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ABSTRACT 

TITLE COOLING AND HEATING USING METAL PANEL 

COLLECTOR 

BY REWAT KHUNTHONGJAN 

DEGREE MASTER OF ENGINEERING 

MAJOR MECHANICAL ENGINEERING (ISBN974-523-068-5) 

CHAIR ASST.PROF.DR.UMPHISAK TEEBOONMA 

KYEWORDS SOLAR ENERGY I COLLECTOR I WATER HEATING 

RADIATIVE COOLING I WATWER COOLING I AIR COOLING 

The purpose of this research was to design, construc:t, and test the performance a simple 

cooling and heating water system using solar energy. The concept of this work was applied to the 

metallic roof panel , widely used in rural of Thailand. To construct this system, seven copper tubes 

? 

with diameter 12.7 mm were weld to a 1.67 m-metallic roof panel. The volume of storage tank for hot 

water is 40-90 liters circulated by thennosyphonic force. In case of water cooling at nighi., the water is 

circulated from upper storage tank to lower tank by gravity fore~':' and from lower tank to upper tank 

by pumping. The storage tank of cooling water is 71-150 liters. 

The experimental results conducted in February showed that the system yields maximum 

water temperature of 53 °C. It should be noted that this system is suitable for domestic hot water 

system. Additionally, the economical analysis revealed that cost of hot water per liter is 0.03 Baht. 

For cooling system, it was found that the effect of water flow rate on final temperature of water in 

storage tank is insignificant. Furthermore, the coefficient of performance of system is high when 

water flow rate is low. In case of the air used as cooling medium, the experimental results revealed 

that the temperature difference between air inlet and air outlet is high when air velocity is low. The 

average of temperature difference is 1.0°C. In case of low relative humidity and ambient temperature 

in winter, the average temperature difference between air inlet and air outlet is approximately 2.0°C. 
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tJ~m\91':itl'lL~u 71 ~m 

Ur;'l'~'lN~fll':i'Vl~~v'll'W~ 5-6 mflQlfllJ 2548 eJ\91':i1f11':ilrm 0.02 kg/s 

tJ~m\91':itl'lL~u 71 ~m 

Ur;'l'~\lH~f11':J'Vl~~tl'll'W~ 31-1 ft'll11fi:IJ 2548 eJI'l'J1f11':ill1~ 0.02 kg/s 

tJ~m\91':itl\lthu 71 ~\91':i 

95 

96 

97 

97 

98 

99 

99 

99 

99 

100 

100 

103 

104 

105 



v ' l;l l ~Utyvnn~ (Vlel) 

' 
"' v m·nn1 'tnn 

t1.4 Ufts;).:JvHlfll';!'Yls;)ftu ,r!J''W~ 20-21 n\WlCI'W 2548 eJ~)lfll';!ll'lfl 0.03 kg/s 106 

1.J~mm5-:JtM1l 71 ~~'i 

t1.5 lV(I's;) ·:JNfl fll'i'Yls;)flu ·r'r'W~ 22-23 iJ~'Wlti'W 2548 eJ~'ilfll'i 1 ml 0.03 kg/s 107 

1.J~lJl~'j5-:Jt01J 71 ~~'j 

'1.!.6 U'ITs;).:Jv-Jflfll'i'Yls;)flu ·:r'J'U~ 30-1 ~fllfl:JJ 2548 eJ~'ilf11'ilml 0.03 kg/s 108 

1.J~m~'it1-:Jtn1J 71 ~m 

t1.7 ll'ITs;).:JY-1&'1 fll'i'Yls;)flu ·:r'J'U~ 7-8 E .:J'l11f1:JJ 2548 V~'ilfll':l 1 l'lfl 0.01 kg/s 109 

'l.l~m~'it1-:JtM1l 110 ~m 

'1.!.8 Ufts;)'lv-lflfll'i'Yls;)(le:J'll'W~ 3-4 ir.:J'l11fl:JJ 2548 eJ~'i l fll'ill'lfl 0.02 kg/s 110 

1.J~m~'it1-:JtM1l 110 ~m 

'1.1.9 llfts;).:Jv-Jflfll'i'Yls;)fle:J'll'W~ 2-3 ~fllfl:JJ 2548 V~'ilfll'iil'lfl 0.02 kg/s 111 

1.J~m~'it1-:JtM1l 11 o ~~'j 

'1.!.1 0 U'ITs;).:Jv-Jfl tll'i'Yl'flflu'll'W~ 19-20 tl'Wtllti'W 2548 V~'i l f11'ii'l1f1 0.03 kg/s 11 2 

1.J~m~'it1.:JtM1l 11 o ~m 

'1.1 .11 U'IT'fl.:JPHH1l'i'Yl'flflu'll'W~ 29-30 ir.:Jmfi:JJ 2548 Vl'l'ilfll'iil'lfl 0.03 kg/s 113 

1.J~:J.Jl\9l'it1-:Jtn1J 11 o ~m 

'1.1.12 U'IT'fl.:JY-l~fll':l1~'fl~u'll'W~ 12-13 ir'l'l11fl:JJ 2548 Vl'l':l 1f11':li'l1f1 0.03 kg/s 114 

1.J~l.Jl~'j5.:Jt01J 110 ~~J 

'1.1.13 Uft'fl.:JY-l~fll'i'Vl'fl~u.:Jl'W~ 7-8 ir.:J'l11fl:JJ 2548 eJI'l':l 1f11'ii'l1fl 0.01 kg/s 115 

1.J~ml'l':lt1.:JtM1l 15o ~~':l 

'1.1.14 u'IT'fl.:JNM1l 'i'Yl'fl~u.:Jl'W~ 17-18 tl'Wtl l ti'W 2548 eJI'l':l1f11J"ivm 0.01 kg/s 116 

'l.l~lJl~'j5.:Jt01J 150 ~l'}'j 

'1.1.15 U'IT'fl'lv-l~ f11 'i'Yl'fl~u.:Jl'W~ 7-8 ir.:J'Y!lfl:JJ 2548 5m1m'ii'l1f1 0.02 kg/s 117 

1.J~:J.Jl~'j5.:Jt01J 150 ~l'}'j 

'1.1 .16 ll'IT<fl.:JY-l~ fll 'i'Yl'fl~u'll'W~ 1-2 ~fllfl:JJ 2548 Vl'l':l 1f11 'ii'l1~ 0.02 kg/s 11 8 

'l.l1m~':l5.:Jtn1J 150 ~m 

'\1.17 ll'IT~.:Jv-J~fll'i'Yl~~B.:Jl'W~ 7-8 ir.:Jmfl:JJ 2548 V~':l l fll':lil'l~ 0.03 kg/s 119 



'U.18 !l~~.:JN1:1fll':i'Yl~~Hl.:Ji\J~ 18-19 tl'\.Wlt'.l'l-! 2548 rJ\9l':ilfll':il'Y11:1 0.03 kg/s 

u~m\91-:it:l.:Jlrh.J 150 ~m 

'U.19 !l~~.:JN1:1fll':i'Yl~1:1el.:ll'\.J~ 28-29 tl'\.Jt'.llt'.I'\.J 2548 rJ\9l':ilfll':il'Y11:1 0.03 kg/s 

u~;Jlmt:l.:Jl~'l.J 150 ~m 

'U.20 !lff~.:JN1:1fll':i'Yl~1:1V.:Jl'l-!~ 31-1 '1"11]fl'~fllt'.l'l-! 2548 rJI'l':ilfll':il'Y11:1 0.005 kg/s 

u1mmt:l .. u~'l.J 71 ~m 

'U .21 !lff~.:JN1:1flU'Yl~1:1el.:Jl'\.J~ 25-261lJ1:11fl:IJ 2548 rJ\911lflUl'Y11:1 0.01 kg/s 

u~m\91-:it:l.:Jl~'l.J n ~m 

'U.22 !lff~.:JN1:1fll':i'Y1~1:1el.:Jl'\.J~ 1-2 '1"11]fl'~fllt'.I'\.J 2548 rJI'nlfll':il111:1 0.03 kg/s 

u~m\91-:it:l.:Jl~'l.J 71 ~\91) 

'U.23 !lff~.:JN1:1fll':i'Yl~1:1el.:Jl'\.J~ 27-281lJ1:11fl:IJ 2548 rJ\911lfll':il111:1 0.005 kg/s 

u~m\91-:it:l.:Jl~'l.J 110 ~\91-:i 

'U.24 !lff~.:JN1:1fll':i'Yl~1:1el'll'\.J~ 23-24 llJ1:11fl:IJ 2548 rJ\9l)lfll':il111:1 0.01 kg/s 

I ~ ~ cl ~ 
'!_ )Jjl\9])1)-:}lfl'l.J 110 1:1\91) 

'U.25 !l~~.:JN1:1fll':i'Yl~1:1el.:ll'\.J~ 18-191lJ1:11fl:IJ 2548 rJ\9l':ilflUl111:1 0.03 kg/s 

,..I~ Cl.J cl A 

u':i:I.Jl\91111-:llfl'l.J 110 1:1\911 

'U.26 !lff~.:JN1:1fl11'Yl~1:1tl'll'\.J~ 26-271lJ1:11fl:IJ 2548 rJ\911lfl11l111:1 0.005 kg/s 

u~mmt:l.:Jl~'l.J 150 ~m 

'U.27 !lff~.:JN1:1fll':i'Y1~1:1el'll'\.J~ 27-28 ~1:11fl:IJ 2548 rJ\9l':ilflUl111:1 0.01 kg/s 

u~mmt:l.:Jl~'l.J 150 ~m 

'U.28 !lff~.:JN1:1fll':i'Yl~1:1tl.:ll'\.J~ 15-16 llJ1:11fl:IJ 2548 rJ\9l':ilfll':il111:1 0.03 kg/s 

u~mmt:l.:Jl~'l.J 150 ~m 
QJ d Q.l d 

fl.! !lff~.:JN1:1fll':i'Yl~1:1tl.:l1'\.J'Yl 9-10 'Ii'\.J11fl:IJ 2548 fl11:1Jl':i1tllfllfl' Q.25 m/s 

fl.2 
Q.J .d Ql cl 

!l~~.:JY-l1:1fll':i'Yl~1:1el'l1'\.J'Yl 10-11 'Ii'\.J1lfl:IJ 2548 fl1l:IJ!':i1ellfllfl' 0.25 m/s 

fl.3 
Q.l d Q.l cl 

!lff~.:JY-l1:1fll':il'1~1:1tl.:J1'\.J'Yl 15-16 'Ii'\.J11fl:IJ 2548 fl1l:IJ!11tllfllfl' 0.25 m/s 

fl.4 
Q.l d Q,l d 

!lff~'lrl1:1fll':i'Yl~1:1tl'l1'\.J'Yl 16-17 'Ii'\.J1lfl:IJ 2548 fl1l:IJ!':i1ellfllfl' 0.25 m/s 

fl.5 
Q.l .d Q.l d 

!lff~.:JN1:1fl11'Yl~1:1el.:l1'\.J'Yl 12-13 'Ii'\.J1lfl:IJ 2548 fl11:1Jl':i1tllfllfl' 1.0 m/s 

fl.6 
(L.I d Q.l cl 

!l~~.:JN1:1fll':i'Yl~1:1el'l1'\.J'Yl 13-14 'Ii'\.J1lfl:IJ 2548 fl11:1Jl11ellfllfl' 1.0 m/s 

'lJ 

'YI'I-!1 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 

130 

132 

133 

134 

135 

136 

137 



Q.l d. Q.l d 
1'1.7 UJ;ll'l~vH'Ifll~'Vll'll~HJ~TW'Vl 8-9 'Ii'W1ll'l:IJ 2548 1'111:1Jl11tllf11fl' 1.7 m/s 138 

Q.ld. QJ cl 
1'1 .8 UJ;ll'l~V-Il:lf111'Vll'll:Hl~1'W'Vl 7-8 1i'W1ll'l:IJ 2548 1'111:1Jl11tllfllfl' 1.7 m/s 139 

cvd cv cl 
1'1.9 UJ;ll'l~rll:lnl':i'Vll'll:ltl~1'W'Vl 14-15 'Ii'W11fl:IJ 2548 1'11l:IJ111tllf11fl' 1.7 m/s 140 

Q.l .:::1 QJ cl 
1'1 .10 UJ;ll'l~rll:lf11~'Vll'll:ltln'W'Vl 1-2 'Ii'W1ll'l:IJ 2548 1'111:1Jl~1tllf11fl' 1.00 m/s 141 

QJ .:::1 QJ d 
fl. II UJ;ll'l~rll:lnl~'Vll'll:lfl~1'W'Vl 4-5 'Ii'W1ll'l:IJ 2548 1'111:1Jt~1tllf11fl' 1.00 m/s 142 

Q.l.d QJ cl 
1'1.12 Uffl'l~rll:lf111'Vll'll:ltl'l1'W'Vl 2-31i'W1ll'l:IJ 2548 1'111:1Jl11tllf11fl' 1.25 m/s 143 

QJ d. Q.l c:: 
1'1.13 UJ;ll'l~rll:lf1U'Vll'll:ltl~1'W'Vl 3-4 'Ii'W1lfi:IJ 2548 1'111:1Jt11tllf11fl' 1.5 m/s 144 

Q.l d QJ d 
1'1.14 Uffl'l'lrll:lfll~'Vll'll:ltl ·n'W'Vl 6-7 fl'\.H.Jl!TW 2548 fi11:1Jl~1tllfllfl' 1.00 m/s 145 

QJ .d cl 
l'l.i5 UJ;ll'l~rll:lf11~'Vll'll:ltl~1'W'Vl 6-7 l'll:lll'l:IJ 2548 fl1l:IJ111tllf11fl' 1.00 mls • 146 

~ Q d 
1'1.16 Uffl'l~rl~f111'Vll'll:ltl'l1'W'Vl 7-8 l'll:lll'l:IJ 2548 1'111:1Jt11tllf11fl' 1.00 m/s . 147 

Q.l d cl 
1'1 .17 UJ;ll'l~Y-ll:lf1Ur11'll:ltl'l1'W'Vl 13-14 l'll:lll'l:IJ 2548 1'111:1Jt11tllf11fl' 1.0 m/s • 148 

Q.l d cl 
1'1.18 UMI~rll:lnl~'Vll'll:ltl~1'W'Vl 8-9 l',jl:lll'l:IJ 2548 fi11:1Jl11tllfllfl' 1.25 m/s 149 

~ d d 
1'1.19 !tJ;ll'l~rll:lfll~'Vll'll:ltl~1'W'Vlll-12 l'll:llfl:IJ 2548 1'11l:IJ1~1tllf11f1' 1.25 m/s . 150 

Q.l d d 
1'1.20 U1:1'1'l~Y-ll:lfll~'Vll'll:ltl~1'W'Vl 12-13 l'll:llfl:IJ 2548 fl1l:IJ1'5"1tllf11fl' 1.25 m/s . 151 

QJ d cl 
1'1.21 Uffl'l~Y-ll:lfll~'Vll'll:ltl~1'W'Vl 9-10 l'll:lll'l:IJ 2548 fi11:1Jl11tllf11fl' 1.5 m/s . 152 

~ d d 
fl.22 llfffi·H·-Il:lfll'S'VlfltHl'l1'W'Vl 14-15 fl~im.J 2548 fl1ll.J!'S1tllfllfl' 1.5 m/s • 153 

' " Q.l ~ 0 0 " .:::1 ~ 
~.1 fJU!l:lfl'l:JU!~tmtl~'Vll'Wl~tl'WU'lJ'lJ:IJfn~'iln-ul'l 'illfl Pannigul, 1999 155 



,; 
J11'V'I'YI 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

3.1 

3.2 

3.3 

3.4 

3.5 

3.6 

3.7 

3.8 

3.9 

"' "' f1l~'IJ\91u-:l'Ue:l.:J1Vl~ 

~UH'IJ'IJ'Ue:J.:J'fl~'IJ 
<u 

1 ~ 0 0 9) d 
m .:Jbl'~ 1-:J m ~'ill ~e:J.:J ~::;'IJ'IJ m~'Yllml:w~ e:J'W!m ::;m1 :wwu 

Hb1'\91.:Jf11~U~::;~n\9l''H.:Jl'W large unglazed solar panel collector iunn 
"' Vi1m1:JJ~e:J'W 111' rl'Ubl'~d1m.Jl 

Hbl'\91-:J'fldl:JJbl:!Jl~'WTI'Ut:l.:J 'l x , TJ, !'J.T, p lm::;vmlf11~ l'Vl~ :rz 

Monograph 

m ::;'IJ1'W m~ ~1m 'Yl m1:w ~e:J'W 1 'W ~::;'IJ'IJ m~ Vi 1 J1~ e:J'W~ 1tlll b1' .:Jm'V1VJ6 

r:1nEJru ::;n1 ~~\91 ~.:J'QU n~ill1 'W nl~'Yl \91~ e:J.:J 

1m.:Jbl'~l.:J'Ue:l.:J unglazed metal panel 

" Hb1'\91.:Jf11~~\911'l.:J'QU mill m~'Yl\91~D.:J 
"' 

H bl'\91-:JvllH ml.:J-)191e:J'ill 'VI fllJ '\.'h'Ull ~1, 'UlDe:l f1 !! [l ::;e)V) ~1 f11~ l m'l 
q <u 

0 I QJ .::::,. cl Q.l d .::::::. 

Hb1'\91.:J\9llH'Vl'W.:Jf11~1\91'Q'ill'VliJ:lJ!lvNlf1'1J~.:Jb( (Tp) H~::;'Q'ill'VliJ:W (Tr) 

H bl'\91-:JI'llH 'VIt-i.:] f11 ~ l\91V\9l ~1 f11 ~ l '11 [l 

3.1 o llbl'\91-:JDumrul'191V'mlm~1'Vl[l 
q 

" "' Q.l 0 0 0 j) 

3.11 'U'W\91D'Wf11~'fll'W1'il!1::;'1J'Uf11~'Yll'Wl~t:l'W 

3.12 Hb1'\91.:Jf11~m::;'illti'Ut:l.:Jt:l'ill'VlfllJ'UD.:J~::;'IJ'IJ (Close, 1962) 
q <u 

~ 0 0 : cl 
3.13 'U'W\9le:l'Wf11~'fll'W1'ill~::;'IJ'Uf11~'Yll'W1W'W 

4.1 u bl'\91-:Jfll~ 1u~ vmViv'IJu~::;iY'Yln fll'W'Ue:J.:JHN.:Jl~'IJ1 ~iru'IJ'IJ~ m::;'ilnll\91 

(Pannigul, 1999) rl'IJH'IJ'Ull.J~m::;'ilnD\91 
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<V I 

tfl'a'UWftl'W (Vl6) 
u 

"" ill'V'l'Yl 

4.6 urr~~Ni:l'\Ju ,nl~mmtJ11'Wil~l~'IJ~u~'W~UN~l~'IJ~~ir (11m
2

) 

4.7 Ubl'~~Ni:lfll~'Yl~i:lu~1'Wl'W~ 1 :JJfnlfl:JJ 2549 

d 
4.8 urr~~Ni:lnn'Yl~i:lu~Ni:l'Uu~ml:JJl~Ti:l:JJ 

4.9 urr~~Nl:l'Uu~mlm~ .. :n;w~ll~~l~'"~~Jll'il~"lrl'W 
d d ~ I 

4.10 Hbl~'INJ:l'U'U'Ifl11:1Jt~1l:l:JJ'YlD~lJ11'1~1'11'1"1 

4.11 Ubl'~.:JNJ:lfll~'Yl~l:lu~1'Wl'W~ 19-20 ii'Wlfl:JJ 2548 

4.12 urr~.:Jll~~ir'Yli5m'Yl'Uu..:"J~~'IJ'IJ 

4.16 Hbl'~-:J'W~..:"I.:Jl'Wbl'~"IT:JJ1'Wtl..:"ll~'IJ 

4.17 urr~..:Jfll~l1l'1CJ'I.JlYJCJ'IJ-uwM.niJJ,'UluunuN..:"Jl~ur..:Jif . "' 

4.18 ub1'~-:~m~l111CJmViCJ'I.JeJI'1~1fll~l'V!l:l 

4.19 u '11'~..:"1fll~ lD1CJ'I.JlfiCJ'IJ'Utu 'VI niJtJ11'Wil..:"Jl~'IJ . "' 

4.21 11 '11'~ ..:"1 Nl:l 'U'U'IB\91 ~ 1 n1 ~ '1 'fil:ll'i-u-uw 'VI niJJ1'U1-u-u nttN..:"J'I'llfl11:JJ t~'W . "' 
ur:J~uw 'Yi.fllJ'\Ju..:JtJ11 'W tl..:"lt~'IJ . "' 

4.22 u 1:1'~..:"1 Nl:l 'Uu..:"JV\91 ~1m~ 1 'fil:l~uuw 'VI niJ tJ1'U1uu nuN-rvhm1:w tU'W . "' 

4.24 
~ a.~dr&d o d 

U '11'~ -:1 Ni:l 'Uu-:JD ~ :JJ 1\91 ~ tl ~lf)'IJ l'"lu 'W'W'Y1HN..:"I'Yllfl11:JJW'W 

4.25 u '11'~ ~ m~ t111 CJ'IJ tfi CJ'I.Juw 'VI .n iJtJl'UlVV nuN..:J'I'llml:JJi~'W . "' 

4.26 u '11'~..:"1 m~ 1111 CJ'I.Jl 11 CJ'I.JtJW 'VI .fllJ'Utl ~s,1 'Wtl ~~~'IJ . "' 
4.27 Ub1'~~Nl:l fll~'Yl~l:ltl~ 1 'Wl~tl'WI'Jl:llfl:JJ-'WtjfY~fllCJ'W 2548 

4.28 U 1:1'~..:"1 Nl:l fll~'Yl I'll:! tl~ 1 'Wl~tl'W lJtl'W lCJ'W-iY ..:"I'V!lfl:JJ 2548 . 
4.29 .Um.J l:l"IT m'Wm mrr1 'Wt'J ~ ~'Wltl:l ~t'J~'fi'W 11 

4.30 llb1'\9l~Ni:lfll~'Yl\9li:ltJ..:"I1'W·J'W~ 11 -1219Jl:llfl:JJ 2548 

"' 'Yi'W 1 
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65 
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v I 

rJT:i 'lJ Ulill'W ( vHl) 
u 

'II lnn 

75 

75 

' 0 cl 
4.33 ll ~\91-:J NJ:I '\HJ .:J (]~ fll'J \91tlflll:IJ m:Wl'Hl fll'J Yllfl ll:IJW'W 76 

4 .34 ~~~\PI.:JN~wn'Vl\PIJ:ID.:JI'Wl''U~ 6-7 nmnv'W 2547 77 



cp 

El! 

Eu 

E x£ 

E xu 

F' 

G" 

I 

0 
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n 

'lx 

'lo 

N 
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Q 

t ill 

RH 

R 

T 

dt 

" ' .c!t .<::::i aJ "::!o rl ., 
l~'W'Vl'Ut:l.:JUr-l.:J':i'UU'ff.:Jt:llYl\91tJ, m-

'fl1llJft:J'W~ll'Yn~'Ut:l.:J'Ut:l.:J i11~, J/kgK 

"' d "9... II]... "' d 
~~.:J.:Jl'WYl~ l'lf.:Jl'W l\91'illfltl.:J!flU, J 

"' "" "' ~~.:J.:Jl'W'illfl\911-:J~lYll'ltJ, J 

d "9... II]... "' d 
exergy Yl~ l'lf.:Jl'W l\91'illfltl.:J!flU, J 

"" "' exergy 'illfl\911-:Jt:ll'Vll'ltl, J 

heat removal factor 

Thermosyphon driving head, m 

Friction head losses, m 

' " 
fll'fl1llJ! oUlJi' .:Ji'f':i1lJVil'l flU'W ~'W ':ilU, W /m 

2 

0 . ' I : Q.J I d 9) -~ N 
'ill'W1'WYltl'Wl, 'ff\91'ff1'W!lJCJ.JYJ1.Jnrm:JJYlt:l.:Jl"ll n = - , 

q 8 

exergy efficiency 

.... I .<:::::~ ..:.::,. Q.J C), rl ..:t:t 
u ':i ~ 'ffYlli.fll~ 'Utl.:JUN.:J ':i'U!!'ff .:Jt:llYl\91 tJ !lJtlTin = T. 

U~lJltlHlJCJ-1~'!1'\.htJ!~'W~l'W1'W1~lJ~.:J!!~ 0 ~.:) 8 

d d\1) ... 
'fl1llJ!tJ'W':i1lJYl l\91, w 

d diiJ ... 
'fl1llJ!tJ'WYl l\91, w 

... dll) ... 
'fl1llJ':itl'WYl l\91, w 

~l'W1'W~1llJ.:Jt!U'illf1!~tJ~;j 

"' "' 2 ':i~'ff':i1lJ (global radiation), W/m 

"" 0 
e;)tl!'11t;]lJ, c 

'lf1.:~nm,i11:JJ.:~ 



T p,m 

s 

v 
w 

a 

f3 
C' u 

OJ 

em. 

ft 

hr 

kg 

MJ 

m. 

mm. 

~ d Q.l .<::). a' 0 
fJT:l!'H iJllliHW'\J't:l~W:·.J~'.i'l.Jll'ff ~tll'Vl i'W, C 

mu 11 JlJJ'lle:J·r)l'lt:l~l~~li ~~nJ rie:J vi' .:J~fnlll ~e:J'\.J l '\.J i.J~ lllilll vll nml'e:J.:J'I~h ,K . " . 
' Q.J d Q rt'd .c:t ., 

'.i~'ff~1~'t:ll'Vl\9lti'Vl\)f1~~f)fi'U, W/m-

ir'mh dr'Vl 1f m 'j ~tl!l ~ vm1:u ~u 'W 'j 1:u 

cl 
fl11lll'.i1~ll, m/s 

' ' '.i::::CJ::::'.i::::1111.:J'Vl't:l, m 

cloud base height, km 

I ~ Q..l d Q..l Q 

~lf)l'j~~f)~'I.J'j.:J'ff , ~ll't:l~\91~~ 

~:utt'iv~'\Je:J~'j:;;'I.Jl'l.J, u~rn 

~ll~~~~l'WoJf'W(Declination angle) , e:J~rn 

sky emittanc~ 

.,; 'J} ~ I'] '"" 
sky emittance lll't:l'Vl't:l~'\l'll llllll:JJCJ.J 

'J} 'J} 

~:JJW'U~~. u~rn 

i.J'J::::~'Vliim'V'l 
" ' C:t .<:::::t, c:r 

m reflectance 'lle:J.:J'V'l'UV-11 1~f1 

" "' ~lJ\)lf)f)'j:::;'V]'lJ'lJ'W'V'l'U'.il'lJ, e:J~fl'l 

~:uilllN(Hour angle), e:J.:Jffl 
' ' "" ~ mm'Vl'\J't:l.:J Stefan-Boltzmann, 5.67xl0 

"" lCJfmCJW'ff 

lCJf'W~llll'l'.i 

vlll'.i'UI'l1ffl'i' 

vll'l . 
i1tll~ 

rn~ni':u 

!JJI'I1 

"" 'Ul'Vl 



mrn. 

sec 

w 

a 1J'n"CJ1f11ft' 

9) 

conv. f11':J'I'Ilfl11mu'W 

dp dew point 

Experiment N~f11':J'Yl~];W.:J 

f 

fi 
fo 

0 

p 

s 

r 

rad 

'Utl.:J l'Y!~'lllloUl 

'IJV.:Jl'Y!~'lllVVfl 
9) 

'llll'lll 

'lllutl n 
clClJ.:::.i 0 d 

llWllfl1J':J .:J'ff ,llN.:J'Yllfl11l.JICJ'U 

' Yltl riser 

0 cl 
ll N .:J 'Yl1 fl11l.J lCJ 'U 

"' Theory N~Yll.:JYlf:)lJ.fJ 



' 
1.1 1'1111-.li;h f1 tyH ~::: rhn 'll o -:l'u tym 

! ' ,, 

' <:! 

'U 'YI'YI 1 

Yl ~ .:J .:J Tw r1lw ~ .:J ~ JJ'flll1r~lfirul'iv'j ~uu lfl''j 'l:l'u n'\l m~~m ';i\>lww'W ~11'1 'UV .:J'lh ~'151'15'W Y\'1 
~ ~ 

hln ~mf-lv.:Jl~'Wil'il ~EJ~'\1111'11'1~nn nu~~PJJ'Wl'lJUlfl~V'W "hJ'li'l.:J'YI,_j'l ~~ Vl&1'~.:Jl'W~.:J1llwJ:Yfiv'WiY'Will~ 
1ll'W1:r1n~ nnnciu'lllEJnmt11~fl 1'11u~1.:J~r~'WI~i~~u Jll1'Wii11'l'j1~mJ ri1'Wi1'W nl"Jf1in11'151~ ~~ 
!~EJfl1~EJ';i1lr.ll 1~U1'Y.Ii'iwlu1:Yclf1:1 (fossil fuel) 1'W'lh.:Jfl'\911'j';i1J~~l'W1111~U1Yli'i~'l'lu1:Yclfb'l 1~'WVl&1'.:J.:Jl'W 

I I ~ I I 

YlHnwlltrl1&1'fl tt1u-:J'illflfi11111:Y~~ln HfllTJflD'il'ilU'Wfll';JH'\.Jll1'W'I1l1~m~~EJ1'W~~ 76 ~l'W 
"' q . ~ 

rt' I .<:::::!. t=?l 9) rt' I Q.l 9 ~I Q.J Q.l 4 
lJl';i1';i1:1U1;'1 <;; fll~ll'il~lYllJTJ~ 123 1:11'WlJl';i1';i~l'ltll'W !'WU fl.'i'l'. 2025 (Soteris U~~fl'ill~,2004) ~-:J'W'W 'il-:J 

lj fll';j m ~ m:d 1'1J~ 111 ru J1 JJ' 'W ~l';JV-:J 1l ~'Y!lJ~.fllEJ 1 'Will' 'W fl'\911';) ';jlJ~ 21 1 'W 'Utu~~ nl9f1i n 11'151~'\l ~'Y!11~ 
~V'\l1m.f'Wth~mtu 20 1J ril'Wril'Wll'\..l m~ll'\l~'Y!1J~fllEJ1'W 200-300 U (Xiaowu,2004) U'il'ilU'\..l';Jlfll 

q 

J1ir'WriV'WsU1~ 'il ~ N'w:n'W 1m ~J:Y .:J~'\..lu ~1.:! l'iun:1u-:J ~.:Jiil:Ylml'l111'\l1 flU '\l~ EJ'l1m EJD 'j~fll'j 'j 1mJ1il'W ~ 
"' q 

':JJ ~ ,.. Sl Sl 

bl' .:J'il'W ii vm m ~'Vlul'iubl' ml ;;1m1Jil n1l '\W.:J 11:1 flu 1:1~1h ~1'Vlfl'H'W1t.u'1'W 1 il'W Y1-:Ji'h11'1 'j 1 fol'j H'W1il'W '\l~ 
"' ~ "' 

~'W u~nuih~ EJ'l11:11EJD'j ~m1t'lf'W mm·iJJ'UV.:JD ';j~'J51m J:Y.rn'l"l'Vli ~tfl'';ilJi! n'il i~ fll'jl>lll'w'W;il'l'Uu-:J "' ~ 

N1J n.f1f1 !m~ fll';j~\PJJ'Wl!'\11 fl1 'W hv ! ll'WI'i''W 'Wtlfl'illflti 'W lEJlJlCJ~l'W Vl&1'-:J~l'W 'Uu-:J'ftUlJl~U~~~D';i ~ l'Vlfl' "' ~ 
' v 

~liml:U~lflt\jU~1~V.:!~t!BI'l':i1fll';iHV1~.:!HW l'iv1 m .:!bl'~1.:!flU Ni'il'l U1:1~fll';i 1 ~'W 1iJ'W 1'Wm.Jlfl\91 

f11';j HJ1 JJWV-:J nu 111'tn~UDJ'YI119111J111~fl:IJ1 fl111CJ 1~m'i1 Yll~~l'W~-:JUl~~ulJ l'llu~l-:Jl'lf'W 1) fll';jlfl~ 
~'Wm~ lummn!mJ1~VlYii'i~'l'lui:Yclf1:1 (fossil fuel) '\l~vi1111'tn~n19f~m'l'lufl~uvfll9f~ (S0

2
) 

"1 "' "1 1 dl ' ., ., .I "" ?! uufl !9lWUu.:! l'W l'l';il'\l'\..l ("!\Ox) 9f.:!'\l ~1:1u EJ'QU';i';iEJ1fllfl'U~~I'lflfl~U~.:!111fllJ~'W fll'j1Jft.fl11~1u'Wm1Pl 

lfl'WDfl~ 1l~vh 111'TI' mr~ln~ ~uJJ\] fl'l'llmCJ l'l-:Jif'W~-:Jiim111~11ll'W i'W fll':i~'il~fllUfJJJ fl19f S02, NOx 
' v v 

'l11'u~1'W':i ~ ~UYJ1'11:1.J1~bl'JJ 2) fll':i'l'11mCJi'W 1u l9f'W 1u 19f'W'\l~u~1'Wi'WU':i':itl1fl1fl' Stratospheres ':i~~u 

'fi111Jbl'.:J 12 G-:J 25 nhl:U\911 iiu'VllJlr1l'Wfl1'j~~~lJ'f.:]IftJi;'j\9l'jlL11-m-a\91U1;'1~f-:JIYil'W'I'l':i11';i~ l:YU CFCs 
"' "' . 

' ' " 
YlHl'W':i~UlJfll'j'l'llflllWV'W bj'l'j halons 1W~ fl19f NOX YJUYli~untllfllfl' 1l~'1'11mCJi'W 1u 19f'W nrJ~ 

111'-f-:Ji'Yu fl ,>l'n ll1 tiW\91\91 fln-:J,~'W~1 hfl111fl~'W ~-:J1ll'Wi:Y11'\1\9l'Utl.:!fl1':i1n~1J~1~ -:J~1'\1lJ~1~1J~'W U1;'1~ . . 
d Q..t I t/ ~ ~ J 
tUmJ'WmlVI'lu~1-:J\91l'Uu-:J:U'WlJCJ (Soteris u~~fltu~, 2004) 3) 1:Y.fl11~1Hl'Wm~'\lfl fl1':i1Yl:IJ'U'W'\JU-:J . 
C')) tl \1} lil " C)) C)) d .d ~ 
fl19ffll';)Ue:J'W 1~tltlfl !9f~ (C02) J:Yn CFCs fl19f Np fl19flH'Vl'W (CH4) 11~~ peroxyacetylnitrate 'Vllfl~ 

'\l1nVI'l bl'lr! n'j 'j JJ11-a ~ n'\l n'j 'j JJ 1 'W fli'11-:i tJ'W lj Nrl 'l r¥ n1 '.l 11rli'.:J ftfl11:UJ V'W '\11 n 1 r1 nftl'l-a~tJPI 'YI n:iJ'Uu.:J . . "' 
1 'II 1 ':JJ !II J. !II I I 

C, 1 .:;S Q. d d .Cf Q.J 0 ..::S ..::!1 0 Cf. d d I Q,1 

Nl -a fl1l~!1'1JJ'U1~ Nm1Vl1JJ JJ1f1-e:J'j ~~u 'W1'Vl~11:1'\l~'Q-:J'U1J 9f ~'\l~'VllmCJYl W'Vl m~ mEJm 'VluQtllfl'CJ 



2 

u11~" J1 ~~lll ~~rl'W"l 'ill nuty'Yil~" n~ll.u'l.:~l'i'tJ m 1 urn .:~m1t~~" "lhl VJVJll Vlhl ~"~ ~ 'W ~ .:~~11 ~ m~ eN 

1Jl1?l m'J ~~~~'~'~llJVJVJuVJtJ t'lihl '~'~~'~'~lh!U~ .:~mV1~~ ~"~~'Wm -nrun~nml:~.nh flf\J V1l'ltllVll'l~r1J'W 

ll11ri'l~ ~'l'l l lJ~lMru~~~~:JJ'WEI~~ ~f) ~l:JJl'J blft 'l~~'l'll'WBB f1:JJl'Je:J'UVlf1'Yll'l~'l 3,8x I 0
20 

MW llfl~ 
u q q 'U 

.J ~ II .J. ~ d'd ~ a d d iJ1 9J cv 
~f1flJ~Vl'U~Wn 1~n 1.7xl0 MW 9f'lll~'le:JlVl~tiVl~f1'U'Wj:,JJ hm~tl'l 30 'WlVllVltiU l~f1Uflll:JJ 

l'i'u'lf1l'J~~'I'Il'W'Uu'l1~n1hl I TI (Soteris ll~~'fltu~, 2004) :JJlJEIV~~nHth~1tl'lfW'Ulf1l!~'ltllVl~V . ., 

m'W l'WU~l t'li'W 1 'Wf111Vlltn'l1n u'l1'.:~tv1Bm1t~uf mn m 1 ~i'l~tn~mnnm11~!'11 vJ1V1~1~ t.flmi''W 

!Vl 'fl1hl h ei!tJ ?l1'W tfer.:~ #i'u" n nnr\1' l'lJhll ~ nm n u~m~ lllh!uhl l'fl~a 'W 1nKu~~l:JJ11 m-Ytm_h ~iYVJii n w1 

'flll:JJl~uGB 'flll:JJ~~~lf)~e:Jfll'Jl~'lllJ'\Je:J'le:JiJmru u~~~Vl'Jl'fllf)l'j MVl'W 'Jl:!Jlf" nlUl'J "-r f)'l:Jlfl.:) l?l . . . 

• I "' "' 91., "' "" "'1 d o "" ,. ,J U:i ~!Vlf1' lVltll~'J'U~~'l"l'WU~'ItllVl~tl ~tll~Wtl 16,5 tviJ/m-day (:JJl:ilJl }J~'I1'W, 2542) CJf'l'il~ 

bl'l:JJl'J t~Vl~ttVl'W nl'J'Wlt.UlJlirlJ !?lu1.:Jril'W n11'Wl~~~'ll'Wtt~ 'lB1Vl\9lv:u11 ~111~ 1v'l5111'Wu'il~D'hl 
1?luri m1uuu'I1'.:J~'l5~n m:i~il\911 YHh'il lf1lCJHlll~ .:JtllVJ\91~ f111Vll'flll:JJ 5'e:J'Wl!fl~m l:JJ!EJ'Wllrltll'fln 

I I 'j) I 

Dl'Wl~Bhl m1 Ht~'Wl!'I1~"~~""1'W rl111-rut'fl~u'lVilm1 mu'W 'YI~mfl~u.:Jti'Wvl nTn11u l~u'W!l~u H1 'W 

'j) ~ d9) o:'j) 91 ~d'd Q.J'j)dr 

'Ul'W!Ju'W u~~u\91~1'11fn:i:JJ tll'WI'l'W f111Vll'Wl'Ju'W 1~tll'l5llbl''ltllVl\9ltll1JtJ'I1l'\JDVl'Wl~'W1'1l1'WiJ:i~lVlf1' 
q 

LVltllJf11:iflf1'l:ll:JJl~e:J~:JJ'fll:i1W~lJf1l:i~i'll'll<i'l~lU!'l5~ ~'lftl'Wlmyu~l~'W:i~U'U glazed solar collector 

ucil-:J 11 ~\9ll:JJ1~u'l'illr.1tJI'lulJ nm'l;.'l'W u~--1-ruu~ .:Je:JlVl\9lV~'lnrillLJJL?l1~iJ1~ 1v'l5tf ~'lif'Wmn 
9 91 9 91 o cJ 9 "' cJ "' cJ d "1 91"1 919 91 "' cJ 

8unuuu l'l1~l:JJ11tll'l5Vllml:JJW'W l'WI'lu'Wnm'l'flhl u~~munnml:JJW'WVll~ n l'l51'1B'Wnm.:Jl'Wf1u~ 

l ~'W f)l'j H.:J l'W e:J Vl'l lJtb ~iYVl TI fll~ f)l'j Btl f1ll'U'U J~'U'U l'lll~'U -r" iY (solar collector) nu J~'U'U f11 J Vi 1 

'flll:JJ!UlJ 1~tlf11:ill~i'.:J~ (nocturnal radiative cooling) lJ'flll:JJll\9lf1~l'ln'W ;.iul'll!nuf.:~~l'll'l1'!!l~lfl'U 

nnml:JJ5'e:JlJ l'WI'le:J'W f1m'l l'W ll~~#i'u'lf11:i'flll:JJ~l:JJl:itll'W f11:il'll'lclf'U VI~'I'lllJllbl' 'le:JlVl\9l~bl' 'I !W:;; ., ., 

1 ~ v~11 iJ:u~n m~'ll n~n'flru ~:u'JJ~vu :u 1'11'u ~ -:JmVJ\91 ~rie:J--1 ~lhl ~'lrilhl 1 mut ~'W 'fl~'W i'W~l'W Hvitlll 
q u 

1~tlf111ll~-r"~ lJ'\1~ nm:il'llml~H~'W;.']B Hm1 u~f.:~~ml:JJ~B'W'\JB'Ill'ltll'W'lil-:Jflll:JJtl l l'fl~lJ 
q 

8- 14 ~m liJ~'U'J'Jtllmf1'i'Wu'W~lJ'Qtl!'11JJi1~1f1ll ~'lm'il~~'Qtu'\1 fJlJ'Ue:J'lll'ltJ !?l~1n11iml~~u:JJ 
9 'j) d 1 .t::i I ~I 'j) cl 

flltll\9lbl'flll~Vll'\1:JJl~~:JJ (M.G.Meirllfl~'flt\!~,2003) ~tl'il~:JJll~'Wu~'flll:JJJB'W'lllf1f111~1f1'il~~'l ., 

(Erellu~:;;Etzion, 1999) tv1uml:JJii':JJt)Vlf~~ l'W f111Vll'flll:JJlEJlJ~'l'!~'fll'J~~i" lhlll'W l:il'U (Erell 

ll~~Etzion, 1999) 1 ~ tl~ ll D'flll:JJll\91 f1~1'l '\Jtl'ltltu '11 fllJ '\Jlt.u'lu~ ~'\Jltltl f1'\Jtl 'l radiator ~u'W .U1.:~~ l 
q '" 

'JJ 1;\1 'j) I 

r1'lir'W ~\l~l1~'WI'i'V.:JlJU~J'lhv1'W fll:i'\1:JJlJlleJ'WtJl l'W'\Jtl!:d~h::;uu solar collector Ul'illJJ~ll'lJ'WI'i'u\1 H 
q 

"l 9 91 cj ' 9 
'illf1f11:if1'f1Eil'UB\I Medved ll~~'flt\!::;(2003) U~~'l l'I1!'11'Wlll'W':i~'U'U unglazed solar collector fl11~Y1 



3 

'J} d I ~ ,.I Q ~ & 'J) QJ 0 0 

fllllJfldl.:J'UeHPl'JtJ 'llltltl'llJu'J:i:ff'Vl'lifll'l-'l'UU.:J'J :i:UtJ "li.:Jfftll'lrHlU.:JfltJfllU'W:i:'Wl'lHJ.:J Erell U1;'1:i: Etzion 

( 1999) '\.Hlmllfl.Q' V.:Jl~tJllfll'J~I'I!!U(;').:Jff:JJf11'J'lHl.:J Duffie um; Beckman rll'Yl~tJ solar heating 

collector m1i'ntJ'J:i:tJtJ nocturnal radiative cooling ll'ltlf11'J!I'Vl'Wrll solar heat gain .Jl1t1 radiative heat 

loss 'l11'ml:JJllli'We'h (Erell !li;'):i: Ezion, 1999) ffl'Yl~tJfll'J'Vll'i'l11:1Jl~'WllUUUrl~.:Jir 'l'WU'J:i:l'Vl'fl'l'VltiV.:JlJ 

~ff'Wlutrmnriuwunuuv Auttapollm:i:Pltu:i: (2003) U'J :i:lll'W'fl1l:JJlil'W1u1.Jl'llun:i:uu~.:~nri11 

m nu 'J :i:vnv11 ~~ 'W ~ .:Jl'lll'll ~v.:~ 'J ltl ~ .:~~u-J1iJ f1nvm~~ 'il:i: 'l ~'l 'W 'J :i:UUU ~u Bl m'fl''UU.:J 11u.:~Yr nmr1v . 
'illflfnl:JJll\91 n~l-:JU1;'1 ::;f11 1:JJf1~1tl'fl~ ~'UD-:J 2 'J::;uu ~-:JiJN1~ tll'lmvvil'W 1$i'.YhnT~flmn 

"' I ~ :J) 

u 'W 1~<fl~.:J nri rJ.u' l.:J~'W ~ u llffl:IJl'J m1l.:Jl'W 1~~ lw vll-:Jth::;t 'Vl'fl' u~rwu-:J 'ill m ::;tJ tJ u 'il::;:V'W Bvnu 
"' 

]/ ::! t .d 0 c:.> g) ~ & 'l"' 
ff il 1'1 :i:l111'11;'1 U:JJlDWWl.:J iJ 1 fl fll'JUU flllUU'Vl l'\1 lJl:i:fflJffll'I'JU 1;1' fll~Ulf11'fl''Vltl.:J tl'W 'VI'W-:J tll'il '\1 

Q Q ~ QJ d dl cllf) J) QJ ~ ~ QJ .J.c:Q cj 

U'J:i:ff'Vl'llfll~l'llflUUflffill~mmm :tJUl'I'W.:J flll'l (Al-Nimr. l!(;')::;flru::;, 1998) <fl.:J'W'W.:Jl'Wl'ilti'W'il-:J:IJ 

ll'l~th::::ff-:Jrll~Uflmllf11'Jl~ unglazed metal panel l'Wf11'JYll'fl1l:JJ~U'Wit1;'1::;ml:JJ!~'W'l11nmfl 
'WB n'illnd' 'il::;HY11m1:wt~'W 'l11numm'fl' t~B H\m::;tJtJu~umm'fl''l'WI'lB'W nm-:Jfi'W 1<fl vBBfltttJu '111 

iJ'lfu.:~ rlll'l ~ u mmfl't'\11;'1 $1 l'W ri1.:~ 'lJ B-:J vi u ~.:~ iJfl1 u~ <flU tl mv 'l 'W <uu -:Jvi B'il::;u 'J'J 'il.Jl1mf1 11:wu 'W1'W~-:J 
<u • • 

d & o 9J 1 ~ 9) l :::1 Q../ G Q.l .c:::1. ~ t1 o 
1.2.1 l'l'Hl'fl'fl'El1fll'J'Vllfl1l:IJ'Jtl'W ~~w !'lHlvN 1;'1'\1::;!u'WI'l1lflU'J-Jfftll'Yll'ltl ltl:'l:t:f11'J'Vllfl11:JJ 

l~'W l<fltlf:l'JH~~.:~ir 

" ' "' "' _I ~'W'Vl metal panelu'J :i::IJ ltu 2 l'll'Jl.:Jt:IJI'l'J 

" " 
l'W'J ::; tJm1lml:wtv'W -ff1'W'I11 '1~'0.'-:J~Hl-:J'J::;uu 

' ' " 
l'l mvii,:j ~<fl ff1'W ~~,:j,:jl'iJVi 'J :i:UU 1<$1~ miu~ ~.:! ~l'Wll ff .:!Ul'Vl\91 vVilll nm ::::'VlU'Utu:i:'I!'W !!1:l:i:U'J ::::-ff'Vl~ill~ 

Q../ & 4 Q./ I Q./ .d ll} 9)CJ I Q./ ..:::::. tl d dt 
'Jlti1'W "li.:J'\1 lJltltl-:J ff<flff1'W~ 1;'1.:1-:Jl'W'Vl'J::;UU ll'i) Ul'lU~~-:J-:Jl'Wllff -:ltll'Vl\911J'J 1:1J'Vl\9lflfl'J ::;'VlUt:IJU'ilU fll'J 

.:$ QJ t I d dtrl 9} I Q.l d I 'l "' 
(Coefficient of Performance) l'JlJl tltl.:Jff<flff-:!'W Pllfl1llJlti'W 'Vl l'll'ltl'\'~1;'1.:1-:Jl'W 'Vl 'ill t1 '\1 'J ~U U 



1 .3 .4 tlv,J'v~ 'il~t {lu fll':i rrtnn(i.:rffm':i t1'U~'llu.:J':i~111JUU.:J ~~~.:Jif 
1.3.4. 1 ':i::;1J1Jf11':iVllfnl:IJ5'u'U !~mi 

4 

9) lt'] ~ I <J} .<::). tJ' ot::'l C::: 

1) blm1::;u11>1~u:IJ 11'1Ufl fnl:IJt'U:IJ'llu.:JUbl.:Jul'Vl~V ~tu'H.fJ:IJ u~::;rmm':i'l~:IJ 

" " ' 
2) 5~':ilff1'U 11~ m~ 'JUltm1.:Jt~miu~'W'Yiui!-!.:Ji''Uubl.:JulYJ~v 

0 c:l II) !11 ' 
1.3.4.2 'J::;1J1Jfll'J'Vll'fnllJW'U !~llfl 

1) ell'1':ilfll'J l'H~'lJu.:JJl ml:wt~1'llu.:Jf:llfllfl' clwmw'llu.:Jfll'JVllfnllJt~'U 

<S 

1.4.1 'Vl'Jl1Jtl.:JbllJ'J':itl'U::;'lJB\!':i ::; 'lJ'lJ unglazed solar collector u~::;'j::;'lJ'lJ Nocturnal radiative 

cooling panel 

1.4.2 'Vl'Jl1JG.:J-tiu~lnl'llt-lfll'Juflflll1J1JtW::;tiri'.IJ'Ulfll'JH unglazed metal panel ~1lJn'Wt'U 
0 c:l " f11'Jr1lm l lJW'Uu ~::;m1:w 1 tJ'U 

1.4.3 ~~'WnnHth::; 1v'l5tf~11mur1,r~:wr1lu~::;~:w~am'J~.:J'V.]'U 

1.4.4 'Vl'Jl1JG.:Jml:wt~'U I 111~1'\.J m'J~'[)::;1_h::;vnl'i'H.:Jl'U 'il~ .:J'lJB.:J'J::;u1J 
q 

" 
1.4.5 l~fl.:Jrl'fnllJ~rll'Hf1Jfll':itiri'.IJ'Ul'J::;1J1J 11-:J 2 J"::;1J1J~.:Jf1ril1 

'" 



I 

"" 1J'Yl'Yl 2 
I I 

~ ~QJ.Q.Q 9.J 
'Ylt}'l:I{}H~~ ·:n~1'il£J'Yl!fl£J1'Uel.:l 

2.1 . 1 m 1 '¥1 wr;n :1.1-¥ el'W 1 m.rvr~ .:.~ .:.~ 1'1-m tr .:w1 i1 VI~ 

vni.:J ·HW 'illf1Utr .:rvlYJ\IlVtrl!lUtltJll.Jll~'th~ 1v"ll''l.,i'll>i''l1mti'JDll'lJ1J l'lrtJ fll'J Ht~'\..1 
" 

utr.:Jtr11.:J 1~CJ\91H nn1~rt~l'lm~utr!vi.Yh m'J'I'11ml:~.J~uu1'11nummrrm,.ttfl 1~mi''W mTI'il 

flllllfe:J'W 1'11 nu Jl 'tJ lfttl'11 f( f1 fll'j fll'j 1D~ ti'W '1-'lf!.:J.:.J 1'\.m 1:1' .:.J'tllYl\11 Vl~'WVI f!.:J.:J l'W fl11llfe:J'W 1 ~ mriu 

\J1 urt.:Jfuu 1:1' .:J'tl lYJ\91 v!l 1fuu tr .:J N1'Ylthuu.:Jurt.:J'il~~ fll'J~~n~'WU tr .:J'tllYJI'lvmi'11 tJ~ CJ'Wl~ 'Wfl1lllf 'tl'W 
" 

triu~'U'tl.:Jtm1 tmH·h'W ti'W J1~'ildmvlfl11llfm . .J'illf1HN.:J .Yh1'11uum.niJ'Uu.:JJltr.:J~'W ~'il~tl>i' 
q " " 

Vlf!.:J.:Jl'W m1!J f u'\.J ~ mm 'j tltJ 1 '1 tJ 1 ~.:) l'W ll Y1' 1 ~ CJ~ 1 l111 'j ~uu m'J'n1J1 f u'W VI fl.:) u cr .:Ju lYl\91 Ei' 'il ~~ m 'j 

I I ~ I 

9f.:J~'f1W 1:1'!JU~~~f1~'Wf.:Ji1'f1~'W ~'W 11>1'~ ul'i~f11'JDi:l~Drie:Jtlf.:Ji1m1llffl'W'tl'tlf11'l1 (selective surface) 
q " 

('il'J1CJ 1.Jt1J~1Ji:l 1W~'f1W~, 2529) 

'j~1J1J .YhJl ~'tl'W VI f( .:JU 1:1' .:.JeHVi\91 v 'il~D 'j ~f1t:l1J#i'1 Vt:JD m ur '11fl f) "ll>i'u ri Uri.:J f1J 
q 

Q r/ I Q.l d : I lf] d lJ]g) d lf] d 

!!1:1'-:Jell'Vll'lCJ 'J~1J1J'Vle:JUI:l~t:1.:Jlf11J'Wl 1~CJe:ll'liU1J.:JI'll!lf11'J !'11i:ll1CJ'W ~~ 2 ~DU1J'IJ 'f1e:l f11'J l'l1i:ll1CJ'W 

U1J1J1i'J'J!J"b'1~ (natural circulation) Ui:l~fll'Jl'11i:ll'iCJ'WU1J1JHVIf!.:J.:J1'W'il1f1flltJ'Wt:Jf1 (force circulation) 

(lJl~'Wl !J~'I1lJ, 2542) 

~1'11 fu fll 'J l '11i:lt1CJ'WU 1J1J 1i 'J 'J !J"b'l~1 'W 'J ~1J1Jif f1'.:J1~1JJlft:J'W ~'tJ.:Je:JCJl:r .:Jf1l1Urt.:Jf 1J 
"" 

utr .:.J'tllYJ\910 trivJ11'Wurt.:Jf1Jutr .:J'tllYJIIlWI>i'f1Jml!lfu'Wn'il~~m'J'\JtllCJI'11 'l'i 11'11ml!l'I1'Wluti'W~m1.:J 

g) Q.l d d d'dQ c:; ~ ~ t:'i : .<:::1 

U1J1Ji"b'VIi:l.:J.:Jl'W 'illf1fll(J'\.J tJ f) (force circulation) f1'il~!lfJD mW'Vll'l~l'l.:JlVI!J 'f1tJU lJ'Wl!li:l~tll'il'il~lJ'J~1J1J 

'f111J'f1:1JtJl1v i ~vfimf1'1'i111 '!! 1~'11 :~.Jwiv'WJlu 'V1 'W m 'J '11:1J'W11v'W l'lllJ 1i 'J 'J :IJ"b'1~ ff1'W 'J ~1J1Jfi11J'f1:1J 
q q q q 

Q.l 0 I .t::lo g/ Q.l ~ d' I Clo 

lJf1'il~f11'Yl'W ~\911lJfi11!JU\9lf1\9ll.:J'\J'tJ.:J'tJW '11 fllJ'IJ11'U1 U~~'IJ1'tl'tlf1'illf1Uri.:J'J1JU1:1' .:J'tll'V1\91V l"b''W 'Yllf1'tJW'I1 f1lJ 
q ~ q ~ 



6 

lV li.:J ~l 'U m':i~l'lvY.:J :u~~'U fl'lJ !;l ~~ :u l'l'llu.:JI'l1u 111J.:J~ 111 fll':i~l'l~.:Ju (;1~5 f11:l Ul~fll':i 1 %-:J1'U'I11n#l' u.:J m':l m1:u 
'V 

" 9) 9 3) o<:::::l. QJ 0 I C1.l .::::0 .<:::S I 9) 3) 9) 

':JD'U ff ·H1'Vl ~ 'U '11 'U l'Y'I'U llfll1 \91\>ll'l.:J'Vll :lJ :!Jt 'Vllf1'lJJ:t:i::Yl'ilVlU l f1D rl 12 D.:Jfl'l H\91 tllVlD-:! fll':J flll:IJ ':JD'U ff -:tff'fl 
'U 'l q 'U 'U q 

" ' " 9 9) 31 9 9}.<::::!. Ql 0 'J) I q 9) 9) Q Q.l ~I 

~ 'U \91 D'U 'Y'I'Ul':JD 'U mi'!Vl \91-:t'Vll :lJ :U'U 'EJ llf1llfl:i::Vl 'U\Pl 12 D-:tfl'l U [l:i::'Y'Il f1\91D-:t fll':JWJl :IJ':J'EJ'Ut iWtlff -:tff\Pl'Vl-:tu 
q 'U 'U q 

t%1 'Y'I~DVlD'U'lhll U~:!Jlru r .:Ji1~11r-l~ lfi'fu'il~rll'lrl.:J ~.:j~fll':J1,rihiJm:u I~Dfll'Y'I'U'fl ';j~(J~'Vll.:J 

~m~'VlTI~Uff .:j'EJlVJ\l'l uriu.:J N1'U'il':i) lllfllfl' l\PllJL ri~ltml.l.:Jtriu\Pll.:JD-I VlVlcJ\91) .:J~hll~1hm{u:uff (air 

mass) t'VllflU 1 ril'U~\911tmlJ.:J~'U'l W:JJU:!Jff~~ll'VllflU sec8z, triu 8z ~Dl;!:IJ~ll'Ulllff.:JDlVlVlcJ 

m~'\Jl1fl'lJl'ff'UVi ~.:J'i11f1flUY1'U lflf1 ('il'Jlll 'lJUJll'lJfl U[l:i::flill~, 2529) 
q u q 

u~ mrut:u CJ-J f .:J i1:u1 nl'l1-:JmV1\l1 u:u~u) ~nu'l.Jtl1 uf .:J i1m .:J tt[l~r .:J i1m ~:u1 u 1 'U i'W ~ 
" -"-~ ' 9 ~ "' ' 9 ' ~I ~ "' di 9 ""' " "1 " " ~ 'VlD.:J'V'l1ll'illJ ~ff 1~ffff1'U ~'Y'IUJ'il~lu'U'J.:Jff\91'5"-:J "ll.:Jff1:1Jl'JT.n1'lJ'J1:1J !'ll:J.Jflll:IJl'lJ:!Jff.:J 11'1 l'l'J.:J'lll:!Jf1'U'I11f1 

u 'V 

Ylu .:J '~'~ 1nw'J.J m n f .:J i1u ff .:JmV1\l1 u :u~u) ~nu'lJ?i'-:wf .:J i1m ~:u1m ~ 'U ri1'U 1 11t1) 

~ltml.l.:J'llu.:JI'l1-:J'EllVJVlcJ l~u.:J'illf1fll"J l'fl'il"J'llu.:J 1~mu'lJI'l1-:JD1Vll'lcJI~'U1-:J~ 191-:JtJ'U 

':J~li~'\'11-:J '5" ~'11l1~ l [1 f1ll ~~l'll.:JulVl\l1 cJ~ .:JI U~ ll'Ull U [1-:J\l1[1 u l'll1fll Vl11 ,r f .:Ji1~Vl f) f)) ~'Vl'l.Jllr-l.:J f'lJ 

uff.:JmV11'luu\9lnl'11~n'Utu'Vln1w'lfw~uln'U c m~'Ul :u~wiJ, 2542) 
q 

UL(Tp.m-T a) S 

r 1 
9.1 il 1"h \i'l Nh '11 il ·l''ht i:HI Ofl ____. ____. 

r 
\Vs 

' 
ill'V'lri 2.1 ff:IJI'J~'Y'li:l.:J.:Jl'U'lJ'UI'l1f'lJf.:Ji1 

' ' ' d Q..l Q..l ..:::::. d'.<:::!. 0 

i1l'Y'l'Vl 2.1 llff\Pl.:Jff:UI'J~'Y'l~.:J.:Jl'U'lJ'Ullr-l.:J'J'lJllff.:JUl'Vl\'W'Vlffi1l1~ff:!Jllff:!JtJ (steady state) 

.d ~I ~ d"l" "'" ( )~I~ d ""9"~_,: " 11]9l 
I:!Ju S lu'U'Y'l~.:J.:Jl'U'Vl tl'l'illf11'11-:JD1'Vl\l1ll U,, Tp,m - ~~ lu'U'Y'l~.:J.:J1'U'VlbJ:t111ffll t'Y'If1'l.Jff.:JU1\Plflu:IJ'il~ tl'l 

11 m1:ufu'U ~ffl:!Jl"J 1n'J 11111 %u':l~ 1u'lfi1tviln'lJ r-J~':i1:JJ'llu.:Jml:ufm.J~Ifi'f'lJ:ul f11'11-:JmY11'luu~~ri1'W 

~crruti1v1,r~.:Jl!11'l~u:JJ lwmru'Uu.:J force circulation ~ff:JJ:JJ~~TtJll.:Jl'U~1%<U''lJ~:JJ~l'il~~HJ ~.:J'11i 
'V u ~ 



Q, = Ac (s- u,_ (r"·"'- T:, )) (2 .. 1) 

tHJfl'Ulntf u-:i~iY'Yl lim'W'Uu.:~ur~.:~i\mbl' .:~mYil'lvril'Yl'WI'll~'Uln emlril'W'Uu.:~mlJ..Jfu'W~'l-11 'lu!~ 
U':i~ 1v 'Jrwl'iuu~mw i'.:~~':i1:lJ~I'l nm~'YlUU'Wurt.:~i'uubl' .:~mYilllv ~.:~ "l~i1 

(2.2) 

" Q.f cv if Q.l ~ 

'flJl:lJbl':JJ'W'W'ii 'Uu'l Duffie u~~ Beckmann (199 1) ~.:J'W 

Tv -T" -S/UL =exp[-UL WF_~J 
T1 .. - T - S / U, () C 

. I lJ ' m 
p 

(2.3) 

2.1.2 m':i<tilmu.uiJ'W 1~t~m ':iu~:'f..:JiY 

7 

Maxwell u~~ Max Plank !bl''Wu'VltJ'l:!Ufll':iUNi'.:~~ml:tJfu'W ~'lfl~l1lll'Wflnurli"'--l~ 

flllJJ ~u'Wl'fl~u'W~1?tvmfl'CJf1~ I fl'Uu.:J'fi~'Wu:J.im~n 'l'W~~l '111JlCJ'fl1l:lJll t'W fll':i!!rli'.:~~11'1IJ'U ~ !U~CJ'W . 
Q.l ~ Q.l I .J d d:f U,9J d d Q.l 9) Cl.l d 
1\?ltl u'W VH1 .:J'll'W b1'1'W 'VI 'W .:~ 'Uu'l'fl ~ 'W 'U ~tl fl<f1<f1 n~ 'W!ell n ~~~~~ ur:ww U'W'W~'l 'l l 'W ml m u'W 1\91 t~U.Hl 

q cu cu q 

urlf .:~ ~uu n I u m n "l:JJ I ~hm1 1 :tJfv 'W! ~w <U'1muw 'VI.niJ n'il~~<f1 ~.:~ mn11ll t~nm:u 'VI.tllJbl' .:~ ni lut~! 'VI.niJ 
q CIJ . q q CIJ CIJ q cu 

ci1m'Vll~~~-q<f1 1clu !:J.Jijl'l1nm.:~'VI ~u 1m~tyt1Jlfllf1 ('!! niY'Vlf fJlroJ'Wloiru, 2526) 

m1nmn1lml:tJ!B'W~1vmmrli"'-:J~ml:tJfV'W 1<f1vH radiator 'U~mrrum-:iurli'-1~ 
I 

flll:lJ~V'WVufl'Ulfl radiator (heat source) d¥lv.:~Vll~'lij"eW'VI.tllJ~lfll1 (heat sink) ~1'VIi'Um':iCJ1rllf1 
<u • <u 

'U~vvJJ11i'f.:~~~nmll-W11'fi~'Wlh~mtu so.:~ 13 
1lJJ 1m 111m N1 'Wt~1<f1v"l:J.Jnm':i<f1<f1n~'W ~-:J~~w61-:J 

<u 

'l'l1l:IJCJ11fl~'W~t5unil 'VI'IJ1vl1'l'UV'lU':i'lCJ1fllfl' (atmospheric window) (:!Jl~'W l :lJ~'VIiJ, 2542) 1<f1CJ 
" " eJil1)lfll'l UNf'l~'U~~'WvtJtl1J rl~vll'l'IJV'IVW 'VI.tllJl\lltltl1JVW 'VI.tllJYlV'lVl l u~~~fl'l:IW~'Uu.:r~'W~1 l'W cu q CIJ q q CIJ 

(2 .4) 

" ' 
~l'V111J radiator '\<~'WVi'U'Wl'fl A '11'\..hCJ TI~lfll'lUJ:ll'lU~VCJ'fl11l.JfV'W( emittance) !'Vlltl1J &rad 'U~'Mi1 
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P -A ( T 4 
- R) rad - C rad (J"_ rad (2.5 ) 

R = aT 4 = CJET ~ A sky o (2.6) 

v ' 

emi ttance ttl 'WoW -:Jni''W ·ummu '11 flilu i:l~fiJllJ'if'W illJ.W'\>1-fi "ff1'111' um 5 til m fl'-vi 1:UiJtlJ'i!U flfli:llJ 
q ~ q 

& 0 = 0.7ll + 0.0056Tdp +0.000073~1~, + 0.013cos(2ntm / 24) (2.7) 

T = C (ln(RH) + C1) 

clp 
3 (C

2 
-ln(RH) + c,) 

(2.8) 

C2 ~1ry "" " I " c, = (c + T ) ' C2 =1 7.o8os 5, C3 =234.175 ~~~~'Q'ill'HiJlJm~tlJ l~u'H -:J r cl,y 

3 dry 

l'VlltlU 'Q'ill'H{j:W~'l!!JI'I!Je:JlJ Ta li'IV'l'Wnl5'Vli'IM-:l T;,P e:J~'J~WJl -:1 -2o·c ()-:1 30·c \lTI~ T,ky - I;, e:J~ 

t'W'lf1-:J 5 ·c "ffl'H'fummf1'1't~'W~'W u~~ 30 ·c "ff l'Hfummfl'l~'Wlll:l~u'l1''1 

v 
"' "' cloud base 1'1-:l'W 

"" l:IJtl Z, =8.2 km 

t: =I ,. 

~ 1 '11-fu Hemispherical cloud ~fl111l'Q'I'Lh'Wnm-:J lli:l~~ l 

(2.9) 

£
0 

=0.74-0.084(2" -4) ~1'11f1J Cinus cloud trlfl 4s;Z, s; 11 ll~~ £ c=0.15 trifl 
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3) trivtf't .. d~1l~'W~JJ!~(J.:J ~.:) ff~\9lflfl'J~'Vl'lJ'lJ'W)~'W11J!~tJ.:J'il~JJl'illn1J)) tJlfllfl' (RA) 

'""' .: ~ Q.J Ql ctd d 
!W~lYIQ'U'W'W'WI'l1 hn (R

0
) 'illfl'fnlJJrl'JJ'W'W'li'Vl!];T''We:J hw Unsworth Ui:!:::Monteith (1975a, b) CJl'.:J 

" 
) ltJHW l<?W M.G.Meir Ui:l~'fltw~ (2003) <fl.:JU 

~I ~ "'""' "" ,; 0 17 tu'Wl"'.:Jfl'lf'W'Ue:J.:J~JJ!e:JtJ.:J t:J.Je:J a= 39 ,17 = 0.2 

4) fll 'J'lJ~D.:J'Ue:J.:Jll'ltJ !lJe:J~l191QJJ11J~D.:Jfl1)U~~.:JffVll~JJ j3 n'lJ)~<fl1J<fl.:J.f1Wl'Vi 2.2 

v ..:::t n I QJ v ~I l 
'il~l'le:J.:JJ.Jf11'Ju'J'lJUfl~JJ a !u'W a' ~v a' = a+ f3 

"" .., .., 
ill'W'Yl 2.2 fll'j'lJ~'JJ.:j'Ue:J.:J1\9ltl 

q 

(2.11) 
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.:!.:::tv Q,fQJ~v ' o o 
i'll:IJbi'JJfll':i" h =a+ b V 95-:J1JN11l'flJ11Jbi'JJlnJ'li !l'Y!(;llV'Yll'W 'fllU'W:;;'Wl'Uu-:J Australian standard, 

CO/IV. <U · 

1989 ':i"lti-:J l'WhW M.G.Meir !W:;;flru:;; (2003) tll'Y!'U~r-J1 hCI"". = 3. I+ 4. IV (Wm-
2
K-

1
) 

0 '!I 
2.2.1 fn'a'YilrrJl:J..J'H)'W 

-d t:S d d.c::t I Q. ~ QJ cl 
Tiris u" :;;flru:;; (1995) rrnmm f11'Hlu nu uu mil'YllJ N"'fluU ':l:;;bfvro flll'l'Uu.:J'fl'.HflU 

<V d ') n I"' C! n I C! 
'J.:J-rl l'fltllu':i"t!Ul'VWU 4 ~uUUUflu (a) str~ i ght rectangu lar fin (b) step change in local thickness fin (c) 

straight triangular fin (d) straight fin of inverse parabolic profile l'i.:Jflll'lifi 2.3 

(a) straight rectangular fin 

I. i w 
(b) step change in local thickness fin 

(c) st!<lighi niangular fin 

(d) straight fin of irl\'erse parabolic profile 

' C! n I C! 

fll'Yl'YI 2.3 ':i"uUUU'Uu.:Jfl'JU 
'" 

l'lUiltrleJ fin tip heat loss !~lJ~'W 'fl~mrw<n (a) riv-n'11ri'un:i1'Vlinwi'UD\lUN\ll~uf-:Jntl'fltl.:JUuV~J:l'fl 
' ' " 

l'lllJJi'··w'lftJ<n (b) (c) u":;; (d) llJUlU~trULVivuili "ri1\l'fl1llJilll.:J'fl1ul'l\lu~ 2-6 em i~Uilfl~U'lftJ'fl (a) 



n~mh1\J'i~ifYl~JlWI'Utl-:JUY-l-:J!~'lJ~-:Jff~Wil:l-:JD':i~lJltl! 2% ~l:W~ltl (b) (c) Ul:l~ (d) ~-:J~Wil:l-:J 

th~JJltl! 9% 

II 

lfl 9) 0 9 9) de~ I 9) C 

Erelllll:l~ Etzion ( 1996) !'Pl'Vllfll':i'Vl'Pll:ltl-:J I 'If radiative cooling system 'Vl:Wtl~lll:ll 'VllfllllJ 

fa'W 111'nmf11vlu!:U~m':itl~'Uu~-:J 1~wffm:Jl~-:Jfltl! ~n'l:ltl!~~~lttl'W ffl'YI~'lJ mT1'11ml:JJ!V'W u~~Y-JMu . . 

l'iam':Jvhrmufa'W t'!f'W m':itliilm~'ilnli'Pl 'Y!5u:w:wtuti~~.Wamn'Wt'Ll ul:l~m~n'l:ltl!~mmfl'~!tl'W . 
3) 0 CJ 0 9J .& I 'l 9) 'J} '") .:::i I d ") 
'Utl'ill fWI'U€l-lfll':J1·11flllJJ':itl'W9f-:Ji'l'IJll ':i~'IJ'lJ 'Yiflll:IJ':itl'W ~ -:J"!'Pl 510 W/m- Ul:l~lJfll!'QJ:ltl 324 W/m-

1vwD tl'i~ff'Vl~fiWI 0.38 trluiJu'PlVJ:D'VJ Ul:l~ 0.281m'l'mi'lmmfl'utl':itl':il'W ul:l~u'il:D'tlmti'WBfl~Y-Jl:l 

l'iam lJJ fu'W~ 'l¢'11'1-:~~um':i 

Q = 146-50.4V +0.62R-18.76T (2.12) 

v v 
I I ~ 9) d~ ~ .ci ~ 

':i~'l1ll-:JHN'WV1Vlfll:l'Wfl--:lllJ':itl'WlJi'l'WHlU'lJ'lJ selective surface Ul:l~i'l'WY-llU'lJ'lJ nonselective surface 
'" 

v 
.::::to ~ QJ Q.l ~ qg/ I ~ 

U~-:J'Ell'Vl\l1CJ!!'lJ'lJ selective surface m'l~!!'lJ'lJ nonselective surface 'Pl-:J'W'Ufll':i!"i:'ltlfl !'lf!!Y-l'WVl'Plfl'f!'W 
'" 

flllJJfB'WH'lJ'lJ selective surface ~-:Jll.J~mllJ~l!tl'W !!l:l~l'Wfll':i!-\ltlJciltlf11':i!'VlfiJllJfB'W m:JJl':it:n11l~ 
1 V1 Vfl15 flV! 1~ v~~ 1-:11 ~'YI -.il~ fl ~ 'lJ 

d, "" d 

Yeh !l~ ~ fltu~ (2002) tltlflU'lJ'lJU~::::'Vl'Pli:ltl ·n::::'lJ'lJ double flow solar air heaters 95-l~'Plfl':i'lJ 

l'Plm!U-:J'!ft:l-lf11':i tl'YI'fl!tl'W 2 '!fa-:J 'lJ'W!!'fl::::ril-:J 'UB~U~'W'Pl'Plfl~'Wflll:JJfB'W!!l:l::::~'Pl~~fl~mf~~B~~l'U 
'" 

:J./ I I 'JJ I 

d1 .::!. ~ lfl ~ .:g C::!. ,., 1.<::.1 .::::1 Q.l 

Hfl~~-l'U'W LlJD€l\l1'ilf11':i !'Y!l:l':JTIJ1i'l1J'U'U!lJB!lJ':itl'lJ!'Vltl'lJfl'lJ downward type single flow collector 

~'Utnvmllrl'W D':i::::if'Vlnfll'I'~'UB~':i~'lJ'lJ double flow solar air heaters ~~'Plfl~'lJ'il~~~fYhJJlfl 
'" 

li)9Jo o o 91 cl 1 d 

Jay Burch Ul:l~fltl!~ (2003) Wi'Vllfln'ill'f!B-:J':i~'lJ 'lJf11':i'Vllflll:IJ':itl'W !!'fl~fiJllJW'W !'PltllJ 

1m -l~fl~':i~'lJUI'l-:Jmi'l'Vi 2.4 
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1~v~Wiu.:J'J~111lffTH~'tnhwt~t11'1J'W1~ 185 m2 1~vHI'l1tM1Jof.:Jiru111Jl~nm;;;un 1~v'H 

cll'l'J 1ri1'W U~ :JJl\91 'J tl 'lt~mf1~u'W ~tl~'W ~f11 Ub1' .:Je:llVl\91 ~!'\ill fl'U 80 1/m 
2 

l ~ tl~f1EJ1~'l ~H'l '\J'eJ'l~'W ~of1J 
u b1' ·H:llVJ \91 ~ i.J~ :JJl vl'J fl m M1J "J'W 1~ 'Utl'll fl~tl.:JU II mu~ti'W'flJl:IJ~tl 'WU Il~'fi11:JJ!~ 'Jf,:IJ rlmf1Jtjjtl'l 

Albuquerque ~'ltll f11f1'tl1J ~'W!W~U '!1-:Jv-l1J';h UN.:Jof1JU b1' .:Je:llVl\91 ~'U'W 1~ 6 m 
2 

b1'1:1Jl'J tl ~ 1mf1f eJ 'W tl 1>1'n ~ 
2/3 'Utl'l'fiJ1:1J#l'u.:J f1l 'j'j 'J:IJ f11'Jl~:IJ'U'W 1~Hiv-J.:Jof1Jub1' 'ltl1Vl\91~:1Jlf1f1i1 6 m 

2 'lf1m~w·m~ !1>1~~tl'l 

t~m!uv u'J ~i1'VInmY-lr1~r1-:Ju ~1-:J'J11'lt~1trlm~JJ~'W~ ~'W~of1Jub1'-:JmV11'1v'lJ'W1~ 93 m
1 b1'1:1Jl'Jt1~1u 

" m'J~ hw~ l~i.J'J~mru 80% '1Ju.:Jm1JJ#l'u.:Jf11'J'V-l~.:J.:Jl'Wn:IJ ur~~ 90% ffTHof1JmlJJ#l'u.:Jm'Julf'tl'W 

u~~m 1 :IJ #1 'tl 'l m'J fl1l:IJ1' u'W tri e iJ hH i.J~ ti'W cJ\91 'J 1ri1'W i.J~:IJ Wl'J tl'.:JtMmfll'iu ~'W~ of 11u b1' 'lmVJI'lV 

'J~ 'I,Tll.:J 40 D.:J 640 !1m
2 

Vl1Jil Vl~.:J.:Jl'W~l~ti.J~v'Wuur~.:Jl~tn'W 15% trlmViv1Jfl1J'1J'Wl~ 80 11m
2 

t'W 

0 cl I J Cl.l c( d d I d. 0 <J} q 9} Q.l !1} 

f11 'J'VI 1fi11:1JW'W'!Al1J 11'\J'W f11J 'IJ'W 11'1 'Ue:l'l flu ti~W'Wtli'Wu tll'l:IJ1 f1 'Utu~'VI f11'J'VIlfl1l:IJ'J e:l'W 1 '11 N~I'I'J 'l fl'W 'Ul:IJ 

tri'tl f111:1Jt ~ 1r1 :IJt ~ :1J ~'W m 'J Yll'fl 1l:IJ ~ 'tl'W u~~ l'lM 1 'W 'Utu~~ m 'JYl1fl 11:JJ!V'W u ~~ u~ ti'WU iJ ~.:Jt~ m~ m! u t1 

Joeijoo Ur1~ Sorapipatana (2003) l~Yllf11'J\9l'J1'ilb1'tl1J'f1J l:IJU~'WV1U1J1J~1~tl'l ASHRAE 

clear sky rnodel1'Wfllfll'HUtl'U'tl'lD'J ~l'VIf1'1-m.J Vl1Jilf11'JD'J~llJ'Wffl'Hof1Jof.:Jt1'J1:1J (global radiation) 

1'11ml:IJU~'WV1Vlub1':1Jm'J ri1'W f11'JD'J ~t:iJ'W of .:Jirl'l'J .:J 1'11ml:IJU~'Wvl-w'uv u~~.Uuv~ b1'1'lffl'Hof1Jof -:JiY 
q 

m ~u 1v 11'1vrmi.J 'J~t:iJ'W of.:J iY'J1:1J u~~of.:JiYI'l'J .:Jt~'W m'Ju'J~t:iJ'Wb1' .:Jni1ml:IJt~'W u~ .:J ri1'Wr:1iYm~u1 v 
"' 

~~ 'W m'Ju 'J ~til 'W ~ 1 ni1 ml:IJt ~'W u ~ .:J rl111 f11 f11'JU 'J~til'W ~1:1' .:J l uoJ 'WI~ 'WI Y-l 'Jl~u1111 ~lr~u.:J'Uu.:J 
"' 

Q.l <C:Io \/] 'lil ~ 0 ..:;:::, !V 0 .::S 
1:1''H'J~tli:IJ'Jf11 Uri~ 1:1J 1~'Wlv-1~'1Jtl'l aerosol generated diffuse radiation :IJl'V-l'ill'Jtul ~'VI lf11 'Jf1'flfn 

1'11-rllit'W~'W 1i1 'l'W m:i 'W1! uHm'J nm'Ju~'Uu'J .:Ju111l~lr1u.:J 1'11mm~n1liJ'J~t'VIf1'l'VItJ 
q 

Hellstrom UII ~fl tu~ (2003) l~HlU'Jlln'J:IJ MINSUN 1'Wf11'J~mn~.:JNII'1J'tl'lf1l'Jri.:J~l'W 

m1:1J~el'W (optical) ~t:u b1' :m1&1t'if.:Jml:IJ~m.J 11'lmi.J~ vmVitJ1J'l'W 'J~1J1JUWJof1Jub1' ,nnV1'1lvuu1Jnm ~'ilf1 
~j Cf g) ")' I ..::!1 ~ 4d I Ci V 
ui'IUII ~ ~fl~ uUI'l 1 t1 se lec:i ve material 11>1 tiUH'W~~ flri'W fl1l:IJ'J'tl'W:IJ'fllf11 'J I'll'\ f1~'Wfl1l:IJ 'J tl'W 0. 95 

"' "' 
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~lf11':iUfi'?IUcimJfi111J~cru 0.10 llfl~fhYl'W'fl ':h F' = 1- 0.04U,_ tilr·rhJ1Jml~~-ri.Jll~ ·HnYJI'lcJ 

Nflfll"iftfl'l:llll~'fi.:J 1-M'r?l'U 11 fll':iU-ri.J'll~ .. nt1'UU ':i ~fleJi.J'\1flltl'l riTu ~llJl"itH~:IJU"i ~~'Vi~.f1l'l"l'UeJ.:J 

fll':i~\9li.:~ teflon film i1mvi:u'IJ':l~~'Vi~.f11'1"1l~ 6.7% Uf!~t.l'l~'fli.:~ teflon honeycomb 'il~i1ti!~:IJ 
U':i~~'Yl~JIWl 12.1% nwvh antireflection treatment fl1JN1fl':i~'ilfl'il~ilu l~:IJfl1l:IJ~tl'U':iltitl 6.5% 

" ~IQ) ... I I Ci 91 ~ Q) 0 

fll':iu':i1Ju':i.:IW·rl..J'?l'flfl~'Ufi111J':itl'U fll':i\91\91\91~ teflon honeycomb Ufl~fll':i'Yll antireflection treatment 
• 'U 

I ~ 9J d1i191 
reflector fll'fl1lm'lJl':it:l!'l"l1Jflll1l';fJ'\..l'l-1 91 19.9 - 29.4% 

Medved Ufl~fltu~ (2003) Yilf111~fl'l:Jl':i~Ui.JYi1Jl~tl'U'U'Ul'fl 'lml] ~~m'l"l~ 2.5 u~.:~-ri.J 

,I 91 ~ • ,; 91 91 • 'l o 91"'"' II] 91'191 
u':i~fltll..H'Ulf11J'Yl'Clllfi~'\1:1J\911ti'W'U1'U'fll'Ufll.:l 'k!fll':ifll'U1tu~1'iltl !\91 'b'~l.lfll':i'U'Cl~ Hottel-Whillier-

• 'U 

~ 

Bliss ~·!l'W 

(2.13) 

91 0 Q ~ g,/.<:::).Q.I lrJ 91'191"'"" 
fll':i~':il.:IU1J1J'illfltl.:!'Yll.:lfiUI\9lfl'l~l'l':i Nl'iltJ !91 'b'Tiifll':i finite volume method UTI~ PHOENICS 

'U 

computer code UTI~YJlfll':i\9l':il'C~'Cl1JU1J1J~lfltl.:l\9ll:IJ:IJll'l':i~l'U ISO 9806 ri1'U 2 UTI~ 3 'l"li.Jll 

m':i 'fll'kl1tu 'l ti'm 11.1uli'kl ~1 ti111-r u u~'kl '?191 ni1'W m1 :u~ v 'kiYi 1~1 m 11~ nu TI ~v TI ilrw tJ:ulrlmrm 1m ':i 
'U 'U 

lmH~:IJ~.:J 0.05 kg/s.m
2 

Uf!:;; 0 .08 kg/s.m
2 l'll:l.dh~u fll':ii~:IJeJI'l':ilfll':il'YlTI'ildJ~fiYi'ClU':l:;;iY'Vl~fll'l"l 

9} 3} d 9} d 9 <J}n J Q Q I ~ d ~ J 
'\..! tl tJ 'ill f1 NTI fl1 ':i'Yl 'fl TI tl.:! fill :IJ f111-:J'Utl.:! fl':i 1J 'U tl C.l:IJ ~~ ! '\1u ':i~~'Yl1i .f11YH1' .:1 ~1'\..l fill :IJl ':i1 TI :IJ'Yll '1"1 :JJ 'U'U 

'U 

Q o' ~ 

u ~ .:!tll'Yl\91 tllJ 1 fl'U f1 
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' 
C! n I "'9 V 9 ° " il l'V'l'YI 2.5 m1'~-:Jfll'Ju'J~~f11'1 !'lf..:Jl'W large unglazed solar panel collector !'Wfil'J'Vll'f11l:IJ'JU'W 

"' 111' tl'lH1''J~llCJ1-'h 

Chow !W~ Chan (2004) f1 nmur1 ~l!'f1'J1~rfNrl'UU ·-l'Vlrl'Vll..:Jf11'J'I1'W~U~~tr~ll'l'~'lJ 'lJ'W~'W 
~~ CJ..:J 'UU ~ ur~~ ~ 'lJ u ~ ..:JVlVll'lviw 'UI'II'I U'W M'Uu..:J~'WI'l'1um 'J 1~ m 'J ~1rtU..:J'Vl1..:J 'f1 tUI'Ifl'l~l'l{ ;£ ~'V'l'lJ --l11riu 

"' "1- I "' "' "' 0 I!J " "' "' "'9 ""' "' "' '9 'li'WUN'I u11 1~1'1 ~ 1'WI'Ifl Url ~ :W:IJ:UWCJ~ f3 :S: 30 '\J~ !~'J'lJ'J..:J~ !flrll'f11.J..:Jfl'lJ!::J'EJUN..:J'EJQ !'Wll'W1'J1'lJ 

~~f11'J'\1'U~~~El~U'lJ'lJtftl9l'~'lJ~ ~tr~ ~~~ l'U li'I'J:IJl~~~El~Url ~ nl:IJ'UEJ~tJri1'U l'W li'I'J:IJl~~'Yict~ Url~ 
"' q 

' ' " "' "' '1,.. I ..::::. 9 9) lfJ ~ <l.l Q.l d .::!:!. .::::! CJ Q.l lfJ 9/QJ QJ .::::! .c:t 
~fn'J'Ii'WUVI~ u'Vll..:J'Vlfl' !1'1 l~ 'J 'lJ'J..:J~~'I~~ WU:IJ:IJ!t:lCJ..:J fJ ~'1'\J'W'J ~ ~'lJfll'J !~'J'lJH~'\J~rt~rl..:JUrl~'\J~:IJ 

fl 11lJ !ll'l fl~ 1 ~ l 'W! l~ r1~11 fl''V11..:J lJ 1 fl~'W l 'W fl'J tU 'UU..:J ~1!'i1 ~ CJ'J 1CJtJ !!N..:J ~'EJ Ul 'W!! 'W 1'J 1'lJ'\J ~ tl'l' ~ 'lJ ~ ..:J tr~ ..:J ~~ 
" " q 

CJflll'Wlri'ElJ.J:U azimuth 0° ::; r ::; 90° 1~mrlu r = 45° fn'Jlf.~'lJ~'Ii'1'il~~'l~~~n'El'lJ'V:)fl 'lh'l fJ 1~u 
I I I I I 

I .:::::1 ~~ d .::::1 .:::'j, 4 0 f3 
2 

-0 .;j f3 2 5
0 

0 
Q I I CLI d d lfJ 9JtV 

flll'QM 'J 11.Juu ~ ~'Vl~~~:IJEI y = 5 , = ) l!rl::;!:JJ'EJ = ± 1 '\J~1'! 'lJ ' J1fll'J'I~'Vl!~'J'lJ 

t1l~u-wullr11 !Viu.:~ 1% if1'Y! ~'lJ r-m 'Ut:J ..:J q~ mr1 i-wwWl~U'WllN'I~'lJ!W.:!t:J1Vli'IV'il~ "ll'l'~LJ~ .:~i'1~ ..:J~~ 
1rio r = 83 ° ( '!1-wttJvn:rVIfl'l'l~l'WI'Ifl) ~'V:)fl'Ji1.:~ f3 llfl ~Lowq~m...111 nn'i1'WHN.:!.r'lJll'rt'.:Je:Jllll'l61tJ 

'Vll ~ !fleJ'lJ Vl n1 sKu ~ 119l'~LJ ~.:~i'1 ~ .:~~~ 1~u 16° ::; f3::; 41 ° 
0 dl 

Sopian Url~ fl'ill ~ (2004) 'Vl1f11'Jfl'fl'l:Jl'J~'lJ'lJ non-metallic unglazed solar water heater with 

9) ..:::::. Q.l cl : ~ 
integrated storage system 1~ 1Jl'lf fiberglass reinforced polyester (GFRP) J.l'J:IJli'I'Jtl~!fl'lJ'Wl 329 0\9\'J 

r'l 'lJl11-wl'ml'u.:~r~1uu:ui~ J.ljmruf~trm~u 489 W/m
2 Q'illliJJllJl~..:J~~~vh"ll'l' 62°C ur1~i-wl'-w 

!:IJCJJ:IJlfl ~1lJl'JtiVl1U'ill'lii1lJJ1"ll'l' 40°C 1~1JJ.l~mruf~i'1m~uiJ~1 250 W/m
2 'J~'lJ'lJlJiJ'J~~'Vl]m'V'l 

q <u 

' ' 0 .<:Q Q.l .0::::::. a' I ~ d 

Luminosu, l !rl~ Fara (2004) 'Vl1f11'Jfl'fl1J l 'J~'lJ'lJllN'I'J'lJll~..:JVl'Vli'I1.Jll'lJ'lJllN'W !'V'lU'YI1~~'Vl 

!'YI:!Jl~~:IJ 1-wm'JH.:J1'WI'l'1CJlTif1l'J exergetic analys is Ur1::;f11'J~ 1 0U'I'J~'lJ'lJ 1~uH11l 'JHfn:IJ REX 

0 dt cl t/Q.I QJ lfJ 0 .J d 
'il1f1N0f11H1rlti..:J'J ~ 'lJ'lJ !:IJ U exergy efficiency lJ x tlJ-wVl.:~n'lf'W'\JU..:JUI'I'J 1 f11'J !'Yirl m U'i;'l~ 'V'l'U'Vl'Uti..:J 

0. ' ~ r:/ 0 1$1 ~ lfJ 9) I Q.l .0::::::.~ ~ ~ 
UN·n ·u m H EJ 1lWICJ Ac llrl ~ f1l 'YI 'W~ H Qtl!liJJ:U'U'El'I'\J'El~ !Hrl'\J1!'\J1!'Vl 1 f1'lJQtl!liJJ:JJ~'Ill1~rlU:IJ l!'i;'l~!:IJU 

r~ 'il11 tH 1tl .:] 0 11 ih'lrl'\J EJ.:J i:lu ~u~ nl111'r~ r1~.:~1'iu 111\f 



I 'j) I I 0 

t~l'i-qt~n'LQtJ t::,.T 'il~l'\<~lJ '~thmfl~llieJl'WlJDI'l'Jlfll':il'11fl m 'ri1 TJ :0 /':,.T 'il~fl~W~ Hl'i '7 

ffl'W'rill'l~~~ l'W~mn~ p 'il~!~mn:JJ'U'Wl~'Ua~-Dmlm'J 1 ml1~v11i'Yl'Jl'U ~~~ ~~~ 

2.6 

60 
~ 

0 

~ 
40 

~ 

20 

0 

55 

45 

35 

" 0 

(nl).r=0.78 
c,,=41S5J lq:( 1K -l 

n"' [kg.s-1
] .1 04 

15 +---.----,----r--=-..-"'-----.---r-' 
20 40 so 80 100 120 140 

20 

0 

' 0 

m'V'li12.6 u ];l'~~ml:JJ ir'm'I'W15 'UeJ~ TJ x , TJ, t::,.T, p !lfi~DI'l 'Jlfll'J 1 ml m 

:x llcn 
• p 

t..\T 

0 Q..l 0:::. c/ I 0 I 

2) fll'J'UlW·-I~'J'lJH];l'~eJl'Yl \9\C.J:l.Jl\9\eJeJ\jfl'J:U'ill'Ul'U 1, 2 Hfl~ 3 'J1~ Vl'Ull TJ x 'U:;; 

15 

~~~~ lrlav1an'W~TW1'W 2 'J11'l fl1'Jfll'l'l1~eJ!~:U~l'Wl'Wllrl~f'Ullff~eJTYll'lcJVh'l11' TJ x fll'lfl~l'W'Ulli~~ t::,.T 
' " .0:::::. .dJ 0 I QJ 0 

!Vl:JJ'U'U\9\llJ'ill'WTW collector bl'l'U '7 lli:l~VH'l~~l'U'ill!Vll~'il~fl~fl~ 

Q.l QJ cl ' 
Eisenmann l!J;'l:;;f1ru:;; (2004) '111fll11J];l':JJ'\fil'U'li'UeJ'l collector efficiency factor F 

ll~mrul'ff~ Z 'J:;;CJ~'J:;;wh.rvia W ml:U'I1'Wl'UeJ'll!N'W~~fl~'W 8 'UeJ'll!l'l..:Jfuuff..:Jmvtl'lcJ!l'U'Ul!N'W 
q '" 

ct l , I ~ d & 'l" d , , I ~ 
!'JCJ'Ullfl~!W~'l 'W~1J'UeJ'l nomograph ~~flll'l'Yl 2.7 Clf~llff~~ '\1l'\1'Ull F' = 0.9 ];1'1:JJU111J'J:;;'\1CJ~ 

l];l'~ 11'1 25% l'llC.Jfll'J !~:JJ'J~ti~'J ~'11ll'lvleJI!J;'l~J;'l~f1Jl:JJ'I1'W l'UeJ'll!N'W~~fl~'W 1~t~1l.ivh '111' collector 
q '" 

' ' ' d"i .d1 Q .0::::.. ~ Q../ d. d 9) 9) .CI I 

effic iency factor J;'ll'l fl ~ ll fl ~'ill fl fll'J fl'fl'l:Jlt:l~eJ'Yl 1i VlJ;'l'UeJ'l1J'il'il ti'Yl!fltll'UeJ'l fl'Jl:U flll~ 'Utl'lll 'U l! 'litl:U'Yl eJ 

fl'Ul!N'W~~fl~'Wfnl:IJ~tll.J g 'il~nr~fll'itl collector efficiency factor 1J.Jmm!nHI'ifll'JJ;'l~ir'JJ1h~iY'Yli 
' ' 

fl1'.i'QT,1J!irtJml:u~tJ'W'J l:U U1_ 'U:;;'lhm~:u F' l'li'W!~C.Jln'Ufl1'Jfl~'J:;;tJ:;;'J:;;'I11 1'l vltJ dl'Wfll'J!~:JJm l:JJ 
~ ' 

, C!ct 'l" & l ,I"'"' "''l" '11'Ul'UeJ'lllN'U~~flfl'U:UNfl '11 collector efficiency factor ~~'U'U 'UflUl1J'JCJ'Ul'Ylti'U !:Utl 'li glycol 

~ Q..l ll1 d QJ ;'& lit 1 
I I 

mixture t'U'W\9\'dflfll~ 1'11flll'lJ'lJ'Jl'lJ!'JCJ'lJ (Re= l3 85) fl'IJ'Ul"b'~ 1'11flll'IJ'UU'UU1'U (Re = 3650) Vl'lJ'dlflU 

Tuk
Rectangle

Tuk
Rectangle
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1/w [m·1] {= tube[loogth I A.t>s) 

' 
16 14 12 ~1 10 9 8 7 6 5 

w(cml 

& .I "'l" c:i "'"' • 'i o Kalogirou Ufl ~ fiU!~ (2004) ft'f1EJlf11'JlJ'J~~f1~ "lH!~-l!f11J'J-:11'1'U1J1JU~'U !~!'Jf11'J'illfltl-:J 

'J :i;1J1JI'l'1!'J 1 D'J!! m:u TRNSYS ':i:i;1J1J f11':i'l1lJ'Ull!'J'UlhU'WU1J1J active system !!fl :i; f11':itJl'V'I~-:J-:Jl'U '1LJ 

'HtU'UUUU indirect l~!'Jf11'J''H heat exchanger !!~-:1!~1J~-:Jir~Yilf11'J'flf1EJ1U 4 ti.J::um1-:~if (a) 

black collector a = 0.95 , & = 0.1 (b) color collector a= 0.85, & = 0.1 (c) black collector 

0 I ~ CV .c::::i 

a= 0.95 , & = 0.9 (d) color collector a= 0.95, & = 0.9 ~flf11':i'illl:lt!-:J':i:i;1J1J'V-l1J11 !!~-:l!f11J':i-:11'1' 

"litJ~ir (colo r collector) 'il:i;UD'J':;;ir'Yl~ill'V'I~lf1ll"litJ~ir~l Ufl:i;fl1l:IJ!!~f11'il-:!'1Jtl-l'V'I~-:J-:Jl'U~ll'l'V'-l 

~'W nu fi11:1Jjj~'lJt!-:JiY\9l' 1!'J ~111~uwm~u ~-:~il"!iiJ~ir~-:~u~lf11':i~~ n~'W ~-:~ iriJ1'Wnm-:~ (absorptivity) 

o.ss'l~'V'I~-l-:Jl'W'!!ewn11"litJ~ir~17-18% 'l'W 3 !~t!-l~Yllf11':i!D~uutViuu 

16 

" 
Xiaowu !!fl:i; Ben (2004) Yllf11':iltml:;;th:;;uunnvht'l11't!'W~l'l1~1JD1'W~mnflu 1~uH' 

" d o'') \iJ c:. o' ') I . ~~ I Ill " I 

f1lJ'UtlllbHJ\l'UtN!'YltJJ' !:IJ !~'U1:1Jfli:1' !~!'JUU\Im~U1'Wf11Hltln!lJ'U 3 m~U1'Uf11'HJtJU !~lin conversion 

' ., "' 
procedure . utilization procedure !lfl:i; recycling procedure ~-:Jill'V'I'Yl 2.8 
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the sun (conversion procedure) 

Eu ER 
(Em) , (ExR) + 

EL col! ector (utilization procedure) 

(D ju) Dku 

Eo 

(Exo) ~, 

§; storing barrel (recycling procedure) 

(D jR) DkR 

I 

' v 

ill'V'Ill 2.8 m~11l'W m':l ri1ml1m1 :ll ~t:J'W 1m ~1111 fn:rvh'Wl~e:n.J~-:wut;Y :.n:nn\91 iJ 

~ ~ ~ 
CJJ'-:JlJ(;1'lJf11':l exergy balance 'fHl 

(2.14) 

E,,, = Di11 + Ex~o + E,11 + Dk11 (2. 15) 

.:!1 I g) Q.J <=:::!. r/ Q.l cl : 'J) 

'ill f) f11 ':l 'fYf11ll'V'l11ll f11 H'llJW-1-:J ':l11ll 1;1' 'l tlll11'l llUI:l~tl 'l!f111'Wl~l lll'l 'W l'Wll11 Uli ':l ':ill~ 1 t:!Jmm':l tl . 
' v 

d d Q Ll 'J) ..:::5 Q.l .c::. I 'J) 

'\11:lf1ll:lll'lf11':l!f1~ exergy losses ~ 'Wtlf1'\llf1'W exergy losses ll'ltf1~'\llf)fn~11l'Wf11':ltllml1f1llll':ltl'W 

ll1111~t:l'U n~11 1:U1~1 'Ull~-:J111LW -:Jtl1Vl\91U (DkJ ~'lt~'Wml'YII'J'H~ n~l1111i'Ln~m -:J<U'11Lf1~t:l'U (driving 

force) ~'W 1 m~1111 l'U'\Jt\A~~ exergy losses ll1111~tl'U f1~11 1:iJ'1~1 'U\;1-:JLnm.fl~'llfl~'\ll f1f11':lvWlJ'\Jtl nf1 

~f;ltl! '\1 .fJlJ~l'l n'Wihh ~ 1ll'l511' 1! eJ ll f11':ltltl ntl1111i1-:Jtnmf11 t1'iJ exergy losses (Dkli ) ~1'\l~'lhmih 1'11' 

exergy efficiency ~~'Ul~lJlf) '\llflr-11:lf11':ll1~1:ltl'l exergy effic iency 'il~'Q'l!rieJ':l~ll~':l~WJHvltl (w) 

u1:1~~mh~iYt1i m':l 'QqJ!irm'nl:u~eJ'W':l 1:u (uJ ~1 u1:1~~'1'11 m':l flmn1'11'f1lu'U~th:ll':l~ll~':l~'l1ll-:J 
v ' 

viam':la v':l~'lill'l 5-I o em u1:1~!11'Hm~'\l nu~2i''Wlm~ t'U m wflmm:!Jm:Jm:u11 energyeffic iency 
'" 

El. 
·7=-' 

Eu 
(2.16) 
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'7 =E.,,: 
X E 

XII 

(2.17) 

1 ~ .J d I d. I Q..l I 

~tl 'l x = 0.77% 'UU!:i;'Yl lJ = 15.1 % 'li\I:IJ'fll'Y11!1'1fll'll.:Jf1~lJl f1 fll !J x 

~~~')' (E,,) u~l'WJ":i;~'U~~1lJlf1 

2.2.2 m-a'rlwrn:J.Jt~'W 

Hamza u~:;;'flru:;:; (1995) fff1'l:J1J":i;'U'U f11 J"Vl1fi1 1:1J!B'W 1~tif11J"U~5'\I~l'WJ":i;'UUI1J~ 

1 9,:11]" 1"' "'cl" ' 0 cl <k~l"'" 
~tl ~'M'W1 ~'M~I'l'Jtll!J\1 'UJ.Jtn\l'il1f1t1\l!f1'UI'li'W'U'W~1'WL!~\I'Y11fn1:J.JW'W '11\lul'l'Yl'UYI'Jtl pol yethylene 

11'1 tJffmJ 1 ~\1 ~~ 'Ur:l \1 B\01 11 f111 i 'M ~ f11 J"D <n'M~ tJ1JI'l 'Ur:l\1 il\lt~mf1u ~:;; ~~'UeJ\I'flJ1:1J'M'U 1'UeJ\I polyethylene 

~tl ffm:; tl'W:i;'Utl\1 1 :;;uu 11'1 uiim:~.nh :;;-ff'Yl ~ fll'V'l'UrJ\IU~\IVi1m1:1JtV'W i1~u TII'l ff1'W 'Uu\lrl 1 'V'l~\l\ll'W~ 

~1'1~\I'UtJ\I'UrJ\1 l'M~~tl'V'l~.:J\1 1'W~ffllll~ti'Utl\IL!~\IVl1'flJ 1 lJ!V'W l'WeJI'l:IJ'fl~ ~\llff'Wtl1~tJ Kimball ( 1985) 
"' " q 

'V'l'Ul1 trim~:IJBI'IJ"1f11J"lrYmh:;;ir'Yl~.fll'V'l'il:i;t~:IJ~'W'u'Wm:;;~\IBm 1f11 J"l'M~l'Yhnu 17 kg/m~ h 

1.h :;;ir'Yl ifl 1'V'l 'il :;;~ ~'~ ~'~ u ~:;; 1 'W mill~ il\1! ~1JJ1~111 f u~1uJ11oUTdw·l\IVl 1m1:1J tV'Wt1ll'lrim 1 mmr1 
"' "' 

~ ~ 

'il :;;~ 'l.l 'J:;;ir'Yl ~ fll'V'l ~ ni1 mt\111 l'lil\lt~ m! tl!J 11~~-u'm ~u~m.'l1m 'il 'i!:;;ffnil 1 nu l:l:;;lll'rJ\1 ~~ J.J'U 1'li<n t 'litJ'il1 n 

f11 'J 'J:i;!'M tJ ~111fu ~l:l'UeJ\I'flJ 1l.J 'M'Wl'Utl\IL!~'W polyethylene 'V'l'Ul1 f11 n'll'l'flJ1l.J'M'W1'il:i;'lhtJ111''J:;;U'U 

il'1m1lJ!V'Wl~l.l~'W ml1\l i 'J ~l'lll.lfll'JH polyethylene ~'Ul\l'il:;;Vi1111'tn<nm1J.Jl~tl'l11tl'il1f1m:;;Hffl:ll.l 
il'1~1tl 

Mihalakakou u~:;;f!ru:;; (1998) Vl1f11J"fff1'l:Jl'fl1 1 l.Jl~'W i ilis>1''UrJ\IJ":i;'U'Ul11m1l.l!V'U 

t~v Hi! 'W m1'l.l full~ \IBl'fll'J 1n1 11'ltJl ~L!~\1Vl1'fl11l.ltV'Wu uu h11:;; ri1nu'l.l~~'l.l~tl tJ'fl11l.lfu'W 0.9 

'U'W11'l 14m x 7 m 1ll'll'11ti polyethylene ~l.l~'W1'W'I'11m 1l.l!V'Wll1'n'Umf11f111'ltJH'Yr<nr~l.l~~mfllf1 
I 9) I 0 d 9) d .dl I 9 9) 

Nl'WI'l1'\.J m\I'UrJ\IL!~.:J'Y11'flJ1:1JW'W~1tl'flJ1l.J!11 2.5 m/s 'il1f1~l:lfll'Jf1f1'l:J1'V'l'U11J":;;'U'Uff1lJl'Jt1 ~'li fn1:1J 

0 II] " ' . .,g 2 9 .. " .!:! ' 9 .,g 2 9 .. .d;,. 
W'W !l'lJ":i;'M11\I 29.7 tl.:J 55.8 Wh/m ~'W'fl'W'Yltl.:!1"11L!'ill.J ~ffL!~:;; 26.7 11\1 44.9 Wh/m ~'Wfl'U'Yll.J!J.J~J.Jlf1 

o <!i = "' <k ~I 
Al-Nimr l!l:l:i;'flU!:i; (1998) 'Y11f11J"f1f1'l:J11!'flJ 1:;;rY'J:;;'U'U radiative cooling '11\l!u'W'J:;;'U'U 

~I " I 9) 0 cl 0 'j) d 2 d 0 31 .d. I ?I 
1JI'l 1J'J:i;f1eJ'UI'l1tl U~\I'Y11'fl1 1l.J W'W'Ylll'l1!J!'M~ f1'U'W11'l 1500x400mm 'Y11ffl'll'VIJ.J~ 'W 1'\.Jl!l:l:;;J.Ju~'\.JlJI'l 

q 

polyethylene 'M'W1 40 JLm il\lt~'UJ1'U'W1 '?1 120 i11'11 ~l.J~'W1'Wl'VtrJtD~ti'U!YitJ'Url'Ull'U'U~ 1 l:lrJ\I 
fltUI'Ifllff\911 'V'l'Ul 1 ~U\911 1f111 i 'M~ 0.00002 kg/s.m 

2 
'QUI 'M.fJil'IJ1tltlf1'1Jtl\IJ1'il:i;~l'l~\ltJC]l\I'J11'l!~1 l'W 

'1f1\lm n u1:1 :;;trlu Bl'l 11 m1 i 11~~ 1 'il:i;ff1l.l11 t1~1'lrJU!'M .fliJ 'IJ1tltl n iJlm f1f1l1BI'I 11m 1 i 'Vi~ ff \1 11~t1'm 1 
q "' "' 

m 1 i 11~ i~~ ~~~tl mJ"ff:i;ffJ.Jm1l.ltv'W 1'Wil\lt~ 'UJ1 J":;;'U'U~ nrJfff1\I ~'Wff1l.Jl J"t1~~'~tlru 11 .fliJiJi' 15 ·c 
q "' 

l'W I ~'W mv11ll'ffm'V'lBlf11f1 spring weather condition 'IJeJ\I!:iJu\1 Irbid-Jordan (latitude 32.5.N 

longitude 35.5,E) 
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0 d< = ,; 1 191 ~ 
Erell u~:::: Etzion (1999) 'Vllfll':if1'f1EJ1U~::::Jlfl'.ll::::rl'J::::Uu radiativ_e cooling \>HJ 'l5Uvi.:J'JU 

UrY .:HHYl\91VU'UUHPhJ rrh:muu ~l~D.:Jfltll\91f1'1~\91{'Ulf1&'1':1Jf1l':i rll'HfU111f11':i m::::'illU'UD.:JDt\1 '11 fliJlw 
q " 

Ql Q cJ'dl i I ~ 
UN.:J'JUU&'1'\JDlv11'1UCJf.:JW'WD !I'HJ Duffie u~:;:: Beckmen u~ :::: ~:!Jf11':i'UD.:J S:<:fan-Boltzmann v~U'Jll:IJD 

l~:IJ1:Y:IJ1h::::tr'VllfnnrYUJliYUml:IJ~D'I.J':iTIJ (overall heat loss coefficient) vllt'li'th::::tr'VlTI.flWI'UD\lfl~U 
" u 

(fin efficiency) ~I'm~ l'W'YJ f1'i'nl:IJ f1ll.:J'UD.:Jfl~U l'Wf1':itU tJill'Yl JJi'l~ .:Jl!JI'l~D:IJ~lf1l1UN.:Jvllfl'Jl:IJ!~'W 

fl~U ~ JJ'lh ::::tr'Vl TI fll'W &'1' .:J 'U::::'liJUl 'li'1h ::::tr'Vl TI fll'W 'UD.:JUN.:Jvllflll :IJl~'W ~ ~'W Ui:l:::: l 'W f1':i tU t:lt\!'11 fl:lJ 
" q " 

~ ~ I 0 cl I 0 cl 'j) c:$_ ~ & ~ 
&'1' .:JU'JI'li:lt:J:!Jr;;r .:Jf1JlllN.:J'Vll'i'nl:IJW'W 'WU'JlUN.:J'Vllflll:IJW'W ffl:IJl':itll'\1 flll:IJW'Wl'W :IJ'U'WlJJe:J 

1h::::tr'VlTifll'\AI'Ut:J.:J fl~'Ul~:IJ~'W 'D'W m::::~.:Jt:Jru'\1 fliJ~.:Jlnl'l~enJb1' -mllllN.:JvllmTIJl~'W 3 • c 1h::::i1v1fim'W 
q " " 

.<:::! d J .<:::! 9V o cl Cl.l 91 91 o cl 
'Ut:l.:Jfi'.JU'Vlr;;r.:J'U'W'U:::::IJNJ:l !'VillN.:J'Vll'i'nl:IJW'W':i"Uflll:IJ':it:l'Wl'Ul:IJlU'Vl'W (llN.:Jrll'i'nl:IJW'W'IJ'Wl\>1 1 mx2.5 m 

tJill'VIJ;)iJ'Ull<t'l'Ut:J.:JiJ'Jf1i:ll.:J 23 ·c eJ\91':ilf11':il'Vii:l 0.03 kg/s nmh::::tr'Vlif11':i1:J:'L\iliYUm l JJ~t:J'W':i'J:IJ (U,J 

15 W/m
2° C sky temperature depression 15 ·c) r11'VIf'UNJ:l'Ut:l\lf11'Jl~:IJeJ\91'Jlf11'Jl'Vii:lvlllri'tJU!'Yl.!JiJ'Ul 

ut:J f1'Uu .:J UN.:J vllm l:IJ!V'Wl~ :1J ~'W 'Uill::::l~ tn tl'Wvlll ti' ~ru 'Vi fllJ!ll ~ ti'Ut:J.:Jl!N.:Jvllflll :J l~'Wl~ :IJ~'W lli:l:::: 
q " 

eJ\91Jlf11':ivllflll:IJlU'W'\l::::l~:IJl'WeJ\91':il~i:ll'li:l.:J l'Wf11':i'Vl\>li:lt:J.:Jl'Ytt:ll1\>1&'1't:JU&'1'111J$1~1'W Erelllli:l:::: Etzion 

l~vllf11':i'Vl\>li:lt:l.:J!U~t1Ul'Yitiu ':i::::'Vi'Jl.:JllN.:Jvll'i'nl:IJ!V'W 3 llUUflu (A) llN.:Jfull~\lt:llYllllVUUU Lordan 

LSC-F 'U'Wl\>1 2.18m x !.26m l~JJm::::'Df1DI'l (B) l'VilJD'WtlU A lll'ilt:ll'W'WTW~l'W'Vi~.:Jt:lt:lf1 (C) l!N.:Jfu 

Q if .J ~ Q.l I ~ .c:! · ~ Q.l I 

llr1'.:JDl'Vl\91tlllUU chromagen CR-1 2 CJf.:Jl'VIJJD'Wf11JUUU LSC-F ll\91lv~JJmu'l'Wll'Ul\91.:J'innm_Hl 'W'J'Vlt:J 

~f1EJ1U::::l~ en flU 'Vi lJ'mf1lu 'J tlU'W~ Ui:l::::l~lJi.:Jm::::'Uf1UJ:l::::U'W TU 'WUlllriuuru 'Vi fliJt:llf11f1'll~:IJ~'W 
q " 

I 'J) I I 'J) I 

Vt\!'YlfllJ'Ult:JVf1'UV.:J'IJV.:Jl'Y!i:l'UV.:J C tVJ:IJ:;j'U:IJlf1VirYI'l bt'J'U A tr'1lJ:;i'Wt!uvVirYI'l 
q 'U q q 

Al-Nimr ul:l::::flru:::: (1999) 1~v11m':iftf1Ellf11Tnlml:W!V'W ll'ltlill'll!Ui:l.:J'J::::uu 

Australian cooling system ll'ltiHJll~'Wil'Jf1i:ll.:J 1 'U f1l':i~ltll'Vlfl'Jl:IJ~t:J'Wll'Vl'Wt:llf11f1' 'WUlll'W 'J::::uuil\>1 

V\91 ':i lf11':i 1 'Vi~ !~]J Ni:ll'iuml:IJ!V'W~ l~trlu'Du m::::u'J'Wf11'J ul'iu::::JJNJ:ll'iu':i::::Uutill'lu cJl.:J1llf1 rl111fu 

f11':il~:IJ~'W~'UV.:JUN\lvll'i'nl:IJ!U'W cll'ltil~lU~ti'W'U'Wl\>l'Ut:l.:J packed bed storage tank) 'J::::UU!D\>lu::::'lti' 

v\91 J lm':ivllmlJJl~'U~~:w~'Wmn ul'i'd ::::uuill'l:u::::t~:JJ'l 'WVml~tJvtlm ul:l:::::;::::uuill'l1 'li'al'l':ilm':iv11 

m1 :IJ!V'W rr .:J n-J1 'J ::::uutill'ltrlv~'W ~~vi 1 n'W 
'" 

di ~ .% S) 0 d .J 0 I .% Ql 

CJi.:JVlf1lf1":it:l'Wlli:l::::'lf'W ll'l UL 'lfllN\l'Vll'i'nl:IJW'WCJf.:J'Vll'Ulf1l!N'W !J:lYJ::::ltJ:l::::m::::tUD.:J'Vii:l\lfll CPAC Moneir 

ll'lUrY~l.:Jl'W 4 tUllUU fiv (a) m::::rd'u.:J'Vi~.:Jfll CPAC Moneir Dl'lrl'U~'JtiUvh.J h'VI:::: ~.:J'VlliY'lll'J (b) 
'J) ')I 'J) 'J) 
~ Cl.J .<:::! .:!! 0..1 do ')) .tt 

m::::tuu.:J'Vii:l.:Jfll CPAC Moneir 'Vll~'Ul'J (c) m::::!Ut:l.:J'Vii:l.:Jfll CPAC Moneir ~'Wl\91ll:ll'U:IJ (d) m::::lUV.:J 

m\.:Jm CPAC Moneir 'J l .:JrlU~'Jtl Gypsum board u~::::'if'UU'Ub'\l'l'Jl.:JrlU~'JtlllH'W li:l::::llUUlJJ:lt:l'W 'VlliY 

'lll'J ll'lti'Vll'lrYuumv1~~m1::::mmf1'Yi'u.:Jvh 1 u i .:J Y!v ,rvh1Jwcmti:l::::N'W1>1 n 'WUllllN.:Jvllm l :IJt~'W 

~l:IJl':J tlf!l'lt:Jtl!Yl fl:iJII'l'~ l n111J':i ':i tllmfl'J::::'Vi'Jl.:J 1-6 oc l'U ~m'Wv 1 f11f1'YJe:m~11 u i .:J llfi~JJWCJ.J 
q "' 
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'J) 

0 0 cl cl.::::i I I 0 ~ 1) I Q.J .d.d 

'W llJ tumrtll'flJlJJW'W rw YJ~Yl u ffm 1 r:rw :::: 'Uu.:J 1::::'\J'U u~::::l"llJll flWYll'flJl:JJW'WI'l lCJ nu ur-11 .:Jff:JJ 

'flJllJ1~'W 1tl'l~~ ~ 1 'W t]~li'W 11 

0 .:!/ -=:. d' 

Erell 1lb1:::: Etzion (2000) Vllfll':ifl'fl'fllU~::::11ml::::'Y!fll':ie:Je:JflU'U'U nocturnal cooling 

.d'lvll]v cl 1 'lv"' """'civ "* o "' radiator l'\I'W 'Y! 11'lfldl:JJW'Wff.:Jffl'l 11'1CJ 'lfUYJ.:J)'lJUff.:Je:Jl'Yl\9WCJ'Y!e:J Heliocoil95.::DuflU'U'U1Jlfflli':i'UflU 
'U ' 

o:91 .do v 31 • d' 9 
Vll'Wl)e:J'U 95-:J'Ylll'llCJ polypropylene tube lff'WYll~'WCJflm.:JfllCJ'WeJflll~::::mCJ 1'W 6 u~:::: 4.5 mm 

0 Q.l I I I 9) I 

m:JJml'l'U ):::;CJ::::'Y!l.:J)::::'Y!ll~'YlD 10 mm CJll 2.3 m 'fiT"!lJfldl.:J)l:JJ 1.2 m u~::::'fll infra red emissive 

.J . Q,.l~ c:; ~ 'J) d OJ ~ ~ 0 OJ 

0.95 95 .:lfJU! ff:JJ'U\91'Yl.:J'Y! :JJ l'l'W 1 fl ~ l 'fiCJ.:J fl'U Yl~'ill fl fl1 111m l::::'Y! FlUDD flU 'U'Ufflli) 'lJ )::::'lJ'U radiative 

.::2 0 c:::: lf] '3).:!1 ' .d 0 

cooling 'll'.:Jffl:JJl)tl'Yll'flll:JJW'U ll'ltl.:J 90 W/m- 'Vl mean sky depression 12.2 C 

Haddad u~::::fltu:::: (2000) ui''UU~.:J)::::'lJ'Ufl5'WJl~lCJ!lff.:JD1Yl\91Vll'l(;Hh::::'U'UflWVll 
cl 1 •"' ""ci . 1 v o ~ "* 9 v :;J1 

'fldl:JJW'W tl'lCJfll)UYJ).:Jff'Ylu)::::flD'UI'llCJUYJ.:J'Yll'flll:JJ!CJ'Wll~:::: packed bed storage tank 'll'.:J t'!Hu'W 

cl dtljl IQ.Jo:::!G] .d d 9 
external condenser 'flll:JJW'W'Yl l'l'illflfll)UYJ':i.:Jff I'W I'Hl'Wflm.:J'fi'W'il :::: \]fl1fl'U Ill packed bed storage tank 

" ' ' 
1'WI11eJ'W flm.:Jl'W 1mhvh::::mCJ'il l fl solar still 'il::::\J fl~l'l!.u'l~ packed bed storage tank VleJ~r;); .:J fl ':hu~:::: 

~w 'Y! .!Jil~l~lCJH) .:J~DCJI'l11111ll1i':iHJ'lfl~ u~::::n5'WI'llfllCJl'W storage tank .u'e:J~'UeJ.:J':l::::'U'Uiffiu 
.<:::). ~ .J I ...::::! ~ I 

a) e:JW'Y!fllJ'UeJ~m :::: 'ilflul'l solar still 'il :::: ~l'l~.:J'll'.:J'il::::'Jf1tl~l'lfll':iffUJ1fftl'fl1lmeJ'WYll'Wfl':i::::'ilfl 
q cu Qj u 

lDu~ :::: DW'Y! niJmtl l 'W'UeJ.:J solar still 'il :::: ~l'l~.:J~.:J'il:::: 'JhCJ~I'lfll)ffUJliYtiml:JJ~D'W 'ill fl lDtll 
q ~ ~ u 

" 
packed bed storage tank vh1t1umlfll)'flJ'lJH1J'W~~'W 

~d c'i.ci'3J dt 0 

Armenta u~::::fltu:::: (2003) lff'WDT!ifllm~::::lmD.:J:JJD\91'WU'U'U !'V'lDfll':ifll'W1W'Y!lfll':i 

uN1.:J ih:::: ·wh:rrl'lt~ 2 ~'W~~lCJ!l~::::iiml:JJul.J'Wtll 'W D fl'illmf'W u.:Jffl:JJl':i t~1 ~ril'W ltlml DW 'Y! niJV1D.:JYh 
q q 'U 

I ,.. I .. f I Q.l Q.l lf] 'j} 0 QJ Ci ~ 9) ... f 9) I 

Clear sky index u~ :::: 'fllfll)ur11'lur1Dti'V'l~'l.:Jl'W'UD'll\91\)ll'l fflli)'lJ!fnD.:J:JJt:l\91'WU'U'lJu)::::flD'UI'l1tlflr1e:J'l 

" 'V'lmff~ fl':iU'Yl) 'lfl':i :::: 'UD fl t1JJ~ltl'il 'W l'W flltll'Wm':i'ilthm::::'UI'l~11'1 'l'J1'mTIJ~D'W ut\111-:J'Vl'U~lCJ 
'U q q 

uN'U'YlD.:Jul'l.:J~miY\911 miJD~'W llu 3o t'll''W~t:JJm ~~'WuN'WD::::~:!Jir:JJmiYI'11~'W)U!~'Wml'lfflm)t~1Jf'U 
'U 'U 

~w liSJinl'ltlfll :i ~~ ~-nflu~.:J'Y!~mfll~'W~'l ill ~.:Jff:JJ:JJ~ill~'W Sky plate l'W fll)ril'WlW 'Y!lfll)UN1-:JiY 

'fldl:JJ ~D'W Nl<D' tl l ~'11 ~ flfll) 'VI~ .:J .:J l'W )l:IJ~ ~ 1 tl l 'J1' 'UI'l r111'll vl lfl'U'V'l ~ .:J.:J l'W ~ffilll iYti'ill fl fll':itJl flU '\I'll 
'U 'U u 

I I )I " I 

'V'l~.:J.:JltrYi~lv'l'\1' n'Ut'fl~e:J.:JI'i''Wu 'U'UtJDvni1 5% 1'1-:Ju flljfii'Jfll)tJlu~::::m)'V'llml:JJ~D'W 'il::::vh 'l'11'YJ~Vi 
lf] 9/.<:::t 1 0 J o ~d ~ .cf d 0 'l g/1 < 

!l'l:IJ'flll:IJU:IJ'Wtll:!Jlfl'U'W l'Wfll)'U111ifll)Hfl::::lmD.:J:IJD'Yl'Wllff'WD:JJ1 'If 'Wfll)'Y!l'fll Clear sky index 

J. 9) d I & lfJ g./QJ d Q.l .d 0 OJ Q.l .d Q.l .<::1 

tmD.:JI'l'WU'U'U'il::::tl fl11.:J l'W'Yl) JJ'll'.:J'il:::: tl'l':i'Ul'V'l CJ.:J) .:Jffm::::'il ltl u~::::m fl1)11'11.:J ffm .:Ju~::::) .:Jffm::::'illtl 
'U 

trlmu~ti'U!ViU'U~l Clear sky index ~l~ulflfll':i'Yll'lf!D.:JU"t1::::'illflflljfil'Wltlll!'U'Uff:JJfl11~.:Jl~:lJ 
(Classical method) 'V'l'UlllJflll:IJ~~'V'lm~u':i:::::IJltl! 5% 



Auttapol u~~'flru:;; (2003) ftf1'l:ll'flll:JJtlJ'W'hJ!~'UtJ ·n:;;lJU night radiative cooling 1Yit1 

r'\m'W~ lM'uv.~ .nhrr-:Jl:JJt~'WiJ'U'Wl"l 15 m" 'Vllff'llll l:JuN'W fl'W(;llJ~v111llf1l!v-hwi:~ilru v:u1 ~~llJ nlJ 
'U 

'JI I I 'JI 

5-:Jt~m11 'U'Wl~ o.o8 ll&l~ o.os m
3 Vi~hH'll'i'~t.~'l'W~.:Jrr1m:!fv.::·)lV~1vi~~l&1B.:J':i~uutVi-crvhth~'W 

rlTM ~lJ m )U ~mn mrr'l 'W '11' tJ .:JVl n 'l 'W nn ~ l&lB.:J':i~uu l~'ff:u:u~'l '11' J1~ nr:ru 'il 1 tl'fl -u tl~l~'W ii-uw. 11 .flil 
• 'U 

" rvi 1 nlJlJn til mrr rm'Ul n m ':i trtlflll'I1Jll 'lw~-v'W i'W 1lfllJ i:1-:Jt~eJ'W m f1f.Jl'fl:umm ':i t~v1lf.1W.Y'I .uilu 1 

~~~ 14.5 -22°C l'?itll~eJ'WlJ'WlfllJf:1-:Jt~eJ'Wl:Ufllti'W'ffl1Jl':iflv11vU!Y'J .fliJJll~~ 16-18° C Y'J~tJ~ltlll 
• 'U 

0 ,g.,.., 'l 0 ~ 'l "'"' lJ))Vltllfl' 8-10 C CJf.:J:Ufl'tlV.flll'l 'Wtll':i'Vllfl1l:UW'W 'WY'J'Wl':ieJ'W 

i Q.l .. I o v v ~ ,& o 9) 

unglazed radiative cooling system ~tl~~l!lJM'U lf1J :;; 1J1J'Vllfl1l:U'S'eJ'U~1tll l'ff .:J'Vl'I-1Yltl9f .:Jl11'?11t! 

modified black polyphenylenoxid (PPO)resin 'U'Ul~ 255cm X 60 em tm~H clay granulates,LECA® 

.-.I .<::::\ 0 d I Q.l .. 1 Q 
lJ'S' ~lJlUI 1 m/s tJW.Y'J.fl:U'VltllfT'.fllti'Utltl !!~:;; UN.:J'Vllfl1l:UW'WU~f1\9ll.:Jf1'UlJ'S'~1JlW. I 0 C llr;1~'S'~1JU 

• 'U 

'UUL~t~v1 n'U 111m ~mi~) Tth'W rf'U~'Uv.:Jur~.:Jv1lml:ut~'U 'fi-vu~ mm 'lltJ.:J 5 ~1RuJ1 -s- :;;1J1J R'ff1m-s- u'l-11 

fnllJl~'U ~~~~:U~'U 
Dvbson ll&l~fiW.~ (2003) v1ltll)fttl'l:llfiW. r:r tlflW. ~l~.:JU'ff ~l!&l~ l m .:J'ff~l.:J'Utl~W·l'UVJ~:u . 

.JQ.Io .& ~ dd 
1:'f'l)m\9ll'Ul (PbS IW~ PbSe) 9f.:Jlflrltl1J1J'UPolyethylene foil l!rl~ Pigmented shield 'Vll~'S'ti:U'illtlnl'S' 

CJ 'J} Q.l I Q,IQ ..:::::., .J CJ 9) 

r!'fflJ ZnS Y'IHJ ZnO I'Ulf11J Polyethylene l'I1J1lfJW.'ff:U1J~l'lf.:Jll1:'f'.:J'UtJ.:J Polyethylene foil 9f.:Jlflrltl1J~1tl 

PbS llrl~ PbSe ~B'U olll.:J'il~lllh ~'U\9lllJl'll)liJti91B{~'l i''l'Wfll)'\'l~rltJ~ mh.:J l ':i ~\9\l:l..Jiri-uiJm':i l\91~ ti}J 

l!N'WYl~:JJ~iJe)l91-s-ld1'U'UtJ~ metal ion 'ff.:J l!r;l~tJU!Y'Ji1il'!'U'lfJ.:J 20-30°C llN'U~l~.IJ'il~rifiW.'ff:I.J'lJ~tleJ:lJl11' cu q 'U q 

.:9 d .d if 'j) ClJ 0 cl <I) IQ.I d I 

9f.:J:Ufl1l:IJI'Y!:IJ:;;'ff:IJ'Vl'il:;;U -s-:;;~f)\91 l'lf~l'U f11J -s-:;;1J1Jtll'S''Vllfl1l:IJW'U ~~ tltll':il!V-I:i .:J1:'1' 'ff1'U Pigmented shield 

m':id.:JNl'Ur1ffU'WVhlt':i~'l'U'Jh.:J 8-13 l:JJmtJ'U mi'l'WitlW.cvll'lv'li'~.:J ZnS ll&l~ ZnO i~v ZnS 1i~1 
'U 

tll':id.:JNl'U 0.64 ri1'Wtll':iri.:JNl'Wl'U'lf1-:Jll'ff.:JB1YlAV ZnS 'iJ~iJ~ltll'S'ri~Nl'U~ltlll ZnO ~.:Jnnri.:JNl'U 

~~ltlll'lJtJ.:J ZnS tiJ'UN&llJl 'illtl~l tll'S''ff~YltJ'U ~~tlll ~.:JtiJ'UfJW.1:'1'lJ1J~~~tJ.:Jtll) l'U nl':i tll)v1lfnl}J 

l~'U l~tlf1l',il!N~~i'Y 'Utltl'illmf.w Dobson V.:Jv1ltll'S'fttlfllN~'UtJ~tll'S'lfi~'VlJ PbS ri.:JlJ'U ZnS l!&l:;; ZnO 

0 ,:g l Ql'j) 1 "'d ' 
Pigmented shie ld 'Vlltll'S'fl'f1fll i~V Pigmented shield Y'J'Ul'Ul'l11l!1:'f'.:J ~ti~H!W~'l1'W'l1'Ul!'ff~ l'I1J11 

m-s-ri.:JNl'U~.:JffU'W'\'~)ll':i~l'W'lf1-:J 8-13 '1:umtJ'U r\~&1-:Jt~m!eJtJ~.:J ZnS tm:;; ZnO Pigmented shield ul'i 

tll)ri.:JNl'Ull'ff.:J'UlYJ\'lUr!~'tl.:JtlcJl.:JlJltl l~tJl'ViV1JrllJ ZnS tm:::; ZnO Pigmented shield ~1:iJ1~1fl~tJlJI'11tl 
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uvi~'UtlU~rfVIl.:Jfn'J'Ii'W '1Hl.:J!tri'U shield ~ltl 'VfJl.:Jl'J0\9ll:JJ'I"lU11 fn'Jl'fl~tlU PbS t;l.:JU'U ZnS U"~ ZnO 

Pi ~men ted shie ld iJ'fltlHY:JJD~~~bl'l'll'Ufll':i'l'1B.:J tl'Uitbl' .:JtllYli'IU 
- q q 

£2 I QJ d. 'J} I Q.l I Q.l 

Oliveti lW~'flt\A::; (2003) fl'fllllf11'JUrl'J.:Jbl''fl1l:JJ'Jtl'U'J::;111l.:J11(;l.:JfllU'UUUH'U'Jl'UrlU 

Yltl.:J yj ll 'U bl' fll'l"l ell fnfl'~ U\?1 flvil.:J tl'U l Y1B11lrllff:JJ'lJ ':l ::;~'Vlfnn uri~ .:J ff W;'l~l'l ':l l'ilbl'tlU'fl1l:JJ!t:lJ'U eh 
' ~ 

'Utl.:J fll'j fll'W 1ru 5m 1 fn'j uri~ .:1 ffd1mY'ml 'j~~'Vl ~ fn'j ttri~ .:Jfffll'Ulru 'illflbl':JJ fll'j 

h,. = c 1cr(T,4 - T,1v )!(T, - T,ky )triB T, fltlf.Jtl!11lJil'UB.:J111A'.:Jm11'lvnnth~:JJlru'fh~ru11JJilYltJ.:JY11 

'illflnlJfn'j G1 = crT,~.v triB G1 fltl~.:JffB'W'Vhlt':ll'l~Hri'illflYltl.:JVh lW~~ltlbl':JJflU~lbl''Wtlll'ltl Aubinet 

(1994)( T,kv = -29 + 1.09Ta - 19.9k) triv k flD clearness index l'UflUftfli:Jl'l"lU1lilflnHri~.:Jff 

B'W'Vh 11 'j l'lDD fl'ill fl11 rr.:] 'fl11 bl':JJD Hl:'l~il'fll:JJl fl'l"lmrlm 'Vi CJU nu f)l'j\?1\?1 fl~'U 'ill flU n .:Jtll-vil'lv 11 ~D f)l'j i'l 1 
" " m l:JJ fB 'W "h'W f11'j 'l"ll'flll:JJf D'W 'il~ii.Yl'whd'j ::;uu 1 'W l'lD 'W fl(;ll ,1fl'WH" ::;v D fl'ill m::;uu 1 'WI'ltl'W fli:'ll.:Jl'W 

" 
~111 ~1Jff:JJ'lh~~'Vlffll'j!tri~.:Jff':lltii'l1m'il~DVL'W'Iil.:J 4.5 G.:J 6.6 W/m21w$itl'W~.:J'l11f1:JJ Ht;l :;:: 3.3 G.:J 

" 
4.9 W lm

2 
1w$i D'U :JJ fl'j l'fl :JJ u J:'l::;ff'mh ::;iY'Vl i fll'j ttri~.:] ff'jl tll'U nii ~Jl.:Jm l :JJttJ~CJ'WutJi:'l.:J~ 1:JJttfi nvil.:J 

~ " " ' liJ " ' ( ) C! " ,; fl'U 'illflHJ:'lflU'Vll'li:'ltJ.:J'Ul.:JI'l'U fli:'l1111'11lbl':JJfll) q r = hr T, - Tsky :JJ'fl1l:JJ\)fll'lD.:J lll:'l::;l:JJD 

ttJ~ CJutYivu Hi:'l fll'jfll'Wltl!1W::;mlfl1'j'\fli'Ji:'lD.:J1ritl Hn:JJfll'j'\Je:J.:J Aubinet (1994) 1'U fn'jtJ'j::;:lJltl! 

~u1 11 JJi'i¥1-rn vh 'l"lu1lff':JJtJ ':l:::iY'Vlim':lttri~.:Jffml:JJf'flu~f1l'W 1ru 1~ilml:JJ\) n~v.:Ju:JJtu'h 'Uru ~~ 

~1 f)1 'j ttri~.:] ff'j 1:JJD v1'Wlfltl! cvl~ tiD :JJ~U ~~ Hvi nv.:J ~11~'\.J~ D.:J libl':JJ fll'j~mJwhm ::: ciuci'D'U ~'U 1 'U fll'j 
" 

2.2.3 ~qu 

nrillll'ltJbl''JD tJ ':1::;-iY'VlTI m'l"l'llD.:J':l:::uu fl15Yllml:JJ fv'U~1vun .:Jm-vil'lv u"::;m':l'ill 
q 

'fl11W~'U~1tlfll'J uri~.:Jff 'il ::: ~'WnUU'il~ CJI?l.:JviD tutf 
2.2.3 .1 bl'fl11:::H11'l~D:JJ t'lf'U 'f11l:JJ!~1i:'l:JJ Dt\!11JliJUJ'JC.Jlfllfl' llh.!~'U ll'lCJ'I"lU11 

q " 

m 'J Ul fllfl' It i:'l ::: ':l ::;uu~ 1J 'fnl:JJf D'UloUl:JJ11 'U m tU ~Btl! 11 niJ '\JD.:JUH.:J~ lfl11U 'j 'J tllfilfl' ri1'W fil'j l~:JJ~'U 
q " 

'IJD.:JD tl.! 11 nilm 5 C.Jl mfl' iJ rm 111'v ru 11 niJJl'\JlDD fl'il l mt~NYllml:JJt~'Wl ~:JJ ~'U uvi iJ Nl:'ll11' nn bl'ti.Jl ftC.J 
q 'U q <u 'U u 

~ 0 9) cl g) ~.<::::1 
2.2.3 .2 fil'JDD nuum ::;uu 'Vl.:J'J::;uum5'Vl l 'fl1l:JJ'JD'Uu":::ml:JJW'U l'lD.:J nn'J:::UU'Vl:JJ 

v d. g) 9 d 0 g) cl 'J} li1 g./d d 0 

1'111 lJ fl1l.:J '\JD .:J'fl'J U'U D C.J 1 'U fl':ltl.! 'IJD.:J f11 'J'l-1l'f11l:JJ'JD'U 'J:::UU'il:::bl'l:JJl'J tllflU'flll :JJ'JD'U 11'11'1 'Utl!:::'\11 fl1 'J '\Ill 

mlJJlV'U 'il~ 'lhE.~111'w·m·1lmlWV'Uiimu'H niJbl' -:J ~-:Jl1 1 111'iifm u~~ -:Jftm l :JJ~B'U~~ rl1111'u fll'i t~ll 
q " " 

e~ 1 .J.:::i t cv cl o · 'j}~ o 'J) d ~ 
DYIJ lbl'l'U 'IJ [) .:J'i~ 'Ul11!N.:JI'ltJ t1 ~ ~ fiU 'il ::: 'Vlll 11'\11-:J'J ::;UU'Vll'flll:JJ'JD'UBJ:'l::;ml :JJW'U bl'11JU til '1-'I:JJ ll l:'l ::; J:'l\?1 
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~ . 

ulll 'Vi n:iJ!<;;)m n~'W ffl'W :JJ :JJI ~CJ-:J'll v -:JUN-:JYJ 1fll1:JJIU'W '5":::1J 'U'il:d:i m 1:JJ J:'t'1:JJ 1 '5" tH'f -:J J;l'yHlJ uu ~lu 
q 'U q 'lJ q 'U 

'J) I I 

u 'U 1'5"1'\J ul'i1'W "J:::'U'UYJ1fll1:JJ ~fl'W :JJ :JJ!~ CJ-:J'UV-'lllrl-:J'il:i::~'We:J ~n'U m'J'tl '5" :;;t~nv11 oli.::J 1'\.J!l~:::JJ:JJ ~:;;~'ili?I-Yi 'ill?lll 
~ 'U . q q 'U q 

. ~ . 
.<:::\t. 9) .::Sift 9) lit l& Q.J Q,l Ill .:::i 0 9) 

tltu'Vif1:JJffl'l'Vl1tl'UV-:J'5":i::'U'U'Vll'fl'il:i:: i:JJ'U'Wf1'\J€JI91) 1f11'5" !'Vi~ 'Utu:i::'Vlf1WY11fll1:JJ)€J'Wil'U'U'5":::'U'U forced 
q "' q 



. 
<:1 

'lJ 'YI'YI 3 

3.1 'lll'l'YivHle:J-.1 . 
tltlfHl'IJ'IJUr:t~ffh~ unglazed metal panel Vi~'U'WWlU'J~:IJltu 1.67 l'll'J l ,mJI'I'J hwH 

I 9) I ~ ~ Q 1 V 

'Vltl'YltJ,:Jll~,:J'lJ1.Jl~lff'W~ l fY'WCJfl1Jl,:J 12.7 :JJl:tl:tl:JJI'I'J flll:JJV11'Vltl'Wl:t~ 2.5 l:JJI'I'J ~l'W1'W 7 vltl'W ~~~,:) 
"' 

" I Q.l d, j/ I jl 'j) Q Q.l jl d. I t 

'IJ'Wll~'Wbi',:Jfl~ff \Pll'W1:tl,:J'J1:JJ~1CJ'Q'W1'W l'l~l'l,:J~1V:IJ:JJ!tlCJ,:) 15 tl..:Jfl"l 'Yltl connecting pipe 'J~'l111,:Jllf:-.l,:J 

dQ.Id cvd:9) , rl C!I.Qo 

tnm ,:JffUrl~ti,:Jl fl'IJ'Wl lff'W~lfY'WVflm,:JU'J~:JJlru 20 :JJmH:JJI'I'J flll:JJV11'J 1:JJU'J~:I.Jlru 6.9 l:JJI'l'J 'l'W 
"' 

w " 
'J~'IJ u fll'J '1'11m1 :JJ!~'W 'il ~nt:J:JJ ~1'11 f1J11 :JJ'WllV'W 'l-11ur:t~'l"l ~ ri:JJ~ ~tJ 1 mfl"~m fu ~~m m n~l 'W ~l'W ci1,:) 

q "' "' 

Q.l d : d :')) g) 9) Q.l ~ 0 c::: Q.l d 
'Utl ,:JU~,:J tl-:1 lfl'IJ'W lW'Wlll:t ~'W Utl'W '11 ;.J~1CJ'Q 'W 1'W rlfl'l:l'ill~'U'W l'ltl'W fll'J'Yll-:1 l'W '\l~llJ'W~-:1 fll'Vl'Yl 3 .I l ~ V 

q 

storage 
tank --, ....__ __ _. I 

hot air inlet 

I 
I I () cool<:!d air o utlet 

Blow~r 
L-----~--

1llenno5yphon FlovJ 

storag& 
tank 

water puu1p 

-- & radiative cooling system 

- - solar heating system 
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air flow waterflow 

m'Wli 3.2 1'fl ~iTffh~ ·tHJ~ unglazed metal panel 

., 
0 0 " 3.2 1::: tJ tJ fll1'Yll 'l-!l'Hl '1-! 

3.2.1 v'i'1uth~ftmn 
':i ~u u m ':i V11w:n:JJ ~ B'W ~~f1mn~~u~:D CJ~ii ~~~Bmll..ll:Yllll':i 111 'W nn 1'11m1 :JJ~ B 'W il .:Jif 

~ ~ 9.1 
3.2.1.2 tlill'l1fi:JJ'IW~l:Y~l!1~~tl:JJ 

q '" 

Q 

3 .2.1.3 'fl1l:JJt':i1~:JJ 

3.2.1 .3 B~':il~1'Wtl~mmtll 'lm1~t~u~B~'W~'IJB~l!~~~~uf~il 
"""" 3.2.2 115fll1'Yli'HHl~ 

• 

" QJ o<::l 0 Q.l .6J. I .eJ 0 I Q.l .<:::!.O 'J) 

3.2 .2.2 nl':i1~'Qlli'11J;]:JJ 'iJ:;;'Vllf11'HJ'W'Vlf1fll'I'Jf1 1 'Wl'Vl 1'11!!'11'W·.:J11'1'Qlli'11.!Jl..l'Wl'Ull'Ul, 

'UlBBmt~ ~ermlm':il'11~ l'l~ul:Y~~'l'Wm'VI~ 3.4 'Qtlm.tJ:Wtll'l'Wf.1~t~u1~~':i~ilumll..ltin 3 u~ ~ 
Q.l Q.l I : 9) Q.l cl td I : & .6J. 

4 ':i ~ ~tl ':i~ YitJ'IJtl~'Vltl'Wlt'Ultl~tf1tJ'il ~ tltJ'Vltl':i~lllW 0.75 t'Vll'Utl~'fl1l:JJ'ff~'Wl 9i~'illf1~~nl':ifl'f1fll'\Je:J~ 
'" '" 
~ Q.l I Q.l I : 9) Q.l d I Q..l d 

Shariah and Shalabi (1997) 'VIU11 f11':it'VI:JJ1:Y~l:Y1'W'IJtl~':i~~U'Vltl'Wlt'Ul11~tntJ\9ltl'fl1l:JJl:Y~tl~tnU~ln 
'" 

~~ I _d tllg.l Q.l oCll t : 9} O.J cl 
0.2 tu'W 1.0 'lf1tlt'VI:JJ Solar fraction I~ 7-1 0% 'il~f11':i1~tllli'l1fi:JJ ~~~~'fl1l:JJ'ff~QJtl~'Vle:J'Wlt'IJl11~tnU 

q q ~ ~ 

il~lll:Y~~ 'l'Wfll'VI~ 3.5-3.7 

cl Q.l d 0 QJ .d.J Q.l Q.l d Q.l .:::! ~ 9.1 .6J. 0 

tf1U':i~l:Y 'Vllnl':i1~ 2 ~~ 'Vlf1.:Jf1ftl~'Utl~!!~~':iU':i~l:Y ~~fll'VI'Vl 3.8 'fltl Tpl !!~~ Tp2 !!~1'il~'Wl:JJ1'111 

~l!ll~tl ~1'Wnl':il~tlW'I1fllJvltll~'l'W'U~!JtlH~CJ1tl'W ~l'W1'W 1 ~~ 
q '" q 
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' 

1 
11.:!5 - TJ ... 

+-
1.~5 - T-t 

+-
1.:!5 - T5 

•a./ I ~ y .._... 

T' 
33.!5 

I. 
1 

1 1.:!5 - T6 

' 
' 

I c, 

1\Ul U: l'lill<;ltll'ii'J 

[, 
'] 

10.00 

L 
'1 

10.00 

+-f------+-------1 
10 .00 _j_ 

'~ ,' 

22.5 

Q.l (l.l ll1 Q.l !1) Cld 1 "' d 
3.2.2.4 f1l')'J~Hll'l':ilf1l') !'11~ 'JI'll'l'JtJTiifll Dye trace injection l'ltJf1l')'\J1Jnm'Vl 

Jlt!l'Ql1't1'11m) ~~nml:JJriT~~lL'Wl~L'Ylltl'lJ 0.9722 (Pannigul P. ,1999) L'fl~tl'W~L'W')~tJ~ 5 L"lf'W~L:JJm 
'JI :ill I I 

l'Wvlvt!l~ l~'ll'Wll'lL~'W~lfl''W6nm~mv1'W 1.5 L"lf'W~L:JJ\91') ~l'W'J'W 1 o 'fli'~ 'lllnir'W'il 1~1m~vVi!'fi':JJ1 
"" 

' ' "' C. 0 d ,. l <:::t. <::to Q.l I .:£l 3) 0 

3.2 .2.5 n:JJ'Vllf1l')'Vll'l~tl~'Vlu'):IJlm 90 ~1'11 l'l~UI'lnm 9.00 'W. f:l~ 16.00 'W. um'Wl 

~l~ !'fi'! U~ltJ'JU! 'Y!lfl'Jl1J ~ t:lh!~ !'fi'tL~~U1~ii'VlTI .flll"l'\Jt:J~)~'lJ'lJ 



-~ 

1 ::-;;ilmil . 
J::ilmiot.l wtl1il1 

1 
1-t.6 

6.50 

A' J 

. 
.c::l o I QJ ~ cl Q.ld .::::::. 

.flH'Il13.8 H'ff~~l'llli'\1'W~f11':i1~'QU!'l1JJ:I.lllrl~lf11J':l~'ff (Tp) H~~'QU!'l1JJ:W (Tr) 
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' 
m'Wn 3.Io u'ff~~-qumu!l'~n)mlm':ilrHI 

'JI 'J) I 'J) 

3.2.2.6 l'lvihl'l~u~.Uu s1~mu~crwu1:JJ1m'111lwtl'~Lfl'W 60 !!1:'1~40 ~m m:~.rih~'lJ 

3.2.2.7 'l'llfll'J'Vll'll:'IU.:Jci11'W'fffll'V'Wlfl1fl'~!!l'lf1~1~tl'W 2 t)~ 
O e:!J d di "' J.<::::t. Q.l d I Cl.l .:::t. 1 

3.2 .2.8 mnni1f1EllvH'l'IJU~mlm'J"J1:'1:JJ L:JJUu'J:JJll'l'Jtl~lf1'lJL'Vllf1'lJ 90 !!1:'1~ 40 1:1m l'ltJ 

HYr~1:1:JJrth~ltHlvi.:Jl~'lJf-1ir ~ml:JJl~"J 3 'J~~'lJ lfl'Wnm 1 i'1 1m'illnnm 11.30-1 2.30 'W1Wf11 

'W 1 u :JJl ~rD' (01 'J 1m ':i '1 'Yi 1:'11! 1:1 ~u tl! 'Yin iJ 
q '" 

'""'' 0 3.2.3 "J:Iifll1fll'W1tl.! 

1 'W f11) rll'W "Jill 'il~ 1 <if'ff:JJ:Jj~~l'W~~.n 
3.2.3.1 l:l.i'l.~hr~1:1'1Jv~f.:Jiru'W'l"l'Jl!'JI'l'illf1li'u~vh m.W'ill'Jtl!l 

'J) 'jl ' 'jl 
I g./ 0 QJ 0 QJ .<::::to cs'd I .::::i 111 I ,cS Q.l 

3.2 .3 .2 fll'r111:JJ~'fl111J'JU'W'IJU~'Wl , tl~'Wl, !lrl~':i1Jll'ff~Ul'Vll'lti:JJ'rll'fl~'Vl !:JJ'IJ'Wf11J 

I ai Q.l d d Q.l .c:::ld I 1 Q.l 

3 .2.3.3 fllfll':il911'lf11:'\'W'J ~ bl''UU~WNlflm ~bl':JJflll'Vllf1'lJ 0.85 
'" 

9 "" "" • I "' "' 9 !!I o "' cJ 
1 'W fl1 'J i1f1Ell tl ~ u 'J ~bl''Vl 'li .fll'l'~ 'IJU 'l 'J ~1J 'lJ 'il~ 1 'libl':JJ fll'J'IJU ~ Hottel-Whi llier-B !iss 'ffl'Yi'J 'lJllrl~l f)'lJ 

" -r~ftll'lJ'lJll~'W~~-w 

(3.1) 

"'"' ll1:'1~1'lifll':i Calorimetric method 
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(3.2) 

dt d d' QJ c; d~.d. 0 QJ ci 
lJJtl F 11 a, F 11 U 1_ t1h.rW'lfl'lf'W'Utl'lf1llJJl'Jll:IJJ lli:l~JJl'fifll'Jfll'Wltu 'fl'l'W 

I) ltjtl'l 'ill flrll'f 'l ~~ l\91 il'i't1J'U fll'Jl'fl'IJ'W.yf'W 'Jl'IJ l 'W fll'J l~'ll'W ~'ll'i'U'lfl l'Wltu l11rll 

R = cos(er) = cos(¢-s)cos(o)cos(w)+sin(¢-s)sin(o) (
3

_
3

) 

h cos(eJ cos(¢)cos(o)cos(w) +sin(¢ )sin(o) 

dt ~ v 

!JJu Rh ~ue\9l'Jlril'W'IJu'l1'lffli>l'J'l'IJ'W'I'~'W!UCJ'l~ur~iY\9l'J'l'IJ'WW'W'Jl'IJ ()T Ui:l:t ez ~u :!;jJJ\91flfl'J:t'V11J 

" " ' 
1J'WW'WtUCJ'llli:l:tW'W'Jl1JI'llJJihl'ltJ R" = Rb t:Wm1u..:J.Y.h hJ-:i..:J R" ~ue1'19l"Jlril'W 'lHJ'l1..:J~m:t'illCJ!I'W 
" " Cid IQ.Jd Ci 

'W'W!U (J..:]\9}eJ'J 'li:l'fl'J ~'il l (J1J 'W ,~ 'W 'Jl'IJ 

2) mnnf11 F 11 a, F 11 U ,_ 'illfl1:1'JJ fll'J~ (3.1) 111'\llflfll'J 1:1'!l..:Ji:l'JJ fll'Jl~'lt-ff'W l'flCJi1l 

least square method 

3) l'Wfll'Jfll'Wltw'Vll'l'Vlt]'l:l0'il:tH1rhumJJ.fl11ll FORTRAN fll'W1twl'i'1CJill Finite 

1 1 ~~ 1 1 ~ "'ct~ 1 ,d ~~ 
difference method ~Wll1J'l'J:t1J1Juufl!u'W 7 bl'1'W ~WiiN'l!fl1J'J'lbl'l'IJ'W1:1'1'W'Vl 1 Connecting pipe !u'W 

ri1'W~ 2 ul:l:t 7 ri1'W!:l..:Jt~mf1u'l.i..:Juumll'W 4 ril'W 1~wi:l'JJJJ$\1lu~l:l:tri1'Wliuw'YY.fllhvhih.J ffl'YY11J . "' 
l!N'l!~'IJ1'l~ i:l'l.JJJ$\ll~W'Y'IiJllli~l!'Vll rl1J (T; + T;, )/2 l'flCJ]j~'W\91u'Wfll'Jfll'W1twl'l'llli:l''fl'll'Wm'W~ 3.11 

u" ~n~1 u'W i 'UI'l'l~u i 11 if 
bl'JJ~rl'W~'l'l l'W'U D'l Section j l'f!C']! 'Vllrl1J 

Q,. = Q(l -Q,_ -(Q() -Q;) 

Q\. = w, cr; - T1 ) 1 t..t 

0 = aA 11. -a I 

Q,. = U1 A1 (T1 - TJ 

Qo - Q; fll'J'fi!t1)1ffCJf111JJ!u'W'illflfll'J'Wl 

0 

= m C p (T, - T1_1 ), j ;:::: 3 

0 

= m C P (T2 - I;,), j = 2 

0 

= mC, (T0 -T;),j =I 

~ = cr; + T;J / 2 

(3.4) 

(3.5) 

(3.6) 

(3.7) 

(3.8) 

(3 .9) 

(3.10) 

(3.11) 
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a=O,j?_2 (3.12) 

' 0 r; = r; + (t:..t / WI )(aFA/r - UIAI cr;- T,,)- mCI' (~, - ~ )) (3 . 13) 

0 

T2 . = T2 + (t:...t I W2 )( -U2 A2 (T2 - T,,)- m C p (T2 - T0 )) (3.14) 

' 0 

T
1 

= T
1 

+ (t:..t I W1 )( -U
1
A/T

1
- T,,)- m CP (T

1 
- T

1
_

1 
)) , j ?_ 3 (3.15) 

Thermosyphon driving head (HT) ·rnt#i\nmnJnn 

I 
Hr = 2(s1 - sJj(h) (3.16) 

j(h) = 2(h3 -h1)-(h2 -h1 )-(h3 -h5Y 1(h6 -hs) (3 .I 7) 

h w h1 -h6 i,~u~l'l'lLoW.fllVl~ 3.13 rl1'11f'lJ Specific gravity (s) dJ'W'W'ln~'W'\Jt1'l~tu'11JJJJ u~ ~ 

Friction head losses (Hr) '111l~'illfl~:I.Jnl':i 

H = fiu2 + ku 2 
I 2gd 2g 

(3.18) 

d lf] I I C:: lf] ~ ~ ~I 
!'Wtl~'illfl !:I.Jl'l':il'lJ'Jl!U'Wfll':i !'11~U'lJ1J Laminar, Turbulent '11':itl Transition region 'il'l~:IJ:IJI'l'Jl f=0.035, 

k=39.6 (D.J.Close,l962) u~~ Kinematic viscosity !~'W'W'ln'li'W'\Jtl'l~ill'11JJil 1'1-:JtT'W ell'l':i lf11':il'11~ 
liJ" «l (Thennosyphon flow) ~l:I.Jl':itl'l11 !I'H:I.Jtl 

HT =Hr 

0 

mCp(T -T) 
7J = 0 } 

AJr 
(3.19) 

(3 .20) 
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Calculation 
Thermal Capacity 
Area of each node 

Specify 
Initial mean 
temperature 

of each 
node 

Specify 
Time interval 

Number of 
step/start 

Calculation to 

cover period 

Calculation 
Water property 

Ambient 
temperature 

1-ieat loss 

Calculation 
Fin efficiency 

Collector 
efficiency 

Calculation 
Thermosyphon 

head 
Friction head 
& Flow rate 

' ~ ~ 

in'V'ln3.11 <U''WI'leJ'W fll'Hll'W 11\! ':i~'IJ'IJ f!l'.i rhih~e)'W 

Calculation 
Solar 

radiation 

Calculation 
New temperature of each 

node 
Average temperature of 

storage tank 
Instantaneous efficiency 

Write 
Results 

Repeat Until 
specified 

time period 
end 

End 
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.------=3+- - - 4~ 
I I ~ 
I E 
I 

5 

/ 

6 .., 

Temper;"~ture 

.. 
fll'Y'l'Yl3.12 Hl:Y'fl'lf11'H1'J~~lfl'\HJ'lUU!'VffllJ'1JU'l'J~'lJ'lJ (Close, 1962) 

q " 

W(T, -T1 ) 
'7 = -----'--

ACLIT 
(3.21) 

9 C\ a' d g) d cl ~ ode! d 

!'Ufll'J1!ml~'Vfll'lU'Vfl\91'U'Vl'W l:lJUWN!f1'lJ'j.:JJ:Y:lJ'U'Wl'fl 2 l'll'Jl'll:JJI'l'J lll:l~:lJ'lJ'Wl'fl 
q 

i\' .. :l!n'lJJl 70 ill'l':i mm':it11'11e-Jru'Vf.niJm~m~:JJ~'W1h~mru 20 e-J.:Jfl'Wlim9fvJ:Y nm1~wth~mru 
q " 
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d C\ Ci QJ d () a'd a' 9) () d I 0 Q.l 

3,000 'Ul'Vl ul:l::;:JJJ:YJJ:JJI'l~l'W 'fltl tll'l':il'fltlf1l'Ufl i 8 !UV':il"lf'UI'l Ul~f11'jh.:Jl'U n 10 1J 'fll'Ul ~.:J'jf1'1:1 1 

~DU 5 !DD{~d!i'Wv1'1JU.:J'jl'flll'l''U'Vl'U :lJ(;lfl19fl f1Ul:Y'flYllfll'Yllfl'lJ 5 !DU{!d!i'WI'i''lJV.:I':il'flll'l''W'Vl'W IW~ 
q qJ Q q 

" i(I+iY 
C 1, = 'jl'flll'l'U'Vl'U X ( ) 

q l+i"-1 
(3.22) 



34 

' ""'' ~ ( i J C1 =1Hl'fl19f1f1"uff<f1Vl1V x ( ) 
. " • l+i 11 -l 

(3.23) 

C = 0.05 X ':il'fll~'WVl'W 
U/ q 

(3.24) 

(3.25) 

Cost C1 = (3 .26) 
Liter Volume x days 

3.2.5 fn'HlTU ~Hl flTJ'mHlM . 
"' LfY':i 'l:l~ fl'l L'll'l1 u~ ::;L tl~ vw Vi ti1J fl1J':i ::;mJ m ':iVJl'W 1~-e 'W u 11 1JW+:J 1'11 u L'1' -1-e 1-¥1 I'IEJH1J1J iJ m ::; '\Jnu\91 

" 
3.3 ~::;UUfll~Yll'\.ll!~'W 

3.3.1 vl1uth~~fl'l:Jl 

':l::;1J1J m ':lVilmll.H~'W 'ildYfl'l:ll~-1 iJ 'il ~ v~ ~ N~~ umll.J bl'11J1 ':i t1t 'U m':lVi lfllll.Jl~'W ~-rtf 
"' 

3.3.1.1 -e5'191'J1fl1':i hm'IJU-1'1-11 

3 .3.1.2 -e5'191':l1ril'WU~lJ1191'JJ1 l'W t1'-1t~ll~ur'f'W ~w~.J-1Vi1m1wZ'W 
"""" 3.3.2 1fifll'J'YI~HHl.:J 

3.3 .2.2 nn li'HJ l'.l 11 niJ ~ -1u 11'1 ~mJ v tl!'\1 niJ 'Ult.u'l ur1 ::;'IJ 1-e v n v tl!'\1 n iJJ11 w:l-11 ~m1::; 
q cu q 'U q cu 

i'I'IVlfl 1 'Wl-Yi m1l.J4'W~l.J~wfi t~'illflbl'mtii'I'S'l'ili'Ylmmmn'l:lm 1l'-1'111V1-v1lrlH')f1l1ii . . 
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'V Q.J Q.J .c::S Q: 'V .::::t,~ 'J} .<::::to 0 cl ~ 
Yl"i o 1J f11J1J'U 'Vl fHJ um n JJ tn'\J wu1a1:1 ~'Uluu n vum fi1Jmu 1\Plfl u:JJ u um n:JJur~~ 'Vll'fi'J l:JJW'U u ru 11 fi1J 

q 'U q 'tl Q Q.J q Q.J 

'Uu ·:nfli'Utl'.:J Vllm'l'Vl\Plflu~LU'Unmi.h~mill 8 ~11m u~Twlfi1~11lluf11'U'Jill111m11HV'U~l~ tm;:; 

~l"lJ':i 'H1'U :::'IJU~':i:::1J1J 

3.3.2.4 'l'llcfwf.:Jul'i.Uv 2l\PHJ U~'UVI'l'llf111l11f1L~:JJ'fi#.:Jf1~ O.Olkg/s 'il'Ui:i.:J 0.03 kg/s 

" " ' 
ll.:JUVI'l'llnl'l l111:'lVWU~'lJID~CJ'U l~l'll:Wrtm1~1111'l~u:w 

3.3.2.5 'l'llcf,,Ju 3 !!fl~ 4LI'lt!U~'ULD~t!'UD~mmtfl1'Utl'~tU'U 110 111:1~ ISO iim 

3.3 .3 m1f1nnru 

1 'U nu ~l'U 'Jill 'il~ Hn:w:w~1Il'Uvl.:J if 
3.3 .3. 1 n:w :w~ -:hvl'l 1 1m1 111 fl~rll'fi.:J~ l'lfltl\Pl m1 'Vl\Plfltl.:J 

3.3.3.2 i:Uf11Pl m1 m~'illtluru11 n:iJ'Uu.:Jtflt'U ii'~t~'U . '" 
" " " 

3.3.3.3 filml:JJ'ilml:w~uwuv ·nh tl'·nh llr~~'l'llml:JJIV'Utl.!~t.Jn'Uuill11fiJJ . . "' 
'1'..::::. I ,o:::l 9) 9) QJ 0 d 

3. 3.3 .4 :JJ'fi\Pl'fll flU Titl.llbW'fiJl:JJ)tl 'UI'l l'U111:1-:J '\Jtl.:!l!H'I'Vll'f!Jl :JJW'U 
" u 

" " ' 
1 'U n1 1 fll'U 'Jill 'Vll-1 Yl tj'I:J a 'il ~ 1 ~1~1~t1'J n'U n'U n11 '1'11-w 1~u'U 1 \P)(J~ oU''U l'ltl'U fll)fll'U'Jill 'fl.:tnl'l'IYi 

" ld 'J} I Q.l d 

3.13 Hl'l:JJ'Utl!LI'lfll'll-1\Pl-l'U 

I) fllfl1111~~.:tiY~.:tiil'U'Jill 11'lt1rf:Wfl11~ 3.26 'il ~ l~H'Vl'U'fiJl:JJLoU:Wllrf-ltll~l'lV 

cskr = 0.006I:Ip + 0.74 

T = C (ln(RH)+ C1) 

" o C2 ln(RH) + C1 

0 ~ RH ~I 

c = c2:r:,ry 
I c3 + I:,,y 

C2 = 17.ososs,c2 = 234.175 

T,,, .. = I:, 

(3 .27) 



h = 1.8 +3 .8v ' (3 .28) 

..::::), o G o .::! 
3) ~'il!'\1 iJ1l'UlEJEJ f1'ill f1Uv-l>l'Vllflll:IJW'U'fll'U1tu 'illfH'f:IJfllj'\fl 3.28 

(3.29) 

(3.30) 

3.3.4 fll'HJ1Uj:-Hl • 
'U::;v:i'U11ru lflll:IJ'ffl:IJnt~ 'l'Wnnvhm11ltV'W~VI'nlm1 t'tn'll'il>l'l trf'l::;vmlri1'W 

u11lwnJ1 l'U D>l!~UI'iV~'U~ WNYllflll:IJ!V'U 

o a 
3.4 1:::'l.J'l.Jfl11'Ym:nmJu 

3.4.1 ~1mh~;;ln<tn 

36 

1 ::; 'l.J'l.J m 1 Y11~ :IJtu'U 'il ~f1mnii'li1 'j) .u v~ n rml'i eJml:IJ'ffl:IJlj t1 'l 'U m 1Yi lmlmv'WI'l'l if 

d d I o d 
3.4.1 .1 flll:IJ!11'UeJ>ltllf11fl''Vl~~Nl'UUN>l'Vllfll l :IJW'U 

'" 
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Area of node 
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temperature 

of each 
node 
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sky emissivity 
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Calculation 
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Flow rate 

Calculation 
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of node3 ,6 

Calculation 
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cooling 
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Calculatio!1 
New temperature of each 

node 
Instantaneous efficiency 

temperature 
with new 

values 

Write 
Results 

Repeat until 
specified 

time period 
end 

End 
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v ~~ v ~ o d o ~I .. 1 
Dlfllfl''Ull 'UlUr!~'U ltltl fl ~'ill 'M.fJ:IJ &'!' .:JIIJ~rltl :IJ ~'ill 'M.fJ:IJUr:-1-:J'Vl l 'flll:J.JW'W 'Vll fll)'VlJl rlfNIJJ'Wili:11JJ) ~:IJltU 

8 ~1 l:IJ.:J U~Tthrll~l~lD fl l 'Wl'illYol'fll l :IJIV 'W~l~ UJ;~~J;1':1J1Hl 'W~'UU.:J1~'l.J'l.J 

3.4.2.4 Yi1J1~-:JU~~tl 3 l~tiD~'l.J'flJl:IJ!~'J'UU.:JUlfllfl' I~'W'l~~'l.J~ 2 UJ;~~ 3 

U'Vl'Wt)~'Yl'Wll 

3.4.3 fll'Hf"'j 'l.J iJ-Hl • 
'\1~~'\ll:iru lml :IJ"ffl:IJl:ifJ t'W m:i"Yi 1m1mv'W t'W 2 q~ ~m1m~l'Uu.:Ju l mrr1~1'l'U 

~l~'l UJ;~~'fll l :IJI~'W t11J1~1'W nn'IJ1 ~vnlli'1 t~l'W 'il~ .:J • 



tJ 'W.fl'. 2548 2542* 

2 f1.'W. 3 f1 .'W. 4 f1.'W. 5 f1.'W. 8 f1.'W . 9 f1.'W. 16 ~.'fl. 19JJ.'fl. 31 'W .'fl. 

38.9 30.1 36.1 38.7 29.9 37 .6 32.5 31.1 30.5 
·- . ~--- --·-- -1---·-1---i----- +-------------------- -· - ~-- . . = $1 

Btl!'\1fl:U1:1'~'Vlli:'J °C 45.4 45.4 . '" . 47.6 46.9 50.7 52.1 50.8 52.2 42.0 
- ,- ---·y ···- ----·- ------ ·--+ - - - 1- --- ··--- --·~--··· +-· - .~ .. 

= = cil tlUl'\1fl:U!'W:U'IJ'U oc 6.5 . "' 15.3 11.4 8.2 20.8 14.5 18.3 21.1 11.6 

'JJ~m~5 Liters 90 90 90 90 60 60 40 40 200 
- -- -···-· ----------1---1---t-·--- 1----t----,-- 1~----- --·~-- ~--- - ... . 

15.8 15 .8 17.1 14.8 17.3 17.7 14.9 17.1 15.0 
-- -----·-+-·-· ... - - ~--- - ·--- -~- - -- - ... - ~ - - - - -~ --

~ "' "' $1 2 lf'l('l.:J.:Jl'U'Vl!~ MJ/m 1.4 3.4 2.6 1.9 3.1 2.2 1.8 2.1 6.9 
~ ~= · ~- ~Jf- d ·---2 ---1----- - -----· 
1h:U1~ 'Hl.:J /'W'U'Vl 1/m 53.7 53.7 53 .7 53.7 35.8 

. --- ~·-- --- ---- -·-- ---- .. 

35.8 23 .9 23 .9 141 .8 
.. --~--- .. 1-- -- - ... 

9.2 21.8 15.0 12.5 18.0 12.3 12.3 12.3 45.8 

*Pannigul, 1999 

I 'J) I 3/ I 

'illfl\9115HVl4.1 5~1JUTI'l:JJ15t1t11'vru'l1fllllJ1t'Vh.J~'U1;1' ·H'l'~TI'.:JTI'~ t'U l 'Ull19 JJ'Ul'fi:JJ 2548 
q 'U 'U q 'U q 

'J) I 'J) I I I 

l~tltlUl'l1fliliht~:JJ~'W 21.1 oc 'IJUl~ll'l"l~\l 'll'Wlll~TI'\ITI'~t'Wl'Wll3 n:um'W'WTI~fllt'YlltlU 3.4 MJ/m
2 

q 'U 'U q q 

1ri-rreY~ 5li:Yl'WU~mml'iv~'W ~rvhnu 53 .7 fiml'iv~l "l l.:Jl:U~5 ~mi'u V-JM115'Vl~"t:t.:J t'W l'U~ 
clt o(/$1 l 9$1 G"'d d :'c"t dlo"'> 

31 'l"lt)Elfll'fi:JJ 2542 11J'WV-Iflfn5'Vl~fltl.:Jf115'Vll'Ul5B'W ~I:'J ! 'lH!V-Iollf11J5.:JTI'll1J1J:Uf15 ~ 'ilf1u\>l 9i.:J\>lll'W'Wf1U 

!~u Pisit pannigul, (1999) ll>ltlihltifi ~ !Btl~'l.ltl.:JUV-1\Ii'Ui'\liY ~.:Jfll'flv.I'Wlfl .:~. lritllU~tiUllltiUtlUV-Ifl 

'l"lUlluuu !JJ~m~'ilnu~ TI'l:JJ15t1l~U'flll:JJ~V'W !~1!vvn11uuu~ m~'il nu5~:1Jltl! 0.5 rvh 

'illflfll'l"l~ 4.1 uTI'~.:Jfn5lU~tJU!'VltJUU5 ~ ~'Vl~fll'l"l~l'lltu ~ ru nmtl>l"l 'llV\15~UU l !'UUl~ 
.c::i ~f.Jo.Q q Q.I d d d ~~ 
:um~'ilf1u~ 9i\ll>lll'W'Wf115'Vl~fltl\I!'Wl'W'Vl 16 :JJ'Wl'fi:JJ 2548 llft~!l1J1J:J.Jm~'ilflu~ (Pis it pannigul , 

1999) 1rlv 'flll:JJL.j):u uTI' .:Jtll'Vl~ u5 l:JJ~.:J l'W ~All ml'!~ tl\1 n'W 'l"lUllU 5 ~~'Vl ~ fll'l'~ ~l '1.1 t~J ~ ~ll ftl lV'l ' J 
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'\Jv-:J 1 :;;uuu uu il-11i m:;; 'il nu 1'1 'il :i:: ~ 1 n11u uu lJ m :;; 'il nu101 mJ'11m-:J '1f1-:J1 1~ 1fi11:1J 1{{ :IJH {;1-:Jv 1Vll'l cJ'il:i::b);-:J 

n11~Vll:IJ 11'1CJ'WU11 'lJ5:i::~ v1 Tim'Wi1'\JU!:i::'UB·;J1:i::UUUUU ili1Jm:;;'ilf1UI'1'il:i::1Jf11~1 n11 'lJ5:i::llltU 40 % 

2) f11m1~101ni'h.J f-:Jff'Uv-:Jihf11911~!!1'1.:J~JJ~1~1 n-:!1i1v11 u~:;;t'W m&if ff1'1~;hw'tJ~ml911t1'.:JtJ\ 
1 w ~u ~v~'W~!!v-J ~~~u f .:J ff'Uv .:J 1 :;;uuu uu 1i m:;;l! f1DI'1(;1'.:J n11u uu ili 1i m:;;'il nill'l ~ .:Jv U! 11 fl iJJ11'W it.:J 

~ q ~ 

!~U~ vh l l'i'~ 1 n1n :;;uuuu 1J "hi iJ m :i::'il f1DI'1 '1'111 1i'vru 'l1 fliJJ1~1 {f1ff!!v-J.:J! ~U f .:JffJJ~1 ~1~ .:J'il:i::ffllllHI 
q ~ ~ 

m:;;'iln111'1 

200 ----·- -· -- - · - - - ·· 1000 

180 900 

u 160 800 
0 

a;;i 140 c:;,> 
~ 
a 120 o· 

-1 ~ 100 
~ 

' l c:;, 80 
ae=> 

(~ 60 

700 E 
- -- 600 ~-I 

I "7 

J_ 500 
lG -- -

I ~ I 
01;;::> 

400 ~ 
' r 

300 <>= 
aa 
if'> 

--;:J 40 200 

20 
I I 100 

! 

0 +----,-- __ I 

0 

9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 

!lm,'l.nwm 

~ ll,Pannigul,15/06/2542 --+-- l1 ' 16/03/2548 

--B- Tt,Pannigul, 15/06/2542 - Tt, 16/03/2548 

----tr- GT,Pannigul,15/06/2542 --....- GT, 16/03/2548 

'il 1 f1N~f1WV1 1'1~v.:J 1'W'lf1-:J!~v'Wf:)llfllv~'W,j ll~:i::JJ'Wlfl:IJ 2548 (;1'1:1Jl1!:1'W'il11tw 1 ~-:J~)yl 1J'Wfl 

'\Jv.:Jum1CJ~ 1 .:J'l ~.:J~vi'tJlf 
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q,/ I I ql I 

'V I ~o.::t.c!\~ ..ti I dQ.Jd. 

4.2.1 f-Hl'Utl..Jf11UJ!'ll~!! cr ..JVltl ~tu'H~~'Wl'Yli'W~'ll'WI~tlf-!"!'W!!f-I..JI fl'U1..Jcr (To-Ti) 

~ltlfll'l'~~ 4.2 (a) trlam l:JJt.u':JJHTI'"''mill'lVUrJCJ 'H~fl ! U~ti'Wl!U~"''llifl'~l!TI':JJa i'w 

l''WYi 5 n:JJm'W'Wn 2548 ll~ml'l)Jl 9o i11'1J cll~m\9l)Jl1mi"''I~'U19iaYi''W~uN -:a~'Ui'"''irrvhn'U 
q 

I I I 'JJ I 

~ 2 d.G) I 9) .:::::t. ~ I 0 1 d 0 

Hff"''!'QM 513 .8 W/m 'Uill~'Vl ~'W 'lf1"'1!1m 9.00-12.00 "1-1. fiJl:IJ!'U:IJliff"''!~:IJ'\J'WBtll"''ff:JJllff:JJB ~ti:IJfll 
I I 'j} I 'j} 

2 ~ 2 ~ I .e.o .<::::). .:::!1 

397.5W/m t:JJBnm 9.00 'W . tm~ 665.5 W/m t:JJBnm 12.00 'W . ~1J11Bill'Hdl:JJ'Wll~:JJ'U'W 2.8 oc 
q "' 

dt 1 " 2 <!I ? dt 8.1 oc wunm 16.00 'W . ~tlfl1l:JJ!'\J:JJ!!TI'"''~~~1tl 665.5 W/m m~u 340.5 W/m- t:JJBnm 

16.00 'W. aum niJJ1~niJJ~md:iri1TI' "''trlumlw'li'lJuff "''ff ""~ 'H:JJltJ~"''rll~""'~"'~l'W~J~1J1J 1#l:i1Jff "''~'W 
q q,J q,J 'U <lJ 

tria~ ""'~"'~l'W~I'l nm ~'Vl 'U )Jfilff ""~ 1 ~tJ) ~ lJ'U 111'uru 11 niJJ1~!'~:1J~'W TI" "''ff~lrlu ~l'WllNHn'U:i"''~ 22.2 oc 
'U ~ 'U cu q 

~ d 'J) 2 
!1ltll1m 12.00 'W. 'Vlfi11JJ!'\J:IJ!!TI'"'' 665.5 W/m 

f"'' ~'il~l 'l'i :IJ:JJltl~'W 1'W 'lf1"'1l ~ll'll:IJfiJl:JJ! '!i':JJ'UB "''H ff "'1~1'\~:IJ~'W '11""'1 'illm:f'W fl1l:JJ!.u':JJ'UCJ"''H ff "''u ~~"'! 
1 'W '\JW~~ tllJ I ~:IJ~'W'UB"''~ W 'H.fJiJJl~ ~l'Wl!N"''ln'U f "''~n~~~"'' ~"''~" tl'I:JW ~fi'BVlfl~ tl"'' fl'U N~ 1 'W l'W ~ 5 

., " 
tl:IJfll'I'~'W'li 2548 

q 

v ' OJ \11 
4.2.2 N~'lJCJ..Jfl1l~l'll~l!cr..JVJeH>VJ1lfll1 mr:~ 

d d. 9) ~ "' ~ J 2 cl ., 
'illtlfll~'Vl 4.2 (b) waml:JJ!'U:JJ!!TI'"''tll'Vll'lCH~:IJ'\J'W'illtl 397.5 W/m !U'W 665. 5 W/m-

l'W'Ifl"'' 9.00-12.00 'W. eJY'l) ltllJ l'H~flt~:JJ~'W~ ltl 0.00154 kg/s trlenm 9.00 'W. !~'W 0.00411kg/s 

dt dt " 2 :;::, 2 'l ' 
l:IJB!dm 12.00 'W !W~l1ltlfl111ll'U1lllff"''~~~"''~1tl 650.6 W/m lu'W 340.5 W/m t'W'lfl"'' 13.00-16.00 'W. 

OJ lJ] d dt .t!l d 
tll'l)ltll':i !'H~tl~~~"''~ltl 0.00394 kg/s t1lamn 13.00 'W. 'il'W!'H~a 0.00185 kg/s l:IJB!dm 16.00 'W. 

I 'j} I 3/ 

m1 mtYI nlli 1"'1 'UB ·rv w 11 n ilr01l ~'W 5m 1 tllJ 1 '11 r1 ~"''!oW:IJ ~'W 1 '\.J'\'11"'1 n~'U n'W m nm1 :JJt.u' 11!! ff"'' mil l'lV 
q '" 

' ' .t!l d 9) Q.l d ? 

0.00411kg/s !:IJCJ!dm 12.00 'W. 'Vlfl111ll'\J:JJJ"''TI'~"''~~ 665.5 W/m-

4.2.3 f-1 ~'\J t~..J m1~1.U~ u cr ..J l'it~ C!tu'H ilill u ~tr'llC!..J~l 1 'W i!..Jt n'U . "' 
~ltlfll~~ 4.2 (a) !!~~ 4.3 (b) ~1J-:h1'W'lf1"'1l~lfi11:JJI'li'1l!!TI'"''~l~:IJ~'W~rm111' 

tltl! '11 niJm ~ ti'Utl"'' t) "''I n'U I ~:IJ~'W H~ ~ 1 'W '1f1"'11h mrleml:JJ l'li':JJII ff "''~~rl"'' 1 ~ tlf111:JJI-1J:JJ H ff "'1'\Jtl"''l'ltl'WDl t1 
q "' 

1'W~ s mJm'W'Wn ria'W'li'l"''ulJJ1JJ1'WHrl~~riluevn11'1f1"'~1~1'Utu~~\91e'Wlilv'Ue"''l''W~ 9 n11m~'Wn 
q q 

'j) I ~ l et d ~d c:vdc:v~e% ~Q.J 
m 1 w 'U JJll ff"'' ~ 1>1 rl"'' a tJl.,'J ff:JJlt ff:IJB '1''11J1l'Vl.,'J TI'tl"'' mru aw 11 .n:JJm rltJ'UtJ"'' tl"''ltl'U tJ.,'Jt ~ JJ'U'WI'l~a~'Vl "''l'W 

q "' 



ttie:J-:J'illfrJluJJ'1 'U ?~e:J'Wli 1 vm 1:JJ! .fi:JJ u6'1' -:J 'il ~ ~Wl "fl-:J u~'fi 11'l l 1:JJ!oU:JJU 6'1' -:J v-11 Vl CJ-:J'VW~ 'il~6'1'~ 1-:JU ':i -:J" e:JCJI'1l 

~-:Jvh 111'1n~ m ':i 1 'Vitl iJr-.m 1M'vr:u 'Vi niJm ~EJ'IJV-:Jtl-:Jt~'l.Jv.:~ fl.:~l~:JJ ~'U 
q "' 

I I 'iJ I 

d 9 I fJ} oC::::I Ci I 0 

'il1flill'V'I'Vl 4 .3 (b) l'U'lfl.:Jnm 9.00-!3 .00 'U . mllJ!'ll:JJ!!6'1'-:Jt'W:JJ'lJ'Ue:JCJ1-:J6'1'miff:JJe:J 
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1~viJ'fi1 459.0 W/m
2 

trimlm 9.00 'U. tm~ 725.! W/m
2 

trivnm 13.00 'U . 'lh~iYVl1lm'Wil'lllll~ 'lle:J-:J 
~ ds ~I di ~ 4 

':i~'lJ'lJ!'W:JJ'illfl 3.2% t:JJe:Jnm 9.00 'U . l1J'U 39.3% nwnm 13.00 'U. ll"fl~"fl~"fl-:J tmw s.o% t:JJe:J!l"fll 
' ' 

"' 31 2 "' ' '1 9 31, 1 "" "" ~ !6.00 'U. Vlfld1lJ!'lJ:JJ!!6'1'-:Jtl~"fl-:J'il1fl 725 .1 W/m l'Vi"flfl437.0 W/m- l~CJ l'Vi1J ':i~ff'Yl1i f1Wl'l5l'lllll ~ff-:J6'1'~ 

d 31 Q.l d ' d 
39.3% l:JJe:JfldllJ!'U:JJ':i-:J6'1' 725.1 W/m- wemm !3 .00 'U. 
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" .<:::~. I ~ o ~ ~ .:::::1. 

4.3.1 1-'Hl 'tHJ.:J uru'Yi illJ u11 m tnft VI u uru'Yi illJ'W l'U 1 uu mn nuN.:J! nu 1.:J cr 
Q 'U .. 'U 

'illflm'W~ 4.4 (a) !!fl'~-:Jf.'H'lf111'Vl~~u.:J1'Wl'W~ 8 m..JmVltJ,i 2548 'll~m~nf1 60 ~\911 . 
(U~:IJl\911Jl1tJi1-:~t~miu~'W~UY-J.:J!~uf.:J~!'vhnu 35.8 ~ml'iu\llnl-:~!:J..J\911) ml:JJ!.u':JJ!!fl'-:J!¥t:JJ~'Wml~ 
~~[1-:Ju ch-:~fl'~l! fl':J..Ju 1 tJ 'li1.:J1i'1u [l~U 1 CJ\91l:J..Jtlw111 'illf1f1WW'ill1 'illluru '11 t1:iJ J11rlu Nl'WUY-J.:J!~lJ f .:J ~ . "' 
HJJ'il~t¥t:JJ~'W\91l:J..Jml:JJ!.U:J..Ju f1' -:~~!'~1J~'W 1mh~ 9.00-12.00 'W. ul'i~v-:~ !~fll~'Vl~'W~'illnuru'Yi t1iJ . "' 

~nm 9.45 'W.U~~ 11.45 'W.u'ill'Yii1il1111Cllf1lfi'~~~-:J'illf1 3i.2°C !~'W 30.4°C ~~~~'il1f134.7°C !~'W . "' 
I 'jJ I ~ I I 

d 9 ~d .<:::to 0 ~ 4 'J) I .::::1 ~ .Q 

33.8°C :JJY-J~ I'Yi'Vlnm 9.45 'W. u'ill'Yii1:JJ'Wl'\Jluuf1!'W:JJ'\J'W'WuCJf11l'Vlm1'il~!'lJ'W ~~~~'Vlnm 11.45 'U. . "' 
~: ~.J .J~ I~ I ~d~J ~d 'j) 

u'ill'Yi .fl:JJ'Wl'\Jluu fl!'W:JJ'U'W 24.6°C CJf.:J\91lf11l!:J..JunmnB'W'Yi'Wl'Vl!'W:JJ'U'W 25.5°C 'Vl-:J'Vl'fl1l:JJ!'\J:JJ!Ifl'-:~ 
• 'U 

' ~ 

~~lfl'-:Jflll ul'id'JuVl'il11'ill1U'W11'l!:JJ 1~CJ11:JJU~1u'ill'Yii1ilt'hNl'WUY-J.:J!~1Jf.:J~1mi1-:~nm 9.00-12.00 'U. 
'U • "" 

m1CJlf1lfi'~~~-:J'illf1 32.8 ac 1rlunm 12.45 'U. m~u 30.1 ac 1rlunm 13 .15 'U. ~-:~~Y-J~1t1uru'Yii1tJJl 
• 'U 

~&a ~ ~ dl..:::::. d 91 
!'W:J..J'\J'U!'WCJ-:1 22.6 oc 1mmm 13.15 'W. 'illn 26.7 oc !:J..Junm 12.45 'W. CJf.:J!n~'illnm1fl'tU!fl'CJmlme:J'U 

'U u 

' ' ' .::j d Cj, ..:::). d 

'illf1.fn'l"l'Vl 4.4 (a) !![1~ (b) 'Vlnm 13.00 'W. !:JJV~'ill'Yi.fJ:JJ1J11CJlfllfl'~~[l-:J f1WQ'B)lfl'CJ 

'j) G ~ ;f QJ .J .::::. I .::::..:::::! I 'j) d 9)0J lri 
m1 mv'U '\Je:J.:J 1 ~1111 m 'W :JJ 'U'U m-:~ [le:J CJ\911CJf 'I! n~ 'ill f1¥-J[l\911 -:J'Ue:J'IV'ill '11 .fl:JJ :JJ'fll'W v CJ :JJ Y-J~ 1 '11 e:J\911lf111 m [1 

• 'U 

~ ,d cl ~d 9) .dl ? 

\91lf11l'Vlm1'il~!U'W 'Vl'I'Vl'fnl:JJ!'U:JJ!W'I ru nm 12.00-13.00 'W.fl''ltl'l 710.0 W/m-
'" 

4.3 .3 f.'I(I'U u.:J uru 'Yl .n :W u11 m fllft ~ eHJru'Yi .n:Wm ~tl~ 11 'W O.:J! nu 
Q 'U Q 'U 

d .dt ~ d ~ C! 

'illnm'W'Vl 4.4 (a) !:J..Ju~'ill'Yi.fJ:JJ1111CJlfllfi''Vl[l~[l-:J'illn 36.0 oc !:J..Junm 12.15 'U. m~u 
' ' ~ 

30.1 oc d:J-unm 13.15 'W. vh11i'ut!!'Yi.fl:iJm~CJ'Uu'l'llll'WI:l'l!n1J[l~[l'l'iJlf) 45.2 oc ~nm 13.00 'W. 
• 'U 

' 
4.3 .4 N [l'U u.:Juru'Yi .n iJu 11m fllft ~ u'I.h::::if'Yifi.nwdh 'U ru::::'U u.:J1 ~ uu . "' 

dl 2 
'U.'ff'ltl-:1 710 W/m 

'U 
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i1'Uru~'Uv'I'J~uu Ufl'W y u~l'l'lfll'JID~EJ'UUD];'l'l'lh~tr'Ylll.fll'Wil'UU!~'Uv'I'J~uu (%) un'W x u~l'l'l 

fll'J 1 ,J~ ti'WUD ];'l.:'lel\91 'Jl fll'J l'11 ];'lll ];'l~~ru '\1 iJ iJ~r~:IJ~'W'UfJ'I J,trlm,h'Uuv-J ,H~u of 'I iY (%) .fll'W~ 4.5 (a) 

.:Jt 9 cv .o::S d .d.c:t 3) ~cv 2 
lU'W N~fll'J'Yl~HlfJ'I ~'Wl'W'Yl 16 :IJ'Wl'fW 2548 "ll''I:IJfnl:IJl'U:IJU~'I'Jl:IJI'l~fJI'I'Yl'll'W 14.9 MJ/m 'illfl'JD 

<u 

I I I ~ I I <)) <j) I 
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Yi~~u1.J 'J ~ir'Yl li m'Wi'l'Utu~'\Jv.:] 'J ~'lJ'lJ~ --'ln1l v-~~ 'UrJ--'l m'J tVi:IJ~'W'UrJ'Iuru 11 niiYitVi :1J ~'W 'UrJ--'l'l111iJu ri1'W 
<u q <u 

!lv-l.:J!~'lJ'J--'liY ~--'liJ~mJru~~vl'l'fl~v.:Jtl'lJv-J];'lfll'J'Yll'l];lrJ--'ll'Wl'W~ 19 JJ'Wl'fl:IJ 2540 ~iJml:IJ!cU:IJU~--'l 

17.1 MJ/m
2 s;i.~u~l'l'll'W'JD 4.5 (b) 

<u 

v " m! fl 'lJ 

BI'I'JTd""J'WD~:IJlmJlim1--'ltn'lJ~utf'W~uN--'lln'lJ'f--'liY ~lnm'W~ 4.5 ~--'l1rlaVi~nru 1!'W 

l'W~ 3, 8 fl:IJ.flll~'W-fi !l];'l~l'W~ 19 ilul'fll.l ~vfimn~h~:IJI'l'Wil-iHI'lfl~ l'ltl'W:IJlfltJfl 'W'lJll vru'YlniJm~v 
q q 'U q 'll 

'UtJ.:J5--'l! n'lJ ~ ~M1~'1 1rlfJ eJI'l'J l ri""J'W 1.J5 :IJll'l'JJll 'W 5--'l! n'lJ ~fJ ~'W ~ l!N.:Jl n'lJ f'l iYiJr"h! ~:IJ ~'W l 'W 'Jl~-:J: 1rlu 

'J ~ 'lJ'lJiJ eJ\Pl 'J 1 ril'W D~:IJll'l'J 5-:Jtn'lJ~mf'W ~~ n'lJ -r --'liY:IJl f) fll 'J '\1~ 'Wllti'W 'IJfJ--'lJll'dtJ.,'j ~l f1 Thennosyphonic 

~1 aru'\1niJm~vJ,1'W5--'ltn'lJ~i~~.:J~ 1 'Wun~lnif~1nv-~~m'J'Yll'l~fJ--'lV--'l'W'lJ1l1'W1'W~ 2 u--'l 9 n:IJm'W'W-fi 
q <u q 

2548 ~--'l~1.J~mmJwvhn'lJ 9o u~~ 6o ~\Pl'J aru'\1niim~v'Ua--'lJ11m1'11n'lJnv--'lt~lJ~'W~'W~'lJm'J 
q <u 

iJ I <)) I I 

~~'lJ 11uru '11 n iJ'Uu-:J'\11 ~ ~~ --'l ~~"~Vi n];'l 1 15 .oo 'W. 'il1n'l! 'WrJ ru '\1 niJm ~ v'llu--'l 5-:Jt n'lJ n~ 1'1~--'l 11'1 vlu i''WYi 
q 'U 'U q q 'll 

Q.:::i 1 cv ~ oc.J.J~I 
16, 19 ~tu'Yl.t;):IJ!'il];'lti'Q--'lb!l'll'Yl1fl'U 50.9 oc, 53.0 oc u~~];'ll'l];'l--'ll'\1];1fJ 50.8°C, 52.2°C ml.lml'lu 91--'l!u'W 

t'W'J1 ~ 111'W1'W~ I6u~~ 19 1.J5miPl'J5--'ll~'lJ~mf'W~uN--'ltn'lJ'f--'liYil-rh 1vhn'U 23 .911m
2 ~nm 1s.oo 'W . 

tltll '\1 fllJ'\JfJ--'lUv-1--'ll n'lJ f --'l iru ~~tltll '\1 fliJ !l:) ~ ti'Utl--'l J11 'W 5--'l l ~'lJ iJf11~ --'l l1ll 'J1' fll'JJ;l'UJ!iYVml:IJrtl'W 'UfJ'I 
q 'U q 'll 'U 'U u 

'J~'lJ'lJiJ~ --'l u~~mnn1l~'J~'lJ'lJ i~f'lJ~l m1~ --'lul'Y11Plv l11!'11'aru '11 niJm ~v'llu--'lJl 1 'W5--'l!n'lJ];'ll'lm 
<u q <u 

1.J 'J ~ iln fi m 'W 'J 1lTJ 'W 

mnm'WYi 4.5 ~.:J!rim1~nru1l'Wl'W~ 19 ~'Wl'fllJ, 8 Ql.lfll'W'W-fi u~~l'W~ 3 

f1:1Jfll'W'W-fi D~:IJl\Pl'JJ1l'Wtl--'l!n'lJ~mf'W~!lN--'lln'lJf--'liY~r1l 23.88, 35.82 um~ 53 .73 1Im
2 l'lllJih~'lJ 

q 

~ ~ ru '\1 iJi1t~ :!Jill 'W il-iu\91 n~ 1--'l n'W m n'l! n ~~'lJ 111.J5m1P1 'JJ11 'W o--'l tn'lJ~u~'W ~uv.~-:J!n'lJ f --'l irilf11t~:IJ~'W 
QJ d \11 g) - I ~ ~ QJ .Q J & 91 I d c1 ~ IQ ~ crt Q.l d ,:::1 Gt Sl 

'W];'l.,'J --'l l 'W'Yl II'J!l];'l ~lJ'J ~~'Yl'li fllll":i Wl'W 'il ~ l'W 1J'IJ'W95 'lllJ'WI 'W'J 1::;1 1l:IJfJl 'W :IJU 'J lJll'l':i 'W 1 ~ 'W tl 'llfl'lJ:IJ v-1];1 ~ '\1 

vu1 '11 nil'IJ1l cU'1uv-~--'llrb f --'l iri:i f11 ~ 1 ~'~ ~ --'l u ~ ~1l.J n ufmn1:1Jr u'W i ~);1' --'l D'J ::;ir'Ylli m'W 'J 1vi''W ~--'l"ff ,j~'W~1v 
~ 'll 'll 'll 
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-fr- Tt -B-Qu 

..:::::. Q .J d C:::aJ.c:::! 1'3} Q) d d 
40 r1m mnru"b'-:JU'H-:Jl'Vlnm 11.30-12.30 'W.UN-:J!f11J':l-:Jrl''il~~m1h~1CJ'V'l~rl:IJ'Vlfl1l:IJ!':i1r1JJ 2.5 m/s 

l?l ru u~~-:Jf1rll-:J!'l1lJCJUN-:J!~Ui'-:J~ 20 !"b''W~!:JJI'l':l ru nml'l-:Jnri11 ml:JJ!oU:IJ!!rl'-:J!U~CJ'WUUrJ-:Jl:llmm!n . 
CJ ru '11 n iJ m ':i m m rr~CJ 'W .U 1-:J fl-:J ~ 'ill n Nrl m ':i 'V1 f1 r1 CJ -:J 'V'l u 11 CJ ru '11 n iJ 'Ul CJ CJ nr1 ?1 rJ-:J 1ri m 11 ?J Yr ~ r1 :JJ ~ 

q ~ q ~ 

~J~.:::::. aJ d d Qd wdw~~ 
nm 11.30 'W . urJ~!'V'l:JJ'U'W!:JJCJU~'V'l~rl:JJ'Vlnm 12.30 'W. 'Ull!~'VlCJru'l1n:JJmrJCJ'IJCJ-:Jtl-:J!f1'LJCJ-:J!'V'l:JJ'IJ'W . "' 

'UCJ-:Jtl.:J!~u~vr:IJ~'Wunflf-:J!riCJu~vr~mJ 1'1-:Jurl'~-:J!'Wm'V'l~ 4.6 Ca) 'Uru~~ul'l':ilnuiml~~?JM~1CJ 
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5) uu u ~1~V.:J'V11.:J'flru l'lfl'lJ:Y\91{~1 oif1 'W m'.ir11'W 1u1 Vl'l'.il nn I 'Yl~ t"ff'Wr:J1 ~ CJ 

. d- ..:::'1 .... I .c::i ~ .. 1 
D.J.C1ose, 1962 9i\l'il l f1f11'.ifl'f1£J11~ltl Pannigul !lrt~fltu~ (2005) 'V'llJ11:1J'fi11JJH~'V'lm~u'.i~:IJltu 30% 
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'illflfllVl~ 4.19 lD~ti'U!Vit~tJJJ-:i~iYr1Tifll'l·'l ~1'UW.~'Uu.:J'J~'U'U u::&w-J1 vf.:J~&'l'illflf11'J'Vl~Hlu.:J 
u~::;~~'illfl'VltllJ~ ~mn hJlJl~:JJ~hlll~~~YJ~.:J~lJJfnllJ!oUJJ!lbl'.:jtJlYJ~iJ lf.:jtf~1~!1'1'ulflvf1 211l~~1~ 

' ' I ..l.l Q../ Cj Q d 9) ..:::g 'J} 

rmmW'Wl'Wu.:JJJl'illfl mllJ~~~m~'Ylbl'~bl'JJJJl'illfl'Uu 4.2 .1 ti.:J 'Uu 4 .2.3 

~lH~-,t~l'l'l'Wl~'W~.:JlJmldurvhntJ 447.o m'Yl 

lJ~fllCJ5lmlc.i1JrvhntJ 10.4 'Ul'Vl 
'" 

u~~~lHf~lt~vf.:J'I1JJm1t~'Unrhf1tJ 587.0 'Ul'Vl 

llil~lriu1lm1~'11~'Wl'J'WI'iuil~'JJl~u'W ~1JllJJ~1Hf~1mvhn1J o.o3 Ul'Vl (3 n~1.:Jrl) 

" 
4. 12 .1 mllJl otiwJu.:j u n .:JmYi~ iJ~ ~fl1 ~ t1~ 'J .:j 191 uuru 11 n iJ'I-11'\Jluu nu~.:Jl n'U ~ .:jff er~ 'J 1m :i 

q '" 

1 'Hfl ur1~D'J ~iY'Vl~ m~~1'\Jtu~'Uu.:J:i~'U'U lrium1lJloUJJ'\Ju;JUbl' ;JtJlYJ~vniJ.J~'W nn !l'l'~m~~-:J.;J1'W'\Ju;J 
UN·:Il ntJ ~ .;JffOl ~ lJ~'W 1'1' 1 t1 ~ ~ .;J-:J l'W ~ 11'1' t1 n ci1 m 111 r1' n1J J11 hlll~.;J!01J ~ .;Jff 111 'l r1' u ru 11 niJ J11~ lJ~'W 

'" q '" 

mllJ'H'W 1111-i 'W fl~ fl.:j ur1 ~I 11m oti1rii1.:j! n'U ~u ~1'1'1 'W1J'W ~.;) vh 'l t1' uru 11 niJ J1 '\Jluu mlfl ~er ~ 'J1 m':i I 11 fl 
QJ 'U q 'U 

I 'jJ 1 I 'J) 3J 
.::::::! Q.l lf] 9}.c.:! I C3 C! ... I Q .<::::), Q.l ~ Q.l Q.l lfJ Q 0 

'Yl1~ ~~ lJ'fllbl' ;J'U'W u Il ~~ 'W u-:J 'ill flu 'J~bl''Vl 'fi m~'lf1'\Jtu~'\JtJ.;J'J~1J 1J 'U'W fl1Ju m1 fl1 'J m fill fl ~u ru 'YWJJ'Wl 
'" q '" 

~~1~ JJ~'Wlriu v.h'Wl!N-:J 1 n1J ~ 1 F, 'tJ ':i ~iY'Vl ~ m~ ~1'\Jtu~'\Ju.:J ':i ~1J1J ~-:ml JJ~'W ~ 1 t1 u fl ::;111 nm1 m o\1 JJ 

u bl' -:JtllYJ ~ Vfl~fl;J uru 11 n:IJJl'\Jluu n Em1 fll'J I 11 fl u IJ~JJ 'J ~iY'Vlii mv1 ~l 'Utu~'Uu-:J 'J:;;1J 'lJ 'il ~rll'l fl.:J 
q '" 

Q .:::::;!Q .<::::::1. I Q : cj Q.J d Q d 
4.12.2 u ru 11 JlJJ'lJ ':i ':i til mfl'JJu'Vl 'fi~fl~ uutu 11 JlJJ'W 1 'Ul uu nu~.:J mtJ 'J .;Jbl'll fl ~u ru 11 n JJm fl t1 

q QJ q QJ q 'U 

'Uu ~J1 'l 'W tl;JlO'U Hl'i v.m~ru 11 .Q:IJ'U :i 'J m fllfl''il ~u :i 1 n~1li 'W 11'1'i'~urlu 'Uu1m1m o\1 m1 n -:Ju1YJVI iJ~v 'W o\111 

rnVi 

'\J'Wl~'\JD;Jtl;J!01JJ119imf'W~ 'UD.;J!l~.;J!O'U ~.;Jff~1 Dtu 11 n:IJ~'ll'l'u~bl' .;J!!\9l~NI11l1']J fll:ibl'U.i!fftlfl11JJ~D'Wbl' .:j 
q 'U 'U CIJ u QJ 

~.;) 'Yl1 'l r1' m1JJ ~u'W ~ 11'1' 1m~u 'J ~il'Vl 1j m~ :i 1 t~1'W 'IJD .:j 'J :;;tJ 'lJ ~1fllllriuu~ :JJ 1~ :i 'Uu.;)J1 'l 'W i111 nJJ l'lulf'W ~ 
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'1 'j) ""'1 "' d 'I 'j) 9 "' "' Ill 'j) 'j)9 4.12.5 ';i::;UUJ:n6Jl'Hl !'Yitltu'YI.fl:JJ !l..!)~'flU'Vlb1'1:JJUfJ !'!1-:J11...!.flltl !l..!flTH'jtJl..! !'flll:JJ !1...1 . "" 
d g) g) t 'j/ Q.l ~d ~ d 0 ll1 'j) 

ffm1::;YJm1:JJl 'U:JJ 'Ut!-:Jil b1' ~uum'b'l..! lu f:J~ ~1...1 !ll:l~'YI1f1\9lt!-:J fll'j )::;'fl'Ue:J ru 'YI.t;):JJ'Vl~ ~'Ul..! f1b1'1:JJ1) fJ'Vl1 1'fl 

1'flvl:l~'Um~tl',nn'U 

4.12.6 llJt!Vl'ilntu1ri11~ilull..!fll)i:l~'Vll..! lm::;m1:w-ll:wri1ll..!'Vl1~lff)EJ:Ufl'1ffl'l1 '\l'lu·:hii . . .. 
ri1 Hi1 v~ll'wv-:J 3 ff\911.:JI'll'iu~mJ1fm.J~il'l' ~.:Jl~'W m.:Jl~un~tl1bi'W t'il h.1 fll'j J:-J~~'~J1fuu H'l~ 
.fllCJl'W'fl~hl~CJl..! 

4. 12.7 ~~~ i1'lh ::;irYJil m'W 'llc:J~'J" ::;'U u'il::;~11ric:JlU~ vmV1 vu n'U'J" ::;'U 'U '!1iJ ~~ illii m::;\1 rltl~ 

" 
nl 'J" ~~191-:J 'J" ~u'U 'il::;iim1:w f11:l :w n~'W uJ:~::; ill Titul ~vm1 :w b1'1ti.:J 1:U'Ut!.:JCJ 1'fll'J" 

""" 

'il1f1.fll'\l'l~ 4.20 (a) llbl'~~J:-J'flfll'J"'Vl'fl'f!CJ~ll..!ll..!~ 15-16 u'f!::; 26-27 I'J'fll'fi:JJ 2548 

u~mmil-:Jlnmvilnu 150 ~\91) uru'YI.nilJ1'l'Wtl'.:J!nu!~:JJ~'Wiirill'vhn'W~ 27.3 oc 1~viierm1nni11J:l . "" 

rvhn'U 0.03 !W::; o.oo5 kg/s l'l1:wiiw1u 1~v'l'Wl''W~Yl1fll'J"'Vl~'flc:J.:Je;]tu'YI.!Jil'U'J"'J"CJ1fllfl' u'f!::;m1:JJ~u 
~:w~v11i'iiri1~'l n~~~ v-:1 n'W 191-:Jubi~~ 1 'Wm'W~ 4.20(b) 'il1f1J:-Jl:l nwl'l~'flc:J.:J'i)::;l~'W !1'1'11 1ric:JeJ'm1 m'J" i 'Yil:l 

rvhnu o.oos kg/s 'il::;'lM~tu'YiiJilJ1~'f!s;w..:~ L'fltlm~v 2-3 oc ~..:~~.:Jn11n11lrlu51'1)1fll)l'Yil:ll'Vilnu 
1 I ,.. V I !V I 

0.03 kg/s Yi1:1~l:l.:J 1~mu~CJ 0.5 oc ~.:Ji1liJe.J.:J'il1f1.fln::;m1:wfe.J'W'il::;~unueJ'\9l'J"1f1l'J"l'Yil:l YieJI'l'J"1 

nnl'Yi'fl 0.005 kg/s 'il::;um'J"::;m1:JJfe.Ju~e.Jtlf1l1~eJ\9l'J"1fll'J"l'Yi'fl 0.03 kg/s l'l~Ju~.:JbY.:JJ:-Jl:llMCJtu'YI.nil . "" 

J1'U1e.Je.Jf1~eJm1f11'J"l'Yil:l 0.005 kg/s b1'1:JJ1Hll:l~~.:Jil'l'mnn11~eJm1nni'Yil:l 0.03 kg/s ul:l::;'il1f1.flW~ ~ 
4.21 (a) u'f!::; (b) ~~~~m.J'flfll'J"'Vl~'fle.J.:J'lul'u~ 20-21 uJ:~::; 26-27 l'l'fll'fi:JJ 2548 ii51'l'J"1fll'J"l'Yimvhnu . 
o.o1 111:1 ~ o.oo5 kg/s 'il::;1~ui 1 J:-Jl:lf11'J"Yl'fll:le.J.:Jiim1:JJ'ffe.J'fl'fl~e.J.:Jnunum'W~ 4.20 (a) !1J'We.JV1.:J~ 

4.13.2 Ntl'U e.J~~ vr:n nn1 m'l vie.JfJtl.!'Yi {JJJ U~l OU 

'illf1.fll'\l'l~ 4.20 (a) UJ:l::; 4.2l(a) !U~ti'U!YiCJ'UJ:-li:l'Utl.:JeJmlfll'J"l'Yil:ll'iCJCJtu'YI.fliJJ:l'~Vl1CJ . "" . 
'Ut1.:JJ11 'W tl'~1n'U '\l'l'Ulle.Jtu 11.nill:l'~Vi'1 t1'UCJ.:JJ11 'W t1~1n'U ~ i l'l'ii~1 illu\91 nl'l1.:1 n'W r-f-:1 if ~.:Ju~eJ' m 1 . "" . 
f)l ) l 'YI'fl~ ~1'il ::;{l'i:JJl) fJ J:l~CJtu 'YI.nilil'l' :JJ1 f)f1l1 ul'l ~l'W 'J'W) tl 'U fl1 ) 'YI :JJ'W ll ti'W 'il ::;~ eJ tlf1l1lrlm Vi t!'U nu . "" . 
eJ\91 'J" 1f11 'J" l 'YI'fl 1:1' .:J~ .:JCJtu 'YI.fliJ~ 'fl~ tl'l'l'ic:J 1tl'U~ 1 CJ tu 'YI.fliJ~ 'fl~J:l-:J'Utl-:J J111...1 tl.:J lnUlritJeJ\91 11 fl1 1 l 'YI 1:1 TI -:J 

'\1 q 'U q 'U 'U 
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' ' 
"' 9 "' "' .I"' 'Dlf1f1lV'fYl 4.22 lll:l'~~vH'lf11':J'Yl'?l~tl~ t'WTW'Yl 20-21 tm:;; 26-27 i>Jmfl1l 2548 u':JlJWl':J 

D.;Jt~lJl"vllflU 150 ~~':l 1Y1l'.I~Bmlf11':i" Lh·m l'Yhnu 0.01!!~:;; 0.005 kg/s Yl11lih~u 'WUlleJ~':llfl111l!~'W 

~ 'M lrlBBYI':llf11':llllmvllflU 0.01 kg/s 'D~\J:~f1ll ~D?l'ilf11':i"llll:HvllflU 0.005 kg/s ~~lfrdt:J.:J'Dlnt~B 
BYI':l lf11':l "l11~1:1' .:J m':l~fl111l~B'W~':l~uu~u!.u'lm~'D~1llf1#i'--w ~~~vm 111'mu llflilm ~l'.I'\HJ~ur-~~V11 

~ . ~ 

m1m~'W~ ~11:1' .:J ri .;J v-m 111' ':l~uuilm':l wH ~~fl111l~B'W 1:1' .:Jf1ll~BI'I':l lf11':l "l11~~1 lll'irJCll.:Jl ':l ~\9111llriv 
~ ~ 

it~ 1:1'0. f11':l Ylil ~ B'l'WU ll Btu llflil~ I#\' 'D::; 'lJu\91 n~l~ n'W !~B~ 'ill f1fl111ll!l'lf11'il.J'UB'l eJ'm lfl111l!~'W~ "l#l~ 
q q ~ 

v 8.0 
0 

----·- . - ----~ 30 
i 

0 7.0 -j·· 28 
' 
~ 6.0 26 
(!~ 

c:;;• 5.0 ---' 
;,<:: I 
a 

4.0 GY 
"7 

24 u 
0 

I a;:i 
.. 1 22 c:;;• 

' ;,<:: 
r-

- <;;;: 3.0 20 
z 
(;;)• 

E 
~ 2.0 18 
~ 

~ 
~ 1.0 16 
-:;:: 

0.0 14 

21.00 22.00 23.00 0.00 1.00 2.00 3.00 4.00 5.00 6.00 
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28 t::. t::. 

80 ... 
27 t::. 70 

?f. 

"""' ~ 
u 26 60 •;;::: 
0 •E cr;;:<," 25 50 ;f 
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\llflfll'jllj~ 4.23 (a) uff~.:JIW~'\Je:J.:JU~:IJ1Wt'ltl11'Utl'.:Jt~1J~V'I'f'W .~UV-I.:Jl'llmlm~'W B~'llfll'lt '11C~ 
rvi1n1J o.oos kg/s lrle:Jrh'l.l~mlil'ltll1'Utl'.:Jt~1J~mf'U~uv.~-11'1lmll.ll~mvhn1J 42 ~lil'l~e:J~l'lN!l.J~'l 

.Jd 0 d & dt ~ I 1 ~d 0 d 
'jllj't.J 'Vl'\Je:J-'l!!V-1-1 'Vll'flJll.JW'W 9l' -'l!J.Je:J fll 'H1~fll'J::::'f11 1JJ)' e:J'W~e:J'l1'W1V'jllj'W'Vl '\Je:J -'l!!V-1-1'1'11 fnll.JW'W Cl~ (1-'J 

~lli'11J,J:iJ'Ule:Je:Jmle:Jvfl~fl-'lt~J.Jlfl~'W fll'jllj~ 4.23 (b) uff~-'lv.lf!'\Je:J.:Ji.l~m~n1-'lt~1J~mf'W~HV-I.:Jl'llmll.l 
l~'U BWI'll fll'lt'!1mvhn1J 0.03 kg/s trle:Jrilu~:IJl~'Jtl-'ll~i.i~e:J~'W~UV-1-ll'llmlJJ!~'U!'VllrllJ 42 uf!:::: 
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' ' 
'il1nmw~ 4.24 llr.YI'l.:JJ:-J~f11':il11'l~B.:JL'Wl\r~ 22-23 ilt~'W1tJ'W 2548 U~:l.Jll'l':it1'-:Jl~1J . 

71 f1m c) m 1 f1l':i l 'VI fll'Yll tl1J 0.03 kg/s tU~ tJ1JtYi tJ1J tl1J J:-Jfl'il 1f1f11':i rl1'W ltu 'il~t ~'W l r1' l1(Jtu 'VI iJil'U1El u f1 

vY-'lm':ii11'l~u-'ltw~m':ir'i1u 1ru li11ul1 tJ':ur.rul'l'flilv-'1 nu ~1m1:uNI'l'V'lml'lm'iltnl'lmn'YimCJr.r1m\91 vl'.:~if . 
"'"'"9 $19 o ~I • .J "1 $1 .J $1 .J • ci v c; "1 $1 .J ., 

l) (Jl:U'YiiJ:Ull !'15 t'Wf11':ifi1'W1tutu'W'fll"lf.:J !l'l'il1f1r.'l':Uf11':i 9f.:Jr.'l'':i1-:J'U'W'il1f1 flll11J'Wllf1 tl'l "lf-'l:U 

I ' I CLI I d. CLI ~ 

'fl1 R- tlllf11J 0.88 t'l5'Wll'lCJ1f11J(Jtu'YiiJ:U dew point 

2) rl1fi11:Ut ~1fl :u 1 'W m ':irl1'W1tu H~1fi11:Ul~1fl:Ul'U ~ m.W v.:~ ri11~ CJ1 'Utu~~fi11:Ul~1fl:U 1 'W 

f11H1 )?)f!EJ.:JiJ f11':i ttl~ tl'Wlltl fj .:J\91~ Dl'll1fll 

3) 1 'W m ':i r'i1u 1 ru 1llfil'l m':i r.rrut irtJ'YI~V f11'5 f 1J m 1:u f t.J'W 1 '!-!vi v ri .:J 'il1f1~ :u 
"" 

4) ~1nl':itlf!l'ltlrivCJ'f.:J~ (emissivity) ~H1u f11':irl1'W1tulll'W~1ll'l tJtl':i~:l.Jltu~.:JVl'iJ lll\91':i -'1 

fi11:Utll'W'iJ~.:j 

20 

16 

12 

I 

I 
T -----r 

22.00 23.00 0.00 1.00 2.00 3 .00 4.00 5.00 6.00 

+ Experiment -- Theory 

cJ\91 ':i1f11 ':i '1 'Yifl t vh tl1J 0.03 kg/s ttl~ CJ1Jt Yi tl1J tl1J J:-lfl'il1f1 f11':i fl1'W1tu 'iJ~l ~'W !r1' l1e;jtu 'VI iJilt1'-:Jln1J ~.:) f11':i 

lll'lM .:~ llfl~ nn ii 1'W ltu 1i11 'W 11 tJ':u r.rv l'l'fltlV.:J nu ~1m1:u ~l'l'V'l ml'lm'iJt nl'l 'iJ 1 f1r.'l'1l'YII'J~ 1 r1' nri11l uu ~ 1 

1mJD 4 .5.5 
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m~~ 4.26 U('l~ 4.27 ll bl'~ 'l1:'l':l.J'J'H)'\.J~fll'J'I11m1lH~'W'IJB'l'J~'lJ'lJ (COP) LflmH:UWl'J 

J1t'\.Ji\'.:n~'lJ rviln'lJ 71 ilm D'mlm"Ji'Hm'l'lln'lJ 0.03 kg/s 1~ v m~~ 4.26 rTI'Wr!('lfn'J'\fl~nB..:Jt'W'li1..:J 

' ' " 
l~ '\.Jfl'JtU Vi Btu Vi .niJ '\JB-.1 Url..:J'\11m1:1JL~'\.J b1' -.1 f)l1Btu Vi .niJi'r -.1 Ln~~B:IJ l 'W mru ij bl':IJ'J 'J {;)'\.J~f)l'J'\1 1 

q q,J 'U q 'U 

cl d 0 lf) ~ d I .J d d I '3) ;j IQ.I d. 

fn1:1JLCJ'W'IJB'l 'J ~ 'lJ'lJ'\fl'\111 l~'il ~ .I.Jfnbl' -.1 91'lLU'W L 'l"l 'J1~'J~'lJ'lJ:IJ fn'J mm'\flfl11:l.J'JB'W'\fl'l fn'Jl!N'J 'lbl' !l('l~fn'J 
'U 

0 cl d lf1 '3) I Q.l 

bf:l.J)'Jfll.J~f)l'J'\fl1fn1:1JW'\.J'IJB'l'J ~ 'lJ'lJ'\fl !~L'\fllf)'lJ 6.50 
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• • 
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• -6 

• 
• I 

I 
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6 -,---------
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: . . . 
0 4-·--~---r----------+---+~- r •----~ ----------- ·-r-~------ ~~-------- 1 
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' 
ill'Y'lll 4.28 Hbl'~..:Jr-.l('lfn'J11~('lB'll'Wk~B'WiJtl'U1CJ'W -ir'l'Hlfi:IJ 2548 
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ill'V'l'fi 4.29 oUellq!i:!'i:Yi11Yfe:llfllf1'1'\.H)~~'W!H'l~t]~'l'l'Ull 

.::::!11] 9) I Q.l 

':i~1J'lJ'l'l !\9l!'Vllfl1J 1.98 

mvrVi 4.28 U'i:YI'l'll:Ymvmlmf1'1'Wq~~'W!li:!~t)~'l'l'Wll 'il~!~'Wll1'Wq~~'W~'lml:JJ~'W 
~:JJYr'Vl1l!l 1:1~~ ill 'l'l iJ iJ1J ':i':i CJl fllfYn~l"Q 'l flllt)~ 'l'l'W ll !~W·.Ji:l 111'J:Y:JJ':i1tl 'W~fll':iYJ l 'flll:JJ!t'W '\Jtl'l':i~1J1J 1 'W 

q~~'W n~l~ln1l1'Wq~'l'l'Wll ~'lJ:YeJI'lfltleJ'~n1J'Vlt1'l:J~~ nri11 HoU'l'll'i''W 

I I I I ~ 

!'l1e:J'l'illflli'im)l'l':i 1 fll':i I 'l'li:!l'll !!~lTuru'l'l .r&Vir~'fli:!'l~me:J1J fll':i'l'l:JJ'W!1v'W '\Ju'lthu~m n u~~l'W l'W':ie:J1J 
' '" ' 

fll':i'l'l:JJ'W!1CJ'W '\JeJ'lJ1Nl'WUV.J'lYJl'rnl:JJ!t'Wv~1!uu 1 'W'Vll'lfl;;r1J tl'Wmm~:J.J"eJ\91 ':ilfll':i I '1'!1:1 uru 'l'l niJ~ 
q q '" 

" ' 
1:1\91 i:!'l~u ':i e:J1J fll':i 'I'! :JJ 'W!1 CJ'W '\Ju'l'W 1 'il ~1! u v uvi -:;~1J1J 'i:Yl:I..Jl':itli:l'fluru 'l'l niJI <Jl1 vi ltl1J mill cJI'l ':i 1 fll':i I 'l'l r~l'11 

' q '" 

~ 0 .c:=:!. I 0 d 
! 'W tl'l 'U l fl'ill'W l'W 1D1J fll':i 'l'l :IJ'Wt lti'W V.Jl'W!!V.J'l 'Vllflll:IJW'W 'U ~l:Y 'l 

q '" 
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4.14.3 m·:nll'l'B'fl':lTr;hwiJ~m'fl':ltJ 1 1'W ti-u~miuvh .. rViu~ -r~o1wn l :JJteh.~ &r:::J1Hlfii'1Btur1 nD 
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0 1 1 " .!, 9 "9 0 0 : " " = ., 9 "9 4. 14.5 f)l':J'fll'W1UJ I'ICJ 'lHU.Jf1l':J9l'-11'111'Wf1TH11'W1UJf1l':i'Vll'Wl':iB'WI'l1C.Jll'ff-1Bl'VlflCJl.Jli'I11'W 

m':i fll'W 1ru f11Hllfl11:JJt~'W 11'1C.Jf1l':l u~f -1~ ¢11C.Jf11':l u 'Vl'Wrllfl1Tlf!'li':JJu 'ff ~mY! 'flU¢11C.Jrll m':l u~f~~'illn 

u~-1-Yhm l :JJ!t'Wnml:JJmJ.....~ v1 'ffl:JJl':Jtl1~~1'W ~~~ 
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i 
r-- · - -:- ---·· ·1 ----:-- --,---- - r - --·-; - - - --- ~ 

2 1.00 22.00 23 .00 0.00 1.00 2.00 3.00 4 .00 5.00 6.00 

(b) 

V I Q.l .<::.'lo 9) & cl~ oC:!.~ V d I .6. g/ d. 
11l~l'Ull!N~l11lf11J 1.25 m/s f,)llrl1iJ:I.l'Ull'UlCJi~f1fiVf,)tl!'HiJ:I.lJ;l'~lll~H'lV:IJ :I.Jfll!':i:IJ\9l'W11 25.0 °C 1!(1~ 23.9 

"C LrieJi'WbJ;I'If1l':i11V1(lEJ.:J 'Utu:::~mlJ.J~'Ur;YJ.Jtrv11f~~l':i:::l·dl.:J 90.7-94.7% u:::n1'W·:h1'W'If1~nm 
21.00-23.00 EJtu'l1 fllJEllf11fl'~(lV1(l.:JtriEJ~l'UW·.J.:JVJlml:JJ!~'Wii~lJ;l' ~n·:h 1 'W'If1.:Jnm 2.00-6.00 'W.~~tll'W 

q " " 

!'V'l':il:::l'u'lf'J.:Ju ':i f1'UEJ.:J f1l':i11\>l(lEJ.:J 1J':i':i t11 mrr~m1:JJ~'Wr;Y:JJtrmf~1 Vi11M~m1:JJJ;l'l:IJ1HI1'W nn u~f .:JiY 

J;1' .:Jn111 'W'If"J .rvht~'U EJ.:J mJ"111'1(lEJ.:J~ iim1:u~'U r;Y:1.1~nfiff .:J n11 WJ nu1 ni'fv.:J'V'l1Jl11 'W'!51.:JI 1m2.oo-6.oo 
" " 

Q.l 0::::. ~ Q.l g' 'J} 0 ~ do cl .:k ..J 0 j/ I 

'U . CJ.:J 1 n\>1 nn n (l'U m'UEJ .:J 'U 1m .:J 1J'U ur~.:J mm 1 :I.JW'U 9i .:J! U'U m!'l19J'l1'U .:J11m 1 mn1:JJ mm ':i 11 m':i ur~ 

-f.:J~f1\>I~.:J (\Vaewsak, 1998) 'illflfll'V'l~ 4.29 (b) V\9l':i 1fll1:1J!~'W~':i:::1J1JVlll#i'ii~1El~':i :::'l1l 1~ 7-22 
" 

Watts 

"' ' "" 4.15.1 ~Hl'Uel.:Jflll1J11l~HHJUA'l1 fl1J'U l eHH1 
q 'U 

.d d qv.d 
'illnmrm 4.30 (a) CJi~llff~~rlf1f1l':i11~~V.:J &'Ul'U11 13-14 ,14-15 um~ 16-17 

~ 1 d c: QJ d 'J} 0 d I Q.l 

1i'U11f1J.J 25-+S ~CJJ.Jfnl:IJ!':ilEllf1lf1'1~1111l.:J!'IJ1!1rl.:J11lflll:IJICJ'W111lf11J 0.25, 1.0 u~:;; 1.7 m/s 

\9ll1J~11'11J l'UJ;l'fl11~EJlmrr~m11CJfi~.:Jn'UI'1.:Juffi'I.:J1'Wm'V'l~ 4.30 (b) 'illf1~1l'\l:::!11'Wi#i'11 1riEJmmrr 
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cS I 

4.15.2 J:-H,'lJ Cl~fl1llJI ':l1ell flli'IVICl~lJ ':l'H:Jl!::::'lHFl'J::::UU 

'illflill'l'l~ 4.31 lritJml:UI~--:HJlfllfl~l 'I'IUllfl111J1~'W~lYl'il:d'JrhutJmiJJlTtlt1!'11fl:iJ 
q "" 

~~~ l~'il~~rll:!Jlfl 11viucil.:~ l5~1'1UJ 'Yl~.:J.:Jl'W~1~1 'Wf11J.U1J~~~:U ~~~lUDt'J ~ N~ hi'filCoefficient of 

Perfonnance (COP) lJflTi:r.:J l'W'Yll.:J\'15-:J.u'l:Uiritlmlm~--wlfllflbl'.:J fl11:UI~'W~l~lJ~lbl'.:J llvi'Yl~.:J.:Jl'W~ 
"" "" "" 

H.Um~?1~:uniifi11vl:u~'W l11111'1'i1CoP ~~~.:~ m"Jtl'J~unl'l!off.:~l'W~.:~ ~llllwi1tJ.:~I~tJn111'1'1'J .:~num1:u 
q 

I o cS 

4.15.3 1'1 i;'l'lJ Cl~ t} ~ fll ':l VlelflTllJ ~1 :w1 ':l 0 fll ':l'Yllfn l lJiti'W'lJ Cl~':l::::UU 

'illflillr'l~ 4.32 (b) !tbl'~.:~ml:J.HB'W~l~'illm~uu 1~uriml:ut~1tJlfllfl~r'hlmtl.:~ 

'\Jll.u'lt'Vlltl1J 1.0 m/s bl'f111~ll1~tltl:Uvl.:Jllbl'~.:Jl'Wfll'V'l~ 4.32 (a) '~'lUll l'Wl'W~ 4-5 ll'W1l'fl:U 2548 

~.:JtlJ'W 1]~'11'\.J 11 m fllfllJflll :J.J~'W ff:U~'Yl .fitm~~ru '11 JJ:iJU'J 'J t'Jlfllfl~l llll11'ttN.:Jlllfl1l:Ul~'Wl!Hf.:! il 
~ lft ~Q Q.l cl .d tfJ 9).:::1 I I I dl .<:::::io Ill 9J 

'flll:JJ'Jtl'W 1?1?1 tll'l'Jlfi11:UW'W'Yll~:U'flltlt'J'J~'I11l.:J 10 ti.:J 22 Watts bl'l:!Jl'Jtl~?ltltu'Ylfl:Ulllfllfl~.:J ~~ 
"" q "" 

~ Q.ld .Jcl d .J'Q.IQ.I.-/ Q 

1.2-2.2 ac 'lltu~'Yll'W1'W'Yl 6-7 VJmfl:u 2548 CJf.:J!D'Wfl~~'Wmmfl:uml:U'b''Wbl':U'V'l'Yl'fillrl~f,JTll'YliJ:U 
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q GJ q 'U 

" " 'lh~nml'l''l nri11 tl-l!!l'lfll'i 1'l n'W '!1~'l'il1fl'l!'W1 'W'lh'lnm 23.30-1.15 'W. EJW '!1n:i:hJ~~ mmft!;l' --:J9i'W!i~l 
q 'U 'U 

cl'j) d , .Q 91 dl'j) ~ crCll<llrl 
~~ ~ 'l ~~ fl'WEJ CJ 'UW ~'Vl m1 :JJ !!\91 fl\911--:J 'UEJ'lEJW 'Yl.fl:JJ'U 11 'U1!!~~'U1EJ EJ fl:JJ'fll'W mm.J D'l'D 1 nm 1:U'l1'W !;l':U'Vl 'Vl TI 

q 'U 
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!rimYimJ nu 'l 'W mill~m1:U!~ ltll f11fl~1~'lnrm ~fll1:1J~f)'W~1 fll1 

dt I 0 d 9) d ~ .t:::r.d d I I 

4.16.2 !:1Jtltllf11fttlfl~~ N1'W!!N'l'Vllfll 1 :1JW'W~lCJfll1:1J!~l\911 tl'ill 'Yl.fl:IJ'Vl~~~'l:Uf\1\;1' 'l!!\91 
<u 'U q 'U CIJ 
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78 



' q 

'U'YI'YI 5 

~;r·i.U N t1 AA t1 ~ .U emrtHm l!~ 
" 

5.1 iX) U il-Ht • 
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~ I ~ I 
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<' l .I d, "" 'J) '1 d . I 2 
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~1n~~ 'Il-l mwl.:~r-mm~YI~H'n>.:J1ui\J~ 4-5 ff.:J'111fl:ll2548 u~T!m~1ml 0.01 kg/s 

1l~mmt1.:~t~1J 71 i1~~ 

na1 Ti To Tt Pc Tp Ta RH 

lllwm oc oc oc Watts oc oc % 

21.00 28.7 28.2 28.6 20.9 26.9 26.7 89.9 
-

21.15 28.6 28.3 28.5 12.5 26.9 26.8 95.3 
f--· 

21.30 28.6 28.1 28.4 20.9 26.7 26.8 92.3 

21.45 28.4 28.1 28.4 12.5 26.7 27.0 93.5 

22.00 28.2 27.9 28.1 12.5 26.6 26.6 92.6 

22.15 28.0 27.8 27.9 8.4 26.5 26.5 89.3 

22.30 28.0 27.7 27.8 12.5 26.3 26.5 89.8 

22.45 27.7 27.8 27.7 -4.2 26.5 26.7 89.8 

23.00 27.6 27.7 27.5 - -4.2 26.4 26.8 89.3 

23.15 27.5 27.7 27.6 -8.4 26.4 26.9 89.6 

23.30 27.4 27.5 27.4 -4.2 26.2 26.6 89.3 

23.45 27.4 27.4 27.3 0.0 26.2 26.8 89.2 

0.00 27.3 27.3 27.2 0.0 26. 1 26.6 89.3 
f.--- - --

0.15 27.2 27.3 27.2 -4.2 26.2 26.8 89.0 

0.30 27.2 27.2 27.1 0.0 26.1 26.9 89.1 

0.45 27.2 27.2 27.1 0.0 26.1 26.8 87.5 

1.00 27.1 27.2 27. i -4.2 26.1 27.0 99.1 

1.15 27.1 27.1 27.0 0.0 26.0 27.0 88. 1 

1.30 27. 1 27.0 26.9 4.2 26. 1 27.1 87.7 

1.45 27.0 27.0 26.9 0.0 26.2 27. 1 87.5 

2.00 27.0 26.9 26.8 4.2 26.2 27.1 97.6 

2.15 26.9 27.0 26.8 -4.2 26.1 27.1 87.7 

2.30 27.0 26.9 26.8 4.2 26.0 26.9 87.6 

2.45 26.8 26.8 26.8 0.0 26.1 27.0 87.7 

3.00 26.8 26.8 26.8 0.0 26.1 27.1 87.6 

3.15 26.8 26.8 26.7 0.0 26.0 26.9 88.4 

3.30 26.8 26.8 26.7 0.0 26.2 27.0 88.5 
--- ----

3.45 26.8 26.8 26.8 0.0 26.1 26.9 88.6 

4.00 26.8 26.8 26.7 0.0 26.2 26.8 88.3 

4.15 26.8 26.8 26.8 0.0 26. 1 26.8 89. 1 

4.30 26.8 26.8 26.7 0.0 26.1 26.7 88.3 

4.45 26.7 26.8 26.7 -4.2 26.0 26.7 89.2 
-- f- -

5.00 26.8 26.7 26.6 4.2 26.0 26.8 89.2 

5. 15 26.8 26.8 26.7 0.0 26.1 26.5 89.0 
----~- - ----- 1--- - - -

5.30 26.8 2.6 .7 26.6 4.2 26.0 26.6 88.7 
- 1- --- -1---- - - -- - - -- ·----__ l _________ 

5.45 26.7 26.7 26.7 0.0 
. 26~~- - ~6! _ _ - ___ .!_~ --~-- --!--1-- - ---- f- - - -- -- -- . 1- - - ·- - -. ·- --

""" '),;S! ?.£i.7 26.6 4.2 26.1 26.8 88.4 
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Vw 

m/s 

0. 14 

0. 11 
--

0.08 

0.27 

0.61 

0.34 

0.75 

0.30 

0.33 

0.48 

1.14 

0.60 

0.41 

0.33 

0.05 

.0.49 

0.18 

0.61 

0.20 

0.88 

0.38 

0.16 

0.38 

0.16 

0.26 

0.55 

0.67 

0.39 

0.99 

0.20 

0.25 

0.37 

0.09 

0.18 

0.47 
- - --
0.45 

--~-- -

0.45 



11111.:1~ 'U-2 Ubl'~.:Jvfi;'lfll'i'VlCfHHl.:Jt'Wi'W~ 5-6 f11fl~1fllJ 2548 fl1111fl11i'Hfl 0.02 kg/s 

11~ll1111t1'-:~t~1J n n111 

ntn Ti To Tt Pc Tp Ta RH 

oc oc oc Watts % 

21.00 29.4 28.9 29.2 41.8 27.6 27.9 88.1 
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Vw 

mls 

0.22 
; 

r---------·l--------~-------~--------~·-------~--------~------4--------4--·------l 
21.15 29.3 28.8 28.9 41.8 27.6 27.8 88.8 0.04 

29.3 29.0 27.7 28.4 87.9 0.25 21.30 
r---·----·--~-------~-------l---------~------~--------l~-------~-------~--------1 

28.9 33.5 

21.45 29.2 28.5 28.7 58.5 27.3 28.1 88.0 0.05 

22.00 29.2 28.6 28.8 50.2 27.4 28.0 92.2 o.m 

22.15 28.8 28.4 28.7 33.5 27.2 27.6 92.2 0.05 

22.30 28.8 28.3 28.4 41.8 27.0 27.8 89.7 0.51 

22.45 28.8 28.2 28.3 50.2 27.1 27.5 93.3 0.05 

23.00 28.4 28.0 28.2 33.5 26.6 27.3 94.3 0.14 

23.15 28.5 28.0 28.1 41.8 26.7 27.2 95.7 0.21 

23.30 28.3 27.3 27.9 41.8 26.6 27.1 95.4 0.08 

23.45 28.1 27.5 27.8 50.2 26.4 27.1 95 .8 0.10 

0.00 28.1 27.5 27.7 50.2 26.4 26.9 96.8 0.09 

0.15 28.0 27.4 27.5 50.2 26.2 26.9 97.1 0.17 

27.3 0.16 
~--------~-------~------~~-------~-------~--------b--------~---------------

0.30 27.8 27.5 41.8 26.2 27.1 97.4 

0.45 27.8 27.2 27.4 50.2 26.1 26.7 98.4 0.20 

1.00 27.6 2/ .2 27.3 33.5 25.9 26.6 99.1 0.02 

1.15 27.5 27.0 27.2 41.8 25.8 26.6 97.1 0.07 

1.30 27.4 27.0 27.2 33.5 26.0 26.8 98.4 0.02 

1.45 27.2 26.9 27.1 25.1 25.7 26.6 97.7 0.43 

2.00 27.2 26.7 26.9 41.8 25 .7 26.8 97.8 0.15 

2.15 27. 1 26.7 26.8 33.5 25.7 26.8 95.5 0.18 

2.30 27.0 26.4 26.7 50.2 25.3 26.5 97.5 0.12 

2.45 27.0 26.5 26.8 41.8 25.6 26.5 98.6 0.08 
r---------~---------~-------~--------~----·---+------ ~--------~·--- ---1~----~ 

3.00 27.0 26.4 26.5 50.2 25.2 26.0 98.8 0.07 
r---------+--------b--------1~------·~-------~------~---------~--------~------~ 

3.15 26.8 26.2 26.5 50.2 25.2 26.1 98 .7 0.37 

0.04 
r---------·~-------b--------ll--------4---------+--------~------~--------r----- ---

3.30 26.7 26.5 26.3 16.7 25.6 26.1 97.5 

3.45 26.6 26.2 26.3 33.5 25.1 25.9 97.8 0.26 

4.00 26.6 26.1 26.3 41.8 24.9 25.8 97.5 0.02 

4.15 26.5 26.0 26.2 41.8 24.8 25.8 99.0 0.15 

4.30 26.5 25.9 26.1 50.2 24.8 25.8 98.2 0.02 

4.45 26.2 25.8 26.0 33.5 24.8 25 .8 98.3 0.06 

5.00 26.2 25.7 25 .9 41.8 24.7 25.6 98 .2 0.15 

5.15 

5.30 

26.1 

26. 1 

25.6 

25.5 

25.9 

r---------·~-------1---------~------ --

25.7 

25.5 
--- - ·--·- - --1----------1--------- f- --- - -

25.5 

5.45 

6.00 

25.9 

25 .6 25.3 

41.8 24.6 25.8 97.3 

50.2 24.6 25.5 pg8.o . ·~ 
41.8 24.3 25.2 97.6 

- ----- --~-----~-·----- ------ -
25.1 24.4 25.5 i 97.2 

0.14 

0.38 

0.09 

0.37 



\Pll';il~~ 'U-3 Uff'fl~~H'lnl';i'YI'flf!B~h,r)\J~ 31-1 ff~l11'fllJ 2548 el\Pl';i1n1';ill1ft 0.02 kg/s 

'l.J~lJ1\Pl';iG,ufh.J 71 ill'll 

Ti Tt Pc Tp Ta RH 

Watts % 

21.00 

105 

Vw 

m/s 

1-------J------1--- - --- -----1- ------ -- ---- -------- --i----- ---1--------- ------------
2l.l5 

1----- - 1--- - --1-------l------1------f----- - - - 1-------- f----------t-----1 

21.30 
1------J-------1------1~-----1--- ---- - ----- 1-------1----- - 1-----1 

21.45 

22.00 24.1 24.5 27.5 -33.5 24.3 25 .6 89.4 0.22 
1------J-------1-----~~----~-----1------1-----

22.15 27.1 26.8 27.u 25.1 25.7 25.8 89.6 0.26 
1------J-------I-----~-----~-----~------I----~----I------

22.30 27.1 26.8 26.8 25.1 25.8 25.8 89.7 0.43 

22.45 27.0 26.8 26.8 16.7 25.8 25.8 89.7 0.09 

23.00 26.8 26.5 26.6 25 .1 25.6 25.7 89.4 0.12 

89.7 
~------l------~------~------~-----~--------ll---------+-------4-------

23.15 26.7 26.4 26.5 25.1 25.6 25.7 0.44 

23.30 26.5 26.2 26.4 25.1 25.4 25.6 89.0 0.70 

23.45 26.4 26.1 26.1 25.1 25.2 25.3 89.9 0.02 

O.GO 26.4 26.0 26.0 33.5 25.1 25.5 89.7 0.19 
- ------1 

0.15 26.1 25.8 25.9 25.1 25.0 25.6 89.0 0.30 
1------J-------1-----~-- - ----- --- --1---------1-----1- ----1--------

0.30 26.2 25.8 25 .9 33 .5 24.8 25.5 90.1 0.73 

0.45 26.0 25.8 25.8 16.7 25.0 25.5 89.5 0.17 
----- -- -------1-------~----- ------

1.00 25.8 25.6 25.7 16.7 24.9 25.4 90.0 0.62 
1------J-------1-----~----- --- -----f--- ---- -------~------------

1.15 25.7 25.5 25.5 16.7 24.8 25.5 89.6 0.38 
r-----r----~---~----+-----~-------------4------ ------

!.30 25.6 25.5 25.5 8.4 24.8 25.3 90.1 0.1 3 

1.45 25.6 25.5 25.5 8.4 25.0 25.4 90.7 0.28 

2.00 25.5 25.4 25.5 8.4 24.8 25.4 90.9 0.62 

2.15 25.5 25.3 25.4 16.7 24.6 25.2 9!.0 0.25 

2.30 25.3 25.2 25 .3 8.4 24.6 25.2 90.7 0.1 8 

2.45 25.2 25 .0 25.2 16.7 24.3 24.9 91.4 0.09 

3.00 25.2 25.0 25.1 16.7 24.3 25.1 91.6 0.38 

3.15 25.2 25 .0 25 .0 16.7 24.3 24.8 91.7 0.11 
r-----+-----+-----~----I-----I-------J--------1-------r -----l 

3.30 25.1 24.9 25.0 16.7 24.2 24.9 91.7 1.35 
1------l---- -+----1------+------- -------1-------1---------+- ------

3.45 25.2 25.0 25.1 16.7 24.1 25 .2 92.6 0.08 
r-----+-----+----~---- 1---------- ------ - -- ,J----1--- - --

4.00 25.1 24.8 25.0 25.1 24.1 24.9 92.9 0.09 
t------l-- - --1-- ----1------1------- -- ------- --1-------- -------1---- --------

4.15 25.0 24.9 24.9 8.4 24.1 25 .0 93 .2 0.13 

4.30 25.1 24.9 24.8 16.7 24.3 24.9 91.5 0.55 

4.45 24.9 24.8 24.9 8.4 24.2 24.9 91.3 0.16 

5.00 25.0 25.0 25 .0 0.0 24.4 25.1 91.1 0.10 

5.15 25.0 24.9 24.9 8.4 24.4 25.2 90.9 0.34 
r------r-----~----1----l-------i-----l-------~-------- --- --

5.30 24.9 24.9 24.8 0.0 24.4 25.2 89.8 0.31 
1--- - - --1-----1-- - - --11------1-------- f---- - 1--- ----- ------ -----

5.45 25.0 24.8 24.R 16.7 24.4 25.2 90.1 0.09 

6.00 25.0 25.1 25 .0 
-- -0.0 -- ---;;~-- - --2;~ --l - - ~-;-~- 0.39 



l'n'Jl.:!~ '\J-4 Ubl'~.:!~Hlfll'J'Vl~fn.J..:J t'Wi'W~ 20-21 rl'Wtll£J'W 2548 -eJ'I'l'Jlfll'J l '11~ 0.03 kg/s 

u1m\9l'Jtl..:J!n'IJ 71 ill'l'J 

L1tll Ti To Tt Pc Tp Ta RH 

mwm oc oc oc Watts oc oc % 

21.00 27.1 26.6 26.8 62.7 25.4 25.3 

2 1.1 5 27.0 26.7 26.7 37.6 25.3 25.2 94.5 

21.30 26.8 26.5 26.5 37.6 25.2 25. 1 95.1 

21.45 26.6 26.5 26.5 12 .5 25. 1 25.0 96.3 

22.00 26.7 26.6 26.6 12.5 25.3 25.2 96.2 

22.15 26.8 26.7 26.7 12.5 25.7 26.0 97.3 
1------· 

22.30 26.7 26.6 26.6 12.5 25.7 25.8 97.3 

22.45 26.7 26.5 26.5 25.1 25.5 25.9 96.6 

23.00 26.5 26.5 26.5 0.0 25.5 25.9 97.0 
1---

23.15 26.5 26.4 26.4 12.5 25.5 25 .8 98.0 

23.30 26.1 25.9 26.0 25 .1 25. 1 25.7 98.5 

23.45 26.0 25.8 25 .8 25.1 24.8 25.0 97.7 

0.00 26.0 25.7 25.5 37.6 24.4 24.7 98.2 

0.15 26.0 25.7 25.6 37.6 24.5 24.8 98.1 

0.30 25.8 25.6 25.4 25.1 24.4 24.6 98.7 

0.45 25.7 25.5 25.5 25.1 24.4 24.7 98.7 

1.00 25.8 25.6 25.5 25. 1 24.7 25.0 98.6 

1.15 25.8 25.7 25 .7 12.5 24.9 25.2 98.5 

1.30 25.7 25.8 25 .8 -12.5 25.0 25.6 99.0 

1.45 25.9 25.9 25.8 0.0 25.3 25.8 98.7 

2.00 25.9 25 .8 25.8 12.5 25.2 25.9 99.0 

2.15 25.9 26.0 25.9 -12.5 25.3 25.8 99.3 

2.30 25.8 25 .8 25.8 0.0 25.2 25.8 99.4 

2.45 25.8 25.7 25 .7 12.5 25.0 25.6 99.4 

3.00 25.8 25.8 25.8 0.0 25.1 25.8 99.0 

3.1 5 25.8 25 .7 25.7 12.5 25.1 25.8 98. 1 

3.30 25.8 25.7 25.7 12.5 25.0 25.9 96.6 

3.45 25.8 25.6 25.6 25. 1 24.7 25.4 96.4 

4.00 25.8 25.6 25.6 25.1 24.8 25.3 97.4 

4. 15 25.8 25 .6 25 .6 25.1 24.8 25.2 96.0 

4.30 25 .8 25.5 25 .5 37.6 24.7 25 .1 94.4 

4.45 25.5 25 .5 25.5 0.0 24.7 25.1 97.7 

5.00 25.5 25.5 25.5 0.0 24.6 25.3 96.6 
- --- - -

5.15 25.5 25.4 25.4 12.5 24.5 25.3 95. 1 

5.30 ~ 25 .5 25.4 25.4 12.5 24.7 25.5 97.1 
- --

5.45 -~ 25.5 25.4 25.4 12.5 24.6 25.J 96.8 
---- - - -- -----·--- --- ··- ------

6.00 

106 

Vw 
r------

rnls 

0.44 

0.18 

0.06 

0.19 

0.02 

0.15 

0.22 

0. 13 

0.12 

0. 12 

0.07 

0.12 

0.09 

0.22 

0.02 

0.05 

0.02 

0.01 

0.02 

0.02 

0.01 

0.01 

0.03 

0.25 

0.21 

0.40 

0.01 

0.07 

0.02 

0.04 

0. 10 

0.03 

0.01 

0.01 

0.02 
]----- - -



~TJVl~ '\J -5 m1'~~~"(Jf11'J'Ylmre.~~hr)'W~ 22-23 iJQ'WlCJ'W 2548 V~'Jlfll'Jlr'm 0.03 kg/s 

u1m~'Jtl'~!n1J 11 ~~'J 

mn Ti To Tt Pc Tp Ta RH 

mwm oc oc oc Watts oc oc % 

21.00 

21.15 

21.30 32.0 31.5 31.3 62.7 29.3 28.6 81.0 

21.45 31.4 31.0 31.2 50.2 29.0 27.9 80.6 

22.00 31.3 30.7 30.7 75.3 28.6 27.4 80.1 
--t--· 

22.15 30.9 30.4 30.6 62.7 28.4 27. 1 83.3 

22.30 30.8 30.3 30.3 62.7 28.4 27.5 83.6 

22.45 30.7 30.3 30.2 50.2 28.1 27. 1 84.4 

23.00 30.2 29.5 29.7 87.8 27.7 26.8 84.8 

23.15 30.2 29.5 29.6 87.8 27.5 26.9 86.9 

23.30 30.0 29.4 29.4 75.3 27.5 27.2 88.5 

23.45 29.6 28.9 29.2 87.8 27. 1 26.5 89.4 

0.00 29.4 28.7 28.8 87.8 26.9 26.1 89.7 

0.15 29.3 28.6 28.8 87.8 26.8 26.3 88.1 

0.30 28.8 28.3 28.3 62.7 26.4 26.1 88.5 

0.45 28.8 28.4 28.3 50.2 26.5 25.7 88.1 

1.00 28.4 28.0 28.0 50.2 26.2 25.7 88.2 

1.15 28.3 27.8 27.9 62.7 26.1 25.8 88.3 

1.30 28.1 27.6 27.7 62.7 26.0 25.8 88.7 

1.45 27.9 27.5 27.6 50.2 26.0 25.7 90.0 

2.00 27.8 27.4 27.5 50.2 25.9 25.6 89.6 

2. 15 27.7 27.2 27.3 62.7 25.9 25.9 89.1 

2.30 27.5 27.2 27.2 37.6 25.8 25.8 89.9 

2.45 27.4 27. 1 27.2 37.6 25.7 25.5 90.5 

3.00 27.3 27.0 27.1 37.6 25.7 26.2 90.0 

3. 15 27.3 26.9 26.9 50.2 25.5 25.8 90.8 

3.30 27.1 26.7 26.8 50.2 25.5 25.9 90. 1 

3.45 27.1 26.7 26.7 50.2 25.4 26. 1 90.9 

4.00 26.9 26.5 26.7 50.2 25.3 25.8 91.3 

4. 15 26.8 26.4 26.6 50.2 25.1 26.0 92.2 

4.30 26.7 26.3 26.4 50.2 25.1 25.6 92.2 

4.45 26.7 26.2 26.4 62.7 25.0 25.7 93.0 

5.00 26.5 26.0 26.2 62.7 25.0 25.6 92.8 

5. 15 26.5 25.9 26.2 75.3 24.8 25.5 94.0 

5.30 26.4 25.8 26. 1 75.3 24.8 25.5 93.5 

5.45 26.6 25.9 26.1 87.8 24.8 25.5 94.8 
---- -- ------ -

6.00 26.3 26.0 26.0 37.6 25.1 25. 7 93.3 

107 

Vw 

rn/s 

0.18 

0. 11 

0.27 

0.34 

0.10 

0.25 
--

0.06 

0.37 

0. 14 

0.08 

0.16 

0.66 

0.46 

0.56 

0.70 

1.04 

0.30 

0.06 

0.17 

0.52 

0.66 

0.02 

0.47 

0.65 

0.35 

0. 16 

0.37 

0.48 

0.56 

0.30 

0.48 

0.34 

0.25 

0.20 
------

0.45 



l'll'H:J~ 'tl-6 Ub1'1'1.:J~Hl fll'j'Vl~n;m;J'l'Wi'W~ 30-1 1';]mf1:J.J 2548 -eJ'I'I'j l fll'jirr" 0.03 kg/s 

tJ~mmt1.:j!nu 11 ~I'J'j 

mn Ti To Tt Pc Tp Ta 

lllwm oc oc oc Watts oc oc 

2 1.00 27.9 27.5 27.5 50.2 25.6 26.5 

2l.l5 27.5 27.1 27. 1 50.2 25.6 25.8 

21.30 27.4 26.7 26.9 87.8 25.9 25.3 

2 1.45 27. 1 26.5 26.5 75.3 25.3 25.0 

22.00 27.2 26.6 26.7 75.3 25.0 25.4 

22.1 5 27.0 26.5 26.5 62.7 24.6 25.0 
- . --

22.30 26.8 26.4 26.4 50.2 24.8 25 .2 

22.45 26.8 26.5 26.6 37.6 24.7 25.7 

23.00 26.8 26.3 26.4 62.7 25.0 25.8 

23.15 26.7 26.2 26.2 62.7 25.4 25.2 

23.30 26.8 26.5 26.5 37.6 25.1 25.6 

23.45 26.8 26.3 26.3 62.7 24.9 25 .5 

0.00 26.5 26.1 26. 1 50.2 25.1 25.2 

0.15 26.3 25.8 25 .8 62.7 25 .0 25.0 

0.30 26.2 25.7 25.7 62.7 24.7 24.8 

0.45 26.3 25.7 25.6 75.3 24.4 25.1 

1.00 25.9 25.4 25.3 62.7 24.4 24.7 

l.l5 26.0 25.5 25.5 62.7 24.4 24.9 

1.30 25.8 25 .4 25.4 50.2 24.0 24.8 

1.45 25.8 25.3 25.4 62.7 24.2 24.9 

2.00 25.9 25.5 25.4 50.2 24.0 25.2 

2.15 25 .7 25.4 25.4 37.6 24. 1 25.0 

2.30 25.6 25.3 25.2 37.6 24.2 24.9 
-

2.45 25.6 25.4 25.3 25.1 24.1 25 .0 

3.00 25.6 25.2 25.2 50.2 24.0 25.0 

3.15 25 .2 25.0 24.9 25.1 23.9 24.8 

3.30 25.3 24.9 24.8 50.2 24.3 24.5 

3.45 25.2 25.0 25.0 25.1 23 .9 24.7 

4.00 25.4 25.1 25.0 37.6 23.6 25.0 

4.15 25.3 25. 1 25.0 25. 1 23.9 25.2 

4.30 25.0 24.7 24.5 37.6 24.3 24.6 

4.45 25.2 25.1 25.0 12.5 24.6 25.3 
f--·- - ----

5.00 25.2 25.0 25.0 25. 1 23.8 25.3 

5. 15 25.2 25.1 25 .1 12.5 24.5 25.5 
1---· 

5.30 25.2 25.0 24.8 25.1 24.4 25.2 

5.45 25. 1 24.8 24.7 37.6 24.7 24.6 
- - - • · 

6.00 25.1 24.8 24.7 24.5 24.7 

108 

RH Vw 

% rnfs 

91.7 

- - - 1------

r--- -

94.9 

- -

95.7 

-- - - - --

··-



l'll'n~~ 'U -7 Lt'ffl'l'l~" f11 'j 'Yl i'Jr:m.:~lw1'W~ 7-8 ff'1'111flll 2548 fli'J 'jlf11l1'11" 0.01 kg/s 

111 llli'J 'j t1'.:J !n 'U 110 ~\P]'j 

na1 Ti To Tt Pc Tp Ta 

lllWm ·c ·c ·c Watts •c •c 

21.00 
- - -

21.1 5 27.8 27.8 28. 1 0.0 27. 1 27.3 

21.30 27.8 27.7 27.9 4.2 27. 1 27.2 

2 1.45 27.8 27.8 28.0 0.0 27.2 27.3 

22.00 27.8 27.7 27.8 4.2 26.9 27.2 

22. 15 27.8 27.7 27.8 4.2 26.9 27.2 

12.30 27.8 27.7 27.7 4.2 26.9 27.2 

22.45 27.8 27.4 27.6 16.7 25.9 26.5 

23.00 27.8 27.2 27.5 25.1 25.9 26. 1 

23. 15 27.7 27.2 27.4 20.9 25.8 26. 1 

23.30 27.5 27.1 27.2 16.7 25.9 25.6 

23.45 27.3 26.9 26.9 16.7 25.5 25.1 

0.00 27.3 27.0 27. 1 12.5 25.7 25.5 

0. 15 27.2 27.0 26.9 8.4 25 .7 25.5 
-

0.30 27.0 26.7 26.8 12.5 25 .7 25 .5 

0.45 27.0 26.5 26.7 20.9 25 .8 25.7 
-

1.00 26.7 26.0 26.4 29.3 25 .2 25.0 

1.15 26.7 26.1 26.5 25. 1 25.4 25.3 

1.30 26.7 26.0 26.4 29.3 25.4 25 .5 

1.45 26.6 26.0 26.3 25. 1 25 .4 25.2 

2.00 26.4 25.8 26.2 25.1 25. 1 25.0 

2.15 26.3 25.7 26.0 25.1 24.9 24.9 

2.30 26.5 25.8 26.1 29.3 25.0 25.1 

2.45 26.4 25.6 26.0 33.5 24.9 25.0 

3.00 26.3 25.7 26.0 25. 1 25. 1 25.2 

3.1 5 26.0 25.6 25.9 16.7 24.9 25. 1 

3.30 26.1 25.6 25.8 20.9 25 .0 25.3 

3.45 26.1 25.5 25.8 25.1 24.9 25.2 

4.00 26.0 25.5 25.8 20.9 24.9 25.4 

4.15 25.9 25.5 25.8 16.7 24.9 25.5 

4.30 25.8 25.4 25.7 16.7 24.7 25.4 

4.45 25.8 25.3 25.5 20.9 24.8 25.3 

5.00 25.8 25.5 25.6 12.5 24.9 25.6 

5. 15 25.8 25.5 25.5 12.5 24.9 25.6 

5.30 25.7 25.2 25.5 20.9 24.7 25.5 

5.45 25.7 25.2 25.5 20.9 24.8 25.5 

6.00 25.8 25.3 25.5 20.9 24.7 25.5 

109 

RH Vw 

% m/s 

-
83.3 0.09 

83.3 0.03 

83.8 0.20 

84.3 0.30 

84.1 0.22 

85.3 0.23 

88.0 0.36 I 
9 1.5 0.1 7 

92.8 0.16 

95.3 0.1 5 

96. 1 0.1 5 

96. 1 0. 11 
-

96.0 0. 14 
-

96.6 0.50 

97 0.24 

96.5 0.79 
-

96.4 0. 16 

96.2 0.26 

96.4 0. 18 

96.2 0.90 

97.0 0.20 

99.3 0.01 

99.4 0.07 

98.7 0.33 

98.0 0.37 

97.7 0.51 

97. 1 0.32 

97.0 0.09 

96.7 0.32 

97.1 0.12 

96.5 0.42 

95.7 0.26 

95.8 0. 14 

97.0 0.42 

96.1 0.07 

95.8 0. 13 



\PITH~~ 'U -8 U!;1'~~t:H'lfl1 'J'Yl~~HJ~1'Wl'W~ 3-4 ff~'111fllJ 2548 5\Pl'Jlfl1'Jl'l"n1 0.02 kg/s 

11~1Jl \Pl';ji1~1~1J 110 i'ij\P)';j 

L1lll Ti To Tt Pc Tp Ta 

ln wm oc oc oc Watts oc oc 

2 1.00 

21.15 

21.30 

2 1.45 

22.00 

22.15 27.8 27.7 27.8 8.4 26.0 ?6.3 

22.30 27.6 27.4 27.8 16.7 25.8 26. 1 

22.45 27.7 27.5 27.6 16.7 26.1 26.5 

23.00 27.4 27.2 27.4 16.7 26.0 26.2 

23.15 27.3 26.7 27.4 50.2 25.8 25.2 

23.30 27.2 26.8 27.2 33.5 26. 1 25.7 

23.45 27. 1 26.6 27.1 41.8 25 .8 25.2 

RH 

% 

90.1 

90.5 

90. 1 

90.7 

93 .3 

95.8 

95.6 
- - ---r------- - - ·----

0.00 27.0 26.5 27.0 41.8 25.7 25.3 95.3 
r---

0. 15 26.8 26.4 26.8 33.5 25.6 25.2 95.4 

0.30 26.7 26.3 26.7 33.5 25.6 25.4 96.4 

0.45 26.6 26.2 26.6 33.5 25.6 25.1 95.9 

1.00 26.7 26.2 26.5 41.8 25.4 25.5 96.8 

1.15 26.5 26. 1 26.4 33.5 25.5 25.7 96.0 

1.30 26.4 25.9 26.2 41.8 25.4 25.5 95 .8 

1.45 26.4 26.0 26.2 33.5 25.4 25.9 95.6 

2.00 26.3 25.9 26.2 33.5 25.4 26.2 94.5 

2.15 26.4 25.8 26.0 50.2 25.2 26.2 94.2 

2.30 26.2 25.7 26.0 41.8 25.0 25.8 93.7 

2.45 26.1 25.8 26.0 25 .1 25.1 26.0 93.7 

3.00 26.0 25.6 25.8 33 .5 25.0 25.8 93.8 

3. 15 26.0 25 .7 25.9 25.1 25.2 25.8 95.3 

3.30 25.9 25.7 25.8 16.7 25.2 26.2 94.3 

3.45 25.9 25.5 25 .8 33 .5 25.0 26.0 94.4 
· - -

4.00 25 .9 25.5 25.8 33.5 25.0 26.0 94.0 

4.15 25.8 25.5 25.7 25.1 25.0 26.0 93.7 

4.30 25.8 2:i.4 25.7 33.5 24.9 26.1 93.7 

4.45 25.8 25.4 25.7 33.5 24.9 25.9 93 .2 
--

5.00 25 .8 25.4 25.7 33 .5 24.9 26. 1 94.0 

5.15 25 .9 25.4 25.5 41.8 24.9 26.2 93.8 

5.30 25.7 25.5 25.5 16.7 25.0 26. 1 94.0 

5.45 25.7 25.4 25.4 25. 1 24.8 25.9 93.8 

6.00 

110 

Vw 

m/s 

--

0.37 

0.8 1 

0.92 

1.39 
--

OM 

0.35 
-·- - - -

0.53 
--- --

0.57 
-----

0.43 

0.08 

0.23 

0.39 

0.12 

0.53 

0.38 

0.34 

0. 19 

0.28 

0.2 1 

0.29 

0.07 
-- -- -

0.38 
------ -

0.42 
~ - - ~·--- ---

0.38 

0.29 

0.44 

0.18 
- ----- - -

0. 15 

0.26 

0.16 

0.28 



111 

mn Ti To Tt Pc Tp Ta RH Vw 

lnwm oc oc oc Watts oc oc % m/s 

2 1.00 29.7 28.6 29.2 92.0 27.3 26.9 

2Ll5 29.8 28.8 29.2 ~3.6 27.3 26.8 

21.30 29.2 28.3 29. 1 75.3 27.0 26.8 

2 1.45 29.2 28.2 29 83.6 27.1 26.8 

22.00 28.9 28.3 28.9 50.2 26.9 26.8 89.6 
--

22. 15 28.~ 28 28.6 66.9 26.5 26.5 

22.30 28.9 27.9 28.5 83.6 26.5 26.5 

22.45 28.4 27.7 28.4 58.5 26.4 26.5 

23.00 28.5 27.6 28.1 75.3 26.3 26.5 

23. 15 28.4 27.5 28 75 .3 26.3 26.6 

23.30 28. 1 27.4 27.9 58.5 26. 1 26.8 
- f---· 

23.45 28 27.2 21.e 66.9 26.0 26.7 

0.00 27.7 27. 1 27.7 50.2 25.9 26.2 

0. 15 27.7 27.1 27.5 50.2 25.9 26.4 
- ----· f----·----

0.30 27.6 27.1 27.4 41.8 25.9 26.4 
- -· r----

0.45 27.4 26.9 27.3 41.8 25.7 26.3 

1.00 27. 1 26.8 27.2 25. 1 25.9 26.5 95.8 

LI S 27.2 26.7 27. 1 41.8 25.5 25.9 

1.30 27. 1 26.6 27.0 41.8 25 .3 25.8 

1.45 27. 1 26.6 27.0 41.8 25.3 25.7 

2.00 26.9 26.4 26.8 4 1.8 25.1 25.7 

2. 15 26.7 26.2 26.6 41.8 25.1 25.5 

2.30 26.5 26.0 26.5 41.8 24.9 25.5 

2.45 26.4 26.0 26.3 33.5 24.8 25.4 
-

3.00 26.5 25.8 26.2 58.5 24.7 25.2 

3. 15 26.2 25.7 26.2 41.8 24.6 25.2 

3.30 26.3 25.8 26.1 41.8 24.6 25.5 
r----

3.45 26.0 25.7 26. 1 25. 1 24.8 25.5 
- -- r--- ··- - --

4.00 25 .8 25.6 25.9 16.7 24.6 25.6 95.8 
- ----

4. 15 26.0 25 .5 25 .8 41.8 24.6 25.5 
1------1-- - ---

4.30 25.6 25.5 25.8 8.4 24.7 25.6 
t--· 

4.45 25.6 25.6 25.7 0.0 24.8 25.5 
--- - ·-- r--------

5.00 25.6 25.4 25.7 16.7 24.7 25.7 
-

5. 15 25.6 25 .2 25.5 33.5 24.3 25.4 

5.30 25.7 25. 1 25.5 50.2 24.3 25.2 

5.45 25.6 25.0 25.3 50.2 24.1 25.2 

6.00 25.5 25.0 25.3 50.2 24.2 25.0 



\Oll'H:J~ 'tl-10 Hff\Ol.:lv.l1:1f1l'j'YJCflt'Hl.:JhJl'W~ 19-20 tlWJlV'W 2548 eJ\Ol'j l f1l'ji'l11:1 0.03 kg/s iJm 

111 :1Jlmi1-:~t~u 110 

L1ll l Ti To Tt Pc Tp Ta RH 

lllWm oc oc oc Watts oc oc % 

21.00 26.6 26.0 26.6 75.3 24.5 23.3 
- ---- !-------- - -- ---- - - -- r--- -----· 

21.!5 26.7 26.0 26.4 87.8 24.6 23.5 

21.30 26.4 26.0 26.3 50.2 24.8 23.5 95.1 

21.45 26.2 25.8 26.1 50.2 24.6 23.3 97.0 

22.00 25.9 25.7 25.8 25.1 24.3 23 .3 96.6 

22. l5 25.8 25.5 25.7 37.6 24.3 23.3 97.6 

22.30 25.8 25.6 25.7 25.1 24.3 23.3 98.5 

22.45 25.5 25.3 25.5 25. 1 24.2 23.3 99.0 

23.00 25.4 25.2 25.2 25.1 24.0 23.2 98.9 

23. 15 25.4 25. 1 25.2 37.6 24. 1 23.5 99.0 

23.30 25.3 25.2 25.4 12.5 24.2 23.3 97.! 

23.45 25. 1 24.8 25.0 37.6 23.7 22.9 96.5 

0.00 25. 1 25.0 25.0 12.5 23.7 22.8 95.5 

0. 15 25.2 25.0 25.0 25.1 23.9 23.0 95.4 

0.30 25.0 25.0 25.0 0.0 24.0 23.4 95.4 

0.45 25.0 24.8 24.8 25. 1 23.8 23 .2 97.2 

1.00 25. 1 25.0 25.0 12.5 23.9 23 .0 96.8 
--

1.1 5 25.0 24.9 25.0 12.5 24.0 23. 1 97.0 

1.30 25.0 24.8 24.8 25. 1 23.9 23.0 97.3 

1.45 24.9 24.8 24.8 12.5 23.9 23.3 98.0 

2.00 25.1 25.0 25.0 12.5 24.2 23.3 98.1 

2. 15 24.9 24.9 24.9 0.0 24.0 23.2 98.0 

2.30 24.9 24.8 24.8 12.5 24.0 23.2 98.2 

2.45 24.7 24.7 24.7 0.0 23.9 23.2 99.3 

3.00 24.7 24.6 24.6 12.5 23.9 23 .1 98.7 

3. 15 24.6 24.5 24.5 12.5 23.6 22.8 98.9 

3.30 24.7 24.7 24.7 0.0 23.9 23.2 98.8 

3.45 24.8 24.7 24.6 12.5 24.0 23.8 99.0 

4.00 24.6 24.5 24.6 12.5 24.0 23.5 99. 1 

4. 15 24.7 24.5 24.6 25.1 23.9 23.3 99.1 

4.30 24.8 24.5 24.7 37.6 23 .9 23.2 99.3 

4.45 24.5 24.3 24.3 25 .1 23.5 22.9 98.3 

5.00 24.7 24.4 24.5 37.6 23.5 22.9 9R.4 

5. 15 24.7 24.5 24.5 25.1 23.9 23.3 98.7 

5.30 24.7 24.5 24.5 25.1 24.0 23.5 98.8 

5.45 24.7 24.6 24.7 12.5 24.0 23.4 97.8 

6.00 24.8 24.6 24.7 25. 1 24. 1 24.2 97.7 

112 

Vw 

m/s 

0.06 

0.23 

0.28 

0. 16 

0.23 

0. 17 

0.10 

0.08 

0.25 

0.07 
1-----

0.26 

0. 19 

0.22 

0. 13 

0.21 

0,07 

0.23 

0.05 

0.07 

0.11 

0.04 

0.04 

0.17 

0.16 

0.07 

0.02 

0.09 

0.10 

0. 14 

0.07 

0.27 

0. 14 

0.16 
--
0.20 

0. 18 



?l l'H~~ 'U-11 tHY~.:J~·H'Ifll 'J 'V1 1HHl.:Jl'W 1'W~ 29-30 ilmm.J 'W 2548 V?l'J lfll 'JL'Y!(l 0.03 kg/s 

u1m?~·:nl'.:Jt~'U 110 ~?l'J 

11!11 Ti To Tt P<; T~ Ta RH 

ll1wm ·c ·c ·c Watts ·c •c % 

2 1.00 28.7 28.5 28.5 25.1 27.2 27.5 

21.15 28.4 28.2 28.1 25.1 26.8 26.9 

21.30 28.2 28.2 28.1 0.0 26.6 26.5 

2 1.45 28.1 28. 1 28.0 0.0 26.7 26.6 

22.00 28.4 28.4 28.4 0.0 27.2 27.1 88.2 

22.15 28.3 28.2 28.2 12.5 27.0 26.8 

22.30 28.0 27.8 27.7 25. 1 26.3 26.7 

22.45 28. 1 27.9 27.9 25. 1 26.7 27.1 

23.00 27.9 27.6 27.5 37.6 26. 1 26.2 

23. 15 28. 1 27.8 27.7 37.6 26.4 26.6 

23.30 27.8 27.5 27.4 37.6 25.9 26.0 

23.45 27.7 27.4 27.4 37.6 25.9 26.2 

0.00 27.8 27.5 27.4 37.6 26.1 26.5 

0.15 27.5 27.4 27.3 12.5 25.9 26.2 

0.30 27.5 27.2 27. 1 37.6 25.7 25.8 

0.45 27.5 27.1 27.0 50.2 25.5 25.7 

1.00 27.4 27. 1 27.0 37.6 25.5 25.9 89.6 

1.15 27.3 27.0 26.8 37.6 25.3 25 .7 

1.30 27.2 27.0 26.9 25.1 25.4 25.8 

1.45 27. 1 26.8 26.7 37.6 25. 1 25.4 

2.00 27.2 27.0 26.9 25.1 25.4 25.8 

2.15 27.1 26.9 26.9 25.1 25.5 25.9 

2.30 27.1 26.8 26.7 37.6 25.4 25.6 

2.45 26.9 26.5 26.5 50.2 25. 1 25.8 

3.00 26.9 26.7 26.8 25.1 25.5 26.1 

3.15 27. 1 26.7 26.7 50.2 25.5 26. 1 

3.30 26.7 26.4 26.4 37.6 25.2 25.7 

3.45 26.5 26.2 26.0 37.6 24.8 25.0 

4.00 26.7 26.5 26.4 25.1 25.2 25.7 94.2 

4. 15 26.7 26.5 26.5 25. 1 25.5 26.1 

4.30 26.7 26.4 26.4 37.6 25.5 26.2 

4.45 26.4 25.9 25.8 62.7 24.6 25.0 

5.00 26.3 26.0 25.8 37.6 24.7 25.4 

5. 15 26.4 26.0 26.0 50.2 24.7 25.5 

5.30 26.2 25.9 25.8 37.6 24.7 25.5 

5.45 26.1 25.8 25.7 37.6 24.6 25. 1 

6.00 26. 1 25.8 25.7 37.6 24.7 25.2 

113 

Vw 

m/s 

-·-

·--

- ----

--



1tl';iTI~ '\J -12 H~11'1~H'Ifll'J'Yl11~ti'IL'Wl'W~ 12-13 iY'I'Yn'flll 2548 'eJ1t'Jlf1Ul'11~ 0.03 kg/s 

11~ll11!'Ji:1''1!01J 110 ~111 

11lll Ti To Tt Pc Tp Ta RH 

1.nwm oc oc oc Watts oc oc % 

21.00 
··--· r---· 

21.15 

21.30 26.1 25.5 27.4 75.3 25.2 27.1 85 .7 

21.45 27. 1 27.2 27.4 · 12.5 26.0 27. 1 85.8 

22.00 27.2 27.2 27.2 0.0 26.3 26.8 86.0 

22.15 27.1 I 27.2 27.2 ·12.5 26.2 26.6 86.4 

22.30 27.2 27.1 27.1 12.5 26.2 26.6 87.9 

22.45 27.2 27. 1 27. 1 12.5 2(;.1 26.5 87.7 

23.00 27.2 27.0 27.1 25.1 26.0 26.5 I 88.0 

23. 15 27.2 27.0 27.1 25.1 26.1 26.5 88.6 

23.30 27. 1 27.0 27.0 12.5 26.1 26.7 88.1 

23.45 27.1 27.0 27.0 12.5 26.1 26.5 88.7 

0.00 27.1 26.9 27.0 25.1 26.1 26.5 88.4 

0.15 27.1 26.8 26.9 37.6 26.0 26.3 89.7 
-- -------~ 

0.30 27.0 26.8 26.8 25 .1 25 .9 26.2 89.5 
f--·--- - -----

0.45 26.8 26.5 26.6 37.6 25.6 25.9 90.2 

1.00 26.8 26.6 26.7 25.1 25 .6 26.1 90.6 

1.15 26.8 26.6 26.6 25. 1 25 .7 26.0 90.2 
· 1- ----· 

1.30 26.8 26.5 26.6 37.6 25.7 25.9 89.6 

1.45 26.7 26.4 26.5 37.6 25.5 26.0 89.6 

2.00 26.7 26.5 26.5 25.1 25.6 25.9 90.8 

2. 15 26.5 26.4 26.4 12.5 25.6 26.2 90.4 

2.30 26.5 26.3 26.4 25.1 25.4 26.1 90.8 

2.45 26.5 26.3 26.4 25.1 25.4 26.2 90.5 

3.00 26.5 26.3 26.3 25. 1 25.6 26.1 90.0 

3. 15 26.3 26.3 26.3 0.0 25.5 26.1 89.8 

3.30 26.3 26.2 26.2 12.5 25.4 25.9 90.2 

3.45 26.3 26.1 26. 1 25. 1 25.5 25.9 89.8 

4.00 26.3 26.0 26.0 37.6 25 .2 25.8 89.8 

4.15 26.4 26. 1 26.0 37.6 25.3 25.8 90.8 

4.30 26. 1 25.8 25.9 37.6 25.1 25.8 90. 1 
·· ·----1-------------· 

4.45 26.2 26.0 25.9 25 .1 25.2 25 .8 87.1 
· - - ----

5.00 26.1 25.9 25 .9 25.1 25.1 25.8 86.6 
·-

5. 15 26.0 25.8 25.8 25 .1 25.3 25.9 88.6 

5.30 26.0 25.8 25.8 25. 1 25.2 25.8 88.7 

5.45 26.0 25.8 25.8 25. 1 25.2 25.8 88.4 

6.00 26.1 26.0 26.0 12.5 25.4 25.9 88.5 

114 

Vw 

m!s 

----

0.12 
. 

0.17 

0.14 

0. 10 

0.08 

0.10 

0.24 

0.06 

0.26 

0. 10 

0.06 
-

0.06 

0.09 ,_ 
0.31 

0.10 

0.12 
·-·-

0.04 

0.15 

0.32 
·-

0.02 

0.08 

0.26 

0.12 

0.07 

0.25 

0.10 

O.Q3 

0.24 
--- - . - .. ·-

0.18 
· -

0. 14 
----

0.17 
··--·-· 

0.10 
-- !-- · - ·--·· -

0.37 
·-----

0.09 

0.22 



~l:JN~ <u-13 u"'~'l~H1f1l:J'Yl~~:w'llwi''W~ 8-9 il'll1lfll.l 2548 

tJ~m~:Jo'ltnu 15o ~~) 

11lll Ti To Tt Pc 

1nwm oc oc oc Wans 

2 1.00 
-

21.15 

21.30 28.3 26.4 28.6 79.5 
1--· 

2 1.45 28.3 26.4 28.5 79.5 

22.00 28.2 26.0 28.3 92.0 
--

22.i5 27.9 26.4 28.1 62.7 

22.30 27.8 26.5 27.8 54.4 
-

22.45 27.7 26.5 27.7 50.2 

23.00 27.8 26.1 27.5 71.1 

23.15 27.5 25.8 27.4 71.1 

23.30 27.2 25.6 27.2 66.9 

23.45 27.0 25.6 27.0 58.5 

0.00 27.0 25.4 26.9 66.9 

0. 15 26.8 25. 1 26.8 71.1 
--

0.30 26.7 24.9 26.6 75.3 

0.45 26.5 25.0 26.6 62.7 

1.00 26.4 24.8 26.4 66.9 

1.15 26.2 24.7 26.2 62.7 

1.30 25.9 24.5 25.8 58.5 

1.45 25.8 24.1 25.7 71.1 

Tp 

oc 

25.5 

25.5 

25.2 

25.3 

25.6 

25.5 

25.0 

25 .0 

24.8 

24.8 

24.6 

24.6 

24.4 

24.4 

24.2 

24.0 

23 .9 

23.5 
·--

2.00 25 .4 24.2 25.5 50.2 23.6 

2.15 25.3 24.2 25.4 46.0 23.6 

2.30 25.2 24.2 25.2 41.8 23.6 

2.45 25.1 24.1 25.2 4 1.8 23.4 

3.00 25.0 23.9 25 .0 46.0 23.3 

3.15 24.8 23.9 25.0 37.6 23.3 

3.30 24.7 23.7 24.8 41.8 23 .3 

3.45 24.7 23.6 24.6 46.0 23 .2 

4.00 24.6 23.7 24.6 37.6 23.1 

4. 15 24.5 23.6 24.5 37.6 23.2 

4.30 24.3 23.6 24.4 29.3 23.1 

4.45 24.4 23.7 24.4 29.3 23.2 

5.00 24.2 23.7 24.2 20.9 23 .4 

5.15 24.3 23.7 24.3 25. 1 23.4 

5.30 24.2 23.7 24.2 20.9 23.4 

5.45 24. 1 23.7 24.2 16.7 23.5 

6.00 24.0 23.7 24.1 12.5 23.4 

115 

Ta RH Vw 

oc % m/s 

-
25 .8 90.3 0.94 

25.8 90.8 0.84 

24. 7 91.8 0.26 

24.6 95.5 0.3 1 
--

24.8 95.8 0.22 
1--- - ----

24.5 96.5 ~-04 

24.6 96.6 0.43 

24.8 97.5 0.10 

24.5 97.5 0. 15 

24.3 97.4 0.50 

24.5 97.4 0.45 

24.3 97.5 0.6 1 

24.1 97.3 0.34 
-

24.2 97.7 0.35 

24.0 97.7 0.80 

23.9 98.2 1.00 

23.5 98.9 0.23 

23.3 99.9 0.59 

23 .2 97.9 0.04 

23.0 97.3 0.96 

23.2 97.1 0.06 

23 .2 96.3 0.31 

23.1 95.7 0.40 

23.1 96.9 0.16 

23.3 95.9 0.32 

23.3 96.6 1.30 

23.2 97.6 0.79 

23.3 98.0 0.1 5 

23 .3 97.8 0.22 

23.5 97.9 0.43 

23.6 96.7 0.22 

23 .8 97.2 0.43 

23.7 97. 1 0.16 

23.9 96.4 0.47 
- -

23 .6 96.4 0.18 



l'll'.i l \1~ 'll- 14 u&Y'Pl\IH~m'.i'Vl~nnJ \11-ui'W~ 17-18 rl'w:mJ'W 2548 

1.J1:ml'l'.iG\IL~U 150 ~l'l'.i 

mn Ti To Tt Pc 

UlWfll oc •c •c Watts 

21.00 

2LIS 

21.30 

2 1.45 

22.00 28.5 27.4 28.4 46.0 

22. 15 28.5 27.4 28.3 46.0 

22.30 28.7 27.4 28. 1 54.4 

22.45 28.6 27.4 28.2 50.2 

23 .00 28. 1 27.4 28. 1 29.3 

23. 15 28.3 27.4 28. 1 37.6 

23.30 28. 1 27.2 2i.Y 37.6 

23.45 28.1 26.9 27.8 50.2 

0.00 28. 1 27.0 27.8 46.0 

0. 15 27.9 27.0 27.8 37.6 

0.30 27.8 26.9 27.8 37.6 

0.45 27.7 26.8 27.7 37.6 

1.00 27.8 26.9 27.8 37.6 

LIS 27.8 26.8 27.5 41.8 

1.30 27.6 26.8 27.5 33.5 

1.45 27.5 26.7 27.6 33.5 

2.00 27.5 26.6 27.5 37.6 

2.1 5 27.4 26.4 27.3 41.8 

2.30 27.3 26.2 27. 1 46.0 

2.45 27.4 26.5 27.2 37.6 

3.00 27. 1 26.3 27.3 33.5 

3.1 5 27.2 26.4 27.2 33.5 
-

3.30 27.1 26.4 27. 1 29.3 

3.45 27. 1 26.6 26.9 20.9 

4.00 27. 1 26.7 27.0 16.7 

4. 15 27. 1 26.1 27.0 16.7 

4.30 27.0 26.6 26.9 16.7 

4.45 26.9 26.5 26.9 16.7 

5.00 26.8 26.5 26.9 12.5 

5.15 26.8 26.4 26.8 16.7 

5.30 26.8 26.1 26.8 29.3 

5.45 26.8 26.4 26.8 16.7 

6.00 26.8 26.2 26.8 25. 1 

116 

Tp Ta RH Vw 

oc •c ~o/o m/s 

--
26.9 28.4 86.6 0.06 

26.8 28.2 87.4 0.11 
·-- -

26.7 28.6 88.5 0. 17 
- ------- ---

26.8 28.9 89.2 0. 10 
- --- -

26.6 28.7 83.8 0.83 
-

26.6 28.8 82. 5 0.08 
~----

26.5 28.8 77.5 0.73 

25.6 27.3 83.4 0. 10 

26. 1 28.3 84.3 0.04 

25.9 21.1 86.4 0.34 

26.2 27.8 85.7 O.o7 

26. 1 21.1 89.2 0.43 
-

26.4 28.2 98.4 0.07 

26.0 27.5 98.6 0.04 

26.0 27.7 98.2 0.33 
- ----

26.0 27.8 98.9 0.08 
----

25.9 27.7 98.2 0.04 

L5.8 27.7 98.6 0.25 

25.4 27. 1 97.8 0.06 

25.7 27.4 99.2 0. 14 

25.5 27.3 98.9 0.16 

25.8 27.6 98.7 0.23 
f---

25 .8 27.4 93.2 0.13 

25 .9 27.2 92.9 0.06 

25.9 27.3 92.6 0. 14 

25.8 27.1 93.3 0.18 

25.8 27.2 91.4 0.10 

25.8 27.2 90.6 0.06 

25.6 27.1 90.3 0.2 1 

25.5 27.1 90.3 0.28 
-

25.3 26.9 9 1.1 0.22 

25.5 27.1 91.5 0. 15 
-

25.4 26.8 91.2 0.14 



' 

~11 1 -:J ~ 'll-15 u~~.:Jt:-Hlfn:i 'Vl~(ltJ.:jl'Wl'W~ 2-3 iY.:j'l1 1'fllJ 2548 

'lJ~mmt1-:Jt~u 150 ~~:i 

11l'll Ti To Tt Pc 

UlWfll oc oc oc Watts 

21.00 

21.15 

21.30 

21.45 

22.00 

22.15 

22.30 

22.45 

23.00 26.9 26.5 26.9 33.5 

23 .1 5 26.8 26.7 27.0 8.4 

23.30 26.8 26.4 26.7 33.5 

23.45 26.7 26.3 26.7 33.5 

0.00 26.8 26. 1 26.7 58.5 

0. 15 26.7 26. 1 26.5 50.2 

0.30 26.5 25.8 26.2 58.5 
r--· 

0.45 26.4 25.6 26.1 66.9 

1.00 26.3 25.5 25.8 66.9 
··-

1.1 5 26.1 25.4 25.8 58.5 

1.30 26. 1 25.4 25.8 58.5 

1.45 25.9 25.2 25.5 58.5 

2.00 25.8 25.2 25.5 50.2 

2. 15 25.8 25.1 25.4 58.5 

2.30 25.4 24.8 25.2 50.2 

2.45 25.6 24.8 25.2 66.9 

3.00 25.5 25. 1 25.3 33.5 

3. 15 25.5 24.8 25.0 58.5 
r------ - --

3.30 25.4 24.8 25.0 50.2 

3.45 25. 1 24.7 25.0 33.5 

4.00 25.2 24.8 25.0 33 .5 

4.15 25.2 24.8 25.0 33.5 

4.30 25 .2 24.7 24.8 41.8 

4.45 25.0 24.7 24.8 25. 1 

5.00 25.0 24.8 24.9 16.7 

5. 15 25.0 24.7 24.8 25.1 

5.30 24.9 24.6 24.8 25.1 

5.45. 24.9 24.7 24.7 16.7 
--

6.00 24.8 24.5 24.5 25 .1 
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Tp Ta RH Vw 

oc oc % m/s 

--

25.0 24.6 96.7 0.04 
--

25.4 24.7 92.7 0. 14 

25. 1 24.9 93.6 0.1 2 

25.1 25. 1 9 1.8 0.05 

24.6 24. 1 94.4 0.02 

24.7 24.5 93 .7 0.06 

24.4 24.0 95. 1 0.38 

24. 1 23.6 93.9 0.28 

23.9 23 .5 92.3 0.34 

23.8 23 .6 92.7 0.32 

24.0 23 .9 94.6 0.22 

23.6 23.4 97.5 0.08 

23.7 23.2 98.3 0.1 

23.8 23.2 98.0 0.15 

23.3 22.8 98.8 0.24 

23 .6 23.5 97.2 0.19 
-!---·- --

23.9 23.5 97.3 0.17 

23.5 23.0 98.4 0.39 
· - · -

23.7 23.5 98.3 0.29 

23.5 23.2 98.1 0. 12 

23.7 23.5 98.6 0.65 

23.8 23.7 97.9 0. 16 
--

23 .7 23.5 98.2 0.28 

23.7 23 .5 99.2 0.34 
·---

23.9 23 .8 98.0 0.45 

23.9 23.9 98.2 0.2 

23.8 23.9 98.4 0.23 

23.9 23.9 98 0.07 

23.6 23.7 98.1 0.22 



118 

11111 Ti To Tt Pc Tp Ta RH Vw 

u1wm oc oc oc Watts oc oc % m/s 

21.00 28.4 28.0 28.4 33.5 24.8 26.2 
--

21.15 28.6 27.':1 28.2 58.5 24.8 26.2 

21.30 :8.3 27.2 28.2 92.0 24.6 25.9 

21.45 28.5 27.5 28.1 83.6 24.9 26.2 

22.00 28.2 27.4 28.0 66.9 24.8 '6.1 90.3 

22.15 28.0 27.1 27.7 75.3 24.2 26.0 

22.30 28.1 27.2 27.7 75.3 24.5 26.1 

22.45 27.9 27.1 27.7 66.9 24.4 26.1 
- r--·---· 

23.00 27.9 26.9 27.5 83.6 24.4 25 .8 

23 . 15 27.8 26.8 27.5 83.6 24.3 26.0 

23.30 27.6 26.5 27.1 92.0 24. 1 25.5 

23.45 27.7 26.6 27.2 92.0 23 .9 25.5 
-· 

0.00 27.5 26.6 27.2 75.3 23 .9 25.7 
-~ 

0.1 5 27.5 26.5 27.1 83.6 23.9 25.5 

0.30 27.5 26.4 27.0 92.0 23 9 25.5 

0.45 27.2 26.3 26.9 75.3 23 .9 25.4 

1.00 27.0 25.8 26.5 100.4 23.4 25.0 93.3 
--

1.15 27.1 25.9 26.5 100.4 23.4 25. 1 

1.30 26.8 25.8 26.4 83.6 23.4 25.0 

1.45 26.7 25.5 26. 1 100.4 23.4 24.7 

2.00 26.5 25.5 26.1 83.6 23.5 24.8 

2.15 26.6 25.5 26.1 92.0 23.8 25.3 

2.30 26.5 25.3 25 .9 100.4 23.3 24.8 

2.45 26.2 25 .2 25.7 83 .6 23 .1 24.9 

3.00 26.3 25.2 25.9 92.0 23.4 25.0 

3. 15 26.5 25.5 26. 1 83.6 23.8 25.4 
---- - - -------- - ----

3.30 26.3 25.4 25.9 75.3 23.8 25.2 

3.45 26.2 25.0 25.5 100.4 23.0 24.8 

4.00 26.1 25.1 25.7 83 .6 23.2 24.8 90.7 

4.15 26.1 25.1 25.6 83.6 23.5 24.8 

4.30 25.8 24.7 25.2 n.o 22.5 24.2 

4.45 25.7 24.8 25.2 75.3 22.5 24.1 

5.00 25.5 24.4 24.9 92.0 22 .2 23.6 
--,____ 

5. 15 25.7 24.7 25.3 83.6 22.7 24.2 

5.30 25 .2 24.2 24.8 83 .6 21.9 23.5 

5.45 25.6 24.5 25.0 92.0 22.5 24.2 

6.00 25.4 24.2 24.8 100.4 22.0 23.7 



~1~1~~ 'll-17 U'ff~~N(;lf11~'Vl~"B~lwl''W~ 11 -12 il~mfl:u 2548 

iJ~m~~t1~t~u 150 ~~~ 

11lll Ti To Tt Pc Tp 

llllffll ,c oc oc Watts oc 

21.00 28.3 28.0 28.2 37.6 26.6 

21.15 28.1 28.0 28.1 12.5 26.4 

21.30 27.9 28.0 28.1 -12.5 26.6 

21.45 27.9 27.7 28.0 25.1 26.5 

22.00 27.8 27.5 27.8 37.6 26.2 

22. 15 27.7 27.7 27.8 0.0 26.4 

22.30 27.7 27.5 27.7 25.1 26.3 
-

22.45 27.6 27.4 27.7 25.1 26.1 

23.00 27.5 27.2 27.4 37.6 26.0 

23.15 27.6 27.2 27.5 50.2 26.2 

23.30 27.4 27.2 27.4 25. 1 26.3 

23.45 27.4 27. 1 27.2 37.6 26. 1 

0.00 27.2 27.0 27.2 25.1 26.0 

0.1~ 27.2 27.0 27.2 25. 1 26.0 

0.30 27.1 26.8 27.0 37.6 25.8 

0.45 27.1 26.8 26.8 37.6 25.6 

1.00 26.9 26.7 26.8 25.1 25.6 

1.15 26.9 26.8 26.9 12.5 25.6 

1.30 26.7 26.7 26.7 0.0 25.5 

1.45 26.8 26.7 26.8 12.5 25.6 

2.00 21' . ~ 26.7 26.7 0.0 25.6 

2.15 26.7 26.7 26.1 0.0 25.6 

2.30 26.5 26.4 26.6 12.5 25.4 

2.45 26.5 26.4 26.5 12.5 25.2 

3.00 26.5 26.4 26.5 12.5 25.3 

3.15 26.5 26.2 26.5 37.6 25.2 

3.30 26.5 26.3 26.4 25.1 25.3 

3.45 26.4 26.3 26.4 12.5 25.5 

4.00 26.4 26.3 26.2 12.5 25.5 

4. 15 26.3 26.2 26.2 12.5 25.6 

4.30 26.2 26. 1 26. 1 12.5 25.5 

4.45 26.2 26.2 26.2 0.0 25.7 

5.00 26.2 26.1 26. 1 12.5 25 .5 
-

5.15 26.2 25.7 26.1 62.7 24.6 

5.30 26.0 25.5 25.9 62.7 24.5 

5.45 26.2 25.8 26.0 50.2 24.6 

6.00 26.1 25.8 25.9 37.6 24.9 
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Ta RH Vw 

oc % m/s 

26.6 91.3 0.02 

26.5 90.1 0.07 

26.8 93.8 0.09 

26.9 95.0 0.04 

26.6 95.2 0.48 

26.8 94.4 0.25 

26.6 93.8 0.03 

26.8 93.9 0.07 
·-----

26.8 94.0 0. 13 
1-- - - - ---

26.6 93 .8 0.10 
-· - · 

27.0 9 1.4 0.35 

26.8 92.0 0.30 
-- !---·- · --

27.0 91.2 0. 14 
-· 

27.2 91.2 1.42 

26.7 90.1 0. 14 
--

26.8 90.1 0.63 
-

26.5 88.9 0.21 

26.5 87.3 0.20 

26.6 87.2 1.69 

26.7 87.2 0.32 
·--

26.5 86.7 1.02 

26.7 86.4 0.52 

26.8 87.0 0.67 

26.3 86.6 0.13 

26.5 86.1 0.66 
--

26.5 86.1 0.21 

26.5 86.5 0.07 

26.3 86.5 0.07 

26.5 85.8 0.10 

26.4 85.7 0.25 

26.3 84.7 0.26 

26.6 84.6 0.08 

25.4 80 1.20 

25.8 86.9 0.24 
-------

25.6 87.3 0.31 

26.0 88.2 1.23 

25.9 87.5 0.82 



I 

\91 1 11 -:1~ 'U- 18 Hff'~N~H'lf111'Vl\91J;le:J-:J1hl1'W~ 18- 19 tl'WI'mJ'W 2548 

1J~:IJ 1 1911il-:J!~ 'IJ 150 ~\911 

11!'11 Ti To Tt Pc 

m\1m oc oc oc Watts 

21.00 

21.15 

21.30 

21.45 27.5 26.7 27.5 100.4 

22.00 27.4 26.7 27.5 87.8 
-

22. 15 27.1 26.5 27. 1 75.3 

22.30 26.8 26.3 26.9 62.7 

22.45 27.0 26.4 27. 1 75.3 

23.00 26.8 26.3 16.8 62.7 

23. 15 26.3 25.8 26. 1 62.7 

23.30 26.4 25.9 26.3 62.7 

23.45 26.4 26.0 26.4 50.2 
1---· 

o.uo 26.4 26.1 26.5 37.6 

0.15 26.2 25 .8 26.2 50.2 

0.30 25.9 25.6 25.9 37.6 

0.45 25.7 25.4 25.7 37.6 

1.00 25.9 25.4 25.7 62.7 

1.15 25.8 25.6 25.8 25. 1 

1.30 25.8 25.4 25.8 50.2 

1.45 25.5 25.0 25.3 62.7 

2.00 25.6 25.1 25.6 62.7 

2.15 25.5 24.7 25.3 100.4 

2.30 25 .6 24.8 25.4 100.4 

2.45 25.3 24.7 25. 1 75.3 

3.00 25.2 24.4 25.0 100.4 

3.15 25.3 24.6 25.2 87.8 

3.30 25.3 24.6 25.1 87.8 

Tp 

oc 

25.2 

25.2 

25.1 

25 .1 

25.5 

25.4 

24.7 

24.8 

25.0 

25.1 

24.8 

24.3 

24.1 

24.2 

24.6 

24.4 

23.7 

24.0 

23.6 

23.7 

23.5 

23.4 

23.6 

23 .6 
-· 

3.45 25.0 24.3 24.8 87.8 23.3 
-

4.00 25.0 24.5 24.9 62.7 23.4 

4.15 25.0 24.3 24.8 87.8 23.4 
--

4.30 25.0 24.4 24.9 75.3 23.5 

4.45 24.9 24.3 24.7 75.3 23 .5 

5.00 25.0 24.2 24.7 100.4 23.5 

5. 15 24.8 24.2 24.6 75.3 23.3 

5.30 24.7 24. 1 24.7 75.3 23.3 

5.45 

6.00 

120 

Ta RH Vw 

oc % rnls 

---

24.6 
-

25. 1 94.7 

24.5 

25.3 

25.7 

25.8 

25.0 
----

25.0 
.. 1---- --

25.3 

26.0 

25.8 
1--------

25.2 
·- - ---

24.8 
-- ---

24.8 89.1 

25 .3 

25.2 
--

24.1 

24.2 

23.9 

24.1 

23 .9 

23.8 

24. 1 

24.2 
--·--

23.5 
--

23.6 95.7 
--------

23.8 
·----

23.8 
·--- ···· - - - -

23.8 

23.8 

23.9 
-· -

23.9 



.; 

\911'H;)~ 'l.l-19 U{l'\9l'li'H'l f11 'J'Yl~H'lB'l1'U-J''U~ 28-29 flWmJ'U 2548 

tl~:JJ119l'Jt1''l!~ 'U 150 i)\91) 

mn Ti To Tt Pc 

UlWfll oc oc ·c Walls 

2 1.00 27.9 27.5 27.8 50.2 

21.15 27.8 27.4 27.6 50.2 

21.30 27.7 27.3 27.5 50.2 

21.45 27.7 27.2 27.4 62. 7 

22.00 27.6 27. 1 27.3 62.7 

22.15 27.3 26.2 26.8 138.0 

22.30 27.1 26.1 26.7 125.5 

22.45 26.6 25.8 26.2 IOD.4 

23.00 26.5 25.8 26.2 87.8 

23. 15 26.5 26.1 26.6 50.2 

23.30 26.6 25.9 26.3 87.8 

23.45 26.2 25.6 26.0 75.3 

0.00 26.3 25.8 26.1 62.7 

0.15 26.1 25.5 25 .9 75.3 

0.30 26.1 25.5 25.9 75.3 

0.45 25.9 25.4 25.8 62.7 

1.00 26.0 25.5 25.8 62.7 

1.15 25.9 25.4 25.7 62.7 

1.30 25.7 25.4 25.7 37.6 

1.45 25.7 25.3 25.5 50.2 

2.00 25.6 25.2 25.5 50.2 

2.15 25.6 25.2 25.4 50.2 

2.30 25.4 25.0 25.2 50.2 

2.45 25.5 25.2 25.4 37.6 

3.00 25.4 25.1 25 .2 37.6 

3.15 25.5 25.0 25.2 62.7 

3.30 25 .3 24.8 25.0 62.7 

3.45 25.5 25.0 25.1 62.7 

4.00 25.2 24.9 25 .1 37.6 

4.15 25.1 24.8 25 .0 37.6 

4.30 25.0 24.7 24.8 37.6 

4.45 25.0 24.8 24.9 25.1 

5.00 25.1 24.9 25.0 25 .1 

5.15 25.2 24.9 25.0 37.6 

5.30 25.0 24.7 24.8 37.6 

5.45 25.0 24.8 24.9 25. 1 

6.00 25.0 24.8 24.9 25.1 
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Tp Ta RH Vw 

oc ·c % mls 

26.2 26.8 

26.1 26.7 

26. 1 26.9 

26.1 26.8 

I 25.7 26.4 93.3 

24.5 23 .5 

24.1 23.6 

23.7 22.9 

23.9 23.6 

24.4 24.5 
~-

24.4 24.3 

24.1 23.9 

24.1 24.1 

23.9 24.0 
--

23.9 24.2 

23.9 24.2 

23.9 24.3 93.1 

24.0 24.4 

24. 1 24.5 

24.0 24.5 

23.9 24.5 

23.9 24.5 

23.8 24.3 

24.0 24.5 

23 .9 24.5 

23.8 24.5 

23.7 24.4 

23.9 24.6 

23 .9 24.8 93. 1 

23.9 24.7 
1--- --

23.7 24.4 

23.8 24.6 

24.0 24.8 

24.0 24.8 

23.8 24.5 

23.7 24.6 

23.8 24.7 



122 

'fll'jl.:J~ 'U-20 U'ff~.:J~flf11'j'Yl~flti.:J hJl'U~ 31 -1 'Wt]ff~f1lfJ'U 2548 ~~'jlf11'j ~hm 0.005 kg/s 

111:m~'jtl'.:Jtnu 71 ~~'j 

mn Ti To Tt Pc Ta RH 

lnwm oc oc oc Watts oc % 

21.00 26.3 24.5 25.6 37.6 23.5 

21.15 26.2 24.3 25.5 39.7 23.5 

21.30 26.2 24.2 25.5 41.8 23.3 

21.45 25.4 23.9 25.1 31.4 23.0 

22.00 25.1 22.4 25.0 56.5 22.8 74.5 
--

22.15 25.0 ~2.7 24.8 48.1 22.8 

22.30 25.0 22.6 24.5 50.2 22.6 

22.45 25.0 22.4 24.3 54.4 22.4 

23.00 25.0 22.4 24.2 54.4 22.3 
-

23.15 24.9 22.2 24.1 56.5 22.1 

23.30 24.8 22.1 23.9 56.5 21.9 

23.45 23.9 22.0 23.7 39.7 21.8 I 
0.00 23.6 21.6 23.4 41.8 21.6 

0.15 23.5 21.4 23.1 43.9 21.3 

0.30 23.5 21.3 22.9 46.0 21.2 

0.45 23.4 21.2 22.8 46.0 21.2 

1.00 23.5 21.1 22.7 50.2 2 1.1 81.1 
-~--r------

1.15 23.4 20.9 22.5 52.3 20.9 

1.30 23.3 20.8 22.4 52.3 20.8 
·--

1.45 23.2 20.8 22.4 50.2 20.8 

2.00 22.4 20.8 22.2 33.5 20.8 

2.15 22.2 20.4 2 1.9 37.6 20.8 

2.30 22.5 20.5 21.9 41.8 20.9 

2.45 22.4 20.4 21.7 41.8 20.8 

3.00 22.1 20.1 21.3 41.8 20.5 

3.15 22.3 20.2 21.5 43.9 20.7 

3.30 22.4 20.2 21.5 46.0 20.7 

3.45 22.0 19.8 21.1 46.0 20.3 

4.00 22.1 20.0 21.2 43.9 20.5 84.1 

4.15 21.3 19.8 21.1 31.4 20.5 
--

4.30 21.2 19.6 20.8 33.5 20.1 

4.45 21.1 19.3 20.7 37.6 19.9 
- - ------

5.00 21.1 19.2 20.5 39.7 19.8 
-----

5.15 21.1 19.4 20.6 35.5 20.1 
·--

5.30 21.1 19.2 20.5 39.7 20.0 

5.45 21.2 19.2 20.5 41.8 20. 1 

6.00 21.1 19.2 20.1 39.7 20.0 



123 

mn Ti To Tt Pc Ta RH 

tnwm oc oc oc Wans oc % 

21.00 27.5 26.6 27.0 37.6 26.5 
-- 1---- -----1--------- ------

2 1.1 5 27.2 26.3 26.7 37.6 26.4 
--

21.30 27.2 26.3 26.8 37.6 26.2 
·---

2 1.45 27.1 26.2 26.6 37.6 26.0 

22.00 27.0 26.1 26.5 37.6 25.8 90.0 

22. 15 26.8 25.9 26.4 37.6 25.6 

22.30 27.0 26.0 26.5 41.8 25.5 

22.45 26.2 25.7 26.3 20.9 24.8 

23.00 26.9 26.1 26.5 33.5 25.3 

23.15 26.7 25.6 26.2 46.0 25.0 

23.30 26.6 25.2 26.0 58.5 24.7 

23.45 26.7 25. 1 26.1 66.9 24.5 
-

0.00 26.7 25.2 26.2 62.7 24.8 

0. 15 26.3 24.9 25.8 58.5 24.4 

0.30 26.2 24.6 25.5 66.9 23.9 

0.45 26.5 25. 1 25.8 58.5 24.3 
--

1.00 26.5 25.1 25.8 58.5 24.4 90.0 
!------- - - -------

1.15 25.8 24.3 25.1 62.7 23 .5 

1.30 25.5 23 .9 24.8 66.9 23.2 

1.45 25.8 24.2 25.0 66.9 23.9 

2.00 25.5 23.8 24.6 71.1 23.2 

2. 15 25.9 24.5 25.2 58.5 23.9 

2.30 25.1 23.9 24.5 50.2 23.5 

2.45 25.1 23.8 24.4 54.4 23.3 

3.00 25.0 23.5 24.2 62.7 23. 1 

3.15 25.0 23.5 24.2 62.7 23.4 

3.30 24.8 23. 1 24.0 7 1.1 22.8 

3.45 24.5 23.0 23.8 62.7 22 .7 

4.00 24.4 22.9 23 .6 62.7 22.6 90.0 

4.15 24.2 22.8 23 .5 58.5 22.7 

4.30 24.4 22.9 23.5 62.7 22.8 

4.45 24.6 23.2 23.9 58.5 23.1 

5.00 24. 1 22.8 23.5 54.4 22.8 
-- '---- ----- - 1--· -------

5.15 23.9 22.4 23.1 62.7 22.1 

5.30 23 .8 22.4 23 .0 58.5 22. 1 

5.45 23 .8 22.4 23.0 58.5 22.2 
- ----- --

6.00 23.9 22.5 23.1 58.5 22.2 



'PITH!~ 'U-22 U'ff~\lm'l f11':i'Vl~H1tl\ll'Ul'U~ 1-2 l'lflfl~ f11 tJ 'U 2548 V'PI':i lf11 ':i llH1 0.03 kg/s 

tl~:IJl'PI':itl\11~ 11 71 i)'fl'j 

mn Ti To Tt Pc Ta RH 

tnwm ·c •c •c Watts ·c % 

2 1.00 26.2 25.5 25.9 87.8 23.3 

2 1.1 5 26.0 25.4 25.8 75.3 23.2 

21.30 25.8 25.1 25.5 87.8 23. 1 

2 1.45 25.5 24.8 25.2 87.8 23.2 

22.00 25.3 24.6 25.0 87.8 22.9 84.9 

22. 15 25.2 24.6 25.0 75.3 23.4 

22.30 25.1 24.3 24.6 IOU.4 23.3 

22.45 24.8 24.1 24.5 87.8 23 .0 

23.00 24.8 24.2 24.5 75.3 23. 1 

23.1 5 24.6 24.2 24.4 50.2 23.1 

23.30 24.5 23.9 24.2 75.3 23.0 

23.45 24.5 23.9 24. 1 75.3 22.9 

0.00 24.3 23.5 23.9 100.4 22 .8 

0. 15 24.2 23.5 23.9 87.8 22.6 

0.30 24.0 23 .2 23.5 100.4 22.5 

0.45 23.9 23.3 23.7 75.3 22.2 

1.00 23.7 22.9 23.2 100.4 22.2 90 

1.15 23 .6 23.0 23.3 75.3 22.5 

1.30 23.6 23.1 23.4 62.7 22.5 

1.45 23.6 23.2 23.3 50.2 22.4 

2.00 23.4 23.0 23.2 50.2 22.5 

2.15 23.4 23.1 23.3 37.6 22.9 

2.30 23.1 22.7 22.9 50.2 22.8 

2.45 23.2 22.8 22.9 50.2 22.6 

3.00 23.2 22.9 23.0 37.6 22.9 

3.15 23.1 22.6 22.8 62.7 22.7 

3.30 23. 1 22.5 22.7 75.3 22.5 

3.45 23.1 22.7 22.9 50.2 22.9 

4.00 23.2 22.7 22.9 62.7 22.8 9 1.7 

4.15 23. 1 22.7 23.0 50.2 22.9 

4.30 23.2 22 .8 23. 1 50.2 22.6 

4.45 22.9 22.4 22.8 62.7 22.5 

5.00 22.8 22.2 22.5 75.3 22.2 

5.1 5 22.8 22.3 22.7 62.7 21.9 

5.30 22.9 22 .3 22.6 75.3 2 1.8 

5.45 22.5 2 1.9 22.2 75.3 21.9 

6.00 22.5 21.9 22.2 75.3 21.4 

124 

-



~l'H~~ 'U-23 u&Y~~H~ f1Tj'VJ'fi~B~lw1'W~ 27-28 19Jml'll! 2548 ei~':ilf11':il'H'~ 0.005 kg/s 

ujmmt1\lt~1J 110 ~m 

11lll Ti To Tt Pc Ta 

1nwm oc oc oc Watts oc 

2 1.00 28.3 26. 1 27.6 46.0 25.4 

21.15 28.2 25.8 27.3 50.2 25.0 

21.30 27.5 25.8 27.3 35.5 24.9 

21.45 27.3 25.2 26.9 43.9 24.8 

22.00 27.2 25. 1 26.8 43 .9 24.6 
- · 

22. 15 27.1 25.0 26.7 43.9 24.4 

22.30 27.2 24.9 26.6 48. 1 24.1 

22.45 27.1 24.7 26.4 50.2 24.0 
-· 

23.00 27.2 24.8 26.4 50.2 24.0 

23.15 26.4 24.3 26.0 43.9 23.8 

23.30 26.4 24.3 25.9 43.9 23.6 

23.45 26.3 24.1 25.8 46.0 23.6 

0.00 26.4 24.2 25.8 46.0 23.5 

0.15 26.2 23.9 25.4 48. 1 23.3 

0.30 26.2 23.9 25.4 48. 1 23. 1 

0.45 25.6 23 .8 25.2 37.6 23.0 

1.00 25.6 23.7 25.2 39.7 22.9 

1.15 25.4 23 .4 24.9 41.8 22.7 

1.30 25.3 23 .3 24.8 41.8 22.5 

1.45 25.4 23.3 24.8 43.9 22.8 

2.00 25.2 23.0 24.5 46.0 22.4 
.. 

2.15 25.2 22.9 24.5 48.1 22.2 

2.30 24.5 22 .6 24.2 39.7 22.1 

2.45 24.7 23.0 24.3 35.5 22.4 

3.00 24.6 22.7 24.2 39.7 22.3 

3.15 24.6 22.6 24.1 41.8 22.3 

3.30 24.5 22.5 23.9 41.8 22.1 

3.45 24.3 22.2 23.6 43.9 21.9 

4.00 24.1 22.4 23.8 35.5 22.1 

4.15 24.0 22.2 23.6 37.6 21.9 

4.30 24.0 22.0 23.4 41.8 21.9 

4.45 23.9 22.0 23.4 39.7 21.9 

5.00 23.9 2 1.8 23.3 43 .9 21.9 

5.1 5 23.8 21.6 23.0 46.0 21.3 

5.30 23.9 21.8 23.2 43.9 21.6 

5.45 23.3 21.4 22.8 39.7 21.3 
-- - ----

6.00 23.2 21.3 22.6 39.7 21.2 
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RH 

% 

74.8 

80.0 

84.4 



~1~1~~ '\l-24 Uff~~~(lfll~'flfHH.Hiuiu~ 23-24 9,J(llfi1J 2548 tl~'ilfll11'H(l O.Olkg/s 

111111~10~1~11 II 0 ~m 

L1l'll Ti To Tt Pc Ta 

u1ifm oc •c oc Watts •c 

21.00 273 25.6 27.0 71.1 24.8 

21.15 27.2 25.4 26.8 153 24.8 

2130 27.2 25.4 26.8 153 24.8 

21.45 212 253 26.6 79.5 24.8 

22.00 26.8 252 26.5 66.9 24.6 

22.!5 26.7 25.1 26.2 66.9 24.6 

22.30 26.6 252 26.1 58.5 24.4 

22.45 26.8 25.4 26.4 58.5 24.9 

23.00 26.7 25.0 26.1 71.1 24.4 

23.15 26.5 25.1 26.2 58.5 24.5 

2330 263 24.8 25.8 62.7 24.0 

23.45 262 24.7 25.6 62.7 24.l 

0.00 26.l 25.0 25.6 46.0 24.2 

0.15 26.0 24.9 25.5 46.0 24.2 

0.30 25.8 25.0 25.5 33.5 24.4 

0.45 25.8 25.0 25.6 33.5 24.5 

1.00 25.8 24.8 25.5 41.8 242 

1.15 25.6 242 252 58.5 23.9 

130 25.5 24.l 25.0 58.5 23.9 

1.45 253 24.l 25.l 502 23.9 

2.00 25.4 24.1 25.l 54.4 23.8 

2.15 253 23.9 24.9 58.5 23.8 

230 25.4 24.1 24.9 54.4 23.7 

2.45 252 23.8 24.8 58.5 23.5 

3.00 25.0 23.7 24.7 54.4 23.4 

3.15 25.0 23.5 24.5 62.7 23.5 

330 25.1 23.7 24.7 58.5 23.7 
-

3.45 25.0 23.6 24.4 58.5 23.5 

4.00 24.8 23.5 242 54.4 23.2 

4.15 24.8 23.5 24.1 54.4 23.1 

4.30 24.5 23.4 24.0 46.0 23.2 

4.45 24.5 23.4 24.2 46.0 23.3 

5.00 24.6 23.5 242 46.0 23.5 
-- -

5.15 24.7 23.4 243 54.4· 23.4 
--I-· 

5.30 24.5 23.1 24.0 58.5 232 
-- · ---·-·- --- - - -- ··-----

5.45 24.5 23.2 24.1 54.4 22.9 
·- - ·----- - -

6.00 24.5 233 24.2 50.2 232 

I26 

RH 

% 

122 

80.8 

83.8 

---

-

--



127 

~Tn:l~ 'IJ-25 Hff~'lr.H'If11'J'YI~t'lt:~'llul'u~ 18- 191'.Jt'llfl:JJ 2548 V~'J l f11'Jt'11t'l 0.03 kg/s 

1l~mmrl'.:~1~1J 110 il~'J 

mn Ti To Tt Pc Ta RH 

tnwm oc oc oc Watts oc % 

2 1.00 27.6 27.3 27.4 37.6 26.5 

2 1.15 27.6 27.0 27.1 75.3 26.4 
--

21.30 27.5 27.1 27. 1 50.2 26.3 

21.45 27.4 26.8 26.9 75.3 25 .8 
--- -

22.00 27.2 26.8 26.8 50.2 25.4 82.5 

22.15 27.2 26.7 26.8 62.7 25.5 

22.30 27.1 26.5 26.6 75 .3 25.4 

22.45 27.0 26.4 26.5 75.3 25.2 

23.00 26.8 26.2 26.3 75.3 25.0 

23.15 26.7 26.3 26.3 50.2 24.9 

23.30 26.6 26.1 ~6 . 1 62.7 24.8 

23.45 26.3 25.8 25.9 52.7 24.8 

0.00 26.5 25 .9 25.9 75.3 24.4 

0.15 26.2 25.7 25.8 62.7 24.5 

0.30 26.2 25.5 25.6 87.8 24.2 

0.45 25.9 25.5 25.5 50.2 24.5 

1.00 25.8 25.4 25.5 50.2 24.1 91.6 

1.15 25.7 25.2 25.2 62.7 24.2 
- -

1.30 25.6 25.2 25.2 50.2 24.1 
-

1.45 25.5 25.1 25.1 50.2 24.1 

2.00 25.4 24.9 25.0 62.7 23.7 
·---

2.1 5 25.3 24.8 24.8 62.7 23.8 

2.30 25.1 24.7 24.8 50.2 23 .5 

2.45 25.0 24.7 24.7 37.6 23.5 

3.00 25.0 24.5 24.6 62.7 23.4 

3. 15 24.8 24.5 24.5 37.6 23.3 

3.30 24.9 24.4 24.5 62.7 23.4 

3.45 24.7 24.1 24.2 75.3 22.9 

4.00 24.7 24.0 24.0 87.8 22.9 91.4 

4. 15 24.4 23.9 24.1 62.7 23 I 

4.30 24.3 23 .9 24.0 50.2 23.0 

4.45 24.4 23.8 23.9 75.3 23. 1 

5.00 24. 1 23.6 23.7 62.7 22.9 

5.1 5 24.1 23.5 23.5 75.3 22.7 

5.30 24.0 23.4 23.5 75.3 22.8 

5.45 23.9 23.4 23.4 62.7 22.6 

6.00 23.8 23.2 23.3 75.3 22.5 



128 

el'm l fll'J 1'11(;1 0.005 kg/s 

mn Ti To Tt Pc Ta RH 

UlWOl oc oc oc Watts oc % 

2 1.00 26.4 26.0 27.4 8.4 26.1 
-·-----

21.1 5 26.5 24.6 27.0 39.7 25.5 

21.30 26.4 24.4 26.9 41 .8 25.0 

21.45 26.3 24.0 26.7 48.1 24.7 

22.00 26.3 23.9 26.6 50.2 24.7 79. 1 

22.15 26.1 23.7 26.4 50.2 24.5 

22.30 26.2 23.5 26.4 56.5 24.3 
-

22.45 ~6. 1 23.4 26.3 56.5 24.2 

23.00 25.9 23.1 26.1 58.5 24.0 
-· - ----- -

23. 15 25.9 23.1 26.2 58.5 23.8 
------

23.30 25.9 22.8 25.9 64.8 23.7 

23.45 26.0 22.9 26.0 64.8 23.7 

0.00 2.<.6 22.9 26.0 56.5 23.6 

0.15 25.5 22.8 25.9 56.5 23.4 

0.30 25.3 22.6 25.7 56.5 23.1 

0.45 25.4 22.5 25.6 60.6 23.1 

1.00 25.4 22.5 25.6 60.6 23 .3 85.6 

1.15 25 .2 22.2 25.3 62.7 23.0 

1.30 25.1 21.9 25. 1 66.9 22.7 

1.45 25.0 21.8 25.0 66.9 22.6 

2.00 25.0 21.7 24.9 69.0 22.5 

2.15 25.0 21.7 24.9 69.0 22.3 

2.30 25.0 21.7 24.8 69.0 22.4 

2.45 25.0 21.7 24.6 69.0 22.4 

3.00 24.6 21.6 24.6 62.7 22.3 

3. 15 24.3 21.6 24.5 56.5 22.3 
---1---

3.30 24.2 21.5 24.4 56.5 22.1 
- - --- ------

3.45 24.2 21.5 24.3 56.5 22.3 
r- - - ---- 1-- ---- - ---

4.00 24.3 21.5 24.4 58.5 22.6 87. 1 

4.15 24.2 21.4 24.2 58.5 22.4 

4.30 24.2 21.3 24.2 60.6 22.4 
·- -

4.45 24. 1 2 1.1 24.0 62.7 22.2 

5.00 24.2 21.2 23.8 62.7 22 .1 

5.15 24.2 21.3 23.9 60.6 22.4 

5.30 24. 1 21.7 23.7 50.2 22.4 

5.45 24.2 21.6 23.8 54.4 22. 1 

6.00 24.1 21.0 23.6 64.8 22.1 



129 

\PITH~~ 'U-27 U'(;l'\PI'lr-lrlfll':i'Yll>lrle:J~lwi'W~ 20-21\0.jrllflll 2548 Vl>l':ilfll':iti'Yrl 0.01 kg/s 

tl1mmir~t~'IJ 150 ilm 

mn Ti To Tt Pc Ta RH 

1.nwm oc oc oc Watts oc % 

2!.00 27.2 26,0 27.4 50.2 25.8 
-~· --- -- --

21.15 27.2 25.9 27.3 54.4 25.7 

21.30 27.2 25.8 27.2 58.5 25.5 

2!.45 27.0 25.4 26.8 66.9 25.1 

22.00 27.0 25.2 26.5 75.3 24.8 7!.0 

22.15 26.8 25.3 26.4 62.7 24.8 

22.30 26.8 25.1 26.4 7!. 1 24.5 
- t-------- -

22.45 26.5 24.9 26.3 66.9 24.4 
--

23.00 26.4 24.7 26.0 71.1 24.2 
----

23.15 26.5 24.6 26.0 79.5 24.1 

23.30 26.4 24.5 25.8 79.5 23.9 

23.45 26.4 24.5 25.9 79.5 23.9 

0.00 26.0 24.4 25.7 66.9 23.5 
- - - -

0.1 5 25.9 24.2 25 .5 7!.1 23.4 

0.30 25.8 24.1 25 .4 71.1 23.2 

0.45 25.8 24.0 25.3 75.3 23 .4 

!.00 25.8 23.9 25.3 79.5 23.3 8!.9 

1.15 25.2 23.5 25.0 71.1 22.9 

1.30 25.2 23.5 24.8 71.1 22.8 

1.45 25.2 23.5 24.8 7 1.1 22.6 

2.00 25.2 23.4 24.8 75.3 22.6 

2.15 25.1 23.2 24.5 79.5 22.5 

2.30 24.8 23.0 24.4 75.3 22.4 

2.45 24.8 23 .0 24.3 75.3 22.2 

3.00 24.8 23 .0 24.3 75.3 22.4 

3.15 24.8 22.9 24.2 79.5 22.2 

3.30 24.6 22.8 24.2 75.3 22.2 

3.45 24.3 22.7 24.1 66.9 22.1 

4.00 24.2 22.6 24.0 66.9 22.1 82.6 
- -· -

4.15 24.1 22.4 23 .7 71.1 2!.8 

4.30 24.1 22.3 23.7 75.3 2!.8 
f----~~--

4.45 24.1 22.3 23.6 75.3 2 1.8 

5.00 23.7 22.2 23.4 62.7 2 1.8 

5.15 23 .7 22.1 23.4 66.9 2!.6 

5.30 23.6 22.1 23.3 62.7 21.7 

5.45 23.7 22.1 23 .2 66.9 2!.6 

6.00 23.7 2!.9 23.2 75.3 2!.5 



l'llH:j~ '11-28 1l!:T'~'lHClf11':il'l~Cltl'l 'hr!'U~ 15-161PJCl1fi:U 2548 tll'l':ilf11':i ll1C1 0.03 kgls 

tl1:ul l'!':io'ltnu I 5o i')l')'j 

nm Ti To Tt Pc Ta 

1nllm •c ·c ·c Watts ·c 
21.00 27.7 27.2 27.3 62.7 26.6 

21.15 27.6 27.1 27.2 62.7 25.9 

21.30 27.5 27.0 27.1 62.7 26.2 

21.45 27.5 27.0 27.1 62.7 25.5 

22.00 27.4 26.8 26.8 75.3 25.1 

22.15 27.4 26.8 26.8 75.3 25.0 

22.30 27.2 26.7 26.8 62.7 24.7 

22.45 27.1 26.6 26.6 62.7 24.5 

23.00 27.1 26.5 26.5 75 .3 24.5 

23.15 26.9 26.3 26.3 75.3 24.2 

23.30 26.9 26.2 26.2 87 .8 24.1 

23.45 26.8 26.1 26.2 87.8 23.8 

0.00 26.7 26.0 26.0 87.8 23.9 

0.15 26.5 25.8 25.8 87.8 23.5 

0.30 26.3 25.8 25.8 62.7 23.5 

0.45 26.3 25.7 25.7 75.3 23.5 

1.00 26.1 25.5 25.5 75.3 23.2 

1.15 26.0 25.4 25.5 75.3 23 .0 

1.30 26.0 25.3 25.4 87.8 23.0 

1.45 25 .9 25.2 25.3 87.8 22.8 

2.00 25.7 25.1 25 .2 75.3 23.2 

2.15 25.5 25.0 25.1 62.7 23 .0 

2.30 25.6 25.0 25.0 75.3 22 .8 

2.45 25.4 24.8 24.8 75.3 22.5 

3.00 25.3 24.8 24.8 62 .7 22.8 

3.15 25.2 24.6 24.7 75.3 22.5 

3.30 25.0 24.6 24.7 50.2 22.8 

3.45 25.0 24.5 24.6 62.7 22.9 

4.00 25.0 24.3 24.4 87.8 22.8 

4.1 5 24.8 24.2 24.3 75.3 22.5 

4.30 24.7 24. 1 24.2 75.3 22.4 

4.45 24.6 24.2 24.2 50.2 22.5 

5.00 24.5 23.9 24.0 75.3 22.4 

5.1 5 24.4 23.9 24.0 62.7 22.2 

5.30 24.3 23 .8 23.9 62.7 22.2 

5.45 24.3 23 .9 24.0 50.2 22.4 

6.00 24.1 23.8 23.7 37.6 22.4 
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RH 

% 

79.0 

84.8 

89.5 



132 

d 
fi'J l ll!'J'Jtllf11fl' 0.25m/s 

rnn Ti.Ta To Ti-To Tp Cooling power RH 

tnwm oc oc oc oc watts % 

21.00 23.4 20.7 2.7 21.3 6.4 -- -- - -t-- -·- -
2 1.15 23.3 20.9 2.5 2 1.5 5.8 

21.30 23.3 21.0 2.3 21.5 5.4 

21.45 23.2 20.7 2.5 21.2 5.9 

22.00 22.9 20.3 2.7 20.8 6.3 78.1 

22.15 22.9 20.7 2.3 21.1 5.3 
f-----

22.30 22.8 20.3 2.5 20.7 5.9 

22.45 22.2 19.7 2.6 20.0 6.0 

23.00 22.4 19.9 2.5 20.2 5.9 

23.15 22.1 19.8 2.4 20.0 5.6 

23.30 21.8 19.4 2.5 19.7 5.8 

23.45 2 1.8 19.4 2.5 19.7 5.8 

0.00 21.7 19.4 2.4 19.7 5.6 

0.15 21.5 19.3 2.3 19.6 5.3 
1------

0.30 2 1.5 19.1 2.4 19.5 5.7 

0.45 21.2 19.0 2.3 19.3 5.3 

1.00 20.9 18.6 2.4 18.9 5.6 83.4 
- - --

1.15 20.8 18.6 2.3 18.8 5.3 

1.30 20.6 18.3 2.4 18.6 5.6 

1.45 20.7 18.5 2.3 18.7 5.3 

2.00 20.5 18.2 2.3 18.5 5.4 

2.15 20.2 18.0 2.3 18.2 5.3 

2.30 20.0 17.9 2.2 18. 1 5. 1 

2.45 20.1 17.8 2.3 18.1 5.4 

3.00 19.8 17.7 2.2 17.9 5. 1 
--

3.15 20.0 17.8 2.2 18.0 5.2 
·-

3.30 20.0 17.9 2.2 18.2 5.1 

3.45 19.7 17.6 2. 1 17.9 5.0 

4.00 19.4 17.2 2.2 17.5 5.2 90.2 

4.15 19.4 17.1 2.3 17.4 5.4 

4.30 19.5 17.0 2.5 17.3 5.9 
- · 

4.45 19.3 16.9 2.4 17.2 5.7 

5.00 19.1 16.8 2.3 17.1 5.4 
f- r-·----

5. 15 19.3 17.2 2.1 17.3 5.0 

5.30 19.2 17.2 2.0 17.4 4.7 

5.45 19.2 17.2 2. 1 17.3 4.9 

6.00 19.2 17.2 2.1 17.4 4.9 



133 

d 
fi111J!11tllfllff 0 .25 m/s 

11!11 Ti.Ta To Ti-To Tp Cooling power RH 

'Ul~hn oc oc oc oc waus % 

21.00 23.5 2J.j 2.3 21.9 5.3 
---r-- , - -- - - - -- ~ - -- - -·---~---- - ------ -

2!.15 23.4 21.1 2.4 2 1.7 5.6 

21.30 23.4 21.1 2.4 21.8 5.6 

21.45 23.6 21.2 2.4 21.9 5.7 

22.00 23.5 20.9 2.6 21.6 6.2 79.4 

22.15 23.4 20.9 2.5 21.6 5.9 

22.30 23.2 20.7 2.6 21.3 6.0 

22.45 22.9 20.3 2.7 20.9 6.3 

23.00 23.0 20.5 2.5 21.3 5.9 

23. 15 22.9 20.6 2.4 21.2 5.5 

23.30 22.9 20.8 2.2 21.4 5. 1 

23.45 22.5 20.4 2.2 20.9 5.1 

0.00 22.4 20.2 2.3 20.7 5.3 

0. 15 22.2 19.9 2.4 20.4 5.6 

0.30 22.2 19.9 2.4 20.4 5.6 

0.45 22.1 19.8 2.4 20.3 5.6 
- -- ---

1.00 22.0 19.7 2.4 20.2 5.6 85.4 
- - ---- -- -- - --- - - --- ----

1.15 22.0 19.8 2.3 20.3 5.3 

1.30 21.7 19.5 2.3 20.0 5.3 

1.45 21.6 19.5 2. 1 20.1 5.0 

2.00 21.4 19.2 2.2 19.7 5.2 
-

2.15 2 1.2 19. 1 2.1 19.5 5.0 

2.30 21.4 19.3 2. 1 19.7 5.0 
·--

2.45 21.0 19.0 2.0 19.4 4.7 

3.00 20.9 18.8 2.2 19.1 5.1 

3. 15 21.0 19.0 2.1 19.4 4.9 

3.30 20.9 19.0 2.0 19.3 4.6 

3.45 20.8 18.8 2.0 19.1 4.7 
---- ---·---

4.00 20.7 18.6 2.2 18.9 5.1 89.6 

4.15 20.7 18.6 2.2 18.8 5.1 
-----

4.30 20.5 18.4 2.1 18.7 5.0 
----- --- -

4.45 20.5 18.5 2.1 18.7 4 .9 
- -

5.00 20.4 18.4 2.1 18.7 4.9 
-~·---

5.15 20.3 18.3 2.0 18.6 4.7 
·---

5.30 20.4 18.4 2.0 18.8 4.7 
--- ---

5.45 20.3 18.4 2.0 18.7 4.6 

6.00 20.5 18.6 2.0 18.9 4.6 



134 

d 
1'1'11l.Jt'J'1f:llnlfl' 0.25 m/s 

rltll Ti.Ta To Ti-To Tp Cooling power RH 

UlWfll ·c ·c •c oc watts % 

21.00 19.4 18.0 1.5 18.2 3.4 
- - !----· --- - -------- ---

21.15 19.3 17.7 1.6 18.0 3.8 

21.30 19.2 17.5 1.8 17.9 4.1 
t----

21.45 19.2 17.8 1.5 18.0 3.4 

22.00 19.2 17.7 1.6 17.9 3.7 69.4 

22. 15 18.8 17.1 1.8 17.5 4 . 1 

22.30 18.5 16.8 1.8 17.1 4. 1 

22.45 18.3 16.5 1.8 16.8 4.3 

23.00 !8.2 16.6 1.7 16.8 3.9 

23.15 18.1 16.4 1.7 16.6 4.0 

23.30 18.0 16.4 1.7 16.6 3.9 

23.45 17.9 16.4 1.6 16.6 3.7 

0.00 i7.7 16.0 1.7 16.3 4.0 
- · 

0.15 17.5 15.4 2.1 15.8 5.0 

0.30 17.5 15.4 2.2 15.7 5.1 

0.45 17. 1 14.9 2.3 15.3 5.3 
-

1.00 17. 1 15.0 2.2 15.4 5.1 75.6 
~- 1-- - ·----

1.15 17.1 15.0 2.1 15.4 5.0 

1.30 17.1 15.1 2.1 15.5 4.9 

1.45 17.0 14.7 2.3 15.2 5.4 
-

2.00 17.1 15. 1 2.0 15 .5 4.7 
- -

2.15 17.0 15.2 1.9 15.5 4.4 

2.30 17.1 15.7 1.4 15.9 3.3 

2.45 17. 1 16.0 1.2 16. 1 2.7 

3.00 17.2 16.0 1.2 16.2 2.8 

3. 15 17.3 16.2 1.2 16.3 2.7 

3.30 17.1 16.1 1.1 16.2 2.5 

3.45 17.2 16.3 0.9 16.3 2.1 

4.00 17.2 16.4 0.8 16.4 2.0 75 .7 

4.15 17.1 16.5 0.7 16.5 1.5 

4.30 17.3 16.4 0.9 16.4 2.2 
- ----

4.45 17.4 16.6 0.8 16.6 2.0 

5.00 17.4 16.7 0.8 16.6 1.8 
-- -·------ - -------r--------- - ·- - --- ·· - -----

5.i 5 17.4 16.7 0.8 16.6 1.8 
---·· -

5.30 17.6 16.8 0.9 16.8 2.0 
---

5.45 17.5 16.7 0.9 16.7 2.0 

6.00 17.5 16.6 0.9 16.6 2.1 



11lll 

mwm 

21.00 

21.15 

21.30 
r--

21.45 

22.00 

22.15 

22.30 

22.45 

23.00 

23. 15 

23 .30 

23.45 

0.00 

0.15 

0.30 

0.'15 

1.00 

1.15 

1.30 

1.45 

2.00 

2. 15 

2.30 

2.45 

3.00 

3.1 5 

3.30 

3.45 

4.00 

4. 15 

4.30 

4.45 

5.00 

5. 15 

5.30 

5.45 

L 6.00 

d 
fl111l!':i1tn f11 f!'0.25 m/s 

Ti,Ta To Ti-To 

•c •c ·c 

19.7 17.5 2.2 

19.7 17.3 2.4 

19.5 17.1 2.4 

19.2 16.7 2.6 

19.2 16.7 2.6 

!9. 1 16.7 2.5 

18.9 16.4 2.5 

18.8 16.3 2.5 

18.7 16.3 2.4 

18.6 16.1 2.6 

18.5 16.0 2.6 

18.4 15.8 2.6 

18.4 15.8 2.6 

18.2 15.5 2.7 

18.2 15.9 2.4 

18.1 15.6 2.5 

18. 1 15.6 2.5 

18.0 15.6 2.5 

18.0 15.4 2.6 

18.0 15.5 2.6 

17.8 15.4 2.5 

17.8 15.3 2.5 

17.9 15.5 2.5 

17.7 15.1 I 2.6 

17.6 15.1 2.6 

17.6 15.0 2.7 

17.5 14.8 2.8 

17.5 14.9 2.6 

17.4 14.8 2.6 

17.4 14.6 2.8 

17.5 14.8 2.7 

17.5 14.9 2.7 

17.6 14.9 2.7 

17.7 15.0 2.8 

17.6 15. 1 2.5 

17.8 15.4 2.5 

17.8 15.2 2.7 

135 

Tp Cooling power RH 

•c watts % 

18.1 20.8 
-- - - -

I "' '' '·' 22.7 

17.7 22.7 
'---

17.2 24.2 

17.1 24.2 72.3 

17.2 23.2 

16.8 23.7 

16.8 23.7 

16.7 22.7 

16.4 24.2 

16.4 24.2 

16.2 24.6 

16.3 24.6 

15.9 25.6 

16.3 22.3 

16.0 23.7 
-

16.0 23.7 76.3 

15.9 23 .2 

15.9 24.6 

16.0 24.2 
-

15.9 23.2 

15.6 23.7 

15.9 23.2 

15.5 24.6 

15.5 24.2 

15.5 25.1 

15.2 26.0 

15.4 24.6 

15.3 24.6 80.8 

15.2 26.5 
- -

15.3 25.6 

15.4 25.1 

15.4 25.6 
- -

15 .~ 26.0 
--

15.6 23.7 

15.8 23 2 

15.6 25. 1 
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~ 

fi"Jl:IJ!'J"Jtll fll fl' 1.0 m/s 

l1lll Ti.Ta To Ti·To Tp Cooling power RH 

mwm ·c ·c ·c •c watts % 

21.00 20.5 19.1 1.5 19.4 13.7 
- ----

21.15 20.3 19.1 1.2 19.5 11 .4 
t---

21.30 20.5 18.9 1.6 19.2 15.2 

21.45 20.3 18.7 1.6 19. 1 15.2 

22.00 20.3 18.7 1.6 19.0 15.2 66.0 
t----

22.15 20.0 18.4 1.6 18.7 15.2 

22.30 20.0 18.5 1.6 18.8 14.7 

22.45 19.8 

I 
18.0 1.9 18.3 17.5 

23.00 19.6 18.1 1.5 18.5 14.2 

23.15 19.7 18.0 1.7 18.3 16.1 

l== 23.30 19.4 17.8 1.6 18.0 15.2 

23.45 !9.4 17.7 1.7 18.0 16.1 

0.00 19.3 17.6 1.7 17.9 16.1 

0.1 5 19.3 17.6 1.8 17.9 16.6 

0.30 19.2 17.4 1.8 17.7 17.1 

0.45 19.1 17.1 2.0 17.5 18.9 

1.00 18.9 17.1 1.9 17.3 17.5 76.0 
t---

1.15 18.9 16.9 2.0 17.4 18.9 

1.30 18.9 16.9 2.0 17.2 !8.9 

1.45 18.8 16.8 2.0 17.4 18.9 

2.00 18.8 16.6 2.2 17.1 20.8 

2.15 18.8 16.6 2.2 17.2 20.8 

2.30 18.7 16.6 2.1 17.1 19.9 

2.45 18.6 16.4 2.2 16.9 20.8 

3.00 18.3 16.2 2.1 16.7 19.9 

3.1 5 18.0 15.8 2.2 16.3 20.8 

3.30 17.9 15.8 2.2 16.2 20.4 

3.45 17.9 15.7 2.3 16.2 21.3 
--

4.00 17.8 15.7 2. 1 16.0 19.9 78.3 

4.15 17.8 15.6 2.2 16.0 20.8 

4.30 17.8 15.6 2.3 15.9 21.3 

4.45 17.9 15.7 2.2 16.1 20.8 
--

5.00 17.8 15.7 2.1 16.0 19.9 

5. 15 17.8 15.8 2.0 16.2 18.9 

5.30 17.9 15.9 2.1 16.2 19.4 
r-----·-- - -- - ---- --

5.45 17.9 15.9 2.1 16.3 19.4 

6.00 18.0 15.8 2.2 16.3 20.8 
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Q 

fl l llJ!~l e:Jlf1l fl' 1.0 m/s 

11111 Ti.Ta To Ti-To Tp Cooling power RH 

UlWnl oc oc oc oc warts % 

21.00 20.8 18.8 2.0 19. 1 18.9 
--- -

2 1.1 5 20.8 18.8 2.0 19.1 18.9 

21.30 20.5 18.5 2.1 18.9 19.4 

21.45 20.4 18.3 2.2 18.6 20.4 

22.00 19.9 17.9 2.1 18.2 19.4 69.6 

22. 15 19.6 17.7 2.0 18.0 18.5 

22.30 19.5 17.3 2.2 17.7 20.8 

22.45 19.3 17.6 1.7 17.8 16.1 

23.00 19.2 17.3 1.9 17.6 18.0 

23. 15 19.0 17.2 1.8 17.5 17.1 

23.30 18.9 17.0 2.0 17.3 18.5 

23.45 18.8 17.0 1.8 17.3 17.1 

~ 0.00 18.8 16.9 1.9 17.1 18.0 

0. 15 18.7 16.9 1.9 17.2 17.5 

0.30 18.6 16.8 1.9 17. 1 17.5 

0.45 18.5 16.8 1.8 17.1 16.6 

1.00 18.6 16.8 1.9 16.9 17.5 75.6 

1. 15 18.6 16.7 2.0 16.9 18.5 

1.30 18.4 16.7 1.8 16.9 16.6 

1.45 18.2 16.6 1.7 16.8 15.6 

2.00 18.3 16.3 2.1 16.6 19.4 

2. 15 18.0 16.0 2.0 16.4 18.9 

2.30 17.9 15.9 2.1 16.2 19.4 

2.45 17.6 15.7 1.9 16. 1 18.0 

3.00 17.6 16.0 1.7 16.2 15.6 

3.1 5 17.6 15.8 1.9 16.0 17.5 

3.30 17.4 15.5 1.9 15.8 18.0 

3.45 17.5 15.8 1.8 16. 1 16.6 

4.00 17.4 15.6 1.9 15.9 17.5 75.0 

4 .15 17.3 15.6 1.8 15.9 16.6 

4.30 17.3 15.3 2.1 15.6 19.4 

4.45 17.2 15.4 1.8 15.7 17.1 

5.00 17.2 15.4 1.8 15.6 17.1 

5.15 17.0 15.5 1.5 15.8 14.2 

5.30 17.1 15.2 1.9 15.5 18.0 
r-----

5.45 17.0 15.2 1.9 15.4 17.5 

6.00 16.8 15.2 1.7 15.5 15.6 
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d 
'fl11lH'J1tllf11fl' 1.7 m/s 

Dill Ti,Ta To Ti-To Tp Cooling power RH 

1.nwm oc oc oc oc watts % 

21.00 2 1.0 18.9 2.1 19.3 33.8 

21.15 20.8 18.8 2.1 19.1 33.0 

21.30 20.8 18.7 2.1 19.0 33.8 

21.45 20.7 18.6 2.1 18.9 33.8 

22.00 20.4 18.3 2.2 18.5 34.6 75.9 

22.15 20.3 :8.2 2.2 18.3 34.6 
r-----

22.30 20.1 18.0 2.2 18.2 34.6 

22.45 20.0 17.9 2.1 18.0 33.8 

23.00 19.7 17.8 2.0 17.9 31.4 

23.1 5 19.7 17.8 2.0 17.9 31.4 

23.30 19.5 17.5 2.1 17.6 33.0 

23.45 19.4 17.4 2.1 17.5 33.0 

0.00 19.2 17.4 1.9 17.5 29.3 

0. 15 19.2 17.3 2.0 17.4 31.4 

0.30 18.9 16.8 2.1 16.9 33.8 

0.45 18.7 16.6 2.1 16.7 33.8 

1.00 18.8 16.7 2.1 16.7 33.8 85.2 

1.15 18.6 16.5 2.2 16.6 34.6 

1.30 18.6 16.5 2.1 16.5 33.8 

1.45 18.5 16.6 2.0 16.6 3 1.4 

2.00 18.4 16.5 2.0 16.5 31.4 

2.15 18.4 16.4 2.0 16.5 32.2 

2.30 18.4 16.3 2.1 16.4 33.8 

2.45 18.2 16.2 2.0 16.3 32.2 

3.00 18.4 16.9 1.6 16.9 25.0 

3. 15 18.2 16.5 1.8 16.5 28.2 

3.30 18.2 16.4 1.8 16.5 29.0 

3.45 18.1 16.4 1.8 16.4 28.2 

4.00 18.1 16.5 1.6 16.5 25.8 87.9 

4. 15 18.3 16.6 1.8 16.6 28.2 

4.30 18.2 16.3 1.9 16.4 30.6 

4.45 18.1 16.4 1.7 16.4 27.4 

5.00 18.2 16.6 1.7 16.6 26.6 

5. 15 18. 1 16.5 1.7 16.4 26.6 

5.30 18.3 16.9 1.4 16.9 22.5 

5.45 18.3 16.8 1.5 16.8 24.2 

6.00 18.2 16.7 1.6 16.6 25 .0 
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d 
'fl11'lJA'.i1tnfl1fl' 1.7 m/s 

11111 Ti,Ta To Ti-To Tp Cooling power RH 

tnwm ·c ·c •c ·c watts % 

2!.00 21.1 19.5 1.6 20.0 25.8 
-

21.15 20.7 19.0 1.7 19.6 27.4 

21.30 20.6 19.0 1.6 19.6 25.8 

21.45 20.5 18.9 1.6 19.5 25.8 

22.00 20. 1 18.6 1.6 19.0 25.0 70.3 
-

22.15 20.1 18.8 !.4 19.3 21.7 
---

22.30 19.9 18.4 1.5 18.9 24.2 
- - -

22.45 19.5 17.9 1.7 18.3 26.6 

23.00 19.5 18.0 1.5 18.4 24.2 
-

23. 15 19.4 18.0 1.5 18.5 23.3 

23.30 19.2 17.7 1.6 18.1 25.0 

23.45 19.3 17.8 1.5 18.3 24.2 

0.00 19.1 17.7 1.5 18. 1 23.3 

0. 15 19. 1 17.7 1.4 18.3 22.5 

0.30 18.9 17.4 1.5 17.9 24.2 

0.45 18.9 17.4 1.5 17.9 24.2 

1.00 18.4 17. 1 1.3 17.6 20.9 75.8 

1.15 18.3 16. 8 1.5 17.3 24.2 

1.30 18.2 16.7 1.5 17.2 24.2 

1.45 18.0 16.5 1.6 16.9 25.0 

2.00 18.0 16.4 1.7 16.8 26.6 

2. 15 18.1 16.6 1.6 16.9 25.0 

2.30 18.1 16.6 1.6 17.0 25.0 

2.45 18.2 17. 1 1.2 17.4 18.5 
-

3.00 18.1 17.1 1.1 17.4 16.9 

3.15 18.1 16.8 1.4 17.1 21.7 

3.30 18. 1 16.7 1.5 17.1 23.3 

3.45 18.2 16.8 1.4 17.3 22.5 

4.00 18.0 16.5 1.5 17.0 24.2 81.8 

4. 15 18.0 16.6 1.5 16.9 23.3 

4.30 18.1 16.7 1.5 17. 1 23.3 

4.45 17.8 16.3 1.5 16.7 24.2 

5.00 17.9 16.4 1.5 16.9 24.2 

5.1 5 18.0 16.6 1.5 16.9 23.3 

5.30 17.8 16.2 1.6 16.6 25 .8 

5.45 17.8 16.3 1.6 16.7 25.0 

6.00 17.8 16. 1 1.8 16.5 28.2 
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d 
fl11l H'JTellfll fl' 1.7 m/s 

l1lll Ti,Ta To Ti-To Tp Cooling power RH 

mwm oc oc oc oc watts % 

2 1.00 20.6 19.8 0.6 19.8 12.9 

21.15 20.5 19.8 0.8 19.8 12.1 

21.30 20.2 19.3 0.9 19.3 15.3 

21.45 20.0 18.9 1.2 18.9 18.5 

22.00 19.9 18.8 1.2 18.9 18.5 67.2 

22. 15 19.8 18.8 1.0 18.9 16. 1 

22.30 19.8 18.6 1.3 18.7 20. 1 
1-·-------- t--·---

22.45 19.7 18.2 1.5 18.5 24.2 
-

23.00 19.5 17.9 1.6 18.1 25.8 
t-----

23. 15 19.5 18.0 1.6 18. 1 25.0 
·-

23.30 19.4 18.0 1.5 18.1 23 .3 

23.45 19.4 18.1 1.4 18.3 21.7 

0.00 19.3 18.2 1.1 18.2 17.7 

0. 15 19.3 18.2 1.2 18.3 18.5 

0.30 19.2 18.2 1.0 18.2 16.1 

0.45 19.3 18.4 0.9 18.5 15.3 

1.00 19.1 18.1 1.1 18.2 16.9 69.8 

1.15 19.1 18.2 1.0 18.2 15.3 

1.30 19.0 17.8 1.2 17.9 19.3 

1.45 19.0 17.7 1.3 17.9 20.9 
·----- - -

2.00 18.9 17.5 1.5 17.6 23.3 
--

2.1 5 18.8 17.3 1.5 17.5 24.2 

2.30 18.7 17.1 1.7 17.3 26.6 

2.45 18.6 17.2 1.5 17.4 23 .3 

3.00 18.5 16.9 1.6 17.1 25 .8 

3. 15 18.4 16.7 1.7 16.9 27.4 
--

3.30 18. 1 16.5 1.6 16.7 25.8 
--

3.45 18.2 17.0 1.2 17.2 19.3 

4.00 18.4 17.5 0.9 17.6 14.5 72. 1 

4. 15 18.3 17.0 1.3 17.2 20.9 

4.30 18.5 17.4 1.1 17.5 17.7 

4.45 18.7 17.7 1.0 17.8 16.1 

5.00 18.7 17.4 1.4 17.6 21.7 

5.15 !8.8 17.3 1.6 17.6 25.0 

5.30 18.7 17.3 1.5 17.5 23.3 
-

5.45 18.7 17.8 0.9 17.8 15.3 

6.00 19.0 18.3 0.7 18.3 11.3 
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0 
fl11l.lt':i1mfllft' 1.0 m/s 

mn Ti.Ta To Ti-To Tp Cooiing power RH 

1.nwm oc oc oc oc watts % 

21.00 26.9 25.7 1.2 25.7 11.4 

21.15 27.0 25.9 1.2 25.7 10.9 

21.30 26.8 25.1 1.8 25.2 16.6 

21.45 26.4 24.8 1.7 24.8 15.6 

22.00 26.2 25.0 1.3 24.9 11.8 75.3 

22.15 26.1 24.9 1.3 24.7 11.8 

22.30 25.8 24.1 1.7 24.2 16.1 

22.45 25.5 23.8 1.7 23.9 16.1 
- · 

23.00 25.2 23.4 1.9 23.5 17.5 

23 .15 25.! 23.2 1.9 23.3 18.0 

23.30 24.8 22.8 2.1 23.0 19.4 

23.45 24.7 22.9 1.8 23.0 17.1 
-

0.00 24.2 22.5 1.8 22.6 16.6 

0.15 24.2 22.3 2.0 22.3 18.5 

0.30 24.0 22.0 2.0 22.1 18.9 

0.45 24.1 21.9 2.2 22. 1 20.8 

1.00 23.9 21.8 2.2 22.0 20.4 84.5 

1.15 23.8 21.8 2.0 22.0 18.9 

1.30 23.6 21.7 2.0 21.8 18.5 

1.45 23.5 21.4 2.1 21.7 19.9 

2.00 23.3 21.3 2.0 21.5 18.9 

2.15 23.4 2 1.4 2.0 21.7 18.9 

2.30 23 .2 21.6 1.7 21.6 15.6 

2.45 23 .0 21.2 1.8 21.4 17.1 

3.00 22.8 21.0 1.9 21.1 17.5 

3.1 5 22.9 21.0 2.0 21.2 18.5 

3.30 22.8 21.0 1.8 21.1 17.1 

3.45 22.8 21.0 1.9 21.1 17.5 
--

4.00 22.6 21.0 1.6 2 1.1 15.2 89.3 

4.15 22.3 20.7 1.7 20.8 15.6 

4.30 22.2 20.6 1.6 • 20.7 15.2 

4.45 22.1 20.7 1.5 20.7 13.7 

5.00 22.2 20.8 1.5 20.9 13.7 

5.15 22.1 20.7 1.5 20.7 13.7 

5.30 22.1 20.4 1.7 20.5 16.1 

5.45 22. 1 20.5 1.7 20.5 15.6 

6.00 21.8 20.3 1.5 20.3 14.2 
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Q 

f111J.H':i1e:ll f11 f1' 1.0 rnls 

11lll Ti,Ta To Ti-To Tp Cooling power RH 

u1wm •c •c ·c ·c watts % 

21.00 25.3 24.3 1.0 24.6 9.5 

2 1.1 5 25.2 23 .6 1.6 23.9 15.2 

21.30 25.0 23.5 1.5 23.7 14.2 

21.45 25.1 24.2 0.9 24.1 8.5 

22.00 25.0 24.0 1.1 23.9 9.9 71.7 

22.15 24.7 23.3 1.4 23.4 13.3 

22.30 24.5 22.8 1.8 22.8 16.6 

22.45 24.2 22.5 }.7 22.6 16.1 

23.00 23 .9 22.2 1.8 22.2 16.6 

23.15 23.7 22.0 1.8 21.9 16.6 

23.30 23.6 21.7 2.0 21.7 18.5 

23.45 23.4 21.4 2.0 21.6 18.9 

0.00 23.3 21.3 2.0 21.5 18.9 

0. 15 23.2 21.2 2.1 21.4 19.4 

0.30 23.0 21.1 1.9 21.3 18.0 

0.45 23.0 2 1.0 2.1 2 1.0 19.4 

1.00 22.9 21.0 2.0 21.1 18.5 80.8 

1.15 22.7 20.7 2.1 20.7 19.4 

1.30 22.8 20.7 2.1 20.9 19.9 

1.45 22.7 20.4 2.4 20.5 22.3 

2.00 22.5 20.4 2.2 20.5 20.4 

2. 15 22.3 20.2 2.1 20.3 19.9 

2.30 22.2 20.2 2. 1 20.2 19.4 

2.45 22.2 20. 1 2.1 20.2 19.9 

3.00 22.0 19.9 2.2 19.9 20.4 

3.15 21.8 19.7 2.2 19.7 20.4 

3.30 21.9 19.7 2.2 19.9 20.8 

3.45 21.6 19.7 2.0 19.8 18.5 

4.00 21.5 19.4 2.1 19.5 19.9 85.5 

4.15 21.4 19.3 2.1 19.5 19.9 

4.30 2 1.2 19.1 2.1 19.2 19.9 

4.45 21.1 19.1 2.0 19.3 18.9 

5.00 2 1.0 18.9 2.2 19.0 20.4 

5.15 21.1 19.0 2.2 19.0 20.4 

5.30 21.0 18.9 2.2 18.8 20.4 

5.45 21.0 18.9 2.2 18.9 20.4 

6.00 21.1 19.0 2.2 19.0 20.4 
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d 
fl1 l lJ!'J1mmfl' 1.25 rnls 

l1lll Ti,Ta To Ti-To Tp Cooling power RH 

mwm ·c ·c oc oc watts % 

21.00 26.5 24.5 2.1 24.5 24.3 

21.15 26.4 24.1 2.3 24.3 27.2 

21.30 25.8 23.7 2.2 23.6 25.5 

2 1.45 25.7 23.6 2. 1 23.7 24.9 

22.00 25.5 23.5 2.0 23.6 23.7 75.8 

22. 15 25.4 23.4 2.0 23.6 23.7 

22.30 25.1 23.3 1.8 23.4 21.3 

22.45 25.0 23.3 1.8 23 .2 20.7 

23.00 25.0 23.1 2.0 23.0 23.1 

23.1 5 24.7 22.8 1.9 23.0 22.5 

23.30 24.3 22.3 2.1 22.4 24.3 

23.45 24.4 22.4 2.1 22.4 24.3 I 
0.00 24.2 22 .1 2.2 22. 1 25.5 

0. 15 24.2 22.0 2.3 2 1.9 26.6 

0.30 24.0 22.0 2.0 22.0 23.7 

0.45 24.0 22.1 2.0 22.1 23.1 

1.00 23.8 22.0 1.8 22.0 21.3 82.9 

1.1 5 23.7 2 1.7 2.1 2 1.8 24.3 

1.30 23.6 21.6 2.0 21.7 23.7 

1.45 23.6 2 1.6 2.1 21.8 24.3 

2.00 23.2 21.3 1.9 21.4 22.5 

2.1 5 23.2 2 1.2 2.1 21.3 24.3 

2.30 22.9 21.0 1.9 2 1.1 22.5 

2.45 22.9 20.9 2.0 20.9 23 .7 

3.00 22.8 20.9 2.0 20.9 23 .1 

3.15 22.8 20.9 2.0 20.9 23.1 

3.30 22.8 20.8 2.0 20.8 23.7 

3.45 22 .7 20.8 2.0 20.8 23 .1 

4.00 22.5 20.7 1.9 20.6 21.9 88.4 

4.15 22.5 20.7 1.9 20.7 21.9 

4.30 22.3 20.7 1.7 20.7 19.5 

4.45 22.3 20.5 1.8 20.4 21.3 

5.00 22.3 20.7 1.7 20.6 19.5 

5. 15 22.2 20.5 1.7 20.5 20. 1 

5.30 22.1 20.5 1.6 20.4 18.9 

5.45 22.2 20.5 1.7 20.4 20.1 

6.00 22. 1 20.4 1.7 20.3 20.1 



mn 

1-nwm 

21.00 

21.15 

21.30 

21.45 

22.00 

22.i5 

22.30 

22.45 

23.\JO 

23.15 

23.30 

23.45 

0.00 

O.IS 

0.30 

0.45 

1.00 

1.15 

1.30 

1.45 

2.00 

2. 15 

2.30 

2.45 

3.00 

3.15 

3.30 

3.45 

4.00 

4.15 

4.30 

4.45 

5.00 

5.15 

5.30 

5.45 

6.00 

d 
fl11lJ!~1tnfllfl 1.5 m/s 

Ti,Ta To Ti·To Tp 

oc oc oc oc 

26.9 24.8 2.2 25.2 

26.4 24.5 1.9 24.9 

26.4 24.4 2.1 24.6 

26.u 24.0 2.1 24.1 

25.8 23.9 2.0 24.0 

25.8 23.8 2.1 23.9 

25.8 23.8 2.0 24.0 

25.8 23.7 2.1 23.8 

25.5 23.5 2.0 23.6 

25.2 23.3 2.0 23.3 

25.0 23.1 2.0 23.2 

24.9 23.0 2.0 23.0 

24.7 22.8 2.0 22.7 

24.7 22.8 2.0 22.9 

24.5 22.6 2.0 22.6 

24.3 22.4 2.0 22.4 

24.1 22.1 2.1 22.1 

23.8 22.0 1.9 22.0 

23.9 21.6 2.3 21.9 

23.8 21.7 2.2 21.8 

23.4 21.4 2.1 21.4 

23.3 21.3 2.0 21.2 

23.0 21.2 !.8 21.1 

22.9 21.1 1.9 21.0 

22 .9 21.1 1.9 20.9 

22.9 21.1 1.9 21.0 

22.9 2!.1 1.9 2!.1 

22.8 2!.1 1.8 21.0 

22.8 2!.0 1.8 21.0 

22.7 20.9 1.8 20.7 

22.7 20.9 1.8 20.9 

22.5 20.7 !.8 20.7 

22.5 20.9 1.7 20.9 

22.4 20.8 1.7 20.9 

22.2 20.7 1.5 20.6 

0.0 

0.0 
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Density Area Velocity Cp Cooling power RH 

3 2 
j/kg°C kglm m m/s watts % 

1.18 0.008 1.50 1006.0 30.5 

1.1 8 0.008 1.50 1006.0 27.0 
-

1.18 0.008 1.50 1006.0 29.1 

1.18 0.008 1.50 1006.0 29.1 

1.18 0.008 1.50 1006.0 27.7 74.0 

1.18 0.008 1.50 1006.0 29.1 

1.18 0.008 1.50 1006.0 28.4 

1.18 0.008 1.50 1006.0 29.8 

1.18 0.008 1.50 1006.0 28.4 
---

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 27.7 

1.18 0.008 1.50 1006.0 29. 1 83.1 

1.18 0.008 1.50 1006.0 26.3 

1. 18 0.008 1.50 1006.0 32.7 

1.18 0.008 1.50 1006.0 30.5 

1.18 0.008 !.50 1006.0 29.1 

1.18 0.008 1.50 1006.0 28.4 

1.18 0.008 1.50 1006.0 25.6 

!.18 0.008 !.50 1006.0 26.3 
·-!---· 

!.18 0.008 1.50 1006.0 26.3 
·---- - ---

!.1 8 0.008 1.50 1006.0 26.3 

!.18 0.008 1.50 1006.0 26.3 

l.l & 0.008 1.50 1006.0 24.9 

!.18 0.008 1.50 1006.0 25.6 9!.1 
--

!.18 0.008 1.50 1006.0 25.6 

1.18 0.008 1.50 1006.0 25.6 

!.18 0.008 1.50 1006.0 25.6 

!.18 0.008 1.50 1006.0 23.4 
---

l.J8 0.008 !.50 1006.0 23.4 

!.1 8 0.008 1.50 1006.0 21.3 

!.18 0.008 1.50 1006.0 0.0 

!.18 0.008 1.50 !006.0 0.0 
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0 
fi11:JJ!':iTen mff 1.00 m/s 

l1lll Ti,Ta To Ti-To Tp Cooling power RH 

lllwm oc oc oc oc watts % 

21.00 27.2 26.2 Ll 2.5 
-

2Ll 5 27.3 26.2 1.2 2.7 

21.30 27.3 26.0 l.} 3.1 

21.45 27.0 26.0 1.1 2.5 

22.00 27.1 25.9 1.3 3.0 94.3 

22.15 27.2 26.0 1.3 3.0 

22.30 27.0 25.8 1.2 2.8 

22.45 27.2 26.2 1.1 2.5 

23.00 26.4 26.4 0.0 0.0 

23.15 24.2 2H -0.2 -0.4 

23.30 23 .6 23.3 0.3 0.7 

23.45 25.0 24.7 0.4 0.8 

0.00 24.9 24.7 0.3 0.6 

0. 15 24.3 24.4 -0. 1 -0.2 

0.30 24.5 24.3 0.3 0.6 

0.45 24.0 23.9 0.1 0.4 

1.00 24.2 23.9 0.3 0.7 95.7 

1.15 2-U 24.0 0.4 0.8 

1.30 0.0 0.0 

1.45 0.0 0.0 

2.00 0.0 0.0 

2.15 0.0 0.0 

2.30 0.0 0.0 

2.45 0.0 0.0 

3.00 0.0 0.0 

3.15 0.0 0.0 

3.30 0.0 0.0 

3.45 0.0 0.0 

4.00 0.0 0.0 96.6 

4.15 0.0 0.0 

4.30 0.0 0.0 

4.45 0.0 0.0 

5.00 0.0 0.0 
-

5.15 0.0 0.0 

5.30 0.0 0.0 

5.45 0.0 0.0 

6.00 0.0 0.0 
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Q 

fl11ll!'J1tllfllf!' 1.00 m/s 

11lll Ti,Ta To Ti-To Tp Cooling power RH 

UlWOl oc oc oc oc warts % 

21.00 

21.15 

21.30 

21.45 

22.00 25.0 24.4 0.6 24.3 1.4 91.8 

22. 15 25.1 24.4 0.8 24.4 1.8 

22.30 25.0 24.3 0.7 24.2 1.7 

22.45 25.0 24.2 0.8 24.1 1.9 

23.00 24.9 24. 1 0.8 24.1 1.9 

23.15 25. 1 24.3 0.8 24.2 1.9 

23.30 25.2 24.5 0.8 24.3 1.8 

23.45 25.2 24.1 1.2 23.8 2.7 

0.00 25.0 23.7 1.3 23.5 3.1 

0. 15 25.3 24.2 1.2 24.0 2.7 

0.30 25.2 24.3 0.9 24.2 2.2 

0.45 25.2 23.9 1.4 23.8 3.2 

1.00 24.9 23 .6 1.3 23.6 3.1 92.4 
- - -

1.1 5 24.7 23.4 1.4 23.2 3.2 

1.30 24.5 23.0 1.6 22.8 3.7 

1.45 24.5 23. 1 1.4 22.9 3.3 

2.00 24.6 23.2 1.4 23.2 3.3 

2. 15 24.2 23.2 1.1 23.1 2.5 

2.30 24.4 23.3 1.2 23.2 2.7 

2.45 24.6 23.6 1.1 23.5 2.5 

3.00 24.5 23.6 0.9 23 .3 2.2 

3.15 24. 1 23.1 1.0 23.0 2.4 

3.30 24.0 23.0 1.0 22.8 2.4 

3.45 24.4 23.4 1.1 23.2 2.5 

4.00 24.0 22.9 1.1 22.8 2.6 93.9 
!----·--

4.15 24.3 23.1 1.2 23.1 2.8 

4.30 23.9 22.7 1.2 22.6 2.8 

4.45 23.8 22.8 1.0 22.7 2.4 

5.00 23.9 22.8 1.1 22.6 2.6 

5. 15 23 .8 22.7 1.1 22.6 2.6 

5.30 23.9 22.8 1.2 22.6 2.7 

5.45 23.7 22.7 1.1 22.6 9.9 
-

6.00 23.6 23.1 0.6 22.8 5.2 
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cl 
fl 1 llJ t)1'fll fll ff 1.00 m/s 

mn Ti.Ta To Ti-To Tp Cooling power RH 

UlWill oc oc oc oc watts % 

21.00 25 .6 24.0 1.6 24.1 3.8 

2 1.1 5 25.6 23.7 1.9 23.7 4.5 

21.30 25.4 23.8 1.6 23 .7 3.8 

2 1.45 25.2 23.5 1.7 23.4 4.0 

22.00 25.4 23.5 2.0 23.3 4.6 80.4 

22. 15 25.5 23.7 1.9 23.6 4.4 

22.30 25.4 23.8 1.6 23.7 3.8 

22.45 25.2 23.6 1.6 23.5 3.8 

23.00 25.0 23.3 1.8 23. 1 4. 1 

23. 15 25.0 23.3 1.8 23.2 4.1 

23.30 25.0 23.8 1.3 23.4 3.0 

23.45 25 .0 23.8 1.3 23.4 3.0 

0.00 24.9 23.8 1.2 23.4 2.7 

0.15 24.8 23.7 1.2 23.3 2.7 

0.30 24.7 23.6 1.1 23.3 2.6 

0.45 24.7 23.7 1.1 23.2 2.5 

1.00 24.6 23.6 1.1 23 .3 2.5 87.4 

1.15 24.4 23.5 0.9 23.2 2.1 

1.30 24.4 23.5 0.9 23.0 2.2 

1.45 24.4 23.4 1.0 23.0 2.4 

2.00 24.4 23.4 1.0 23.2 ::!.'! 

2. 15 24.5 23.1 1.5 22.9 3.4 

2.30 24.5 23.4 1.2 23. 1 2.7 
-

2.45 24.7 24.0 0.8 23.6 1.8 

3.00 23.5 23.3 0.3 22.7 0.6 

3.15 23.3 22.9 0.4 22.4 0.9 

3.30 23.2 22.7 0.6 22.0 1.3 

3.45 23. 1 22.7 0.4 22. 1 0.9 

4.00 23.0 22.3 0.7 22.0 1.7 93.9 

4.15 22.9 22.4 0.5 22.0 1.2 

4.30 23.1 22.7 0.4 22.2 0.9 

4.45 23.0 22.6 0.4 22.2 1.1 

5.00 22.8 22.4 0.4 21.8 0.9 

5. 15 22.9 22.5 0.4 22. 1 1.1 

5.30 22.7 22.4 0.3 21.9 0.8 

5.45 22.7 22.4 0.3 22.0 3.3 

6.00 22.7 22.5 0.3 2 1.9 2.4 
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~ 

fl11lH'J1tnfllff 1.00 m/s 

11!11 Ti,Ta To Ti-To Tp Cooling power RH 

mwm oc oc oc oc watts % 

21.00 25.7 24.4 1.4 24.4 3.2 

21.15 25.8 24.5 1.4 24.7 3.2 
----

21.30 25.2 24.0 1.2 24.1 2.8 
--

21.45 25.2 23.9 1.3 23.8 3. 1 

22.00 25.3 24.2 1.2 24. 1 2.7 94.2 

22.1 5 25.0 23.7 1.4 23.6 3.2 

22.30 24.8 23 .6 1.3 23.4 3.0 

22.45 25.0 24.1 0.9 23.9 2.2 

23.00 25.0 24.0 1.0 23.9 2.4 

23.15 24.8 23.8 1.0 23.7 2.4 

23.30 24.7 23.4 1.3 23.2 3.1 

23.45 24.9 23.9 1.1 23.6 2.5 

0.00 25.0 24.1 0.9 24.0 2.1 

0.15 24.8 23.9 0.9 23.8 2.2 

0.30 24.7 23.7 1.0 23.6 2.4 

0.45 25.0 24.0 1.0 23.9 2.4 

1.00 24.8 24.0 0.9 23.8 2.0 94.9 

1.15 24.5 23.4 1.1 23.1 2.6 

1.30 24.8 23.6 1.3 23.0 3.0 

1.45 24.8 23.6 1.3 23.3 3.0 

2.00 24.8 23.7 1.2 23.6 2.7 

2.15 24.6 23 .3 1.4 23.1 3.2 

2.30 24.7 23.5 1.3 23.3 3.0 

2.45 24.7 23.2 1.6 23.0 3.7 
-

3.00 24.4 23.3 1.2 23.2 2.7 

3. 15 24.5 23.1 1.5 22.8 3.4 

3.30 24.5 23.3 1.2 23 .3 2.8 

3.45 24.3 23.1 1.2 23.1 2.8 

4.00 24.2 23.1 1.2 22.9 2.7 96.5 

4. 15 24.2 22.9 1.3 22.5 3. 1 

4.30 24. 1 22.8 1.4 22.5 3.2 

4.45 24.1 22.9 1.2 22.8 2.8 

5.00 24.0 22.7 1.3 22.6 3.1 

5.15 23.9 22.5 1.4 22.3 3.3 
---- ----·--

5.30 23 .7 22.4 1.3 22. 1 3.1 

5.45 23.9 22.6 1.3 22.5 12.3 

6.00 23.7 22.4 1.3 22.3 12.3 
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d 
fl1llJ~'j'HJlfllff 1.25 m/s 

mn Ti.Ta To Ti-To Tp Cooling power RH 

mwm oc oc oc oc watts % 

2'1.00 25.7 24.4 1.4 24.4 16.0 

21.15 25.8 24.5 1.4 24.7 16.0 

21.30 25.2 24.0 1.2 24.1 14.2 

21.45 25.2 23.9 1.3 23.8 15.4 

22.00 25.3 24.2 1.2 24.1 13.6 94.2 

22.15 25.0 23.7 1.4 23.6 16.0 

22.30 24.8 23.6 1.3 23.4 14.8 

22.45 25.0 24.1 0.9 23.9 11.2 

23.00 25.0 24.0 1.0 23.9 11 .8 

23.15 24.8 23.8 1.0 23.7 11.8 

23.30 24.7 23.4 1.3 23.2 15.4 

23.45 24.9 23.9 1.1 23.6 12.4 

0.00 25.0 24.1 0.9 24.0 10.7 

0.15 24.8 23.9 0.9 23.8 11.2 

0.30 24.7 23.7 1.0 23.6 11.8 

0.45 25.0 24.0 1.0 23.9 11.8 

1.00 24.8 24.0 0.9 23.8 10.1 94.9 

1.15 24.5 23.4 1.1 23.1 13.0 

1.30 24.8 23.6 1.3 23.0 14.8 

1.45 24.8 23.6 1.3 23.3 14.8 

2.00 24.8 23.7 1.2 23.6 13.6 

2.15 24.6 23 .3 1.4 23.1 16.0 
-~----

2.30 24.7 23.5 1.3 23.3 14.8 
- -

2.45 24.7 23.2 1.6 23.0 18.4 

3.00 24.4 23.3 1.2 23.2 13.6 

3.15 24.5 23 .1 1.5 22.8 17.2 

3.30 24.5 23.3 1.2 23.3 14.2 
-

3.45 24.3 23.1 1.2 23. 1 14.2 

4.00 24.2 23.1 1.2 22.9 13.6 96.5 

4. 15 24.2 22.9 1.3 22.5 15.4 

4.30 24. 1 22.8 1.4 22.5 16.0 

4.45 24.1 22.9 1.2 22.8 14.2 

5.00 24.0 22.7 1.3 22.6 15.4 

5.15 23.9 22.5 1.4 22.3 16.6 

5.30 23 .7 22.4 1.3 22.1 15.4 

5.45 23.9 22.6 1.3 22.5 15.4 

6.00 23.7 22.4 1.3 22.3 15.4 
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cl 
fl1llJ!~1fllf11f!' 1.25 m/s 

11lll Ti,Ta To Ti-To Tp Cooling power RH 

u1i-1fn oc oc oc oc watts % 

2 1.00 25.0 23.8 1.2 23.7 14.2 

21.15 24.8 23.3 1.6 23.0 18.4 

21.30 24.7 23.1 1.7 22.8 19.5 

21.45 24.7 23.1 1.7 22.9 19.5 

22.00 24.5 23.0 1.6 22.7 18.4 90.7 

22.1 5 24.3 22.7 1.6 22.4 18.9 

22.30 24.2 22.7 1.5 22.4 17.8 

22.45 24.1 22.7 1.5 22.3 17.2 

23.00 23.9 22.6 1.3 22.3 15.4 

23.15 23 .7 22.6 1.2 22.1 13 .6 

23.30 23.9 22.6 1.3 22.2 !5.4 

23.45 24.0 22.8 1.2 22.5 14.2 

0.00 24.0 22.9 1.1 22.7 13.0 

0.15 23.9 22.8 1.2 22.4 13.6 

0.30 23.9 22.8 1.2 22.4 13.6 

0.45 24.0 23.0 1.1 22.7 12.4 

1.00 23.9 22.7 1.2 22.4 14.2 93 .9 

1.15 24. 1 22.8 !.3 22.7 15.4 

1.30 23.9 22.8 1.1 22.7 13.0 

1.45 23.9 22.5 1.5 22.1 17.2 

2.00 23.8 22.6 1.2 22.3 14.2 

2.15 24.1 23.2 0.9 23 .2 10.7 

2.30 23.9 22.8 1.2 22 .7 13.6 

2.45 23.9 22.8 1.2 22.7 13.6 

3.00 23.5 22.2 1.3 21. 7 15.4 
-

3.15 23.6 22 .6 1.0 22.3 11.8 

3.30 23.5 22.3 1.2 22 . t 14.2 

3.45 23 .3 22.2 1.2 21.8 13.6 

4.00 23.3 22.2 1.1 21.8 13.0 94.7 

4.15 23.3 22.2 1.1 21.7 13.0 

4.30 23.6 22.6 1.0 22.4 11.8 

4.45 23.7 22.7 1.1 22.4 12.4 

5.00 23.7 22.6 1.1 22.5 13.0 

5.15 23.5 22.6 0.9 22.4 11.2 

5.30 23.5 22.7 0.9 22.3 10.1 

5.45 23.8 23.0 0.8 23.0 9.5 

6.00 23.9 23 .0 0.9 22.9 10.7 
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d 
'flll lH'j":J'e:ll fll fl' 1.25 rnls 

11lll Ti,Ta To Ti-To Tp Cooling power RH 

lnwm •c ·c •c •c watts % 

21.00 25.4 24.4 1.1 24.3 12.4 

2 1.1 5 25.3 24.6 0.8 24.5 8.9 

21.30 25.2 24.3 0.9 23.9 10.7 

21.45 25.4 24.4 1.0 24.4 11.8 

22.00 25.4 24.7 0.8 24.5 8.9 95.8 

22.15 25.0 24.0 1.0 23.9 11.8 

22.30 25.2 24.3 0.9 24.3 11.2 

22.45 25.0 23.9 1.1 24.0 13.0 

23.00 25.0 23.9 1.2 23 .9 13.6 

23. 15 24.9 24.0 0.9 23.8 10.7 
-

23.30 24.7 23.5 1.3 23.5 14.8 

23.45 24.7 23.7 1.0 23 .7 11.8 
~·---

0.00 24.5 23.3 1.3 23.1 14.8 

0. 15 25.0 23 .8 1.2 23.7 14.2 

0.30 24.9 23.8 1.1 23.7 13.0 

0.45 24.6 23.3 1.3 23.0 15.4 
1---

1.00 24.8 23.5 1.4 23.5 16.0 

1.15 24.9 23.9 1.0 23.8 11.8 95.7 

1.30 24.6 23.7 0.9 23.6 10.7 

1.45 24.3 23 .1 1.2 22.8 14.2 

2.00 24.7 23.5 1.3 23.2 14.8 

2. 15 24.3 23. 1 1.2 22.9 14.2 

2.30 24.6 23.5 1.2 23 .3 13.6 

2.45 24.6 23.6 1.1 23.5 12.4 

3.00 24.5 23.5 1.1 23.5 12.4 

3.15 24.3 23 .5 0.8 23.5 9.5 

3.30 24.2 23.5 0.8 23 .2 8.9 

3.45 24.5 23.9 0.6 23 .7 7.7 
-

4.00 24.4 23.4 1.0 23.3 11.8 

4.15 24.3 23.3 1.0 23.2 11.8 95.7 

4.30 24.2 23.4 0.8 23.1 10. 1 

4.45 24.4 23.5 0.9 23.2 11.2 

5.00 24.5 24.0 0.5 23.8 5.9 

5.15 24.7 24.3 0.4 24.0 5.3 

5.30 24.9 24.6 0.3 24.2 4. 1 

5.45 25.0 24.6 0.4 24.4 4.7 

6.00 24.9 24.7 0.3 24.4 3.0 
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d 
fl11lJt'.i1'Vl f11 ff 1.5 rnls 

mn Ti,Ta To Ti·To Tp Cooling power RH 

mwm •c ·c ·c ·c watts % 

21.00 26. 1 24.4 1.7 24.3 24.2 

21.15 26.0 24.2 1.9 24.0 26.3 

21.30 25.8 24. 1 1.7 24.0 24.2 

21.45 25.2 23.7 1.6 23.6 22.0 

22.00 25.4 23.8 1.6 23.6 22.7 76.7 

22. 15 25.5 23.7 1.8 23.6 25.6 

22.30 25.4 23.9 1.6 23.6 22.0 

22.45 25. 1 23 .6 1.5 23.4 21.3 

23.00 25.0 23.4 1.7 23.2 23.4 

23. 15 25.0 23.3 1.7 23.2 24.2 

23.30 24.8 23.1 1.7 22.9 24.2 

23.45 24.9 23.1 1.8 22.9 25.6 

0.00 24.7 23.2 1.6 22.8 22.0 

0.15 24.7 23.6 1.1 23.2 15.6 

0.30 24.6 23.2 1.5 23.0 20.6 

0.45 24.6 23.2 1.5 23.0 20.6 

1.00 24.4 22.8 1.6 22.6 22.7 79.8 

1.1 5 24.2 22.5 1.7 22.3 24.2 

1.30 23.9 22.3 1.6 22.0 22.7 

1.45 23.9 22.0 1.9 2 1.9 27.0 

2.00 23.8 21.9 1.9 21.8 27.0 

2.1 5 23 .7 21.8 1.9 2 1.7 27.0 

2.30 23.6 2 1.9 1.8 2 1.7 24.9 

2.45 23.5 2 1.7 1.9 2 1.5 26.3 

3.00 23.3 2 1.6 1.7 2 1.5 24.2 

3. 15 23.3 21.6 1.8 2 1.4 24.9 

3.30 23 .4 21.6 1.9 2 1.5 26.3 

3.45 23.4 21.6 1.8 21.5 25.6 

4.00 23.4 2 1.6 1.8 2 1.4 25.6 86 

4. 15 23.5 21.8 1.8 2 1.6 24.9 

4.30 23.6 21.8 1.9 21.7 26.3 

4.45 23 .9 22.3 1.7 22. 1 23.4 

5.00 23.7 22.1 1.6 22.1 22.7 
r-

5.15 23.7 2 1.8 2.0 22. 1 27.7 

5.30 23.7 21.8 1.9 22. 1 27.0 

5.45 23.6 21.9 1.7 22 .1 24.2 

6.00 23.5 22.0 1.5 21.8 24.2 
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d 
fl11ll!':i1mmfl' 1.5 m/s 

mn Ti.Ta To Ti-To Tp Cooling power RH 

mwm oc oc oc oc watts % 

2 1.00 26.7 25.0 1.8 24.8 24.9 

21.15 26.9 25.0 2.0 25 .0 27.7 

21.30 27.0 25.1 1.9 25.0 27.0 

21.45 26.8 24.9 2.0 24.7 27.7 

22.00 26.7 24.7 2.1 24.5 29.1 8 1.6 

22.15 26.5 24.6 1.9 24.5 27.0 

22.30 26.5 24.4 2.2 24.2 30.5 

22.45 26.1 24.2 2.0 24.1 27.7 

23.00 25.9 24.1 1.9 23.9 26.3 

23.15 25.9 23.9 2.0 23.8 28.4 

23.30 26.0 24.0 2.0 23.8 28.4 

23.45 25.6 23.6 2.0 23.5 28.4 

0.00 25.6 23 .5 2.2 23.5 30.5 

0.15 25.5 23.3 2.2 23.3 3 1.3 

0.30 25.3 23.3 2.0 23.2 28.4 

0.45 25 .2 23.1 2.1 23.2 29.8 

1.00 25.0 22.9 2.2 22.7 30.5 87.4 

1.15 24.7 22.7 2.1 22.4 29. 1 

1.30 24.8 22.7 2.2 22.5 30.5 

1.45 24.7 22.5 2.2 22.4 31.3 

2.00 24.6 22.4 2.2 22.2 31.3 

2.15 24.4 22.3 2.1 22.1 29.8 

2.30 24. 1 22.2 1.9 22.0 27.0 

2.45 23.9 22.1 1.9 21.9 26.3 

3.00 24.0 22.1 1.9 21.9 27.0 

3.15 23.9 22.1 1.8 21.9 25.6 

3.30 24.1 22.3 1.9 22.2 26.3 

3.45 24.0 22.1 1.9 21.8 27.0 

4.00 23 .8 22.1 1.8 21.8 24.9 91.3 

4. 15 23 .8 22 .3 1.6 22.2 22.0 

4.30 23.9 22.0 1.9 21.9 27.0 
-

4.45 23.9 22.1 1.8 22.0 25.6 

5.00 23.9 22.0 2.0 2 1.8 27.7 

5. 15 23.7 21.9 1.8 21.6 25 .6 

5.30 23.9 22.0 1.9 21.7 27.0 

5.45 23.9 22.0 1.9 21.8 27.0 

6.00 23.6 22.0 1.7 21.8 24.2 
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a. Solar collector 
- -

Dimension 780xl820x90mm ,_______ __ 
- ---

Header 1" Galvanized pipe 

Riser 3/4" Galvanized pipe 

Number of riser 7 risers 

Absorber Steel sheet painted black 
-

Thickness 1.0 mm 

Insulation Microfiber,thickness 25 mm 

Glass cover Temper glass thicness 3.0 rrun 

Fram Galvanized sheet 

b.IStorage tank 

Dimension Diameter 480 mm x 1160 mm 

Material Stainless steel,thickness 2.0 mm 

Insulation Microtiber,thickness 25 mm 

Cover Stainless steel,thickness 2.0 mm 

Volumes 200 liters 

Fitting 3/4" copper pipe threaded 

c. Connecting Pipe 

Material 3/4" Copper pipe 

Insulation Aeroflex 3/4" wall thickness 
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Mont h 

"' d "" ( ) "" 1'W'Vl 16l..I'Wlfll..l 2548, n = 75 nm 12.00 'Wl Wfll 

¢,s = 15° = 0.26,Localtime = 12.00,tz = -7,/ong = 7 

'ill nttl~ 'il-l EQT = -10 
" ti~:IJl\Pl'.itJlh.tti'.:J !~U 40 ~\Pl'.i 

a.:" ~Q.Id 
fJtl.IY'l.fJlJ'Wl'tll!'tllmN!f1U'.i ·HY (T;) 37.8 °C 

fJtl.IY'l.fJntll'tllUUf1!!~-!l!~Ui'.:Jfl (TJ 55.1 °C 

... :'l Ql ~ .d 'J} ( ) 
fJtl.IY'l.fJlJ'Wl !'WtN!f1U!'.ilJ\P1'W Ts 32.5 °C 

" . " fJtl.IY'l.fJntJli'Wtl~ ! ~U!~Uff'W~\Plfl1'.i'Vl~H'I U~ (T1 ) 50.8 °C 
I 'JI I I ! 

fi'JllJ!~ ·;a'Q~tJ'tiU~tJl'tll!~l !!~~~~U i' ~ fl ~lfliiV'W~~l'Wl'iUtJl~ (V) 2.52 cm/s 
9) I d" I 

l'ff'W~lt;f'Wti'Vltltll~ 1.5 em 

..r d 0 d ( ) 2 
l'l'W'VlU~~'Vllfi'J l lJ!ti'W Ac 1.67 m 

" fi'J l lJ!~lJ!!'ff~ U'WYl'W'.iltJ (G) 592.0 W/m
2 

" . " 
m l lJY'l'W 1u'll 'W 'tlu~tll~rJtl.l Y'l.fJntll'tll!~l (p) 

p=0.0029T 2 - 0.1231T+1003 .1 
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= 0.0029*37.8 2 -0.1231 *37.8+ 1003.1 

= 994.3gl I 

pAV 
m=--

Ac 

= (994.3 * 7l" * 1.5 2 * 2.52 I 4 )11.67 * 106 

= 0.002639kg I m2 s 

= 0.002639 * 4182 * (55.1- 37.8) 

= 190.96W I m 2 

lJ lJ declination ( S) 

S = 23.45 sin(360 (284 + n )/ 365) 

= 23.45 sin(360(284 + 75)/365) 

= -2.35 

nm~~tl~ (Solarttime) 

Solartime = Localtime + tz +long+ eqt I 60 

= 12.0- 7 + 7-10 I 60 

= 11.83 

lJlJ hour angle (m) 
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(J) = -15(12- Solartime) 

= -15(12 -11.83) 

= -2.55 

y y 

fl~11ff1'Wf111llt .u'11i' -:ji1~HU'W~'W !VCJ-:jl'i'fli' -:ji1m.rvh..t 11U (R6 ) 

R _ cos(¢-s)cos(8)cos((J))+sin(¢- s)sin(8) 
6 

- cos(¢)cos(8)cos((J) )+ sin(¢)sin(8) 

= cos(O) cos(- 2.35)cos(- 2.55)+ sin(O )sin(- 2.35) 

cos(0.26)cos(- 2.35)cos(- 2.55)+ sin(0.26)sin(- 2.35) 

= 1.05 

= 1.05 * 592.0 

= 619. 81W atts I m 2 

7J = 100Qu I GT 

= 100*190.961619.81 

= 30.8% 

- 40* 4182 * (50.8 -32.5) 
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- 1.67 * 3600 * (445 .25 + 591.6 + 649.7 + 619.81 + 516.61 + 561.5 + 444.38 + 297.85) 

- 1 ") '10/.. 



• • 91 

atu'Yl.fliJm~vrrhJ~h.nh~mtu 20 oc 
q .. 

11'f!Tth~llltu 3,000 1Jl'VI 

~ ..:!:( ~ e1 ~d tl 
bnJlJ~~TW 'flU U~11~UfH1W (i) 8 tllmtClf'W~ 

m~m'.i11/~1'W (n) 10 TI 

' ~I 9J ' cv ... I o' d o' 9J 
1J~'fl1Clf1tlu'ff~'VI1tlt'VIlfiU 5 tutl'l tClf'W~'lltl..'l 11'fl1~'W'VI'W 
"' q q 

1~v~nmi'Wm1'Vl1~1'Wm~v 3oo iwTI 

. " 
o .,. 31 "' o o 31 ""' (C ) m '.i 'fll'W 1tut~'W ~ ~'YJ'W 'ff'.i1~tm t~~'VIl'W 11 U'W 11 vu P 

31 i(1 + iY 
C p ='.i1'fll~'W'VI'W X ( ) 

• l+in-1 

= 3000 * o.os(1 + o.osyo 
(1+0.osyo -1 

= 44 7 .11Jl'VI 
. " 

lq!~~1Clf1fH'fl~U~'V11tJ1~t!'W'.i1VU (Cs) 

160 



• ~I !ll ( i J C s = lH'lfl195lf1u[;l'<fl'VIl{J X ( ) 
' " • 1+i " -1 

= 3000 * 0.05 * ( 
0
·
08 J 

(1 + 0.08)'
0 -1 

= 10.4 '!Jl'Yl 

= 0.05 *3000 

= 150.01Jl'Yl 

., 
l1:Ufh1'*~1Vlleiih1'l'I1:UIP1 (cr ) 

= 447.0-10.4 + 150.0 

= 587.0 1Jl'Yl 

"' ~l1'*~ltJ~-eJ~\9llth~m-J 

.. 
0 0 <1 

fll'afll'Ul!ti'U 

Cost Cr 
= 

Liter Volume x days 

587.0 
=---

70 * 300 

= 0. 03 '!Jl'Yl 

' m':irinnrufiuY'~tl""a~itnn6Ja.J"J"J~U:v (Coefficient of Performan~e} 

f1l'j'YJmHJ'l i'Wl''W~ 1-2 'Wt)f!"~mv'W 2548 , 
tl~:Ull9llUl1'Wt1'-:l!n'IJ!I'iln'IJ (M)71 ~191J 
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" . 
~ti!'HJJJJth~lJIOi''W (Ts) 25.9°C 

" . " 
~ti!'HJJJJthlitJiY'W -q~ m'J'Vl ~HHl-!l (Mf ) 22.2°C 

eJ~'Jlfll'J 1mu'Q~CJ!'tht11J (m) 0.03 kg/s 

Yilfll'J'Vl~mmtlta1m (r) 9 ~1lll-!l 
" ~ , , 

u~ml'l'JtJl~tlf1l'JYil-!ll'W'UtJ-!liJm.Jl 1 f11'-!l!tlunm (t) 100 1mfirvht11J (v) 47 ill'l'J 
"" " . 

ih~-!lU:I.JtJTYi-1~ 1¢1 (QP) 225 Watts 

fll~fll'l!1W COP 'UW:!:!1t111VI9 

" "" ~l'W1'Wf11'-!lfll'JYil-!ll'W'UtJ-!liJlJ (n P) 

mT 
n =-

P V 

= 0.03 * 9 * 3600 I 4 7 

= 17.05 ';jtJ1J 

. "" " 
-:Jl'Wnllfii1ll'll11'* (wpr ) 

=225*17.05 *100/106 =0.38MJ 

=0.38MJ 

, a , , 

rh~-:Jfitlll'll11 '*1~CJ!'Q ~ CJ I'l ~ tl ~fll'j'VJ~~tl-:J (Q pm ) 

wpr 
Qpm=T 

=0.38*106 1(9 * 3600) 

= 11.84Watts 
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' ~ 

Yinm 21.00 'W.lflflW'l1.fllhhult'll'lu~"tlltJtlfl1~rvhriu 26.2 u~~ 25.5°C ~11dh~u . ., 

= 0.03 * 4182 * (26.2- 25.5) 

= 87.8Watts 

rh COP "tJW~l1~1 21.00 '1-nWm 

COP= Qum 
Qpm 

= 87.8111.84 

=7.4 

' .. 
0 "l "" 

tll'jfll'I-A1W COP !ll8tf'l~I\1VlflWYIVI(;I8~ 

~l'W~lflflllll!~'W~!~ (wur) 

fi1 COP 

Wu, = MC P (T1 - Ts) 

= 71 *4182(25.9-22.2)1106 

=1.09MJ 

= 1.09 I 0.38 

= 2.87 

4 

tll'jflnnwrh~'ll'lhdrniitr'lJ'j'jtJ'I.J~ (Coefficient of Performance) 

fll'j'VJf)(;ltJ~l'W1'W~ 13-14 i'W'llflll 2548 

fl11llA11fllfllft' (vw) 1.0 m/s 
~ ' ' 
.!fd~<Vd 1/J I() 2 
'W'W'Vl'l1'Wl~fl'Vltllfllft' ~'11~Yll'W A 0.008 m 
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· nm~fJ1f11'i'Vl~HHl~ (T) 9 ~1tlJ~ 

bllJlJ~ilf111lJ!~'U~!~ijfilf1~~1'U (t) 15 'UlYl 

f1 w bllJ1J~ -en m f1 • 
f111lJ'H'U1UtJ'U (p) 1.18 kg/m

3 

filf111lJ~f111lJ~~'U (c p) 1oo6.o Jlkg oc 

L.mC P (T; -To)= 657.4Watts 

WU{ =15*60*675.4/10 6 

=0.59MJ 

Ol&i~'U~~~~~lJ (Q I) 

d d Q.l 

'Ylf111lJ!'i1'Y'I~~lJ 1.0 m/s 

1 = 0.115,V = 180.0,PF = 0.85 

Qf =0.115*180.0*0.85 

= 17.59Watts 

= 17.59 * 9 * 36001106 

=0.57MJ 
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~lCOP 

= 0.59/0.57 

= 1.03 
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PROGRAM COLLECTOR 

A FINITE DIFFERENCE APPROXIMATION 

DIMENSIONTOLD(7),TNEW(7),S(7),RMUE(7),U(7),W(7),A(7),ROH(7),QL(7), 

F_TOLD(7) 

OPEN(UNIT=6,FILE='2feb _reca1culate.DA T') 
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WRITE(6,*)'TIME',' ','I_tilt',' ','Ti',' ','T(l)',' ','To',' ','T(2)',' ','T(3)',' ','T(4)',' ','T(5)',' 

','T(6)',' ','T(7)',' ','Tt',' ','Ta',' ','FLOW',' ','EFF.',' ','SI_Qu' 

ccccccccccccccccccccccccccccccccccccccccccccccccccccc 
ASSIGN CONSTANT VALUE 

PI=3.14 

G0=9.81 

ALPH=.85 

ZIGMA=5.67E-8 

CALCULATION NONETIME CONSTANT W,A 

CALCULATION THERMAL CAP A CITY W 1 

RISER PIPE 

R NO RIS=7 . 

RIS_Cp=383. 

RIS DEN=8795. 

RIS DI=+ 10./1000. 

RIS LE=2.5 

RIS TH=+ 1.35/1000. 

W _ RIS=PI*RIS _DI*RIS _ TH*RIS _LE*R _NO_ RIS*RIS _ DEN*RIS _ Cp 

WATER THERMAL CAP A CITY IN RISER PIPE 

RIS _ VO=(PI*RIS _ DI* *2)/4. *RIS _ LE*R _NO_ RIS 

WAT DEN=lOOO. 

WAT_Cp=4182. 

W _ W A Tl =RIS _ VO*W AT_ DEN*W AT_ Cp 

LEAD FOR WELDING 

R LEAD =1. !mass of lead =l.kg 

R_LEAD_Cp=130. 

W_LEAD=R_LEAD*R_LEAD_Cp 



ROOF METAL PANEL 

R _MET A_ Cp=460. 

R META TH=+.2/1000. - -

R_META_ WI=.67 

R MET A LE=2.5 - -

R_META_DEN=7879. 

W _MET AL=R_ MET A_ TH*R _META_ WI*R _MET A_ LE*R _META_ DEN* 

R_META_Cp 

Wl 

W l=W RIS+W WATl+W METAL - - - -

CALCULATION THERMAL CAP A CITY W 2 

OUTLET PIPE FROM COLLECTOR 

OUT_Cp=383. 

OUT DEN=8795. 

OUT DI=+lS ./1000. 

OUT LE=l.S 

OUT TH=2./1000. 

W _ OUT=PI*OUT _ DI*OUT _ TH*OUT _ LE*OUT _ DEN*OUT _ Cp 

WATER THERMAL CAPACITY IN OUTLET PIPE 

OUT_ VO=(PI*OUT_DI**2)/4*0UT_LE 

W_ WAT2=0UT_ VO*WAT_DEN*WAT_Cp 

W2 

W 2=W OUT+W WAT2 - - -

CALCULATION STORAGE TANK THERMAL CAPACITY (W3-W6) 

TANK_ Cp=452. 

TANK TH=2./1000. 

TANK DI=.S 

TANK H=.45 

TANK DEN=7879. 

W_TANK=PI*TANK_DI*TANK_TH*TANK_H*TANK_DEN*TANK_Cp 

WATER THERMAL CAPACITY IN TANK 

TANK_ VO=(PI*TANK_DI**2)/4*TANK_H 
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W _ W AT=TANK _ VO*W AT_ DEN*W AT_ Cp 

W WAT3=W WAT/4. - -

W WAT4=W WAT3 - -

W WATS=W WAT3 - -
W WAT6=W WAT3 - -

W 3-W 6 

W _3=(W _TANK+W _ WAT)/4+(PI*TANK_DI**2/4.*TANK_TH*TANK_DEN* 

TANK_Cp) 

W _ 4=(W _TANK +W _ W AT)/4 

W S=W 4 - -

W 6=W 3 - -

CALCULATION INLET PIPE THERMAL CAP A CITY (W7) 

R IN DI=+ 15./1000. 

R IN LE=5.4 

R IN TH=l.3/1000. 

W_IN=PI*R_IN_DI*R_IN_TH*R_IN_LE*OUT_DEN*OUT_Cp 

WATER THERMAL CAPACITY IN INLET PIPE 

R_IN_ VO=(PI*R_IN_DI**2)/4*R_IN_LE 

W_ WAT7=R_IN_ VO*WAT_DEN*WAT_Cp 

W7 

W 7=W IN+W WAT7 - - -

ASSIGNW(I) 

W(l)=W_1 

W(2)=W_2 

W(3)=W_3 

W(4)=W_4 

W(5)=W_5 

W(6)=W_6 

W(7)=W_7 

CACULATION AREA OF EACH NODE 

A 1=R META WI*R META LE - - - - -

A 2=PI*OUT DI*OUT LE 
- - -
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A_3=(PI*TANK_DI**2)/4+PI*TANK_DI*TANK_H/4 

A 4=PI*T ANK DI*T ANK H/4 - - -

A 5=A 4 

A 6=A 3 

A 7=PI*R IN DI*R IN LE 

ASSIGN A(I) 

A(l)=A_l 

A(2)=A_2 

A(3)=A_3 

A(4)=A_4 

A(5)=A_5 

A(n)=A_6 

A(7)=A_7 

cccccccccccccccccccccccccccccccc 
ASSIGN TIME STEP 

start testing at 9.00 O'clock 

DTIME=.Ol6667 

S DTIME=.Ol6667*3600. 

NSTEPS=440 

SET UP INITIAL AND BOUNDARY 

TOLD(l )=30.17 

TOLD(2)=30.32 

TOLD(3)=40.74 

TOLD(4)=40.71 

TOLD(5)=40.24 

TOLD( 6)=36. 72 

TOLD(7)=30.17 

ToOLD=2*TOLD(l)-TOLD(7) 

DO 2 I=1,7 

F _ TOLD(I)=TOLD(I)*(9./5.)+ 32. 

2 CONTINUE 

F _ ToOLD=ToOLD*(9./5.)+ 32. 
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CALCULATION NEW TEMPERATURE 

TIME=DTIME 

S TIME=DTIME*3600. 

ISTEPS=1 

200 ISTEPS=ISTEPS+ 1 

CALCULATION PROPERTY OF WATER (BRITISH UNIT) 

DO 60 I=1,7 

S(I)=-1.25E-6*TOLD(I)**2-5.83E-5*TOLD(I)+0.99967 !OK 

RMUE(I)=0.0006*F _ TOLD(I)**( -.9646) !OK 

ROH(I)=-7E-5*F _ TOLD(I)**2+0.00 18*F _ TOLD(I)+62.485 !OK 

60 CONTINUE 

So=-1.25E-6*ToOLD**2-5.83E-5*ToOLD+0.99967 

SI UNIT 

Ta ISTEP=-.0351 *TIME**3+.3101 *TIME**2+.8988*TIME+25.268 

KTa ISTEP=Ta ISTEP+273.15 

Tp _ISTEP=TOLD(l) 

KTp_ISTEP=Tp_ISTEP+273.15 

WIND EFFECT, AVERAGE WIND VELOCITY 0.1 m/s 

hw=2.8+ 3. * .1 

KTs ISTEP=.0552*KTa ISTEP** 1.5 - -

RADIATION HEATLOSS 
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hrp _ a=ALPH*ZIGMA *(KTp _I STEP+ KTs _ISTEP)*(KTp _ISTEP**2+KTs _ISTEP**2) 

*(KTp _ISTEP-KTs _ISTEP)/(KTp _ISTEP-KTa _ISTEP) 

CALCULATION HEAT LOSS COEFFICIENCY U(I) 

U(l)=hw+hrp_a 

S_U=U(l) 

U(2)=0. 

DO 65 I=3,6 

U(I)=.9*(TOLD(I)-Ta _I STEP) 

65 CONTINUE 

U(7)=0. 

CALCULATION TOTAL HEATLOSS 



DO 66 1=1,7 

QL(I)=A(I)*U(I) 

66 CONTINUE 

QL=O. 

DO 67 1=1,7 

QL=QL+QL(I) 

67 CONTINUE 

QL=QL 

CALCULATION FIN EFFICIENCY 

CODUC=58.9 

Rm=(U(l)/(CODUC*R_META_TH))**(0.5) 

WIDTH=+9.51100 

FIN=(TANH(Rm*(WIDTH-RIS_DI)/2.))/(Rm*(WIDTH-RIS_DI)/2.) 

CALAULATION PLAT EFFICIENCY F 

Cbond=1155. 

Hfi=300. 

AA=l.IU(l) 

BB=l/(U(l)*(RIS_DI+(WIDTH-RIS_DI)*FIN)) 

CC=l/Cbond 

DD= li(PI*RIS _ DI*Hfi) 

F=AA/(WIDTH*(BB+CC+DD)) 

CALCULATION THERMORYPHON HEAD(BRITISH UNIT) 

H 1=.5*3.3803 

H 2=1.15*3.3803 

H 3=1.50*3.3803 

H 4=H 3 

H 5=1.17*3.3803 

H 6=1.60*3.3803 

CALCULATION THERMOSYPHON HEAD 

Fh=2*(H _3-H_l)-(H _ 2-H _I )-((H_3-H _5)**2)/(H _ 6-H _5) 

Ht=0.5 *(S(7)-So )*Fh 

fr=0.035 
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RKe=39.6 

Hf=5 .65E -6*RL *RMUE*FLOW /D**4+(5 .02E-13 *RK.e*FLOW**2)/D**4 

RL=OUT DI+R IN DI 

RIS_AHf=5.02E-13*RK.e/(OUT_D1*3.3803)**4. 

RIS_BHf=5.65E-6*RL*3.3803*RMUE(l)/((OUT_D1*3.3803)**4.) 

CALCULATION FLOW RATE from Ht=Hf 

flo_l=(-RIS_BHf-(RIS_BHf**2+4*RIS_AHf*Ht)**0.5)/(2.*RIS_AHf) 

IF(flo_l>O)THEN 

FLOW=flo 1 

ELSE 

flo _2=( -RIS _ BHf+(RIS _ BHf**2+4*RIS _ AHf*Ht)**0.5)/(2. *RIS _AHf) 

FLOW=flo 2 

END IF 

SI FLOW=FLOW*0.4536/3600. 

SOLAR INSOLATION IS A TIME FUNCTION start at 9.00 O'clock 

H_ISTEP=( -23.05*TIME**2+ 154.79*TIME+411.05) 

CALCULATION NEW TEMPERATURE 

Ti=TOLD(7) 

TNEW(l)=TOLD(l)+(S_DTIME/W(l))*(ALPH*F*A(l)*H_ISTEP-

U(l)* A(l)*(TOLD(l)-Ta_ISTEP)-SI_FLOW*WAT _ Cp*(ToOLD-Ti)) 

TNEW(2)=TOLD(2)+(S _ DTIME/W(2))*(-U(2)* A(2)*(TOLD(2)-Ta _ ISTEP)

SI_FLOW*WAT _ Cp*(TOLD(2)-ToOLD)) 

DO 50 1=3,7 

TNEW(I)=TOLD(I)+(S _ DTIMEIW(I))*( -U(I)* A(I)*(TOLD(I)-Ta _ISTEP)

SI_FLOW*WAT_ Cp*(TOLD(I)-TOLD(I-1))) 

50 CONTINUE 

ToNEW=2 *TNEW(l )-TNEW(7) 
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CALCULATION AVERAGE TEMPERATURE OF STORAGE TANK 

Ttank=(TOLD(3)*W _ WAT3+TOLD(4)*W _ WAT4+TOLD(5)*W _ WAT5+TOLD(6)* 

W_WAT6)/W_WAT 

EFFICIENCY CACULATION 



Qu=SI_FLOW*WAT_Cp*(ToNEW-TNEW(7)) 

EFF=Qui(H_ISTEP*A(l)) 

CONVERSE UNIT 

RTIME=TIME+8.98333333 

80 CONTINUE 

174 

WRITE(6,100)RTIME,H_ISTEP,Ti,TOLD(1),To0LD,(TOLD(I),I=2,7),Ttank,Ta_ISTE 

P ,SI _FLOW ,EFF ,F ,Ht 

100 FORi\1AT(F6.3,1X,12F6.2,1X,F6.4,1X,F7.4,1X,2F10.6) 

DO 70 1=1,7 

TOLD(I)=TNEW(I) 

70 CONTINUE 

Ta=Ta ISTEP 

ToOLD=ToNEW 

IF(ISTEPS<=NSTEPS)THEN 

TIME=TIME+DTIME 

GOTO 200 

ELSE 

END IF 

STOP 

END 
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Abstract 

The purpose of this research was to design, construct, and test 

the performance of ~imple solar water heater. The concept of this 

work was applied to the metallic roof panel, widely used in rural of 

Thailand. To construct this system, seven copper tubes with diameter 

12.7 nun were weld to a 2.5 x 0.67 m~metallic roof panel. The volume 

of storage !ank is 90 liters circulated by thermosyphonic force . 

The experimental results showed that the system constructed in 

this study yields average hot water temperature of 53 °C. It should be 

noted that this system is suitable for domestic hot water system. 

Keywords: solar energy I solar collector. 
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fl'itftlm:::uffilhhtltu~tl 2X542.6=!,085.2 tllll 

Li1nfi'ilftll11'l~~l'U~M~61Jlll nr·ilniltltl 
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=(420,000/860)/(6.000+ I,D85.2) 

=0.067 kw-hr/1Jltl 

91~mJ ·:hfi l1-*~,v1ui'Jmn tfl~eJ~ti ,Jl:immmJ 1-*uff~ Blii<A6o:::iJ 
filH~1eJ\(~n-hlfi~Uni1Jl:immulli.rhHh tls :::mru 1.2 ni1 

'l'flflfflJlJ~-hlnifmTJ~onilJ,rBtmuuHhHhimlrn 6,0oo 

lJTYl Uft:::lfl1t111~1'11gtl 2,500Ull1 hll'hflli'Wli'llS 'Mei'~Sl'itelfllllu 
~ 

:l'uut1::: 0.75 ll:::'l~<iteJflllidutl::: 18.75 tl1Yl fi1m :::Hn 'hh~1 'l15~'illfl 

'11n<i1Mlifv1~mhmvhntJ 1 ,085.2-1 8.75= I066.45tlllllSlffllJ1So 

tmuw fieJufili~~lu1uu.iB:tl'IJ~mtl~tl~ lhJ,rtJmf~fftl~'lfii~ 1~~~ 
~nNYi I 

. 
IS o o !il 

1 f1 s u~ mms uu 

. 
tl~YJ1mf~mn 8,500 6,000 

1066.45 

1066.45 

1066.45 

8,500 9,180.0 



6.11'11.1 

1. fJW11{liJJ,'IJltHlfl'IJ6~mm~ui'~iY;fmJ~ilui:Jil~V 2 1h::ms 

fi tlfl11lJI,jlJ'IJ6~11'i'l' ~ tllfi~Hlll -a:; fJW11 {)lJU ".i ".i IJlfllff l ~ IJfl11lJl,j 1J 

"">. .! d f 0:. I 0:. 

II ff ~ 61'1WIVIl::lJ ~M1VfJWl1 {llJ'IJ166fllJlflfl11lJW 11 {llJU ll Vlfllff 

2. llniYYln.fllYi'IJ 6U:::UUil:::l'filJ;f'U 1rlvrfilJ'IJ'Ul~ ti~1 nmi 6 

lfll~l!m!~Ul~ff 11~fJWl1{jiJJ1~'h\'ll:::"il~M 
3. 1-u~Hm:::~ ~~~1~ti'6u1~ v1il-u 1 :::uu~ iiti~Jl'IJ'Ul~lg n n·:h 

'i'l'llJl".it1 1'1i'fJWl1{lilm~v'IJ6~J, i~t'(~n ·:h u~h:::uUil::iirmu i1~1Jfll".i 
.c:l , 4 ..._ 

t'(()J l 'i'l' IJfl11lJ ".i 6'UilJ6fJ Ill,., lJ lJ'IJ 6~ u ".i ".i Ill f)1 ff"il ~" ~ 

4. lllfl~M~".iYI~-a6~1'i~mino:::n1-u'iluli'tJl:::EiYlnmYi'IJ6~".i:::uu 

11:::ri 6-u.U\~~1 u~b :::uu ~'i'l'1lJ1".i t1 1'11' fl11lJ f6'U i u ".i :::l'iu ~~nun t1 

u 1 illi'li~ 1-u 1 ~~~-ufldH~ 'd111 i'u nnli ~ iu9i'-eN nu fJWl1lJilt'! ~u1n'!! n 

l'li-uqll1flfltn1Ji-uflhs6-u 

i v w .. w ~ ~ v w ' .:. '\-1 "' 5.fll".i 'lf'i'l'~n:::'i'l'll ·ntMf11'11~ l'll~l'Ufl'Ufl~ln 1JfillJ'ln-!Ul11ull 

u~u~~nihti'~iYiums'111tf,!6u~1vu"N~61liV~u •tan~ 2 ms1~1um 
w d ~ « v .I ~I 

'U'Ul~t1~1flU 70 "ilfll 1Jl::IJ:::fjl!lJll1Jl:::lJltl! 3 1J 

6. i'WmlH~l'WilS~fl11~~vf~ Thennodiode t~6-ar~mlt'(t]J1ifll 
g./ · ~ d , 

f111lJ l6'Willflfll':illl'l':i ~'i'I'U"il::: flll'l'llfl11lJ':i6'U lllfl"illJ 

... 
7. '1Jtllff'U6U'U::: 

rns ii fll':iffmmfi lJl~ lJ 1 'Ul ~ 6~ 'IJ 6~ fl11lJ 1 ~ 1" lJ ~ 6lln ffYI i fllYi 

'IJ6~1:::uu 

..:.. .! a ~ d ..J 
'IJ6'1J6Ufjll.l flW::1ff1fl':i".ilJffl'i'I'VI':i lJl111YIIJ1"iliJfJU"il11'll1il'U Yl 

U'i!Uff'lf\.II~'U'J'W l'U fl111~ tJ 

a ri1ms~~n~ui'~iY 

11 'llo· n lls:::Eil1nil1Yi . 
.:!! d Q,l d Q,l d ., 

Ac Yi'UYIVI'llflUH'i'l' m· 

' v Cp fllfl11lJ~f111lJ11lll JlkgK 

F Ra optical factor 

F R ul heat loss factor w/m
2
K 

, .:;,. .! , 

I f111lJl'IJlJil'i'I'~61YIVIIJ w/m· 

m flflllfll".ill'i"il g/m
2
s 

" .. ,JI 2 Qu tnllJ".itl'\.1'11 l'l MJ/m 

Ta fJWll{llJUlliJlfllff C 
""": , d Q,l d 

Ti fJWll{)lJ'\.Il'IJll'Ulll~~lflU'H'i'l' C 

Tt fJWlllJlJl~~IJJlillti~l~U C 

To fJWl1lJilJl'IJ166fllllflll~~~~uf~iY C 

Tp ~w,., 0iitu~IJ9hnui'~n c 
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1uii 23-24 )Jfl'ilfl)J lUI. 2549 ~~"111vmtt1Ul'ifll)J 

" rn-a~ fl1:11~ 'Jlll&th.!,'lft~ m-ann'il&~'U 1 ~w i 1YuN~'t'i K~fll~ ~ fl::;i'J 
A Feasible Study of Water Cooling using Metallic Roof Panel 

'V t! 1V c!t 0 ~ QJ ~ q ~~ t! ' \II l 
!'l1rotU '1JU'Yiel~'il'l,I'YI'l ell &l'lftflYI 'YI'!Jty2l1

1 ml~ 'YHT'l:l~ !Yl'lf~1~ &l'lftlfl 

Rewat khunthongjan\ Umphisak Teeboonma
1 

and Pisit Techrungpaisan
1 

Abstract 

The purpose of this research is to investigate the technical feasibility of water cooling which 

i.e; cooled by nocturnal radiative cooling in Ubonratchathani province. The concept of this work is 

applied to the metallic roof panel, widely used in rural of Thailand. To construct this system, seven 

copper tubes with diameter 12.7 mm are weld to a 2.5 x 0.67 m
2
metallic roof panel. Water is 

circulated from upper storage tank to lower tank by gravity and from lower tank to upper tank by 

pumping .The parameter used to study is the effect of mass flow rate on outlet water temperature, 

mean storage temperature, and cooling capacity of the system. The experimental results showed that 

the effect of mass flow rate on mean storage temperature is insignificant. Additionally, it was also 

found that at flow rate 0.01 and 0.02 kg/s the system can released energy 1.15 and 1.24 MJ and COP 

was 4.6 and 2.5 consequently. 

Key words: Radiative cooling, Roof metal panel 
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<U I 

'lJ'Yiflvttm 

0 Ql 0 ' il ' d' ~ .e. 0 

ill'I1'J''U'lfVl'YifHHl~'Yil~lf1'Yitl'Yitl~!!Vl~'IJ'W1Vllil'WYnfflUJfHlVl 12.7 :Wmu:IJI'I'J fi11W.l11 2.5 l:WI'I'J 'i11'W1'W . "' 
7 l'it~11~'U'W'I1~~mb1~n:dr~'W1V1 1.67 l'll'Jl~l:WI'I'J 1V1vt~t~nuuu 111J1 imwh'WmWYilml:wtg'WJl1v 

, ' ' 

m'Jt'l1fttliih-Jft~m,Jtu'11.fJlJf!~Vi'1v'llt~~'lh1m1~Yii~ ul:'t~liJm)I'I'Jlnnt'l1ftll'i1nu 0.01 uft~ o.o2 kg/s 

Sunit~~'illnilm1~'J1mJ1ir'W 1 'WD 'il 'il'!J~J~ 1l ~~WJ ~1~1'it11 dt~~ f11'J!!il1~'111'W~~~l'W . "' 
'YIV1!!'YI'Wlrl'W#. ~~ ~11tl'W 'J ~uu f11'JYl1f111:1Jl~'W 1 V1 vm'J u~f ~~ !tl'W 'J~'Uu~'lllil'W 'l 'il l'W'Jl~::trl'W'J~'U'U 

?1 'J) Ql 0 ~ i/ IQI d 9/ Q.l IQ.J d 

heat pump cooling system !lJ'WI'I'W '11ftf1f1l'J'Y11fi11:WW'Wmtlf1l'J!!f-JH1lfi11:W'Jti'W 'il~tllfWf1l'J!!f-lHil 

fi11:W!ti'Wtltlf1'il1f1!!N~Yl1fl11:w!~'W (heat source) riVi't~~.vll~~ijtltu'l1.fllJ~lf111 (heat sink) bll'l1f'U " . "' 

unmmff'il~Vti:IJ1'11'f~~~ijm1:wm1f1~'Wlh~mru 8 ~~ 13 i:w 1mt:WI'I'J ~1'Wt~1V1viliiim'J~V1n~'W 
~ ~ ' ~ d..::t ' 'j) f & ~ 
9f~l'U'W 'lf1~fi11WJ11flft'W'Yil'J tlfl11 '11'W11'11~'1Jti~'U'J'J tl1f1lff (atmospheric window) 9f~tll'il1:'1Vl~W'I1.fJ:W 

'IHJ~'Iltl~ l'11ft~~1'W!!N~Yllfi11:Wl~'W ~~~1f111#.~!!1Vl~D:IJ.fllt!il'i'ilm1~~!'11:wl~il:IJ (Meir et al,2003) 

1V1 tltll'il'il~iiu~'WilV1 (glazed) ilt~~O'W !li1 '11'fum1:1J!t1'W 'il1f1.fllti'W t1 n ~ ~iif.jtu tr:wu~ilt~~n'W ili1 '11'f~~ 

fi~'Wi'Wt;hmul:'t~tlti:W 1 '11'f~ ~f1~'Wtl11 ~l'W tltl n ~~ !!l:'t~fl1'J i1rhmnJ'ftV1UcitJ tlfi11:W~ti'W (Emissivity) 

tr ~ bl1'11fm ~uu~iliiiuH'WilV1'il~tnV1 m'J ri1m'Y1m1:w!t~'W 1 V1 vm'J'Wl~ ~ti'W .u'1~tr ~ ul:'t~l ~t1m1:w 
" " 
b1:wq'YlfN'ft 1'Wnl'J'Yi1fl11:Wlg'W~~f!V1 fi1'J~Vli~ 1'Wll'W1'J1'U (Erell and Etzion, 1999) 

1'Wm'Jffmnm'l'Yi1m1:wtg'W 1V1Vf1l'JUHf~~ iitr~~1~J1 Ul:'t~tllf11ff1tlw•i'1nm~ ~~ffmn 
1V1vHJ1trl'W~1f1m~ l'lf'W Hamza !!ft~fltu~, 1995, Al-Nimr !!ft~fltu~,l998 Al-Nimr !!ft~fltu~, 1999 

Erell Uft~ Etzion, 1999 Erell and Hzior., 2000 Meir !!ft~fltu~, 2003 !!1:'1~ Burch Uft~fltu~, 2004 ':i~'U'U 

~ffmniitr~':i ~'lJ'UiJV1 '11:1J'WllV'Wlll~1V~lJ !!l:'t~'J ~ 'lJ'lJ!iJV1 ~ ~Ucit~v 1 '11'J1i '111:'1Hl'W!!N~Yl1fl11lJ!g'W~1V 
q 
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HH 1u:JJ01~'1Je:J~ l&'!fl m·mllfi11:1Jt~'W~'li'ihf~uuuliurh.Jil~~~l11~1f.l Polyethylenec tm::;1:Jiiu~'W 
tl~1ff~Vi~'li'l11UN~ii..f~ 1m-t::; t'lf'W e:J~ihi1v:JJ m~n u&'l::; e:J::; 1m-Y::; tGJf'W polyphenylenoxid (PPO) resin 
dt g./ .,k ~ I 'l I I <V g./ \qgi 0 <V ' 

11J'W~'W 9f~rl&'lfll 'Hl'fl'l:ll'ff1'W &l1\y'Y'l1J11 'j::;1J1HYllJ1'Hl'W~'j1Jf111lJ~fJ~fll'j Load !~ ffll1'jm1'W'\Je:l~ 

Mihalakakou H"~flru::;, 1998 l~'Wfll'Jflfllllfl11lJ!~'W ,11, ~'IJe:J~)::;1J1Jll1fl11lJtV'W~1f.lfl1) u~i'~if 

1~v1~mmfft~'WI911nm~ tvie:J1~1'W fll'j11ru11Hmmmh 1~u1 ~ur~~l11m1:JJtV'W!t1J1J 1"M::; 
q 

~ I 'l g./ d \q gJ I ~ 2 'l "' gJ _'H I 'l 
~1flNmlllfffl'l:ll'Y'l1J1n::;1J1JffllJnt1 &l1f111:JJW'W !I'J'j::;l111~ 29.7 fl~ 55.8 Wh/m &'Wfi'W'VI"U~Y'IlH~lJ &ff 

dl 29 ~ .d.d 
tm::; 26.7 t1~ 44.9 Whim t'Wfi'W'VI:JJt:JJCJJlJlfl 

ff1l1 i'11 fll'Jftfl'l:l1 fll'J l11 f111:JJ tV'W!t 1 J1J u~i' ~ if1 'W 11 'J ::;1 'VIff, 'VI vii~ fiv-w.fi'1~ u e:J v ~1 flfll'J flfl'l:l1 

dt loJ.IIr.[" .I "''lg~i"' "'"' &~ l ld fi11:JJ!1J'W !U l'll'Ylflu'j::;~n~ t'lf 'W~~l111'l!'lfVn1V 9f~fffl'l:l1 l'lfJ Auttapol et al, (2003) 'Y'l1J11:JJ 

ff'nvm'Y'l~~::; 'l ~'l 'W 'J ::;umJ f ummrt'IJ-u~'l1' e:J~~ nmff'v ~1 n.fi'e:J:JJ"~ vh'W :iJ l'Y'l1J ·:hi 'W 11 'J ::;1 'VIffl 'VI v 
"' 

iJ fll'jflfl'l:l1fl11lJ!~'W 1 Ul ~ fl1 'Jll1 fl11lJ!~'W ~1 Vfll'J U~i' ~ ift u 'Y'l1::; 1 'Wl 'IJ ~ill fit 'Hij e:l ~ ~ lT 'W~1'W 1 ~f.lif 
~~ii1~ o11'J::;ff ~l'ltvi-uf1mn flfl'l:llfi11:JJtil'W i 111~'1 'W nnl11tl1tV'W i'W~e:J'W nm~fi'W tvie:J 'H'1'W'J~1J1J11i'u 

q 

m fllffi'W ~e:l 'W nm~1 'W m ru flfl'l:l1-fl;ij~l11~~1J") 1'lf'li1i1 ll'l v 1 ~-ff ~ n::;ifrl1l111J ~-m ~~flll~'W!lrl~ll1 
d 

fl11lJW'W 

" JJ&'l~t:JJ~'J u~n1~1'lfl1JH~'W-ff~n::;if'IJ'W11'1 2.5x0.67 ~1'JNt:JJm 'V11~1vifu1~1&'!HI'l~ ~1'Wril~U~'I'11J 

~1v'ff~n::;ifu~'Wi1vuu&'l~u'W1'Wimtfi'1'H'Wl so JJ&'l~t:JJ~'J 11~i'Wnrie:J~ 1~5~ ll'lf.l 1m ~m~m~v~l11~:JJ 
Q.l Q.l ltJ .. I a 9g,~ QJ : d .... 1 91 Q.l a.~ <JJ .a:. .::k (LI 

15 e:l~f11fl1JU'W1'J11Jl1'W !U'VIl~'VIff ~~ t1~'W1W'W~::;u)::;f)e:J1JI'l1Vfi~'Y'lfll'l1'W1J'W'IJ'Wll'l 60 (;!~'j 9f~~::;'J1J 
, ' pi , 

u1'Vit1n~:JJ:JJ1~1nti~~1'Wri1~'1J'Wll'l 150 ~m ~lnir'W11rie:Jui'I1'1M&'ln~uti~~1'WriN~1EJHH 1 U:JJ01~ 
"' 
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"' . " 
. f11J'Yl'flfft~1JfllJN~191'1h~'W 1l~Yl1f11J'Yl'flfft~1J'Viu~m\91Jlh1m1~u~J ~Yrh~ 11- 150 ~191J 

1'flt~ii'eli91J1 mJ i'I1~!'Vi1n1J o.o1-o.o3 kg/s 1'W J~ ·wh:~ fllJ'Yl'fl"t~~ 11~u'Wii mhm1:JJ~'W ~:JJ-rrmrlJ f1'1 

15 'Wl-Yi uuiim~tl!'l1.fJ:in'fltl1~ Data logger U'Wiimi'm.J"lJf1'1 1 'W1Yi !W~f11 1:1J!~1":1J'Iltl~ 

ffmwu1'flti't~:JJlJf1'1 1s 'Wl-Yi ~'j~~1Jn'l'wuur~~!nui'~ir 20 !9f'W~!:JJ\91'j 1'flt~Yi1mJ'Yl'fl~u~~~ul'inm 
21.00-06.00 'W . 

" g) 0 d 9J 9J I 0 9J Cl.l 4 ll\91 
m1m t~'Wtl u n111 m!rl~'Yl1fi11:JJW'W m tim 'j l'l1fi11:JJ ;u'W ff1'W m 'j'IJ 1m1mt~'W ffl:JJ u t:1 \91 'fi'Yl~ t 'fl 

~~,f'W 'ffmi'u fll'jfll'W 1W'I11fi11:JJtr1m'j om'j'l'lwn1m~'W tr1l.Jl'jt:Jfl1'W1w i~111f1'ff:JJfl1'j~ (1) 

(1) 

.at 0 d 'Q.l .o::t 2 
fit! fll'j'YJ1fi11:1J!ti'W111f1f11'j!!rl'J~ff, W/m 

p 
conv 

<'t 0 d " 2 rm f1WVI1fi11:1JW'W111f1f11'jl'llf111lJJtl'W , W/m 
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• To •li l!. Pc 

(b) 

186 

2 

~ 
u 

Cl... 

fm·'hn1tvhfiu o.03 kg/s ~1nml'l'l~~nl'W':hi'W'lh:wnn2l.00-2.30 'W. fJtl!'l1iJl1lu~e~'IJt1 '1U~'I'Vhml:IJ 

t~'W~~Tff .:Jtllltltu '11.niJE .:Ju 1~~t1:1J l11 i 11'J~uuii tll 'HtNi' .:J~m11l!t~'W~~ .:J tdt~.:J'illtltltu l'!.fliJ'UeJ.:J 
1U q 1U <u q CU 

J~uu v.:Jfi.:J~ .:JtJ ~ u ~~ii md Vllml:IJ !eJ'W vv n~1 m ~u u -ff1'11 i'u m1 :IJ ~1m1 t1 md l11 m l:I.Jt~'W ~! Jl 
" " 

imh.:Jlfiiftltl~';l~l'lil.:J 63 ~.:J 73 Watts ~ltltll';ll'll'l~tl.:Ji'W'lh.:Jnm 2.30-6.00 'W. ~~t'l1'Wiltltu'l1.fllJ 
" q " 

tu~eJ'Iltl.:JU~.:Jl11ml:IJtV'Wii~1~1n11tJtu l'!.niJE .:JU1~~em i'W oM1.:Jlf';J~1JU'il~lllfi11:1JtV'W 1~vm';l uN:i'.:J~ 
q " 

' ' " 
ul'i 'il ~:r u m1:1J! tl'W ~ 1 nir .:Jtnl'l ~tl :1JJl1 Vtll';J Vll m1:1J !eJ'W -ffmi'u f111:1JtV'W fil11! Jli 'W oM'd.:JtJ ~ltl ~ 

" ' ';l~l'!ll.:J 61 ~.:J 63 Watts llli11'i'Wi1.:Jnmilvtu'l1.fliJ'IJe:J.:J';J~1J1J~~~.:J~ewtumfivufiui1.:Jmnfiv'W 
q " 

I 31' ' ' iJ 

'11~1 tUe:Jff'Wbl'~tll';il'l~~tl.:J'I"llJ11J~lJlJmm1f.'l~~vru'!1.niJ~~~JJ 5.6 oc tuml'~t~m.J1~1.l~mm 
q q " 

' d 

rvhnlJ 71 ilm '11~eJ~I'lt~'W'I"l~.:J.:Jl'Wfil11tJln·hnlJ 1.1 MJ 1~vl'i'v.:J~lv'l"l~~~l'W11i'fitJil1ltYhfiu o.73 

MJ ~.:Jtrlm11'W1tu~lbl':IJJ';Jt1'W~tl11lllfl1l:IJ!V'W (COP) !Jin·hnu 2.3 



30 ,---------------------------------. 

29 - - - - - - - - - - - - - - - - - - - - - - ·- - - - -- - - - - - -

28 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

~ 27 ~-~-. - . - . - . - - - - -- - - - - - - - - - - - - - - - - - - - - -

~ 26 - _._II._ - _IlL·-. --- -- -------------- -- --
~ . . . . ... g. 25 - - --- - - 4 • •A· -. -• -•-""-. - .- rt.....-ii8ii'ili -. -. -. - . - . - . 

24 - - - - - - - - - - -- - _. _. _. _ ... _._ r ~ - - - - - - - - - - -................. 
23 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

22 +---~--~--~----~--~--~--~r-_J 

22.30 23.30 0.30 1.30 2.30 3.30 4.30 5 .30 

• 0.01kg/s • 0 .02kg/s 

(a) 

12 

- ii li 10 

i :: 
22 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 2 

20~~~~~~~~~~~~~~~~~~~0 
22 .30 23.30 0 .30 1.30 2 .30 3.30 4 .30 5.30 

no;n,uTA·n, 

-+- Ta (0.01 kg/s) -+- Ta (0.02kg/ s) --- Vw (0 .01 kg/ s) 

_,_ Vw( 0.02kg/s) ~ RH( 0 .01 kg/s) --<>-- RH (0.02kg/s) 

(b) 
' ~ 

'J1Jli 3 !!bY~\l~H'l'Utl ,HJ~'J1ill'J t'IHl~tltltu 'YI flfiih'll1tnl 11 
'" . '" 

'Ju~ 3 (a) u~~ (b) tmrJ1JtVirJ1J~mJ~m':i'Vl~~v\l 'hJ1u~tYm'V-lmmfl'fl~1tJfl~\lnu 1~EJ~ 
'" '" 
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u~m~':itl\lt~mi'll'vhn1J 1so ~~':i 'V-l1J111u'lf1'lum'llv'lm':i'Vl~mNtrlmr~'J1fll'Jt'YI~rvhn1J o.o1 kg/s 
~ ' ~ 

~WMJJfi'I.11'1J1VVn~~~\lt~·:lfl11Viv~':i1 m':i 1 'YI m'Yiln1J 0.02 kg/s ~1n'l!u ~'~~~~\IV ~1\1~1'1 1u'lf1'lVJ1rJ 

'lltJ'lfll':i'Vl~~v'~ tJ~1'~ t':i~~1lJ~WMJJfitl1'1J1tJvn~v~':i1m':i 1H~tvhn1J o.o1 kg/s ~~~1ni1~eJ'~':i1m':i 
sJ ).1 I I I 

t'YI~rvhn1J 0.02 kg/s ~~v~ m'J'Vl~~v'l l1'li1t uv'l~1nVieJ'~'J1fll'J 1 'YI~~ 'lfll':i~m1:JJ!vuVi':i ~1J1Jf1J1~1 

m~~~mn~1EJ ~-:nfu~'lri 'l r-m 1 -H'tltu 'YI flfitl1'1l1tJVn~ri1bY 'l rlmf1J~V~':i1 nn 1 '11~~1 fll'J~fl11:JJ!vu 
q '" '" 

Sl I 1 I 

tltu M fln'i.J1'1J1vv nVi 1 ~riv:JJ ~ ~~ri1Vi~ 1 ni1 m wm ':i ~fl11:JJ! v u t1 \1 . '" '" 



30 

29 
28 

1-' 27 

l 26 

25 
r.r 24 

23 
22 

21 

20 

21 .30 22.30 23.30 0 .30 1.30 2 .30 3.30 4 .30 5 .30 

rHn(UTWn1} 

--- 0.01 kgls 

(a) 

__,_ Ta(0.01kg/s} --<>- Ta(0.02kg/s) 

-- RH(0.02kg/s) t:. Vw(0.01kg/s} 

(b) 

-+- 0.02 kg/s 

__..._ RH(0.01kg/s) 

o Vw(0.02kg/s) 
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~11~ 4 (a) uJ:J~ (b) f11'.i!mt~1lrYhJ1Jrll:l'U~~cimlm'.il'11J:JI'ierf;!un'IJJfi~'fiYi'le~ 'IHJ ·:afli'Wtl'·:u~1J 
~'ll~llwntl'~ !nmvhn1J 110 ~fl'j !rl~vhm'.i'Vl'fiJ:Ja~~eJ'f!'.ilm'.il'l1mvhfi'1J o.o1 uJ:J::: o.o2 kg!s w1J -h 

~w11 nii~'f1Vllti'U~~J11u t1~1n1J~ i~iirh i:Juflnl'i1~ nu i u~m1:::mmrr~mi'1t~fi'u~~u~'fl~ 'lu.'.i'll~ 
q <u q <u 

4(b) i~rl'u~u~cifl'.i lf11'.i l'YYJ:J~~l'il::: 111~w11 n:UJ1'U1~~n~1 ul'icifl'.ilnn lm1~~1~'il~ii r~J:Ji-H' . '" 
~W'YYfJlJ'U~~Jli 'Wtl~!~1Jl:l'fll:l~V ~N~l"l lllt-H'!rl~if'W~'flfn'.i'Vl'fll:l~~~w 'YYfJlJJli'W tl'~!~1JUA1im1'!~t1~ 
fl1Jfl'.iW~i~cif!'.ilf11'.il'11l:l~~ 'i1!f1rll:lf11'.i'Vl'fll:l~~ !rl~cimlf11'.il'11l:l!'Vhfi'1l 0.01 kg/s '.i~1J1Jmlll'.itll:l'fl 

' 'jl . ' 

~w 'YYfJlJJ:J~ ~~ 2.5°C !~~tl'~!~mllii'll~lllfl'.i !vhfi'1l 11 o i1fl'.i 'YY~~fi'fl!fl'W wtr~~1ul1v'h 1~rvhfi'1l 1.15 

MJ t'fltl~~~~lti'V'ltr~~l'W i'l1'fi'1l~li!'Vhfl1J 0.25 IviJ ~~!rlm1l'W1WA1~ll'.i'.itl'W:!:f1l'.illlfrnli!~'W (COP) 

1~rvhn1J 4.6 'UW:::~cifl'.ilnl'.i 1 '11J:J!'Vhn1J 0.02 kg/s'.i:!:1J1Jffllll'.itll:l'fi~W'I11Jfil:l~ ~~ 2.7°C 'YY~~fi'fiLfl'W 
wtr~~l'W~llll~rvhn1J 1.24 MJ t'flti~V~~lfJ'V'ltr·Nl'Wi-H'n'lJ~li!'Vhn'lJ 0.49 MJ Alffll'.iHl'W:::f11'.illl 

Q I QJ 

fi11:1JW'W (COP) !'Vllf11J 2.5 

-1 

.---------------·------90 

--- - - - - - ------ - ---- - - -- -7-o

y = 30.544x + 35.259 

- - - - - - - - - - - - - - - - - - - - - - - -~ 

- - - -; - - -.-- - - - - - - -. - - - - - - - - -

- - - - - --~ .-0- - - - - - - .,Q, 5 - - - - -W) 0 - - - - - - -0.5 - - - - - - -1-.0- - - - - - - t . 

• ~---------------------3~··~----------------------~ 

Tp-Taloc 

.l.d 0 c:l 'I I "! "" "" .J ~ .I 
~ll'Vl 5 Uff'fl~fi11:1Jffllll'.itlf11'.i'Vll1l:IJW'W t'W'lf1~!'fi~'Wli~'Wlti'W - ff~'111fllJ CJf~!'lJ'Wtj~H'W 

1 'fl t~mll.l~'W ff'l.lv'l''V11ilifi1fi~u<U'1~ff ~ iu '.iu~ 5 .u~ lJJ:J~~M1l'WcHlmflu mw ~ ~w 11 niJ'U~~ur~~l11 
<u <u <u cu q cu 

cj ~ ' ~ ~ j) ,J d .d 0 lr'l 9JG} I ~ .d I ~ A 0 d 
fl1llJW'Wfllf111VW'I1fllJff~U1'fll:l~lJ 9f~fl1l:IJW'W'Vl'Vll !'fl !'W'lf1~'W'il~llfllfll !'W~~'illf1Url~'Vllfl1l:IJW'W . '" 
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'IJ:d\Jfl1ll.J!erw 'illf1~ '1Ul11~Ul.J lwriTW 'IJU'I'liumt~ltl 'IJlli1mlJu mru~ t!tu '!'! niJ'IJCJ 'IUH'IYllfl11l.llBU 
~ q ~ 

iu mru ci' filmlJ.JtBu~vh i~'il ~~rhff '~ clt'ltllurrrn~ ~ ~'U'U~ m~thm'YI ' I .o:::\q 'J) 

b1' 'I nlltltu'l'! Jll.Jbl' '1Ul11"Ul.J 
"' q "' 

~ 

" 9) Ql IQ.I d r ~ I 

fl1ll.J1Uti'YI'I nn um 'lb1'U"~f1WW1fl11mt!Ub1''U~ ~ tllfllfr 
"' 

'illnm~ffmnmll.ltllu i u ~~ nwn1tl11Bu 111 t~m~ urif 'liYiuvmu nm'l~t~'W'Uil ~mll.J 
1llu llll~fiuu 'lil'ltt '~ uvn'illmfuv'I'W'Uil tJ1'1~1m1 iY."'Ilt~'ltllil-i~ H"viuvw '1'1 niJb1'11Vllti'IJU'Itll '1 u cu q cu q 

ii''ltrlviurr11 m~ 'YI11 M '~ u ~N 1 ~ ~vm.J m~ 1 i'v11 ~1m~ m ~ i tY"~ ~l'il ~b1'll.Jl10"11t1'1'111 m1iwu ~u'l 
"' " 'W~'I'Ilti'IJU'Iilmhi~ 

!~tl'l'ill nil 'IJ.0eJ'illf1b1'JtWU!l11~tJ JJ~ H"viu ~~'U'Ufiuu oUl'l ~'I 'fl'IJ' u m~ffmn iu b1' m'W mmrr~ 
~l'!Uuniu t'!fu t]~~uu u"~tJ~'I'lt111V'I~fl11l.l~l!llt~~'il~l'i'v'lvhm~ffmn 

~ Q.l Ql e' 

RH fl11l.J'lftlb1'l.l'W'Yili % 

Ta utuMJtiJmnnmrr oc . "' 
. ~: 91 0 d 

T1 Utu'Hfll.Jtll'IJl!'IJlUH'I'Yilfllll.Jltlti °C . "' 
' " 

Tstore Utu'HfllJm~mll'lut)'I!~'U oc . "' 
" 

To 'Qtl!'H.fJlJthmrwn oc 
q d 0 d 

Tp 'Qtl!'H.fJl.Jl'j:WeJU~'I'Yilfllll.Jltltl °C 
d 

Vw fllll.J!1':m:w m/s 
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~ 0 ~ 

e:l. 1T:i'W"lf1'J11J 11. e:l1J"'j1"lf'Ii1'W 34190 • 
E-mail: rewatk@ego.co.th 

GJ911 9/1 rl -C:I.~ 
e:le:lf1U1J1J"lf~'Vl~"e:l'l t"lf'VleJ'Vle:l'lU~'l'IJ'W1mff'WYnf!''Wtlf1"1'l 12.7 lJ""!lJ~'J fl11lJt111 2.5 llJ~'J . ~ 

~ ~ . 
~1'W'J'W 1 tiel 11'l1J'Wl·nr'lfiT~''~n~tr 'IJ'W1~ 1.67 m'J1'ltlJ~'j 1~vih1'ltnml1~eJ'W'IJ'WWl 9o il~'j thYi 

. " 
eJvmCJ1 'Wfimm:::il'l 1 lmtiv'W 1~vmft'vu 'j '~" e:Jv\91 Tvhn~ 111mm\91 1'l'lleJ'lfl11lJ'YI'W 1u 'll'W'IleJ'ltl 1~ eJ'W 
~ 

~ . ~ 

u":::tl 1t~'W Y-l"111 nnn'Vl ~ ffeJ1J 1 '\.J 'lf1'lt~eJ'W nlJm~'W 4 'W1J';iltfl1eJ'l'Vhtl 1~eJ'W hw1 %'Wti'l'l1'\.J • 
~ 

uff 'lmVi~6 "lf11~ i:WiJm~11 nil~ ff1lJl"Jtrvhmu'Y! fl:IJ'I.J Tff '~"'~ 53 eJ'lf1'1tCJf"t~CJff u"~V'l'W1Jl1'J:::1J1J 
q 'U 'U q 

d 0 QJ cl 9) 9) Q.l ~ cl 9) cl ' d 

'W! 'YilJ 1 ~ "'1 'YI 'j 1J f11 'j 1l 'j ~ tJ f1 ~ 1 "'f '11 '\.J, '\.J 1J 1 '\.J 'W f1 111 f1 f11 'j d! fl 'j 1 ~ 'YI 'V11 'l ~ 1 '\.J! fl''j ll 'il' f1'1 "'~ 'j 'W 1J d 1lJ . ~ 

~ 

rh1%~1tJI9ieJilmtl1~eJ'Wtfi1n1J 0.03 1Jl'Vl 



An unglaz~d metallic roof panel solar water heater with 

a natural circulation 
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Rewat Khunthongjan Umphisak Teeboonma and Pisit Te(;harungpaisan 

Department of Mechanical Engineering Faculty of Engineering, Ubonratchathani University, 

Ubonratchathani 34190. 

E-mail : rewatk@ego.co.th 

Abstract 

The purpose of this research was to design, construct, and test the performance of simple 

solar water heater. The concept of this work was applied to the metallic roof panel, widely used in 

rural of Thailand. To construct this system, seven copper tubes with diameter 12.7 rom were weld 

to a 1.67 m
2
metallic roof panel. The volume of storage tank is 90 liters circulated by 

thermosyphonic force. The experimental results, conducted in February, showed that the system 

constructed in this study yields maximum water temperature of 53 °C. It should be noted that this 

system is suitable for domestic hot water system. Additionally, the economical analysis reveled 

that cost of hot water per liter is 0.03 Baht. 

Keywords: solar energy I solar collector I solar water heater 
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'U'YI'lh 

u~~u~u~~ntiu f .:~iY'I1~'Vl1~ 1viY~1 t~v~~m'JfftutiYvf1l1llfvuu~~!~llm'J~~f1i1uf .:~iY 111 hi' cu cu u cu 
v v 

th~il'Vl~tnl'lff.:~~u mh:~! 'Jn1911m1m'llv.:~vumw'Yi.:~'l1ll~f1eu~1.:~ff.:~ 1111 M'!li~m'J 1~.:~1u 
'U q 'U 

ul'li'l1mt'll11m!n m'J 1 ~'11~ .:~m'lle.:~mm'J !~'Wu~u ~~ntiu f .:~n l!u~'W'Vl1'l!i1en~~an'V11.:!'11~'l 
~ .Ci .:S ~~ & ~ I .dt .ct I I 

ff1lll'Jti~~'J~t'l~nmf1'W'Vl'WMm~ml'lv.:~ 1.5-2.7 u 9l''l\911m1tme.:~uuullm~ ·i.lf1Vt'JU'J~l11W 4 rvn 
q 'U 

v • v 

(Medved et al.,2003) 'W Vf1'111f1U f11'J 1 ~u~u~~niiu f.:~nuuun~~v~Viff1l11'Jtl~~ \Pl.:~illlnumm'J 

t~ 1~t'J~'lfl'lfll1lJ'fflt'J'l1lJ'lJU.:!Blfll'J t l!'lf'W!~lJ ff'UV.:!U~'W~~flii'W f.:~iY~fitJ'W~1'lll~'l1~ 1 ,1' 
'U 

1 I ~ Ql &:::! .:::1 ~ ..::::S I d ... J .Q. 0. ~ 
Kalogirou et a/.,2004 l'l'!Jl1 t!H'W~~fl'fl'W'J 'l ~t!1J1J~ 9l'.:Jllfll absorptivity 0.85 llu'J~ ~'Vl'Iiflll'l\911 

I odo .J9/ ~~.d d<l.l.c:i I 

f1l1!!1J1J~~1 (absorptivity 0 .95) lJ'J~l.JlW 7-18% 9f~\91U~tl'llJl'l'W'Vl'UU.:JUH'ltf11J'J ~~ U'fl~l'l1Jl1 
G)9l O.d ~~ 1 ~ Qld d a.> d cv.ct l.rJ91 

'111f1 t 'lfV~lJ!'Ut'JlJ!u'Ut!t:-!'U~~fl'fl'U H~t! 'Vl'U!'I1'flf1 '11 ~ ~1lJ1'Jtl'fl~'ll'W 1~'ll 5'l\9llLf11J'J 'lff(l'l t~ 
'U 'U 

& o :91 1 q91 o c::$ di "" 
(Medved et al.,:L003) Erell and Etzion, 1996 fl'f11:llf1l'J'V11'U1'JV'U ~t'J t'lft!H'l'V11fll1lJW'W 9l'.:!'Vl1~ 

v 

'll11 tilul'l1tnui'.:~iY111f111llfuu 1 11'nu'l111ul9luunm.:~1u l'l1Jl1 1~uu 1M'f111llfvu~.:~~~ 
2 d I d 2 ~ d,.J 0. 0. ,., ,.I d'Q .,' ~ d Ql 

510 W/m U'fl~lJfll!'iHW 324 W/m t~t'JlJ u'J~~'Vl'fiflll'lu'J~lJlW 38 tufl'J!"lf'U\91 !lJtllJU~~'I1~ 

U'fl~ 28 !UeJ{!~'W~ 1u~flll'lBlf11fl'U1J'J1J'J1'U U~1-:Jt'Jn\911lltf1~5'l~1~-J'~~~f1ci1ll11~1.:!1'i''W 
q 

Ql ~ I 9}r;V I d. : & d. 3) d.c!:l g) d 
llf1!1J'U'J~1J1J'll'U1~ i, my h1Jll'Jf1t'J1 'Wf11'J'I1lj'U!lt'J'W'W1 (active system) 9l''llJ'lJU~fl5 t!lJUH.:!tf11J 

I iJ 1 jl 

f ~it ~uw '11 nlitli~ ~ll1f1U f1 n~1l11'JtltJ1fll1llf uuvhn~~'Wlll i ~.:11'1..! t~ ~1'11i'U!fl~ e.:~'01'l11fvu 
q 'U 'U 

v 

1~v1 ~l'lt1'.:~.:~1uu~ .:~ mYl191VU1J1J !li~m~ '11f111~ 'll'W 11Pltgf1 '11ll'Wtivu 1.1 1uuunnll'lf1~ iM'ftmne~ 
q 'U 'U 

,., '"1 • "' 9 ocl 1 q 91 
lJl.:!U\91 tlJlJ1f1'Wf1 t'Uf11'Jfl'f11:ll'll5'l Sopian et al.,2004 ~t'J t'lf fiberglass reinforced polyester 

(GFRF) ff~1!~'Ut!~'U?!~f1ii'Wf.:~n ~tl.:j!nU'll'Ul~ 329 i!l9l'J 'JllJtl1Jt!~'U!n1Jf.:~iY (integrated system) 
'U 

• • v 

~1lll'Jt11MVW'I1fliJtr.:j~~ 63 ·c 1~vYii'.:~iYm~v rvhnu 700 W/m
2 

'WUfl'i11f1U'U Nabilek et a/. ,1999 
q cu cu q 

Ql ll) ~& I d \1) I 

t'J.:j t~fl'f11:Jl~lJ'J'Jti'U~'lltl.:!'J~1J1J Unglazed textile plastic solar absorber l'l1J11'J~1J1JlJfl1llJ !d\915 

~ 'IU 1\Pl~tlll u\9ln~1lll'Hl1 ~.:11'1..! L~~~uw '11 n:iJtli~ 'llllf1U f1 tl~1'l t 'Jn?!ll1~1'11i'1J'J~1J1Jf11'J 
• 'U 'U 

'11lJ'U!it'J'W t!1J1J'fi'J 'J lJ'lf1~ 191 5'lf1l'Jfll1lJUI9lf119i1'l'll5.:!5W'I1 n:iJl'ltJ{l']Jfl'J'J 1 'W f11'J~f1'lt! H\91'1..! 1 'Uf11'J 
q • 'U 

t '11 (I (Erell and Etzion, 1996) 
v v 

1 u ~hu 'll e .:~ .:~1u 1.0 viJ !~ vvnu uu 'J ~ u 1lm'J 1111-11 feu~ 1vuff .:~ mYl1916 1~ v 1 ~u~u 

5 'lf1~ff~'l ~ll .:1'11 ~ .:Jmnu 11Plt'J~1 111 ti!uu~u \PI~ niiu i' .:~it U'fl ~ ~~i'll~ U'Vl tJ.:jU~'l~1'U 1J'U ~'lfll'J 
• 'U 

" . . 
'11ll'\.Hlt'J'W'lltl .:1 U1 'il~ BlrYt'Jfll1lJU\91 nl>ll'l'll el ·~fl ')1 lJ '11'\..! lml 'U ~'U! u B.:j lJ 1 '111 flU w '11 f) iJ Yi ~ 1.:j n 'U 1 ~ t'Jij 

• q .. 

"' c::$ ""' 
'll'W1~(l.:jLf11J 40-90 ~\91 
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'l & & "' "" "" 'l ~ 0 "' ~ 'U fll'Hl'f1111tl ~ 1J'J ~ 'ff'VI1i .fll'Yl'IJ tl~ 'J ~ 1J1J 'il~ ~ 'lf'ffll fll'J 'IJ tl~ Hottel-Whillier-Bliss 'ff1'11 'J1J 

(1) 

(2) 

">Ci 

!t~~'Jlifll'J Calorimetric method 

(3) 

'l 'U fll'Jltfi'J1~1-ft~tl'I1119)''U'VI'U trlt~ttH~tn1Jf ~ffiJ'IJ'U Wl 2 1Pll'J1~!1JIPI 'J U~~iJ'IJ'U 1~5~tn1Jtl1 • 
' ' " 

70 il~P~'J 'ff11Jl'Jt1111'"QtU'111Jilm~m~1l~'Utl'J~1JltU 20 tJ~fl'Wlf~tClftl'ff 'Jlfll 1~vtl'J~1Jltu 3,000 1Jl'VI 

" tt~~iJ'ff1J1J~~l'W ~tJ 'clm1~t~miiv (i) 8 ttlt~{t~ul'i' m~fll'J 'l '*~l'W (n) 10 il fi11J11 ~fmn~t~il 5 

~ ~ ~ "" ""'J~.vd 
'illfl'UtllJ~'\Jl~IPI'U 'ff11Jl'Jti'J!fi'J1~'11 t~~~'U 

"' 
' " ' t~'U~~'YJU'ff~l~tfl5t~~'Vhth~eJ'U'J1EJiJ ( C P) fll'U'JtU i~'illfl'ffllfll'Jlfi (4) 

~ i(l + i)n 
C ='J 1m IPl u 'VI u x --:---''----:---'---

P • (l+iY-1 
(4) 
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(5) 

(6) 

" 'j11Jfll ioM~11'JJ1Vlh1·:n1:1.J~ rl1'W1U! l~·~ltl 

(7) 

Cost I liter= Cr !(Volume x days) (8) 

itJtll'jflfltlU'lJ'lJ'j ~ 'lJ'lJ~lmiJ~ 1 ioM'I'iV'Yl tl -:JU~-:J'U'Wl~ 12.7 lJll~!lJ~'j 'JJ~tl~~~OtJWhJ ., 
" ~ -:ltl~ff'U'W 1~ 2.5x0.67 ~1'j1-:J!lJ~'j 'Yl1~1VfftJ1~1lll!~-:J ~l'W ril-:JD~ r1 'lJ~ 1V~ -:J tl~ ffW·l'Wt~ EJ'lJiJ~r1tJ 

~1Vl!'W1'WivttflTVI'W1 50 lJll~!lJ~'j 11-:J't'WtlriV-:Jl~el~~-:JUMl-:Ji'W~U~ 1 U~~ 2 1~v 1f1Ht'l1~tl 

fl1'j1~el'm1tlUl'11ll 'toM'in dye trace injection (Pannigul, 1999) 1~VYJ1tl1'j1'~i'Jtl"l 1 41 1m 

'h.Jnu'l'ltJVim;JW'111JlJ 'toM' Data logger U'WVin.UmqJlli'Jtl 1 'W1Yi f11111!~1lll11'~ 1~v'toM' 
. " 

Anemometer ~~fl 15 'Wl'Yi ~'j~~'lJ!'I1Utl!!~-:l!~'lJi'-:Jff 10 !91'\.J~!llm tl1'j1'~VW'I1fllJtJ1'ttJi1'-:J!~'lJ1~ . . ., 
" 

3 ttl!~ 4 'j~~tJ YJ1tl1'j'Yl~llfl-:JI91-:Ju~nm 9.00-16.00 'W 
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" ' ' 
i'Wf11'jlllf11Hlflr!e:J-:J t~'Vlflrle:J-:J~-:Jn~1'WYi 2-9 nllm~'WTI ttr~::;1'WYi 16 nr~::; 19 lJ'Wl'flll • 

'lnnnl~ 3 H'fffi-:J~H'Im'j'Vlflr!t!-:J'llt!-:Jl''W~ 8 nllmYl'WTI 2548 ~-:JYle:J-:J~lH~lli'ff iJnf!fl 
~ . 

" ' " ~r~e:~mi-:J1'W iJwnllt.u'lln'ff-:J~nm::;'Vl'IJ'IJ'WWmfhrf-:Ji'i'm~tl 601 W/m2 1fltllJ1.J~m~'jthi'Wt1-:J 60 

Q. 9 I i} Q. -: ~ J ~ ~ 9) 

r!~'j !'W'lfNt'l5l!1rll 9.00-12.00 'W. tltl!'H.f1lJ'Wl'\Jltle:lfl'illflW-l-!l 'i)::;!'Wll'\J'W CJf-!ltU'Wv.lrl'illfl'fl1lllt'\JlJ . ~ 

I I jl Sl 

n 'ff -:JmYi~vlirwll~'Wn6'1::; e:~ru 'H .niJ'll1'll 1 e:~e:~mJ'-:J !~i''IJ~'Vlli'Vl r~ 'il 1nt!ru 'H .niJ'IJ'j 'j t1lf11fl'~1t1 1 f!fi'Vl'IJ '.h 
q cu q cu 

~nm 9.45 'WJm::; 11.45 'W.e:Jtu'H.f1lJ'IJ'j'jtllf11fl'rlflrl-!l'illfl 31.15°C tll'W 30.42°C n6'1::;'illf1 34.72°C . ~ 

1 'j) I iJ I I 

~ 4 9 :J/od .Ct. 0 Cto & 9} I .c:l ~ .::::! 

tU'W 33.79°C llv.lr! !'H'Vl!drll 9.45 'W.'f;!tl!'H.fJll'Wl'\Jle:Je:Jfl t'VllJ'\J'W 'l.HWfl'll'Vlfi')H~!U'W U6'1~'Vl&dm 

.Q,: ,:!! I lq d ~ .Q, 1 !1/ 
11.45 'W. f;!W'H.fJll'Wl'\11tltlf16'1f16'1-:J 'illfl 57.28°C m f. tl 56.49°C e:Jtll-:J !m~l!Hlle:J'Vl'ilntulU'W1 'Wll 

" ' " 
1 f1 EJ'j 1ll n ~ 1 'Vl'IJ -J1e:~ ru 11.n iJ'lll'll 1 e:~ 'eJ n i. 'W "1f1-:Jnm 9 .oo-12.00 'W .V-:Jfi-:JtYhJ~ 'W m:JJfl 'll:JJ t 'll' ll!t 'ff -:J . "' . " 
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70 -.-----------------------------------------~ 700 

600 
"' E --500 5: 

~ 

';:;J 

400 6 
~ 
r 
r.J 

300 ? 
'fcl: 
:j 

ri 

-+-- Ti --8- To -A- TI ~ Ta -e-1 
200 ·~ 

ri r .... 
20 -- - - -- -

10 - - - - - - - 100 Ci: 

0 +-----.-----.-----.-----.-----,-----,-----~ 0 
9.00 10.00 11 .00 12.00 13.00 14.00 15.00 16.00 

L1~1, 'UlYl'nl 

'11 Sl ' '11 

Ti Vtul1.fllJtJl~l!'U
1

1UY.FH~1J r.:d.l To eltul1fl~'ll l~l elelfH~~\I~~'!Jr\liY Tt eltul1fl~m~~'I111'Wil-!!!~1J 
<l 'U q cu q cu 

~ 'j) ~ rl ~ 
Ta ~tl!l1lJl.l1J ~ 'Hllfll fl' I 'fl11l.l~'Ul.l'Utl\IU ff-!! fll'Vl\9lf.J1J'W'W'W ~ 11J 

1 'W'J5'J'I'th f.J!Ti:l l 12.00-13.30 'W . 'fl'J l l.J~~l.Jr"lffrlel'W~l\l'fl"l~'Utu:::~tltul1 fl~1J~~f.J lfll fl' . '" 
"i:l\91"1:1\1 'Vh 'l,rm~fftu~ fftJ'fl'Jll.l~ tJ'W~~l.l~'W ~'lri \1~"1:11 MVtu 11 fl~Jl 'U lVV f1 U"i:l:::vw 11 fl~m gtJ'UV\IJ1 

QJ u q cu q cu 
if I t j} I I 'JI 

1 'W il'l "i:l\91"1:1-!1 '1-Hl\1 ~ 1nt!'W~jjvvw 11 fl~1J~ ~ f.Jlfllrl'!V!l.l~'W 'fl11l.l~ tJ'WYi !~~1m::: 1J1J ~ml'1Jm~Vll.l~'W 
q '" . " 

1'W i 1\1!1"i:l l'lh:::mtu 13.30-16.00 'W . mll.l~~l.lr"lff"i:l\91"1:1\ltl~ l "ll'imutJ"l Vtul1fl~Ul'UlVV f1 ~"i:l\9l"i:l"l 
q "' 

.<:::l 'j) d Q.J~doGJ'j)q l1J d :'GJ oG191 
'Utl"l~tl!'H.!J:l..l'U l !'U1U"i:I~Vtlf11l lf1 W:N!f11JH"i:l' 'Vl'Vll bl1!f1\9l fll ~ bl1'i:I!Jf.J'W'UV\I'Wl b'W~:::1J1J 'Vl1 bl1 

I 'JI 9J I t 'JI 

vw11 fl~m~tJ'Ut~"l'lll 'l'Wil"lV"l"i:l'"l~'W tJ~l\1 !~~\9l l l.l U\9l~ lfll ~tV!:l..l'UtJ"leJtul1 fl~m~tJ'Ut~\1'11 11 m1"l 
q <U 'U q cu 

.c9 ofdl I Q.l .d lJ] gJ d 'j) Q.l d 

91 "ll1 l.l l f.JTN 'fl l 'W"i:l"l "ll'W 'Vl ! \91 m:::"i:l\91 "!:! "l \9l l l.l'fl11l.lt 'Ul.l'U tJ"l~ "l "!:!' 
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700 

600 N 

E 

500 ~ 'o::J~ 

6 

400 ~ r 
·~ 
<ri~ 40 

COl 
'? 

300 \'il; 
:::& 
ri 

- c:;> - :s: c 30 
r.r 

- - -- - - - - ---- --- Tt -+-- Ti -a- To --*- Ta --G-- ) - - - - -- - 200 ·~ 
ri 

20 
r 
r 

10 100 Ci: 

0 +-----,-----~----~-----.----~----~------~ 0 
9.00 10.00 11 .00 12.00 13.00 14.00 15.00 16.00 

L1iin,tn tim 

~ )I I iJ 

Ti fltu'l1fiii'lhumi'1HY-l~!n1Ji'-!!ff To fltu'l1.f1iJU1~- mflfH!Y-l~!n1Ji'-!!ff Tt P1tu'l1fliim~vu11'WO-!!Lnu 
q 'U q qJ "" cu 

~ <j/ Q " ~ 
Ta fltu'l1fl111J"J'W1f11fl' I fi1111!'1J11'1Jfl\l!!bl' 'lfll'l'l\91V1J'W'W'W"J"11J . .. 

' " ' 
n J-Yi 4 Hbl'\91\lY-i(I'IJfl\lfltu'H fliitn'l ~Hbl'\lflTYl\91V1J'WYi'W"J"11J1 'Wl'Wifi 16 ~'W1fl11 2548 .. . .. 

' " ~fl'W~1\lbl'lJ1m'11fl1'W'lf1\l!'*1 !!(l~utJnhl'W 1'W\91fl'W~1v t\91vihl1111191?'ll11 m)-:J 40 il\91"J" 1 'W'lf1\lt'*1 

Si' I I J/ ' 

(l\91(1\l'il1n 33 .10°C mile~ 32.50°C lJY-1(1 '111'e~w '11fiiiu1'1J1flfln ~~hn·;hilifiT;J 'il~ tll'W i1'lilifl 1111! eU11Hbl' \l . .. 
tJ\lfl\ltvi11~'W 'lltu~~e~w 11 fliiJ1'U1t eU1 H(I~flw 11 flilm ~v 1 'W O\l~flv., t~11~'W 1 'W'lfl'lnm~-:Ju~ 12.00-

q tt~ q qJ I 

16.00 'W. fl 1111t .u'11u b1' \ltnYJ\91V~ fl'W eU1\lu tJ "J"tJ "J"l'W 'il~!~'W 1~11e~w '11fiiiJ1'U1fleJmtJ~v'Wu tJ(I\l\91111 . .. 
j/ , I I )I 

fld 111! eU11i' \l ff tl V1\l 1 "j n\91 111'1'1-!!t!W '11 fliiU 1 '111! .u 1!!(1 ~fltu '11.f1 iim B v '1 'W 0-!1 tJ\lfl \l! Yl11~'W '1 'W 'lf1\l!d(ll 
q 'U q qj 

I 9} .d'l I 

12.00-14.00 'W. !!(l~flfl'W'U 1 \l'il~fl\l'Vl 'W'l$1\l!d(l114.00-16.00 'W . 

f I Jl I 'JI 

'il1 m tJ ili 5 Yi1m"J"'Vl\91(1fl'lYi 111m\91"J"U1 40 ~\91"J" tll'Wnm 24 i'1t11\l 'W 1J i 1fltu'l1.f1ilu 1 
'U • .. 

.J ~ dt .d a.: & 9.1 
mmJ'ff\l'ff\91 53 fl \l fl'WlfmCJW'ff t11e~nm 1 5.1 6 'W . 'Utu~'Vlfltu'l1.f111'W 1 'U 1 flfl n 9f\l(I\91(1-:J\91 1 11fl1 1 11t'U11 cu q q 'U 

..... '1 I I <V d .% ~ .J ?1 IIJ !I} <V 

!! 'ff\lfll'Vl\91 V 1 'W 'l$1-!11Jl i:J f) (I1J!'W11'U'W111!11fl!d(ll 18.08 'W . 9>'-!1!1J 'WY-l(llJ1'\l1f)f11 "J" !'11(1 Vtl'W f) (I 1J (reverse 
I I )I I 

flow) t i't e~ ~ 'il 1 n "J" ~ 1J 1J lin 1"J" 'ff w t ff v fl1111 r e~ 'W Yi 1111' e~ w 11i1 iJ tuB v 'U e~ '~ '111 r~ \91 (1-:J e~ v 1 '~ ~ e~ t i't e~-:J cu u q 'U 

~9) cvd .d 

'\l 'Wfl';j~'V1Wlf1 '1Jfl\l1'W'Yl 20 :U'W l fllJ 2548 
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0 
0 

~~ 

Q 
~ c 
r.r 

70 -.-------------------------------------------r BOO 

40 

20 

100 

o +----,-----.--,--~~IOGGQ~=~=~l0091i'=~-'-r-_~_ o 

9.00 11.00 13.00 15.0017.0019.0021 .0023.00 1.00 3.00 5.00 7.00 

L1~1, "Ul Wnl 

200 

" v ' , 
Ti tltu'l .. mfit.hu'1!~1uY-J ·:antJf.:jiY To tltu'l1flfiil1~1tltlfl!!Y-l~!n1Jf.:JiY Tt tltu'l1.flfim~E.Ju1'l'Wti'.:)tn1J 

~ ~ q ~ q ~ 

Co\ 3) C\tl .J 
Ta tltu'l1.fl:IJ1J ':i'HJ1f111'1' I fl1l:IJ!'IJ:JJ'\Jtl.:)Ui:l.:)tll'l'1\91f11J'Wi"l'W':i11J 

q "' 

u1miJ~ 6 !~'Wm1'01flfl1':i'l'lfH1tl.:) trlw1'W~ 8 m.Jm~'WTI 2548 Hfff!.:j iJ ':i~ff'l'lTI.flli"l, "' . 
eJ\91':i1m':i 1mut"~fl11:JJ!~:IJHff.:)~\91fl1J'WttrmntJi' 'lff t 'W\91tl'W!~1r;m1 9.00-12.00 'W. 'Y'ltJ ':h 'elm1 

d d QJ .c::tlq j}Q.I & ~ 9) ~ r/ 0 G) j/ Ql Q..l ~ I 

'1'1HY-J.:)!fl1JHff !\91 ':i1J C)1-:)!i"l:IJ\911:1Jfl11:1J!'IJ:IJU ff .:)tll'l'li'W 'I'll 1 '11 U H"tlfJ\911tl'W!'W tl.:):IJ1 '\l1flfl'J1:1JU\91fl\911.:) 

~ ~ ~ Q.l 1r1 t=S ~ t% d 'jl Ql e::ltf g) ~ ~ ~ ~ 
'\Jtl.:)tltu '!1.fl:IJ!i"l:IJ'IJ'W tl\911 1m1 m" '0-:J!i"l:IJ'IJ'W tm~!'U'WY-1" 'l '11i"l ".:).:)l'W'Vl ! fl!!"~iJ':i ~ff'1'11i mi"l!i"l:IJ'IJ'W 

q "' 

~1f.J tm~ i 'W \91 tl'W u lf.J trl tlfl11:1J! ~:IJ 'llfNH ff 'l t~Tn\916"\91"-!l el\91':i 1fl1':i 1 '11 mt"~iJ':i~ff'VlTI .flli"l'0~"\91"-!l 

\911:1JtiJ~'Ju 'Y'ltJiliJ':i~ff'VlTI.flli"lff'lfffl~nm 12.00 'W. ~'lti'ilntJ 53% 1flr.Jil'el191':i1m':it'l1" 0.0058 "' . 
C\ d. 'J/Q.I.od dQ.I.c::t 

kg/s fJW '11 fJ:IJ'U 1 tltlfl~ -!l blfl 58 tl'li'I'1!C)1"!C)1f.Jff fl11:1J! 'IJ:IJH ff\91 flfn~'V11J1J'W!!Y-l'l!fl 1J ':i -!lff~ 'lblfl 710 
J) J) " f ' 

W/m
2 -.1-!luiJ~:IJ1\91':itJ 1 'l'Wti'l 6o ~\91) t~tu'l1flfit~:IJ~'W 30 t~-!li'I'1 !C)1"t9fr.Jff ff1:1J1Hl 'lM't~tu'l1flfim~ r.J 

q cu q cu 

,d d "' "' 11] 9J 9J d9 9J. I 1 <1'11] 9J 2 
~-!lblfi!:IJt!!Jm 16.00 lJ.'Vl 51 t!-!11'1'1!C)1"!C)1fiff '11':itl lf!fl11:1J':itl'W'I'1 1'lf1.1':i~ f.J'lf'W t\91 3.10 MJ/m 
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800 .------------------------------------------. 80 

700 - - - - - - - - - - - - - - - - - - - - ·- 70 

600 

500 

400 

300 --€>-- A1lll L iill LL~\l£)1~ Gl EJ 

60 

40 

30 

200 

100 

0 

: : : : : -: : : -: : f :: 
-+-- tl'Glnm'j'l,~ 

-A- tlr.;~VJfimYl 

9.00 10.00 11 .00 12.00 13.00 14.00 15.00 16.00 

60 .------------------------,- 6.0 

50 ----- - - - - - - ---- - - -- - - --- 5.0 

40 - - - - - --- --- - - --- - - - - - - - - - -- - - - ---- --- - - - - - - -- - 4.0 

30 ---- - --- - - - - - -------- ---- - -------- - ---- - -- --- 3.0 

20 

10 - - - - - - ---- 1.0 
-+-Tt __.._ Efficiency -au 

0 +-------..-----------r-------+ 0.0 

23.88 35.82 53.73 

mlllGl'j/~'Uvj( 11m2
) 

201 

~ 0 

... r.d ~ d : 9 Q.l d ~ Q Q.l d11J 9J 
~lJ'YI 7 U'ff~~fJO!'H.tJ~!lHH.I'Utl~'Wl ~'W\l~mu (Tt) D'J~ "(;1'~11ifll'W (Efficiency) u~~l"H'l~~l'W'YI ~~ (Qu) 

. " . 
~D~~Wl'Jti~~t!.W'W~ttr·N!~U~~*~l~'l 

. . " 
~nmll~ 1 u'ff~~m'Jtm vu~vut~tu'H fliJm ~tl'llt~~ll1 t u ti~t~u ll'J ~iY'Yilimvum~ "' . '" 
I I jl 1 I I 

'Wcl·Nl'W~!~ ~1l~~lmt1~~vfiu~m·l~t~u~~*~l~'l ~lflml'VJ~~tlfu11 tl1mVi~1l~ml'l'Jt1~~v 

~U~W·W~U~~* 'W5~nu~!~u"~D'J~iY'YITifll'W~~t~~~'W i'W'Iltu~~tltu'HfliJm~tJ'Ut!~tll~~~~~~ . '" 
'J/ jl I I 'J/ f )I I 

-n~ut1'1ut'W'Jl~tl1mVi~1l~ml'l'Jt1~~v.Wu~t~u~~* lij:-mtM'vtu'Hflfilll~t'thffw·l~t~u~~* . "' '" 
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iim1n1 fljj~l ~1l MI:Yl:IJl'Jtli'mr;m.J~eJ'U 'illnt!H~!~'!Ji' ~iri~~ ue~~ihh~irl'lTifll'l'l'ff ~ 'illf1Helf11'J 
• <U <U 

' ' " ' 
l'l<fle!fl~ 'J~'IJ'IJ l '11' tltl! 'l·'lfljjm ~V'ff ~'ff<fl !lJ-eJihJ~:IJl\91 'JO~~eJVi'UYiuH~!~'IJi' ~ff 23.8 i'IIPl'J~ 'VIPll'Jl~UJIPl':i 

q cu '\1 q . ., . 
!'Yllfl11 53 el.:Jff1!9HH;tl"" !!~~1M'I'Itr.:JHI.m.:J""'fl !jjel~'iJ~1Jl\9l':itl.:J~ell~1-.!'nUH-:1!~11i'.:!ff 53.7 ~\9l':i~el 

<U • 

~ 9SI o Q.l d QJ d. ' 

factor) 'IJ el-:1 'J ~1111 ~ 'fl tJ ~ "lf'ff:IJ f11 'J 'IJ fl.:J 'IJ tJ~ Hottel-Whillier-Bliss '61'1'11 ':i 1ii!WH f)'IJ H 'ff!! 11'1J HH'U 

l!fl'Jl~'ri'.u'alq!e1~1VlTI Least squares method hwiim.Jll~~l'U',h U L, FR U(l~ a iifllfl~~ trlel 
., . 

ll~lllmti'-:u~urvhn'IJ 60 i'IIPl ':i 11~ t~-5191 ':i 1ri1'W ll~llliPl':i ti'~t~1J~t~Vi'W Yi i' 'IJH 'ff ~! vhn'IJ 35.8 i'IIPl':i~a 

1911'S" VHlliPl':i ~'"!n m 1l'l'l'l 'IJ 11 11 ':i ~ ifl'l li fl1'1'1 'll v~ ':i ~11 1Hrl t~ fJtU 11 iJ jj'll 11 .u' 1 aH.:J t~ 11 ~ ~ ilrvhn 11 fJtU 11 iJ iJ 
.,9 <!i <V <!i I <V ~.1 ,/ d ')} 

1J':i':itllf11ff CJf~flV~'fliPl'fllJ'Wun'W y ( 770 '11'JV Fna) !l'l1f11J 0.35 H~~ur~f1!191el':if11':ibJ:t!J!ffVf111mt~'W 

(heat loss factor) ~~flVf111lli''W'IleJ~m1l'l (FnUJrvhnlJ 17.3 W/m
2
K !!(l~':i~'IJ'!J'il~iM' 

'iJ ':i ~if 'VI li fll'l'l ff ~ 111m~ 11 11'1'11-:J l'W ~ mu '11 fl iJ 'IJ 1! .u'1~ 1 ni1 vw '11 fl iJ 'IJ ':i ·w1 mft' ( (Ti-Ta)<O) 1 'flvii cu q cu q cu 

0.7 .--------------.------------------------------, 

0.6 - - - - - -- ~ - - ------

0.5 

• 
0.4 

0.3 

0.2 - - ----- - ---- - - - -

0 .1 - - - - - - - --- - - - - - -

0 

-0 .01 -0.005 0 

y = -17.312x + 0.3463 
- - - - - - - - - - - - - - - - - - - - - - - ·-- - - - - - - -

• 

• 
0.005 0.01 0.015 0.02 

(Ti-Ta)/fr 

i'lJ~ 8 Uff'fl~'iJ':i~if'VlTifll'l'li'Wl'W~ 8-9 fJllfll~'W1l 2548 

., 
"" " ')} "~ ')} "" "" "" ')} H" 'il1f1 m':i 11m 1~ '!1l'l Vl'fll'W!ft'HJ ~ ffl 'ffiPl':i ~ 'fl vm~ eJ~IPllll 'fflllJIPl ~ 1'W !'IJ eJ ~\91 'W ff11ll':i t1 

., 
ff~llrm 1f}f1~-n ftl 1oN~lU~ll.!t~lH1~lJ'U 11EflhYi1riu 447 1Jl'Vl ~~AlCJ!'lf1SltlthvilnU 10 U1'Yl 

rh9imJU1':i~':i1vtltvhn1J 150 111'1'1 ~~~~f111~~1mf~'l1ll'fl':i1vtl!'vhn'IJ 587 m'Vl a~:iarlaitml~'ri' • ., 
~'W'Vl'W~eJi11Pl':iih~eJ'W '1'11Jl1iifl11~~1V!'I'llfl11 0.03 111'1'1 • 
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1. e:~tu'Yiflihhu1eHJn'tle:~-:~u~ ,un1Jf-:~n~h-~min1Jihn1v 2 'l11~m1~e:~rtl1ll!'li'll'tle:~-:~ 
q ~ ~ 

mY -:~mi11?16u~~~w '11 .fJlJ1J1 1 v1mff 1191EJ~'VlTil'l~'tle:J'I~tu '11 .QlJ1J51 v1mff 'O~iJ1 1tl{)i'l?l!rle:~rtl1ll 

~~ d& Js ~ Qlcj I ,:d d Qld&t:i Gt9J 
2. iJ1~'ff'Vl1iflll'l'tlfl'I1~1J1J'O~!l'lll'ti'W !llfl!'Y'lll'ti'W119lfl'l!fl1JI?lfll'l'W 'VlH~'I!fllJH'ff G}!'-:JlJ~~ ~ '11 
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