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LOCATION: Sanandaj AP, KD, IRN
RADIATION RANGE Latitude/Longitude: 35247° North, 47 009° East, Time Zone from Greenwich 3
Data Source: ISD-TMYx 407470 WMO Station Number, Elevation 4521 ft |
LEGEND
DAILY TOTALS 5000
DAYLIT HOURS ONLY
RECORDED HIGH - 4500
MEAN - H
RECORDED LOW - 4000
3500
RECORDED:
1 DIRECT NORMAL
1 GLOBAL HORIZONTAL €D
[ TOTAL SURFACE -
2500 [=h=] il U
{Btu'sq.ft per day) E l:] I:l H H H
Tilted Surface Radiation Input: 1500 H H HHHH
0.0 | Tilt degrees from Horizontal H-H
(Vertical = 90%) 1000
0.0 | Bearing degrees from South
(South = 0°,West = +30)
20.0 | % Ground Reflectance 4D M
(20% = grass)
a L
PLOT: Jan Feh Mar Apr May Jun Jul Augy Sep Oct Mow Dec Annual
Hourly Avg @ Daily Total
Hit ENTER to replot if you change Tilted Surface Radiation parameters.
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File Critevia Cherts Help

LOCATION: Sananda AP, KD, IRN
WEATHER DATA SUMMARY Latitude/Longitude: 35 247° North, 47.000° East. Time Zone from Greenwich 3

Data Source: ISD-TMYx 407470 WO Station Number, Elevation 1378 m
MOMNTHLY MEANS JAN FEB AR APR MAY JUN JUL Al SEP ocT HOV DEC
Glotal Horiz Radiation (Awg Hourly) Hi 437 £ 604 &3 <4 623 50 M2 ;0 k) 363 whisq.m
Direct Normal Radiation {(Avg Hourly) ] 52 3 L 540 574 545 &4 25 534 74 500 |Whisa.m
Diffuse Radiation (Avg Hourty) 130 175 185 |1 210 178 ) 174 157 5 147 140 Whisg.m
Global Hofiz Radiation (Max Howrly) 630 753 7 885 10 1020 01 W6 913 a1 &34 543 Whisg.m
Direct Normal Radiation {Max Howrty] i 5k} B53 faad a53 847 343 B4z B a56 853 & 829 |Whisg.m
Diftuse Radiation (Max Hoarty) B3 A (1] as a4 Bad a4 856 131 & B2 Whisqm
Global Horz Radiation (Awg Daily Total) n» ;37 5432 E717 3572 809l &S 260 &150 L F. iz 1 |whisq.m
Direct Hormal Radiation {(Avg Daily Total) a2 | =77 | e | &84l 63 | 7023 | Ti40 | Es7 | 5EW aa7 3T Whisgm
Diffuse Radiation (Avg Daily Total) 1087 32 1889 265 2554 2337 37 008 1706 410 1308 107 | Whisq.m
Global Horiz umination (A Hourky) 42 | SOSI 64536 | 2091 | FEI1S0 PHS60 | T4SIT MBS GSBAD | GIO0 | 40532 | 41885 i
Direct Hormal llumination [Avg Hourky) 35383 | 38502 | 41303 | 43060 | 4ISE4 41008 40054 MTTI | 43302 | 4343 | 3134 3073 ks
Dry Bulb Temperature {Avg Momthly) 3 7 2 12 b2 = - -1 I 7 7 degessC
Desw Poind Temgerabure (Avg Monthly) % -3 -2 1 1 4 3 2 L] 1 degres C
Reative Humadity [Avg Monthiy) 8 5 5 52 % F=1 25 = n » ] M percent
vind Directon (Mosthily Mode) 180 =0 150 180 120 o a 150 180 =0 180 180 degress
Wiind Spead (Avg Monthiy) 2 2 2 2 2 1 1 s
Ground Temperature (Avg Menthly of 3 Depths) 6 5 7 12 17 n 5 1 9 14 W degesEc

Eeach. L)
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LOCATION: Sanandaj AP, KD, IRN
TEMPERATURE RANGE Latitude/Longitude: 35 247" North, 47 009° East Time Zone from Greenwich 3
Data Source: ISD-TMYx 407470 WMO Stabion Number, Elevation 1378 m
LEGEND
- e ’
" 1 1 1 { H -
RECORDED HIGH . o 2
DESIGN HIGH - an + - 1 { o —
AVERAGE HIGH - R =111
MEAN - P - I |-
AVERAGE LOW - | | r | | | | |
DESIGH LOW - 20 . (1 (i Ry . H H
RECORDEDLOWY - o F
COMFOST ZONE - M m m A =
L]

j LI

TEMPERATLRE RANGE!

& 0w0C Apr May  Jm i A Sep  Oc  Nov  Dec oot
Fitto Cata
okl Ralicxte)
|}
oS MW )l)Sl'D)J » alisks L_SL&:D[A 2 Lo> wiJL.n -y )l)w
1 .
Psychrometric Chart T wf ol S| S| T
Sanandaj AP_KD_IRHM o
L JAN 1:00 - 31 DEC 24:00 =
0375 ;{,‘
o
™, 7
% @
&
iz g
E
E z
0715
oIl

operatne i atu“r? g :
m S e 5 > it e (sl o) Sl Y g

el lol oyl HLas) 13 b g odds ags yeeualpl 585 lwgs 8 TmyCreator ab 4 ¢)l38le 5 51 ookl b esliwl 3,50 ool o1
ol SleMbl cla bl ags oS 5 58l cpl i liel L0055 sl i s Sebgiw oKiw] Slga g Ol (slaedls
u‘).Q‘J ).Q(w dl)a ™Y w‘lﬁl dl.m:.)].) AJJ?J > LS‘“’9) C)'Lol o 9 (\\"ﬂY 9% M‘f‘ ;LSJLQ.MS) u‘)JI e dlﬁs).@(w dl)) T™MY?2
Colw 50 g 0dd s tmy2 o8l claodls I3l 5 pl lawgi lyl who b & (gl Cpived 0dd powl (WA (i yxo ¢jg) udlpol)
Gl Hliel glyls 39390 (codBl LB oll s oss plos] Gluwle (pl plo Cusl sduwy s G ITMY lgie cos w655

o3l 3y50 pdlas g Clus 0gud Jai 3l Ly 350 diges ASL] 4 da g L Gomw yoi WIS wyye 3590 (B0 Oiloudyd
Wil a1y (gandyes S slodl bl lal 5 uSlle Jlais jl g 0dg gk s puolre (6)lome Sleidle Joliie slaaisS ;5 b
& Gl miyoyio Voo LB nae Colue 4 5o ¥ S U oS gld)l 5 moyeyio Fird ol 9 SoSime (6)5 L (SEUT Slos 438 1Y
i Al bib g 039 )3 Gl (LS slalsd & Cusl 4B S 5 T i A 53 T el g )y 3y90 Sl L (SIS
Slciomd bt g S g Blibl 15 aS Cowl @pegio Yox Ve SoSume doly G o 8B o (gilwdns BT cul 438595 0)las (gl
9 S5 gy bl .cwl bliyl o )8 glad L aldS 5 gaiyed aldS b ogin dps p0 laad 1) 5 00 byl 0 S0 J5b
(¥ JSS) ol 0as 5481 xye o Y ). slel 4 (gloyoxis b Oi 9l 3L1

o Slallhao

-
oona

VFo o Gl /o2 Jo /iy o 0 )loud  ylas

—
-



https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

e Ol o

-
“ﬂi

VFo o Gl /o2 Jho /iy o 8)lod  ylas

—
—

(Zasiw j2d 353,90 axllan) (121 3 powr oaldl  SgSummo S ylaid lw 13 (65,51 3, Sdos 3 (Ko (G j 98 SIS Ay 0ol

an 50 Syt AL oAl (gl and Jae —F ISS

0l (gl dds Jdo Clasudio =V Joi>

iy a4y

i)
Ve grlule pale ¥ el gl el N pl Dl G e Ble Y S g el Ve
dwlo Mo o b )
vy Olos dwle Mo yio il ¥ o by Ble pasle ) (Sl Bile el 0
Olos
Ayl
¥y i Sob g ol Ve (Jle Sob e Bl Ve (Sl Bile el 0 -
(cr o5 Ladlona)
o g Culid) Gyl Bl
Vgl cd A Bl do 5 Gt yo il VO
¥ a4y ? g VRl 70 S i el O
olys 4 Gile Ble geb b Ssh
(48,5 )13 oy )90 Jhre
(51 4Y) day S 5 &5 el ¥ . Sy a8 el ¥ S Selp yro b ¥
o il cops 9 Sl bl i
ol Jl s 2oz e o e A -¥vY -4
W/m°K Py
Sl de A yo )3 (Sl ) AL (o )lne —F g
esio s b S b )bno
Y V& gl X- g & )35 ,95 isu deoyd
N Sre) sloil 3 e JIY S5 Job
I Cio 10 slaojl 5 o ¥ I/ AbdS o ye
R Ve ol 3 358 5 0 4 o |l S5 e
W iy S oy bl (b B)g (b
Gadod cbraidly

SIS (e gt s ) 9 Cond s il an g el (Brdog jlandyes (e Jsb 3 e 0Sas 1 15 SRR
Sl BB i e o g A 59 (S35 SIS ilien (slog S didgd o 5 Al (3l & 4257 b
3y Ses BLod jlodjly p it 4 (2litod sl (8)5 )13 gy 3550 il ddyod (551 Sl Cap sl yob SIS (655,18
€38 plosl 5 5 0y s 4 gz a2 )0 (gl )3 (Sl (s pSCan At lj (0] Cuwd 4 5 BB iilo S
Lls p55 Jad )3 1) G yiaS g boju Jad 3 1) (g yss (5551 ©8L)d i ooy 4 (i Jaid g0 Baa 4y olitod sl (B USU3)
Ry By g oy 4y S35 (sblgs pyS Juad 4D 4 ges odalie g3 o (¥ lge) sl Cunds H3g05 a1V sl cnlio enl


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

7o Al (A as b

b Gua 4 asg b as il o 3l Cgin a4 605 (blgs 50 yol cpl dpw Juad o Lol st )la 1) 8L y> (sudyed (6550 oyliee
lid Caa 8 b ) G a3 Ve 0l g (ot e Cnlpll ol D Juad 5 (iole)S 3 Slas Il (o 93 (gL
ol canlio i pl 4y

Grd @ 0l s arer p 0ad Giloand sl Jae SiS 2 - 0 S

Sy 55 SIS (6,5 )1 5 g ol el 3 (6551 Sl Kl

14

12 e S ———————

10 / . - < \

kWh/m2 3,3 ¢l s ¢pila

o N B OO

«¢ °10 °20 °30 °40 °50 °60 °70 °80 <« °100 °110 °120 °130 °140 °150 °160 °170 G
43 a5 o8 g

e (W /M2 Dl IS0 55530 il g 800 KWh/m2 3 sleale )2 (550 @iy ) (K ba

KWh/m2 a X sleale [ (55 5l il ja (185he
AoesS N3le s 55 Sl £33 9 55 sloole )3 (gandyss (555l €8l )y (ke =T Jl3g03

oz 6y slajlime @ Aty Cilises (glaole )3 (8L > (Ghdysd (5551 CIa e €S 1B (g 2j90 &5 (603 Sl Jse
B 58 (yp 390 sl 4 ladied aw G 5 (il Bile g g Sl (sl LIS dwrin

cstale)S 3, 8kos 53 IS clajlone S (Ko iStmdep SIS 3 (2B Jlaa p0S @ 435590 e S 9 0255 b
o o] (6 jladans 55 nl Canet] Blo (snyss (5lih i camlio slal 55,5 15 )5 plplty sl ] Autin gu i 4155
P Lodel Cusd 4 s & (EF 15 ) 3590 oSV S5 008l Lasgs lojen )5 )58 o 2oy 5 3ye (Jib slime A
S oy Jle yobo 4. 285 8 (awyp 3)90 A g ¥ F slalage > bl job ) Jlae 2 9 8 190 )3 Jlime dw a5 s
S b aw )3 ,38,55 lue a5 (gyie /0 slooil 3 g o ¥ /D ) il (slagas g 5ol bl gy A Jobo
5 bsb plo Cap - 35y siedyss 55l ol i Llod 51 ) s sl cilise clls WA Legeoma m 5+ 5 70
85 B sy 3390 038 S (gl puica plas cilizie clo e Legane 135 4 41595 s (slacinnd 5 ages

o Slallhao

-
“ii

VFo o Gl /o2 Jo /iy o 0 )loud  ylas

—
—



https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

(s s 263550 andllne) (ol s3] 53w AlB]  ToSmo (gL yloid w53 (6551 3,Slos o Kiao (Guhunti joi IS ding g )l

160
140
X
)
2 120
3
=, 100
any
s 80
1%
5 60
£
= 40
E
=
20
0

o Slallhao

-
“Hi

VFo o Gl /o2 Jho /iy o 8)lod  ylas

Wb o iol3al 5

298 4 gl e s Gl 5 2 5 Jsb i el g g 95 (551 Sl s Ol g

ALLLEL 1 UL LAR N k !
o\°\o\° \"a\°.=\°o\°o\°o\?oo\°°o\°o\°c\’o\°o\°o\‘?o\°o\’n\°b\°o‘o\°o\’o\’o\°
%_@_. 22288 o 228898888888 8888

SRS RS MRS < <r<r<t<r<r<t<r<r<r<rrl SRS MRS

12223334445551112223334445551112 2333444555111222333444555111222333444555111222333444555

51111111111 ﬂm 11%%1’4&%%9977777777777777m 33333333333333

S yg> SIS )3 05 4,05 )98 s Cad 5 1250 (Jgb ki olsl (30895 (551 <8l lie =0 Hlage

kWh/m? by gaiyos 5550 ojee

5 8Ly (il oliee 1l (il58l Cgin ay o) prdaw AlST ol (1581 b aS D405 sdmliie (g o jlages )
b Wl el yoh (o3Pl cdlyd il (e O L plp) 0ad (g Job Sl (gl & Jlo > sudyob SISl

Ll o.))'l.g

Gt 3l i e 8585 b s 130

1 2 3 4 5
M Gy (gl y SIS Jsbo

e KW/ M2 Lo JS )3 (souyo (550 by olime
e KW/ M2 5 sloale )3 (ciuidyos (550 €dlyd e

===kWh/m2 ¢35 (slealo > (52,5 (535 <> e

Sedygs A Job yis ol 3 sloole )3 (g0dygn (28155 (55l Gliee = Jloges

S9%) Jlages (g 53 dge3 oanliie 1y (andyg (55 by (e 3 (sadygd S Bos (il 5B gy e Vg
yieS e ¥ Ges &S (gysb a4ty (sludyed (50l €L o wSe Pl e YO G i alS Bee ]38l 48 00,8 e iy

EV /0 Jold) polie plo 4 Cand (SN BWSI L osel Cawnds ol I Jols Hlaged a1 dogi b casls dnles 1y (o550 <l oliee

1

Iy |y ey (6551 e o33l i yio Vg o /0 Ges (Y 1/0


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

Bos i bl gduddygd (g5l €l e

400
e}

A 300

=, E 200

S —

3’«& 2 100 \
%

> 0

2 0.5 1 15 2 2.5 3

===kWh/m2 Jl J > 8L 55l i
e KW/ M2 5 slole 3 65550 cdbyd olee
kWh/m2 £S5 slhale yd (gl cdlyd i

b g A Gas pusd wlol p s yod (5 c8byd (ljse =Y loges

Lo Sl 4y dagi L )3 ) I8 )58 plas s oguad )3 3Gt yoi AIBIS (o 518 0,0 )3 4uS 4y 135 90 b Comud
Te cybly Lo 0303 s V¥ jldges p3 48 sel Cewsss (slmodld o 8,3 51,8 oy yg0 /5 5 e ¥ il ply 0 4 405,46
a3 6 5 0390 Jos Fiml oy wiles s il Gl g <y |y (gipl €8l e Gl gnd &) G H3S )55 e

Al 4Bl Wilg¥ ed (g yo> (53]

235,595l o ps i bl g 3w sleale )3 cudd o3 (656l il

o) Gy Gy LS g dpes Hled 5o 505 4 )38, e

3. 800
Es)

2, 600

fg‘ e & -

=, 400 e 3 —

\E)\ < s - -— - - . el = »
-4, 200 >
5o

t 40% 50% 60%
=

E

kWh/m2 »5 cleale )5 andyss (6551 c8by ie
—kWh/mZ Sy slople )3 (gudye> d))" céby u‘).m

=—=kWh/m2 Jls JS ;s ey 55 by ol
S ygd A ()18 apn (3 087 4 LIS 59 e Cand ool (gl g5 (651 €L (e —A Jlaged
Syl BNl o pS gl (plplo cwimd o S5 ) (a0 yo5 SIS ()1 Jhis 15 Blbl el lgd 13595 s I e Sl 4 a5l

3B oo D390 55 Syt OIS 25 ()8 (slayld 3 ilizee Syl slagle 18T I blei e 5905 oyl ool 5
oY

o Slallhao

-
“Hi

VFo o Gl /o2 Jo /iy o 0 )loud  ylas

—
.1



https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

o Slallhao

-
“Hi

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

Yfeo UMU/W'%"JL"/WSUM’ b)l.w.:} )Lh”

!

(g e 53590 anllbnn) (3l 2! 3 pow Bl SoSummo (S GLE L 4> (5551 3,5 1 (Hiao Guipnd 9 AL it o2 yl>

P35 (o 59y Jgo 3 5 0D s & ul 3529 b o lsed 3 BN (Gaund o5 A ()US (5balgns (Il saimle
i JES] gy 4 bod (el 4 deg b s Jobo 10 1) (650 ) gyl sl oo Sigut g le Gyl Bl jl cuslio g6 4 & )50
ool by &S Sygu0 50 bl 5o bajlesd 3yl 5l o)l M1 zals 5 Wil o yless 45 exlitwl 3)yse ()l Bole Cuolous g go5 oyl pls
iz 3 A sl |y ol Ll S5 36 by 9 WSS (6L 5,5 oSl cad g 53 g (sl 208 5] ol ke

W8S ) (s 390 Cilisie Cualiid 93 b Jgliie ()l Bl 9 e sglate (e 4 S wal8 LSl ]y 6 5VL (sled

KWH/M? u.':’)‘)> L;Lmé,[l.c poves) u“’l'“" Gl ye> &S ) Lg}")ﬂ ey O‘)’,,a

B

o)

§ 250

)

N 200 //\\

\5 150 - \/—/\\ .

E

% 100

3 50 — i — N
g Gle gad led €MD bye b olye b CmMog il b b CMD Koo oy S oy CMD A iy
< cmy - CMY . oyl cmy-

Tl U sabygd SIS (6551 BT s slaale)d (g SIS (651 S
p5 slale )> sapd o> Al (531 S
55 S g 5l S8l (e 95 22 ol Gale Ao glgl 136 =R o900

Cdypdd i i e odlaiwl yio e O Cuwlsus b plinl b sle las Sl 0 04 0 sanline A Hlages 5l &S jalailar
45 3)8 odalie Glgiee IS @l 13 03)5 o plol (651 €80 I 6 S5y Sl pnl )3 5 a8 Skl bgle ple 4 cui ) (655
o> Mo ) Nlg o o Dl Vo Colbis b ddnd pis le plo b o8 GMBIL 5 conl Sge (g5, B b gle cuolus
sl 38,5t (65 b e

G0 A Sl S ot 53 (65 Bpan jluand o)l 3 65 & el o (e (niete RIS (B L]

ol 2 4S8 alagiagly sl ol (8ly (e b duglie 15 (6531 B Slaslome )3 133l o5 ol e85 5 " oo lizel" ylod sl

Yu et al, 2008, ) 4yl o duoloes |y ezl g5l G pmo S B 285 b o33l p i ol a5 sl ] odim sl o plowil osn
(1537

ol S sl 03,8 S Yl ) (Bly bl )3 (G55l Bpas (e (383 e Lo Lo )3 (5551 0 Shes IS 350 dusie Jalge
oo Silwded glaylitle s lusl o a8l Ll s 53 0 (g puSojluil slaosls b (gilwand Sl Jols (slagzgyd Gudas b cusl p3Y )

29k Ay g Widly oo (awdine (IS 9 138l )5 425 & dtunly gy | (el Sl G (ileand Glaasile dnele 39
sbaylley (oewyliel (ol alagby) Gliiee il lalo ) bl i3S oo 4S5 Baa &y gy sl lad g (or 41 0308
sla gy 550 gilwand slajliile, s Lael o)y sl (Coakley, Raftery, Molloy, 2012) siles S &l)) (5,3 (5l
Wigd o ol (225 5 Slurlhe ¢ lod (6 1 Slgy (IS d dw ay Loy ol oISyl ar el 00l (B yme Cliios > iliSe
5 (e slacs 5ol L sjlwand gl aumlie) )28 lagby) (loidlo 55l laljle s (oeiw)liel Gligios b 5
ol Caa gy ol 3 il lisl g5 el (KR0S b 65 (it it sla)ljile s gl duglie) glanslio
el )38l 0 gl L plage)S )1l )3 silodund Sl Jols aulis & ) olisul (slawolio by 5l o3latuls 9o )l 33l
YL Lo pUls 5 <85 s 4 & cosl (6553l (ilodnnd sloylile s 005855 5 (pionde S (S plmcnlind Jlj8lp 0 A0 avlie


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

315 mlo Al ¢ A ae by

29 (49 59 95 Silwdend «(F39 9 ()l )b dnelre (5l Bpae dslxe o) (55l siloand sbajls 4l Jidg «sjlo e
sl jolate an el 043 )5 b (65,51 sileans bl el Sl (S a8 cgres 5 o35 (SIS b e
9 L ilodund Joo 3 apdgs SIS Job i b gz Ca > indyed (351 €8l e Sl Jolbs glis edlatul 3590 133l
uauino 5 305 40 a8 jalail odel Cundy gl Budo (] oud &) 5 Aol gl y BB Lo pd 5 00l duwlie SIS L Hl58le
sde] oty OS] o] S ygo o a0 Jgb i b (65,3 GidlS g ialdl K, g atsls Sliis @glas l38le 5 93 5l Juols zuls

ol Joib LB sae oetas Lzl ool a4 sl ZVY Joleo

Jbo 5> e yed (65l el (SSke

400
3
\‘%’ 350
: 300
= /
. 200
&
3: 150
) 100
_’,‘p 50
3 . ) A )

1 N 3 4 5 6 7 8
L ) die 0 B st 550 AT
0 ) T R SRS SO J445 114507 2127 1277.12 33853 233.04 | 268.4 | 302.84
s e o X)
>, R . . P — v =y
“’”’Jﬁ”)ﬁj)”*“”“d” . 60 ‘130.82 198.25 280.26 332.9 | 229.1 | 272.3  304.6
e i’ e o
M (it SIS Lo
(o )5 )38l p ) Jlo )3 (38Lyd (caudye> (55l (e ol S50 53) (8L)> ey 5551

S35 Al 9 Sy

S 4 Sl Ble g (aind paw dopd olal (g pScas jl odlatul b zaiin b 0 (gdud st SdS aigy Jde (gilwdnd dllds oyl
SI) Jlw 2 Jguad 33 (608 s oy paobio :usl 0l b oS 4 e ! ool Cawdy cilises s P e dunlio a0l 00y
P VeV (Ogin g (SaS) AT sk oy s g (AL 5551 it 8L jglaie & (el B ST g o0 b 4yl clo
SBS (g)lame (63, Sdae g (2ldd Ul (35 JSS (695 (e sy o0 S & 3o (LS |y Sl (g ceslio (5 g 0 Caow 4
2 ooalS1 g Sf eSSl edlatl Ly (g yo (6551 €8lyd (e (VL 4 dagi L ool cawd 4y (6o jaga 4 a2 b (g 5>
Iy @S Gy 3-8 9 @)% S 23 Ve U (ggi > 3 (65 b oy SIS 28l 3 20 & playw S )l8le
Slo o & 455 L1335 o 538505 cankio dg GI] S & SIS Jgo AL ol 5 45 33 s2s g5 (65 ol bl
U8 505 A8 a8 3, Sl il 15 a0 e (e S cslaody 3 DY 5) oy 290 (sl gl 5 o0 o
033U o e e Ll 38l L ¢ gl BMS 1 0gMas S o oo jine (b Cium 4y b > dpn ol 3 )38 ,95 s Z0e oS il
Sl il p3 jte (Lo Ve Culbes b glaggle sl o ) Bos 3 Sl g cuslio g Cuily eaed g (g5l 8Ly i Sl 65V
O Sl gl S 3oy 3l oslisal b (ilwdends | ols gulis culpliy adls 3,k () )3 itz 36 Bole 55 9 0392 5390 (555
OialS )3 ko g maiiws 5L g a0 LS Cogi Cge ¢ sinid o S dilobs b 3ul 13 (¢ lone (gl puito Sy il S ol
355 (slisly 3 (6 lana (sLanyiiita 05 IS )b g (et lgie & (s ygs SRS e BT 5195,5 oo s (6551 O] e
il (g ) 395 (S 5 Sy bl 3 igSns (slolozila 3 by (sl J el ben ngsy ol

—
o


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

Yoo bl /a3 Jlw [ pubadig ows 8 ylowd )l.m:' S ‘;L’-n’“’ ) P31 1299

!

(g Serd 3053390 anlln) (] 3y ool (SGgSumo GG L 53 (5551 5ok 2 (o Gl yoi WS Al g2 ) l>

&le

AJ.? ‘uu).xo gg.u&o L{*’W su‘)@ M L51)’ TMY L;Q.J.B‘ dlbo.)l.) .\.Jy uQ(> u.wg) CM.@‘ (\Y’R') £ ‘uﬁ)m £ 99 M‘)Jl -
AV-YY Sl F oyl VY

5 OSwme coly Sl S50 Ll olnl ore slored sl TMY (o8l sla bl ags (WWR4) o cplonS g g metly] - -
ol Sl il e

st byl 5l eolitel b SeSie meime Silps g G090 (gipl il (WWAD) o olp gles Al gl el -
ol (Sl (osine dVl ST (el

IVFIWY o ol eilyag o&uily clyliasl ylasly (6500 dawes Y lis degazes (VWA+) .o wodly el —

oletlo (b g plo)S Gl (SeSums laglailo 13 95 lagsipl I odliul g3l 5 Comal IYAY) p ¢ goy ill 92 ey =
er S g 55 slaggspl e plales (gl e

oSty oy ey 3 g p P S ey ohlase iy (Pl S, sy (il oS (IYAD) oy oSS -
8 o Nalyin

0l sl S i o @Bl a0 5 Jlb ot 5308y Gilore (IYAD) Al dyjle -

ARl YF ol dmwg g Lilsa (ol o oldl Slels cladigy o b Sgj9eb p (25,55 (WA+) .S codlpo g B dyma  —
NENOY oo

Qgod Dy paldl (SoSuwe slalainle )0 (suudyes sallS Lile)S 5 Slas pwyy (WAR) o)l dee (IS -
DOVAFY o 1Y) V) ¢y pto SelSo awie - Juidy) e 206390

— Attia, S., Beltran, L., De Herde, A. and Hensen, J. (2009). Architect Friendly: A comparison of ten
different building performance simulation tools, Proceedings of 11th International IBPSA
Conference, Glasgow, Skotland. 20.

— Berardi, U. (2107). A Cross—Country Comparison of the Building Energy Consumptions and Their
Trends. Resources, Conservation and Recycling 123 (October). Elsevier B.V.: 230-41, 2017.
doi:10.1016/j.resconrec.2016.03.014.

— Chiesa. G, Simonetti. M, and Ballada. M. (2017). Potential of Attached Sunspaces in Winter Season
Comparing Different Technological Choices in Central and Southern Europe. Energy and Buildings
138 (March). Elsevier: 377-95. doi:10.1016/J.ENBUILD.2016.12.067.

— Carlucci, R., Ricci, P., Miccoli Sartori, S., Cipriano, G., Cosentino, A., Lionetti, A., & Fanizza, C.
(2015). Changes in behaviour and group size of Stenella coeruleoalba in the Gulf of Taranto
(Northern Ionian Sea, Central Mediterranean Sea). Biol. Mar. Mediterr, 22(1), 266-270.

— Eskin, N., & Tiirkmen, H. (2008). Analysis of annual heating and cooling energy requirements for
office buildings in different climates in Turkey. Energy and buildings, 40(5), 763-773.

— Godoy-Shimizu, D., Steadman, P., Hamilton, 1., Donn, M., Evans, S., Moreno, G., & Shayesteh, H.
(2018). Energy use and height in office buildings. Building Research & Information, 46(8), 845-
863.

— International Energy Agency. (2017). World energy outlook. Paris: OECD.

— International Energy Agency (IEA), Solar Energy Perspectives”, 1-228. 10.1787/9789264124585—
en. 2011

— Jorgensen, O. B., & Hendriksen, O. J. (2000). Glazed balconies and sun spaces—energy savers or
energy wasters. In Proceedings of the third ISES Europe Solar Congress (Eurosun2000),
Copenhagen.

— Moore, F., & McGraw-Hill architecture and urban planninig series. (1993). Environmental control
systems: Heating, cooling, lighting. New York: McGraw-Hill.


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

0oL Loy y axadl3E ulo Al ( A se Lo

Neto, A. H., & Fiorelli, F. A. S. (2008). Comparison between detailed model simulation and
artificial neural network for forecasting building energy consumption. Energy and buildings, 40(12),
2169-2176.

Raji, B., Tenpierik, M. J., & Van den Dobbelsteen, A. (2017). Early-stage design considerations for
the energy-efficiency of high-rise office buildings. Sustainability, 9(4), 623.

- Chiesa, G., Simonetti, M., & Ballada, G. (2017). Potential of attached sunspaces in winter season
comparing different technological choices in Central and Southern Europe. Energy and
Buildings, 138, 377-395.

Ulpiani, G., Giuliani, D., Romagnoli, A., & di Perna, C. (2017). Experimental monitoring of a
sunspace applied to a NZEB mock-up: Assessing and comparing the energy benefits of different
configurations. Energy and Buildings, 152, 194-215.

Yu, J., Yang, C., & Tian, L. (2008). Low-energy envelope design of residential building in hot
summer and cold winter zone in China. Energy and Buildings, 40(8), 1536-1546.

>


https://hafthesar.iauh.ac.ir/article-1-1382-fa.html

Downloaded from hafthesar.iauh.ac.ir at 14:22 +0430 on Sunday September 5th 2021

No0.36 Summer 2021

HJES Vol.10

>
94

Optimal framework of sunspace based on energy performance in
residential buildings in cold climate of Iran (Case study: Sanandaj City)

Parisa Abdolkhaleghi, Ph.D. student in Architecture, Department of Architecture, Kish
International Branch, Islamic Azad University, Kish Island, Iran.

Jaleh Sabernejad, Assistant Professor of Architecture, Faculty of Architecture, South
Tehran Branch, Islamic Azad University, Tehran, Iran. (j_sabernejad@azad.ac.ir)
Rima Fayaz, Associate Professor of Architecture, Faculty of Architecture and
Urbanism, University of Arts, Tehran, Iran.

Received: 2020/06/26 Accepted: 2020/11/12

Extended abstract

Introduction: Increasing energy consumption in buildings has resulted in environmental issues and has
led many researchers to explore ways to reduce fossil fuel consumption. One of the most cost-effective
and logical ways to use energy resources in residential buildings is to use passive solar systems such as
sunspaces.

Methodology: In this paper, the effects of sunspaces on energy gain and reducing energy consumption
are presented. The energy performance of the sunspace was calculated using parametric modeling in
Grasshopper software and Rhino software, and energy simulation was carried out using Energyplus.
Simulations were performed according to the meteorological data of Sanandaj.

Different models of sunspace with different dimensions and orientations in Sanandaj have been studied
to achieve simulation goals. Modifications of the models included different proportions of sunspace
dimensions, orientations, the use of different thermal insulations.

Results: The orientation towards the south receives the highest energy, and with 20 degrees rotation to
the west or east, the highest amount of energy can be gained. Examination of sunspace models with
three percentages of window-to-wall ratio: 40%, 50%,60% showed that the 50% WWR is more
desirable than other models. The highest increase in energy absorption to help reduce the heating load
during the cold season occurs when the sunspace has the longest length, ie 5 meters. In this case, the
southward is increased, and the desired depth is 1 meter, while by reducing or increasing this amount,
solar energy gain is reduced. Also, to improve the performance of the sunspace, the use of conventional
thermal insulation has been investigated. Polyurethane with a thickness of 10 cm has the lowest
efficiency in reducing energy consumption in the sunspace, while other insulating materials with similar
thicknesses are effective.

Conclusion: In this paper, the effect of various parameters on increasing solar energy and reducing its
loss is identified. The simulation of parameters using Grace Hopper software used in this research
indicates that the proper design of the parameters related to the solar greenhouse system strengthens the
efficiency of the greenhouse and has a direct and positive effect on increasing solar energy. And its loss
indicates the positive efficiency of this system in receiving and absorbing solar energy. It can be used as
a design framework for solar greenhouses in the city to strengthen the use of solar energy and reduce
fossil fuel consumption to reduce the heating load in cold seasons. Also, the algorithm used and the
optimization process b in this research show that if the solar greenhouses are modified in different types,
it can reduce the heat load in the building by absorbing solar energy. Architectural design with an energy
approach is a complex process that requires a combination of different parameters to optimize
optimization. Using energy simulation and optimization can help designers do the design more
comprehensively by providing valuable tools.

Keywords: Sunspace, Residential Building, Energy Performance, Cold Climate, Sanandaj City.
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