


sl el i 2

il
Al dma laay sl
LAY agle aud b o lua dlil
byad) daala/ds) 3l 48

asaadrehman @yahoo.com

22010



Bkl 3581
6 2010 @lg¥laz,Lil
alll Ehgias 3l gean @ snilly gobll 3gaa
LU syl dgi2a

3Ll &gygaar — &yl
Mob.: 009647704297114

Jan @l sl lna g pa @Lalaisal ygayd
salpall apploay 9 2800 s

2010 il ((1493)) i Sl g 3G 5N la A gla) o8



e

taaa Cplualls sLa¥) Gl e Sl sl s Guallall ) Mj
Ol e (M Ang 53 ey preal dasaay Al e s aile Al

soadll Jaa g allalu alie g 45,08 JS e s S il Guadl) A 318
A JB )53 el o (e s sSaall g ladd) Jra g V) e cluall | jaas
e | saladl J3lie o 5085 150 palill 5 eluia Guadll Jas (o3 5a)) G all 4K
G Gaedli(((salay a gl ALY Jealy 3ally W) Gl A 3lale Cleally i)
4 Sy GVl Gla ((Qlamsy sellly Guedll))3dy Glawsy il cliadll
Glas 48 jra g aladl) a2 g V) Al Gkl BL e lalisa allas 3 e
e gaile ) Gliay i ALY (e Ladd Ll afls & skt 13gl5 ) saY)
ol Bls (35 508 iy s Lgtilansd 5 lld L 61 635 (Jils 50 dae e s (e Y]

CaniS bae ikl b el g ladY) Al (e il (e Gl sl
sgay pladall oS 3 IS g AN EOVlaa B Leaadind WS Jjlall 28315 d3e )
8 5ed) Gadai g o jpali g elall i a5 5 3l sall

Sl s LelMaisd 5 Aaeadl) 8UAN (e 3olEiaY) Baum 58 i i) Jgla il
Ol 43l Jom 5 oA galad) a2l 5 A8 (8 SN ) pdall a5 2 g2y S8 )3
Al jolae salS duedl) ddtall Plaial Glawe 8 suas doede () caatd
Jlaay clipdaill 5 ¢ gad) 6l IS, el g adill ALl 5 daaill o sasaiall
o LS skl 8 L) Jgal) Jg) g5 Bl 5 Bl ) Lpeaastl) J8LLY (3
o Aall Claasall deliva & 4230 558 3 s dapdall & a5 4l Cag yaa
ball e 4 ) s Al ) dpeadd) A8l ) gy o 8

aa ey Jane QUS (el 48UAIL 436 W) duaia) QUSH 1agr aa) G
zoab pludl (& aaluaw ol S sed alall Adl &0 Aan e 2 o) 4dld G
Fpaadll A8 5 jea) Ge donlul e slaay ael e ks Vsl an 8 o)l
B () Adlial 432V Lds g (e’ 43y 5l 5 Ledae 4SS0 LeuS 55 43y 5k g
sall (s il e Al e glaa oy WS dpunadl] A8l 336 Y) asiai g
o oaall JaSa sa LS 1368 dpaadl 28UAIL bl £l el elall Uil
ilall des laa ) xSl aelocall ALY Calsall 13gn A &l Jlaall 138
COEAY)  (any 48 Lina Laie 138 4US 331 (631 slalall g alall Ladd 6 Atanlisa]
Lalie) Loy Slesbaay dallall Jsie oy g8 daall 138 6 5 AV Sl (e
) el s 3 el Aaad aladl elaadl (e el Al iy (5 AY) obeadll
" aadll el 5y cpe il s L 38 sall Al 5 Cpaaaliall

Al Ay
Jias Al AW
5 el Araly — oy i1 A8 — ol 3l auid



”

dadiall

Al s Ghall 8 5)ha ssially dad )l il (e Aypeed) d3U s
8 Baaatally Al A8l ag. Al sl culalae L (uals Aall Adpaia s ddylas
. Jatadll

43l Jares Al i dele 3600 LV Ghall b desedd) cleldl e oy
k(e Jild) oSN 13a Dlatid (e 35 Zafdals 760 idsiall aseddl g leiY)
el il PlA e Sdall el dusia Jlae (A ey A0 A¥lse S
ail la) 2l dsenilly ayilly A0EY) Chint o Apeedll ZLLIL Jexd
eV guby ey ilaally cadall Jie AL 432V s 3igaly 402
bl sy alalall mle = laly i) o L) o7 Ll
el 8 Ll bl (&3 QUSH 3a Jgad b ailglile 1y
bl Al e dpwedl) Akl clles Gy 85eaY) oda Jidl apiaily
Bl o3 aay Ley dlealls

Uexivaal) 33aY) aiiais apensi (o 5)S8 lllll lhae) ) QS 13a Caagy
ot DY) o3 Jee (and ey Ul (58 ¢ Lpusal) ABUAIL LY piad b
B rae o) Goy S a3l V) AEN Uspall 6 43V Jeles gl 4hulp
Osters Al Guudigall delie (6 43) LS L 35eay) sda Janl 28505 £ LyeSI) sa
L Jlad) 13 3
Slo eVl Usen s3al) oda giad Koy A iul s QUSH dag
S Japet) peally Fpnaigl) apunslly o Lo sg 4k 5asmgall Admitll Cilag il
- U s Leagds

L)l QU 1 sale Jlay) & gy ohsll lall &l (e ia Dl
Basl s dily oall) e Jlaall 138 3 Gaaigalls

Calgall



oy 84

—aelpllagde - &ynz¥l gl gud daliy @l symiglly sanlly gugsl

tegall pailile @l pudll o palell Bialll lly Bpegll dealy
Sl plisally saally guiil lad . ogliall L sglly @l @l pazpangs
allly <glyall lna Hla¥ ol sy ma oo J& @lly spafl mpt @t spall

-Seoesll @lg

~olgall



G Y Js¥) Juadll
[ T PP PP el & LiY)
20 e e P Juadl
N dadd) Cilaaadll
0 Y S Juadll
01 G YN duadd) d8ULIL Cagaanl)
2/ A Juadll
L8 7 ettt e e aaas Al )Yy claldal)

70 aldl) Juadl)
D10 e, Fannadd) ZEUIL ALY asiaty 8 finny

77 8 udlad) Juadl)
2 5 douadl) A8UalL &y i)
2T e bl Juadl)
DT oo Tnasl) 28U oLl oy
5 N Craldl) Juadl)
28 e dreall) Z8UaIL Hhiall oLl )
G 8 1 aslil) Juadl)
R L Apal) A8l pelal) oz

G G 1 ilad) Juadll
G 3G 1 P dowadll A8l 38



eIl LI T Qaldl plasy weal

JoiI Jualdl
Solar Radiation (wedd) glady)1-1

Gl oo LIS Wl cabiny Al Sl e Ails 35 e sl & Guad
e S ) GBS adariny 4l daps o) ) LR (4 amse le
o Bl il sl alan peedl) 4 GBlalld s xay L (A Bagagell Cfylall
sl Loyl Jelis dandss Lyha dasgie 4500 5,80 o3 ¥ e laas
tsh ouhlinag S e ladl sale Laludl alual¥) o Gueabg ¢ WSHe A
A el ey . amall Bha An)d saaad AdbALl dagall JlskY) e Ak
gl K d8lall i awall pdd de ) G @A) EBL 0l
i) Cadall 350 o gall Jsdall ity Cunsiall  ounlaliza g <)
Sl (e A Aaulsy ey Gaedll J$he (30 Sonidl gl g lell
Joslgia (alisialy g1 028 o Cum Guadl) el (B ALl (g gl
Sl dadal) 53 b phall gaad e Liag Amsdll Y] e S sad
Pl ailis Jlag gl Jalall Pla il 28Ul Jiw Ay dphal) Jeal)
o3 (358 Aadlglly Lnnst 28030 Culall A Ll 50 s 43Ual) 353 daall 028
Aaall
Comy Jeall @bl danlsy Jaill e o el odie ey A ggiall o
S0 oda p L Agshe Aad 6000 3N 538 Bl Ay (sSis Asaall 51,
oedll (o Gl g LiY) aay ohalinegeSl) ¢ ledY) e aiee Cijhs
de dgu¥) amall e Camiall iV golay LS o owedl) OB £l
Tad b dlllag ¢ (1-1) U85 b mnge s LS A1 5762 5y iy
Caa fitly Guadll o Caniiall ousall g lady) Aad 3 el dag ¢ Led) e
o %3 £ ldiey Geadlly (V) o dilad) et SIS % [ dg0a, 4led
laaay (V) AES (e 333000 GBS iy Jwe 864000 Luedll ki
— 15 I Gl Ghaly & 5yhall Ay Jualis () asa (e 3 1300000

6



eIl LI T Qaldl plasy weal

6000 ) duai Guadll sl mhandl Bl dajas ¢ Aysie da) sile 20
e\ o 107 % 1.2 adis Gendl) (g 5ypad) Al laie Wl . 45t dap
Ve SIS 107 * 133 58 W) ) Jealsl) aselil) £ 1Y) g ganas
Pt
il el gl o ading A Apha daghiie gl el ()
St clela IS 32301 juia sas ) 8ypemn ojishy ounadll g LBV uciyg
axkady A Gphall Jsb 58 Sua Hledll Caaiic die abiall el ) Jiays
O5Se O ey (171) s (B mase o LSy Huad gl DA DA
Gand) Ayl puadll g WYY Aygly pad Oy ¢ Guadll lgalse ousadl) pandll
te Byie duwedall Hlgdll cleln Gl GlX L dreaiall hall o JB Cogu
S Agslladll phall 48 8 Al LAl Jiad G sl S5 dua el
S saly o am e asdl Bl GB sadd el sedl) pend) ()
. Al
paleaial Jio dalindl ousadll g ldY) 40 Jlis ) a5 Jelse llia
Jie chlall Je dyginall dpsall 2adall J8 e ouedl glad) e sia
8 (e paial Bl o2 aharay eIl 2l (G5 g ially (S oY)
3elS e misy 1ag % 10 ey amidy A Gyl Sy el lay

 oralill ganall



2,820 gl e pha o AEL (Zafbig) esad) plad) ABlb Joa 1(1-1) s

Sleih el

al)

16

15

14

13

12

11

10

9

£

65590
T11.70
646.77
72087
746.71
78271
77497
73783
72623
57518
68741
664 86

24096
36144
32130
401.60
48150
54417
54410
48393
44377
263 .05
26506
26100

522.00
60240
602.00
70281
644 50
765.00
724 80
644.57
644 57
401.60
546.18
54216

763.00
88353
76300
80320
81920
863 .45
885.50
84538
82530
644 57
724 89
JO2.81

88353
1004.0
84337
523 69
94570
94578
985590
94578
52570
T44 957
92570
903 61

923 69
10240
50500
58393
963 80
88554
1018.0
965 86
54578
82530
92570
98393

843 37
943 70
82329
52370
92570
94570
94579
903 61
78414
86546
943 77
943 77

76300
76300
70000
78313
80320
82530
82320
80321
80321
644 57
78514
76300

602 40
54216
50000
602 40
662 60
72200
624 .00
58433
622 48
52409
524 49
54216

OS] S Lh e L B e



Irradiance (W/m2 -um)

eIl LI T Qaldl plasy weal

BT T« ® 0 T §° e e
oy <«———————Solar irradiance outside atmosphere
area 1353 W/m? g
1600
\%Blackbodv irradiance at 5762 K
1200 area 1363 W/m?2 o —
800
400
1.2 1.6
Wavelength (um)
Lo g0 J gkl DA 350l avad) (e Carlal) plad) g uadd) £l : 1-1 JS&
( Lunde, 1980).44lii4
(Lunde, 1980) 48Y) daladll (30 (gralall oalll g i) Crvny
360N
I =1 [1 +0.033C08 o |t (1-1)

Lonal all i ) Jualsl) sl g i) 508 5ay oanadl) cylill 27,
2akaly 1353 diad Jaras Lo Lo ayiia ooy sVl

fad) b asil 28N

apparent extraterrestrial solar gLl owelll & i) : 1,

radiation

o gl ) Bale s ) (sgine o B padl) g leiY)
gVl e Jedy A terrestrial radiation (=) s)yas gladly
g5 o glad¥) jailliad adaly . 4k Camally (a)¥) mhas (e GaSaiall
Slayd ca Johll ddlite Glasar ¢ iV Gy Gun ¢ 4l Al jadl
Te b)) ey sed ouadll (e il g ld) (ady Lady Ball
148y

oo Slase Sbag wltraviolet radiation oswdi) 34 ¢ li¥)-1

g Sae 0.4 - 0.3 (e Wsh



eIl LI T Qaldl plasy weal

0.8 — 0.4 (e alase dshy visible radiation Gy ¢lai¥)=-2
- Fias Sae
0.8 (e S Wilage Jshs infra-red radiation &)yl sl 425Y1-3

Agpal) dihid) b g ladV) 5ad] aliad) Zall G alall we ey Sie

g S 0.5 e Ly s
i) say dladl ¢ lad¥) 0 Legly) S (a1 ) asadl) £ i) oy
e diays ¢ sall lida (8 el aajed o0 (R deay A e
glady) tlegilly .« An)y 0.5 Wylais con angle  4uhagna Ayl uedl)
scattering sadl lgie Gllae 3aal aayl 2 eV Jeay Al i)
D) Gy slall Sl Aaudy Galiaia¥ly ¢ sall b Al GEal) ey
Gl 3 a2V @lleally anrdl Qun QlulSa s s)lS) auSsl S6 e
g sky radiation gslewd) g i) Ulba) piiiall g ladY) eng sall
saN) mhu o gaase siwe gl o il il GieleiY) g e
G il L2Vl bl Claldl) e ety S owedl g ledVU
.global radiation 5N & xiNL Blal) ade 3lhyy 8 <l e
ool Sl Juil We el platyl sad ol cSa
glady) 3ad el el ALl Slea xe Juy A pyranometer
Al o ogint gul o3ay A2 gum dak e Ble Sleall g . edl
dakadll oda daxdg thermopile 3)all dsae ol 4phall Glagaiall
Al et (1-2) IS5 . s AV Jaly Laaa) cpala) ity
asSy A Bimetlic actinography <)SsiSy) jlea Lgad aadiey (g)Al
glagu (gAY slan Lalaal calina (gHla Jalae QY Giivtama (fisndia (1
mha e Ll el £ Lty 528 asdl gpena) Glua o Jary ol
Zand bpandly

10



2006, i) ouadd] £ lad¥) 508 Guldl sl Sl : (1-2) J8&

dafiall Adpylall aladtiul (Sed  pwedl) &Ll 324 Glual 4kl 43kl L
1 Y a5 Lunde (1980) J&
direct (edia ad I, )Y clm.u e hlball (5350l g Y sy

Y normal irradiance

I,y = Aexp(
cosf

z
Apparent Extraterrestrial gsa)) <Dall 7l Gl i) 52k A
Solar Radiation
Extinction Coefficientgsall Plaaa¥) Jalas :B
Al G Hyganal L1 &g Solar Zenith Angle 1)) Cwd) 4445 20,
ol YY) mdally V) o (68 B ssiue o Sl dganlls i
COSO, =SING.eccveeieiiiiinnn (1-3)
(Lunde , 1980): SY\S uadl) ¢l 43y anead
cos), =sina=cosp cosd cosw+sing sind............ 1-4)
(172) Jsax (e B A (0 S a a5
os\a3l w Sysanall gl &g Suns Altitude (deg.) ol & i) 43405 :a
fmny 38y Jad g dpsadd) daY)
11



O +x=90.....uvieeenannn... 1-5)
: YIS L giad) gl st LS
cost, =cos (p— f)cosd cosw+sin (p— ) sino........... (1-6)

incident angle ksl 4,4 1 ¢,

s Jlad o ddadal 4l ddlusall 8y (apall Ay ) adsall (aje dadig
g o 4l G ) 4aidl G ) seanall BBl oas o5V A gia
o)) o adatiag () Sy o))

bl Ay declination angle uwadd) Ghai) dgsly 5 gshl Jaall 13
VIS s, el B Ll ssiaaly Guadll el (s 8ypemnal

522345 sin (005360 oo 1=7)
370

Inclination Angle (deg.) el gasnall Jie 434l 1B

b Jaadl )Vl e s (A bl a5 Hour Angle 4 L) 439)3) :h

ol Ay el ¢ Ll dashad aa Wilaia Ama 3dadl) meridian Jg))

Ash Qb Yl Ohsal daing Hedall 5 Jlgll b s pe (e ilayally

S @l e cabaal) el ) jedall die jhia (e s Aol

:(Farber , 1977) Y& cuuadgjelall (o gualill 2al) 8 o) g2l
h=15(12=8T).coeuveeeeerreaenee. (1-38)

ysanal Y ssiwdl & dhl o Azimuth angle (W) Cand) 444,

sy Y gsiall b oaedl) pladl) Diay agall Jledl) ba oy

FPRNN

ginp = cososin@ 1-9)

cos o
gy Ladic| W20 5 .ebuall (8 dngeg ~luall & 4l Cuand) dy4)y (5

12



QAL LU v e e @l lasy seal

\ Sun

Daily
rotation

(a)
N

- § \

a9o°

[

Sun
—>{ 45
S

il g gand) padd) £ladl) Gluwad daadieall Ui g 3 . (1-3) Js&
(1985¢ 355%)

13



QAL LU v e e @l lasy seal

8 i o wadl) pladd) haghu ge AUl U g3 1(1-4) JS

o Ao Jalad) pcadl) £l Glad dariiunal) Ll g 31 3(1-5) JS
(Lunde, 1980).J4ka

14



eIl LI T Qaldl plasy weal

solar time (ST) el 25l
Cloa (S ) AD e sland) S oSale o) Guadl) 4 (58 (520

uadid) 8 6l
ST=Z2(O—D+EQT........eeueunn.. 1-10)

el oulall 8z

el bl Jshall a0

el Jolall baa 1

< ol) dalew t EQT

adirall Aaall @l Jshall Jad (38 Aiaall o Ledie A sall 3)LEY1 a5
Caf Al GsS Lavie Al sl cadgll b

:Lamm (1980) J8 (e dsiaal) dgy,hll cowatid i ol) dalaa Wl

2 2 mkn 2 7kn
EOT = A ! + B, si ) e, 1-11
Q Z( ) cos(365.25) , sin ( ) ( )

AnpaSI Aall Jo¥1 sl (e lans Cilgin ) 3y5al 4l daud) 4 asill o8y i
djhu—ﬁh“;\Ak,Bkc—Ubﬁ 1461_ 1 wneﬁwﬁ\ﬂfwﬂ\éﬂ

(1-3)
LS 8 o e B bl g e Al AS5al) Canead

I, =1,y SIN 0. 1-12)
P VS 8 o e Bl il g Y]

I, =CX Iy, (1-13)

(&Y mhaull Je Jdlul pimiad) g i) I

15



eIl LI T Qaldl plasy weal
&)l Ao Ladld)l bl gaseall g ladY) A il ¢ i) ds 2 C
& ) asnys (172) dsan (e 2 8piinal) dpsadll 223Y) Jales
t VS mlan e Ll K

A S SO (1-14)
toA) Raay LIS (Ko WS
Ly = I SIN G+ Chororeeeeeeeeee (1-15)

Pl

88 mhan o Ll el g ledY) 505 1,

s Lo sasee mhan o Ll el g Ledy) sk 1,

1S pe et ¢ i) hanad) e Tadladl el g Ly s0d Alls b L
Y G e B Al il phau e S8l g LY

I =1, XCOSO....uoniiiiiiiiiiiceieee (1-16)
t VIS Sl mlandl e il g i) A je o
Iy, =1, XF +p(l, +1,)F,.ccuucuuuccns (1-17)

(e hras Akl ~gladd) sy Al shape factor JS3) Jalaat Fyg
140y daladl)

samall mhud) Gn Ll Gasy dalas sag angle factor das)y) Jalaa:Fg
D e o sy s Ladly £ LD

oe(B) e Ayl Jile mhan o Adadludl 4 dpuadl) AxiY) 525 Ll
Axis 8 piiall Apsadl) 321y 8pdlall Apsadll 22V £oenn gsluid Y

p V) Aoledl Crung (oY) e daSaiall dpsadl)
16



aanll Zleadl

I, = IDN*[COS 0, + Cw

™

RGREEN

Jile mhans o Al A0S0 dpuuadil] Al 505 11,

Apalne W) 450 0.2 gsbed s Surface Reflectivity i ¥) aulSaiy) :p,
Incidence Angle i) panall o ounlll g laly) Jagin 4y9)) 20,

Orientation Factor (OF) 4aall Jale
gl Bad i) sd) C_Lu e .uuu.nj bl 3ol (8 P e R
VS Jile o e AL el

OF = cosO,  cos (¢ —P)cosd cosw+sin (P—f) sind
cos b, COS@ coSO cosw+sing sind

17



aanll Zleadl

(Ca/kls) (A) gsad) & A wadd) g lad¥) Bad :(1-2) Jgaa
(C) bty () (B) wsadl PDaa¥) Jalaag

:.\ :.\
C B | A | ™ | cC B | A |
¥R | )
SIS
0.136 | 0.207 | 1085 s | 0.058 | 0.142 | 1230
@m\
0.122 | 0.201 | 1107 <l 0.060 | 0.144 | 1215 | L
0.092 | 0.177 | 1151 Jsbl 0.071 | 0.156 | 1186 BiK)
0.073 | 0.160 | 1192 ujT 0.097 | 0.180 [ 1136 | ol
)9
0.063 | 0.149 | 1221 o 0.121 | 0.196 | 1104 |
L;_sl'z
IBEALS
0.057 | 0.142 | 1233 14 0.134 | 0.205 | 1088 | o)~
)9

18




aanll Zleadl

19

............................................................................................ Golll lasy mral
Ll Al Giluay dalaial) culgll) :(1-3) Joas
Bk Ax K,

0 2.0870*10™ 0
~1.2229%107" | 9.2869*107° 1
~1.2698*107" | —52258*10~ | 2
~2.9823%107° | —2.1867*10° | 3
—2.9823%107 | —2.1867*107 | 4
~2.4363*%107 | —1.5100%10"* | 5




ekl i

Solar Collectors dswadd) cilaanall 2—-1

ala L Lehigady owelll &Ll d8la (e oliinl) 458 e Hle Ay
sall BRI (0 B3 ol ganl 5a Lete il gl I S e
gy 8 30 e 0555, AL A,
Flat Plate Solar Collector sl duwadll Glaasdll 2-1-1
s Cp 100 50 Aavgie Bl Glapy e Jeaall Glaanall 038 ponss
a5 Bue Ay Gl ) Fpesedll Zad) Uyl ey S5 padiadiy Alasas
(2-2) 5 (2-1) PRI miasyy - eloedl 5 el cpaial aadiid o) Wl
- elogl) el HAYYs oLl cpaadl aadiny Legia J5¥) Glned (laena

The Solar Flat Plate Collector

Cover plates or
ylasses

Ligqued
outlet

Sides casing
tinsuiated]

( Lunde ,1980). 8 bal) (pduudl addiew (oads paa 3(2-1) JS&

20



outiet
manifold

Side
casing
(insulated)

Back
nsulation

nlet
manifald

( Lunde ,1980). 3¢} il adiliiny osadd ganma 3(2-2) JSi

Cover Plates s U e
. \ . o - ™ . o . e
;}4& ua.m.a}\”.us:ujk_u_u_ u\u&@b;ﬂ\é\&)ﬁumgduds

a s reflectivity “sSaN) p 5 fransmissivy QALY B 7 o) Cus
.. ” . absorbitivity Asalaicy) dm
@u\ m}.d\ dbja\w C«\_}uﬂ G}naj\ (e > d‘gja LSY Aaaana Aaledd) 22
Ale Ll 1 56 o) cana 3ald) () L pabaial) dAsiia e o) Guadll e
lelSatl )y el penall slae i Jlaad) 13 3 sade (Sl
e wid franslucent 48&s 43 o) transparent 48 o gall duulSa)
:\_.1 - . . - - )
Sl incidence angle bl 4435 reflective index LS Jalaa

21



Lbgaudl Ay Ladie . 42800 ) mhaidl e g2 geal) Jaddly 20ldl) & ) o
OB Diall mhaull Aapy jhia (glud

p=(”_1) ................................ 2-2)
n+1

Glaaaall 8 2ol Z el Aally atiady HLaSY) Julae Sy o o
% 4.4 o) S )3ia50.044 g5l ApulSa) Gl @Ml ¢ 1.53 oo Al
zl Ansbia PR Layg e LaSaia (555 % 8.8 5 rhad) die duSaie (68
doalay kel sac 2ty badie Lasad s 421l dal 5 26l 1245344l

Jaga ) Ay Ay lerie Ay Bygaan Aai A wlSa) e il olasdl)
423 30 gl ¢ peall Jaliyy Lovie (Guadaud) 3IK1) % 18 Mo ) ool
() sl e
5 @AY Msally 2 Lasll (e AnlSa) e bl sl Jle 5,k el
oy Abyg ¢ pall 338 dielectric 256 salay 488, Adday Zlajll oy Ladie
Cng addine AnlSaiY) e AUl plagall G AS) o Glig )Sle Bac o)la8a
Ay Aaledl)
4nn,

(nlz +n, an +1)
- (2-1) Uolad) Ay ds maad daiill gl n2 = nl G 1Y) sl as
Koy WS % 2.2 maaliy Jil osSin Al&adY) 8 5y =\, OIS 13 Ly
o % 2 A A pal&aV) A & etching  paelall zlall aads
Agsedll Glrasall ¢ UnaS Caldll) clindl) aadiag

Aalaialy e lally olsell G ALE el g i 2l dsalaial o
Jlae e galaid) ALE aaw . leiw Al ekl
wall ausl A e adiny AV extinction  coefficient SSlaaaY)
a3 05y Bt s Bpealiatial U35 40l e Cam pladl) 3 3pasd
Ge % 10 = 5 o pmiar slie¥) zlajlly + cilsal) e imia zlay)

p=1-

22



(Sl (& aly JSGy aadtuall smok — colored g5 z\a) . 54l ¢ gl
O 13 S8V Axil Laias heat absorbing glass )l pabaic¥) zla)s
s bid 28 Cagu % 0.05 2925 BB waall 2Sy) e zlall (ssina
g5 zlaill 8 Lzl U8 (e dnalidial o Cum B o gl (g0 % 2.5
DA e dule G % 0.01 4d paall ausSy)l 4ws & water — white
) (e algine A zlagll aading o) cang 1A L el Axd) (0 % 91.4
Glranall A aaladinl Sy ) sl (ailad (2-1) s Cpn

syl Sy % 91 s & white glassoan) zlasl 23 o) - dpuadl)

P YKy (1-1) Uabadll iy sale by 530Y)

il gailad 1 (2-1) dso

gl s fualal
Water white Sheet lime Ordinary float )
“1a ol gl daun
0.01 0.05 0.12 oo
aal) s
1.5 1.5 1.52 LSy Jalas
91.6 - 91.2 99 - 88 88 - 79 % ¢ guall Hlis

0.21875 - 0.125 0.1875 - 0.125 0.125 - 0.25 (C_a\) Gl;)'l\ Slas
G (glaadl) A

8 8 - 8.1 8-8.2

G (glaadl) A

Labiaiay]

1.0 ¢ 4-3 13 -8

Lunde , (1980)
45 se L@l xie sany Jagdy Jagidl sl b)) v Ll Al Ja
Lage (050 al) s 00 BaeS e adlgial gl ol elaw 5l o) WS ¢ da
23



plaall gLtV Gan e s LY dllly Gl claanall dull
Al ALY i) g i) Ly gans sladl) 5 SLY

25 o0 B ) spealll Lnsall JBY1 Gl A mam gl
o Ayl Fngall JIRY) 3 HalY) e piass ADIA el fiag Sile
Aplaiiy) b ollie 43l A LADA gl (afies Sl 2.5 (e S) a
Y wiays yeall) Lnsall JIsBY) 3 dsedl) AaiY) ML eny Cus
pally Ayl Amgall JlskY) @3 GaliaiaV) dagia (e dxsal sl
DA

o) 5 Glasl DL ezl e Yo Lealadinl (Ko 53 Ase clllia
g acrylic 1Sy lexan \Wlad aws polycarbonate  <uwis)\S
iy gly ALB Ll adasy LAY o) Y plexiglass s lucite Lylas
oy 4 aasall Jaly & pud (Sl tedler J) Liay) padiing o alleatiuly
Teflon o\l Himyg . polyfluocarbon Ly saxiug Adlal) )l Cra
coabaia¥) dagial dalpally QR0 el 8 Lagads adasiv) & e
ale 0.25 oy axdivny zlajll andy gas alalll Jluw K aladiad Koy S

. fiber glass sheet alaxiu) SIS

Absorber plate yabaia¥) dasia
L Lavic 5o GSH lo 5 aa) Ll Gabiaiad) dnsioal i) Ciliaalsal
Tinge dish) ad mhad) () - Ay LS pantiy oosadl) panall o ¢l
i daadl) Cleandl 3 Alle 58 lly L3l g LesY) S8 st Ayl
Aalen 5S i oslell (bl i QL patad) oalap) slall ssms
ald
Gy daaliaall Hladl eheall Cad AV o lly Wi GuSay mhaudl
(1-1) Asled) 6 Gl Jogin Gt Gabiaiad) dain (ol 5y daial
Jeans

24



pond) Aaia o Ll iU L GulSaily Galaial @l Joasy 13)
AVl e JA) OUaa) @il L Adtie ()55 daalaidlly ousedl
38l (@hadl & i daagall JIgh¥) die mdaud) Ablasl &y emissivity
omadl g Y Galisial (e Al
gl AN jabaial) dssiia ol carbon black 31 (s)S) aaiiy
G Ll Gl 4] 2Ll am (allan sy Lldd azay e a8
Zsbi laa 488, diday oMl xie . 0.98 Y 0.95 A ddlanVs dpaliaiay)
i 83 s pigment Slall X5all (s mil 0.1 — 0.05 LS
) Gabaia¥) dagiia Jaad oDl ddee o) . ALl Cilagall @3 )yl
Aaxind sa JumdVly L S el 5Sys ddaisie dilaly ddle daliial
ls wmnially aaadly Gulsilly a5 Sy calciend oxidase (e Adbisa hadlas
Al 0.13 I 0.1 4filaai¥ls 0.92 dpalaia¥) culs 4 panll Galall ol
55 dulee )3
Ble s oledyl ghall sl Jal aEY) jalaicl) <l s
saall Bl aal g eawSyl e A, diday GlY) ol O e
lhaall Calially il anSl dadl oMa Jie Afleal) AL, GalaiaY)
coslaall 2S5l adll uladlly dadll auS 4l
Aiglly caySl e gging 53 oSl 350 JSal e il alasil
X .0.07 aiflely 0.96 wivalaial by A cdan iy Leal
dSally Alhae dagia iy Dl black chrome  ssu¥) a5 S aladiul
Bag . na S mhas aay Sus ulsdll o) ¢ nichel — plated steel
23¥) ISl ga il il e Llee Jeud say dashll aglia o3l
Faabie 0585 o Wl Galaial) ailia o 0.1 4idlesls 0.95 atwalisial
honey J~ill Wa; wire mesh Sl cLhiall Jis porous absorber
air fggie Slalus piail gl e Aaludl Lalsyll 15N comb
25



pabaial mshaw iy a4 SGN & 4lly overlapped glass plate heater
G bl g LSy L Adliae JIKIL elsell il aladtn) Jie Apebae e
S b Araaiall Blall A assiudll Ll e cn @ 3 JKal
kK — T axlaill Ly Jilgud) a0 o 2333 h — @ (e anliaill gl o paliaial)
e loell ae dplee JiSI A

Josi 1 el Cilaanall Fanilly Lelghay 5L Gae G ADle clllia
\aag sldll Joha e 15/1-20/1 o zshii 8Ll Bae o Cua canhall Jaally
Lo stye olsell AShanls AS)a any
a5 Golail Jie Aliage dge (e ginsi o ooy pabaiaV) i
g Lingly JISAI (2-3) JSA gy« 5aS Cad WSy U lonsy 005 B0l
U8 o Al nghoall Gilial Oy ol penall 3 GaliaieV) dagia
el Gl e el %2 3.9 e plall dapy sy bel 4S04
b Fardinaall ApaliieY) (abiaia¥) dagiia o s L) LS L ALlS 3y pea
B DAY e (Kl (2-4) JSE A mase o WS Al Glaesd)
) e Yay Gl agiadY) e Asgiiall Crandin) 13 (midsy
@) el i Llanindy Glaal) saall e (aliaiaV) dajhia sl dicy
LS ¢ ASuiall dpaspialV) dagiiall (e o) %2 3.6 asaa s)hall dapa saly
coball dapy 8 AL sk ) g Samal) clilall Glih dae il o
Ay AlieY) palaiy) dada bas g Gl Mot e Jeadl
datin o LS L sk lSutdl crastind ) Les el Bha dag ey
A3l g Lsine (i o U Cin S8 e i) ge paliaia¥] Ao
el Coaiia 8 8)8 daiia

26



Abso
pla

A=

0
\
\

yrtion 0,29< ), <2.,5 U m o
te ///f Glass cover h
1
4] 1]

LT C

Cril Aadiiunal) Qaliaie¥) peilisa £1 53 3(2-3) JS&
(Gomes et al.,1995)«( Lunde ,1980) oLxall



(k)

plsal) (il dadiicual) Galuaial) gilia 1 i) 1(2-4) JS&

Normal Diagenal Absorber Reverse Diagonal Absarber

Steeply Angled Sections > Dual Pass U-Tube Through Pass

roadd) panall & (alaiay) dadia &hbjig Jedi 1(2-5) Js&

(Scanlin, 1997)

28



180

160 n

60 -MM,
40 i i) n 1 L ] L | " | L | A i L | L | L
9:00 10:00 11:00 Noon 13:00 14:00 15:00 16:00 17:00 18:00 19:00

Tima
— Lath ——SCrEEN — Amblent

rilda (e dalii, £l L clebu IR B ) all cila o 1(2-6) J8&
(Scanlin, 1997)akaliaY)

O il ianall (e A8 a8 6] 38 Fico s Goms padio)
(2-7) & A WS .4y sy wind barrier )l jala o) aas ddlal DA
33y (A a5 eaal) g Lay) 83 ) (2-3) 5 (272) clsradl e aadlys
S o 14 £ L) 5% Lavie Lageaige (ghall il oalias¥ dysiall dunal
e s el ASom DLl Tl Al 5yhe fimg o 25Tl S5
e s Baliy Caa133) 8uaY ]y AU i alids) A e ) g Ly )
comalag e a3l o1 Lae (el (555 il sy dadl g Ll gyl
(2-3) 5(272) 0dlsall mage oo LSy

29



re-circulating
wind zone

barrier
Ee—
solar energy
//ﬁ /mllccmr

roadd) panall 8 L) aladia) 3(2-7) JS&

(Gomes et al.,1995)

o sial) el JMA gpull Jand) dali gl SR GElERH) £(2-2) Jss
(Gomes er .°a 30 zaJAdlg Joaa 8l daya o @Al ¢ Wa 0.5 ) dopu . ganall

al.,1995)
(423) Maall Jaa Lig) Laal) g ldk))
30 15 0 (pn)
3.4 0.9 2 5
34 1.8 4 11
18.7 18.2 14.3 14
27.1 23.6 20.4 18
32.2 29.1 26.5 22

O Oy daal) Ay gl B8 (EBAY A5)a :(2-3) Jsea
(Gomes et al.,l995)-€b}3\
(%) @Al ¢l Gal dypall Lpwl

plasud ) L e e
) Laall EIAAJ\ Laall &IA.\J‘ .

Cilas (Y\a)
o o 22 a 14
Omala)

3.2 12.9 5.7 2

2.2 10.2 5.8 4

6 9.9 6 5

2.6 11.5 7.1 6

1.9 114 8.2 8

30



Insulator J)\»)

O ool il e 5 madl enal) e Bhal) e il Jilal) patias
s sl Gansy cilgal) ey palaiaV) dain cini SS) 4 o 15— 5
Sgally + Jind] e il e Coami (gglon ilyal) pa Jiall o i
rock batts g2l Cagally fiberglass oS juldll A At
Laily polyurethen foam s polystyren (unbn Jdslls alajll sgally
cddld) 3yl

Solar Collector Setup  pualld) paral) cuai
a5l n Ola¥) Gans uddl e il 8 el gasall (S giaa:
i) 8 aagg aile zlasl cudil bbaall e Glgdia padind AN Al S
& dgiele g agial¥) o) QAL Jilall Caliy 5 Aljlal) saladl clsad) A
bl Cang gLl e 2pu1 Gl Y alaiy) dagia gong
S el ) axtig 4l o peaddl e W) Cauay e dedii)
By 0 e LSy zlajlly (alaiad] dagin ( Al 5md Gl 5 . el
DL eloell Jsaal Aatay renall 3935 zlaill e S ) aq;\} il em
it 4ie Cadgll S 13 el g lsed) i dle Caagll IS 135 dng A (253l

AL e W) g Al Aty )l Ll Jeaad gl ang oLl
W)laie dygh Jrars giadl sladly (6 ) ang 43l sl panal) i ie
e Ll . Jelid Lo satd) dakiall mje bad dad Ll blias 420 15
Gl Dipae Lnallll 2adY) (5585 S Aagd 15 apad) Bk ded (e gy

i) ganall o

(radid) panall Jas Ak s
m@@gouw\w\@&w\w\mum
asfit Galaia¥) dada )zl e My leie SSY) adlly Gaiay Al
31



Ak Clage Gleladl g by ) Ledl) ALY alaidls 3,8Y)
Ayl Gilagally e ladW) piay aladll eUaall agas Oy - Wb )0 cuea
it MLy nedl) ganall 8 ALY ean I 533 Les ADIA g5l (s
s158) L asngall el I Lese sl Jiiiy 5S) IS8 GaliaieV) dasion
a3 ading deaa kg 2adhy lgie Hlall Ml 138 paiey JAllby (sl
Lol grall Jealls Jast i Cilaasall Al 138 4586 (alissl g oY)
WSyl (8 Aagpe sl Adiae Juiy elsed) o) oLl eliat (o) Ayl 55y Jexd A
Bl e Ul (et Laa el 058 Bl 5l gl 055 gl
sl (pas Ly s Al Cauiadl) lilee b slsed) (e 3ol oSar il
Mot g sl Binnlly el Alee 3
Absorbed Energy duaisal)l 8kl clua 2-1-2
Duffie & J# (e 4l 48Y) il ghadll aiy daiaal) d8lall Cauns
Bekman (1980)
Reflectance :duwlSady) Gluwa

At Aaliaal 3as gl daiad) A8l 308 ) ) Whillier (1976) L
A gl Ayl ey anadll aanall g o Ll g Lty daeS e
dding 62 esedl) g e (aloatial) el dpealiaial e Gll3S, ¢ L)
peiliat e Liaf el GlISS . (paloatia¥) Aniom Ut e i e a2y
mhdl e aShdl Hlall dag sy (o3 lasill GRS, Galial o Uaal)
- oabmiaV) o e feya ok 38 g3 Gl ¢ Glial) o Uaall a8l
Oo 055 gl ¢ Lbiise e alagll eUaad)l o Al dpuadl) 2e8Y) ()5
ApalSadl 8 13 ¢ 4 Alpn Ay Laghagian (s5inne Lo Ldgac Ladial (4S5
b T Agilsall AS5ally 1) B paall 4S5l
- s%nj(@2 —-0,)
sin” (0, +0,)

32



_tan’(0,-6,)

) = s 2-17
> tan’(6,+6,) ( )
(rn+n)
e e ————— 2-8
) (2-38)
i gerl) A pall Al iy
A8y 1Sl Al 1,
I 511 OfSyall Jase iy
gl e aloll eUasll (PlA MUl e LU LS 45 2o,
: (Duffie & Bekman , 1980) Snells (sl (a5
LR (2-9)
n, sin6,

-(1.525) (gsluss zladlls (1) gl o1sell () o) al g

;.\‘%Jj JLuS.N\ dAL&A :nl
zlall LS Jalas i,

: g lady) Lualaial Qlua 2-4-3
le 2iny 525 s sl Lot 53l dangl g La2Y) Apaliaial
gl Lealaly ) Gilieally Jaussll AES pa condlity umtianl) g L) o Lial il

: (Whillier , 1976) & b dualoaia) ) Ao A3Y1 s 13
—kyXL,
cosd,

Al ) A 206N 1,

zlall Plaacay) dalas 2k,

(1) gla o o1,

33



el g Uasll i pad) Glialgall Glua 3-4-3
e Dall alaill o Uaall dpabiaiel )y AnulSaiy g 0Nl Say
leilhial g et ) gall 4K 5alld L Lan Galiaia¥ly (ulSasy) lasd a6 JKa)

: (Duffie & Bekman , 1980) SV
I-r, 1 52
T, =T, 2 | 2 oo, 2-11
2 u[l+l§)[l—(rﬂa)2] ( )
Dy = (L T,0) ), (2-12)
a2=(1—ra)( I=r j ......................................... 2-13)
I-rr,

A3l dady) ASyall o,

AlSa DU 81 S5allp,

Kalan ) Y1 A a0,

D YIS B geal) LS pall Cilialsa s

T__T(l—nj 1-r -1
1 a 1+}’i 1+(’1Ta)2 .............................

a1=(l—ra)( L/ } ...................................... (2-15)

I-nt

a

0O Ao ganll 4S54l 2 g,

dalaiad] A ganll 4S54l 1 g,

Al A panl) A5l 2,

Y8 GiSHall Jara (e Aplaiall e 2283 4y paall ciliial gall ciuad 1A

34



_p1+p2 __________ 2-17)
2
T,+71,
e S 2—18
. ( )
a:alzaz ___________ (2-19)

*

s

AU LYy B pandl Al s 1
iU ey Ay gead) S el Jama it
el ey A gend) 086l Jaaa 2
o lua (S Loy 48y,hally

(ad’all,aZZ’pd’pll’pZZ’TH’T22’Td’raa’”il’rZZ)

(0,) sl 21
Transmittance — Absorptance 434N dualaiad) Jala Gluwa
Product

e Adaludly alagll ¢ Uakl) O 5380 dpsadl) 331 (e 632 0
i) oda aliee (<15 ¢ alajll elaall U Leal)) ety (aliaiaV) daiia
DS s+ bl Aas ) GSxin Lgia lja o Gupm 25
Ay alaial) Joala g ducaliaia¥) salyy () 5350 Sial

(Duffie & 4o¥) A\ (e Transmittance-Absorptance Product

:Bekman , 1980)

L) — Avalaiay¥) Juala: (o)
Labiaia¥) daia (jo Akl §pdinall AU alal o Uakll dpulSail 1p,

35



(Duffie & :48Y) Al (0 figall LAY — dualaia¥) Jeals sy
Bekman ,1980)

*

N

el LAY pabaia¥) Juala : (10),

sasl) e (ghall sl Jalaa (I (slall (yhall sl Jalae G a
(Duffie & Bekman , 1980) (0.27) (gslust aiady sl

tod pabaid¥) dadiia A Laied) 28l lé )3gls

LR

(/L)) duciaall 43Uall 15

Jullal) Jalas 25

Lyl Jalas i d

Solar Collector Area : cuwaddl gazall dalue Gilua 2-1-3
aranail ate i pall IS 13 ¢ anadll panall aladind (e Gl e i
VIS5 V) Caainill Ao DU A8l s Can jused Chine

:(Vlachos et al. , 2002) 48Uall 43340 dalas (e

il 40U d8Ual) = deyiiad) 48Ul

L
Il

Q,

*

HGETEN

(Laly) Ay 25l :Q,
p Al sadall A8lall Cla (Ko Hottel_Whillier_Bliss 4alza (e



@hall g 5V Jalea 1 F,

(O afBls) S gl oladl) Jalas 1 U,

(%a) (ool wanal) I Jalall slsell s)lya dnpa i,

(Pe) s>l aba dnpa i,

(o) grmnil) gronell Al 4

ZUal) 433150 Alalase g3 Cagaill LoD A8Ualls (2-23) Asleall imy sy

-

Flt, (ca),~U, (T -T)]A =W |[418[(0.0 0 8 R+02](T,~T,) +225176 (x —x,))t....2~24)

w [[(0.0 0 8 R)+02 |x418(T,~T,) +225176 (x —x, |
A = -
‘ t[FR[IT(TOC)e_UL(Y;_Y—;)]]

Vlachose et al. =y drwadl) Glaanall daluall Gl Jagadt JaYy
:0) (2002)

T =T

1 a

Oleaaall . 4ad o) Vlachos et al. (2002) sGarg (1987) aags

Collector Efficiency : weddl panal) 3518 Glua 2-1-4
2 & )aa age Caiaally el aasall (o JS 30 6S Gliial o)
0§y cadaill Jie Ame A28 ) il A Legaladinl (ga Baléiu)
. ALl
S il Lensan oanadll anall ciilsn (a Bhall (o dles aaas
bl laadl)l Jalae las Sy pabaia¥) dasbia (o Gaay laadl)
Klien et al. (1974) dalas (a0 gslal)

37



N hi + olr, +(T“ 7, +7.) T (2-26)
(CIJ[TFT] €, +0.00591Nh”)+{ 2N+ 7 -1+015e, )1y

\T, AN+ | e,

= (1+0.0897° —0116A° € 1 +0.07866N )...ooccccccrvrrrrreee 2-27)

B Y (2-28)

C, = 520(L= 0.0000518 ) (2-29)

e= 0.43(1 - @) ............................................................................ (2-30)

TP

Jalza e\.ﬁ;iub \A)\ASA sy Cua L.’:"M‘“A\ cAAAS\ Jaa (e 'é)\);l\ ERpWe!

DAY Al Cngar il sl (e el i

-1
[ L S 2-31)
ki kw hb—a + hr,b—a

38

daall) Adaey) 2ae :N

(0AlS) pabiaia¥) dagia la da)2 1T,

(a5l emall elsell Janlly syhall JEl Jalas the
sabiaia¥) da i dilas) e

(*oilS 2o/ Blg) 5.6697 *¥107™°  aiad (535 (lasilsy lifin culi 1o
gl Al e,

(CaafBls) Jidl hall Gl :u,



(p) D) clow 2y,
(Oe-ze/kb) Dlall (gyhad)l duagill Jalaa 2k,
(p) sl oty
(Oe-ze/kb) iall (hall Juasll Jdalaa K
(Ca-afdls) £)sells asiall p Jaally 8all JUm) Jalea :h,
(P CAIS. 7o/ ly) elselly cadall (g Yl Sl J) Joleo th,
(A1) sl 8ha daya i,
(Bfe) glof Aepm 1
(Duffie & 1980) oaedl) ponall dalie e ddiny cailgall (o Glaiill )

Bekman ,
WA), =—L2 . (2-32)
Vi Dw
k. k,
U, = (ZA)E ...................................... (2-33)
C
(. afBl5) Aslal) dalusall gyhall il Jalea £ (UA),
(e) cAM” J::JM ‘p
(e) CAAAJ\ vﬂw! y

(. afBls) cailsad) (e gl olaid :u,
tn S ghall lassll Jalea 1)

3adall 48l Clua Kay Hottel_Whillier_Bliss 4alza (e
:(Lunde , 1980)4aaall
q, = F.lI,(ta), U, (T, =T, )} ... (2-35)

a

39



(% afdals) 3all 48l 2 g,
‘uf)/\ dalall (R g Lﬁ,)l)*j\ tb.u\l” dabu :FR
: (Vaxman & Sokolov , 1985)

; B
F,o=—r {1 - exp(ﬂﬂ ....................... 2-36)
L Ge,
- -1
i UL B
felle— | 2-37)
sin& B

s
(5% JpiS) el B 3550 2
c omnatl) ganall 5o S Jalaat T
(R) el 2l 20,
(IS 2o/laly) a2 sl ) Jelan ch,
& 9sS2alls V) ADLall e g LYl 8)hal) JUl dalas s,
(1985¢ =)

2 2
, G(TPILTc)(fP ) (2-38)
—+—-1
Ep Eg

(GAlS) zladl Byl Anpn i,
D VIS Gl S ) o 2t ) el ey pendl) S 131 Al

T = % ........................... (2-39)



Alasally elsedl dagyl Qlua (Say ¢l Claalsdd Holman  Jslas (as
Aleall o byl glos Sy ANy Juily a8)5 el 3hally Al 4yl

-

14y

_ 28 (I, T, >L|3 ,02
or= T +7,)u
p a lu
1
N, =059(PrGr)t e, (2-42)
sl JSIm S 3anl Jame oy Al gl culS 3L LK,

NS
R e (2-52)
D

Cny ) o 4l 1Y el Lgadaa b Ayl Cad gl calS 13 L)
t YISy (D) e dlSal il

4A, B
D, = e (2-53)
dm
R, —E .................................. (2-55)
k
h=N,| — | (2-56)
Z)

(5) ) Lol : P
(*5) 3Ll Ay yall alaiall daluse : A,

Qﬂs UALAA:’LAY\ MDDA :\;JJ :T
p

41



() omatl panall 3Ll Silgyulell ladl) Caai oL,
20 sae s Guale sLEH Wandaw IS 13 AUAY 638 6 il o8y sy
23060 Sarrow s Altmani Aalas 223035 A g jae 5Ll adaial
N, =0.019R™™ oo (2-57)
aaaiid 3Ll mda) aea Bha A @oled gl aliiie il K1) L
A Popov s Petukhov 4alxs
__ (f/8)RP

T 1.07+12.7F18(P*")
AV Aol e £ SR Jalre a3

F=(0.70InR —1.64) oo, (2-59)

~2308 Al g Ao Adiadly il Agslalle il sie (pfinsdoa ulS 13 L)
25 Aaladl)

N, =0.0158R " ..o, (2 - 60)
O Alall Conn (g5l Silgyaledl kil dad o LlieY) a3V

&uy\ 3ad o sanaall 48l dad IR e Lolea (S 3e 1S la T3]
: (Vaxman & Sokolov , 1985) (wedll

(%) pe el ¢ n
D iy (80) Aabaally (73) alaall mygaiig

(Oe) G..MJJ\ cA;.d\ ‘;\ d;\j\ ;\}@J\ g)b; 4;).3 ' T,

42



Overall Efficiency 4ulaaY) 55 <!

Ali Pla qr Aejial) Bl dus e oy dime daie) 353l 3o LSl Jiaig
dasin dalus 3 Lypme sl ol DA S el g lady) ) sl
.tlx&‘ﬁ\ SN dia prall aliaial)

R N | S — (2-63)
0 0
p Y] Adoledl) (e g
IR TO y SR ) L (2-64)

(p2S) pasiusal) el ALK 2y

(0] e . s - - .
(%p) Akl wilall ) s A o,
(A08) Jaadall (e it

Evacuated tube collector &34 25N gaaal)

et ol (05Sh ¢ 83S)aie il ADG 5l Gl e penall 1 ()5S
Oe Bhall Gale ¢3ay sl Bl cajlall mdaidl Mgy ool (o L jie
Sl Al Lilae e bile 48 (gmy cosl) Aaulyy palaial) shan
DS elsell g fiadl Geall ey ag ¢ (2-10) IS Ll i
sl Asay ade o agre deally Jua sl dags Al sl G5 . g)ba
O JEE Cua g ladV) Ao 28 Joasy Ly ¢ iy djaty Sl pall diasy
Jalaall seae Fa Al hadl s S mhddl D cAld) mhud)
s e elall ) il AU e Ao lan 6 (35S S8 Vaa g ¢ Lually
oablaiayl
Bba dlayy o Jsasll dlle 31 pdliall el & LalY) (e aliiy
o ki U 5 Ly Ao lall bl leabiad L) SIS Al
lrandl pe Alie elsgl) 5l oLl i€ LI Bl Slays 3 il
e JSO e (5 Gsana (8 A jiall V) jag ) (Sayy 4 sl

43



O 5 Apbanuy) 4l Al (2-10) JSAl 6 LSy $hie sl el
ol elall (Al bl (ha ) 2 lay sy gl S0 el (e 31 (19)
Gl A GBS Jasd il ) Gild GlSle pung Say LS
Glranall o Aol a3 li€ (580 Claanall (o gl 1aag . canll) ) Lguss
Ll el a3V e S b lam selal Vil ¢ L e dygil
CalY) e Aphall Gl o ay d8Es ge b Bl sdag uiial
OSWY) 8 andid lelaad Bl odag s ALE sl Jamall 1) de )
s dSs ) o) L sy BN Cand) Ll Al ol Gl 85 30,
AUl aliial dlee Jaag Laa iy Lo dpagec uadil) a5 Y
G Bsase e Sl oday deddll Sl Glels (el DA i
k)l Caatiie die dads logde ddgae 0sSS Guadll () G G sisall Calzaal)

Evacuated-Tube Collector

Cross section

Quter glass tube
Absorbing coating
Evacuated tube Inner glass tube
Fluid tubes
Copper sheet
Evacuated space

(EERE, 1996).§ Jiall (2 933 aanall:(2-10) J8&
e o eueldll g iB Gapy fiie sl gana (2-11) JSA maag
ialay bl e g8 s Sun Gain 85 J8 e guae Qlgall
Sl Say dae 3l alall sVl ¢ Ll e dagibe dagale

44



Gl b 5asmpal Boadll b Gty sy JeY1 ) a1 (e ey Ll
Selea s il 0 AL B iy gl 3ny (abiaia¥) sy alal
S pead) 3 Sl @il I 20 gl Gl e (g hall JUEy)
s3a¢ 2 0.007 o)ldie (533 2an gonse £rhe sl 14 (o ()5S0 aanall 138
¥ Jsha + Jgiae sl (A e pnsay (pandie (sl ae dliaiie canld)
Cadiall Gl 3eaia JAl 2gage 4 0.067%2 ojlais L eiag 2 1.6
el LA L o 147 g el Aty Ayl DU Ladl) Sl s
2 0.037 s Jalall Copdd ajal) Shilly o 0.047 s Al gDl

i) s A 45 iy e ALSU ganall

—— Curflow

(Shah,e al.,2004).& Jiall (92} (prsaddl anall:(2-11) JS&

(ETC) dsui) Lsadd) cilaasall

45



Plaa (e geaa ()l
e desene o 05SE mead) 138 15palall ladl il @3 Claena 1Y)
OsSis Avinia sl Aggiee degriall dadion leie JS Jaly ¢ dalail cauly)
Gl Asgiall oda L (Leladll aadiiy sale) e o) als) sl disle
Aag ) AV Kl Jsaal sl (A dyaty oWl Tinox Jie ddie ¢ Lualy
sledala Y EU$ e Chial Gilaanall (e 330 tbﬂ lla
dSi 8 LS (O — zla)) 4assds @ldl dsaal 35 @l Gilaeas—]
(2-11)
S LS (0 — zla)) Bl zods Jsaal Aliadie il ) Glaaas—2
Zsa) Claanall (e L0al) £ 15V o psill 3 yiiay L (2-11) U8
Cinie ) giue 35Sy o Ll palaial) eia de il
Oleaile Glalay lssl oo 0sSs (zla) — zs)) Sydney gs5 geas—3
Jiagy e Jame oDy ae Jalall GtV ¢ lagiled die dy5u
(2-11) a0 B WS il
ha @layy i Sl Gl die Jas e 8S (S JsY)) cpesil) )
asabiaill 03¢y T Al Aaal) (Sl .l Ll g lly cpaall Jia 4l
e et Ggan Aai el ae b JAks Jakally Jalinl) a8 a
Cue (e Qsnl o ggiad A8 hall 4sui¥) Cleanall A) areal cllla
e 10 sa sl G il RIS Haiay o lign ditee daghia il
C(2-12) JRE A LS 3y

46



absorber absorber

imlet and

inlet and hulet pipes

oulet pipes

Ealeetive Coaling
[ - Obee Tub
|._;/ Inner Tube
\ ¥

Loliall ] olarcam

Badatia canlil (o3 o gl panaz(2-12) JS&

Gn opobE dbugie pha Glayy Jaiy Lal @A) aelal o
& mase s WSy JSul 1S 1 e JB g laraall laias %2 150 = 100
Gleaaall danlsy lgle duanidl Bhall 4S cuady . (2-13) J<al)
Y ISAE ) Ay s
Outcor = AussbegO(Tote — T) = Aeqehy(Tugy —T,)  weveeeeees (2-65)

.UAL.\A:\A‘}” C..Lu.u E\AL&A . Aabs.
.;M\ C.Ja.w ﬁub.m :Acov.
:AY) Aalaal) e crat 3 igall ALty
fr =7 1

& &

celbadll mhans palaiaV) mhaad 28l Jic & 4 ®
47



Beoff A Eahs fOr ooy = 0.9 and g = 0.2
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Length 7 m

Width 3.5 m

Height 1.8 m (minimum)
2.1 m (maximum)

Drying racks in the Brace-type solar dryer.

Length 7 m

Width 3.5 m

Height 2 m Eminimum)
2.7 m (maxfimum)
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Driven Desiccant Cooling System with integral Desiccant solar
collector
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A Solar Ammonia s paluaialy Jeary wadi dgaad Jlga
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Urion: 14" stainlesa sbeal or bledk iran

{optional union at baea of candensar eail)
Valves: stainlesa stesl ) ]

14" or 18" plpnthmd . Candenser Coil: 14" pipe

4 eheped by wrapping around farm
3" Black lron [Iq:
144" nipple & :n.l;ﬂln
tepped & walded in
Condenser Tank:

half of a B& gallen drum

lcemakar Box:
ecrep cheat freezer
or wapdimetal box

Collector Suspended by U-bolt Storage Tanhk:
into 1-172" angle iren bracket waldad from 144" sleel plate
& 3" pipe

Slad) ddde dailaga pued 2aad 4 1(6-16) S
(Vanek et al.,1996)

Solar Powered Adsorption —Awadd) i8Ually Jery (g3i—ia) 1ara
Refrigerator

exally elall sa 2yl Javig lé (6-17) JSi Slaaaall (e g oill 120 8
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The Continues System yaiwall alail)

Oertel & aia il Jeliay hag BA alaay CEiSa (e plall 138 (5
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Cold &5 A 1D ilisSa (6-21) JS& gy % 30 ) daghaial)

. egos solar refrigerator
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—
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Cooling System
Bl 43 ge
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