(g dllae) VA - 0 Slxao

VE) e @1 ol @TY 55 53l 5 5 losa — L3 slo b 4 53

Jbezus awls DOL: 10.22059/JFAUP.2022.250112.671934

g A5g5 9 (5,139 5 00 (6 H L dusls digos T 5l 4o O Slos dwns Lo g Judxs
39S Sl g5 90 s Bl yO (Gl y 95 ALLS subasis L
(oliilo 5" e 50 (Gl y95 LS (] 2260 590 4ig0d)

¥ eyl 00131 7 g yous (el M cwikdio (Ggeokoxo
2l oo e el 3] oSS ey 35 o 5 o 03,5 ool
ol et g oSl L sl i S USLs  Jlons 00l 5 Jom (85150 05,5 ol
ol o5 gDl 15T oKl s 5 ol aly s lans 5 52 oy SASES ocs o 09,5 ol

OF NV iallie sy e )5 VFAS)) Y5 sallie 2L 5y )

R

Wt Joho (et B9 (2 53 305 (0 guimo (LS 50 (6551 JUd pd b g 5 Gunlo y95 il
M) 3 5 3l 0ol L IA ol Jlaioe yguinS’ SliudsS g0y ool dns Gy oLiilo )5 ooy y0 dillS’
V30) (28 ©gier 425303 (6 5 ) Jolid i Lo RS (5l p2 0 5o 50 (molsl pdito iz (258 9
U o o & dliacls) j45 )55 0 jlae (ot (50°) =b/h) adolro (polul g dlasl (4 50 B+) Cadw o 4y gl (4 50
41 3y Gl i 3 (s 515 315 9 o s 1V ol b o0las o shvo F dionds 3 5225 s o5 ¥
3loadangs couddl S (6,105 )b 51 xBlg Loy | 1l .oy (o it Ja |3 (6 5Ly U (oo oo B+ Ceolinis
P i g 4955 ol 1381 53 40 oLiiile 5" 6l50g 58 cawliiilg ol 219 g T (sicbw slaosls
Shwe Ginloj] S b iged 50 T yly> 8 ySlos g pludl AllS 281y diged Clw 4y S ¢ 6w damid
Ol i’ Aigy Lol cosicnd (gdlod jo M 0929 b aS Cawl [y gl )5 51,8 Wwld )40 aicluVY
abaly g STy ;KLy Juols srosle s STy 10405 g (hmogs ol Judxs g ! ALV thT ebo

Wbl o0 (Sgaw 5y b (y90l (598 L (s

oals sleojl
(Gl 593 Jlad s (G et (3l 607 8 5 31 (6 Yl Al Gl y 5 ALRLS

. E-mail: m3line@yahoo.com - AY-YYYYYR -V : plas e« DVAAYFAAYY 2 al5 : Jgtnne soian g *



e gl 31 4y T JUal g Ll clo S ooyl b oy olS 5955 el
Jbo 0w g 05 Jgad o ozl sl p)5 Gl 1) asllae Laixe
93 4y (Gl 55 SdilidlS IS jsboas (VYA (g j0>) ailad oo ol
Dyge0 4y 3 y95 553 5l 4T SlaalllS Jgl s 103,57 oo ool dlss
G5B gl sloslainl L aslsdS £65 oyl o aS 0isS o oolaionl ppiivne
pladl sl (65,3l & 5L (yg0s 0l ye5 595 5l elasl JiSTas b calie
S (G393 SRS 090 dnd 38,5 00 5 9 )50 (5551 (el
L laaslils 5l gg5 cnl 5o a5 alod oo oolitl (su 95 sla b |
3050 553 oo Lo e Sul 5 oo (o2 53 sl eolid
33,5 oo (ool s i g0 s SIS g0 slad Gali g
poye SRS S| (IS (S a b st 55 GlaalilS (riran
Ol i Blad idiey cud g S o Jolds a5 Wi )5 o ploe
oslitl cplivs) Jad Jsb 5o (gaedysr slo S ST by gl
aile (R (Fays Dl oS B (gl iS55 Slge
3979 & 9 0092 22l 295 s (AL &5 lBleon 0 il
a jskiie 4 Blad gla by ceal calie la by, il ol
stk 4505 2 4S5 ol 50 5 (Sl Wil g 1gm 39 il Bl
o9 4 il (o Gl Jad s SIS Sp0 &l ze 5 Gl
WS Jghito sladisS (undyo> (A I i 4z o (28500
W ailge (258 ~( S0 somme sbiwl) ,o (FauiS Gl g0ty
Sl plael (e 0aiiS Bl j0 g ol o lgo aS Cgim 4 g, slao s
Slodi ojlgo aS I 10 009y Blads xdas (gl all co (gad 95>
555 s b oaonsday Gl 3l Lokes a8 sl xbans (cl)ls Ygano
Sz @ balls jl (S5 0 w5 6T elr S50 Gl )0
Ll 3o ol il allas S Grizmen 5 Jlod Jlsns (35 Bl
vl bl o9 (oo oslital Ol @98 9 i slp o g S wiile
B e a5 2 s 0l (59, 2 VL (5> slagile

YA L3k )35 oo b wlsls o o)l >

4o Mo

OHles § (swdie (Gagodene

V) e @) 0 )e i @YY 0,00 @ (g5l peed g 5rlomo — Lo j slayi 4 o

laliad el s Botos Jled s 655 (6o empns
Syl M 0 2595 90,233 6 y9 o | (s 93 (55145
Soslanz o Wil cedyls bl Jglaz ) 505 Shes (l gl
58 g Lo g ylons palls bl pgo a5 )5 5 (sand )95 (555
Oz 0505 0 (bl 10 (o 93 slaaillS .l ssg Ll
Lgl.bLaS ‘LS)J"‘ J)..a.o w..alS O s.ioS)J 05)1.&‘- aS 03¢ @L&bw
ozl 105515 (s lare St gloasiz Lol o Bl g 5L
.(Mihalakakou, 2002) x5 e 43|
@5l O alpmsgy a5 ol (39, (90055 SlaalllS 5
sy Olsie S w0l g sleer Giale)S Sl sl Wsi e
ab 2 gy nl ol 0o 48,5 Sy 5 oanali ' slaslls
ol e sl (o) IS 35 550 a0 Shos o S
G995l s ol olisS ge Job L (o lyel e Sl et
se ol pols esgase 1o Wl s xiadd Zlgel 4 i S
OnStie Al 43 0555 1 e Elgal (3l (6 lade ax (FT000 oo
@lwu‘xwwgﬁbJL&u‘ngﬂMﬂmsmb}oM
il D90 4 SIS 4 09,9 9 aded 5l 908 5l G sl
5 Loy93 2 5l oy 0t oo Jsb) ool il zge Jobo (Tl &5
e (00,5 o obml WS s ainy o Jlgie sla Sl
lozse Jsb zo5 5 35 blie o add o5 Ll 5l is S s
s 5 sl S e (855 slozs Job ) il
Lawsgi oy ool ol oo il Bl S Sgy0 lase &l > a0
Sloo,ziy b g 9alys 55 pj 50 &5 (ol )y &5 (S 50
2 Sdys> S5 0dz pedle oS Wgd oo (b slisS
by s o oolisd (gl f) Lo )S 5l (s )lade ¢ o8 (glays, Jobo
L ..\..."yLSA laails k)"‘ IAJ_ASGQ oJ.._>.) \)5,’> ) GJ"‘ Lng)s)
Jos pletlo b caS 5 o Gldl ©jgo 4 by g it 90
Gll..a_‘) él;u‘ » 55)15 6».\-“&)? LngmLzlf L)‘)LMJ w‘ B ..\J_)Lo.a

NS

55 soadBl oogaze ;3 (o ygiS Cirlins paangd 3l i a5 L]

G 5 ol ¢ s (glesn o (Fu b Dygoas [ ol 18 6 Faas g
uuLu‘fde.w‘.} u.:;o)‘ wLo)f uwoLa Lgl.lb)ls o‘)).:u».)Lo).w U"‘°L’
L ).u )aél.uo 6)Lo.bo 3 AMJL:‘SA Sgdo ‘;5)5.‘04) Q‘)"‘ 5 LQULQS.}L.:
f"u‘-“‘ Ol b 4 9 5925 50 (S0 ol & pB5 2929 s
Baas b loisbo yiole )3 jslaie dy Ld slocdguo mlis jlos pu
el Jib o sla ISl 0395 o iy aslllas g ¢ygie (5 pali
Lo Lol 00,3 cod oamlie (ganis 95 (sloaillS alozio oiole )3 (535,
imlo,S 0 Slas (ipgh S ;0 (WWA+) (6,15 dozxe 59,40 9 (IS
S oeldl 5 (SeSins slagleiSlos 4y Jale (gand 93 slaaillS

OR9F 99
Tl 5 0228 (Ll ¢ shogs Gaio (nl 0 gk s,
ABdF Olidass | g dicion 4 g 99 o0 ke lalS
Sl Jli8le 5 05 dalsS o IS by, wsdoe o)L
(325 Glauslin g goae Comle o a4 Baisd pl coxie
Ay Joe Bz aS @Lau,\.:u 5055 (ALY W)w)@;* i/
3550 398 13310 3 sl ealail b1y olisle 57 o y0 (g 5> 4l
WS 2bly Tondaisle diges iulesl g cile &b 5l Slase
il (oo 20 Gl B (Lol Sl Bl o (225 (B,
ol 458> axlllan 850 035050 ;O (G 9 AS dgy Joe



Wged 55538155 00 gl aiged (), 0 Slos duglis § Jolo
558 SlidgS g 0y @Bl o (gul o5 AlS codais L aBly
(olisle,S poes ;3 (g yom aldS ) )i (69,90 Aiged)

diges (pl 0,5es g Woges >k ailine 0,0my b oS K0
35t Sl Gl b ol aisiz oo 4 ez pe aigad 0 Slas L,
aS als ylid oo dislus diged dus (6551 OB e duag e w3o,S A las
W33 & yo diges dile ingeS WS LS diged )2 o Shes
ools 7, (6 u50lail 0j90 IS j0 lsa pogusgllae Jdo 4y oayay
oSl (redizms " iunligd (59 Oy sl 5 S o 5 S s
wlad aw oIl aRaily agh SO o aile cals (g59eSS
Ol o 1y (seyo> IS 5 Mgy T3S o bl Julis coglics
o) Dglite weldl iy 53 (SSas slapleisle 0 (655l B rae
SFoslial b oS pagh cnl @bt (bl disges (o) (2lewl 5
a5 a8 oo s wadpll 655 (Siees 5 iludnnd sla)lBle 5
350 0 S ye> SIS L 5 (655 p0 bl 929 il o Jle j5boy
Cely yuizrad g ool leiSlu (65, B ran ol cels sl

e s 55 0,5 s Sl il s

o293 5 (Sl
(eLislo 5" ppi) dalllne  yg0 00 gz (9 20 —)

YE o s el 5l e WIAS uSiloo £l b oliile S 0
bl 3550 )0 (B8 Jsb az )0 ¥V 5 (ol (5,0 4885 VY 4z o
Sgd oo aimlis olasle S bl 3550 laicas 5 5 ls )8 olisls S
Sl S Gl b Lol sl g axsls 5 Gl j92S 058 5o el ¢l
5 L) laglin b 58 gz 5 izl o il L 3,5 5
b st g ol 4ol Cosl laen Gl 585 L oy 5l g i)
5 3 0357 ) OlSes 5 (lonS (ol Slornds G olisle S
Sl sS 5 0 s o8l Claseine el ool (guidiws  SliwasS
DS 5 Jateo Led sl i 5 05 sloglios) 50
OTAY ¢ plonS) 0Bl (oo o 5 59, G D)2 4250 0l s
5 o5 il o VF g oliile S 108 5o Lo bl eSilio
sy S8l oo s FFY Taga s ool s (S5l s
Ao oo LS lpl e jo )y oluils S liwl Cosdes (V)

o9 Sled 8 -Y
Olettls & Jalo (gaunli o Al dige Joo e p5late 4,
T < ol sl 6 s 3810 5 3l ool b oliile ST 4 4o
Al )l 3 Slos 51 (loaisS e E& S bl i
5 s 390 (bl Dldgrie Sygo 4 Wil oo s (o)

S ol @l sl alongad sy o 1y (o)) 54d) )9S pus
ouls plowl b i (gilwans Jl8lp 5 SaS L oS (395 igh
i 3 00yt okl ) (6l S el 6 5 g
Sy Joad 55 63yt (551 i Sl lp oS oS
leS Sk S Gl s e s 2 e RS Sl
Sl G ol (28 Crx xS e o p)S 0p90
egstS U kil o oozl sy s ol JLs
Slalllas (95T Gand o> SalAlS (ogas ;5 1o)siS plo
5 0,lg0 23,5 o 0Ll Loyl 5l (slojls 4 45 48,5 & jgo (g30ie
2k gge Job b (o2 glyel Sl 5 8 0925 (s1n o9
e (WS o190 Sy (glos (5,8 1) Jae (gl 55 S
zobw slos dga slos g o oyl Jae 5l esliiul b woges 4l
5 sl 5] oy |y WIS slone (glaliss & LoS Lo 5 aililS
Ol sl 1y losles Joo 055 sl siagsy 5o “slsds, 5 aigacass
Gl 38le 5 Sl oolanl b Al o (gand o3 (55,0 i
e ol 0sdi gy Sl iie it 0,8 al T
Sl gshw rar slaShy 5 awsin (55w (bl
Jowe jleslaiul b as ams oo lid Ll Limghy zolis 05 Blad 4
cdo bl Wl o eadoda 6350 e lgion bl soleiing
97 alse 3B gy LT3 5 SV 35 rmeis SIS
S1aly) sy SIS S 550 Ll s e 5 i
b olisl 52 ez o eoloislo o o (Gl 0,8kes 2 (e
Loyl iyl gl .ouslo ! ol 5 (55l dus asl s 5l olictu
FB e 4y leislo 4y fuaie (gad 95 a3 a5 as o L
o lelaws o iali8l Jlo oy Jgad joly Jolo slad slos s>
(513 5128 10 5 oA S Sl s S Sy
Slr Skl S gk 45 W83 o0 £ (Sloj oy nl il 03,5 o
2l 005 453,532 5 3 S15I5 5 05
agliter s b il s, il a5 515 g
o>l G )l 6xSolr Sl ) Ald agd g ey sladly)
e il ) ozl b 5 Sy 3 SIS L (S
9 e B oS 5 45 amd oo L of g ullh Sged (siluand
Ol 5 el F5e pletslos 4 oo a8 55> o Shae 050 0
38bes gyp sl 53 TOLSes g (g aiS oo S5
@z oz plplansle oy digel S fats Al 5l
digad ;0 5o lazgd aded b (gloyzeiy stalejl 0,90 slodigas 51 (S

Ol ply0 axdllan 0590 009ue CuxBgo —) p guad



sirl e s 53 Al oadigiludds diges (V) pgai 095
GJLAA Sl g Slasin (V) Jgdz )0 uizeed REXYPN olas I)
sl 00 00l zoles S by Jue jeloee SEUI o as) ISy

Sz V=Y

@ jsbie 4 (gandyp Al cele gpScas
(Blad) )38 ,55 o)l Goyb 5l ysme 6551 Glime (il iSTa
R RS PN KU W Fpp - SOUEL SSTR S i Y DS pPH E
g 3l 9o iy Jobo 50 ( Jlod 0,80 jo il o0 S
L9 (2 2PZ 0 (297 Sowd 3l 908 sl dmr 903, g5l 3
2l Gl el ol & S b pg @S ogz WS e
» eyl e Bl Gollas 5 Shos azeis 1 5 a9 U
e & 3 0 ol OTAA coliyz ) 35 s sy
o obiile S e 33 (g0 o3 A it (605 S (et
otz ;3 opx 4 S sbly; (ar> Sz ool lne
(bl 558,555 S () iy 25,5 3 faita o 5
Wt Joe e 50 (f 9 (Brd slalar 0 g 4 Susp
il e olile S el )d (Gl o AT

oS5 bl gl it 6 5 e et Sl ol 0l 2
gy b ol oss 12 (30 5 058 Caonw 40 (514 3 iy sloosly 50
@S (V) 503058 (nd 0101y 00l 95 (65 51 8L o (i aS
et Sl m3 o5 s b 31, rtent o Sl
oo i) o o5 slmole Jsbo 15 45 il msein Jogei ol

OHles § (swdie (Gagodene

V) e @) 0 )e i @YY 0,00 @ (g5l peed g 5rlomo — Lo j slayi 4 o

A L IS 05,5 55 o il el 455,515 ol
i o dygly WS olal @WldlS (55 cpe rJels allS
dels S > o,8hes 5 (IS5 add) Blas slae Jor
23,5 0 G () 3le) 551 (297480 5 &) JUi
o Sibterd Gl Sl 9y5e slresls 3509 wnli 5 (rizen
o Ll 4y S > B 5 05 48,5 LS5 > Ss oo
sl 35 oliile,S e s baplezsle Jshie gllas 5 coddl
il (2lgp 5 of slaosls pglaez 5l o jsbite (een 4
(YoVO-Y -2 0) allos 0,90 G 5o oliils,S o858 Sy gt
sgbate & Zul oo 5 pladlolile S e conldl b a4 S
stiges ol olaile S 0l )0 (gandye5 LS Ay Joo (et
S5l St aiged cpl 28513 I s (59 he Sjgos by
G g AllS lgreas o VIOXY ol 4 Cgiz 4 g, (sladeds SELI
b oo ol (o als )0 i YIA sio glas 5 oo #xF ol 4y 501
0,y S5 5 08,5 so haie aillS 4y S i e SO L LT !
by o pglome BB 5 ST (s (5 e Ll 20 1/OXY ola &,
009y b3l 5 )5 Lases b oo g jlonds 361 slo Jops S oo
Fragale gy Sl 400,88 Tolis )l gl ¥ S L
Jowe i a3 0 aS el SIS 4y Y el ool Ble )5
S 398 (ol (sl i S| S 2 ogas 13 00435 (r it
Lulyl g a8 S 8 giluand )90 it (5900 Sl uax
Jelo 9 i iz lacdle o 5l ()l 9 es a3 5l e

o s | e P 53 00 g3 lw s Joo =Yy guad

oo gl SIS jglra SEB1 50 4358y Sl ) Jaa

B les S o Hlg e s bay
[ONE T sl teolud & T sbs ol 4y & sle
szl e T JEt SR ol 1+ alied s (o)) &
o il V0 o sl V8 JEPRRE RV
S osliil b s 4Y
ol 4 ¢ylosaw duslo o 45 Slowus dwlo o 3 duslo Do g (Suze 455y (Moo pitd yali) Iy sle
Yoy
oo ¥ oo ¥ cwlis A Sy A d S & ylogw Fogiile & Cwlis & .
oo il 10 (puSilae ol
Cnlded 4y s y>T Caolies & Sl yoT a5 (09 id (o) )1y ale
. (o 89 2) W)l Yy
o ilw Ve yo il Ve o ilw b Cwlrs
1o o905l
4 (03 08 9l (1> Gale Cuold @y Sy JIo Caoloid 4y (g 3LudS (3
o, il B (T (@ s 58) Lo 1d o1s Fay
o oo ¥ s & o s ol
(@ 951 985) oo 290l (@ 9S> 985) (ol o9l | 4 Salige b ol s5luis
- (L510) b &Y

ol ¥ colrs 4

Fo Gl ¥ colrs 4

o il ¥ colis

l&

AR

RAg)

NI

&l JUsl e po
(W/m”.K)




Wgad 5 5 )l8lp 53 et gl digas () o Sloe anglie 5 Llos
598 SlwasS g 0w o8l jo ga e alS coansle ‘5-.&5
(olisle,S poes ;3 (g yom aldS ) )i (69,90 Aiged)

R ) 4.13‘)’ Y-y
(xS ez bsandygs glajgla S o LI iSTas a4 ols
25105 S 2L el ogzg b el 3y Sl canslin ()b g o
Ol s gl 5 (Ll i (550 4z 5 1) ()] Comdso 4y (gus 55
Qsly 02 5 S5 I o Ly oo (S blsl 5 @8l wlans b
i 1y Sy g y5l T el b 51, (g0 ypn (Al ok wd
o j5lo5 S
F @b 2She 4 e, jslaie 4
Sl (omnd 9l (091 mdds (6l el 10,65 5 (Sloag Connnl
A 5 (G ye3 AllS g (28l 0 (655 e Gy oS
P aE Gl Jow (g jlwand a5 Cond )b cpladl anils | olisls )57
g Gllae laz )31 - slaojl ;o 38l hans 4 Cond iliSe (Ll
2 S8y (6551 S8l s Gliee 5l ol gl a5 wps S aladl ()
@ azg bl 0050, 5 &L (F) Jloges 10 (55,00 sLlg; 51 G 2
8,0 50033k o i a5 Sl o (g o0 (V) Jloges 1o 95290 gl
a2 )0 Bl aygly 4 bgaye Jlo pgo ole (2l 50 00895 (555
S S Sz &5 A5 ol (18,513 0 b il oo 38l grla 4y S
0155 0 995 50 g y25 s Ayl 5 T g1 dsgl 90 a4y s
S5 ot S8l s Sl 6 T Sk (o Frelie 45 085 A
a ez Vs Osol aly g anle 22) Jlo 35w Jsab Jsb 5

Olgeds (gaud o allS oS ‘5’L>J 3laes
O G o dygly S oo

SiPI RIS D 4 S (b gl &S plaur (U 4
) s 8 (sliole 5 950 ol Lol it oo il 5 (6 s
(S35 o (GIaisS as00,5 oo 095 s S Sl L35 (Jlos oy oo
Gillae a5 Ll 5lanS oo dl sien 55 oy & a3
siale, )b el jelaie 4y (o )95 sladillS gz ol Slaal
3 ooy 8,Shac (olfs 5 5 9m Jlo S Sy oo 5o ezl
555 0 asalgs aoliial 8,50 5 ) L 5 Jpb
J3ad y it 6305 St (et p5late 0 o5 )l )3 (giluaned
Al oo Jlo o

sgbie 4 AllS 4l Joe gilwad 5l Jolo gl (V) Jloges 5o
Jsb )3 eoedys 3 S8l el a5 S S
305s] s 45 (s ol 0035, il olizile S s 5 b cglaolo
Jbo 2y Joad Jsb 50w js3 (6550 <l o aygly (n ol
wlo il & bgye Jloj 03l 15 (giluand )L (ol (pgo anle i)
Al o oalive BB (Y) logad yo o wlsas a8 S alowl Jlu g
SIS b Joe 5w pet (6550 <l (eSils (1) Jloges o
PSR W VLYt S-S RNURY NI RA
aS il o g oo ol b az g b aS el ongs F &l aid § 050
2 Sedyet 55l STas s pelaie 4y (g S i (b
OGS glaz o Ve i > oliile S el o Jlo pgo ole i
R T

o E&

Al (S35 e A (o) abiin g AT 00l (g5l dunis oo (S 52 —Y 1 guad

Incident Solar Radiation (kWh/m?)

R I I T

susaspaw
i93giigeigs
TH e MO8 ShANII e MW e AD M e AW e (MY e BRIA A e 1000

Ll L S VTV o tat

(b5l S 3lp ) 13 lo . Jlu solo 33 (6 F Cutr (ol 3 &S (gl 55 (55551 SB35 lwe =) 510903



AWl gl y0 Sl lie y0 olisle 57 s 10 (g 95 AllS
Ao o (i | (pgd oo (i) Jlw 0 Jguab 55 (5551
e by Gilidl @) AbS Job ax 2 () Joges 4 az g L
I o IS Ly (8L 53 (6531 Olee a0 9 gz g,
Job 30 55531 AW a8l el aids mlas (iolidl el Lol o
2 & Jobo 238 3l 5l e Sy sl 2 aalss s
5l 2 glys 1y s aitid Sl Bl se o 5 o,8Las
45 W55 e ol 0 dnslms b gludnds cilize glo cl>

OHles § (swdie (Gagodene

VF) e @) 0)lals @YY 050 ¢ (55l yoeis 9 (5xkomo — Ly (s i &y 225

alds olel Y -Y
O 5 9 651 Bl s e o SRS (2 4 Job S
slalsds b o lpls S e Wl 1y sagee 285 o555
15,95 3 (glotng Casl | Q'l Sy cwlin polie plais! gunis o>
22 0) WS Jobo (@) (022 )50 4 () g 0 ST
Jsb il 156 Gle) Jloges il slbls glis ) (h) 5 alsls

Incident Solar Radiation (kWh/m?)

SEEEEERRER

wes

wese
We2s
W
WS
wen

View
weas
veror
wers
W

g wies
wees
wess
wese
wes
s
wers

e Al - Al Doy

[
e
15
“we
ERS
£
s
tas
s
s
s
vl
Ews
e
(22a)
Ewe
e
Eant

(besipl 310 ) 35 Sl pgd anlo iy 33 (5 35 e ol y3 SRS (G0l 95 (551 <330 lo =Y 513905

AR @R K

Iy O L

B! s 43 S 0l (6 3w donls illids il gllg) -V prgad

Incident Solar Radiation (kWh/m?®)

°
j‘f‘f#@‘*@##vi#é

Mehr —— Aban — Azar Day

.
& F ¥ #’8’#¢¥0#¢J’¥¢8¢*"j

——Bahman —— Estand —=—Average

(b sl 31 31 59) 83 lo it cplh o (5lilg) (bl LIS G yo5 (5551 8l 53 ol —Y log08



AR

Wyl 5 )l Bl ol sludnd dgas ()l 5 Slas anslie § Jlos

2955 (SLeadsS 5 3y waldl 5 (gut o3 WS sudansla (Bl

(olilo, Sy 3 (gl yo5 AlldS ()] )63 s 50 Aigad)
oo I3l a9 AAIS (008 5 (B0l 0 aid s
o Al gl 1) (65 oy 45 i 4y 9 A e Lol
WS gl calio Gos & jao cpl jo il oo (Bb ol WS e
O s o 1 ] o, 453 s o 5y sl (Smn Sl
0 alaly ol jo a5 (cot (o) =b/h) 3,8 iy i Djp0 ol @ )
OOt & 4255 b g oo 4250 B i oot gl lon
GllS 5 e a0l a8 (b) w5 ooy Jils ¢ 8l elas )|
ol sl 8 by o 55 oLilo,S ygds 10 sk yo5

(w) ):}S’)’; 0)‘& Y-y

ooz 5,k 5l balsds o 6550 AW e o idan

duol)&wjui.d)‘..\.&a Q.g“ Yw .\,_elsa dLa.»‘ (dias) );\5)95
Caoglie L1 Laai s a8 caul bl cnl 4 gadge cpl ol ;S0
Jedo o laz pl pimman 5 a3 )ls (65,3 ol 1l o oS
o el 3 Jgad )0 iyt (655 et 2Bl 4 5lS
shls sloo oty wies co JoSis |y asldS > )l mhas 5l g0l
Ll 51L&y Sl e o cam 4o 0,la S5 g Blad gladaiceds
Slas gloo oz pl Wilgs oo braid &)l > Jlaul o o mals
O ojle Jaw allE o o)l > Jobs Hhas 5l ogllas o>l a4 )

ebie e oz oo b s ol (o e (F) Jsgas o
ol S ol €5 280 g 5551 B0l 5 2,0 (il fogas
25 S 56 (o Moz B Jsb) Gialil jlade (pl a5 coul ga.050
@ a8 Job il b Wl cwly salgss albdS Sl oSS
Jro (5eile Jﬁ-“>=r.’.} 4 ke Syl Jloged 2o ez Sl e (e
3l el 5226 Loy e G Sl U (e 0 iz po 035 0
4 Ol o8 Cnl i 098 oo (gaino LS5 Sy 4 e Zad Jobo
VPRI O -gec W P SRETC Y NANPN P JOE
WS 5 (65,51 2l o 55 (oS Wil ad o531 BT 50 58
Aol axsls g e

Sl 3 Skae yo (0) Bl (o0 I3l b oy sl
(b) gladye by 2l Sz o, e oz Jsb 4 AllS G
Gl 00 (53] dd () prgead Gollao (B+).0) g (b+)) «(b++.0)
Qb e oalie LB () Jloges yo o) gl a5

ailes WS 5,0 (Ial8I L aS 09d o ounlive () Jloged o
aiz oo Gl 5 BT g 28l e <ol sl (a5
255 B 55 U 3,25 o 50 5505 iy a3l ol
OeSils Loz 5 50 Jlae OBl sl Las o lgem a5 ol () loges oyl
e (0) Ul o 550 alols (ol g o)l 1,8 (65,5 BT g il o
ot I3 A5 ol s 1) £3dm ol il oo ot B

SIS 255 slal -F g

Window Heat Gain/Loss (kWh/m?)

¢ 8§ F B E 8§ %8 §

o

IMetre 2Metre 3Metre SMetre SMetrs SMete TMetrs 3 Metrs  SMetre 10 Metre

- Window Heat Gain

Linear [S1Dev)

—— Window Heat Lose S
Average Unear {(Window Heat Gain
Uneor (Average)

Unear | Window Heat Loss

(ol 1331 ) 55l gnl 95 (5531 B30Ty il 53 53 WAL Job (Rals 5 fal3 5l Jloges —F loges



WOl go S e 10 5 Sl o Gy aSl 08 e el oo
S5 S 055 o0 ) 093 Ll 1 5pS yo AlBIS sles Ll
3 3o ABS sled 1y s a8 w8l o sl (F) >y o0l cals
=S s A5 sles (C) yBislacdl> o ail o cd> ron
a5 Gl S5 ol Sl 990 ol &S Al o (A) > 5l s
Ao WlgS oo Jyg0 yo hadd bai il o LS WS Y il eslanl
oolatwl o )lags (slaaiis oyt 5l aS WS sbml 1, Jod LB
asad gl o lazass a5l eolaiwl el oy peaslin 10 05
ool fa sloo ¥ 42ty ol Y 55 JonSoS 43 b ool ?
Y0 (055),D) 55 38 lead g e Jue VW o o g0 albl
! slels o0 5l o sleaia b agias ol 5l Al e s
ooz 5o (slaai i sl oolaul I adl god Jglace lace (golazdl
By dlez (6 5 cwwlio sl
(Wl Ol yo> BW 1 g S ol>) 55 G2le H-Y

Jsb ) 9edye> (5550 99,9 Jele aSiul 9525 b glaied zslans
JB ooy ze> celoly o)l Jil o po s 4 sl o 59,

05l G il go s Jsb y0 0 4 7y 4 (65, onl 5l slazgs
5 oslii aildS glaains b 5ol BT als ¢l e

OHles § (swdie (Gagodene

\Y

V) e @) 0 )e i @YY 0,00 @ (g5l peed g 5rlomo — Lo j slayi 4 o

bvo,ziy 3l Glgi oo AT jo SBlat slwo a3 ) Shas 59242 yolare
a5 0,5 solatul ® S o sloains b olee iy 5 g 0jlax g0
o A0 g 0dds oy 0 Oyl sl co o relS cel
gy Sl 40 gl gl g co LS o (6551 BT als
A 5D Gedye AlRIE s (asel) Blak slee laxr pgas o
S () Jgaz 5 o] @l 5 0ud (il ;5 slacdl olasle,S
(A CI>) (6 yn duo & 00l s b 0 oS5 0 iy il 0035
J2 5l eSS Y glils e Jo £ Al b oojlas ST oy
iS5 Y (el)ls o oo & aiens o a5 0,20y «(B 2Jl)
o dun T g f ool aieds b oazgo o i ((C 2dl>) o
AY L e Lo il o )5 4Y) ojlazgs oyt (D cl>)
VYoo lazgs alold b ool yie Joo ¥ais o I3 Y o JouS oS
ohazss oy (B cdo) (55, 55 55 sl ey 5 e lee
Sl ¥ s S Y osls o ua atar iz 5 4Y)
i3 5 Sleads g e Jue WWojlazgs Aol b LS oS aY L
F ) (o85,h
G Sl eascals 5 oudidly ;s (55,5 allyy) (uSlee (V) Jgor
285 was e i (pgs anlo il Jlo 0y Jgad o 1) 0yt
Sl A) o yo &l BTy it 958 o0 oanline o—l ool

<

(b

[b+- a)

(b+1.a)

(G571 3810 ) i3 lo . 1381 gl yd lool pp ABS (o 36 0 2 guai

Total Heat Gain/Loss (KkWh/m?)

500
2000
e
e
1300 —
1000
- g
00 /
°
8 B+05 B+l B+lS
—— StDev Average —— Total Heat Gain
= Total Heat loss Lnesr (Average) Linesr | Total Heat Gain
Unesr | Total Heat Loss Linesr ($tDev)

(ol 1331 ) 35 sl 05 (5531 BT 9 2l 30 50 WAIS 556 Sialj8l il slogmi -0 lages



go3 9 5,138l 5 oad g3l Aiges )l o Slos duslio g Judow
9545 (GLansS g 0 @il )3 (gand e WS sadanle 8l
(olzile ;S 54l 53 (gl o3 AL ()15, 50 4igd)
S sl (S Akt )5 Ol 398 e )0 a5 jsbles
a8 00 Dgau ] gly 40 olisle,S 4l 10 (s yg5 Al Chbiw
G5l 8y (pytien 8Ly Gl e G0l g 06 oo
clealdélans 1o .0l oo 38l Cosaz ;0 O aygly e gaud 5>
e o gl Sl oS 5 G ol S 4 S (gl s gl
Jdo 09l o plowl AlS (6 lans 8 Sloe o 4y iy Sl
G5 0 (s0ges (5 Ao jleoliiul sblse 5] 5> 5, Shas
o Ll catiu elas )| tolidl alawly 4y o oLad (501 ili8l @ lgs o
FHES(y Lg]mUé 6)l§}b“ SOges L.;L(bo).?nl.é }‘ oolazuwl QJJ).g aj)l.c .a)S
A2 o il lensle gla ise Kool
s (A) S ol asuie (L) pgeas 0 a5 jgb i les
piodion i oligS gl s 4y Lol esjlo Ty aigy ot La sy Jobo
Ll 4 B) Y .oinlces bSLu (gl oolasal b3 Q—l slcend
Loasad ol cpyieS Wlojlo ) psllas cuxsg (g loxe o, Sles
Sl 3 See b hnd el g9d90 (nl 45 3l ], A gl
O Seas ai> 93,0 owlio S yg0 4 (C) S Ll Al oo allS

Wgod jlodlistnl b 6,138 ¥ (g sl (o Lkl Y
S y 9 AillS ol ais Lw

ity Joo " it o ol (s Sz 45 L
Obieblgoliils ;S 5 j0 (g y9= AilxdS (5138l oo g 5Luannis

29955 50 )8 055 ooy b plie o a8 el S e 3ile
595 sk o ke ol a5 il 50,8 Bdo 1y 0l s o0 59, Jsbo
Jsbo s 6l (5 0 Shee 3 iz 23l B et s
Ol (l 99 oo el s pln p0 a5 S e Bl o)l )
slad 4 ol Job o ) sty le)S a5 wes o AlS 4 |
Sl WS (512 o )Shoe e sl (rl by S Jie gl
O & sy Sl oS xSl b Jsb o ol &yl
ooz gl 5l Gile b an o luarcd (Bile el 6l ool
S askate cnl gl cd)F plonl adds Jazgs (o g ojlax S0 g
ard by e ile O Culs & aled vl S Bile aY S
ssbie & (kg/m’) V- JBs o (WmPK) +/-¥F 5 )f> sl
5 (o VB pbjlan 0 cole s )5 5 S 5l (5> s )8 &le
s 0)laz g0 ol (5> Bale) Blad (LS w5l (rizren
a5 Gl 00 ool aiiling oo |y duinds prlans a5 (a3l & ja0 4)
45)9wa ,o)l[xfso u,‘,..Lo.’ &) glwans Q.ll @L..; ) Jou
fe5eS S S e Sl 3 855 e sanlia () Sy 0
o) S5 W op i )5 Sl ) Gale Sl o 5 (65,1 S
Oezad «Zuild qulys 1) () Bale A8 5l eolatul pac
S 3 0 laz 90yl () > 83le) Blads (L3 idgy 5l eslasul

0,5 salss ol (6 5o (55,5 S 398 2, 90 4

G y 95 AllS 6 sloxo WMo -

(odbesip )31 ) 15 lo LS )35 555 0l cilizio GJl> 55 y3lomo GUT 5 LS (glos 5 (55,5 ST 5 <l o &iljgy uSilio =Y Jgur

(C LS slos usileo (C°) &LalS H3lno 3UT slos uiileo (KWh/m?) oais 331 53,51 (KWh/m?) saisedl ,s 5550 el
YFIY Ya/v ASAIY VAYA/S A
YFIB YAIA INA1L% VFFYIA B
YRIY Yy VY \OYF/D C
Yo/ YF/A #4010 1048/Y D
Yo/ Yvis FYa/Q WOeIA E
YFIA ra/a 10 way F

(siml 515810 ) sl .6 B le Clizo glacdls jo GlalS aills (g5 51 ST w0 -Y Jous

(KWh/m?) e Jeb 53 oaisdS1 555! XTI
bAA/¥ Sl @l jleoliiwl o

YYYiv Jolo 51 Syl @ale 3l ool
YOF/NA o3lazr g5 cle (5l y> Bale) Bl wlid 31 oolicius!

YRVIYA T 3 syl dsle 3l oolisl

o oo oot
§ 7] 71
\ 180 \ 150 4
Fagily ' agila ]
r'. — I 1

(Al (L iy

ALS 6 lozo Wlasdo —F pguad



S y93 edine (Rl (Sl Sl gl i jslaie 4y g 0ol el
5 ) 3 (3l daleb s VL ol (53, 5
&leoaoﬁoomlj%p(;ﬁsﬁb ) Cwles
gz 4z 00 Sigaysl Ayl el & Cund y3S e i plol ||
odbaisly digai (i ,> g (WWAA (Lox3ly) (ax )0 V4) )¢
Gdyg> G gl it Sl oo p sl ol slaal o
Cewl 53 LLe 00 5 pladl (oaud g jlwads aigy Jow (Wbl )
099252 U s s oadiaidlo diges 6318 sl Jdg  (s3ll b Sl
Lol 485 )3 Dyt 390

00655 (asldl ) lsp 5 T (glaools a5 L
90 lod I Maih o el Dyg0 4y g liSla s )
el S LS 85 18 om0 550 (Ssle D50 4y i ladigal
Sl i Sloj o3l 0 (Sopm Sl (n e 5 i &S
a8 olwaz w0 WA G VAT L oy cdgaad S & s
plol 4 oo (g 5 S50 35 (oliile 57 ol5T olils cwliilge olSisl)
wasiina (F) Jgaz ;0 g daldl jo a8 jeblen 000,85 A5l iolesl
odbaisly diged (g0 eddiud (gled iy el onys F
ax 0 YYIY o] S9,0 led (530S 57 o5 il ax 0 £+ ailsds
Celosls &, Sl Uinles] Sheyesl yo ol 3 sl
ol ass L diged Sl i Lo 31 31 ol gy Lis dus Lio—F
0 g jlwdui digod 9

OHles § (swdie (Gagodene

VY

V) e @) 0 )lat @YY 095 @ (53l e 3 5xloro — L § sl yop 49 5

W ol (8ly aigas (59, 2 (e tales] plonil Sl e T b a0
sl aiges b s mllas agd 4y Sl 5050 (nl 4 Jga> sl
Bl gy ouli gl e oo (bl (G055 LS
Slamde (28,5518 3 b g jelaie e a0 S 3l Db o7
SN oSy ol RIS a8l diged (allinlesl 5 (22!
olal il g o azslos oo g lwdds AllS gy Jow glas |5 Jsbo
Jsoz 5 oadslwand dinge Joo Lally) (bl abogs o (slaojluil 5
dges pllas Clasein (0) Jouz 0 uized 30,5 dwlos (F)

Cawloays 5 aseive AilsdS oudasisle

6@)?“%0&4}5“4}9&5&)‘)" ’AM& > " .‘—‘“

WIS agy Je )P0 Sl (i el pslare @

WS 28ly diges Sl 5l e ol coliile S e 0 (g0 jo>
4y Oged pladl ally Ll 5 0 O (Jg)0 Sl Ghomies & S
230,55 Aigad (g, sled sosls cud jglate 4y g jslaie (e
9 (s Sag dos) SVLLS olSiss (3135 dy S (Bl Ll 2
SV olws Y aus 5 aladl el FA s s oy 49,0 50 (oo L
aS 00g el e sl Qg):v’&s 3 oiRgh ol o 0ads salazwl
Al oo ol,F il ax o I lgas slas oo b (8o ol
Sandg g SYLLS olfws g SoaBse 5 (goin)y0 Sl e (Cudo) g
Jbaie 44 das e (L cadaiBle Joe 0950 0 1, ol 65158
S8 eadandle digei 3550 1 Blae Sygo 4 S 0y ST elS

L G y g5 AllS ouldis L diged g o0 (g jlwdus dday Joo ojluil g bl —F Jgus

G gl

(Deg) i (m) gl (m) e (m)Jeb Aigod
O Y/A Yive 7 006 b dudls 4 guod
O +aY BAZS Y suiaisbw diges

(G y55 ALS ool i Lu diges llae Wlasin -0 Jguo

EEEN U sule 335595 05lax Al o2 9 dlao g9
- U yodse # (255 0)la) o jlazrgs adinls P
w2leST o . . . . . - O 3¥ed Judon . .
b g5 55 48,b 95 55 (2 eS| e 9 yhoskeo Vo il 9 (2515 oS o5 @Y o sl s oo
P (05l 3905 ytoskun ¥ didunds U510 o i 7o
- Ceoldus 4 cundly 5,1 Y (o) oslaa F—
w2195 o e s O 3¥ed Judon R
) . L oo pdd pgd (515 0 lux g yiendeo Ve - ) e
ad,b g0 S5, o N Ve Canlis o golw
"’"&w ¢ o
- b yoabeo £ (o2, 0 luz) ojluzrgs adends L
(S RE R X - N . LR PUNCLIS) e
. . 48,k 95 55 (2 eS| o 9 sosken Vo puil 9 ()15 JomnS o5 Y o e
ad,b g0 Ky o ) R Fo il
(0olw wold yioudeo F aiiccls (AS10 0)lo
- b yoabeo £ (o255 0)laz) ojlaz g adends o s
201851 oz . . - N . O goVed Judg o
. ) 48,b 95 S35 (2 eS| ez 9 Foalne Vo ol 9 (21 Jom o5 4Y o 2 abe
ad,b g0 ) o o L o Slw
(eolw wgld yionkeo F adiocds 510 o)las
- Caoliud a4y Sy LI 4Y (2, o)lax C s
w1951 o e O Y9 Judgn .
] . Lo ydd pgd (A5 oyluzr 5 yioslso Ve - ) s
ad,b 90 Ky o . N Fo ol




VO

Higad 5 (5l o 3luterts dlged ()l o Kot dmslin 5 Jolos

2955 (FlansS g 0 oldl )5 (Gl )p3 WIS sadasle (Al

(olisle,S poes ;3 (g yom aldS ) )i (69,90 Aiged)
L oliise e g 4l 092y Layi (oa8ly Ll 5 158l 53 (2l
8ly bl s e lmenls 5l ool b Llsn g T s ags
Al 5 edge cul d,S SIS a5 jeblen 45 Wl Sy
Sl Salas calps m WS (rzmen 0B plonl G825
Lylps o 5 o jlailinl &jgoay a5 8le 5 )0 eul iy pui pllas
2 las (28l (S alie s 50 S e 2Rt
Lo e BB slx) sl a5 ol (6,500 Jole 55 (ABly o
a8 salss Sl Slislojl g (6 l38le 5 il 5| Jol>
Iy GG oo sllas) 380 5l 5 Sludl slallas gob50 oyl
o g S ol sielu (slos dslin () logad D505 a8lal by 5
5 (pgo el YY) yo lalos (jlod aglan (V) Jlogad ¢ (gl azeles YY)
G 20,6 5D Slose tolosT (pgus caclio YY) &) bogspa (A) jloges
00 (6 jldnds digad g al5lS caubaislu digad (oleuipm o)l 055 o
REXPP P ey

Celo A (b as cdl o ol oo 358 slojloges 4 azgi L

gl (P9 sled (Sle Dk Ny, (e e ol
@ S5 g pllen o eadadle wgel 5 oadigiluand
30,5 oaslice Jlawe iolesl pges sl Y0 Lol aijls S0,
oo 53 (53955 Slos Silee Dl i Wg (ogplen o8 e oS
ol ol aS b o e BB Ll Jas g0 oles BT L
pow el V¥ o oo slasl (539 9 OSbowo] oSl s @
les 5eSilos (8IS amsti 3 5 GangS 5 il s galS
g BB woadgiluad Joe 4 Cod sadaisle Joe Jgyo
P9y 3 Jde 93 sloosls (ot (1STy jloged raizmen 5 i)y
o u—‘ GLJ as .\io)f solazul SPSS)}.ZJ‘P)J )‘ oolaiwl b LIy )La—l
ol o2 liio ‘)Jlﬁ (ﬂ) )bs.o.b 9 (V) 9 (?) leb

azl a5 3¥le 5 il @l ad 503 4z 0 sliio 4y
S5 laisibotont & il bl oo B! a8l aiges o
Sl oiliiel alp ol ol 455, ol 3o a0
S92 3 p3Y Sl 485 D90 Gladelod )5 GioS (giluand
S & l38le 5 (gilwancs s OS] e (S ebbay e
oadplml (gilwans JLael e 00iS s Sl Cliolesl o
Gzl 30 (gilwands ot liel anlyd olol cpl 10 dales
Sy S adly aiges It )3 45 285 plol S50
Gl Al g Joo ileaned Sl Jols mls Goll
il sz fitel sl & 5 08 3l (5SS Gibike
Wgod SG oo 3l ealiial b (65 gl e (silwand
5o eadaSle diged Bilae 5 Gu8y Olasein b ool gjlwad
SV olis ol 3 L s 00 5 (g5l 33le 5 Jaxs
s il S sl el Oypon o glos sadiaisls digei
Wged (59,3 eSles (slod Lo 9 0033,5 iomiw 5 Cod aellVY
Sy 0395 Olod (Sl 525 b s ip Bl 5 g 0agsldned
O g odle i so 398 (slales anslie bl 00y T auilors
Jole g esibuand Jli8le 3 lags 18 55 90 (lwand el
o bl dged &y yiln 4z o) 00l giludned Joo Ll gons
2,5 S5
Sl Joe ilwand o oS S8 m &S ysboles
G5 St et agly (Joe slaoiladl 5 slal ) Sledlbl
HB By Llpd 4 o3 (o3 B e 4 lae i
6590 layell silwand ) Jol> gl )3 Ll gy (g yiuwo
Ol 3 il o e (Folos 4 il (S o3lail a5 ains 50 5
Allgi coaS 5 S o)Ll 3l ay 1> (glen 395 )50 4y g5 o0 dlo>
8 (5,503 e Jale 3 0 (gilutnns mlis o gz S 3
o g ol Sledlbl ail a8 50 be g jlwans zls jo Wilgh o
5 ol slaosls JalS sldail Sl a5 > gs anlgs soliwl 5,90

G5 b ST Sl ys gl S 52 9 (su j93 WS cubais Lu diged (3959 30 S YL olRws el CunBgog Gy )0 -V 19



\§

Q‘ )liw 9 WMo (SIgademe

VF) e @) 0)lals @YY 050 ¢ (55l yoeis 9 (5xkomo — Ly (s i &y 225

&

(cKip5T 5810 ) i Lo . oaBly digod 31 oot g )lwdunid Joo —A 1 guas

Zone Air Temperature (C°)

@ Exprimental Temperature

B Simulated Temperature

Aged (930 (slod duslio Hloges —F ,loged

.

Jol el YF 50 guuclj95 ailalS ool asis L diged b oud g 5bw

Zone Air Temperature (C°)

70
60
50
40
30
20
10

@ Exprimental Temperature

W Simulated Temperature

05

305 =V 410

S slod i 5o

905 (59

% &

Zone Air Temperature (C°)

@ Exprimental Temperature

M Simulated Temperature

090 el YF 50 (guulj98 aililS sulais b diges b ouds g 3lw

50

-A

ou 4Bl diged b oud (g 5lw Al diged (590 (slod duslio Hloges

pg el T 5o gandyos 43



g sa59ad 9 (5,l38le 5 0ad (gilwand diges )l o Ses aslio o il
OIrlis® g0 iged) 5948 (SLiwnsS 53 s wolBl )3 (G305 593 ailSS ol 4L
(il S 3 53 (50595 WIS

olsly
YV /vy
\Ve/Ae#

PSS 3815 3 ooliiuwll igei 90 Awogi Yol Wlaskinw Jguz —F Jgouz

e Gyl
VEIAA
W

FANAY
YEIAY

oSl oo Aiged
£EIV. /b 00 g Lol diged
e Y|y oabais L diged

-SpSS 315810 5 31 eoliswl b diged 98 5o Wyosls (slojl (Slglyd suoyo dwlio Jgua -V Jou

et lw aiges yo (Slglyd oo 00 3w danis diges 0 Silglyd o yo (C") s o3l
fVIY YFIV YooY
\2IY YYis Ye-¥fe
y/a /o oo
Va/f y/a Do
YIA \OIY Ve—pe
2 Linear = 0,915
70.00+
°&
) "o
0 00| o L=} ° a o
S £
5 s000-] 5 J g
2
2
o
40,007 o - e o &
% 0o’ %
30.00+ o 8 )
20.00 T d T T T T T
0.00 30.00 40.00 £0.00 60.00 70.00
Model2

(spss 3310 ) a5l oudais Lo g oud 6 jludund diges g0 ,0 Lroold b STy Hlogei - Hloges

B A o A9l (A2 53 VA0) (0)€ si> 4 10 00 gyl
Cot) aloles pululyy gy bl (B3] v 4 Cos 4z 0 O°)
a6l o)lazgs a5l eolaiul) ,35 9 o la «((50) =b/h
ool yio oo Faiiig o)l aY o S oS AVl e Lo ?
¥ 0 (55,0 s 8 lead s g e shee VY olazgs alslé b
g_,‘.e.,’> ).«.4‘51...4 B Coles L 6‘0»)).1 (_‘;‘)‘)", &l& g.,va; 9 (‘513‘»)
AlS aigy Joe lgreds wilgs oo (@l ol SN 5l (6,5 ol
Ol e aios Lol B 100 3 pns oliilo S e 0 (s 95
Sll (ipghy ol 10 aS Wiz e 0y dlg s 40 g 0,8
O go e Dlogyhe (kS g,y bl LS age Joe
50 50 418 58 y50 (gilwannds Jlitel Lo gl o el (ol g Colais 5
Qo lye 0 wiles oo bz ol Canl S8 LLS s valgs cuie
gy Joe 5l oolitad S oy grmen olaiagh sLaSdl,
A o Sleisle glalad il 5 )L hals o gud g5 allS

-

A .

o

-

0§l Joo coadplodl Sl Slioles] mliaagl

Jos olg oatiaslo digei 4y ared 60k 9 b (gud 55 IS
Sl yol cpl Kl diges g3 ool oz j1iSTy foges wyles oo
Loz ygal o cadaisle diged g 0dud g jlwdd dges slrools aS
RS0 b (598 Lo o (glalad , gl g ails 2SThy g S,
Joe & (g39i5 (glgn laiie ailes ) oo 4y sy oo Hlai 4 il e
boosls (6 50 5 and 5 gy ssngle Gkl oadasle
ARyl e sloosls 3 ondiags (anlil LB s 5 o
g5 Como 5o ewbul St Wl o (olisls S ol85g,8 Setgins
i Ol ol A5l 43l 358 3l 5 b (s jltns el
IRlep b Baiod (pl jo a5 8 90 (giluanls a5 L85 axs
bl Gl g wdlion Jls93 0 BT ltel 5 coo Sl Db g
ol oL, e ol ks 5 S 0055 tns Jao
ashh) e GRS ouz) bl giloaned o eadall] wlog he

ld Yol 5ol Cessay 4008 5 (28 5l (590 9 Ll
S oo alom 4zl (alab jgloay Slenie

Gy &S col adgl diges S (Portotype) calsasisle  sdly diges ¥

L oS g il g on il ()15 wig) Su Lol S5 3,5 ol

o gy Lol el oSy 4 ezl 5l 55y o 055 oo sl aigas Lyl

9 Llpl (0 Grizmen 09 00l Gy Buod B 0 Loy (s

Sy alys allas Sladbon wiejls geo9e (pl a5 il olisle S
Loude s
1. Green house Effect.
0910165 L 0,8 Yol (Deductive Reasoning) ol JYol.Y
L3 B 958 00 (I womy aisS nl yo iloo ooty (oulid Gl
bbb 3t il slegorma 3l (51908 9 4l jobods 4 45 095 03l
sobds azel aS el pme Sl owld Con il oo Censy bras )



S )5 i Eansl o oy Lo 5 e TV YAY ) 55 e oS

iwle)S o Slee cwyp IVA4) ey ()5 semme il ( DLS
(83,50 diged 10y olll sSs laleiSle )3 (ol o> slaalls
o)l V) 093 ¢ ke KMo LEgh— cole 225 (5 (Sl 4t
AOVVEY oo Y

B o M bt o lane VD) 8y e
bl S pid o545

g g7l g0l 7l 1 el (5 o tgpatomma ke
g Sl 2 (Seesole Jloged) ()l s sagaze s (1TAY)
6050 dallla) olsn 5 o (gloesks pr iine anldl l6 i litel 4
¥ ojlots B 0,98 il et ST oty oole 55 (oliilo S o ()
FYUED) ao

Esposti W., Meroni 1., Scamoni F., Tirloni P., Pollastro C &
Lacci R. (1990. ExperimentalAnalysis of the Energy Perfor-
mance of anAttached Sunspace, Energy and Buildings; No. 14.

Mottard Jean Michel & Fissore Adelqui. (2007). Thermal
Simulation of an Attached Sunspace and its Experimental Vali-
dation; Solar Energy; No. 81, pp 305-315.

Mihalakakou G & Ferrante A. (2000). Energy Conservation
and Potential of a Sunspace:Sensitivity Analysis, Energy Con-
version & Management, No. 41.

Mihalakakou G. (2002). On the Use of Sunspace for Space
Heating/Cooling in Europe, Renewable Energy, No. 26.

Oliveti G., De Simone M& Ruffolo S. (2008). Evaluation of
the Absorption Coefficient for Solar Radiation in Sunspaces and
WindowedRooms, Solar Energy, No. 82.

Taleghani, Mohammad, Tenpierik, Martin ,(2012). Dobbels-
teen Andy van den, The Effect of Different Transitional Spaces
on Thermal Comfort and Energy Consumption of Residential
Buildings, Faculty of Architecture, Delft University of Technol-
ogy, Delft, The Netherlands.

OHles § (swdie (Gagodene

YA

V) e @) 0 )e i @YY 0,00 @ (g5l peed g 5rlomo — Lo j slayi 4 o

g sl LT 2ol 1o oxw b ol (slavdiged g ool s lacgdgase
4. Mottard & Fissore.
5. Oliveti De Simone & Ruffolo.
6. DEROB-LTH. 7. Mihalakakou and Ferrante.
8. TRNSYS. 9. Esposti et al.
10. Talleghani. M Tenpierik & A Van Den Dobbelsteen.
11. Atrium. 12. EnergyPlus(V: 8.2).
Gl 6yl Y gama | il 1ol 15 L U (PTEE) o5 8 yslis N Y
a3 YYD g o) Wb L5 ,> emglin) Jalis (sloing olss sl ls a5
otbeons ol 5 sl s 358l 55 Ceaglion g ole (oS b
il e g
955 Slaitue oliws ;0 oo 44l; (Azimuth Angel) geu ;11 E
15. Low-e Glass (Low-emissivity Glass).
16. Validation.
plosl (A% olecuigus )l Y1) 2016 May 10 & )65 j0 ilejl ol VY
18. Datalogger (Lutron, Model:MHB-382SD (Humidity,Baro
& Temprature) (Accuracy: + 0.8 C°)
Sl 133l 5 50 0 s A8 (oaalBl ) (Slgm g ol (slmosls 19
leslgn laodls (g slaezr 3l (Dlisi N sy Cnl e
(Y- 0-Y-10) alluos Sloj o3l jo oliile,S olS5g,8 Sty gt oS!
ST 3l ooliial b (S5 (5351 o oo 5 438,50 L 5, §
i) 5 53 SNk S EPW S by s 5 (oS30
Ao cpl axlie Gisw £ o, 4 iien adlas ) ol odds bas
(o9 dxx> 10
SV olS alngy (o i o> Shis oSl & 2257 Y-
Je 0 YL claled o8y sl oo 0,8 il do > £+ iosis byl
bl o Jeie 0 odbdislu

&bo o b

ohlasl (ol wlare o (b 5k VAT eall (5 00
g olLsdls

Cansl g g0l jlunat (5 lano oly 0 il /YA 39020 0h92 3
e e o8l (s g0



4

Volume 27, No. 1, Spring 2022

Abstract of Research Article

DOI: 10.22059/JFAUP.2022.250112.671934

Analysis and Comparison of the Thermal Performance of Solar Greenhouse
(Simulated Model and Portotypic Model) in The Cold and Mountainous Climate of
The Country (Case Study: Iran, Solar Greenhouse in Kermanshah City)

Mohammad Mahdi Moghadasi”', Shahin Heidari’, Azadeh Shahcheraghi’

! Assistant Professor, Department of Architecture, Qasre Shirin Center, Islamic Azad University, Qasre Shirin, Tran.
?Professor, Department of Architectural Technology, School of Architecture, College of Fine Arts, Tehran University, Tehran, Iran.
3 Associate Professor, Department of Architecture, Faculty of Civil Engineering, Art and Architecture,

Science and Research Branch, Islamic Azad University, Tehran, Iran.
(Received: 16 Jan 2018, Accepted: 20 Apri 2022)

One of the ways to conserve energy is to use passive so-
lutions in buildings, Solar greenhouses are one of these
solutions. In this research, the optimal model of solar
greenhouse in Kermanshah city is determined. The main
goal of this research is to validate and verify the software
simulation using the construction and field testing of the
real model in order to determine the optimal model of the
solar greenhouse in Kermanshah city. In this research,
the concepts related to the efficiency of greenhouse ef-
fects are discussed. The method will be descriptive. The
selected simulation software of this research is Energy
Plus due to the numerical and comparative nature of the
research, and in the parts where the research examines the
optimal model of the solar greenhouse in Kermanshah,
using the above software. Analytical method. Since the
results of the studies are compared, the method is compar-
ative. Computer simulation of energy consumption in the
building is an analytical method and comparison with the
field observations through the construction and testing of
the actual greenhouse model is an experimental method.

In this research, using the Energy Plus software, while as-
suming some basic variables in the thermal performance
of the solar greenhouse, including (orientation, roof tilt
angle, dimensions, translucent window and heat loss), the
optimal state, by simulating the conditions different and
the comparison between them has been determined, in or-
der to be closer to the real conditions, the loading of the
climate file prepared from the hourly weather data of Ker-
manshah Airport meteorological station has been used in
the simulation software. Therefore, by assuming several
basic variables in the thermal performance of the green-
house, the optimal mode includes (190 degrees south-
west orientation), roof slope angle (50 degrees), dimen-
sions based on the equation (cot (500 ) = b/h), translucent
wall (6 mm glass with low external emissivity layer and 4
mm plain glass with 13 mm gap and neutral gas injection)
and installation of thermal insulation with a thickness of

50 mm) were determined by simulating different condi-
tions. In order to validate the simulation, compared to the
construction of the actual greenhouse sample, based on
the results of the initial simulation, the action and ther-
mal performance of the two simulated and constructed
samples were compared during a 72-hour field test, the
results show that Ali Although there is a difference in the
recorded internal temperatures of the two samples, espe-
cially during the third 24 hours (due to the phenomenon
of cloudy sky and local winds), the trend of their tem-
perature changes is synchronized and the analysis of de-
scriptive statistics and the linear distribution diagram of
the resulting data using From the SPSS software, it shows

a relatively strong distribution and linear relationship
around the regression line, which generally shows the ac-
curacy and validity of the software simulation.

The most important innovation aspect of this research is
the simultaneous use of software simulation methods and
its validation through real model construction and field
tests. which will provide sufficient confidence in the re-
search results.
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