U 

~fl'U (Convection) LL'1:::fl11LLc.lf\l~fl111J~fl'U (Radiation) 1~Lll'Uflci1\I~ (fl'Uflfl1qJ'1tl lfl\ll'1l1'V'J1, 

2556) flci1\I hn~11Jl61~'V'J1'UtlEJ\liJ~'1~flfl111J~'U~flA~fl1J (Pressure drop) ~b ~1161\l~'Ub ~'Utl'U '11fl 
' ' 'U 

n11Pin~1\11t1i~ ti~ c.11'Ul.11'V'J'U11 n 11L ~11'\.J1:::i1V16.n1'V'J LL~" Ln'Uf \1~~1'U 1 my'1:::~\IL1J'LI 1 'IJ~ n11 

tJf'UtJ1 \ILLc.l'U~~n~t1f \I~ LL'1::: 1 t1\11t1i~ t1ffi i161~'V'J)'Ub llt1LLc.lt1~~n~t1f "~ 8'1iJ1Jfl t1 ~",r'U\11'Ui~ t1d 
'I 'U 'I 'I 'U 

1.2.1 b ~flPifl~1~'16Ufl\lfl111Jb ~1'11J~iJ~'1~fl'IJ1:::i1VJB.fl1YHb~\lbtl'Uf\I~ 

1.2.2 b ~flPifl~1~'1"!Jfl\IA111J L-li'11"llfl\lf \l~~iJ~" ~fl'\.J):::~'VIB.fl1'V'J bb~\I btl'Uf \I~ 

1.2. 3 L ~fl Pin~1~'16Ufl\ll61 ~'V'J1'LI~iJ~'1 ~fl'IJ1:::~V16m'V'J LL~" Ltl'Uf \I~ , ' 

W: QJ .c::il .c:::i. ,.,dq> .::0: I 

1.3.1 LL~\1Lfl'U1\161€J1'Vl~tl'Vll3lfl~1L U'ULL 'U'Ubb~'U11'U (Flat plate collector) 

1.3.2 1'61~'V'J1t1vfliPin~1V1~'1fl\l 1~LLri m-U1t161LL~'UL'161, ~'U~'IJ'11V11fl~'Um1~ LL'1:::Ll3l~L'V!~fl 
' ' 'U 

zj"'1:::iifi1m111'V'J1'Uflt11 t1'li1" o.4-o.a 
, \J 

1.3.3 A111JL~1'11J~Pin~1flt1L'LI'li1\I 0.5-2.0 mis 
'U 

1.3.4 m111L-li'116Ufl\lf\l~flt1L'U'li1\I 400-1,000 W/m2 
\J 



1.4.2 tltlflLL'U'ULLi;:t~?t~1\l"!Wl'Vl~ffeJ\I 
' 

1.4.3 'Vl~i;:ttJ\li;J11JL~tl'U 1-!J~1\l'l 

1.4.4 lLfl11~i1LLi;:t~?l'j'lJC-Ji;:tfl11'Vl~i;:ttl\I 
' 

~ Cl.Id Q ' I 

1.5.1 LLC-.l\ILf1'\J1\l?ltl1'Vli;J8LLtJ'\J LLC-J'U11'\J 

1.5.2 e:itJmru'IJ'LIVin-Um;Ji;:i (Data logger) 

1.5 .3 LL 'VIG'i\ln1L 'Ll~LL?l\lti1\lii;J~L ViCJ1J 

1.5.4 flti1J'W1Li;JtJ1'1'1'Vl~'U'lJ1~1Jli;:tc.Ji;:tLLi;:t~lLF111~l1c.Ji;:i 

1.6 'lh:: LV'!IUvlfl1'111;:i:: l~~'U 

1.6.1 'Vl11'\Jc.Ji;:t"lltl\lfl111JL ~1i;:t1J~l1~e:i'lJ1~~'VlB.fl1'V'lLLC-J\ILtl'U-r\I~ 

1. 6 .2 'Vl11'\Jc.Ji;:t"lJtl\I fl111J L oLJ1J"lltl\lf \l~~lj~e:i'lJ1~~'VlB.fl1V'i LLC-J\I Ltl'Uf \I~ 

1.6 .3 'Vl11'\Jc.Ji;:t "lltl\ll?I ~V'i1'U~ij ~ti'Li1 ~~'VlB.fl1V'i LLC-J \I Ltl'Uf \I~ 
' ' 

3 



.::l 
\J'Vl'VI 2 

.:ii qQ I.I CV ~ vdV .c:::i..Q.I l .::::ild IV ,,:Jq Q 

vi~~~m\11 viLn tn'llel\lfl'Ubb~\lbfl'U':i\l?I 1?1~Yl~'U LLn:::\11'U1'1tJ\911\l1VlLfl tn'llel\I 611\llJ11tJn:::Lel tJl?l 

m11~1-i!el~\l~el 1 tJ-d 

.c:1.c::i d cu G cu .c:1 .c:::.. 4 

2.1 V1CJ'li~V1Lm.11nuu~.:itnu·N~envi~a 

2.1.1 Lt~.:itnui.:iih:n~~a (Solar collector) ~el eltlmwLLnrntl~tJ'Um111~el'Utl1:::L.flVl'Vl~\I 
' 

~v11V1-U1vi'l 'Ufl11LL tln\IYi~\l\11'ULL?l\lmVil'lm ~eltJL 'U1tlvi~\l\11'Um111~el'U 11?1tJm1ci1m vim111~el'U'11n 
'U 'U 

'llel\I Lb ~\11 tJ EJ\1~1nn1\IV1~el'llel'I1 V1nc.11'U Lb~ \I Ln'IJ-r\I~ zj\l?i1'U 1 'Vf aj'llel\11 'Vfn~'UtJ11~el m n1\31 tl1 Lbn::: 

tl111''U LL~\lbtl'U-r\l~LLD\ILU'U 2 tl1:::L.nvi ~el Lb~\ILtl'U-r\l~tl1:::L.flVl~Ltl'UelruV1.nl3~1 LLn:::tl1:::L.flVl~Ltl'U 
' 'U 

elru'Vf.nlJ?l\I zj\ILL~\ILtl'U-r\l~tl1:::L.flVl~Ltl'UelruV1.nl3~1?111111mL D\lelelflb ll'U 2 Lb 'IJ'IJ 1~LLfi 
'I 'U " , 'U 

2.1.1.1 LL~\lbtl'U-r\l~LL'IJ'U'Vfnel1?1G'Huru1m\31 ?11111w-r'IJ-r\lm~~\l-r\l~m\ILLn:::-r\l~m:::'11tJ 
'U ...... 

LL~\lbtl'U-r\l~Lb 'IJ'U'Vfnell?l~t\Jt\J1fl113fi1~n~ru:::L U'U'Vfnell?lbbtl1?1el\l~'U 1:::w-J1\l~'Ub U'U~ tyty1fl1\3f mtJ 1 'U 

LFl~el'U~1tJ?l111?ll?lfl~'U-r\l~~i1Flru~n~ru:::1?11?1fl~'UYl~\l\11'Ubb?l\lel1Vil'ltJb~~ Lbn:::i1n11?1ruL~tJm111~el'U 
'\J 'I \I \l !ill 

'1:::i1~n~ru:::L U'UflG"iel\l~~lJU'U1'U 11 m tJ 1 'LI'IJ11'1 Lbc.i'U1?11?1fl~'Um111~el'Uzj\1'1:::L U'ULLc.i'U~i1~Vi'IJ'Vf~el~ 
' ' 'U 

2.1.2 u~.:itnui.:iiiu 'U'ULL~1..1~1u (Flat plate collector) ?111111mLD\lm11tl1:::L.flVl'llel\l 1 'Vfn 

v'i1\11'U1~ 2 tl1:::L.nvi ~el J1 LLn:::mm\31 

2.1.2.1 bb~\lbtl'U-r\l~bb 'U'Ubbc.i 'U11'\Jffi -tltl1b ll'U'llel\11 'Vfnv'i1\11'U '1:::v'i1b tl'Ubfl~el\lv'i1J1~el 'U 

el ruV1.nlJ'llel\ltl1~el'Uffi~l1 n ~1 n11 90°C L V1111:::'11V1-r'IJ 1 il'l111u1'UL ~el'U'Vf~elel 1'1?11V1m111'1.J1\ltl1 :::b.flvi 
' 'U ' 

' " ' Q.I C':il 0 0 II' Q.I .QI 

nn~ru:::'llel\ILFl':iel\l'Vl1'U1':iel'Ubb?ll?l\ll?l\l.fl1YIV1 2.1 
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mm.J 

. . ... 
n1cw~ 2.1 im~ru::..11h.l'tlv.:JLA~ei.:ivi1tl1~ei"U 

2.12.2 LLC-J\ILtl'l.J'r\l~fo uu LL~'l.rnuvl'liei1mP1L lJ"U'lJeM1'V!ffvi'1\11'U1 i~1'V!fu'l.Jfuei1mP1 

1-Ha'ULL~~ 1 m~fl11lJ;ml1fl€ll'V!11 LL~~LlJ~191Yl6lf ~fl~ru~vi'11 '1.J'lleJ\ILLC-J\ILtl'l.Jf \I~ LL 'l.J'l.J LL~'U11'1.J (Flat 
' .., .. 

plate collector) LL?l191\1191\l.fl1V'l'Vl 2.2 

Air'° Possc>ge 

fl1'W~ 2.2 in'liru::~1l U'tlv.:JLL~NLflUi'.:i~LLU\JLL~'U,.1'1J (Flate plate collector) 

QJ 0 cc: QJtj l .di! d Cit,' Q.I ~ 
'V!~ fl fl11Vl1\11'U'lJ€J\I LLC-J\I Lfl'l.J1 \!?ILL '1.J'l.J LLC-J'U11'1.J fl el LlJeJ LL?! \1€J1Vl~ CJ~fl fl 1 ~Vl'l.JlJl CJ\ILLC-J \I bfl'l.J 

1' \I~ LL~ ~VI~~~ 1 'ULL~'Ull1911?1(;)l'U'l.J'UlJ1 m~ Vl'l.J LL~ 'Ul91191 fl~'U f \I~ L~el LL~'U 191191 fl~'Uf \IITT t1ff ur \I~~ 1 fl m \I 
' 'IJ 'IJ 

€11~ ~V~~l'UL-iJ1m~ ~ L 'l.J~ CJ'U~lflyj~\I LL?! \leJTVi ~UL lJ'Uyj~\l\11'Ufl11lJ~€J'U~\lvl11-Hei flJ'V!.flii'lJeJ \I LLcJ 'U 
' 'IJ 

191191fl~'Uf \l~L ~lJ?l\l~'U zj\1~1'U~1\l'lJeJ\ILL~'U 191191fl~'Uf \I~ LL~ ~~1'UoU1\l'lJeJ \ILL~'Ull1911?1~ ~L U'Uu'Ul'Utl'U 
'IJ 'IJ 'IJ 

fl11lJ~€J'U ~\l"lilCJ~ 191fl11?1ru L~CJfl11lJ~€l'U 1191CJfl11'111 'U€lfl~1fldEJ\ID€J\ltl'U~lJ 1l.i1-Hm~Vl'l.Jtl'l.J LL~'U 
'IJ., 
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bb'1~bdmb~'U\91\9ln~'Uf-:i~iimuV1.nil~?1-:i~'Urh1~ri1m 'Vlm11J{-el'U 1 tJ E!-:i'lle:i-:i1 Vl'1~e:i ~mtJ 1 'Ubbt:-J'lbnuf-:i~ 
'U 'I 'U 'U 'U 

bd e:J'lle:i-:i 1 Vl'1~€l ~.n1tJ1 'Ui;i n bb'1n b tl~ tJ'Ufl111J{e:J 'U bbil1'1~?111J1di;itl11tJ1-il-:i1'U19\e:i 1 tJ bbt:-J'I btl uf -:i~'1 ~ 
'U 'U 

tld~ne:iu 1 tJ~b mb~'Utl\911?1~1'Uu'Uzj-:i'Vi'1'11n m~'1n 1?1V1~e:i~m?1~n 1?1'1~ 1 tl~ -:i\9\e:if-:i~fl111J{e:i'U 1 'Uoli1-:i 

m11J m1 fl~ 'U~'U 'Vl 11 i1f-:i ~mVi i;i ~l'l n m~'Vlu m E!-:i bb~ 'U\91\9ln ~ 'Uf -:i~1~mn bb'1 ~ bd e:i bb~'U\91\91 n ~'Uf-:i ~ 
'U 'U 

nu bb~'Utl\911?1~1'UU'Uzj-:i~ bb~'U\91 \9ln~ 'Uf -:i~i;i n'Vl 1V1~e:ii;i n bfl~e:iutY'U'1 ~ii fl ru?l1lD~Vi u bb?i-:i\9\ e:if -:i~ fl111l 
'U '\J 'IJ 'I 

{e:i'U~b lJ'Ufl~'UtJ11 ( f-:i~B'U'rh1b d \91) '1~'Vi'11 i1'f-:i~B'UYh1b d\9l?l~Vle:i'Un~ub-i111 tJ1 'Ubb~'U\91\9ln~'Uf-:i~B n 
'U 

zj,:iiit:-Ji;i 1 i1e:i ruV1.niJ d~Vll1'1 LL~'UU \911?1 ~1'UU'ULL'1 ~ LL~'U\91 \9ln~'Uf 'l~?l'l~'U tJ d1n f1 n1d tU~'I n~ 11L~tJnl1 
'I 'U 'U \J 6.1 

tJd1n~mdruL~€l'Und~'1n (Greenhouse effect) 

~1'Utld~ ne:iu'VI~ n'lJe:i-:id~uu'Vi'1mmiai{e:i'U~1 mLtJ -:iLnuf-:i~LL urnL~'Ud1u iid1 tJ'1~ LBtJ\91 

~1-:i 1~-:i~e:i 1 uii 
(1) bL~'UU\9lfl~1J 1 tl~-:i1?i (Transparent cover) '1~11-:iHb Vliimb~'U~\9ln~'Uf'l~€l1Vil'l~ 

zj,:i'Vl1wu1~"1i1 tJ'1 \9ln1d?I rub~ tJfl111l {e:i'U~ udd tJ1n 1ia11\91tJmd~1 bL'1 ~ md Lb~ f-:i~ md b ~ 1l 
'U u 'U 

tld ~~'Vl5m~'lle:i-:i Lbt:-J-:if rnL?i-:imVi i;i ~ L ~e:i 1 i1\91\9ln~'Um11l {e:i'Umn~'U?111J1w'V111m \91 tJm d L ~1l'11'U1 'LI 
'U 

m ~ '1 n ~1 ill \91 fl'11J zj '1€l 1'1'1~ii1J 1 n n11V1 ~'I Lb~ 'U LL~ 'UU \91fl'11J€l1'11-ilbb~ 'U~ '11?1~n1?1LL'Vl'U1~ bb ~ 
' ' 

tld~~'Vl5m~md 1 i-:i1'U'1\91'1'l L~e:i tJ I e:i~1-:i 1 dtll'l11JLL~'U~'11?1~nfiiid1fl1~nn11m~'1n 

(2) LL~'U\91\9ln~'Uf-:i~ (Absorbino plate) 'V11V1ih~ri1m'Vl~~'l'l1'ULL?l'l€l1Vil'l~~\91\9ln~'U 
'U ~ 'U 

L€l11 lL i1nummiaiii~n~ru~L lJ'ULL UULb~'Ud1U (Flat) '1€l'U'1n'VJn (Corruoated) vl€l (Tubes) Lb~'U 
'U 'U ~ 

fl~U (Fins) LU'U~'U 1?1\9lm i~1'U1 mu'1~L lJ'UV1€l'ILb\91'1 €l~'1ilL UtJ1J bb'1~L Vl~nnil1 
' u 'U 

(3) O'U1'U (Insulation) ~1'U1VlqJ'1~1iL61ld1iln (Ceramic fiber) 1mLn1 (Fiber glass) 

LL'1~hfo~'11?1~n (Plastic foam) €l~~'l~1'U-il1'1LL'1~~1'U~1'1 '1~vl1VIU1~'1\9ln1d?lruL~tJfld11J{€l'U 
'U 'U u 

CV d o IV 

€l'UL'U€l'l'11nn1d'U1fl111Jd€l'U 

(4) ~1L~€l'U (Metal flame box) vl1VIU1~LtlUd1Ud11J~1'UUd~ne:iu~1-:i1 'lJ€l'lbLl!-J'ILtlU 

f-:i~-d1m1e:i-:in'U~'U'1~e:ie:i-:i Lb'1~m11J~'U'lle:J 'le:i1 m ialbLt:-J'lbn uf-:i~G11V1f u'Vl1e:i 1miai{e:i'U 1lJ~1b ll'LI~e:i-:iii 
n1dLL 'liLL ~'I bL'1~Ln\91Utlj'Vl1'11nmdn\9lfffa'UU€ltJ1J1n zj,:ie:i1mia1~~11 Vl'1hirie:i1i1Ln\9lfld11Jb~tJVl1 tJ~ 
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.q,d d .., .., 
2.2 'VIC)1;~'VILm.11mJ1a~w1u 

1'61~yj1'U ~€1 1'61~~i1mmf'f'Vl~€l°1l€l'll1\l (Space) bb 'V11flU~U'U€l ~1 'Ub '6'€1161~~ b ll'U"ll€l\lbb ~\l Vl1fl 

-W-:u 11ru11'61~1~ 1 ~ i1Vl'i1'1m.b CJ ri1ri11lJ'Vj1'U (Porosity) -:u ~liCJ1lJ~1 CJB m1?i1'U1~Vll1\ltl~mm 

-tl€l \ll1\l~€ltl~m1911~\l'VllJ~ ( tl~ml911Viu) ~\lJ'U161 ~~ii ri1m1lJ'Vj1'U61\l61 '1'U~€l 161 ~t!'Uiitl~m1911 
, , 'U I " 

b ll'Uf'f'U~-:U~ b ll'U161 ~Yiu ~1CJ1ri1 '161{1'1~\lfl~11v111 ~161 ~'Vj ·mi1riru~ fl1!tru~ b~'U., 61€1 \l€l ti1'1 ~€1 
cu , , " " I 

ii519111?i1'U1~V111\l~'U~e.l1~lJ~61 ~€ltl~lJ1191161\l v111 ~iirh~lJtl1~~'Vl~m1ri1m 'Vlrl11lJ{€l'UlJ1fl bbfl ~ 
'U 

v111 ~611m1m ti~ CJ'U1tJyj~\l\l1'Um1lJ{€l'U1~V111'l fl11'Vj1 bbfl~ fl11bb~~\l~ m1l.l{€l'U ( m1il1 m1l.l{€l'U) 
'U 

1~b ll'U€l ti1'1~ V11fl'W-:u11ru1fi\lfl 11il1lJ1tl1~ CJfl 1911 iL ll'U161 ~'Vj1'U-:u ~ bb u'l1~ b ll'U 4 1ri1 '161{1\l ~\l-d 
' ' ' 

('Liru6fl191 fl~1911r1lJ, 2554) 

(1) 1m'l61{1\lbbtJtJh<Jl.J (Foam structure) Vl~€lb611fl~fl11bbtJtJblJ~ (Open-cellular) b.Q€l 

"ll€l \l bb ~\l"ll€l'1161~'1 ~i;)fl b U'Ub~'U 1CJ 1~ CJ~ ii°1l€l '111bU'U1 'Vj1\l'Vl1 \lflfllJ bb uu b611fl~ bb 'V11fl €l ti.fl 1CJ1'Ub~'U1CJ 
' 'U 

~ \l fl~ 11?i\lt:-Jfl1~b611flflfl11 bu ~ij ~fl 1!tru~ 1ri1\l61{1 \lb ll 'U bb tJ tJ ~ 1 b VI~ CJ lJ ~ tJ Vltl 1 (Pentagonal 
'U 

dodecahedron) ii rl1r111lJ'Vj1'UlJ1fl fll1 0.8 b U'U161 ~ fa'Vl~~ii1yj1'U'11'U1'UlJ1fl ii b '6'€1 1fi'Vl~€l ti 
'I 'I 'U 'I 'U 

tl1~mru 5-25 b tl€l1 b~'Ul9ifl~11B flUCJ'Vl;j\l~€l hJlJ foV1~tl1~ n€lu~1 CJ€l1mf'!{€lCJfl~ 7 5-95 "ll€l \l 

tl~m1911 v111 ~iitl1V1i!m u1 ri11lJ~'Ul91flr1~€llJ"ll€l \lbbfi 61Vl~€l€l1 mf'fvtl Vlfl~1'Ui1ri1~1 ii~'U~e.l1~lJ~61 
~€ltl~lJ11911~61\llJ1n bll'U~'U 

'U 

(2) 1ri1\l61~1\lbb tJtJbb~'UfilblJflfil'Vl~mbtJtJt:-J61lJ (Lamella or mixer structure) vl1'11fl fa'Vl~ 

bbfl ~b 61111iln~ iiri1m1lJ'Vj1'U61\llJ1fl€l ti1 'U°1l1'l o. 9 5-o. 99 zj\lv111 ~ bb~~ '1~1~~ b~CJlJ fl11il1ri11lJ{€l'U 
' 'U 'U 

m1lJ{€l'U ~1 CJ15m1 bb~-r \lITT~€l ti1'1~b~ CJlJ bbfl ~m1 lJ~'Ul91fl ri~€llJ"ll€l\l bbn61Vl~€lm m f'fvtl Vlfl ~1'Uiiti€l CJ 

l1' fltl1~ CJ fl 1911 inu br1~€l 'ltlfi m ruLriii ~1 Lm ~ii1'Vj1'U u'U1'Un 'Um 1lJ{ €l'Ubbfl~ b vJ€l1iJL -:u €l1"ll€l\l bl911 bm 
'I dJ 'U , 

bll'U~'U 

(3) 1ri1\l61{1\lbbtJtJb~'U1CJ (Wire mesh structure) iiriru61lJD~r1~1CJbbtJtJbb~'UblJflfl1 bb~bbtJtJ 
' 

b~'Uii-tl1'lm1lJ'Vj1'U~1fl11 o. 75-o. 9 5 bbfl~l1'fliiuruV11~1'Um1lJbb ~\lbb 1\l'Vl'U'V11'U 
' u 

(4) 1ri1 '161{1\lbb tJtJ;j1'UB~ bb U'U'Vl~mb tJtJ~'U?i1'U (Packed bed or discrete element) iiri1 
"' 

m1lJYq'U~1tl1~mru 0.3-0. 7 ?i1'U 1ml!lYfl1 i~'U?i1'U~ii~tl'V11\lflfllJ bb~i1fl111-b1'U~tl'V11\l~'U1~1CJ 
-:u~b~'U"ll€l'1161~'llli~d~€l iim1lJbb ~\lbb 1 \l 'Vl'U'V11'U~€ln11-ii€lri'V11\l€l ru'VlJliJ bbfl~61~61lJrl11lJ{€l'U 1 'Ub '6'€1 

'I 'I , 'U 

161~ 1~b ll'U€l ti1\l~ bb~-:u~iiri11lJ~'Ul91flri~€llJ61\l iim1bb~~\l~bbfl~fl11'Vj1m1lJ{€l'U~1 
' 'U 



(a) LL 'U'U l YbJ 

., 
( c) LL 'U'UL?f 'U 1~ (d) LL'U'U~1'UeJ~LLi..i'l.!'v'l~BLL'U'U~'l.!i.+m ... 

111w~ 2.3 lfl"a.:ia~1.:i'tlv.:i1'a~w1'Uuuu~1.:i6J 

Vi111: iJrueri~ fl~~1Fl11, 2554 

8 

1 'Wfl11L '\J~ ~'U1U'W'1\l\11'Ul'l111Jf B'U 1~~1~'Vll1\11'1111lf B'U 1 'W1U"UB \!fl 11'W1LL'1~ fl11LLeJ1.:i~ L ~B\l'il 1fl 
" " 

1'1~-w1'WL ll'Ll"UB\ILL ~.:i~i11-w1'Uzj.:i"Ua.:i 1V1'1'111111ti1V1'1e-i1'U1~vh 1 ~11-Ua~ ~a 11er~11~1'U1~V111.:i~'U~ 
'I , \I , 

Cl1i;\ai.J~111 mi.'1-:i vh 1~i1Fl1111l.'111111ti1 'Um1-w1m111f B'U 1~~ 1111~.:i~ m!tru~~ L U'U"UB\I LL ~.:i~ .:ii1fi1 
" 

i11'\J1~i1'Vl~fl 11ri1 ~ L 'VI m111f B'ULL'1 ~«11i.J1~i1'Vl~fl11~ ~fl~i..11\1~ m111f B'Ui.'1\1 ~\l,r 'U 1 'Wfl11ri1 ~ L 'VI 
" " 

m111fa'U~\IL lli.J 1 i.Ja~1.:iiji.J1~i1V16m-w 1~~i1V1'1flm1v11.:i1'\.J~\ILL'1~\11 w11-w~ 2.4 L~aaiml3ffa'U 

1 'Vl'1 eJ1i..11''1 ~-W1'\.J'Vl1\l"U111l a 1'1 ~-W1'\.J'il ~vi'1V1ii1~ L U'U ~1~~ fl~ 'ULB'U'Vl1'1 U"UB .:i a1m13ff ama111~1 'U , , , , \l 

LLe-11.:i~ (Emitter) LLe-i1.:i~m8.:i1'1~'W1'U'Vl1\1~1'Ui1~zj .:iv11V1ii1~L U'U~11u1.:i~ (Absorber) ~\l,!'U 
' ' 

B1fl 113f~B'U'ITT 'V1'1eJ 1'\.J ~1LLeJ1 \l~'il ~11aru'Vl.fllJ'1 ~'1\1 LL'1~ L~BB1fl113!L~'U1 'Vl'1e-i1'U~11'U1\l~B1fl113!L~'U 
' " 

'il ~ ~~m111f B'U~~~fl~'U 11v111 ~Bl fl113fij LB'U'Vl1'1 U LL'1~ B ru'Vl.fllJ(,'1 \l~'U 'il 1 fl 'Vli;r fl fl11~\I fl~11~ .:i 1~'111 
'U 'U , 'U 'U 

li.'1~-W1i..1111'\J1~ ~fl~1inu.:i1i..11~~1 'Wl'l.f .:id 
' ' ' 
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0 I G.I .c::I 

2.2.2 n1'lfl1'L11N'Yl1fl1fl1111'W1'Ll'tleJ.:J1i'lfJ'W1'Ll'Vl1.:J'VIC)'li~ 

~1fl1111Yq'U"llel~lG1~Yq'U Ael tJ~111m"liei~11~"1Jel~lG1~~1'U (Vspace) \9JeitJ~1J1~1 

~~'Vl11 ~"llei~1G1 ~~1'U b ~ei~'il 1ntl~111m~~'Vl11~"1Jei~l'G1~~1m vi1nue..im111"1Jei ~tl~111~1"1Jei ~b dei1G1 ~ 
'I 'I 'I 'I 'I 

~1'Ubbf!~tl~lJ1~1"1JeJ~"liei~11~~~G11Jf111 (f1~~~1 b 'Vl~tJlJ 1 ~1311fl, 2551) 

(~otal ) = (vporor<> ) + (vspace ) 

t/J=l-VF 

b~el~1 Solid volume fraction (VF) fieitJ~111~1bdei1G1~~1'U (vporo,J \9leitJ~111~1~~'VllJ~ 

(~01a1 ) 1 u;J1'U1'Ubb~'U"lleJ~lG1~~1'U~~'VllJ~ r11'U1ru1~'il1f1G111m1 



(~otal) 

(vporom) 

p 

N 

vs 

10 

,, ,, 
ftt1 mml'l1li'.:J111Jf!'\Jt1\11ut1iirfl'W'.i'U, (m3

) • • ,, 
ftt1mml'l11ut1iirf'IY11u, (m3

) • • 
~ 'JI I o' Q.I 

flfl!ffWfl'U ft'U tlfHll\l'\Jfl\l'Jff\Pl'W'.i 'U, (m) .. . . 

Cl 

[ __ _ 

p 

di 0 I CV 

rle:J '11'U1'Ubbt.J'U"tle:J\11G'ti;JYf~·'U , , 
fie:i tJ~m\9l~"tle:J'lbb~'l'1°1'U1'U°v1~'lbb~'U, (m3

) 

fie:i U~1J1\91~-vr\IW.Ji;J"tJe:J\ll?li;J'W~'U, (m3
) , , 
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2.2.3 n1~fl1'U1W'V11fl1fl113JW1'U'tleNl1'a'!W1'UL~a15m~LL'Vl'U~'tlil.:!1h 
fl1'H0h'U1ruvt1rl1fl11:UV'f~i'U"ll€l'lli.'l\9l~1'1..l'ffi m 'Ufl11'\ll\9l~€J'l b\9ltJl6fl11bb '\ll'U~"ll€J'ltl1 b U'U 

' ' ' 
m1vnJ1vrun"Uv'l1i.'l\9l~1'U L\9l tJ€11~tJfl11bb 'Vl'U~"llt1.:itl11 'U"lit1.:i11.:i tfi:u1ruJ1~b yj:u:fi'm1::: 1~ri1 Solid 

' ' 
volume fraction (VF) zj'lbU'Utfi:uim"llt1.:Jbdt11i.'l\9l~1'U (Porous volume) ~t1tJ~:uim~'lVl:U\9l 

' ' 
(Total volume) L\9ltJ1-i!i.'l:Ufl11 

"' b:Utl 

I 

vporous 
VF=--

v;ota1 

v =Jrd 21 
total 4 w 

~€1 r111:UVl'U111:U"ll€l'lli.'l\9l~1'U, (m) 
' ' 

~€1 b~'U~1'Ul31'U6nm.:i"llt1'lli.'l\9l~1'U, (m) 
'\J ' ' 

2.3 n1~L~3J'lh::fl'Vl'5111Wbb~NLn'Ui'.:!~ 

b Ylt1~'1~b ~:utJ1:::~'V15m~bbi:.J'lbnu1'.:iru\9ltJ 1-iim fl1131b U'LI~1~1m1:u1t1'LI ~.:i"il1b lJ'LI~t1.:i 1 lXmml31 

~1'Ubb~'U\9l\9lfl~'U1'.:i~i!'Ui1t1ruvt11i1i.'1.:i~'U bbl'l1-ii«'LI~1'ubbi.'l'lb vh b~:U '1~i.'11:ui1i;i"il1bb 'Un bbi:.J.:Jbnu1'.:i~m:u 
\J 'I \J \J 

~n~ru:::m1tJ1:::tJnl'l1-ii'.:i1'U1~ 2 1tJbbUU ~.:id 
' '\J 

2.3.1 LL~NLnui'.:iii~iiLL~'U~~na'Ui'.:iiiLL uulijii1a~W~'U .. . . 
bbi:.J'lbtltJ1''l~ bb tJtJdt11fl1!31'1~1 VI~ ~1'Ut41~1'UtJ'Ubb~:::C41~1'U~1'l"ll€J'l bb~'U\9l \9lfl~'U1''l~ 

'\J 

zj.:it11n 1131vfl Vl~~1'U~1~1'U'U'U'1:::vh1 lXi1 m1i.'lrub~ tJm1:u1t1'LI~1'UtJ'U"lltl'lbbi:.J'l bnu1'.:i~b ~:u:ff 'U ~.:ii!'U 
'\J"' 

~.:ihh Vll.11:::~'1::: 1 m 'U'l1'U~~€J'lfl11€JruVIJli1i.'l'l ~n~ru:::"lJ€J'lbbi:.J'lbtltJ1'.:i~1tJbb uuvh 1U€11fl1131'1:::1 VI~ 
'I \J \J \J 

~1'U~oU1'ltJ'UVl~€J~oU1'l~1'l b-WtJ'l€1~1'l 1\91€1 ~1'lVl~'l'1:::b~tJfll1 fl111 VI~ bb tJ'U'\111.:J b~f.Jd bb~::: bb tJtJ€11fl1131 

'1::: 1 Vl~~1'U~'loU1'ltJ'Ubb~:::oU1'l~1'l"lJ€J'l bb~'U\91\9lfl~'U1''l~'1:::b~tJfll1 fl111 VI~ bb tJ'Ui.'1€J'l'\111'lbbi.'l\9l'l~'l.f11~~ 
'\J 

2.6 1 'Limru~bbi:.J'lbnu1'.:i~~nbb~'U\91\9ln~'U1' .:i~ b ll'Ubb~'U11u 51 h1'V11~~1V1~t1«'U~1 hibri~t1u~1 tJi.'111 
'\J 
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., 
I ii Q.I .:ii 

mmvim1mtl'u ~.:i'U 

( 1) fl11Vh 1 ~~'Ui'.i1'1JB.:JLLcJ'U~~fl~'U-r.:ii1l1m1lJ'l'1CJ1'U'l'1~B'lJ1'1J1~b ~B 1 ~B1fl1131~1 '1'1~cJ1'U 
~ ' 

1wfoi~m.1~rn11 '1'1~ LL uu~'UU1'U~~vh 1 ~fl11'Vi1fl11lJ~B'U~~'U 
(2) rn11?ifl~rn ll'Urn1L ~lJ~'U~i'.i1~lJ~G1numrnl3fffi '1'1~e-i1'U~ ~61!1EJ1 ~fl1')ci1 m vim1lJ 

(3) fl11L ~lJ~'U~-rrnL'1.:J'lJB.:JLLe-i'U~~fl~'U-r.:ii11~mLcJ'U~~fl~'U-r.:ii1~i'.1i;Ymm.1~ L ll'U~ fl'VJ fl 
'U 'U \J 'U 

.dil Ill.I .::::ii.cf ~ Cl.I .c:::il ~ I ...::::. J{ d CV I.I CV I lJ' Cl.I .c::il.c::ll I 

'1'11Bl'l1161l.:J bbc.J .:Jbfl'U1.:J'1 LL 'U'U'U'UB fl~1 fl~ ~"111 EJ b 'VilJ'Vi'UV11'U bb'1.:Jbb~1 EJ.:!"111 EJ~ ~fl11'1~VlB'U1 .:JG1B fl'11'U 

'1'1tl.:i1~ 

~ 
I ~I Glass-' t t t ~ber pla• .... ~ --·· ... 

- - lnsulat•Oft 

A Cosing 

rd=::·-
SectiDft A-A 

:$: 
I 

i l i [Ab~rber plate 

Awln- -•wout 

~~at~ 
Botto"' plate 

CGSl"9 

GO~SS ~:=r.ber_ 
~ lnsutat•-

sW19 

Section l/{-1( 

S«tion J.-i. 
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2.3.2 bb~.:iLnui'.:ii1~ii1afJ~1'U (Collector with porous) 

1'i.1~W1'U?t1:1.J11ffvl1Vlii1~L lJ'UatJm~1fa'1m tJ~ tJ'Ufn1:1.J~B'U 1~ L ~m\J 1nijrn1:1.Jl.'11m1t1 
' ' , 

(Thermal radiation) 1~tJ~1'Uf1'11m.JB~f111W1Fl11:1.J~B'U (Convection) LL'1~f111LL~f ~~fl11:1.J~B'\.J 

(Radiation) L ~a~\11f11?t ~W1'\.JL U'U'1JB~LL ~~~ij1w1'\.J~~'1Ja~ 1V!'1i.'11:1.J11tl1V!'1~1'\.J 1~vh 1 ~ij B\9111'11'1.J 
'I 'I 'U 'I 

1~V111~~'1.J~CJ11'iatJ~m\911mnv111~Ln~m1w1rn1:1.J~a'\.J1~~ 11:1.J5~~ n~ru~~L U'\.J'VB~LL ~~~ ~ijr11 

G1:1.JtJ1~~'Vl~f111~~f1~'\.JLL'1~f111LL~f ~~i,'1~ (f1'\.Jf1f11ru\Jtl 1a~l"ll1W1' 2556) ~1tJLV1\9l-d'm11.ff1l.'1~'W1'\.J 
'U 'U QI 'I .. , 

~~L \Jm V!na'Um1L ~:1.J~'\.J~n 11ci1 tJ L 'V1Fn1:1.J~a'U LL'1 ~~~L lJ'Um1L ~:1.JtJ1~~'V16mw'V11~ri11:1.J~a'\.J'1Ja ~ 
1~uu LL'1~L U'Uf111L ~:1.JaruV1.fli3~'V11~a anB n~1mL\;]LLC-J~Lnu1' ~~LL uu-d'fiij-LJ'aunw~a ~~L lJ'WatJl.'111 ri 

, 'U ' 

l'iam1L ~:1.JtJ1~~'V15mwfia m1:1.J~'\.J'1la~mn 1!"1.fl1tJ L '\.JLLC-J~ Lnu1'~~1~V111~LL~'U~~n~ 'Wf ~~ nutl'LI1'\.J 
'U 

...... • £• 

(a) (b) 

(c) (d) 
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m 1lJ f el 'U'11 fl Lbe-i 'LI i;i i;i fl~ 'LI ffii;i CJ~ iw.J 'U'1 ~ LV'U fl11 imh:i ~-:i J'Uel 1fl1Pl~cJ1 'ULLcJ 'LI i;i i;i fl~ 'Ud '1 ~ f 'U 
~ ~ 

ri11lJf el'U 1 tJtJ1~i1V16.rn'rj"lJel \I bbc.J-:ibiiur-:i~\J~~'Uel t!n'U~m~m.1~ bbcJ'U\91\9lfl~'Uf-:i~d b "li'LI ~el-:inri11lJV1'U1 
~ ~ 

(2) '111 ~81fl11'11 Vlfl cJ1'U~1'U~1\l"llel\1~1~lJt1i.'1'1~'rj'l.Jl1bb1 \I b~CJ\9l'V11'U"llel\lel1fl1i'l~cJ1'U1 
~ 

yj1'U'1 ~Uel CJfll1 Lbe-i'U\91\9lfl~'Uf -:i~ LL 'U'Ubbe-i'U11'1.J 1i;i mim1~el 81-:i ~-:im11-ifel1 m i'lb U'U~1~1m1lJf el'LI~ -:i 
' ~ 

bbi.'f\91-:i1 'U.fl1Vj~ 2. 7b 'Uelfl'11fld'rj1fli'U"llel\lbi'l~bbn11i;ivi'U'U'Ubll'Um~'1fl 1tJ~-:i1i.'fi'U~1-:ib ll'Um~'1fl~ 
~1 ~-:in1yj~ 2.7c LLfi~LLe-i'Um~'1fl~11-:iLV1~ellJtl'U ~-:ifl1'rj~ 2.7d ii~el11LllmLcJ'U\91\9lfl~'Uf-:i~~n 

~ 

~ fl~ru~ b ll'U1yj1'Ub "li'LIL~mn'Uzj-:iel 1mi'l~e-i1'Ubbc.i-:i Ln'Uf-:i~d'1 ~nel ru'Vlniii.'f-:i~'U ~-:i i!'Um1lJ1el'Uvtl~d 
'U , , 'U 'U 

'Uelfl'11fl'l111111 oifv11mml'lf el'Ubb~1E!-:ii.'f1lJ11{ltl11 tJtJ1~~fl!Jl1oif-:i1'U1'LI~1'U~'U11~ b -d'LI 

(2.1) m11 ~m1lJf el'Ubbriel1ri111 'Umru~b ll'LitJ1~b 'VIP1~nmmP1V1'U11Lv'U 

(2.2) tl1m1lJf el'LI1111 -lit 'Um1v11Lri~el-:i'l.Jf'Umml'l 1i;iv 1 -lit m~'U'IJ\91\9l~lJ 
~ 

(2.3) 1-lit 'U\11'U~1'Ufl11bfl~!Jl1 b "li'U fl11vl1r111lJfel'U 1 'Ub~el'Ufl1~'1fl 

(2.4) 1otl81fl11'11el'U1 'Ubb Vl~\lyj~\l\11'Ui,:11Vlf'Ufl11vl1fl11lJf el'U"llel\lbrl~el\ICJ'U\#i 

2.4 n1~'11tJL \'lfl'l111-itJ1J 
' ,, ' 

m1ci1m 'Vlfl11lJf el'U (Heat tranfer) fl el m1~-:icJ1'U'rj~\l\11'Ufl11lJf el'U~\lbn\9l:U'Ub Uel\1'11flfl11lJ 

LL!Jlflvi1-:i"llel\lelruV1n:iJ ~-:ii!'U Ldel 1i;inmlJ~nm1lJLL!Jlflvi1-:i"llel \lelruw1ii Ln\9l~'U 1 'LI~1flfi1-:iV1~el1~V111-:i 
, 'U , 'U 

~1flfi1-:im1ci1mV1ri11lJ~el'LI11'fl'1~Ln\9l~'U 1~ .fl1'rj~ 2.s Lbi.'f \91-:im1ci1m V1m1lJ~el'U~Ln\9l~'U 1 'LILL 'U'U 

v\1-:i ., Ldelnbfl1b~CJ'Uvleltu'Vlflii (Temperature Gradient) bfl\9l~'LI1'LI~1flfi1\l~elt!~-:i L"li'LI "llel\lbb~\I I , 'U 'U 

Vl~el"llel\11 Vlfi b 'VlellJ"llel\lfl11tl1m1lJ1el'LI (Conduction) '1~b U'U m1ci1m 'Vlfl111l~el'U~ Ln \9l~'UcJ1'U 

~1flfi1-:i 1'LI"llru~~fl11yj1 ri11lJ1el 'LI (Convection) '1~ b U'Ufl11ci1 m 'Vlfl11111el'U~ bfl\9l~'U1~Vll1\I 

~'U~1 bbfi ~ "llel -:i1 Vlfi ~ brl~ el 'LI~ bd el ij el ru VI fl ii bb!Jl fl vi 1 \I tl'U ~1'U fl11 bbcJ f-:i~ m 111f el 'LI (Thermal ' ~ 

radiation) '1~b ll'Um1~'Vlfl~'U~~1~nelru'VlniiV1rt-:i'1~'1J~el CJ'rj~-:i-:i1'U1 'LI1'1J"lJel-:iri~'Ubbl.JL Vl~fl 1 rJvh 
, , 'U 'U 

elelfl111 ~-:iJ'U 1'Lii.'ff111~~tJ11!'1'11fl~1flfi1-:i1i;i I '1~nm1ci1 m V1m111f el'LI~V16~Ln\9l~'Ub ~el\1'11flfl11 
bbcJf \1~1 ~Vll1\l~'U~1i.'f el\l~'U~1~nel ru'Vlflii bb!Jlfl vl1\ltl'U 1~ 

' ~ 
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I I I I 

n11tl1rn111~B'U (Heat conduction) ~B 15m1Virn111~B'UbA~B'UVi'11fl'\J~b1tl.l'Vii1 

e:iruvr.niJ'1-:i 1tJ8-:i'IJ~ b 1 ru~:rle:i ruvr.niJ ~1.n1EJ1'U1111 fl'11'lb~ EJ1 n'U vr~e:i b ll'Un11 bA~ B'U~'IJB -:irn111~e:i 'U 
, 'U 'U , 'U 

1~'Vfl1'llii'1 fl'11'l~~~tl'U bbi;li'.Je:i ruvr.niJ bb\Jlfl i;i1-:in'U 1 'Ufl11tJ1fn111~B'U fn111~B'U'1 ~ bA~ B'U~c.i1'U 
, 'IJ 

111b'1fl'1'1JB'l'1111~ EJ ffi11 rn fl '11,J bA~B 'U~'1 ~ bfi ~~'U 1~~111n 1 'U lii'1n'11-:i~ b lJ'U'IJB'l bb ~ -:i faEJ bu~1 ~ti' 'IJ , , 

(Temperature Gradient) dT/dx ~run'IJ~'U~ A ~A1111~B'U1vr'1c.i1'U ~'lA1111'111111t:11'Ufl11tl1 
A1111~B'U'IJB'l'111 1~~1EJtJ~111ru~b~EJfll1 ri1n11tl1rn111~B'U (Thermal conductivity) vr~e:i14i' 

eJfl1!t1~Bl1 k b lJ 'UAtu'111U~'V11'lfl1EJ.fl1~'1JB-:i1111 fl'11'l~i'.J fn111~B'UbA~ B'U~c.i1'UeJ \Jl11fl11tl1A1111 , 

"' Q AB cond 

A 

T 

x 

k 

Qco11d = -kA ( ~:) 

eJ\Jl11fl11ci1m 'Vlfn111~B'U L~EJfl11tJ1fn111~B'U, (W) 

~'U~fl11ci1m 'Vlfn111~B'U, (m2
) 

e:iruvr.niJ, (K) 
, 'IJ 

1~EJ~'V11'lfl11bA~B'UVi'IJB'lA1111~B'U, (m) 

'111tJ1~~'V1Bm1tl1A1111~B'U, (W/mK) 

khanitha
Rectangle
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"tlv-:J bb ~-:i'1'U 11~~u fl11llf vwil ~ri1 m 'Vl fl11llf v'U 1 ~bbf11lJ b~ ~~ 1'U~'U5~1 i.J1 'U~ n~ru~~~-:J-:J1'Ufl11lJ 
i'U?f ~b Vlv'U (Vibration energy) 'W~-:J-:J1'Ufl11lJf v'Un':il~bfl~€l'U~~m i11 i.J1'Ub -dv"tJ€l-!l"tl€l-!lbb~-!lb~€ltJ 'l 

'Utl f1 ':il1f1dn11'11 fl11lJf tl 'U~ -!l €l1':il';i)~bii~';i)1 f1 f111"tl'Uri1 tJ fl11 lJf v 'U"tJ€l-!l ab~ f1 m tl'U~ n €l ~1 'U"LJ €)-!j bb ~-!l 
'U 

bdv ab~ f1mv'U1~-rum1lJf v'Utl':il ~n'W~-!l-!l1'UlJ1 n:ff 'Ubb~ ~ bfl~ €l'U~1i.J?iu~b1 ru~ bEJ'Uf111zj-!J';i) ~tl1b €l1 
'U 

TI~-:i-:i1'Um1llf v'U 1 iJ?iu~nru~bEJ'Uf111~1 tJ 1~tJvi'11 '\.J':il~"Wu11 faV1~'l11m1lJf v'U 1~~n11v 1~'Vl~ ~-:id 
'U 

TI~-:i-:i1'Um1lli'U?1~b Vlv'U 1~v ~1-:J?f~mn bb~~ fa'Vl~~-:i:W'11'U1'Uab~f1!'11v'Uv~lJ1f1lJ1tJzj-:i':il~'li1tJ1 'Um1 
'U 

"tJuri1 tJ'W~-:i-:i1'Um1lJf v'U 1~ b tJ'Uv ~1-:i~ ?i1'Uv fa'V!~'1'U 1lJ b~n ~ ';i)~ b ~tJ-:i~1ti''Uv ~v ~1-:i bJ b iJ'U1~b -U tJu 
' 'U 

hJ?1~mn 1 'Um1i'U?1~ b Vlv'Ubfl~v 'U~e.i1'U 1llb~n~ 1 i.J1~bb~~v fa'Vl~:Wab~ nmv'Uv ~U'v tJm n m1~n~1 
' 'U 

fi-:im1 bfl~v'U~"tJv-:im1lJf v'U 1 'U?111'1'U?11lJ11m '\.J~tJtJ b VitJtJ':il 1nfi1 k "tlv-:J?f 11b 'Vl~ 1'1'U 1~tJ?111~:Wfi1 
k ?f-!l':il~b~tJf111 ?111~1'l11 (Conductor) bb~~?111~:Wfi1 k ~1 ':il~b~tJf111 u'U1'U (Insulator) ~1€l~1-!l 

'U 

fi1 k u1-:i'1!'Ll~bb?1~-:i1~~-:im"W~ 2.9 bb~~m11-:i~ 2.1 

60C 

400 

200 

:;.oo 
80 
6o 
40 

20 

" :.o ..... 
:a 

I ,.e,...,. ! 
_..L.,auai 1 l 

! 

1.Jn:1 
I 

! ' . . • . 
...... - . 

... 1n .... 1•: ... ~-1111 nlll) 

i AUgy ~*e1.I i ~ I _Jo--

- - ' 
_...,._-

I 
... _. __ 

·~··· .. -". \l'\W" 
·- L 

~ 

6 
;I 

Ii Cl ... 
? ,. 

2 c 
.r 
;I .. 

ld r 
.: 
r ·c o.6 

. I 

~ I ! 
i I i I ... 
i ._, ' ~ ..... , I - ' o.i. 

0.2 
'" ... ~ ..... ( rr6 ' ~I• ) I I . . 

' - ~ 
.. 

I 

O.l I 
' 

0.06 
O.Oli 

0.02 

I uu.n (illus vool) 

j ~'~ I I 
: ...... ~·~/. v I . """' 

I 
I I 

I 

100 200 
2000 3000 laOOO 

. ' .c:::lll CV .c:r, .c:r, Q.I 

'Vl111: 'Uf1?f'Vli) ~1~'U1, 2553 
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d I 0 II Q 

m':i1.:i'VI 2.1 fl1n1':i'U1fl1111':iv'U'Ue:i.:ia1':iu1.:i11'Ufl 

., 
fhn1-:i'll1fl1111~v'U (k), W/mK 1~{1 • 

bffVl:::'U~?tVlt 35-430 • 
bftVl:::t:J?11J 20-200 

b'1Vl:::LV1ff"J 9-90 

"" 0.814-1.4 Flel'Ufl'j(;l 

1~Li!elBel'U 0.100 

1~Li!mL~-'.l 0.140-0.170 

O'U1'U 0.02-0.40 

. ' 
Vi111: Ufl~VIG Fl1~'U1, 2553 

" 

ti . .di! Q..:::il d I.I d d I .iC:1t. 

m1~1m1mel'U (Heat convection) Flel 15fl11VIF1111J'iel'ULF1'1el'U'Vl'i:::Vl11-'.lt:J1"Uel-'.l 

"Uel-:JLL ~-:JLL'1:::"Uel-:i1 Vl'1 zj-:J"Uel-:J1 Vlff'1::: L U'U~1~1m111~el'U1111 ~Vl~el~1Fl111J~el'Uelel fl"11fl ~1"Uel-:J 

"Uel-:JLL~-:i m1ri1mV1Fl1111~el'U 1~t1fl11~T1.h:::flel'U~1t1fl'11fl 2 mh-:i ~el ~~-:i-:i1'ULn~fl11ri1mV1eJ''Lili 

t:J'1 L ~el-'.l1J1"11fl fl1) Lfl~el'U~Vl~el fl1)LL ~~LL 'U'UG'i1J"Uel .:i b1JL'1fl'1 LL'1 :::t:J'1 L ~el-'.l1J1"11fl fl1) Lfl~ el'U~"Uel-'.l"Uel .:i • • 

~-:ivi11~~Ln~~'U~-:iLn~~'UL ~el-:J"11flfl11Lfl~el'U~LL uu'111"Uel-:i 111L'1fl'1 LL'1:::m1Lfl~el'U~"Uel-:J"Uel-:i1 vim ll'LI • • 
'11'LI1viaj fl11ri1mV1FJ1111fa'LI1~tifl11Vil1LLD-:Jelelfl1~LlJ'U 2 ~fl~ru::: ~el fl11fil1(;111J5111J'll1~ 

(Natural Vl~el Free convection) LL'1:::fl11Vil1b~tlfl11D-'.lfl'U (Forced convection) 

2.4.2.1 fl11fil1(;111J5111J'1!1~ (Natural Vl~el Free convection) ~el fl11Lfl~el'U~"Uel-'.l 

m111~elm:::vi11-:i~1"Uel-:J"Uel-:JLL ~-:JLL'1:::"Uel-:J 1 Vl'1 1~ti~"Uel.:J 1 Vl'1hk1flvh1~Lfl~el'U1Vl1(;111Jfl'11flm ti'Uel fl 
" 

LFl~el'LI~mEi'-:i"Uel-:i1 Vl'1~:V~nut:Jl!-:i vh1 ~Fl1111vi'U1LL tJ'U"Uel-:J"Uel-:i1 Vl'1~el ~:S~t:Jl!-:i~1"-:i zj,:ivh 1 ~Ln~ 
" 

LL )-'.Jt:J~fl ~'U1 ~"Uel-:J1 Vl'1'1el tl~1~'U"Uel-:J1 Vl'1~el ~~1fll1n"1::: Lfl~el'U~ L-il11J1LL Vl'U~ LL'1:::vh 1~ Ln~fl1) 
" 

tJ~mru~1-:i1 V1'11t1tJ~111ru L"li'LI ~ru?111iJ~~1-:i1 "Uel-:J"Uel-:i1vi'1 "U'U1~LL'1:::~fl~ru:::"Uel-:J"Uel-:JLL~.:i 

el ruviniJ~ LL\;Jfl ~1.:in 'U'i :::vi11-:i"Uel-:J 1 Vl'1 LL'1 :::~'U~1 'LI el fl "11fl i!?111tJ 1::: ~Vltfl 11"U m t1~1"U el-:J?111zj,:iljt:J"' . " 
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2.4.2.2 fl11Yn11'ltJfl11U\l~'U (Forced convection) ~e:i fl11bFl~e:J'Uvl'lJe:J\IFl11l.l{e:i'U 

1~V111\1~1'lJe:i\I bb ~\lbbfl ~'lJe:i\11Vlfl11'ltJ'lJe:i\l 1 Vlfl riflu\l~u 1 ~bFJ~e:i'U.yj1 tJ~l.lcr?tnu~1'lJe:i\l'lJe:i\lbb ~\I 11'ltJflfl 1fl 
'\J 

.fl 1 tJ'U e:i fl b 'li'W ~ l'lfl l.l Vl~e:i bFl ~ e:i \l?l'U tl1 b~ e:J 'lJ e:i '11 Vlfl i1 Fl11l.l b ~1'11 b lJ 'U'1 ~~e:i \!VJ 11uflfl1fl 1'Um1 
'\J 

bFl~ e:i'U.yj'lJ e:i\l'lJe:J\11 Vlflri e:i'U 11'1 tJ'lJ fl &1'1 ~ bb u\lfl 111 Vlfl'lJe:i \l'lJe:i '11 Vlfl e:i e:i m ll'U 2 bb uu ~e:i m11 Vlfl bb u u 

11'Ub~tl'U (Laminar flow) bbfl~fl111Vlflbb'U'U~'UU1'U (Turbulent flow) 1'Um11Vlmb'U'U11'Ub~tl'U zj\I 

'lJe:J\11Vlfl1 Vlfl b ll'Ui'U'l 'lJ'U1'Utl'UFl11l.l~e:J'U'1 ~ri1 m 'Vl'11fl~1'lJe:J\l'lJe:J\lbb ~\111'ltJfl11tJ1bbfl ~ri1m VJl'ie:i 1 tl'U 

1 u1 'U'lJe:i\11Vlfl11'1 tJm1t11c.i1'Ui'U'lJe:i \l'lJe:i \11 Vlfl 1 'Umru'lJe:i \lfl111 Vlfl bb u u~'Uu1'Uzj\l'lJe:i \11 Vlmfl~e:i'Uvl 
e:i ~1\1 hJi'.11 ~bu tJ'U'1~ i'.lm1 bFl~ e:i'U.yj~\101 fl nu VI Pi'VI 1\l'lJe:J\I m11 Vlfl ~1 tJ m1 bFl~e:J'U.yj'lJe:i \1Fl11 l.l{e:i'U'11'U 

1 Vlru'1~ bfil'l'11fl e:J'U.fl1Fl'lJe:J\l'lJe:J\l 1Vlfl.yj1~-ruF111ll~e:J'Ul11bbi;i'1bFJ~e:i'U.yjtl1m1l.l~e:i'U1 tJ~\l.yj~'U ~\l,!'U~\I 
"' . 

m11 Vlfibb 'U'U~'UU1'Ul.!1flb vh 11'lfl11 bfl~ e:J'U.yj'lJe:J \1Fl11l.l~e:J'U'1 ~~\Im fl~'Ub vhi!'U 

Vl1fl~'111flJ1fl11~ 1Fl11 l.J{ e:J'U.yj bfi l'l~'U 1 'U'lJe:J\11 Vlfl bFl~ €1 'U.yj cJ 1'U~'U~1'lJ €1 \I bb ~ \l.yj i1 

e:i ruV1.fliJl'i1\ltl'U ~\lm~vl 2.1 o bb?ll'l\lfl11ri1m VJ FJ11l.l{e:i'U 11'ltJfl11~11~V111\l~'U~1{e:i'Un'U'lJe:J\l 1 Vlflvl 
• '\J 

~e:i m1ll b ~1'1 ~fl l'lue:i tJfl\11 'UVI PiVJ1\lvl~\I b-li'1'1~16/.le:i \11 \;}fl~1 tJt:..1 fl'lJe:i\I bb 1 \1'11fl m1ll b~ tJl'l'VI 1'U.yj 
'\J • 

b ~€1\ll.!1'11flm1l.!VIUl'l'lJ€1 \l'lJe:J '11 Vlfl bbfl ~b ~e:i \1'11fl 'lJe:J '11 Vlfl i'U.yj e:i ~&il'l nu ~1,!'Uii F111l.l b ~1 b lJ 'UPl'U E! 
'\J '\J 

ri1 m 'VIF111l.l~e:J'Ubb uum1t11e:i ~1\1 b~tJ1 'lJe:J\11 V1flvli1FJ11l.l b ~1?1\1'1~ 1 ~~1FJ11 l.lm l'lotl'U'lJe:J\le:JflJVl.fli1?t \I 
'U 'I 'U 'U 

vh 1~iiB'm1m1t11m1l.l{e:J'U?1\lml.l1 tJ~1tJ (;1111\1 2.2 bb?ll'l\1~1G1'l.ltJ1~~VJBm1~1m1l.l{e:i'U'lJe:J\l'lJe:i \I 
'\J 

II .c::il .ca: I dd I _d d II ;: I LIQ I 

bbfl1l.!Vlfl1tl?l\1Vlfl 1tJ€1tJ1\l'Vll.Jt:.Jfl(;le:Jfl11bFlfle:J'U'Vl'lJ€1 \1Fl11l.!1€1'Ubb 'U'Ufl11~1'U b "ll'U ~flJ?ll.J'l.J(;}\;11..:J 61 'lle:J ..:J 

'lle:J\11Vlfl b'li'U F111l.!Vl'U1bbii'U F111l.l~e:i'U'11b~1~ F111l.!VIUl'l "1fl"1 F111llb~1'lle:J..:!'lle:J..:J1m1 F111l.lbb(;lfll'i1..:i 

1~VlrJ1\le:JflJVl.fli1'lJe:i \l~'U~1'lJ€1..:J'lJ€1\lbb ~..:Jbbfl ~'lJe:J\11 Vlfl b U'U~'U il1~'U (Newton) 1~~1'1Dru'Vl1Fl11l.l 
• '\J "' 

~..:i mfl b V1~1ffil'l m?l'Ue:J?ll.lm1'11V1-rur11'U1 ruB' (;111 m1 bfl~ e:i'Uvl'lJe:i..:i FJ11l.l{e:i'U1 l'lt1m1~1 ~..:ii1 • 

h 

A 

l'lT 

Qconv = hA/'lT 

eJ(;l11fl11ri1m 'VIF111l.l~e:i'U11'ltJfl11~1Fl11l.!~€l'U, (W) 

G1'l.ltJ1~~VJBm1~1m1l.l~e:J'U, (W/m2 K) 

~'U.yjfl11ri1m 'VIF111l.l~e:J'U, (m2
) 

t:..1fll'i1\l'lle:J..:Je:JflJVl.fli1, (K) 
• '\J 



\·e:ocH! 
var: at :a r. 

of ai.r 
-1 

tl~::IJl'Vln1~'W1fl111J'~eJ\J'lleJ.:J 

'lleJ.:Jl 'Vl~\J1.:J'tiilfl 

,, 
fl1'rt'llfl111l'fomb'\J'\JB?l1~, i..h 

rn1Yl1f11111~t1'Ubb '\J'\Ju-:i~'\J, mrnl"l 

" rn1Yl1f11111~t1'Ubb '\J'\JU\l~'\J, i.11 

" 0 o IV .di 

'Ulfllf!\lb~tl~ 

1B'llt1\ltl1~n1~-:ini'Uvr1 

E 
I 

... 
Ix 

---T 

Te:r.rcr.11t.rc 
,·,,,.- 'ar.al!;Jr 

;f. a:r 

T, 

' .., •• ~ .! Ill d 
fl1~1.lu~::tt'Vllln1~'W1fl111.l~eJ\Jbu~tl, 

(W/m2 K) 

5-25 

20-100 

10-200 

50-10,000 

3,000-100,000 

5,000-100,000 
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fl11'Vllfl1111~tl'Ui11CJ'Utlfl (External convection heat transfer) bn~'<illfl'lJB\11vmbiJ'U 

?111vl1 flf!l\l L~ CJ'lJB\11 'Vfflin~Clfl-;ij ltl~ 1m'Vff!1 'U'U ~b 1 ru~ fll'Vf'U~ bb~ b U'Ufl111 'Vffl ~1'U~1'Utl fl'lltl \I 
" 

'lltl \lbb ~\lb 'li'LI rn1 l 'Vf fl ~l'Ut:.i i1-:i11'\J rn11 'Vffl ~-:iu1n n'\J l\JlmtJ Vl'~ \Im ~'\J t1n rn11'Vffl'llt1\l'llt1-:i1'Vff!111 
'" 

m~'Vl'\Jtl'U'lleJ\I bb~-:i~tJ~1-:i~ ni;ru~~1-:i 11 'UVil"l'V11-:i1~m~ rn1'W'<iJ11ru1rn1l 'Vffl'llt1\l'llt1\ll 'Vffl~1'Ut:.1i1-:i 

11'\J~\lbb?l~\11 'Uill'Vl~ 2.11 '<il~b ~'U1~11rn1~i1t:.1i1-:it1CJL 'U'llt1\ll 'Vfffvl11 '1Xfl1111b ~1'llt1-:J'llt1\ll 'Vffl~1'U~t1 ~ 
" " 

db tJ~ CJ'U 1 tJ '\J~nru~?1t1-:i b ll'U'U~b 1ru~'llm l 'Vffl 1111~~'\Ja'Vl6Ylfl'<il1nt:.1i1-:i11'\J 
'llt1\l l 'Vffl'\J~b1rubb1nzj-:i 1~~'\JB'VlB'Vlf!'<illfl t:.ii1-:i'1'Ub~CJn n'U11 '\J11~1~bbf! bCJeJ{ (Boundary 

layer) '<il~b~'U'<il1nm'Vl~ 2.11 11fl1111b~1'lJt1\l'llt1\11 'Vffl~~1'lJt1\lc.iiJ-:idi1ri1blJ'U~'UEJbb~1iJri1b ~11~'U'<il'U 

b vi 1 tl'\J fl1111 b ~1'lltl \l'llt1\l l 'Vf flill CJ'U tin '\J 11~1~ bbf!bCJtl { (ua'J ) 'Vf~tl ~ b ~CJ n11 fl1111 b ~1'lltl -:il"J~ ?I IJ\~ 11 
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(Free stream velocity) '1~b~'UHl11 'U11Vl1~bb'1bCJe:Jfoivi~'U~'LimtJ'1Je:J.:i~'Ll.:ibb~1Fle:JtJ1 ilm111V1'U1 

111fl~'U 1U\91111Vil31'V11.:111111 'Vl'1'1Je:J.:1'1Je:J.:J1 'Vl'1 1'LI"li1.:ibb1fl'U11 Vl1~bb'1 btJe:Ji'l ~ b U'Ubb 'U'U'11i1'U1ibifo'U11vi1 

~bb'1btJe:iiilm111V1'U1111n~'Ufi.:i~vi1 'Vl~.:111111 'Vl'1'1~b~llb 'Li~ tJ'U 1'LiblJ'U11111 'Vl'1 bb 'U'U~'UU1'Ubb'1~'U11vi1 
~bb'1btJe:Ji'1~Fle:J tJ 1 b 'Li~ CJ'U 1 'Lib U'Ub 'Vle:l{\Jb'1'UVi'U11Vi1~bb'1 btJe:Ji (Turbulent boundary Layer) 1111 

b 'Li~ tJ 'Ubb U'1.:J-db tJ 'U1111 b 'Li~ tJ'Ubb 'U 'U Fie:i tJ b U'U Fie:i tJ 1 'Li 1 'U "li1.:i1111 b 'Li~ tJ'U bb LJ '1.:i-d11111 Vl'1 '1 ~ b tJ 'U bb 'U 'U 

11'\J b~tJ'Ubb'1~~'UU1'U~'1lltl'U'U~b 1ru~b~ tJfll1 'Vl11'U~'li''U 161l'U (Transition zone) fi.:ibblJl111111 'Vl'1'1 ~ 

b LJ~ tJ'U'11m1'U b~tJ'U b lJ'U~'Uu1'Ubb~1 11111 Vl'11'U~'U'U1.:i1 '1Je:i.:i'1Je:i.:i1 V1'1~1'U~e:i~~vin'U~'Ll.:in ~.:ib lJ'U 
., ' 

bb'U'U11'Ub~tJ'Ue:J~ 'U~b1ru-Uil:Sm~tJfll1 mi1'U1{~'Ubb'1btJe:J{ (Laminar sublayer) 

''• I', 

---· 
I 

,, . I 
-----r 

I I 

'1 ------f----=J-----------
.--- - I 

.·· I 
• _Jf"'l;:-io:,_..c,=i.e· - ---- ---r-

1 .. -- -----. ---- ,;I b/ I -- ---- ------- -1 l 
i----+ )I 

~ ;._.J'l"I ""la' b-")· .. ~:Ja'". J.e~ ·e;i1.:,r 

b ~ e:J .:1'111111111 'Vl'1bb'U'U11'\J b ~ tJ 'U ~ €l 11111 'Vl'1 ~'1Je:J .:J1 VI '1bl'l~ €1 'U~ b lJ 'U~'U 1 hJilm 1 

bl'l~ e:J'U 1 V11'1Je:J .:Je:J'4fl11'1'1le:i .:i 1 'Vl'11 'UVi l31'V11.:i~'U'Ue:Jfl'11nVi l31'V11.:i'1Je:i.:i11111 'Vl'11 1111ci1m 'Vlm111~e:i'U~1'U 

~'U'1le:i.:i'U11m~ bb'1 rne:ii LL'1~~.:io1nti''U ~-u.:i 1 'Limru'1Je:i .:1'11iJ'U1i'U11m~Lrn we:ii~ .:iL ll'U1111Ll'l~ e:it.1~ 
bL 'U'U1111t111'11111~e:it.1 L~e:i11111'Vl'1'1le:J.:J'1Je:i.:i1 'Vl'1 L LJ~ tJ'U 1 LJ L lJ'ULL 'U'U~'UU1'ULL~1'1~iln11 Ll'l~e:J'U~'1Je:i .:i 

1m'1n'11'UVi13l'V11.:J~ 'U'U e:i n '11nVi131'Vl1.:i'1Je:i .:i11111'Vl'11111ci 1m'Vl1'11111 ~e:J 'U '1 ~il Fi1'1 .:i~'U fl1 ~~ 2.11 
, 'IJ 

~ilm111'11~qimn 1 t.11111~'1~n1V1t.1vi11 'U11vi1~LL'1 we:ii'1~L ll'ULL 'U'U 1 Vl'U ~e:i L 1m t.1'1~-Ll11L'Ue:i{ ~.:i 

~1'U1'UL'1'1JL1 tJ1 'U'1 ~'1 ~lj Fl1~'U €l ~fl 'U 1'11111L~111111 'Vl'1 1'111ll'Vl-QVI '1J'U 1VI b~'Uc.J 113l'U 811'11.:Jvl €l bL'1 ~ 
'IJ 'IJ 

Re= pVD" 
µ 
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d 
bl.1€1 

Re 
... 

ri1~1b'1'llb 1m 'U'1~ (Reynolds Number) fltl 

v ... 
fl11l.lb~1fl111'1.'1'1, (mis) fltl 

D,, 
... 

b61'UCoJ1'U~'U6frn1·m'lrlB'U (Hydraulic diameter), (m) fltl 

... 
fl11l.l'l.'1'U1bb tJ'U'lJB\l'lJB\11 'l.'1'1, (kg/m3

) p fltl 

... 
fl11lJWU~'ll€l\l'll€l\11'1.'1'1, (kg/m s) µ fltl 

1vi'ii m1n1'!.'1'U~ri1b 1 m 'LI'1 ~U'l.lb ·1.rni'11w~\ru11 m~ bb'1 b8Bi bb uu~1 '111 "Limru'llB\I m11 t'1'1'll'U1'Unu 

~u\111uH~\l.Q 

u11~1~bbnb8BfouumiJ'U1i o <Re < Sx105 

'U11~1~bbnb8€libb'U'U'Vl11'U~i'U Sx105 < Re < 3x105 

U11~1~bb'1b8€lfoU'Ub'Vl€li'Ubb'1'UVi Re > Sx105 

" 
'\.'11 n~1'll€l\l~U\l'\.'181UlJ1nU11~1~ bb'1 b8€li bb 'U'U'11lJ'U1i'1 ~b ~lJ b LJ~ 8'Ub U'Ubb 'U'U'Vl11'U~i'U~ b 1 m 'U'1 ~ 

Ul.l bu Bi ~1'1\ln11 Sx105 '11'!.'11'u ri1~l.l LJ 1~~'Vl~m1ri1 m 'Vl fl11l.l ~€l'U'1~~'111ru11 'U1't.J'll€l\lrl1 

Nusselt number 1~81-i!?ll.lfl11'll€l\1~'1~b~'Vl (Hilpert equation) 

Nu= hD,, = CRem Pr1 3 

k 

" 

1~m~'11 LJbb~1m1r11"U1ruri1~lJLJ1~~'Vl~m1~1m1l.l~B'Uzj\lijb 'VlBlJ'llB\lri1!Jl1b'1'llb 161 'LI'1111 (Re) ri1 

tJl1b'1'llU?lb~'1Vi (Nu) bb'1~ri1!Jl1b'1'll~1''U~b Vi'1 (Pr) 1vi'~\l?ll.lfl11 

d 
bl.1€1 

Nu 
... 

ri1!Jl1b'1'lJU?lb~'1Vi (Nusselt number) fltl 

h 
... ~lJLJ1~~'Vl~m1~1m1l.l~€l'U, (W/m2K) fltl 

D,, 
... 

b61'UCoJ1'U~'U6nm\lb?lrlB'U (Hydraulic diameter), (m) fltl 

k 
... ~l.ILJ1~~'Vl~m1'l11m1l.l~€l'U, (W/mK) fltl 

C,m 
... ri1fl\l~zj\1'1~bb LJ1b LJ~8'U 1 LJ~1l.lri1!Jl1b'1'llb1m 'U'1~ fltl 

Re 
... 

ri1!Jl1b'1'llb 1m 'U'1~ (Reynolds number) fltl 

Pr 
... 

ri1!Jl1b'1'll~1''Lil1lb Vi'1 (Prandtl number) fltl 
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2.4.3 nT:ibLeJi'-!ifl 

fl1'Hb~-r \I~ (Radiation) ~B fl1';j~\"j~\l\11'Uf;lflU~BCJB B nlJ1'11ff1'\?ltl~i1v flJVl.fllJ~ 
'U , , 'U 

LL ii'Uv'U faCJl\?ltli!'Um'<\JL U'U"llv \ILL ~\I "llv \IL vim vi~mLti ?I fl1~\"j~\l\11'U"llv\l?t'U1:unTm~-r\l~i1ni1 
' 

ri1m vi faCJv1PlCJfl~'UbblJL vi~n 1 vJvhvi~m~CJnBniJCJvi~\1111 vJ\?lv'U (Photons) 1 'LI6llru~~ni1ri1m vi 

YJ~\l\11'U 1~CJm1tl1vi~v fl11'V>j1fl11:w{v'U'1~~B\IV1Pf CJ~1n'11\l 1 'Um1ri1 m vi Lb~n11ri1mvi1~CJfl11LL~ 

-r'lffilJ~v\lv1Pi'CJ~1nm\l 1~ 1 LL'1~'1~Lii~n11ri1mvi1~v ~1\li1tl1~~vi6.fl1YJ 1 'LI?tm1~~b ll'U~qiqi1m Pi 

-r\l~fl11:w{v'U 1~ 1 ?11:w11mL~BBfl 1 tJ1~:w1n~~~ (Maximum flux, W/m2
) i!'UbU'U1 tlm:w?t:wn11zj\I 

b~CJn11 ?l~bvJ'Ubrn~1u'1'1lLL:W'U (Stefan and Boltzmann Law) LU'l.J\"j~\l\11'U~bb~Bvrn.J1~B'Vl~\I 
' "' ' I I cf I .<di d 

Vl'U1m1'11 bb'1~\?lB'Vl'U\IVl'U1 CJV>j'l.JVJ 

.. 
flB 

B\?l11m1ri1m vim1:w{v'U 1~CJfl11LL~-r\I~, (W) 

~1fl\1~6lJB\l?l~b vJ'Ubb'1~ 1 U'1'1lbb:W'U (Stefan and Boltzmann) zj\li1~1 

bvJ1flU 5.67x10-8 W/m2K4 

~v ~1fl11bb~-r\I~ (emissivity) zj\lb U'Utl~mru~bb?l~\l(i\ltJ1~~Vl5.fl1'V>jfl11 Lb~ 

-r\I~ fl11:W{B'U6lJB\ll\?ltl b~Vb tl~CJU b Vi CJUflUl?l~~?l11J11tl bb~-r\l~fl11:W{B'U 

A 

T 

.. 
flB .. 
flB 

' ' 

~'U~iJ16lJB\1~1bb~-r\l~fl11:W{B'U, (m2
) 

.Q. Q, d IQ.I ..::::ii JI 

BflJVl.fl:W6lJB\li:..J1Vlbbt:-J1\l?lfl11:!.J1B'U, (K) 
' " 

2.5 n1';i1Lfl"n::VitJ«;i::a\'IG.fl1'W'tlv-!1Ue.J-!1LnUi'-!ia 

n 11 ~1 L ti'UnTrn ~m CJ 1~ L~ v'U 1 "ll?tm1~fl\l~zj 'ltl1~~vi6m'V>j6lJeJ\I bLt:-J \I Lnu-r \l~i1m1v6u1CJ1~CJm1 
" 

?l:W~f1\"j~\l\11'U~1~Ul1 fl11 fl1~'11 CJ"llB \l\"j~\l\11'Ubb?l\IB1Vi \?l m tlv ~1 'U1U6lJB \l'V'l~\l\11'U~tl11 t.11 oiJ 
, , 'U 'U 

tlw1CJ"l!'U1~ ni1~qiL~CJm1:w{v'ULL'1~fl11~qiL~m:a\ILL?1\I ('1\l~\?l1 ~-rt1J'11.fl, 2541) ?111111m~CJ'U 

m1:w&1:w'W''U~m1:w{v'U~?11m1i;itl11 tJ1 -Ut.11~ LCJ"ll'U1~'11n?t:wm1 (2.1) 

(2.1) 



Qll 

m 

... 
f1B 

... 
f1B 

th~~'V15i11YH~\lf1111J~B'U"lJB\lbbt:.J·:JLfhrr\I~, (%) 

~~\l\11'U~t111tl1ith~tCJ'11u, (kJ/s) 

e:i'1wnm11 Vim ~\1:1..J1'1"llB\lmmf'lm Vl'1~1'Ubbt:..1\1Lnu-r\I~, (kg/s) 

rl1f1111J~f1111J~B'U:il1b ~1~"1JB\IB1fl1f'l, (J/kg°C) 

Bt\JVl.fllJbu~ CJ"lJB\IB1fl1f'l~'V11\IBBn"lJB\lbbt:.J\lbtl'U-r\I~' (0
() 

' " ' ' 
B fl.lVl.fliJ bu~ CJ"lJB\IB1fl1f'1Vi'V11\Iboff1"UB \I bbt:.J \I btl'U-r\I~, (0

() 

' " 
~'U~"lJB\lbbt:.J\lbtl'U-r\I~, (m2

) 

rl1f1111Jb off:i..J"lJB\l-r\l~B1Vi\9lV~\9lnm~'Vl'U'U'U':i~'U1'U, (W/m2
) 
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(2.2) 

zj\l 1 'Um1i Lm1~~th ~~'Vl6.n1~"UB\I bbt:.J\I Lnu-r \1~'1 ~~'111ru1~m1~1 CJ LB'U f111:1..J~B'U~?1.n11~ f1\I~ 

(Steady state) t~m 1 i?1:1..Jfl1':i"lJB\I Hottel-Whillier-Bliss 1 'Ufl1':iV11rl1~~\l\11'U~?l11J1':i()tJ11 tl1 i 
tJ1~LCJ'11'U1~ zj\l()nb?l'UBL~CJ Duffie bbfi~ Beckman (Duffie and Beckman, 1991; ru:ou 1Wf'l, " ~ 

2552) ~\1?11Jfl1':i (2.3) 

Qll 

I 

T/ 

... 
f1B 

... 
f1B 

... 
f1B 

... 
f1B 

... 
f1B 

~~\l\11'1..1~'1111 tJ1 itJ1~ LCJ'lfu, (kJ/s) 

~'U~"lJB\lbbt:.J\lbtl'U-r\I~, (m2
) 

rl1f1111J b off:i..J"UB \1-r \l~B1Vi \9l V~\9ln m~'Vl'U'U'U':i~'U1'U, (W /m2
) 

tJ1~~'Vl6i11~b ~\lf1111J~B'U"lJB\lbbt:.J\lbtl'U-r\I~, (-) 

bb 'VJf1b\9lB1fl11~\lf1111J~B'U"lJB\lbbt:.J\lbtl'U-r\l~B1Vi\9lV, (-) 

~1J'\.J':i~~'Vl~fl1':i?iB\1~1'Ubb'1~fl1':i~~n~'U'\.J':i~~'Vl5t:..1'1, (-) 
" 

(2.3) 

(2.4) 
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e:i ruvi.nil Lil~ t.l'lJe:J .:im fl111f~'V11'1e:Je:J fl'lJe:J 'I LLt:.J 'I LfhJf 'I~' (DC) 
' 'lJ 

e:iruvi.nilmm11tLL1~~m.J, (DC) 
' 'lJ 

Q Q,I .ci .c:ii " 
2.6 .:11'1J1lilE.IVILnE.111Jv.:1 

1 t1"1i'NV1'11 t.1ll~ ~1t1111ijiJn1"5' t.1vi'11t.1vi1t11m ~m111i."ft1h1t1n11 Pin~11"5' mM m n um1 L ~11 

'lh~~'Vl5.fl1l"l'lJe:J'I LLt:..1.:Jdiuf .:i~mVii;i81~t.1Pin~11 'Ui;rfl~ru~Pifl~1L :a.:i'Vl~'1e:J'I LLm~Pifl~1L :a.:iLL 'U'U'11'1e:J'I 

'Vl1'1flW i;)l1f1i."f i;i{ 1~ tJij1i;i~rt.h~i."f 'lflVli;r fl~ e:J L ~e:i ~e:i 'lfl11vl 1fl1111 L •/h liJ LL'1 ~Vl1LL 'U1'Vl1'11 'Ufl11 L ~11 
' 

Naphon and Kongtragool (2003) 1~Pin~1i;rn~ru~'lJe:J'lfl11ri1mV1m111famL'1~ 

'lh~~'Vl5.fl1l"l'Vl1'1fl1111~e:J'U'lJe:J'I LLt:..I 'I Lnuf .:iffi~t.1'Vl~'1e:J'l'11t11'U 5 1tl LL 'U'U LL~TU1t:..1'1 fl11'Vl~'1 e:J'l'lJe:J'I 
'lJ 

e)i;i11m11 Vl'1 L :a.:im'1'lJe:J 'le:J1fl111!'1 ~'1 'I L ~e:J'l'11 fleJ\;111 m11 Vl'1 L :a.:i111'1'lJe:J 'le:J 1fl111!LL'1 ~1~ tJ~"lie:i .:i11.:i 

'lJe:i.:im11 Vl'1'lJe:i.:ie:i1m11t'1 ~L U'U~1LL tl1vi~.:i'lJe:i .:im1ri1m V1rn111~e:J'U'lJe:J'ILL~'U~~n~t1f .:i~1tJE!.:imm111 
'lJ 

LL1~~e:J11 '11 flt:..1'1fl11'Vl~'1e:J 'l'lJe:J'I LLt:..l'ILn'Uf 'IITT 'ULL\;)'1~ LL 'U'Ul"l'U11 mrum11 Vl'1'lJe:J 'le:Jl fl11111 'ULLt:..l'I Ltl 'U 

f .:i~ LL 'U'U 1 Vl'11'Ufli;r'U'1 ~ije:i ruvi.nil'lJe:J 'le:J1fl111fi."f 'l~'U L ~e:J'l'11 fl LL~'U~~fl~'Uf .:i~e:i1Vii;i 8~1~f uf .:i~ 
'I 'U 'U 'U 

' ' ' 
i."f rn L~ tJ fl1111~ e:J 'U Vi oU 1'1'11 'l'lJe:J 'I LL~ 'U ~~fl~ 'U f 'I ~ij rl1I'\'1n -J1Vi ~1fl1 ~ '1 fl t:.J '1fl11 L tJ1 t.l'U L Vi tJ 'U 
,,·~ 'lJ 

tl1~~'Vl6.fl1l"lLL'1~eJ i;i11m1ri1 m 'Vlfn111~e:J'U'lJe:J'I LLt:.J'I Ln'Uf '1~'1~ L ~11~'UL~e:Jeli;)11fl111 Vl'1 L :a.:im'1'lJe:J 'I 

m fl111!'1~'1'1 t:..1'1 m1 Pin ~1 i;r n~ru~'lJe:i.:im1 ri1 m 'VI fl1111~ e:J'ULL'1 ~tl1~~V16.n1l"l'VI1.:ifl1111~e:i 'U'lJe:J .:i LLt:..1 .:i 

Liiuf .:i~ l"l'U11 LLt:..l'ILn'Uf 'l~LL 'U'U fl1~'1 noffm~mijtJ1 ~~'Vl5.fl1l"l~1i."f ~ LL'1 ~LL 'U'Uijfl1~'1 fli."f e:J'loff'ULL'1~ij 
' 

m11 Vl'1'lJe:J'le:J1fl111!LL 'U'U 1 Vl'11'Ufli;r'UijtJ1~~'Vl6.fl1l"li."f'li."f ~ ~'1.Q'L ~e:J'l'11flfl11l"l1fn111~e:J'ULL 'U'UU'l~'Uvl1 
'lJ ' 

Karim and Hawlader (2006) 1~Pin~1tl1~~'Vl5.fl1l"l'lJe:J'ILLt:..l'ILtl'Uf'l~LL'U'U~e:i.:i1tl~11 
'lJ 

'11vif utl1~ tJfl\;)1 -ITT 'Ufl11e:J'U LL ~'I t:..1'1'11flfl11'Vl~'1 e:J'll"l'U11 tl1~~'Vl6.fl1l"l'lJe:J'I LLt:..l'I Liiuf .:i~ LL 'U'U~e:J'l1tl 
, 'lJ 

~1lL~11~'U'11fl 41 Ltle:i{L~'Uii fi.:i 71 Ltle:i{L~'Uii ~5i;i11m11Vl'1 0.01 kg/m2s LL'1~ 0.054 kg/m2s 
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l'rnJ~1!ii'u bb'1 :ad m i.J~ vu b Vi vu nrnb~ \lbnu~ \I~ bb uu 51·rn\il1V'lu 11 :l1i.J 1~~Vlfifl 1V'llJ1n n11e:i ~ 
" 

12 bi.Je:i1b~tJl'i ;\IB(;)11n111vmvl 0.035 kg/m 2s '1~vi11'1Xi.J1~~Vlfim'V'l'lleJ\lbb~\lbnu~\l~bb'U'U~e:i\l~i.J 

Flow into Diane of caoer 

~3.11: Karim and Hawlader, 2006 

Alta et al. (2010) Pin~1bb'1~b i.J~c.iub Vic.iui.J1~~Vlfin1V'l'IJeJ\lbb~\lbnu~\l~~i.J bb uu~1\l I 

11ilc.ivi1m1e:ie:imb uubb~\lbnu~\I~ bb(;'t~bb i.J\lm1Vl\il'1e:i\le:ie:im ll'U 3 1i.Jbb uu H1bbri bb~\lbnu~\l~~nm~'1 n 
" 

ll\ilF1'1lJ 2 offtJ:i1F1~'U~\il (bbuu~ 1) bb~\lbnu~\l~~nm~'1nll\ilF1'1lJ 2 offtJhJ:l1F1~u (bbuu~ 2) bb(;'t~bb~\I 
' ' 

bnu~\l~~nm~'1nll\ilF1'1lJ 1 offtJ:i1F1~'U~\il (bbuu~ 3) zj\11~n1V1'tJ\il1'1Xbb~\lbnu~\l~vi1lJlJ o, 1s bb(;'t~ 
' ' 

30 eJ\11111 ~B(;)11n111'Vl'1'1JeJ\le:i1n1111 25, SO, 100 m3/m2 h '11fl~'1fl11Vl\il'1eJ'Ubb~\lbn'U~\l~~\I 

3 1'1.Jbbuu V'lu11 bb~\lbnu~\l~bbuu~ 2 :l1i.J1~~Vlfim'V'llJ1nn-:i1bb'1~~i;:i~1\1'1Je:i\le:iru'VlniJ'IJe:i\le:i1m111~ 
" ' " 

Vl1\lb-U'1bb'1~e:ie:inn~h~\ln-:i1bb uu~'U 1 tJe:in'11ndf'J\IV'lu-:i1m11V1mic.itJ'IJe:i\lmm111mc.i1 mb~\lbnu~\l~n 
uV1u1'V1Gi1~qimnn-:i1'11tJ1tJ'lle:i\lbb~tJm~'1nlllilF1~lJ 1 tJmrua\;111 m11 V1i;:i 'lle:i\lm m111:\1fi1 ~11 '1 ~ 

i.'l\l~i;:i~e:i~i;:i~1\1'1Je:i\le:iruV1niJlJ1n bbi;:t~bde:i b ~lJam1m11V1'1'1~i.'l\l~i;:i1 '1Xi.J1~~Vlfim'V'l'lleJ\lbb~\I bnu~\I~~ 
' " 

~[j!~n 
. t» l'\ ... ll t • .u. l)L ..... trU...• .. -... ~ ... ar-.1 ,..,. 

~[j.(j•i~n 

fl1'W~ 2.13 1fl".i.:i~~1.:i"llt:i.:ibb~·nnui'.:iilbb\JU~ 1, 2 m1:muu~ 3 
d 
'Vl3.11: Alta et al., 2010 
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Fudholi et al. (2011) 1~vi'1nT~Pin~Tth:;~'Vl6.n1Yl"l.lt1\lbbc.J\lbnuf-:i?ibb uu 1 Vl(;:n'lm~u 

bbf!d'.Jri~u~~ ~-:i.n1Yl~ 2.14 zj-:i1'um1'Vl~f1t1\J'1:;1irh1'-:i?f191nm:;'Vlu~ 400-800 W/m2 bbf!:;am1 

m11 vif!~ 0.04-0.1 kg/s '11nm1'Vl~fit1-:ii1'U'th:;~'Vl6m'Yl'Vl1-:im11rfa'U"l.lt1\lbbc.J-:ibfiuf-:i?ibbuu 1 vim'U 

n~'Ubbf!:;i'.iri~u&i~~~"!~'lh:;mru 70 b'IJt1{b~'Uil ~B\9111m11vif1 0.07-0.08 kg/s bbfi:;~a\9111m1 

1 Vlfi 0.04-0.08 kg/s ';i]:;v\'11 ~'IJ1:;~'Vl6m'Ylb vll.J~'U'IJ1:;mru 30 b '1Jt1{b~'Uil 

Glass co.-er c Absorba plate 

Air inlet -=r==J~===lt=====-
~ i I 11 

Air outlet -------•r•••-
Insulation J I_ Fins 

fl1'W~ 2.14 i1'n'litu::'!Jil.:ILL~NLfl'Ui'.:ia LL 'U'Ul Vlft1'Uni1'rnLft::ijfl~'U~~ 

~111: Fudholi et al., 2011 

2.6.2 .:i1u1~a~Lfia1~v.:inrnL~NLn'Ui'.:ia~ijLL~u~~n~ui'.:iaLL'll'llij1~~cw)'U 
'II • • 

0 t.I d .r::::il ~ iJ' 

Mohamad ( 1996) 'U1b?l'Utlbb 'U1'Vl1\lfl11f1 ~fl11l.J'ltl'U'Vl?H1Jb?I tJ'11flm~'1 nll~~1'U'U'U "., 

bbc.J -:i bfiuf-:i?f t11Vi\9lvbbf1 ~ b ~ti b vll.J m1?1 ti' ~m1l.J~ t1'U'11n n 11~~n~'Uf-:i?f ~ -:i 1~t1t1 n bb uu bbc.J -:ibfiuf-:i?f 
" 

mVil'l v~ '1 :;'li1 tJfi ~ m1 ?I ru b?i tJfl11l.J ~tl'U '11nt11m11! bbl~~ t1l.J~1 tim1iJ -:i~ u 1 ~m ml1l1vimJ1'Um ~'1 n "., 

u ~~\l.fl1Yl~ 2.15 Yl~\l\l1'U'1 :;~n?I ti'~~ 1'Ufl)~';i] nu ~flfil.Jrltl'U~'1:;~1'U 1 u tJ\l bb~'U ~~fl~'Uf -:i?i f111l.J 
" ' " 

~tl'U~~fl?ltl~';i]~~fl 1m'Ufl1)eJ'Utl1fl111! i~d~t1 -:i1 ollm~'1 nu ~?lt1\loff'UVl~tl'Ylf11?1&inu ~flfjl.JeJ 81-:i1~ 
'\J '\J , , 

ei81-:ivi~-:i zj-:im1:il~b~ti-:i1'\.J bb uudb~tin11 bb uui'.im11 Vlf!l'Ufl~'U b~m vll.lm1~1m'Vlf111l.J~eJ'U'11fl 
" 

m1~~n~'Uf-:im tlt1-:imml1l~-:i 1~i111'?1~Yl1'Um 1 oilb lJ'Ubb~'U~~n~'U{-:i?f 1~tii'.iB'm1m11 Vlf1"l.lei-:imml1l 
'\J , , 'U 

~bb\9lfll'i1\ltl'U1'U'li1\l 0.005-0.2 kg/m2 s n1~tJ~°vi1\l"l.leJ\l'lieJ\ll1\l)~Vll1\lbb~'U~~fl~'Uf\l?f 2 ~1 ~el 
" 

2.s bbfi~ 5 cm bbc.J.:ibfiu{-:i?fmVil'lvdiim1'Vl~fiei-:iei8 4bbuu1~bbn bbuunm~'1noff'Ub~ti1 bbuui'.i 
" 

m~'1 n?1t1\loff'U bb uui'.im11 vim'Un~'U"l.leJ\lt11fl111l~i'.i1?1~Yl1'U bbfi~bb uui'.im11 Vlfil'Ufl~'U"l.lt1\lei1ml1!~ . ' 



top Ii~ \;O'\'Cf --.,,. 

first au pau -~, 
v-tnnd pla.."~ CO'-CT· ... _:., 

porous matn• ----._ '··. " 
.econd &ir pass- '· 

d 
'Vl111: Mohamad, 1996 
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Matrix rimi mm '\J'\J b ~a bbnu ruvnvn:m1 tJil1'Wbb'1 ~uruvnvn:i b Vlfl'Wfl'lla-:J bb~~ bn'Uf ~~ bb '\J'\J bb~'l.rn'\J 
" "' "' 

zj~bb~'U~~fl~'Uf~~bb'\J'\J Matrix '1nb~flB'\J~1tJ bb~'Ufa'V!~G'IB~bb~'U11~'1J'U1'Un'U1~mbfl'Ufl'11~vl1'11fl 
" 

'11 ~via~ bb~~~G'f 1'U nm tJ 'U m~1 tJ1~'V!11~ bb~'U 1'1 'Vf~ ~1'U'\J'U n'IJ ~1 'U ~1~zj~ fa 'V!~d'1~ l1~ ~1'11fl fl 11 

a a fl~1~'1i'Vf ~B '11 flt! (;1G'f 1'V!fl 1111fl11'1!'\J i~fl~ ~ bb~'U ~~ fl~'Uf ~~'1 ~i1~'U~f 'IJ bb?f ~~ 1 mXl .5 m 
' ' " 

ri1Yl~fl'iim111~a'U fatJm1'11'1t1~'11flbb?f~mVii;i8b VitJllbu~ m.h~inru 800 w /m2 fatJi1eYi;i11m11 'V!'1 

'1JB~B1fl1131B~1~'Vf11~ 10 g/s bb'1~ 55 g/s 'V!~B 6.7 g/(sm2
) bb'1~ 36.7 g/(sm2

) m11ci'1v1'1J zj~ 
I I I V I dil Q.J qd J I I I .dil Q.J .:::ii QI' I 

'l!B ~11~1~'V!11~fl1~ '1 flfl'\J bb~'U~~fl'1 'U1 ~G'!Vl 20 mm. bb'1~'1la~11~1 ~'V!11~ bb~'U~~fl'1 'U1~G'f fl'\Jbb~'U 
" " 

1a~f'IJ~1'U~1~~ 130 mm. ~fl111Jb~1Vl1WU1bb'1~Vl1~aamo~tJ1'U61i1~ 0.06 mis fl'\J 2.3 mis bb'1~ 

fl111lb~1'11Jbu~tJ1'U Matrix mh~V!11~ 0.5 emfs bb'1~ 3 cm/s '11flfl11Vl~G'IB'U'W'IJ11 'lh~~vi5m-w 
" 

fl111J~B'U~~'U~1tJ fl11b ~1JB (;111fl 111 'Vf'1'1JB ~1!1'1tl1fl1131 bb 1~b~ tJ~Vl1'U'1 ~~1~eJ(;l11fl111 'Vf'1'1JB~1!1'1 
G'f ~~'Ub~m VitJ'Utl'\Jbb~'U11'\Jbb 'IJ'Uvf11 tJ bb~1bb~'U~~fl~'U-r~~ b U'Ubb '\J'\J Matrix G'f11!11fl~'1~ 1 ~m111~a'U 
" " 

d -~ 
.. t_ • 

cii d uq C11t. ff " Q 4 

ll1'W'VI 2.16 'tffl'Vlflavrntt..1.:irnu'l.:iat11'Vl~mtiit::iitn'liw::t..11flflniit'Llbb uu Matrix . ~ 

d 
'Vl2.11: Kolb et al., 1998 
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Sopian et al. (1999) 1~vi'1m1~fl~1th~~'Vl5mvrvn..:im1:1.J-rt1'W'1.lt1-:Jbbt:-J-:Jbtl'U-r..:i?ibb'U'U 

1 'Vlm'Wflii''U'1.ltl-:Jtl1fl1131~ilbb~~ hJil1l.'f~yj1'Wl~ti1l.'f ~yj)'W~b~tlfl 1 oU1 'Wfl11~fl~1 fltl ~ti m 'V!~fl (steel 
'I , 'I 'I 

600 W/m2 zj..:i bbt:-J-:Jbn'U-r..:i?lth~ fltl 'U~1mbe.i'Wm~'1 fl ll~fl~:l.J~1'W'U'W bbe.i'Wt1~ fa i'.1ti:1.J'Vl1?1~1ti fl 1 ib'IJ 'W 
' '\J '\J 

bbe.i'W~~fl~'W-r ..:i?i -:J1'Wl~ till~v'h m1 ~fl~1t:-J ~'1.ltl ..:11~ tJ~'1.lt1..:i-dt1 ..:i11..:i1~V111..:im ~'1 fl n'U bbe.i'W ~~fl~ 'W-r ..:i?i 
'\J '\J 

(d1) t181'W"li1..:i 3.5-10.5 cm. bb~~'lit1..:i11..:i1~'VlrJ1-:Jbbe.i'W~~fl~'W-r..:i?inrnbe.i'W1t1..:i-r'U~1'W~1-:J (d2) 
'\J '\J 

t181'W-d1..:i 7.0-14.0 cm. ~..:l.fl1yj~ 2.17 l~ti~B'm1m11'Vl~'1.ltl..:ltl1fl113lt181~'Vl11..:i 0.03-0.07 kg/s 
'\J '\J 

t:-J~'11flfl1)~fl~1yj'LJrJ1bbt:-J..:lbtl'U-r..:i?i~il1l.'f ~yj)'l.('1 ~v111 ~'lh~~'Vl5.fl1yj b ~:1.J;'W:l.J1fl flrJ1 80 b tlt11 b~'W~ 
' ' 

bdt11~tJ~'1.lt1-:J-dt1..:i11..:iil'1.l'W1~b~fl (d1 =3.5 cm. bb~~ d2= 7.0 cm.) ~Bl'l11fl111'Vl~:l.J1flflrJ1 0.05 kg/s 

V11m tl~tJ'U b Viti'Ufl'Ubbt:-J-:Jbn'U-r..:i?ibb 'U'Uu11:1.J~1 yj'LJrJ1 bbt:-J-:J bn'Uf ..:i?i~ii-fa~yj1'W'1 ~iitl1~~'Vl5.fl1V'll.'f ..:ifl11 

tl1~:1.J1ru 20-70 b tlt11b~'W~ 

,...-- .JIHI:~ 

• ' ~-----~--~ ., ., 
' . : ~ __________ _._....,....__ ~ 

"" ,, .,. 
LLa.:iv1V1~m VIE.13.1 

: ... 
,.___ . ' .... 

' ~ . ~ 
~~,. .. ~ 

; ' 

~3.11: Sopian et al., 1999 

' ' '\J 

L .... _._ -

Naphon (2005) 1~tl1bl.'f'Wmb 'U'U'11~t1..:i'Vl1..:i flrul'll311l.'f !'l{b ~t1v11'W1tit:-J~'1.lt1..:im1tl1 m1:1.J 

-rt1'W'1.ltl ..:i1l.'f ~yj)'W~ii \;)t1ii' fl~tl.!~'1.ltl..:lfl11ri1 tJ b 'Vl fl11:1.J-rtl'W bb~ ~tl1~~'Vl5.fl 1V'l'Vl1..:I fn1:1.Jf ti 'W'1.ltl..:I bbt:-J ..:i btl 'U 
' ' 

f ..:i?i 1~titl1t:-J~'11flfl11'11~t1..:ivTI~mb tl~tJ'Ub Viti'Un'U-ii't1~~fl11'Vl~~t1..:i'1.lm Sopian et al., 1999 '11fl 

fl1) ~fl~1yj'LJ 11t1 ruV1.nil'1.lt1..:im fl1131~hi''1 ~ b ~:l.J;'Wm:1.Jm1:1.J m1'1.lt1 ..:lbbt:-J ..:i bn'U-r ..:i?i V11 fl bu~ tJ'U b vi tJ'U 
' '\J 

tl1~~'Vl5.fl1yj'1.ltl..:I bbt:-J ..:i btl'Uf ..:i?i~ii bb~~ 1:iJii1l.'f ~yj)'l.(yj'LJrJ1 bbt:-J ..:i btl'Uf ..:i?i~ii1l.'f ~yj)'l.('1 ~iitl1~~'Vl5.fl1Vll.'f ..:i 
, 'I , 'I 'U 

flrJ1bbt:-J..:i bnLJf ..:i?l~1:iJii1l.'f ~~1'W~ 25. 9 b tl t11b~'W~ bb~~G1'..:ibfll'l 1~11al'l11m1ri1 m 'Vl fl11:1.Jf t1'Wl.'f ..:i;ft''W~ 
'I 'I , '\I 

I 0 t.I CV .Qi 0 IJ' QJ .::{ I .::::i!CV O CV I 

fl1fl11'W1fl11:1.J1t1'W'1.lt1-:J1l.'f~~1'Wl.'f-:J b'Wt1-:J'11flfl11'W1fl11:1.J1t1'W'1.lt1-:J1l.'f~V'l1'W:1.Jt:-J~t1tJ1..:1:1.J'WtJl.'f1flru!'lt1 
'I 'I \J , 'I QI 

tl1 ~~'Vl5m~'Vl1-:Jfn1:1.Jf tl'W'1.ltl..:I bbt:-J-:J btl'Uf ..:i?i bdt1oW'111tu1t:-J ~ m~'11fl m1'11~ tl..:I b tl~ tJ'U b Vi tJ'U fl'U-ii't1:1.J~ 
'\J 
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fl11Vl(;)fleJ.:J"lltl.:J Sopian et al., 1999 -:u~1~fl1fl11l.lflm(;)bfl~tl'Ubu~t.J~ 18.4 bbfl~ 4.3 bUt11b~'U~ 

i.f 1V1-r'UbbC·Mbn'IJ-r .:J~~lj bbfl ~ hJn-Ji."I \;1~1'U l'11lJ'11~'\J 
q ' 

Bashria et al. (2007) ~fl~1b:ii.:JVl~~~b~tlVl1c.Jflm~Vl'\J"lltl.:JeJl'111fl111Vlflb:ii.:ilJ1ft 

m1lJ~ fl"llt1.:i"lit1.:im11 Vlfl bbfl ~m1lJ t.111"1lt1 .:ibbc.J.:ibnu-r.:i~~lj~t1tJ1~~VJ6m~VJ1.:ifl11lJ~t1'U bbfl~fl11lJ 

~'U1>1flfl~t1lJc.i1'Ubbc.J .:i bnu-r .:i~~lj bbc.i'l.J\;)\;) fl~'U-r .:i~ bb uu~t1 .:i~11~ljm11 V1flVJ1.:i b~ t.11bbfl~1 V!fl'J'Ufli;ru"llm 
" 

mml"l zj.:ifl11~fl~1fl.f .:iffili1~1b il'Um11(;)t.11 -ii'bb uu'11flt1.:iVJ1.:iflru1>1!"11?11>11~~~'U1~'Ui.'11V1fu bbc.J.:ibnu 

f .:i~d fa t.Jbbc.J .:i btl'l.Jf .:i~tJ 1~ fl t1'1.Jli1'1t.Ji."l1lJbbc.i 'U~tl bbc.i'Ull \;) bbc.i'U(;)(;)fl~'U f .:i~~tl .:i1 bbfl ~ bb~'UV!i;r.:JVl~tl 
" 

0<1::3t. ..::!ii CV d II Ii.I I ii IV ..::=ill d 
3 -:u ~mb 'U'Ufl11b VllJ tl'Ufl'\J bb '\J'\JVl 2 bbl'1'1ltl .:i11.:i m'Uft1.:J'1 ~flfl'\J11-:umt.11?1(;)~1'Ul.lfl1 fl11lJ~1'UVl 0.8 'U , , , , 

fl11lJboLJlJ"llt1.:if.:i~1>1flm~Vl'\J~ 500 W/m2 fl11lJb~1fllJ 1.5 mis ~e1'm1fl111V1m:ii.:ilJ'Jflt1~1'U"li1.:i 
" 

o. 02-0. 08 kg/s -:u1fl fl 11~fl~1c.Jflfl1~VJ'\J"llt1 .:i~111:U b1>1t11~bbl>1fl ~1.:Jtl'U 1!i1'-LJ't1?1~tJ11 bbc.J .:i brl'\J f .:i~1 'U 

bb'\J'\J~ 3 '1~1~tJ1~~Vl6.fl1~?1.:J~l."1(;)1€J.:Jfl.:JlJ1~tl LLC-J.:JLtl'l.Jf.:J~LL'\J'\J~ 2 Lbfl~LLC-J.:Jbrl'l.Jf.:J~LL'\J'\J~ 1 
" q 

.. 
(a) Lb '\J'\JVl 1 

(b) LL '\J'\JVJ 2 

~--lo 

111W~ 2.18 Lbi:.J'Ul11W'!Jil.:ILL~Nbfl'Ui'.:iau 'U'U~v.:i1~illfl':i.:Jiti1af11111~il'Ubtu'U~ 1 Lbfl::LL 'U'U~ 2 

~111: Bashria et al., 2007 



~l·"Ut 
~T· 

t1hr: .~ ~:IL: 
) <,_' 

:lbt.> :IL~·~'. 

~ 

... 
( c) bb 'U'UVl 3 

111'W~ 2.19 LLe.l'Ul11'W'!JeJ.:JLL~.:JLfltJi'.:iifouuiei.:i1~infl"H'thtifl11:1Jiv'ULL 'U'U~ 3 

~:1.11: Bashria et al., 2007 
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Sopian et al. (2009) 1~Pin~1b~m~:w1'uL:S\16U€l\lf11'rn~'1€l\lbb'1~Vl~~~~b~tJ1tl'U 
LJ1 ~ ~Vl6.fl1VIV11\lfl11:W{m..i6UeJ \lbbe..l \I bfl'U-r \I~ bb 'U'U 1 'Vl'1TUf1~'U6UeJ\leJ1 f11Pi~i1 bb'1 ~ hii1'r'1 ~Vl1'U zj\11~ 

' ' 

b'Vl:ileJ'Utl'U Sopian et al., 1999 bb~~1\ln'U~l'i1fl11:wV11'U6UeJ\11'1~Vl1'UL~m1~n1V1'U~l'i1m1:wV11'U , , , , 

1 'LI"li1\I 70-90 b LJ eJ 1 b ~'LI\;) zj \le..! '1f1111"11 'U1 ru ~1~'1~tl11 LJ b LJ~ tJ 'Ub Vi tJ 'Un 'U e.J '1 f111 Vl ~'1 eJ \I~ i1 '11 f1 

m1 Pin~1 bb'1 ~\11 ~b \,;'U11 e..1'1 m1 r11m ruV11\IVJ~~~i11'111n~ b~ tJ\I b ll'Uei ~1\1~ nrn.rn ffi~'11n m1Vl ~'1ei \I 

zj\lb U'U 1 LJ1J11:w1'1J1'1l.J1~'1\I fii.=11V1-r'Um1 Pin~11 'Ufl#\ld bb'1~ ~\IVl'UBn11LJ1~i1V16mV1V11\lm1:w{ei'U6UeJ \I 
' 

bbe.J \ILn'U-r\l~bb 'U'U 1 'Vl'11'Uf1~'U6UeJ\1€l1f11Pi~i11'1~Vl1'U'1 ~i1l'i1'1\lf1l1bbe.J \lbn'U-r\l~bb 'U'Uu11:wmLJ1 ~mru 
' ' 'IJ 

60-70 b'LieJ1b~'UtJl 

Yousef and Adam (2009) 1~vhm1Pin~1V1111iJb1J1eJ{~i1e..1'1~€lLJ1~~Vl6n1V1V11\I 

m1:w{e:i'Ubb'1 ~ fl11:W~'U \Jlf1 fl~B:W"U €!\I bbe.J \I Ln'U-r\l~~i1bb'1~1lJi11 '1 ~Vl1'U 1~ EJV1111iJ b\Jl ei1~v11m1 Pin ~1 
' ' 

~m)m1m11 V1'1~ 0.02-0.07 kg/s 1~tJ~6UeJ\l-de:i\lm11 'Vl'1 bb'1~m1:wm16UeJ\lbbt:-i\lbn'U-r\I~ zj\l 1~v11m1 

Vl~'1€l\ltl'Ubbe.J\lbn'U-r\I~ 3 bb'U'U ~el bb'U'Uf1111'Vl'1Vl1\lb~tJ1 bb'U'Uf1111'Vl'11'Uf1~'U bb'1~bb'U'Uf1111Vl'11'U 

n~'U~i11'1~V11'U (1mLn1) '11nm1V1~'1B\IV1'U11Lde:iam1m11 V1m ~:w~'LI'1 ~ L lJ'Ue..1'1v111 ~LJ1~i1V16mV1 
' ' 

'1\l~'U 1 'LI"Uru~ b~EJ1n'Un?i\le..1'11 ~m1:w~'U\Jln fl~ei:wb ~:w~m-tl'Un'U 1 'LIV11\lm \ln'U-i!1m~ei1~tJ~iA1\16Ue:i \I 
'IJ 

-dei \Im 11 'Vim~ :wbb'1 ~ m1:w tJ116U €l \I bbe..l \I b n 'U -r\I ~~'LI 1 '1~vl11~fl11:W ~'LI \Jl f1 fl~ €l :wi11J eJ tJ bb'1 ~ bd eJ 

b LJ~EJ'Ub ViEJ'Ul.J1~i1V16n1V16UeJ\lbbe..!\lbn'U-r\l~~\I 3 Lb 'U'U Vl'Ul1LJ1~~V16mV16UeJ\I bbe.J\lbn'U-r\l~bb 'U'U 1 'Vl'11'U 

f1~'U~i11'1~Vl1'U'1~'Vh1 ~LJ1~~Vl6Jl1Vlb ~:W~'Uf1l1bb 'U'U 1lJi11'1~Vl1'Uil\I 8 b LJe:i{b~'UtJl b ~eJ\1'11f11'1~ 
, , , , 'I 

' ., 
fl11:W~'U\Jlf1fl~eJ:Wb~:W'1\l;'U\Jl1:U 

'IJ 
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Saravanakumar and Mayilsamy (2010) hi"vhfl11Plfl~1~~'U1bbG'l~Vll?l?lB'Ub~BVl1 

LJ1 ~~ V1°5i11'V'IV11-:lfl1111~B'U'1JB-:J bb~ -:Jbn u-r -:!~ B1Vi(;lcj~ ii bbG'l ~ 1:Jiii'?l 1?1 bn'U ?l~?l11fl1111~B'U 1~'\J 'U 
' 

Vll?lG'lB-:1'1~1·fo~-:iuiu-r-:i~'1J'U11?1 2x1 m2 iibb~'Ul?ll?lfl~'U-r-:i~v11'11flbb~'UVIB-:Jbbl?l-:JV11~\;\'1 bbG'l~ii"lle:i-:111-:i 
'\J 

1~V111-:im~'1fllJ1?1flG'l11~1'Uu'Unubb~'U1?11?1fl~'U-r-:i~~ 2s mm. ~-:im'V'I~ 2.20 L1?1CJPlfl~11'?l1?1bnu?l~?l11 
' '\J ' 

fl1111~B'U 4 "IJUl?l 1~bbri 'Vl11CJ fl111?1 'Vl11 CJ~iibl"f~b Vl~fl bbG'l~fl111?l~iibl"f~b Vl~fl '11flfl11'Vll?lG'lB-:!'V'l'Ul1 

bb~-:! b ii u-r-:i~ €1 1Vi (;\ 8~ii1 ?l l?l b nu ?l ~ ?1111"11111 ~ €1 'U'1 ~ii LJ1 ~~ 'Vl°5i11'V'I?l-:Jfll1fl1 ruvfhJii1 ?l l?l bn 'U?l ~ ?1111"11111 
, '\J ' 

~B'UbbG'l ~m11?1iibl"f~b Vl~fl'1~ 1 ~LJ1~~'Vl°5m'V'l?l-:J?ll?l '11fl~G'l fl11b LJ~CJ'U b ViCJ'UBU!Vli1ii~'Vl1-:JBBfl'1JB-:Jbb~-:J 
'U , , 'U 

bnu-r-:i~mVi \;\ cj bb uuiii'?l 1?1 bn'U ?l~?l111"11111~ B'Ui11CJ1'Uzj-:J1~ bbri 'Vl11 CJ fl11 l?l 'Vl11 CJ~ii bl"f~b VI~ fl bbG'l ~ 
' 

900 w1m2 e:i ruV1niJV11-:ie:ie:i fl bbG'l ~LJ1~~V15m'V'l'Ve:i-:ibb~ -:ibiiu~ii1'?l 1?1biiu 1"11111~e:i'Uii fi1?i-:ifl11 bb uu~ 
, 'U , 'U 

1:JiiLJ1~111ru 10-20 b'LiB'~b~'Ul'i 

. \_---
\ 

'-B.mtsa 

~111: Saravanakumar and Mayilsamy, 2010 

Lalji et al. (2011) 1~vl1fl11~~'U1bb~-:Jbiiu-r-:i~e:i1Vi(;l8bb'U'Ubb'V'lflb'Ul?lL1?1CJ1-i!G'l11?11?11"1l1CJ 

bb uu b1J'Vl~fl"li~ \;\'1biJ'U1'?l1?1'V'l1 'Um ibiiu?l~?l 11m111~e:i'U 1~v11fl 11 Pifl~1'V'1111ii b~e:i 1~ii ~'VlTI'V'IG'l ~e:i m1 , 

ci1m 'Vlm111~B'UbbG'l~fl11 b~ CJl?l'Vl1'U ~e:i fi1b1CJl 'UG'l ~'VB-:Jbb 'V'lflb u l?l bbG'l ~fi1m111'V'l1'U Ll?lCJ fl11'Vll?lG'le:i-:i 1-il 
' 

m1?1m-d1CJ1LJV11-:J~b'Vl~CJ11~ilfl1111'V'l1'U 0.96-0.98 bbG'l~1~bbD-:!fl11'Vll?lG'lB-:!BBflbU'U 4"lll?l1~bbri "lll?l 
\I , 'I 'I 

bb1fl'Vll?lG'leJ-:JfaCJ1-iJG'l1\?l(;l1"1l1CJVl'U1 6 i'U, "lll?l~?lB-:J1-iJG'l11?lm-d1CJV1'U1 5 i'U, 4 i'U bbG'l~ 3 i'U , 

m11ci'1~u ~el'm1fl111VIG'l 0.0261-0.031 kg/s ~G'lfl11'Vll?lG'lB-:J'V'l'Ul1 fi1b161'UG'l~bU'U~1bb'Li1~il 

~G'lm~'Vlu ~e:im1ci1 m V1m111f e:i'UbbG'l~bb 1-:ib~ CJ1?1'Vl1'U'11V1-ru bb~-:ibiiu-r-:i~bb uu bb 'V'lflb ul?l zj-:ifi1b 1m 'UG'l ~ 

b ~11zj'Uv111~m1ci1mV1m111~e:i'Ub ~11 bbG'l~fl11ci1m V1m111~e:i'LI'1~?l-:J~?l1?11 'LIG'l1\?l(;l1"1l1CJV1'U1 6 i'LI il 
'\J , 
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I,...: I ~I 
" I 

Glusconn I ' 

I hsalatima I 

d 
.tl1'W'Vl 2.21 bb(:.l'LJ.fl1'W11fl'Vlflfltl~ • 

~3J1: Lalji et al., 2011 

Velmurugan and Ramesh (2011) 1~Pifl~1't.h:::?i'Vl6i11V'l'Vl1.:Jf111l.J~B'U61JB.:lbbt-J,Hfi'U 

f.:iffi:~tJ 1-tl'1'-.i~~1~1tJ 1~mbt-J.:Jbn'Uf.:i~vhil1flbb~'Ub Vl~nrn1'UB'U~1i16ll'U1~ 2.4 x 0.9 m. bBtJ.:!vl1l.Jl.J 
' 

18 B.:Ji3!1tl'U bb 'U11~~'U i1m~'1flU~fl'1l.J?IB.:lbb~'U'11~m~1tJflfl11.:J111~V111.:ibb~'U~~fl~'Uf .:J~bb'1 ~ 
' " " 

m ~'1flll ~bb~ 'U~?te:i .:i i11~ tJ~vi1.:i1 ~V111.:im~'1 nlJ ~f1'1l.J bb~ 'U~Vl~.:i bb'1 ~ bb~'U~ ?te:i.:i b ll'U 20 mm. 
' 

zj.:Jfl11'Vl~'1B.:1'1 ~~1b 'W'Ufl11il1tJ l~ 2 b~B'U 161J~bb~fl tJl1.:Jtl'U~B fl11l.Jb oUl.J61JB.:Jf .:J~BTVi~~bb'1~eJ~11fl11 

1 Vl'1b :U.:im'161JB.:!B1fl1fll'11fl 15.61 kg/h il.:i 20.81 kg/h. '11flfl11'Vl~'1€l.:!V'l'U11 ~UIVl3JlJbb~'U~~fl~'U 

f .:i~~i1'11~~1~1tJ?t.:J:fi''Ubde:i b VitJ'U tl'U bb~'U~~fl~'Uf .:J~ bb 'U'Uli11l.J~1 B1'1 b ~B.:ll.J1'11fli1fl11'1.Jf 'U1~'U'U 
" " 

~ ~11.:J61JB.:J'11~ ~1~1 tJ ~ .:iv'i11 ~?11m1ri'1 ~f111l.J b oUl.J61Je:i.:if .:i~ ~?!~Vi' B'Ufl ~ 'U 1 i.J~m~'1 nlJ ~ bb'1::: m1 

?tru b~ tJf111l.J~e:i'U fatJ m1V'l1 bn'U f .:i~ b ~l.J?t .:i:fi'U 1 'U'Vl1.:i~1.:in'U-U'1l.J bde:i m1l.J b oUl.J61Je:i .:if .:i~ b ~l.J;'Ubb'1 ~ 
" u " 

eJ~11fl111 Vl'1 b :U.:im'161JB.:IB1fl1fllb ~l.J:fi''U'11fl 15 .61 kg/h b U'U 20.81 kg/h '1 ~vl1 l ~'\.J1~?i'VlTiil1V'l61JB.:I 
bbt-J .:ibii'Uf .:i~'1 ~'1.:i ~.:itY'U~ .:1?11m1ri?11i.J1~11m1l.J b -U'l.J6lle:i .:if .:i~":iJ :::i1a'Vl5V'l'1i!e:i tJVl~mb 'Vl'U hJi1 b'1 tJ \Jie:i 

' 
'\.J1 ~?i'Vl6m'V'l61JB.:J bbt-J.:J bn'Uf .:!ITT 'U61JUJ~~er ~11 fl111 Vl'1 b :U.:im'161JB .:IB1fl1flli1B'VlTIV'l'1 \Jie:i '\.J1 ~?i'Vl6m'V'I fl11 

v'i1.:11'U6ll e:i .:i bbt-J.:i bii 'Uf .:i~l.J1 n n11 e:i ru'Vlnij61Je:i.:i bb~'Um~'1 nll ~~ .:i'1 ~,J e:i tJ'1.:! 'LI e:i n'11nd 8.:i'V'l'U11 ~5 ~11 
' 'IJ 

m11 Vim :U.:il.J1'161Je:i.:immfll 15.61 kg/h bb'1~m1l.Jb oUl.J61Je:i.:if .:i~~1'1 ~vr1 t ~i1i.J1~?i'Vl6m'V'l61Je:i.:i bbt-J .:ibii'U 

f .:i~ b ~l.J?t .:J:fi''U l 'U'Vl1.:1~1.:ltl'UoU1l.J bde:i f111l.J b oUl.J61JB .:Jf .:!~ b ~l.J:fi''Ubb'1~eJ m1fl111 Vl'1 b :ii.:Jl.J1'161JB.:JB1 fl1 fl! 
'IJ 

b~l.J:fi'U'11fl 15.61 kg/h bll'U 20.81 kg/h '1~v111~'\.J1~?i'Vl6i11V'l6llB.:!bbt-J.:Jbn'Uf.:1~'1~'1.:i ~.:itY'U~.:i 
?11l.J11f1?11'\.J1~11 f111l.Jb oUl.J61JB .:Jf .:J~'1~i1B'VlTIV'l'11Je:i tJVl~B bb 'Vl'U 1lJi1 b'1 tJ \Jie:i'\.J1:::?i'Vl6i11V'l61JB .:!bbt-J .:Jbn'U 

' 

' l.J1flfl11 
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Kapardar and Sharma (2012) 1~vhm1~n~1bb'1~'Vl~'1B..:Jbfl~B..:Jvl1B1n11'll~B'U 

'Vi~..:i..:i1'Ubb?1..:iv 1Vi~ tl bb 'U'U 1vt'1V11..:ib~t.111~t.11 ii'" ~'Vi1'Ul'i1..:i'1l'Ll~n'U 1 'U..:i1'Ui~ t.1.ffi~v11n 11'Vl ~fiv..:i 1~t.1 
' ' 

m1 b i.J~t.J'U~1bb i.J1~i1CJ'1 ~vi.J1~~'Vl6mm ~..:im111~B'U"llB ..:Jbbc.J..:i bn'U-r..:iffi~EJm1b i.J~ EJ'UeJ m1m11 vtfi 

b~..:Jll1'1bb'1~m11mmbn1bb'1~e.Jvmvt~mll'U1'?1~Yi1'U 1~EJri'1vt'U~5m1m11vt'1~ o.9-1.6 kg/hr -:u1n 

n11'Vl ~'1B-.'.l'Vi 'Ul1 i.J1~~'Vl5.f11'Vi"lJB..:JbbtJ ..:I btl'U-r..:J~-:U ~~'UB cJn'UeJ~11n111 Vffi ~..:JeJ ~11 m11 Vffi b ~lJ~'U .., 

i.J1~~'Vl5.f11'Vi"lJB..:JbbtJ..:Jbtl'U-r..:i~~..:J b ~11?1..:J~'U bifo~-:U11 ru1 b i.J~ tJ'U b ViEJ'UCJfi n11'Vl~'1B..:i1~Vfl1..:J bfl~B..:Jvl1 .., 

B 1n1 \31 ~ B 'U Yi~ ..:I -.'.11'Ubb?l ..:J B 1Vi ~ 6 bb 'U 'U 51111 ~1 fl 'U bb 'U 'U ~lj ~1 off e.J B tJ b Vf ~ n bbfi ~ 1EJ bb tl1-:U ~Yi 'U l 1 

i.J1~~'Vl5.f11'Vi"lJB..:J bbc.J ..:I btl'U-r ..:i~m oif e.J B m Vf~ n-:u ~ 1 ~i.J1~~'Vl5.f11'Vi?l..:J n-J1 bb 'U'U51111 m bbfi ~ bb 'U'U~1 mEJ .., 



3.1 'ttflVlfl~tJ.:JLLeJ.:JLfl'Ui'.:iilm..,~u • 

d 
'U'Vl'VI 3 

mV'l~ 3.1 b U'U.fl1V'lbb?f 1'1\l~n~ru~"lJB\16!!1'1'Vll'1'1mbb~\lbnu-r\l?ienVii;i6 zj\l"il~n~1'UtJ1~nm.JV1~n 1 

~B "!11'1'VI 1'1'1 B \I bb~ -:i bn u-r 'l?imVi i;i 6 "!11'1 bb 'Vlfi \In 1 b -LI l'1 bb?t \IB 1Vi i;i 6b Vi m.1 bb'1 ~ ~ l'1m.1-Uu en m Pi 11'1 EJn 
' ' 

bnu-r-:i?i~vi1111"illf11lJ ~iJ-:J~l'UtJ'UU 1'1~1EJm~"ilfl1?t'Vl'U1 3 mm. ~iJ-:J~l'Ufll'lvil"illf1€l'1iJb iiEJ:l.J'Vl'Ul 
'\J 

II ~ V ~,:',d q Cl.I ii .c:J ~ 
5 mm. V'l1€l:l.l'Vl'l'Vl:l.lu'U1'U'Vl'U1 3 cm. 'Vl\l'UbV'l€l'11'1f111?frub?ftJV'l'1\1'11'Ufl11111€l'U'Vl"il~€l€lfl"illmb~'lbnu 

' '\J v 

-r -:i?im ~nr11iJ€l tJ~" l'1 
' 

3.1.2 'W'f1~11'ti'Utl1n1f1Lb 'U'U'Vl1l'U\;1111Lb 'U1LLn'U tlf1~1'1~'1€l tl~'Vll\1€1 €lfl"lJ€l \lbb~'lbntJ-r-:i?i11'1 tJ"il ~ 
• '\J '\J 

~B'U b ~B 1-ITT'Um1'VI1'1'1€1-:i bb 'Vl'Um1-ru bb?t \!"ill n l'11\lenVii;i6 b ~B \l"il1nl'11-:imVii;i 6n-r-:i?ihlri'l~1 mb~'1 ~ 

1Bui''U1111 fi-:i rn111~ 'Ubb tJ1"lJ €1-:J?f m V'l€l 1 m Pi~ Bl"il "il ~ bn 1'1~'U"ll€l \ll'U~vi'1n 11'VI ~'1 €1-:J ~-:ii1'Ub ~ €l n 1~ l'1 

'LiruV11~\lnfi11~m"ilbnl'1~'U~-:i 1m olfbb V1fi-:in1b 'Lll'1bb?1\lvtl~111"iJ1n 1vJ?ttJBi;i1mli Ll'1tJ~nriru?111'Li~"lJB'lbb?1\I 
v ' 

1n~ bfltJ-:inu bb?f-:J€l1Vii;i6 bb'1~ v-:i?111111m.Hu1 ~~u bb?f -:i~1 EJBtJ m ru'V11-:i1 vJvh~ b~tJn11 Dimmer 
' 

1'U"lJru~'Vl1'1?tBu1 iV1'1Bl'1n1b 'Lll'1bb?t-:ib ll'UV1'1€ll'1V1'1Bl'1?1tJB~i;i 1m1~n"lJ'U11'1 soo 1i;il'l ~lm'U 20 'Vl'1Bl'1 
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Vi~ fl fl 1'fvl1\11'U"lltl \I bbe.J\I btl'Uf \l~bb~'U11'Uij11ti~~b5 ti~ b dti\l~'U ~El bb?l\1'11fl?l'l.Jtil'l 1~ vi l'lfl 
m ~'Vl'Ul.J 1 cJ\I Lbe.J \I Lnuf \l~zj\1'1 ~ij~ 'If \I~ m \I LL~~ f \I~ fl 1 ~'11 tl'Vl~~ ~1'U LL~'U m ~'1flll~1?1 ~1'U'U 'Ul.J 1 

' 
m ~'Vlu 8\1 bb~'U~~fl~'Uf \I~ bb~'U~~fl~'Uf \1~'1 ~ L LJ~ t1'U'11fl~~\I Lb?l\lti1Vil'l 6 b ll'U~ ~\l\11'U1"111l.Jf ti 'U 1 'U 

~ ~ 

f \l~ti1m 111'1~1~f u 1"111l.J{ti 'U'11 mL~ 'U~~fl~'Uf \!ITT~ t1m1~1LL~~fl11 LL~f \I~ m1l.J f ti'U v1'11 ~m m111ij 
~ 

tiruVl.nii?l'l~'ULL~ ~~ti t1~1~'U 1 Vi~titi fl~mm111.n1tl'Utifl1~ t1ijm~'1fl1?ttl ~~'Ufl 11?1 ru L~ t11"111l.Jf ti'U 
, '\J 'U 'U 'U liU 

~1'U'U'U~1'Uu'U1'U 1 l'Jl.J LL~~ 1~tl ti \ltl'U fl 11?1 ru L~ t1 ~1'U'11\I LL~ ~~1'UoLJ1\I 1~ t1 m~ 'U1'U fl11 v1'1\11'U'1 ~ 
~ "' 

LLe.J\ILnuf 'I~ Ldti~~~l.Jiuti1m111L -ii'11 LJ1 mLe..i\ILnuf 'I~ ti1m111'1~fum1l.Jf ti'U~Ln~'11flm1~1 m 'Vl 

m1l.Jf ti'U1~V111'lmm111vTL Vi~~1'Ul?l ~~1'U 1 'W1'l.JLL 'U'U"llti \lfl11~1 LL~~ m1 LL~f \I~ m1l.Jf ti'U 
' ' ~ 
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3.2 1~fl'W'j'lJ • • 

l?f \;l'l"f~'U~L~vn 1 m 'Un1')Piff\~11vl1'11nl'l1-li1EJ?f LLl'l'UL~?f LP11'-L 'Vf~n LL~ ~~'Un11\;l ~i11"111:1J'V1')'U~1~tl'U . . ' 
.., .. 
(;l~.fl1'V1'Vl 3.2-3.4 

( 1) 'H'Llm1(;1 LiJ'U1?f(;l'V1')'U"l!'Ll(;l'Vf~~~1~\hm'Vl\;l~v~ zj~-H'Um1\;l~'lhw11 ifo~i1'll'U1(;lvf11 i.J~ij . ' 

~1~tl'UBV 2 'lJ'U1(;1 ~'€) 'lJ'U1(;1L'1'U~1'UPl'UEJnm~Lvl1tl'U 2.1 LL~~ 3.0 cm. i1ri1m1:1J'V1')'U (<jJ) L vl1tl'U 
~ ~ . 

0.44 LL~~ 0.52 m:IJ~1~'U 1'Um')1~'H'Um1(;11'ULL~~Lrl'U-r~~'1~1~')1:1Jtl'Uzj~ij'lJ'U1\;lff~1~ 0.5 m. E.111 

0.5 m. LL~~'Vf'U1 0.05 m. 

(2) l'l1-li1EJ?ILL\9l'UL~?f i1~n1'-ru~~~.fl1'V1~ 3.3 zj~'1~i1'lJ'U1\;1~1~tl'U 2 'lJ'U1(;11~LLfl 1911,J1E.1?1LL\9l'U 

L~?f'lJ'U1(;1 18 LL~~ 44 PPI zj~'1~~(;11~i1'll'U1(;lff~1~ 0.5 m. E.111 0.5 m. l\;lEJ\911,J1EJ?ILL\9l'UL~?f'lJ'U1(;1 

18 PPI '1~1i~~'Vf:IJ(;l 15 LL~'U ~1'Um,J1EJ?ILL\9l'UL~?f'lJ'U1(;1 44 PPI '1~1i~~'Vf:IJ(;l 20 LL~'U djm11m 

'Vf1rl1\Pl11:1J'V1~iJ (<jJ) '1~i1rl1L vl1tl'U 0.63 LL~~ 0. 75 
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(3) bl"l~bVl~fl ij~fl~ru~~\lm~~ 3.4bll'Um~~1v81\l'llv\lbl"l~bVl~fl~1-ii'bthJ1?1~~1'U1'Um1 •• 
1?ibl"l~b VI~ fl 1 'Ubb~\lbfh.J-r \li'1-:U~ 1?1L ~ij'll'U1~ b Vl:WrJ'Utl'Utl'Ufl 11{:;'Uf111 ~ b~rJtl1:lJ1bl"l~b VI~ flVl1rl1fl11:lJ 

~1'U (<jJ) -:u~1~bvl1tl'U 0.55 bb~~ 0.64 
• 

3.2.1 fl1"~Vl~iUN'V11fl1fl111J'W~'IJ • 

ri1m1m~~'U\;)1\l 1 'llrJ\l'IJ1m\>l1Vl'd\IV1t.h tJt!'U -:u~~-:u11ru1-:u1fl8 m1?i1'U'llrJ \l'IJ1m \>l1'liv \111\I b Vi tJ'U n'U 

'IJ1m\>l1V1i1\IV1tJ1tJt!'U?i-:rn~1~ri1fl11:1J~~'U-:u~ijr111~V111\I o fi'I 1 ~B ()1ijri1 </J=O 'IJ1m\>lTv1i1\I 

V1i.i1 tJt!'U-:u~ijb dv1?1~'U11-:uv 8b~:iJ 1'IJVl:iJ~bb~~1lJij'liv\111\lv vb~ tJ bb\;)b~vijr11 </J b ~:iJ~'LI 'IJ1:1J1mV1tl\I , , ~ ~ 

V1tl1tJt!'U1 ijb dv1?1~~'U11~~~~\lbb~~ij'liv\111\lb ~:iJmfl~'U ~1ri1 </J = 1 bb?l~\111 'IJ1m\>l1V1i1\IV1tl1 tJ 

t!'U-:u~1lJijbdv1?t~rJ8b~mb\;)-:u~bll'LI'liv'l11\l~\IV1:1J~ (~~\ijjtl rJ:1J\>lu1m bb~~uru~\>l flfl\>l1fl:iJ, 2548) 
• 'IJ ·1 

16m1V11ri1m1:1J~~'U'llrJ\ll?l~~~'U ('V11~~ti b~fl'IJ1~~~i bb~~uru~\>l fl~mfl:IJ, 2554) 

1'LI1m-l\11'Ul~ tJdij.ff 'U\>lrJ'Ufl11V111°i1m1:1J~1'U~\ld '1111'?1 ~~1'U1?i~ '11 'Ui116ll'U~~'Vl11'U'IJ1:1J1m . . ' 

B fl flf '11 ~ b ~:iJ i116ll'LI~-:u 'Lifi \11 ~ ~'U ~1~1'U'U'U'll v \ll?I ~~1'U ei 1 'U ri1'1J1 m\>l1tl1 ~ b~:iJ ~ '11'IJ-:u1 fl'Li fl b fl v { . ' 
'IJ1mmtl1~b~:1J~\11'1Jd~v 'IJ1m\>l1'liv\111\l~tl1b'n11'1Jbb'Vl'U~1~ (Void space volume, V5) tl1ri1 

'IJ1:1J1\>l1tl1dV111~1tJ'IJ1:iJ1\>l1.f11tJ1'LI.f11"lf'U~~\IVl:lJ~ (Total or bulk volume, VT) ?11:1J11tl 

rl1'U1tlJVl1rl1fl11:lJ~~'U ( </J) 1~-:U1fl?l:!Jfl11 (3.1) 

Porosity ( </J) = ~ 
VT 

(3.1) 
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3.3.1 l cw·nuvijbflvi (Pyranormeter) L U'Ubfl~ei..:iiieivfl -tl~1V1f'Ui'~fi1m1l.lb oifl.l"Ut1..:Jbb?l'IYrn 

~l'!n m ~Vl'U'U'Ubbt:N btl'Uf ..:i~ zj,,:i:v ~ ~~~..:i 1 tJ1~tJ1'U b~tn nrnbt:-1..:i btl'Uf ..:i~ 
3.3.2 Lfl~il-!IU'U-vin'tim.1ft (Data loaaer) b U'Ubfl~tl ..:iiiei~1-tl~1V1frnJ'UVi n mm tu'Vl.flii"lleJ'I v :»:> 'I 'U 

tl1f11\3f~V11'1b-ii'1-tltlf1 bb~~.fl1tJ 1 'Ubbt:-J'lbtl'Uf ..:J~ 

3.3.3 L'Vlvfii.iA'tlLUft (Thermocouple) 'll'Ll~ Chromel Alumel Type K b?i'tJcJ1'U 

\3f'U~n~1..:i 1 mm bU'Ubfl~t1..:iiieivfl-tl~1l.ln'Ubfl~t1..:i'\JtJVinoift1l.I~ 1tJ-ii'ei 3.2.2 
" " d 4 QI d 11 • di.I 

3.3.4 Lfl"iil-!li.lil1flfl11i.IL ":i'lfti.ILL 'U'Uft1flfl11i.l"iil'U (Hot wire anemometer) tJ'Vltl T esto 

~'U 425 b ll'Ubfl~ei..:iiiei~1V1f'U 1-tl1~m1l.lb ~1~l.J 
' 

3.4.1 m'l'Vlflavutl'l::~'Vl6fl1cw'tlv.:iLL~.:iLiiui'.:iaLL~'U'l1u 

1 tJm1vi~?1t1'ULJ1~~vi6m~ bbt:-1 'lbtl'Uf ..:i~ bbcJtJ11'Uiil.11 m :01tJbb~ ~11ti~~b5 ti~m1vi~?1t1'U 

~ 

(1) fl11l.lb11~l.I 2 ± 0.5 mis 

(2) fi1f..:i~l'lnm~vi'U1lJ-Ueitin11 600 Wlm 2 

(3) eiruV1.flfab1~~eil.I 1lJbn'U 30, c 
' " 

... 

( 4) Bl'l11m11V1~"llt1..:J"Ut1..:i1 V1~~ei..:ifl..:i~l'l~t1~m1vi~?1t1'Ufi1~bb tJ~t11LJ1~mru 

0.02 kg/m2 s 

3.4.1.1 1~m1vi~?1eirnbt:-1..:ibn'Uf ..:i~bbcJtJ11'UmrumlJii1?1~~1'U ii~'Ul'ltl'U~..:id 
' ' 

1) ~..:ifi1f..:i~l'lnm~vi'U1lJ-Ueitin11 400 Wlm 2 

2) ~~~..:Jbbt:-1..:ibn'Uf ..:i~b-ii'1n'U6ll~V1~?1t1'ULJ1~~vi6m~ 
' 

3) ~~~..:Jbfl~ei..:iii ei1~eiru'Vl.flfab~ ~-r..:i~l'ln m~vi'U1t11~1~'U'Uboif1?i?1m1~?1l.I~~ 
'I 'U 'U 'I 

(Steady stead) V1~..:i:v1mYtJv11m1'\JtJVinfi1~h..:i 1 

4) LJf'Ufl1fl11l.lb ~1~l.lb~l.l~'U~ 2 mis 
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5) vi'1m1'Vl~l.'1eiusJ11~tim1'1J~\Jri1~1.:i 1 ~rn.Jb~eJ'U 1 "ll~·rd 
C:-.: Cl.Id I q..f d1V ii 

5.1) bb~.:ibnu1.:imb'U'Ubb~'U11ul.l'V'J'U'Vl1ubbl.'1'1m1.:i o.s m. m1 1.0 m. 

5.2) ri11'.:i~~flfl1~'Vl'U 400-1,000 W/m2 

5.3) rl1fl11l.lb~1'1l.l 0.5-2.0 mis 

5.4) vi'1m1utJVin~ruV1JJi'.lVJfl 1 1 'UTVi 

5 .5) vl1 fl11'Vl ~l.'1el'U'1'Ufl1 ~vi'.:iei W'Vl.fliJ1lJiifl11 b 'IJ~ tJ'Ubb UG'l'I 
' '\J 

1'Ufl11'Vl ~l.'1B'U'1~1 otlbb~ '1btl'U1''1~ bb~'U11'U'tl~b~l.l bbG'l ~~1biJ'Ufl11'Vl ~l.'1B'U ml.I 
' 

lTifl11'Vl~l.'1eJ'Ubb~'lbtl'U1''1~bb~'U11'U~1~n~1111t 'U~1oLJB (3.4.1.1) bb~'1~iifl11b ~l.lll.'1~'V'J1'U1fi.fl1tJ1 'U 
' ' 

0.4-0.8 '11flt!'Uvl1fl11'1J1'uri1~1.:i 1 ~1l.Jb~B'U 1 "Um -ITT 'Ufl11'Vl~l.'1B'UbbA1b 'IJ~tJ'Ub Vi tJ'U~G'lfl11'Vl~l.'1B'Utl'U 
~'1ffi~'11flfl11'Vl~l.'1B'Ubb~'lbtl'U1''1~bb~'U11'UffilJiill.'1~'V'J1'U 

' ' 



: 

d 
'U'Vl'VI 4 

~1~'11flfl11'Vl ~'1B 'U'VITth ~i1'Vl 5m~ LL~ \l Ln ur -:ii1 zj-:i 1~v] 1fl11'Vl ~ '1B 'U tl'U LL~\l L nur -:ii1~ L lJ'U LL 'U'U LL~ 'Ll 

11'\.J L~ CJ'U fl1 rubJii1'1~~1'ULL~~ LL~\l Lnur-:ii1 mruii1'1 ~~1'Ll '11V1-ru1'1~~1'Ll~1 olil 'Llfl11'Vl~'1B'U 
'I 'I 'I 'I 'I , 

4.1 t1-a::~V1611TrnL~.:iLnui'.:iamrum1iii1'a~vfi'U • • 
1'Ll'!X1-iiei-d1~v]1 fl11 pf fl ~1 LL~ ~l Lf111~ ~ ~ ~ 'lJ B \l 1°111:1.J L ~1 ~ :l.J rl11°111 :l.J L -ii:l.J'lJB -:ir -:ii1~ ii I') B 

'lh ~i1'Vl5mmL~-:i Lnur-:im~ CJii11 CJ~~ L5 CJ~~~ m1'Vl~~ei -:i~-:il'iei 1 ud 
4. i.1 ~a'!Jv.:ifl1111L~1a11~ii~e>t1-a::~V16111mL~.:iLnui'.:iamrum1iii1'a~~-au • • 

~~.m~'11fl fl111 ~B ru'VIJliJfl fl i.11L'1'UB1 'Ll1U LL 'U 'U'lJB \l ~~ 1'11 \l'lJB\l B ru'VIJl 1J1~'Vll1\l'Vl 1\l L .;J1 
, '\J 'U 'U 'I 'U 

c::;: Q.J.c::::il d CV Q.I ({ I I Q j.I 

LL~~'Vl1\lBB fl'lJB \lLL~\lLfl'U1 \l'1 Jl1~'Vl 4.1 LL'1 ~\lf111:1.J'1:1.J~'Lll51~'Vl11\l~~l'l1\l'lJB\lB f;U'VIJl:l.J'V11\l L 'lJ1 LL~~ 
' '\J 

~CL.Id ~ d..::::. .d ~ d1111..1 Q./.c::::il 

'V11\lBBflLL~\lLfl'U1\l'1LL~~f111:1.JL11~:1.J L:l.JB~'111f;U1'Vlf111:1.JL 11~:1.Jf)\l'VJL 'Vl1fl'U 0.5 mis 1 \l'1 ~flfl)~Vl'U 

Lvl1tl'U 400, 600, 800 LL~~ 1000 Wlm 2 ~'Ul1 ~~~1\l'lJB\lBf;U'VIJliliiri1L~:l.J~'ULdvf111:1.JL-ii:1.J'lJB\l 
• '\J 

r-:ii1~fl fl1~'Vl 'UL ~:l.J~'Ll L ~B \l'11 flr -:ii1~fl fl1~Vl'U:l.J1 EJ\lLL~ \l Lnur \l~ L ~:l.J~'Uvl11 ~LL~\l Lnur -:ii11~-ru 
'Vli;r\l\l1'UL ~:l.J~'U~\lG'i\l~~ 1 ~~~"11-:ieiru'VIJlil L ~:l.J~'Ll zj\l~~ "11\l'lJB\lBru'VIJlil (To-Ti) iil°i1L vl1tl'U 1.0, 

, 'U 'I 'U 

d o Q.I d Cl dcv .::ii .d I Cl.I .::ii 

2.1, 3.3 LL~~ 5.1 B\ll3!W'11~L61JCJ'1 ~1:1.J~1~'U LL~~L:l.JB~'111fl.!1'Vl1\l'1~flfl1~Vl'Uf1\lV1 L"ll'Ll 1\l'1~fl 

m~'Vl'U 1000 Wlm2 '1~~u11Ldeim1:1.JL ~1~:1.Jiil°i1L ~:1.J~'Ll'1~v1'11 ~~~"11-:ieiru'VIJlil~~~-:i 1~CJ~u11 ~ 
' '\J 

~ I CV c.il I .::::\ I Q.I 

f111:1.JL11~:1.JL'V11fl'U 0.5, 1.0, 1.5 LL~~ 2.0 mis '1~:1.J~~l'l1\lBru'VIJl:l.JL'Vl1fl'U 5.1, 3.4, 2.8 LL~~ 2.3 
' '\J 

B\li3!1 L61J~ L~CJ'1 ~1:1.J~1~'U ~\l-d'L ~B\l'11fl'Vli;r\l\l1'Ll~~flfl1~'Vl'UL vl1 L~:l.JLLl'if111:1.JL ~1~:1.J'Vl1v5m1m11 'VI~ 

'lJB\lB1fl1!3liil°i1L ~:l.J~'Ll~\l'Vll1 ~~~~1\lvru'VIJliJ~~~\l zj\lL ll'Ll1 'lJm:l.Jf111:1.J~:l.J~'LlB Q = :n c !iT 
' '\J p 

Jl1~ ~ 4.2 LL'1 ~\lf111:1.J~:l.J~ 'UB1~'Vll1\lU1~i1'Vl5Jl1'Vl LL~ \l Lnur -:ii1LL~~1°111:1.JL ~1~:1.J '11 fl 

m1i'J'Vlu11 Ldei'W'111 ru1~m1:1.JL ~1~:1.Jf1-:i~ 'Vlu11 'lJ1~i1'Vl6m'Vl LL~-:i Lnur -:ii1'1 ~L ~:1.J~mdei m1:1.JL -ii:1.J 

'lJB -:ir \l~ ~fl fl1~'Vl'U L ~:l.J~'Ll L ~B\l'11 fl LL~\l Lnu-r-:im~ru~i;r\l\l1'UL ~:l.J~'Ll~\lG'i\l~~ 1 ~U1 ~i1'Vl5.fl1'Vl LL~\l Ln'U 
' ,, ' 

QI ci Q c:f I ..::::I. ~ I Q./ ctJ' I Q,J 

1\l'1L~:l.J'lJ'Ll L"ll'Ll 'Vlf111:1.JL11~:1.JL'Vl1fl'U 0.5 mis ~~\l\l1'Ll~flfl1~Vl'ULV11fl'U 400, 600, 800 
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bb~~ 1000 Wlm2 bU.J·HfhJ-r'l~'1dh.hd1v15.fl1VHvl1tl'U 12.61, 17.26, 20.61 bb~~ 25.63 

b tlt"r~b~'Ul'i 1J111Jci'1~'U Vl~mne:i~~-:il'lnm~'Vl'Ub ~ll~'U 200 w1m2 '1~iJt:.J~vi'11 ~tl1~?ivi5m~bb~Nbn'U 
-r-:i~b ~lJ~'UbU~ tJ 36. 9 b tJe:i{b~'Ul'i bb~~bne:J~'111tu1~~~'1'11'Ul'ln m~Vl'Ul°l'l~~'U11 tJ1~?iV15.fl1~bbt:.J 'I 
~ CVoQI Q ~ d i; ~~CV I IQ d CV I CV 

bn 'U1 -:i ?1'1 ~ b ~ ll"ll'U bll e:i m11J b 11~1J b ~ll"ll'U m e:i tJ1 -:i b "lJ'U ~'111ru 1 vi~~ -:i-:i1 'U l'l nm ~Vl'U b vi1 n 'U 

1000 Wlm2 1°1111lb~1~1lbvl1tl'U 0.5, 1.0, 1.5 bb~~ 2.0 mis bbt:.J'lbn'U-r'l~'1~iJtl1~?ivi5.fl1'V'Jbvl1tl'U 

25.63, 33.83, 42.20 bb~~ 47.28 btle:J{b~'U!'i 1'111Jci'1~'U Vl~mne:il°l111Jb~1~1Jb~ll~'U 0.5 mis '1~iJ 
t:.J~vi'11 ~tl1~?ivi5.fl1mbt:.J-:ibn'U-r-:i~b ~ll~'Ubu~ tJ 32 b tle:i{b~'Ul'i ~-:idb ~e:i-:i1J1'11n~~-:i-:i1'U1"1111l~e:i'U~ 
?11m1~ci1m 'Vl 1~1l1n~'U1J111J m11lb ~1~1l~b ~1Jvi'11 ~~lltl1~?i'Vl~m1~1m11l~e:i'UiJ ~1 b ~ll~'Ub 'li'Un 'LI 

zj'lbU'U1tll'l11Jl°l111J~lJ~'UG Q conv= hA!iT ~'l~e:J:l,j~1'U.fl1~~ 4.2 

6.0 

5.5 

5.0 

4.5 

4.0 
0 
~ 3.5 

f7 
0 3.0 
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2.0 
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' .... _ 
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. ---- . - . - . ---- . - . - . ---
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fl1w~ 4.3 fl1111i11~'U5,-::'Vl11.:it1,-::a\1151l1w bb~.:i Lnui' .:iit bb~::fl1111 b ~1~11 
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4.1.2 ~~"llv.:lfl1111L1i'11i'.:ia~ij~m.l':i::S\'1Gll1VUL~.:I Lnui'.:ia mruvtl~iM'a \?l\"4':i'L! • • 
d Q.J CV ' I I Q !.I W:: 

.fl1VfVl 4.4 LL?! \il\I fn11JG'lll~'L!5':i:::Vl11\le.J'1\911\1'1JB\IBWVl.flll'Vl1\IL '111 LL'1 :::'Vl1\IBBflbLe.J\I LfltJ 
' 'U 

I I V I 

1'..:i~LL'1:::1°1111JL-ifll'llB\11'\I~ '11fl.fl1~Yi 4.4 ~tll1 e.J'1l'i1\1'1JB\IBWVl.fli1 (To-Ti) ljfi1L~ll~'UblJBl°l111J 
' 'U 

L-ifll'llti\11'\l~\;Jflfl':i:::'Vl'Ub~ll~'U ~'11':iW1~1'\l~\;Jflfl':i:::'Vl'Ubvl1tltJ 1000 W/m2 ~tJl1 e.J'1~1\1'1JB\I 

BillVl.fli1 (To-Ti) ljfi1'1\il'1\I bdtil'l111J b ~1'11Jljrl1b ~ll~'U b titi\1'11fll'l111JL ~1'11JVI~ BB \;l':i1fl1':i 1 Vl'1'1JB\I 
' 'U 

mmPib ~11~'U 1 'U'llru:::~1'..:i~~(;]nm:::'Vlu111 E!..:ibbe.J\lbnti1'..:i~nri1L v11L~11~..:i L ll'Ue.J'11 'iXe.J'1~1..:i'1Jti..:itiruV1.fli1 
' 'U 

m~~ 4.5 Lb?! \il\11°11111'11l~'U~':i :::Vll1\l'lh :::~'VlTI.fl1~ Lbe.J \lbtl u1'..:i~ bb'1 :::m111 L-ii'll'llti\11' \I~ 

~tJl1 'lh:::~'VlTI.fl1~ bbe.J\I btltJ1' ..:i~nri1b~ll~'Ubdti1°11111 L-ii'll'lltl ..:i1' \I~ \;]fl m:::'VltJ L ~ll~'U Ld B~'11':iru1~ 

1'..:i~(;]flfl':i:::'Vl'Ubvl1tltJ 1000 W/m2 ~tJl1 'lh:::~'VlTI.fl1mbe.J\lbtltJ1'..:i~nri1L~lJ~'Ubdtil'l111JL~1'11Jb~lJ 
L tim'11nm111L ~1'11l~L ~11~'UL ll'Uc..i'1vh 1'!Xnm':iri1m'Vl11ilEJfl1':i~1m111~ti'U 1~~~..:ivh 1 'IX'lh:::~'Vl5m~ 

5.5 

..... ·V=0.5 mis • 5.0 
/ 

---fr-V=l.0 mis 
4.5 / 

-. - V=l.5 mis / 
4.0 --<>- V=2.0 mis / 

p 3.5 / 
..... . F 

I 3.0 / ~ 
/ 

2.5 / 

2.0 
.... / 

/ 
1.5 / 

/ 

1.0 

0.5 

400 600 800 1,000 

Solar Radiation (W/m2) 

d 
ll1'W\'l 4.4 fl1111fl11~'Llfi':i::'V111.:i~~ ~1.:l"llv.:lvN'Vlllii'V11.:IL oU1LL~ ::\111.:lvvn bL~NLnui'.:ia LL~:: . " 

fl1111L 1i'11"Uv.:ii'.:ia 
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.-........ 

.......... 

···-· ...... 

600 

-· -·--
800 

Solar Radiation (W/m2) 

....... ....... .-· ....... 
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4.2 tl'i::a'Vlfin1cw LL~-1 Lih1i'-1amWI. <tii;'Um1~ L tl'U1a~cw1'U 
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1 'U~1-iiv-rl'L U'UB fl'Vl~\1~1oifv~i11L~'UB 1 'UL~B\l"llB\ll~~V'li'U zj\li-1'Ufli1~ 1~tini.11:u11-ul 'Ufl1i , , " 
'Vl~flB\ILU'Ul~~V'l';i'U 1'Ufl1';i'Vl~flv\11oUi-1'Um1~ 2 "ll'U1~ 1~LLfl "ll'U1~L~'U~1'U~'U6flfl1\ll~m~~E.J 2.1 , , " 
LLm:: 3.0. L"ll'U~L:U~';i L~BtJ1i.1'Uml~:U1'Vl1rl1f111:UVqmi::: 1~m1:UV'l~'U ( <jJ) L vi1nu 0.44 LLfl!:: 0.52 

' v q -=:ii .c:il Q.I ..::::ii 

61J\1:1.J';i1E.Jfl!::LBE.J~~flfl1iVl~flB\l~\l'U 

4.2.1 ~i'i'tleNfl11~ L ~1i'i~~ii~vtl'i::aV1fin1cwLL~-1 Lnui' '1amWI. <tii1'Um1~L tlu1a ~'W1'U 
d CV Cl.I ' I I Q !I W:: 

.fl1'V'l'Vl 4.6 LL~ ~\11'111:1.J~:UV'l'Utii !::'Vl11\l~fl~1\l"lJB\IBfL.l'Vl.fl:U'V11\I L "ll1 LLfl !::'V11\IBBflLL~\I LfltJ , " 
Q.l.c:il ~ d I LI d d Q d ~ d I 

i\lmbfl!::f111:UL ilfl:U'V11'111:UV'li'UL'V11fltJ 0.44 ~1fl.fl1V'l'Vl 4.6 b:UBV'l~1ifL.11'V11'111:Ub ilfl:Ul'l\l'Vl ~!::V'ltJ11 , 
I IJ I I iJ !./ IJ I 

~i;i~1\l"lJB .. rnruV1.niJ (To-Ti) i1ri1L 'W:u~m:Wvm1:uL-if:U"llB\lf \l~~nm:::'Vlrn 'W:u~'U VJ\IUL UB\1~1fl LL~\I , " 
btltJf \IITT~f uViJi;r\l\11'UL ~:U~'U~\l?i \l~fl 1 ~~fl~1\IB fL.l'Vl.fliJL ~:U~'U 'Vl1fl'W~1i ru1~ f111:U b ~lfl:Ul'l\I~ L vi1 nu , " 
0.5 mis f\l~~flfl';i!::'VltJLvl1tltJ 400, 600 LLfl!:: 800 Wlm2 ~:::vh1~Ln~~fl~1\l"lJB\IBfL.l'Vl.fliJ (To-Ti) 

, " 
' ' 

Lvl1tltJ 1.4, 3.0 LLfl!:: 4.4 B\1~1L"llflL~E.J~ m:u~1~tJ LLfl:::L:Wv'W~1iru1mruf\l~~flfl';i!::'VltJl'l\IVi L'li'U 

f\l~~fl m:::'Vlu 800 Wlm2 ~:::V'ltJl1L~Bf111:UL ~1i;i:ui1ri1L ~:U~'U~:::v111~~fl~1\IBfL.l'Vl.fliJfl~fl\I faE.J , " 
1d"' IQ.I ..:::ii I QICV 

V'ltJ11 'Vlf111:ULilfl:UL'V11fltJ 0.5, 1.0, 1.5 LLfl::: 2.0 mis ~::::u~i;im\lvfL.l'Vl.fl:uL'V11fltJ 4.4, 3.0, 2.3 , " 
9.f ... I I 

bLfl!:: 1. 9 B\1~1L"llflb~E.J~ ~1:U~1~tJ Vl\IUL UB\1~1flV'li;r\l\11'UVi~flfl';i!::'VltJL vl1L~:UbL~f111:Ub ~lfl:U'Vl~B 

er m1mi 1 'Vli;i "llB\IB1fl1~i1ri1L ~:U~'U~ \lvJ11 ~~" ~1\IB ru'Vl.n iJi;i~i;i \I zj \IL U'U 1 LJ m:u m1:u~:u oW'UTI , " 
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Q = mcP!J.T 

f11~vl 4.8 bb?t c;i \lfl11 :i.J~:i.J 'W''U51 :::V111 \ltl1::: ~'Vl5f! 1~ bbc.J\I Lihrr\I~ bb'1::: rn1:i.J b ~1'1:i.Jvl f111 :i.J 

~1'Ub vi1nu 0.44 '11floUB:i.J'1'1:::~u11 LdeJ~'111~l.nvlfl11:i.J b ~1'1:i.Jfl\l.yjtJ1:::~'Vl6f!1mbc.J\lbnu1'\1~'1::: ' ~ 
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111~~ 4.18 nTH mm.JL -viEJ'U'l::'Vl11.:itl'l::a\llGl11~ Lb~.:!Lfl'Ui'.:ia Lbi;t ::f"l1111 L eU11'Y.1V.:!i'.:ia~f"l1111~'l'LI • 
Lvi1nu o.44 Lbi;t:: o.s2 

4.3 'lh::a\115111~LL~.:iLnui'.:iamrul~l911'ti1vaLL\91'LILi;taLtt'U1'a~~1u 

1'U~1-Ueii!l~im~1EJ?lbbl'l'Ub~?fbU'Ul?f~Yfj'U 1~EJl'l1~1EJ?lbbl'l'Ub~?fm-ifi1"ll'U1~ 18 bb~::; 44 PPI 
' ' 

~.:i?1111T'rnV11ri1m111vqtJ ( ¢) 1~\vhn'IJ o.63 LL~::; o. 75 

4.3.1 ~i;t'tlt1.:if"l1111 L ~1i;i11~ii~titl'l::a\115111~ LL~.:iLnui' .:iamrul ~\911'thva LL\91uLi;ia L tJ'U 

1a"~'l'LI • • 

C::0:: Q..I ell C.: d I CV I 

'V11.:JBBflbb~.:Jbfl'U1.:J?lbb~::;m111b 11~:1J'Vlfl11:1JYfj'Ub 'V11fl'IJ 0.63 bb~~ 0. 75 '11fl~~fl11'Vl~~B.:J'V'J'IJ11 
' 

m1vJi1LL tJ11-Ll11L V1i'.iei'LintJnumru~tJ1tJm ~ei Ldei-W-:u11ru1~m111L-U'11"Uei.:if .:i?iri.:i~'V'J'Ul1 m111L ~1 

~:I.lb ~:1J~'U~~~1.:i"Uei.:ieiruV1il:iJ (To-Ti) i1ri1~~~.:i 1 'LI"ll ru~ L~ EJ1tl'UV11n'W-:u11ru1~ri1111 L ~1~:1.lfl.:J~ 
' 'IJ 

'W'Ul1 ~~~1-:J"lJB.:JBfiJ'Vlil:iJ (To-Ti) i1ri1b ~:IJ~'Ubdvm1:1Jb oU:IJ"lJB.:Jf.:i?il'lflfl1~'Vl'\Jb ~:IJ~'U 'Vl1fl~'111fiJ1 
' 'IJ 

~m111L~1~:1JrM~Lvi1n'IJ 0.5 mis Ldeif.:i?il'lflfl1~'Vl'\Jbvl1tl'U 400, 600, 800 Lrn~ 1000 Wlm2 ~ 
fl11:1J'W1'U 0.63 '1~vl11 ~~~ ~1-:J"lJB.:JBfiJ'Vlil:iJ (To-Ti) b vl1tl'IJ 2.1, 4.0, 6.3 bb~~ 9.1 B.:J\311 b61l~b61iEJ?f 

' ' 'IJ 

1'1111~1~'\J Lb~~~m111'W~'U 0.75 -:u~v111~~~~1.:J"lJB.:J~ru'VliJ:i1 (To-Ti) Lvl1tl'IJ 1.9, 3.6, 5.9 Lb~~ 8.5 

ei.:i~Wilm~EJ?f !'1111~1~'\J LL~~Ldei-W-:u11ru1f.:i?il'lnm~'Vl'\Jfl.:ivIT~EJm111-w1tJLvi1n'IJ 0.63 L "li'LI f.:i?il'ln 
' 

m~'Vl'IJ 1000 Wlm
2 ~fl11:1JL~1~11bvl1tl'IJ 0.5, 1.0, 1.5 Lb~~ 2.0 mis -;u~ij~~~1.:ieiru'Vlil:Ubvi1n'IJ 

' 'IJ 



. . 

55 

b vi1n'U 8.5, 5.2, 3.8 bbfi~ 3.1 ei..:if'llb"llm611t1?1 1Jrn.J'1'1~'U 

.fl1V'I~ 4.21 bbfl~ 4.24 bbMl'lf111:l.JG1:l.J~'U51~'Vll1'1'1.J':idh15.fl1'VHbt:Nbtl'U-r..:i~bbfl~ 

ri11m ~1fi:1.J~m1:1.JY11'Ubvi1n'U 0.63 bbfi~ o. 75 :u1m.Jfifl1WJi;)fieJ..:JV'l'Ul1 mi~:Ubb 'Ul 1 tJ:l.Jb 'Vli'.lei'Un'U • 
n'Um ru~~l'U:l..11 fiei 'll1~~'Vl5.fl1V'I bbt:.J..:J btl 'U-r '!~Iii~ b ~ :l.J~'Ub~eJ flll:l.J b ~lfl:l.J bbfl~ flll:l.J b oif :1.J 01rn..:i-r..:i~ l'lfl 

.:::::~Cl.I I I Q d IQJ d C:0:: d1QJ 
m~'Vl'Ub YI :l..16V'U mei t11Wll'U 'Vil fl V'l:U 11ru1'VI m1:1.J V'l1'Ub'VI1fl 'U 0.63 b:l.J ei ri11:1.J b 11fi :l.J ri ..:i'VI b 'VI 1 fl 'U • 
0.5 mis bbfl~V'l~..:J..:J1'Ul'lflfl1~'Vl'Ubvl1fl'U 400, 600, 800 bbfl~ 1000 Wlm 2 bbt:.J..:Jbtl'U-r..:i~:u~:U 

'll1~~'Vl5.fl1V'lbvl1tl'U 26.7, 33.25, 39.24 bbfl~ 45.24 b'llei{b~'Ul'l 1'11:l.J'1'1~'U bbfl~~fl11:l.J'W1'Ubvl1fl'U • 
0.75 bbt:.J..:Jbtl'U-r..:i~:u~:U'\.J1~~'Vl5.fl1V'lbvl1fl'U 24.46, 30.39, 36.7 bbfl~ 42.53 b'llei{b~'Ul'l l'll:l..1'1'1~'U 

b~eiVl:u11ru1~ m1:1.Jboif:1.J6Vei..:i-r..:i~l'lflm~'Vl'Uf1..:J~bvi1n'U 1000 Wlm2 ri11:1.Jb~lfi:1.Jbvi1n'U 0.5, 1.0, 

1.5 bbfl~ 2.0 mis ~fl11:l.JV'l1'Ubvl1fl'U 0.63 bbt:.J..:Jbtl'U-r..:i~:u~:U'\.J1~~'Vl5.111mvi1n'U 45.24, 57.00, 
' 

62.06 bbfi~ 6 7.55 b 'llei{b~'Ui;J 1'11:1.J'1'1~'U bbfl~~m1:1.JY11'Ub vi1n'U o. 75 bbt:.J..:ibfl'U-r..:i~:u~:U'll1~~'Vl5m-w 
' 

bvlltl'U 42.53, 51.90, 56.81 bbfl~ 61.74 b'llei{b~'Ul'l 1'11:l.J'1'1~'U 
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4.3.2 ~~'!leHfl1111 b 'ti'1111v.:ii'.:ii1~ii~vtl~dt'Vlfi111-w mNbnui' .:iil mrul. -U'i;i1'ti1a~ bb(;l'Ub~~ b uu 
1~fl'W~'U • • 

d Q.I QJ ' I I Q iJ' 

.f11~'Vl 4.25 LL'1~ 4.27 LL?l(;l\lfl111J?l1J~'Uli1~Vl11\lC.J'1m\l'lJtJ\le:JtuVlm.JVl1\lL'lJ1LL'1~ 
' 'IJ 

~ cvq IJ' cvq.:::J 1 u d 
'Vl1\ltltlflLLC.J\lLmJ1\l?ILL'1~fl111JL'lJ1J'lJtl\l1\l?l'Vlfl111J~1'UL'Vl1n'U 0.63 LL'1~ 0.75 '11n.f11~'Vl 4.25 LL'1~ 

' 
4.27 ~'\Jl1 C.J'1~1\l'lJtJ\ltlt\JVl.f1lJ (To-Ti) i1~1L~1J~'ULi:Je:Jfld11JL-iJ1J'lJB\l1'\l~l'lnm~'Vl'UL ~l.J~'U LL'1~'1~ij 

' 'IJ 

~1'1\;1'1\lLi1e:im11JL ~1'1m ~1J~'U zj-:im1V'J'1~i1LL 'LI11 u1JL ll'LI 1 i.J1 'LIVi\i'l'Vl1-:iL~mn'Unumru~~1'Umzj-:i 
?111J11f;le:JG'U1V 1~L "li'LIL~tntl'Utl'Umru~~1'U1J1 

m~~ 4.26 LL'1~ 4.28 LL?l\;l\lfl111J'11J~'UB1~Vll1\lD1~~VIG.f11mLC.J\lLfl'U1'\l~LL'1~fl111J 

L oLJ1J'lJB\l1'\l~~fl111J~1'UL vi1nu 0.63 LL'1~ 0. 75 '11noLJe:J1J'1~'\Jl1 m1V'Ji1LL'U111J1JL~V1tl'Utl'Uf11WLLC.J\l 
' 'IJ 

Lfl'U1'-:i~vtl ii'.1'Uf111(;1L U'Ul?l\;1~1'U fie:i th~~'VlG.f11~LLC.J\lLfl'U1'\l~L ~1J~'ULi1e:Jfl111JL ~1'11JLL'1~f1111JL oLJ1J ' , 
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il1~~ 4.29 bb?l~·rnl'H '\.J~ tl'Ub Vi tJ'Ui:.Jft~1\l'lJtl\leHU'Vl.fliJVl1\lb-iJ1bbft~'Vl1\IB'El fl'lJtl ·:Jbbi:.J\lbn 'U 
' 'IJ 

-r\l~~fl11lJb~1ftlJ 0.5 bbft~ 2.0 mis zj\11'Vlfl~1'Ul?l~W'j'U~bU'Ul'l1~1ti?lbbl'l'Ubft?l'IJil~ 18 bbft~ 44 PPI 
' ' 

' ' 
"iJ1nm~Vi 4.31 bU'Ufl11b '\.J~ti'Ub Vit1LJ'\.J1~~'Vl~m~bbi:.J\lbn'U-r\l~Viiim1lJ~1'U o.63 bbfl~ o.?s 
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II G.lei.d I CV 
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63 

4.4 'l.1"5::il'Vl5fl1cwLL~·:nntJ~-3iln"5WI. <tiLA'ttL 'VI~ m ll'U1a fl'W"i'U • • 
1 'LI~1-i!erd1~ -ii'Ll"f~L vt~m U'Ull.'l~V'J1'U zj~Ll"f~L vt~nv1L;;ein'l11l.n 1-tll 'Ufl11Vl~nmtTL~"il1fl Ll"f~'lJB~ 

' ' 
rn~nvlll1"il1nm1n~~LLm~ 1~m111V'J~'U ( <P) L vi1n'IJ o.55 LLn::: o.64 

4.4.1 ~~11eNfl11)J L ~1~iJ~ii~v'l.l"i::il'Vl5fl1'W LL~-3Ln\J~-3a mW!. <tiLfltiL 'Vl~n L U'U1i1fl'W"i'U • • 
d Q.I Cl.I ' I I .c.:t, lJ' 

Jl1V'JVJ 4.32 LLn::: 4.35 LLl.'l~~m111?1lJV'J'Uu1:::vt11~~n~1~'lJB~eiruvtn11vi1~L'lJ1LLn~ 
' '\J 

C.::QJ.c:.:il ~ d IQ.I .c.:t, ' 

vi1~eieimL~~Lfl'IJ1 ~l.'I LLn~f11111L 11nlJVJm111V'J1'Ub vi1n'IJ 0.55 LLn~ 0.64 "il1nn111 Lfl11~vt~n n11 
' 

Vl~n B~V'J'Ul1 ~nl'i1~'lJB~B tu'VIJliJ (To-Ti) "il~ii LL 'U11'Ull L vtilv'Un'Un'Umruvl~1'UlJ1 b~B~"il11UJ1 
' '\J 

m111 L ~1nlJfl~~V'J'Ul1 ~n~1~'lJB~B ruvtniJ (To-Ti) iiri1 L ~ll;ff 'UL~eim1m -i111'!J ei~f~~ ~nm~vi '\J 
' '\J 

b~lJ;ff'U 1~EJ~"il11tu1vlfl11lJV'J1'Ubvl1n'IJ 0.55 b~Bfl11lJb~1nlJfl~~bvl1n'IJ 0.5 mis bbn~f~~~fl 
' 

m~virnvi1n'IJ 400, 600 LLn~ 800 w1m2 "il~v\'11~~n~1~'lJei~eiruvtniJ (To-Ti) Lvi1n'IJ 2.s, 4.3 
' '\J 

' ' I Cl.I Q 0 QJ dii Q iJ' Q..I .c:il .:::ii l 

LV11fl'\J 2.3, 4.0 bbn~ 6.2 B~l"f1b61lnb61lEJl.'I ~111'11~'\J blJBV'J"il11fL.11fl111Jb'!JlJ'lJB~1~l.'lfl~Vl'V'J'IJ11 

fl11ll L~1nlJ~b ~ll:ff 'Uv\'11 ~~n~1~'lJB~BUJ'VIJliJ (To-Ti) iiri1n~n~ 1~EJ~"il11tu1vlfl11lJ'V'l1'Ub vi1n'IJ 
' '\J ' 

0.55 L~vf~~~nm~Vl'Ufl~~Lvi1n'IJ 800 Wlm2 ~m111L~1nmvi1n'IJ 0.5, 1.0, 1.5 Lbn~ 2.0 mis "il~ 

ii~n~1~BfL.l'VIJli"Jbvl1n'IJ 6.5, 4.3, 3.0 bbn~ 2.4 B~l"f1b61lnL~EJl.'I ~111~1~'\J bbn~VJf111lJV'J1'U 0.64 "il~ii 
' '\J ' 

' ' 

~"1~1~Btuvtilfavhn'IJ 6.2, 4.1, 2.9 LL"1~ 2.4 B~l"f1L61l"1b~EJl.'I mlJ~1~'\J LUB~ll1"il1fl'V'li;r~~1'UVJ~fl 
' '\J 

Lll'UhJ~111fl1111G111~'U6 Q = :rz c pf).T 

n1V'Jvl 4.34 LL"1::: 4.37 LL?1~~fl1111G111~'U61:::vt11~th:::t1vi5n1V<JLL~~Ln'Uf~~LL"1::: 

fl11m~1"111vlm111V'J1'ULvi1n'IJ o.55 LL(!~ o.64 "iJ1nm11Lfl11:::~~"1m1vi~"1v~V<J'IJ11 th~?ivi5mV<J 
' 

bb~~bn'Uf ~~n Lb 'U11 -U11 b vtilei 'Un'Un'Umru~ ~1'\.Jm fiei th~?ivi5n 1V'J Lb~~ Ln'IJ -r~~ "il ~ b ~11~m~ ei 

fl1111L ~1"1lJLL"1 ~m111 L -il11'llv ~-r~~~nm~virn ~11:ff '\.J L ~B~"il1n1?1 ~V'J1'UL tl'l..l'llv~ LL ~~vlihV<J1'\.J~~iim1 
, , 'ti "I 

~~61i''Ufl11lJ{B'Ubb"1 ~fl1EJfl11lJ{B'l.J1~ EJfl11 bb~f~~1~mn b~B B1fl11"11 'VI(! ~1'\.J~~vh 1 ~ Ln ~fl11~1 EJ b VJ 
'\J 

fl1111{ei'l..l1~EJfl11V'J1fl1111{v'U1~~~~'\.J ;~LU'UhJm11m111G1lJ~'U6 Q conv = hAf).T L~v~"il11ru1yj 
I Cl.I ~ d I Cl.I Q.I I Cl.I 

m111V'J1'ULV11fl'\J 0.55 fl11lJL11"1lJfl~VlLV11fl'U 0.5 mis LLn~V<Jn~~1'\.J~flfl1~Vl'UbV11fl'\J 400, 600 
' 

LLn~ 800 Wlm2 LL~~Ln'Uf~~"il~iith~?ivi5n1mvi1n'IJ 31.13, 36.24 LL"1~ 40.59 LtJeiiL~'l..lii 

~111~1~'1.J bb"1~~f11111V'J1mvi1n'IJ o.64 bb~~bn'Uf~~"il~ntJ1~?1vi5n1mvi1n'IJ 29.10, 33.63 bb"1~ 
' 

38.83 LtJei1L~'Uii ~111~1~'1.J L~B~"il11ru1~m1m-i111'lJei~f~~~nm~vi'Ufl~vlLvi1n'IJ 800 w1m2 

C:: I CV d I CV c;.:; QJ' d d 

fl111Jb11"1lJLV11fl'U 0.5, 1.0, 1.5 Lbn~ 2.0 mis Vlfl11lJV'J1'ULV11fl'IJ 0.55 LL~~Lfl'IJ'Hl.'l"il~lJ 
' 

tJ1~?iVJBJ11V'Jbvl1n'IJ 40.59, 54.48, 56.42 bb"1~ 61.32 LtJviL~'\.Jij mlJ~1~'\J bb"1~yjfl11ll'V'l1'\.Jb vl1n'IJ 
' 

o.64 LL~~Ln'Uf~~"il~iitJ1~?ivi5mV'JL vi1n'IJ 38.83, 51.18, 54.38 LL(!~ 59 .44 LtJei1L~'l.Jii ~111~1~'1.J 
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4.4.2 ~~11t1-'lfl11iJ L 'tiiJ11t1-'li'-'lii~ij~t1tl~::i1'Vl5111V4 LL~-'l Lnui'-'liin~WI. eULfl~L 'VI~ n L ll'LI 
1afl'r4~'U • • 
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.c::::il IV QJ ({ 1 I Q. !LI 

.fl1'VfVl 4.38 bbn~ 4.40 bbMl\lfl111Jl.'ll.J'V'fU51~Vl11\le.JMl1\l'!JtJ\IBruVl.fll.J'Vl1\lb'lJ1bbn~ 
' 'U 

c; CV d I.I CV dd I Q..I V 

'Vl1\IB tiflbbi:J\I bfl'U1\ll.'lbbn~m1l.lb 'lll.J'!JB\11 \ll.'l'Vlfl111JV'f~'Ub 'Vl1fl'U 0.55 bbn~ 0.64 "il1fl'lltil.Jn m1'Vl~nt1..:i 
' 'U 

'l"l'Ul1 i:Jnl'i1..:i'!Jt1\lt1ruV1.nil (To-Ti) ~~1b ~l.J~'Udforn11Jb oLJl.l'!Jti\1-r..:i?i~nm~'Vl'U b ~l.J~'U bbn~"il~~~1 
' 'U 

n ~n..:ibdtirn11lb 11nl.Jb ~l.J~'U zj..:im1~"il~~~n~ru~b~tJ1n'Un'Ubbi:J..:ibn'U-r..:i?imrut-V1l.'l~'l"l1'U~~1'Ul.J1 
' ' 

m~~ 4.39 bbn~ 4.41 bbl.'l~\lfl111J~l.J~'U~)~Vll1\l'lh~~'Vl6.fl1~bbi:J\lbn'U-r\l?ibbn~fl111J 

b oLJ1l'!Jt1..:i-r..:i?i~rn11J~1'Ubvi1n'U o.55 bbn~ o.64 "il1floLJtilln~'U11 th~~'Vl6m'l"lbbe.J..:ibn'U-r..:i?ib ~l.J~'Ubdti 
' 'U 

rn11l b 11nll bbn ~rn11l b oLJl.J'llti..:i-r ..:i?i ~nm ~'Vl'U b ~l.J~'U zj..:i~~ m~ru~ b~ v1n 'Un'Uth~~'Vl6m'l"l bbi:J\I bn 'U-r ..:i?i 
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d .c:il .iCll I Q, i.I c;:<: 

mvm 4.42 bb?t~\I m·a U'HJUb 'Vl t1tJc..J'1m\l"lleJ\leJ ru'Vl.f11l'Vl1\lb "ll1bb'1 ~'Vl1 \leJeJ fl"lleJ\lbbc..J\I bfltJ 
' 'U 

IL/ I l.J I I lJ I 

(To-Ti) Vl\l?leJ\lfl111JW';i'Lli1rl1b ~1l~'UbijeJfl111lb oLJ1l"lleJ\11'\l~l'!flfl';i~'Vl'Ub ~1l~'U b-LleJ\1~1fl1'\l~l'!flfl';i~'Vl'U 
' 

b ~1l~'Uv111 ~bbc..J\lbtltJ1' \IITT~1'uwir\l\11'Llb ~1l~'Ll bb'1~~ ~i1ri1'1~'1\1Ldeiri1111 b ~1'11lb ~1l~'Ll b ~eJ\1111~1 fl 
w~\l\11'U~l'lfl m~'Vlu b vi1L~1lbL~rn111L ~1'11lb ~11~'U~\lv\'11 ~c..J'1 ~1\leJ ru'Vl.nil~ \1'1~'1\lzj\I b ll'Ll1 tJ m11 

' 'U 

?l\lfll1 0.64 bb'1~~1fl.fl1W~ 4.44 b U'Ufll';ibU~CJ'Ub Vit1'UU';i~~'VlB.f11Wbbc..J\lbtl'U1'\l~~i1fl111JV-l';i'U 0.55 
'U ' 

bb'1~ 0.64 W'Ul1 U';i~~'VlB.f11Wbbc..J\lbtl'U1'\l~~i1fl111Jl"l';i'U 0.44 i1ri1?t\lfll1 zj\1?111J1';i()f)B'U1CJ1~ 
' 'U 
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.f11'W~ 4.44 n1'H mEJUb VlEJU'j::'lJl11.:itl,-::aV15.n1'Wbbe.l.:I bnui'.:ia bbi't ::f'l11iJ b-U'iJ'tJV.:!i'.:ia~f'l11iJ'W~'lJ 

b'Vi1nu o.55 ui't:: o.64 

4.5 e.li't n1'jb mEJUb Vlautl,-::avi5.n1w bbe.l.:lbnui'.:ia mruii bbi't:: l,jij-j'~fl'W~'lJ 

b~€l'l11~·rnfl1'':i'Vl~'1€l\l~\I 4 mru l.Jlb ~t1'Ufl'n'Wb ~m tJ~t1rn Vim..Jth~~'VITim'W bbt:.J\I bn'IJ1\l~mruii 
bb'1~ 1lJii1?1~'V'f':i'U '1~ 1~t:-rnm1V1~'1€1\1~\lm'V'l~ 4.45 '11flt:.J'1fl11lbfl":i1~~Yl'IJ11 t:.J'1~1\l"ll€J\1€lru'Vl.flil 

'I , , '\J 

I S/ I I lJ 
ii .:::ill .c::t, ti::R .:::!iii ii CV.c:::::il.c:i. ~ 0 CV .:::ii .c::t, 

'V11\I b "lJ1 bb'1~'Vl1\1€1€lrn..Jrn b m..J"lJ'Ub1J€lfl1111 b "lJ1J"lJ€l\11\l?lb m.J1l1fl"lJ'U?l1Vt1'\JVlfl '1 mru Vtlfl'W'111ru1 

b tJ~ tl'\J b Vi tl'\J t:.J '1 ~1 \l"lJtJ \1€1 ru Vt .fl il'VI 1\1b-ii'1 bb'1~'VI1\1 €l €l fl bbt:.J \I bn'IJ1 \I~~ ii bb'1~1lJ ii1?1~Yl1'U~?l .fl11 ~ 
, '\J , .. 

.::iii fl.I I ~ CV Cild.c::ilv d I Q. I ~ ~ Q ~ CV 

b~t11fl'U'V'l'\J11 bbt:.J\lbfl'\J1 \l?l'Vl1J1?1~Yl1'U'1 ~1Jt:.J'11'11\l"ll€l\1€lru'Vl.fl1J?I \lm1 'Vl\l'Ubfl~'11flfl11 b 'W1Jd?I ~'W1'U 
, , , 'U '\J , , 

€l ~1\l~LL'1~~\l~\lt:.J'11 i1tJ1~~'VITI.fl1mLt:.J\ILn'IJ1'\1~1 'U.fl1Yl~ 4.49 iiri1L ~11~m 'lim~t11n'U L 'li'U vn fl 

'W'111ru1~fl111Jb ~1'11J 0.5 mis Yl'IJ11 ~1'\l~l'lflm~'Vl'Ub vi1n'\J 800 W/m2 1?1~'W1'U~b tl'Ubl3f~b vt~fl 
' ' 

'1~iltJ1~~'VITI.fl1mLt:.J \I Ln'IJ1'\l~?I \I~?! ~~€1 40.60 L tJ€11 b ~'LI~ 1€1\1'1 \Im ~€1 1'11~1 t1?1bbl'l'Ub'1?1 bb'1~~'U 
" ' 

m1~ iltJ1~~V16.fl1YlLvi1n'IJ 39.24 Lb'1~ 27.68 LtJtJ{b~'U~ m11'11~'\J ~\IVt1mtJ~t1rnVit1'1.Jtl'\J 

tJ1~~'VITI.fl1Ylbbt:.J\lbn'IJ1'\l~mru1lJii1M!Yl~'U'1~L~11~'Ufamu~t1 49.2, 47.5 bb'1~ 25.6 LtJ€11L~'U~ 
1'1111'11~'\J ~\Id b ~ €l \11J 1'11 fl1?1 ~Yl1 'U"ll'Ll~ Ll3f~b Vt~ flii ri1m1'l11m 111f €l 'U?I \lvi'11 i1ii ri1 m1bb~1' \I~ 

' ' " 
(emissivity) ?l\I b 'liwi"U ~\I~ \lt:.J'11i1ilri1~11tJ1~~'Vl~fl11ri1m 'VI m111f €l'U fat1fl11Yl1fl111lf €l'U?l\I fl11 

" " 
1?1 VJYl ~'U~ ii ri1 m1'l11fl1111f €1 'U ~1 b~ €1 'W '111ru1t:.J '1fl11V1 ~ '1 €l '11'U.fl1Yl ~ 4.46-4.48 ~\I bb?I ~\I 



72 

LL'1 ~m V1~ 4.50-4.52 ~'ILLi;'I ~'I m1 :IJ~ :1J~'Ui51 ~V111 'I m1:1J L-il:iJ 'lle:J '11''1 ~ LL'1nJ1~ ~'Vl5mr1 LLCJ'I Lnu 1 'I~ 

~fl11:1Jb~1'1:1JbvJ1n'U 1.0, 1.5 bb'1~ 2.0 mis Y1'U11 i1LL'U11iJ:iJLU'UhJ1'LIVil"l'V11'1b~CJ1n'Un'UCJ'1n11 

'Vl~'1e:J'l1wnr1~ 4.45 Lb'1~ 4.49 (~fl11:1Jb~1'1:1J 0.5 mis) '11nmr1~ 4.53 Lb?l~'ln11btl~CJ'UbViCJu 

CJ'1 ~1'1'lJe:J'le:J UJ'Vl.f1iJ'Vl1'1 b oiJ1 bb'1 ~'Vl1'1e:J eJ n'lJe:J 'lbbt:J'I btl'U1''1~mru~i1bb'1~1lJi11?l ~V11'U .f11CJ 1~fl11:1J L oiJ:IJ 
'I 'U 'I , 

fl11:1J b ~1'1 :IJ b ~ :IJ ~'U bb'1~ '1 ~ij rl1 b ~ :IJ~'U bd eJ fl11:1J boiJ:IJ'lJ eJ '11''1~~ 1'1n n1~'Vl'U b ~:IJ1'LI"ln1 n 1 ru 

'LIB n'11mrm1'1~'UB n11 LLCJ'I Lnu1''1~~i11?l ~Y11'Ui1CJ'1 ~1'1e:J UJ'Vl.fliJ (To-Ti) ?l 'ln11 bbt:J'I Lnu1' 'I~ m ru1lJi1 
'I , , 'U 'U 

l?l~V11'U 1~mLCJ'ILnu1''1~mrul -ii'Ll"l~L 'Vl~m U'Ul?l~V11'Ui1CJ'1~1'1e:Jru'Vl.f1iJ (To-Ti) ?l'l~?l~ LL'1~V11n 
'I 'I , , , 'U 'U 'I 

n11~i1LL'U11iJ:1JL~CJ1n'Unufl11:1JL-il:1J'lle:i'l1''I~~ 400 w1m2 '11n.f11V1~ 4.56-4.58 LL?l~'ln11 

b tl~ CJ'Ub Vi CJ'Utl1~~'Vl5fl1V1 bbt:J'I btl'U1''1~ mrui1bb'1~1lJi11?l ~V11'U .f11CJ1~1"111:1J b oiJ:IJ'lJe:J'l1''1~ 400, 600, •• 
800 Wlm2 V1u11 tl1~~'Vl5mvmCJ'ILnu1''1~b ~:1J~'ULde:im1:1JL ~1'1:1Jb ~:IJ~'U 'Ue:Jn'11ni!'UEJ'IV1U11 LLCJ'I 

Lnu1''1~mrui11?l~~1'U'1~i1tl1~~V15m~?l'ln111'Umru~1lJi11?l~~1'U 1~CJLLCJ'1Lnu1''1~~i1Ll"l~L'Vl~n 
, 'I 'U 'I 'I 

'1~i1t11~~V15m~?l'l~?l~?l1m1'1e:i5u1CJ 1m~CJ 1-ii'L 'V11'1CJ'1 L~mn'Unum~~ 4.49 
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1 'Ufl1)'V1~'1tl\l'Vl1'1J)~~'V1CT.f11'Y'm~\lbnu-r..:i~e:i1Vi1J1~~~bb U\ln1''j'V1~'1tl\ltltlf1b U'U 2 mru ~tl bb~\I 

bnu-r..:i~mru1Vi'~~~1'U bb'1~mruvi'l.lJ:W1~~~1'U 1~ti1~~~1'Uvltm'UnTrn~"'e:i..:iV11'1J1~~'V15m~1~-if 
'I , 'I 'I , , 

~1Jn11 T/ = FR(ra)e - FRUL;-Ta) bb'1~n11~~'1n11'V1~'1tl\l~~bb~~..:i1~e:i~1'U~'IJ"Utl\I 
I 

.fl1~~ 4.59 bb~~\lfl111J G11J~'U~) ~'Vll1\ID) ~~'VlCT.fl 1~ bb~ \I bnu-r \I~ nu ~'1 ~1\l"Utl\I eJ WVI .niJ 
' " 

(T-T)t """'1'"""' 1" ,, .,.,, "''., 
I a 'UmW'Vl :W:W1~~~)'U .fl1tJ IJlfl111Jb"U1J"Utl\l)\l~IJlnm~'V1Ufl\l'VlbVl1nU 400, 600, bb'1~ 

I ' ' 
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-Wei ti ~.:ib u'U~" 1 ~'lh~~'Vl5mmb~'lbnu-r.:i~:llri1"~".:i bdeitl1bi.'l'Uei~"'Vl~"ei.:i 1'U';iU"tJei.:i?1lJfl1';j"~1~til.:i 
'lJ 

i.'llJfl1';j (4.1) 

(4.1) l] non porous = 0.45 -125 .1 s( I'; ~Ta ) 
:u1n?1lJfl1';ii.'11lJ1';it:leJ5u1t11~-;h FR ( ra)e :llri1mn bbi.'l~'ll1bb~.:ibnu1'.:i~:lltl';i~~'Vl5.n1~~.:i~~bdei 

I ~ Q.J .c:::il4 c:ll V 

bbi.'I ~.:i11 bb~.:i bfl'IJ';j 'li.'llJ fl1';ii.'I ru bi.'! t1ri11lJ';ieJ'U?1.:i 
'lJ., 'lJ 

.n1V'l~ 4.6o bbf;'l~ 4.61 bbi.'1~.:im1lJilJ~'U5';i~'V111.:ith~~'Vl6.n1V'l bb~ .:i bnu1'.:i~nu~i;:i~1.:i"tJei.:i 

mi.l'Vl.nil (I'; -Ta) 1'Llm&1-tli1'Um1~bU'Uli.'l~V'l';i'U~f111lJV'l';i'U 0.44 bbi;:t~ 0.52 .fl1tlb~f111lJboLJlJ 
, 'U I , , , 

"tJB'l1'.:i~~nm~'Vl'Ufl'l~bvl1tl'U 400, 600, 800 W/m2 ~fl11lJb~1i;:tlJ 0.5, 1.0, 1.5 bbi;:t~ 2.0 mis 

:u1n~i;:tfl1';ilbfl';i1~~oileilJi;:tV'l'Ul1 tJ<;j~~V16mV'lbb~.:ibnu1'.:i~~m1lJ~';i'U 0.44 bbi;:t~ 0.52 :u~:llri1i;:i~i;:i.:i 
'lJ ' 

bdei ~i;:i ~1.:J"lJB'lB urn.nil (I'; -Ta ) b ~lJ~'U b ~ei.:i:u1n f111lJ b oLJlJ"lleJ .:i1'.:i~ ~fl fl';i~'Vl'Ub ~lJ~'Uvh1 ~ 
' 'lJ I 

.,: ~ ""' 1 ., ., ' , (T. -T ) bV'llJ"ll'U :U1fl~(;'lfl1';i'Vl~f;'lel'li.'11lJ1';it:lb"lJCJ'U 'Uiui.'llJfl1';ibbi.'l~'lf111lJ?llJ~'Uli"lJB'l 1] bbf;'l~l°l1 I I a 

~Fn1lJV'l';i'U 0.44 bbf;'l~ 0.521~til.:i-d 
' 

(T. -T ) 
'7rock¢=0.44 =0.51-112.11 / J a (4.2) 

bbf;'l~ 

(T. -T) 
'7rock¢=0.52 =0.47-118.78 / J a (4.3) 

V'l1'U o.52 :llu';i~~'Vl5mV'lbb~.:ibnu-r.:i~b v11nu 41 b uei1b~'Ul'l V11m u~tJu b Vit1'1.J';i~'Vl11.:ibb~.:ibnu~.:i~~ 

ri11lJV'l';i'U o.44 bbf;'l~ o.52 V'lu11 bb~.:ibnu1'.:i~~:llm1lJV'l';i'Ubvi1nu o.44 :u~:lltl';i~~'Vl5.n1~?1.:in11 
' ' 'lJ 

ri11lJV'l1'U o.52 b~ei.:i:u1n1'?1~V'l1'U~:llm1lJV'l1'U 0.44 :ll"tJ'U1~b~n:v~bn~"liei.:i11.:i-Ueit1 ii'U~ei~'U~~1 
'Vl~ei~'Um 'Ufl1';ici1m V1Fn1lJf ei'U~eitl~mm?1.:i vh 1 ~1?1~V'l';i'U~:llri1m1lJ~';i'U~1bn~m';ici1m 'Vlfl11lJ 

'U 'I 'I , 

fei'U~eitJ~m~';i1~?1.:in111'?1~V'l';i'U~:llri1m1lJ~';i'Ui.'1.:i bdei~:u1';iru1~ri1 F u V'lu11 bb~.:ibnu~.:i~'Vl.,i 
'll ' ' ' 'll R L d bl 

fl11lJV'l1'U 0.44 :lJfl1';i~(\!b~tlf111lJfB'U~1fll1~f111lJV'l1'U 0.52 ~'l:U~b~'U1~:U1fl.fl1~~ 4.62 
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e:iru'Vi,m.J I a 'l.Jf)')UJ "IJl'J1"1J1E.Jf.'lbbl'J'l.Jb(;'jG'fbU'Udf.'l~~';j'lJVJl°n1lJ~';j'lJ 0.63 bbi;'1~ 0.75 .f11EJ I') ""(T -T) 1 ""1" , :1 ., .d 1" 
'I cu I , , , 

fl11llb-llll"lle:J\l-r..:i~~nm~Vl'l.Jfl\l~bvi1fi'u 400, 600, bbi;'1~ 800 Wlm 2 ~m1llb~1i;ilJ 0.5, 1.0, 1.5 

bbi;i~ 2.0 mis '11mrnm1ibfl11~~~u11 m1vJiibb'U11'ullb~EJ1fi''Ufi''Umru~n~11lJ1 bb~1 zj..:ii.'11m1ri 

"" 1 ., ., ' , (T -T) .d 1" b"!JEJ'U 'U~Ui.'llJn11bbi.'l~\11°111lJi.'llJ~'U\5"1Je:J\I 1J bbi;'1~fl1 1 J a Vll°n1ll~1'U 0.63 bbi;'1~ 0.75 ~ 

(T-T) 
1J wire mesh ¢=0.63 = 0.62 -107 .2 ' J a (4.4) 

bbi;'1~ 

(T-T) 
1Jwiremesh¢=075 =0.56-110.28 'J a (4.5) 

'11n1.'llJm1~u11 tJ1~~vi5m~bbc.mnu-r..:i~~m1ll~1'U o.63 iil°i1bvi1fi'u 62 btJe:i1b~'Uil bbi;'1~~fl11ll 
' 

~1'U o. 75 iiu1~~vi5mmbc.mnu-r..:i~b vi1fi'u 56 b ue:i1b~'Uil V11m u~EJ'Ub ViE.Ju1~V111..:ibbc.J..:ibnu-r..:i~~ 
' 

I I t V t I 11.J I i.J' I 

m1ll~1'U o. 75 b i'.ie:i..:i'11ff)1.'l~~1'UViiil"i1m1lJ~1'U\;)1iJVl'UVi'lie:i..:i11..:i-U'e:iEJ 'Ll'U~e:i Vl'UVi~1Vi~e:iVl'UVi~~ 
, 'I , , 'U 

b Vil'lc.Ji;i-iJ1..:i~'U~..:i'Vi'11 ~tJ1~~vi5m~ bbc.J..:ibnu-r..:i~~iim1ll~1'U o.63 iitJ1~~vi5m~i.'l..:in11~m1ll~1'U 
, , 'U 'I 

0.75 ;\1'1~b~i..!Hfo1nn1~~ 4.65 

n1~~ 4.66 bbi;i~ 4.67 bbi.'l~..:im1ll~ll~i..!51~V111..:itJ1~~vi5n1~bbc.J\lbnu-r..:i~fi'uc.Ji;i~1..:i"lJe:i..:i 

e:iru'Vinij (I; -Ta) 1i..!mru1-ilb~~m~mlli..!11.'1~~1'U~m1ll~1'U 0.55 bbi;'1~ 0.64 mEJ1~fl11m-llll 
, 'U I , , 'I 

"lle:J\l-r\l~l'lnm~Vl'Ufl\l~bvl1fl'U 400, 600, 800 Wlm2 ~1°111llb~1i;'1ll 0.5, 1.0, 1.5 bbi;'1~ 2.0 mis 

'11nc.Ji;im1ibfl11~~~u11 m1vJiibb i..111-U'llb~EJ1fi''Ufi'umru~n~11lJ1bb~1 zj..:i1.'l1m1m ~EJ'U 1 i..11tJ .,, 

i.'llln11bbi.'l~\lfl11ll~ll~'U5"1Je:i..:i 1J bbi;i~l°i1 (I; ~Ta ) ~fl11ll~1'U 0.55 bbi;'1~ 0.64 1~v!..:id 

(T-T) 
1Jsteel ¢=0.55 = 0.65 -101.22 1 

J a (4.6) 
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(T-T) 
17steel(J=0.64 =0.61-108.27 / 

J a (4.7) 

'VfnJ 0.64 ihh~~'Vl5Jl1~bbC·Mbtl'\J-r'l~bvl1tl'\J 61 Li.Jei1L~'Ul'1 vnmi.J~CJ'ULViCJ'U1~Vll1'1bbc.J'lbtl'\J-r-:i~~ 
' 

ri1111~1'U o.ss Lrn~ o.64 ~u11 i.J·rn~V15n1mLC-J-:1Lfiu-r-:i~i1~rr1~1-ru~L~CJ1n'Umru~~1'U111 ~ei , 
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1afl~':i\JO'U~!;l~1.:i11e:i.:it1ru'Vl.nii (I; -Ta ) ~fl1111~':i'lJLvi1nu 0.63 
• • • "' I • 
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.n1~~ 4. 65 n1'lb mum Viuutl"a::flVIG.fl1~bb~·UntJi~a mW!. <ti~11h uabb~'Ublila b U'U1a~~'l'UntJ •• 

~lil~1~'tlv~vW'Vl.fl3.J I a Vlfl113.J~'l'UbVl1ntJ 0.63 bblil:: 0. 75 . ... (T -T) ...; . .., 
' v I ' 
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Effect of Porous Media on Efficiency of Rat Plate Solar Collector 

Bussarapom Nathomtong. Apinunt Namkhal Umphisak Teeboonma 

UYIRflUB 

-.l1'4iivdiiit1ri1h:a-.lt)L~Dfin111unil-.liat1Y17'4fiiiti01.h:ini111Y1Lumn1.1i-.lil41.11.1n1.1Liv1.1 lt1vii~'4thl111Lil'4 
' . " . 

Abstract 

The obfectlve of this research was to study the effecl of porous media on efliaency of flat plate solar 

oolleclor. In this wen. the pebble was selected as porous material. The expeiiments were earned out the 

following coudttions solar radiation of 400. 600 and 800 w1m'. air velocity of 1.0-3.0 mis and malenal 

porosity ranging of 0.4 - 0.6. The crilena used to comparatively study the solar collector with and wi1hout 

porous media was lhennal efrioency of solar collec:lor. 

It was found that temperature difference between 1nlel and outlet of solar c:ollector increases with increment 

of solar radiabon. Fur1hermonl. the thermal effioency of solar c:ollector with porous media was approximately 

4-6% higher than that of the collec:lor W1lhout porous media. 

Keywords: Thermal effioency. Flat plate solar collec:lor. Porous media 
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1J1nni1 75 itlt1fLiiui tia1.11 Kolb u.11:ft~e itt 

fin lt1 u.11:nt1 "EJtJtli: in imm e" u.u" intJi" iti 1 v 

i'.i1t1t1na'l4i°"3iu.tJtJ Matrix 11n01inuetJwtJi1 .. 
tli:inill1Wfl111JiDUL.;iiA''M.L~EJOt1i101i,1111ii.l 

.; .I 
IJ111LWIJ'D'l4 Sopian U.ft:fltll:I' 'tith01'lflnlt1 

tli:ini111wii"A111.1io'M.'Do,,u.u.lintJi,,iu.tJtJ 

''1'1111'11.nPtJ'D O.l 0101fti:11 i1.Jii u.11: 'aiiiiuwi'LI. . . 
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(Steel wool) .11uiiviflthh01iflnlt1Ull'D0.1i:v: 

,, o,i,; D-3i1.Ji:'l'I i1 "ni:• nritJu.s.i'Ll.~t1naui;iiEJ~ 

\14,;1,, 3.5-10.5 an. u.a:,;e,ii1,i1:l'li1'1U.U'l4~t1na'LI. 

i.liritJu.s.i'Ll.10.JWth1uh.JDV1'Ll.'i1-3 7.0-14.0 an. ;j .. 

n 11ftn lt1W1J i1 U.U"3L ntJi-3 i;ljj i1t1W1\li:ti1 \ i .. 
tl1:imi111 ... i?iu4'\W1nni1 80 Lt!DfLii'Ll.tl L~D1:v: 

'D D-3'i 0-3i1-3 jj'D '141tiLanfi0tii101 'l' 'l'lil L i.J IJ 1 ii 

1.11nni1 0.05 kgls u.a:u.u.HntJi°"3iiiiiia'?"T'4':ii 

tli:ini111,.11,ini1u.u,,LiltJi°"iu.tJtJ11na.it11tli:1J1tll .. 
20-70 LtfElfLii'M.t! Yousef LI.ii: Adam IC , ti 

ti1n1ifinlt1tli:imi111 ... Li"3fl111Jit1'M.Ll.a:tt11a.ii'l4 

ti nfl;DIJ'!IO.l U.U.1LntJi.li1: 'l'I i1 .liiu.a: ,iiiiiH ... 1'14 . . 
lt1V'ntlft0"3LtnVtJLnV1JU.U,JLlitJi.Ji 3 U\J\J fio U\J\J 

miL'l'illl11.1Liiv1 UtJtJmih111'M.nPtJ u.a:utJtJ01'S 

Lii Iii 1'Ll.n P\J Yi ii iu ,.,'LI. iu wi'Ll.ri di on \,,1 'LI. . . . . 
011finlt1 fio lvu.ri1 (Glass wool) iitt111J,.1'LI. 0.80 . 
n nn1ifinlt1 ... tJi1 u.u" intJi',,iu tJtJ i H1unitJii 

tli: imi111"1"n i1u.1.11Jn1i i 'l'iam"31iiu1tl1: 1.11 rtl .. 
10-12 Lt!DfL-i'l4i u.a:i~Dliiiu ... ,'Ll.'t:ri1li . . 
tl1:ini111,.a.mi1u.tJtJW1ri11t1,.1'Ll.ii 8 1tlef1wti .. . . 

.Iii .. • A ~ _. • 
L 'Ll.D,Ji1n1at1wi'l4i:'11VL WIJ ... 'Ll.l1011Cl1tJL l1fl111J . . 
i O'LI. t.Jtil \itli: inill"l ... L i .Jfl111Ji EJ'M.L ?i1.1.:uu.tin 

"" u al ifl 1 'HJ i'l4t1 n fl'i 0 IJ L .;i IJ .,,.:'Ll.L 'i 'Ll.rl\4 .. 
Saravanakumar U.lil: Mayilsamy" 'tifinltlU.lil: 

nt1•EJ1JL~EJ'l'llfl1tli:ini111wLi,)fl"')11JiD\l110"3U.U"3 

L ntJi°-3 it11nt1Viiiiu.11: ,aj jji HL fitJ a: a1Jfl111Jfo\l . 
l .I • .. • ~ 
tltJ n11l1tlllD1J'l4i:ftn lf11 lftlLntJa: llJfl111JlEl'LI. 4 

"~" 'tiu.ri ni1v nnt1 nnviiiiLflltL'l'lin u.a:nnt1 

iliiLflltL'l'iin 11nn1rnt111DlJ,.lJi1 u.r.mntJi..ii 

Dl ;;ti V ;jjj i "'?L filJ a: •1Jfl111Jf D\l 1:iitf1: initnw 

11.l ni1 ni ti ~iiiHL filJ R: lnlfl 11lli O'Ll.U.11: nntiii .. . 



'll41h.1i.1it1001:'1tJftat1 900 w1m' lltl4'1'1flii .. ~ ~ . 
m.11lDOLLa:1h:i'1ifl1'W'llll.1LU4.1Liil.Ji.19Yiii1a'!Liil.J 

ft: lUJfl1lll;D\Uith ,.10 il LLl.JtJfila.iiil•f!t.fitJ•: ftll 

t11111;ol41h:111m 10-20 1.1.loi1.oil4tl 

.. ~ -.. ~. . .. . 
fl..ll4l4..lll411tJ\41.1flnlflr.4Mlil.31ftflW'l\4nii .. 

fiol.l1: i'1ifllMLL"4.1Liil.Ji.1iL ..:oLill4LL\41'11..l l 14011 

1.l"t: v ot11 in1~ti o li.Jl MDl4 l fl" . 
.. ~ -· fl 11 mm&L•t·umnnti •H 

.:114 iiv~tim..i11t1,,H&.1LL"4.1t.iitJi" io1iit16 .. ~o H 

\14n11finlfl"48'11&.1l•'!M1'4Yiiitiol.l1:i'1in1Mt.t."4.1 

LiitJi.1 SLL1.JtJ'l11JL ;vtJi.1illtio a11111'1i1.1ti\4 1 .. vii 
~va .. · 1 ~ -- • .r • ' :LOVfl'IJ0.1~1101~a:11mTI'lfl80.1fl.1l4 

1!tln1nln1U1HIW 

~tlii 1 LLH.11!fl'1H0.1LL"4.1LrltJi.1io1iit1vLL1JtJLL'4\4 

i11JL;tJ1Jii'lll41fln11.1 0.50 m. t.t.a:v11 1 m. lt1vi1 

lt1i.1 ri1.1'110.1LL"4.1Lrl1Ji°.1 ihi111n "ui r.4~.1ti1l4tJl4iJfl 

mm. 

o~iiLiltJll'l'l\41 5 mm. w;oiiJ,,1i"ii\l.l41l4'1'1l41 3 cm. 

.. 
1woat1011e~1ivt11111;ol4linl.Jo1n1t1n1v14on 

ii"'""HIJ~fl010lfl;j'11,, DO OLLr.4.1 t.nl.Ji.1 i Lt.a: 

'1'18Dfllltloifl lan~n lit.ill4LL 'l'lli.1ri1L i4flLLft.1LL'1l4011 

i 1J LLft.11lOfl1.1 Oliifl U1 fl tJfli.1~.1 lf1 IJ11ni.Ji1Jfl1111 

1i11LLa,,lti lf114110..i-lat1w114fhifio ~l4tithn lt1v1· 
' ' " .. 

-; , .,, H1J l4LL'4l4~" o il4 ;-.,, i i1'l'If1.J t. fl1o..iiic1 t1 

l.h:oo1Jti1v 1.t11o,,1t1fl11111i11i..iio1nt16 1t11c,, 

Ul4nnio11aiiio GRAPHTEC fa GL800 ;j::.;, 
• ' M 

m111nntio.,, t2"C lii"l'l'lfl.Jul4no"'aonl'l'lflii11c..i • • • 
0101flLL1flROIJ ~t14'1'11;J~ll.11ll01flm.11i1-oon LLB: 

m v l \Wr.4.11n1Ji.,, ilt1vti 01'1i1n1Jtnm ,,oi1iiti1Jdl a 

- ... . .. -'lll4fl Lfl LL8:t.fl'lll.11J01flfl111JL1181JLL1J1J 

ll1flfl111J;ill4 iiia Testo 114 425 niitht11111 

~otio.1 :t0.01 mis Hli1'l'lftJ-lH1111L;1a11111H 

il101fl 

104 

~Dn11l'IHD4 

l .r . 
l401,'1tl81l.1l41:LL1J.101'1'1"8chlllDOLill4 2 01& fie 

01,,," a il.1 Lt."4.1 L n1Ji..i it.t. 1J1J t.t.'414n1J 1; vl.J t.t.a: t.t.lJl.Jiiii .. .. ,,,, .. 
1ft'!W1l4 fll1JA1fl1J '!1"1ft'!W1l41:~n lill4LL"4U01J 

i..ii 1~1Jfi14011'1t1ao..iti1v011b/..i~l.ln1nlti1..i 'I 

11mf l4L ilt1'l'laati a1.l oit1 lant.t.a:l.lfufl11111'1iiit.t.a..i l i 

iifi1fl..ifiti1v~i.Jmnl'l'l~n1a..ihh=i1 1'11ntJ 400. 600 

t.t.a: 800 Wlm' (Lill4r.i1l4fl111JLilJMMHll4 

t.t.a..i 01iit161'1.ivtit1n 01:'1tJ1JiV.1~l4 lan l'IWtia:1otJ 

l 14) !\ l 01, lt1i.Ji111 Cllfl111J I illLLR.1;jfln O'l:'11J 114 

LL 141,..l\l. l OOlJiifll'll.1411 il..lLLft..ll.Jl4LL'4l401:1n lt1vY! 

th LL '1'114.1l1401,lfli ~ill '1'1,tifilfl 1ll1Li°IJLLR..l~'ll1 l4 

01 'l fin lflfi o th LL 'l'l'4.1ti114 tJ \4'11o.:iu.'41401:1 n 

• .t !'I • 
'l'I 8,)1l0l4\4L11tlftfl81J~fl0l Olfl l '1'11fi°fl11 IJL ;111J 

1fi1ntJ 1-3 m1s t11iia1itJ \1401niHon:th011 

iJ14nnn1,11.li vl4t.t.1.l a,i11 o..io m 'l'lniiiltht.t. 'l'l'4..iti1..i fl 
• • 1 

'ln '! 1 \41n lflv li1.t11a,,iJ14nn'lioii1uit11 l4ii°i n1 • 
n1'1'1t1ao..itl4n1:n=..i~m'l'li;iiiwii01111.liv'l&4t.1.la..i 

n1·nnR1f111u"l1' 

-· • f2 ~ tZ 
1101'1'1'1lfl1fl111JW1'14 (Porosity. & ) Q\4f1Dl4i..ll4 

\i ll"'!"11WtJmiit1na1Jot1LL '414 (~l4ti.Ja1) lia.1 li.J 

lMl'll4:ii'1ntJ1.All1fl'ILL1il40l4LilJfll'll4: 'l'IM.ltln 

z ... !" 41 .. • • • .. 
\4 l4Lfl11\41 I 'l'I Lfllln1'1l4:'1'1 'I onn:fll.JU1ti1\41.J\4 lH 

..:- ... ._. .. :. .. i ' 
"114 '1.1 L1L Wil l'l'll4l'!llJL'll1 li.Jl141 l40lHM'll4LLP1L'1 .. 



ii1aani1nm,,'l4: i1mf14,.1.aii1ti1uiimnai u.i1 

fi 1n11Liiiiii15 n fl.f.,, l ~Li a.im,, '14: i '14ii .a 1: tilJ u 1 

ti1'141J'l4"D o.a1 t1t1?fni.Ei114fi11.RJ.J1"1ii iii LiiJ.Ja.i tt.1i1 n .. 
iimnoi l.RJ.J1,.1ii1il1iJ.Ja.:Jlud' fia l.RJ.J1 .. 11ia.ai1.:J 

iiiiwi1l1.lu.n'l4-rt\ti (VOid-space volume. r:) 'l41fi1 

1.1;a.i1,.1ii1~Y111ti1ul.RJ.J1"1111ul'l4111,,'l4:J.,,""" 

(Total or bulk volume. VT ) i:ll1J.J11tltl1'141Dnmh 

fl11J.J?f1'14 ( & ) lii1n&nm1,il (1) • 

u.a: 0.52 

v 
Porosity ( & ) = _s 

VT 

ninn1h:iT1Dn1W11841UN L~ui".1ilwi"1,u 

(1) 

\ 14n11~11.11: in i ll1 ?f"D il.:J U.U.:J l n 1Ji.,, iu. U'l4111J 

111J.J11tliLflTI:'l'l1tit1 nit1«-l'l4"D El-:l?f R.:J -:11'14fi \41 tt.Jl i 

t.11: 1u,,\ltia.,.i.an'l4u.i.aa1ii"vii"nm:n1Ju.u.aLn1J 

i.:iilwi1.arnmf 14 CJ 1t1ULiU'l4fl11a.iia.i.;-14ftfii.a 

1'1.101,;:i (2) 

(2) 

~o ,, fio t.h:inimmo.aLu.mnlJi.:Ji. (-) 

q. fio ?fRH1'14fl11J.Jio'l4fi'l41tt.Jli1.l1: 1U'l'4. 

(W) 

m fio ti"nm1tY111Li.:JJ.J11"11il.:JB1n1fl. (kgls) 

C P fio fl1fl11J.J~fl11J.Jiil'l4t1L"'1:"Dil.:Jil101fl. 

(Jlkg•C) 

T, fie amY111iim.,,Li1110.,,Lumn1Ji.:Ji. re> . .. 
To fia ElDL~niim.:JElilTl"DEl.:JU.U.:JLn\Ji.:Ji. re> . .. 

• .r .; • .. • 2 
A, flEl W'l4mla.:JU.U.:JL01J1.:J•. (m ) 
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~.,,\14011i1t111:it.11:iliirn""De.au.~mn1Ji.ah: 

~i11m1iin11a1u1e'14fl11J.Jia'l4iian11:t1.:JYl 

(Steady state) 1t1uli1u.1nina.i Hottel-Whillier­

Bliss \14011" 1fi1?f i.an14fi111 m1mh li.Jl ith: lu,,'4 

ti ~.:JflnLhe 1ttu Duffie U.il: Beckman 
13 tl.:JlUJn11 .. 

ii (3) 

q. = AcFR[l.(ra), -Cz(T, -T..)] (3) 

.. • ....1 ' • .. "' LJ.Jil F_~ fie U.nflLt1e1n11tl.:Jfl11J.J10'1411El"U.U"L01J 

;.,,ia1Yit16. <-> 

( ra). fie iiit.11:ini'm11ia.,,u1~:011~t1na'l4 

1.l1:iniua. H 

(. l fie iiit.11:ini'm1~LiUfl11J.JiO'l411J.J. 

(Wlm
2 

K) 

T fie am~niie1mflu.1t1iaa.i. c·e) 
0 • .. 

ti'.iif14tJ1:inimwLi.:Jfl11J.Jiil'l4 m "DD4:LHOL:'l'lit.:J 

;.:i111imn~1li11nl'l.lm1fi (4) 

(4) 

wit 2 u.at1.:Jfl1111iii..-'l4'n:"i1.,,1.l1:inimw .. 
u.u.,,Ln1Ji.:iiri1J , r, - r. > fiiiuR:wii1•"""'14 11n 

' I. • • 

Uiln11iLfl11:..rYCui1 1.11: inill1?f1Ul-:1Ln1Ji.:Jh:ii 

fi1H111.a "111 uati1.:J11 e" a m'l'lniim.a Li1ui1: am'l'lll ii 
• • • • 

.. 'I .. ... .;.:. .r 
u.1t1i1 a11 .. afl1fl1111 L "DJ.J"D on.a"" n n1:nunL w1111'l4 

1~a~111m11h:inimwu.u.:J1nui.:Jim&wii11rt1 
• 



.,.," w1Ji1 iiti1aJatnn1nlJ s1 L1.lofLi'14tl u.a: . .. . 
"1ll11flLiV14l14nJ"11ni1LtiiJ\i . 

1tlJUll1Ln1rllJ 65 Li.lOfL~tl iifl11l1Yf1'14 O« u.a: 

o 52 111l11hi1J l11urill11miuut111lliii,;-u111tii" 

allm,;i (6) u.a: (7) 

- 0 7 - I ::; ., ~I T, - Tc I 
'1~-o .. - .6 - ·-1 I J 

c; I ::; .. J T, - T, ., 
"~-051=0.6. - . ·-·~ -/-, -

(6) 

(7) 

1111nw•11tll1LmutJLiiulJ1.l1: hiirnwu.uJ 

"1Ji1 u.u ;i Lil 1Jf Jiii iii 1111w1uiii.J1: hi irn" "" n i 1 . . .. 
U.1JlJU.U'14111Jti1lltl11fluL\liv 4 - 6 L1.lilfLi'14tl 

L'OJi1nn111~lli&1f!W1'14l'l4~,;jLn1Ji"JiLil'l4m1L~ll 

~'14 ii ah111 fo011f1J u.1;i 01ii11 Vltil11n4'u u.a: i "'! 

Y1nW;iiiti1nTn41t111lliO\UIJ Uloo1n1flL'l'lau114i" . .. 
Lfit1n11"1t111lliouLtifini1 

'"' ... :c-c ;:·; :::;'!: ,,.... 

•• • 
<( • 
H 

l( t • 
~ • 0 
;: 

., 

• :c .. ._,...... 
j Q 

·~ I 
( 

t 
., __ 

c ~ 

:c 

'°' 600 __ IW_, 

. ... - - , ... 
111 Oil Tl'llil.l u.u..i 1n1J1.l1101'111 U'rlilfl'rl 

011l'l'IRLi.lll18110.l0101flLn1ntJ 0.04 kg.IS 

,, j • I • I .. , 1 

i • Q 

:. ! • ~ 
;: :' 

t • 0 .. . , .__.. 
i ·-· ;, 

1 o--
:.c 

.. :.: WC soc _, _ _., 

... • - .. ... fr.; ... 
OtlllllUJ1!100Tl'llOJU.UJLntJ1Jft01'1fltJ'10fl'r1 . .. 

1nlJf,,io1ii"6111 v lti Ei , .. ,, 011'111111'i" ll 1 n o;i 

01niflLn1nlJ o.04 u.a: o.06 kg.ls t11l11hti1J '1111ru 

n1 &iiiiu.11: Liiiii HW1'14 l11uiiti1fl11l1Yf1\U fi1ntJ . . . 
0.-W U.11: 0.52 i1nn11'1fllil0.lWtJi1 Ulilti1.l11il.l 

Otlllln~1!1Li1U.lil!111ilOTl'llO;iJ;iaiam1nwfhL.;;~\l . .. 
... .:. .. .. .. ~ - . 

Lll a L Wllfl 11llL 11ll11 on;i a uon' 1nu14u;i1'11J11 

u a ti 1 ,,,, o" a Olli n ~"',,, L i1 u.11: n1" o on': . .. 
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1trnriLSo'Ul11t11111Y11\l 0.44 ua:t11111Li1111a.Ji.Ji 

LthnlJ 800 w1m" •:iiflDll'\11iiut1ntha.JiiH1 ' .. .. . 
L°ti1n1J 4.5°C Ull: 3.4•C 111uliOt111n1ill'\IUi.J 

111a110.Jo101tu?i1n1J o.04 ua: 0.06 kgls t1111a1ilJ 

l'\ 10Yfi11~ 1 L tJi [JlJL n [J1J1:'11 i1.J LLN-.IL fit1f .J ifiiiua: 

WiiiHY11\6';{fl11lJLill'!lfl-.lf.JiL°ti1n'U"1Ji1 Nllti1.J .. 
fl11lll'l1'U 0.44 iifi1111nni1fit11111Y11\l 0.52 ua: . . 
1.5•c t11111hit1 J..,fuitfl.J•1ninY11'llfiiit11111Y11'6 . . . 
~1i:ii,'Ufi1ia.Ji1.J~1 '14''UfiO,'Uii~1'11;il''U~\ln11 

chm Tit11111io"Utiotfi 111t1ia-.1 'ti1 li iat1.,.1'Ufiiifi1 . . . 

i10Mlln11fltlllfl..JiiU1'UlJ1i: L ~'U ltii1 nii 

l,; i atil'l1'Ui:"i 1[JL ii111.h: iflfi 1111'1 LLM .JL01Ji°.J i'l 'U . . 

tiotfi111ue" inhhiLiit1m,rimnut1111.1io"Uua: 

m,ri1ULY1fl11lliO'U lttti flth.ihnt11lJ l'Un11\41 hi 

1.h: vnt11 in'Uti.Jii1h:Lti'Uiitifl.JYi•11 nnih: n flufi fl . 

L nuf .Jiu 1J1J111JL i [J1Ji1'11 f t1 ni & fiij LLll! lJ.j iii H . 
Yiiifi1t11111Y11\6 0.44 ua: 0.52 t11111i1it1 ai1111n . 
Rnls.iani1flt1110.Jltiti-.1tiolt1ii . 

1) s.iati1no.J~~"1Jii'!l1Li1ua:.,1ooniifi1 

L.;i~~BLiiJJfl11lJLil1'11fl-.lf-.1i lt1tJLLN-.ILOt1f.Jiiiii 

-lattY1'™4?i1nu 0.44 •:iifl~'ll11iiLLt1nti1.Ja.Jni1uu.J 
' . ' .. " 
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"'1'U1t1uL\liuLn1ritJ o.3°c ua: 1.5°c t1111a1iu 

2) LLU-.IL01Jf.Jiiiiii11t1Y11\6i:iitJ1:ifli111w .. 
a.Jni1us.1.JLnt1i-.1ifl~iiiattw1'Ult1uL\liv 4 • 6 . . . 
LtJEliL-i'Ui 

n11finlt1 l 'Ufli..,if d]'Um11.h: Lii'Us-111110.J 

-l•ti "'1'Uiliitiotli: iTii111l'ILLM.JL01Jf ,1 iL da..iti'U 
~ .t .. , • , ti • .i ~ . 

ti .J'U'UL W 0 L 'II fli fllJfl ~ JJ L \l 1: Ltl 'UUll: u ii lJ tl1-.I ") 

JJ1 n~ ..,4\& t \lfl\& lflt1i-.1fl ,,fin lf1L ?i11L ~lJ l 'Utl,:Lti'U 

'l~tl'IO.JiHYl,\l. ft1fl11lJYl1'U LLll:fl11lli'Utt0 . . . 

... ' ... .. ... 
1t11n,,JJ"1 '", JJ l'I, 1flv,avfl1J a,,,, is1 \& fl • 

1. i1:tini( '?tl101. n11ftOlf11JlJ11tl'U:1JO.Jfi"lL01J 

i.Ji01iit1VLLU'U111JLL1Jt1;0..,1tli1i ii'MWLfl~o..i • 

Yi 23 (2552) 

,,,.,, 

6(2):55-69. 

3. uitti ~icv11111. ni:t11\lm1Y1ii..i-.11\lLLa-.101nt1v 

l'U,tlfl1111io'U. i1inYi11wJJl'l1iflu1iv • 
L Ylfl 1 'U1&Ul'l1:iOllL0011'41Ji 2541. • 

4. ,,,1.,14 Li~n1it1. invmY11i.Joml'l11ii'!lo-.1011 
' ·s ' " 

s.ih~ 1iollti1vi.Jitniit1v1 \lll1fl ou1-., 01,JJ. • 
,,,.,,;'l'l[J1f!11rt1~11'11 2555: 17(2): 174-181. 
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t/JffMtls 

Effect of Porous Media on Solar Collector Efficiency 

r1'1'ifi'ifl"lm~~Bml' f'IW:-"Jfll"lm~1..,,.~ lll'!Tmu1iimium-m11ii 

thu1wnw~hnu 4'nf"-ium-..r.;1ii "1!'>0lr~ M535-3309hm .. n M535-3300 

I -mail. N.hussar~il.com 

nui~!.li1iiitiqtl')::<'l~ftLie;!n"l'f1i1mi~1<'1'!"1'LlmiPietl-i::~t11,.,.1umiiui'~i!I i .. vtiLtlw."Mnm\J'LI 

'l"'f!1111J 1Ul::'Wi1m');!mruiwtti'L~D'Lll,, i'~i!lflnn-i::m.i 400. 600 I.Li\: 800 W/m' l'l11111;1a11e~L'Ll'lb~ 10-

3.0 rn/s u.11::l'l1111, .. ~..,,,v~1.,'!v~ 1.-uii1~ o .6-0. 7 .;1l!fo?11~ 1iiurnimiLWLmim 1 'Lln1~;! n"l'!1Lmt1i.J1 ;ivu 

14U~unn~mriiiil.Ul:: Wii'liltfl'1'LI ~e ~::~,.,.1~1111i'~~Jim~i!I 

un~nn14l;!nw1t'L1~1'Lli~vihnri1 1o1nfi1~v~e~~"~1i1u.a..··~rnevm1::1~fl'llrl'~~nm::Y1u . . 
LllftV 10 LtlfliLM 

'""8n. th::~,.,.L~1111i'fl'LI / ~i.nm~iu.n.i~w 1 'l"'lflll'LI 

Abstract 

The objective of this research was to study the effect of porous media on solar collector 

efficiency. In this work, the iron scrap was selected as porous material The experiments were 

carried out the followi~ conditions: solar radiation of 400. 600 and 800 W/m', air velocity of 

1.0-3 0 rn/s and material porosity ran~~ of 0.6 - 0 7. The criteria used to comparatively study 

the solar collector with and without porous media was thermal efficiency of solar collector. 

rrom the study results, it was found that temperature difference of inlet-outlet collector 

increases with increment of solar ririation furthermore, the thermal efficiency of solar 

collector with porous media was approximately 10% ~her than that of the collector without 

porous media 

Keywords: Thermal efficiency, flat plate collector, Porous media 

•• .. ~~ ~ .... l ... ';aiitnnewlilt'.'.nfi 

.....-'lwrrv>--1 innlwi-.l'tM~..-r. 
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1. VWIVt 
ih1 ;p.i1n.h ::111miiP11111.i rMni; 'ti"ii H11J;; 

L w11~4;1JL1flv "l lm1l~Lnttilqi'M1n ,.,,, 1t1u.f'1<11J 

u.'Mfi4'ftii°H11J ti~'ll'ftii°·m1J~·nlluilvivrilf\qill.<\:: 
ii,,, ,11~1L u1J l 1J n ,.,,j 1111 l i'1 ~ Ln till.,:: i!Y1t111" 

~,,i'!" 'l::uul'i1,,1111ifl1Jti'lv"<i,,.:i11J1uHfli;i"un 

L Wm'l li\h:: "ltr1!uvinu. "Mfi4"ft'H11J1UHfli;iP1v11J 

'ltlP11111ia1J'ltlu.uu,,lj4;iiii.h::il,,tm" LUBH1n • • 
WO fl l~LOM11Mrn::Piflil.:iu.1t1afl11 w.<1:: wii .. 1J')1J 

fli1li;i1v t.:i1umfiuf,,au.wiu.i1J;1uLllutitlmw;i 

UtJ11 li n1J flV1-llU." ~'M ft1tJ11Jn 1'.i u. tlM'ftii°H11J 

IU'l'1fl~m~L~<i,,,,,1J,,1111ifl1J 1 .. v,,'l111ifl1J;; 

\Mi'..,1111'.ic;l'1h 1\hJ'l!:f.!ntl,it1Jfl'l::\J11Jfl1'l Pi14"\ 'tti 

Liiu 1it1Jn-mruu.iu.MuTumm.:im.,Ln'Hfl'l 1isi8" 

J1ifl1J m'l1w11,,11lJia1Jmtil1Jfl1""'" u.<1::m'lli 

11Jn'l::u11Jm,.,,1,,'l""",,.n"'l11 1u1J"" u.Pi£Jti1,,hn 

P11111umnuf,,~th::111,,tlniiilqi"M1"M<in1fia .i::ii 

tl'l::~YIM1'ftL t'1f'l1111itru.-1 L 'ft'l1::10ttfl1'l~'UiJtJ 

f'l1111i E1Jf HU1J 1o1<1111.i1n E ,,fii.,. Ml fl'1fl 1 n1f'I 

u. 'lt!ft fl111U\:: ~-ft'Ni 11J ~'11 V1JN<1\'i1l~ifiMm'l'ft1 

,,1111 i au ;;iu ii1 .. 1uuu11 a ,,u.1o1 '11n\J i' ,,i41 ti v.:i 
M11::u. 'lt!fttlll [ 1] v1flUty'M1ti°'1nri11~1i\Mu.u~fl 

LM v n 1'l ,j 11fl 11eiti" 11J111tl 'l:: 'Jn fl1i°11Jn1'lLw1J 

t1 .. ::mitm ... u.u.:iifiuf,,a trl""f!'l'1'1lii<i~Ofi1J"\ 

fifl afl':i 1&h1J'l::'Mi 1.:i-i";;ii1i1J~..,Piflm111" .. ..,,, • 
u.11::fli1n,.~1i1P11111ia1J <ConductMtyl 'llfl.:i1""'! 

'ft'.iuiifli1..,,,ni1ri1n 1'lU1P1'l111i fl1J'lltH11fl'1 l"Mn f,, . . 
.i::ri'1Nlll~rt1alltl'l::~Yl~fl1'lC1tJLYIP11111ifl1Jl.itJ 

n 1'l'ft 1P11111 i flu~ .:i 1J fl n v 1n ;j li'Ul" 11J v ,,ij 
fll1111..,1111'lci l1Jn 1'l1 t1nv1J'ltl.,.nH1uf'l1111i a1J • 
'l::'M-:i1'1fl1'.i'ft1fll1111ifl1J <Convection) llft:;fl1'.iiu.i 

i',,~1111ifl1J <Radationl 'lMiwfltim 121 

v 1n~ n-ww:: 1..i1J'll fl '11ati1111Jtl .:in fi11Q4ij 

n1J1~v;iLnv1i fl '1n\J n 1; l i1a-:111u 11Jm':i 1i11 

t1-:;::m.tm11wni.i1ui''1i4 Mohamad [3l lM'\i1~'Ufl 

U.1J '" 1.:in 1'l <1MP1 'l111 i au;i~qi U4vv 1nn 'l:: vntl ti 

M' 11Jwu.u.:iuiui' .:i~fl,;i" mt1vm'lli11af!"1"'111 l i 

u. Yl'U;iiu.iuttttniiui'.:i~ v1nm'.iiln-w111u-:i1 nwu1 • 
1a"l"1"111liluu.smnu~,,h::lit1'.i::~,,tm111t.:i 

P1111Jifl1J1J1nn-:i1 75% Pio111 Kolh u.l.'l::f'lw:: 1111 

1";1 fl'W1U.ll::YI ti a fl\Jtl'l:: i!YI fii ll 1'ft 'II fl-lllUI '1Ln\J{ ,,a 

.i1vii1i:t1nii1Ji'.:iau.mi Matrix 111nn1"i,,,.aeu 

'ft\J11 tJ'.i::~'rlfill111fll111Jitl1JLi1141JUitJf)fl'j1fl1':i 

l"M1Ht.:i111&Hw1J4u Sopian u.<1::P1w:: [5J 1M' 

,;, n 1'l ii n-w1tl 'l:: aY1t111'ft1•.:ifll1111i fl1J11fl'1U.N'1LO\J 

f,,~u.uul"M<111Jn.nniti,,fl1n1~::"M-:i1Ui11.Z1::Uiin°""ti 

"1" lttv1a"l111'U;i1iitinlil1'm'.iiln-w1 fiti ilov 

1~n (Steel wool) 411J1~uihM'l'i1m'liln'W1Nll'llfl'1 

'.i::v::,, ti~ fl4i 14-:.:: lri 14n •:: v nnu iu.i 1J"" nii1Ji' ,,~ • 
fl~1'U,b'1 3.5-10.5 cm. 11<1::iia.:i-:i·H'.i::'M-:i1·UUi'U 

'J" n iiui',, ill nu u.si1J·rn.:if uM' 1'\l <i 14 fl~1 \J,;,,, 7. 0-

M .O cm iififl'l1fl1'll'MZILil'11J1il 0.03--0.07 kgls 

u<1~1nn1'l~n-w111\!i1u.u'1iil\Ji'.:iimii1a~"1"11::.,;1 

lmh::m.tm ... 1W114u111nn-:i1 80 % Uio'l::ti::'lltH 

,; e.:ii1.:iii,,u1t1~ni10P1'.i 1m'.i l "M<11 il.:i111!.'l>J1n ni1 

O .O 5 kgis 11!.'l:: 1umii u i' ~il!Yiii 1a '!" 11J ~:ii 

ti~::~,, t 111" a .:in-:i 111.r.1~1ii\j i' ~au. \J \J r.n11 t11 • 
tl'l:111w 20-70 % Yousef u.<1:: Adam [6] lti 

.,;,m~~n~ntl'.i::~Y1tm111;i4!'1'l11li fl1Jll.<\::,,11:1Jtl1J 

,.n,,~a1J'llfl.:iu.u,,uiu~,,a .. ::"M-:i1'1ii~::w~1a~1111J 

1'itJYlflllfl-lll°lfiWLiltJ\Ju.N'1ifiuf4i,ll 3 U.W ~fl U.W 

fl1'j LWIYl1'1Liitn u. \J\Jfl1':i l'Mlil'l'Ufl<i\J u.a::u. \J\Jfl1'l 

h11:n1J n .;u ii ii1"''!"11J 1a 'l" 11J ;i L~ fl n 1 i°11J 

n1'lilni,,1 fie lv11n1 <Glass wool) iif'l1111.,.1u 

o.80 111nm'lilmn11\J-:i1 u.r; ~1n\Ji'.:i~u. u\J l"Mn1u 

•• ••c11niw111d-11nMI~ i.nn~1W'11.11ai1r.n8Wllh~ --j~ inriltlrruimA'IO'-n 
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mfoihh:: !Y1fi1111'1~'1n-i 1u 'U'U 0111 \llflY11uiiv1 

\h::i11w 10-12 % uf1::uletii1'21'l"'l'H1::Yi1t~ 

'.h:: h 51111'1 ~ '1n-i1u \J \J bitii1'21'J1'll\l;i 8% 
.. .. . .. .r ... . 

L \ltl'1'i1 n'l21fJ'l'l1\l 'i::'l'lOL 'l'lir«\1'1n11 '110L Ylf'l 'l1iJ 

ltl\l,'1yj1L1"J1::bM 11'1 Lt '1f'l'l1iJ ltl\IL ~i'ulUli 0 
fi Ui f1Lif'l'l1il li\l fl nf'I; tlil Li ii ,_,,\I L,;\I 0\1 

Saravanakumar ~:: Mayilsamy (7] i..;~mn&U\:: 

Ylfl21tl'UL;j~hifill11'11.~iuitlVllM~ 

i' ,,11 e-mt!UYW u.it:: b.iii1'21f!LO'U21::21i1f'l11i1i' ti\I 'l.tito 

n 11Y1t12lt1'Uii''i:: ;llmn1'21'JLO\J 21:: 21iJf'l'l 1iJl tl\I 4 

u i..;W"i m1t1 m1t1 mwYiiM,..,,mn ~::nnt1 
YliiLf'l'ltL\llnn 'i1nn11'1fl21tl'U1'1\J-i1 USl'1Lfl'Ui°'1fl 

e~ .. UYW~ui'U21::21i1f'lnmtl\l<i....W1::~t111,. 

'm1fl1WY!"iiiin21'l~2lllfl'l1i1i'tl'l.l~::m'lflii 

Lf'l'ltl.ltftn'i::ti,h::bfim'l'l~,,l'!" ut'l::ei,,,.uiin-i1 

L\l,;'l'1i''11't1nM::Y1\J~'1i!fl 900 W/m2 ~W\ll~ij 

YI 1 '1tl tl n ~ ::\.11:: !Ylfill 11'1,, tl '1Ulll '1Lfi'Ui' '11';iii1'21'J 

Ln\J21::21i1P111i1i't1'l.liifli1,,,n-i1u\J'U«uiii1'21'Jui'U 

21::21i1f'l'l1i1i'tl\1\.11::i11w 10-20 % 11~,,-,'lilivil 

',..~ m! \I Yi 'i::ill n"1t1111ntl'11'21f!1'1 l\I ;iii Iii e 

\.11dY1fi1111'lur.i'1Ln\Ji' dlL;itlL U\I u \l'l'11'1 t \ln11 

\.l,:;P.fl'I 1f¥1\ltliet \lt\lmnM 

2. ~n1ahul:~mni•e• 

'11\17itnft.i21i'1_,, .. ,, .. "e"u.r.i"ui"-r,,110~ .. ti 
L;; eHl\I n ,,;ii n"1t1111 n tl '11'21'J'l'l1\I Ylii Iii e 

\.11::~LIM'1~'ilin&i1'nlii1~ l...tiii . 
1'ltlft::~~m~n11W1fl~ 

2.1 ~malrnnit111&4 

?"'ii 1 UJ'lt1_,,,.,,,.fltl'1u.r.i'1ui'Ui''11'e~t1tiu 'U'U 

wnniui'ini1t1n7-M 0.50 m. ~tm 1 m 'l.titoi1 

1f111,,21i'1ne"u.r.i"ui"i'"!li11i1n 'bi sru'1ti1\l'Uutlt1 

1hvn,:'inL21\ll\11 3 mm. r.iu'1.i1\lthni1'i1n 

17 19 iiqvirnl 2558 

. 
ecWi.ut111\11\11 s mm. 'l'li'mm.n1iJo'l.l'l\l'M\l1 3 an. . . 
L ;i et'l..n 11 ~'II Lllt1P111ii; tl\I 1~n\J01n 1flll1t1\I on 

~ .. ,r_,.,.,.flilflfltl101f'l;\Yl1'1tltl0Ur.1'1Lfi'Ui°'11' Ufl:: • 
\!!ft tifl2!tltnfl lflYi\ln t fd'.h.iu ltft'1n 1L UflUJ'l'1U '1\1011 

n..u.11,,'i1n .. 1'1tl1;; .. rn,.v .. ,~,,211i111ot1iu"'11ii 

Lwu21,,i..; fi71.n1ena'l~f~e 111'lotl.,.8n (iron 

scrap) lttv'i::11,,Hu,,u;iuu\lfJt1nR\li''11' t'i1wi\J 

Lf'l~ti'1iiti1't1\.l,::nemhv Pyranormeter, Lf'l~tl'1 

U\l;;nie~fl (Data l~) fi~v GRAPHTEC ~\I 

GLBOO fieLi1manv Thermocouple type K ~ 

-lM'l-wL heiiithv Anemometer 

•
t.:\ ~~~'llflbiliiiww~ 
v ~ U'lrihmlim&"lfl7! 
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2.2 :sin,ntNB• 

1unT~YltHHHifQ:u.li~nwr1tHHl~flflnLV'U 2 

n-:.w fifl rn-:iY1t1na>'luJmih1i'~i4u.uuiu.iu')1uu.n:: 

u.umiii1ati'ft'i'\J fll1JJii1iu f ,,1at1'ft':l'UQ:on ~'1\J . ' , , . 
1.umiiui'~il "'lliun1':iminfl~1vrn'i;~~tltln'iw 
fi1~'j Q1nJ'UYi1fl1'iLlJfl'Milflflfftlfl'~fll ~\1u.n:;tlfo 

"11JJ1.iJJu.a~1hv Dimmer 1.Yi1nu iwo, 600 u.n:: 

soo w1m7 u.n:1.ut11'fllnlJ,.,.fl1m,.1..tt.M',.111u~1 • 
nJJ1.Yi1nu LO - 3.0 mis fll1JJii1tiu 1unT~Ylflnfl~ 

Q:;Yi 1n1':1 \Ju;; nm':I 1.tl ii vu u. ti M'tl fl ~fl w 'l'lflij;; . . 
1hu.m.i~lli1,,'j YJn'j 1 \J1;; 1t1v1i Data l~ Yi1 

n1'5Yltlil fl>'IQ'Uf!'i:;..;,,fllll'l'lflffiliiim'i L tliiV'UU. tlM . . 
(Steady state) 

2.3. n11Ylflaenrnn"·mm'l" ca1 
~n1':1'M1ri11'1Tllm~ (Porosity. e) iiiufllfl'\J 

i,,tl tl11ati"1'1J (Lfl'WL'M~nl 1iiMltl1um11u:;;\ 

Yl'i ~1l1fll'iu.wflui.~fl1'11U: -.,ft',,Q1nJu1.iill,Y, 

1;~1Jfl11J\J:'M~a~~'i:tfoi1wuib-la~"1'U ~,,H 
5 U1iiL;;fl 1mi1fllLi1L \Jl '\Jl.iifl1°ff'!'ft1UU.ihi. Yl\h 

flflnQ1nf111Ju:i1nJuf111~J1iiY1'i1\Jtl~lJ1fll'i 

u.uuflu•hvm11u:fll1,,1\liitl;ie iimnei (Beaker) 

1.uhYi1rn'i1.iillJ1enf'lf ~1'11.~1Jfl1'11U:Quii~-:.:tiuii1 

M'1uuu,, e ~1"'l"1u£i 1uri1m1J1,.'iJ,;; .. ;1Jn ~ 1 ti 

Q1nUnLflfli m1J1fll'5J1;i1,;1JM1tlif fie m1J1fll'i 

1ie,,')1~iiJ11.i1ltlu.Y1'1Jittti (Void-space volume, 

V5 l tl1m1J19'~1ihtl'M1'inum1J1fll'i'm,,m:uen 

fl1v1u-i,,-.,1Jfll (Total or bulk volume, VT) Q:; 

a11J1'5of'i1VlUM"lfi1 'ltii1n & 1MQ1n 

v, 
Porosity ( & > = -

VT 

2.4. n,nnth:ibiM,,.,,,&•1&N•LOui'•itl&liu1w 

rn'i'M1tl'l:~Y15m.,.,,e,,~wiu{,,ilu.uu-:.1u 

a11J1'io'i~'i 1:-..r'\MQ1nit1i'bV11e>'ll'lft'H"llriru1 lut i 
tl'i: 1tnnifiEmftH1ULU'l>'lfl~fllvmtnm :mJu.smiiu 

{,,i11u1i1mn1J'U'l Lt1mivuf'l11JJi1l1'u€ltii>'! 

allfl1~ (2) 

q. mc,(T. -T,) ,, = --=-~---
.4,I, .4J, 

we 'I fie m:imfifl1me~1.umiiui',,21, C-l 

q
0 

fie ,m,,,,1Uf'l111Ji'auiitl1ltJli\h:;Umj, 

(W) 

{2) 

m ~fl Dfll'i1n-nl'l'ln1.~.ui1n'l!r»e1mfl, (kg/sl 

C 
1 

fifl fii1f'l1111~1111f flU~1L'ft1:'1!6,,fl1fl1fl, 

U/kg"Cl 

T u.n: T fifl enmniim~1.i1u.n::l'rneen'l!6'1 , . , ,. 
~,,rJlui'~il. (-Cl 

_.f, fifl ~e,,1.urn.ihrl'~~. (m7) 

I, fifl ri1fll'l11JLM6~~e~Rti':l1ll, (W/m?) 

f,, 1um~11.f'l'i1:;~tl'i:~Y1tfl1'ft'l!fl~u.rmiiui'>'lil 

i;i:~ Q 1'iW ,;in 1~ ti 1fJ 1euf'l 111J~ flu Yi ff fl 11:; ,.,,;; 

(Steady state) 1Mv1iaJJfl1':1'116,, Hottel-WhilUcr­

Bliss 1u n 1~'M 1 l'i ,.,. ~H1'\J;; a 1111'i o tl 1 ltlli 

tl~::1v11u'1M' f~~nl.i'!ufllMv Duffie u.n: Beckman 

19,lOl 1fo•111nnYi (3) 

uia F. ;\ie u ttRlRi1'5n1'5~~fll'l11J.f6U'll6~LU.I~ 
i.iiu i'~ile~111v 

(ra). fie iml~:mitn1'irie~U1'\JLl.il:m'i~11niiu 
tl'i: imtuil 

•• ~·1uiW!nfli~ inn'mtn&im....,lu1amnnoi1viB-"'1J\f! 

-~ inrT""'1iim&-wm 
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11• Corl~ on ~-.won. ol Thailand 

• ..ir.._1....-L.4 _9___ .. 
UL 1'18 mnn;;rrrm~'ll~ tuneuT»J, 

0N/m2 K) 

T. iie flW'M'Jiie1n1"u.•t1ft'eii, <-ott~-Uu 

lh::!Yifim1'L1l~·niiieu w ,,w::'tt1,,W::'Mii~~~ 

i"l"UJ1·n1'M1\mn2111tmii <4> 

F ( ) 
F.U,(T, -T.) 

'J= • ra,-
1, 

(4) 

3. uan"ITllfl88t1U1:1~1alNe 

01,'"' Cl 84L i efl O"l!t1S.U'I,, Mii"l 'l" 1uii ii .. f) 

\h:~11'W.ltunntll '1.Nmnmt111m>~ 

3.1 uati1•,,e•1tG1'M~M'M1tLf1~a:'M1teenn• 

~•urui'tHftittni.tLM&ti'tlwi1nti1tnY 

~ 2 LLl'I:: 3 LLi"lfHl'l•1~niinnnh::lfl1-R1fi~ 

,,84flW'M'JiiYl14Li1LLl'l::'11~880,,84U.IHLfi\Ji'4~;j 

'ftM41'Utin~ti~i ll1!1 't9'8'M1m, LW'IL1l42.nCI 

,,f)~81n1"L,j10\J 0.04 1.LCI:: 0.06 kg/s '1ii1U1::Wii 

iit'l'ftl'U 'i1n1U101,Ylfll'l84'ft\J11 Nl'lfi14,,84 
- .. ... . - J • 

flW'M'JlMWL'l1~Yl~88n1'1::2J1'11L'f'DJWW8f'rJ1iJ 

LiU'tlerl°tl!Liuiu uen91n&v~11r.inlii1ne• 
8W'MlliiY11•Li1u.n::Y11urnn9:; Ltl~vuu. ti Mfl12J . .. 
oflnn1,\'M1ut•21•mieun01"L"vf'i1r.inlii1ne• 

ew1mii214i!fliif'i1L'ri1nu 4.68 u.n:: 3.53-C mv'ti 
• • •• 
o .. ,101,\'MnLt•ii•n,,e•e1n1"L,j1nu o.04 u.n:: 

o.06 kg/s t1121zi1till ~1i1Limen~L,j1nu soo 

W/m2 'M1m1,W1Lm8\JL;\!l\J,::ll"l14LU"1ul\Ji'411 

Jiii1U1::'biinft~~flTI1ILili,,en•~L'ri1nu1'\J11 

LUHuiui't!'1iii21t11','U'i::iif'i1r.inlii14"'848W'Mllii . . . . 
Y1~Li1u.n::""1• ee nii 1nn11u. uu u.Uls,1\Jri ,,ll" 1 

llivwa~ 1-2 -c 
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t ,. 
• 2''. 

i ~· i 
i ' 
~ : ~ 
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"' 
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Wit 2 Nl'lfi14"'&W~m14Li11.LC1..""1~ .. . .. 
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,, -

EEmtMll.N4ulm~E1Mti'10..nnn\ W'I 

Lt~miwe1n1"L,j1iiu O .04 

-
eemv•ll.N4urui'w~8M1nn't"r1 

1~m1Mmm,.L'ri1rru 0.06 kg/s 
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T -T .. . • . 
(-

1
--• ) IU'l:;llJ1lj y f"lflf!1 'J 'V1flUftn1"1'lLf"l"l~'M 
I, 

ftui1 'lhdh1t111ft11.smiiui'.:ih::iifli1fttuiun11 

uftlli1il,, tHflW'MlliiYI 1mi111.ri:: aw 'Mllii 11. 'ltu\a11 , . , . 
( T, - T.) tiiflfii1t'!'l111Li~aili'il~"nm::YluL~'U 
u1awi1"1Ql1'lh::1biM1ftll.UilLOUi'il~n ... W'Uiii1i'I'! 

ft"j\j ft\Ji1 jj,;1i'lili'ltH..i1n\J 61 % 11.ll::i'l1111';Cl . . . 
'1- - =0.61-1311 T, ;,T•) (5) 

11.f!::thmui.h:: ftY15fl1ft 11.UilLOU i' .:im \Jn '5 w;;ii-li'I'! 

'ft"j\j "u-i, 'lh::ftY1t111"aili'IMLYi1nu 11 % 1 ... v . . . 
a111 nm ;;tl\l,n111~tl'lM.:itu.1m"jYi C 6 l 

"- - =071-12.7{ T, ;,T•) (6) 

"M1nirvnw1LmU\lLYiU\l'lh::1bit11,,.u.u.:iuiui'ilmi 

iilU'I:: hiin""!"1iniM1J::~tnti'i.i i::ft'1i1wmnu 

i'.:ii!Yiii-la""1llii'lh::ftY1t111fta.:ini111.u\J~\J'51\J . . . 
Ui mnm,.l"M ftU1\J ~ i!Lnfln 1'5ft1f"l'l111'5fl\J1M';i ni1 

11.ft::Ji1l..ii.h::bt111"LW11i\Ji1mM111Mmili1ifJ 

4. a'f\Jucin11~itl 

rv 1 n n 1 "I ;! n lf 1 u ii,, a ii 1 a '!" 1 \J Yi ii Pi fl 

'l.h::1bifill1"11.U~\Ji'il~ i'l~-ii n1"1LWls1°'11'!"1'U 

l u 11.UilLnui' i!ili::~bm ftlJ,\jm \In, ... V1fJL YI'" 111 

'5 fl'U l'llti.:ia1n ,,.;n 'Mftsi 1\1 ~.:iiiuiiJi1 l-M'flW'M~ii 

YI 1il fl fl n 11.fl::'lJ "j:; ft YI 51l 1ft Li 11i\IL1i'U n'U 'M 1 n 

fti1"1W1L 'l.RVUL miu.r1m~fltl~tH11.Uilu'lui'ilmi 

iill.fl:: Uiii1°Mift"l\J ftui1ufltii1~flilSIW'MM1ilLf1 , , "i • 

IU'l::Yl>il fl fl Ml flilU.Uilu'lui' il~Hiii1°i'lt)ft1'Uiifli1L;i1l~\I 

1-2 ·c lu,,w::~mnunriilunlmh::ft,,fi111"~ili\I 
Lnu 70% 11.a::111nni111.ui1Lnui'i1il11.si'U'51u11.uu 

fi"j"j)Jtt11MVLD~fJ 10 % 

s. n..an11inh::n1fl .. .. .. ,, a,, tl'llfl w111.,1i111,.1n "1"111 L" ·rn .:in ii "w:: 

1,.1n"l'511,.1afli 11l'11iY1v1ft"vtiuri"l1ilfi1\j Yi 

mru~iv 
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