ISSN: 2538-4384, Geographical Researches. 2019,;34(3):427-436. DOI: 10.29252/geores.33.2.427

The Angles of Building Orientation for Solar Energy Use; a

GEOGRAPHICAL
RESEARCHES
JOURNAL

Case Study of Tehran City, Iran

ARTICLE INFO

ABSTRACT

Article Type
Original Research

Authors
Akbari H.** PhD,
Hosseini Nezhad FS.2 PhD

How to cite this article

Akbari H, Hosseini Nezhad FS.
The Angles of Building Orientati-
on for Solar Energy Use; a Case

Study of Tehran City, Iran. Geogr-
aphical Researches. 2019;34(3)-
:427-436.

Department of Architecture, Fac-
ulty of Engineering, Mohaghegh
Ardabili University, Ardabil, Iran
“Department of Urban Planning,
Faculty of Urban and Regional
Planning, Shahid Beheshti Univer-
sity, Tehran, Iran

*Correspondence

Address: Faculty of Engineering,
Mohaghegh Ardabili University, Uni-
versity Street, Ardabil, Iran. Postal
Code: 13131-56199

Phone: +98 (45) 33519985

Fax: +98 (45) 33512904
h.akbari.arc@gmail.com

Article History

Received: May 4, 2019
Accepted: August 17,2019
ePublished: October 2,2019

Aims & Backgrounds One of the approaches to reduce fossil fuel consumption and their pollution in
cities, is to pay attention to the climatic conditions and ecosystems of the region and to use renewable
energy in architecture and the design of buildings. This subject in the case for Tehran metropolis is
more important, due to the high concentration of population and the activity and, consequently, the
great amount of constructions. The aim of this research is to determine the optimal building orientations
through surveying the amount of direct radiation energy, received by vertical surfaces of buildings in
Tehran city.

Methodology The research method is descriptive-analytical and quantitative computational models
have been used. In order to achieve this goal, taking into account the azimuth and the height of the sun
at different times of the year, the “Law of cosines” computational method and Q-BASIC software were
applied to compute and analyze the amount of received direct energy on vertical surfaces of buildings
in all months of the year and in 24 geographic directions. The most suitable direction for building
orientation is determined through the maximum difference between the amount of energy in cold and
hot periods or the highest percentage of radiation received in the cold period.

Findings Based on the results of the research, the maximum annual amount of received solar energy
in the city of Tehran belongs to the 150 degree South-East and West, and the lowest annual amount of
energy is related to the walls facing the North; In order to get optimal solar energy, the directions of
150 degrees South-East to 210 degrees South-West are among the acceptable orientations (first to third
priority). The best orientation for one-way buildings in Tehran is 180 degrees South.

ConclusionThe best orientation for two-way buildings is the North-South direction and for four-sided
buildings are (0, 180, 90, -90) degrees.

Keywords Optimal Building Orientation; Vertical Surfaces; Solar Energy; The “Law of Cosines”

CITATION LINKS

[Angstrom; 1924] Solar and terrestrial ...; [Ashra; 1995] Handbook of heating, ventilating and air-
conditioning ...; [Bakirci; 2009] Models of solar radiation with hours of bright sunshine: A ...; [Barzegar,
etal; 2012] Evaluuation of the effect of biulding- orientation on achieved solar ...; [Barzegar & Heidari;
2013] Investigation of the effects of building envelopes received ...; [Coppolino; 1990] Validation of a
very simple model for computing global solar radiation in ..; [Duffie & Beckman; 2006] Solar
engineering of thermal ...; [Energy Balance Sheet of Iran; 2016] Energy Balance Sheet of ...; [Farajzadeh
& Abbasi; 2012] Optimization of the direction of buildings of Qir town in ...; [Fazeli & Heidari; 2013]
Optimization of energy consumption in ...; [Ganji; 1955] Iran’s climatic ...; [Gueymard; 2000] Prediction
and performance assessment of mean hourly global ...; [Habibi Khameneh & Mohammadi; 2014] The
study of architecture of Tehran ...; [Hedayatian & Goodarzi; 2016] Optimizing the orientation of the
open spaces and ...; [Hossein, et al; 2012] Climate design of buildings in Sabzevar with an emphasis on
.., [IRIMO; 2018] IRIMO Islamic Republic of Iran Meteorological Office, Data Center, ...; [Karbalaee
doree & Hejazi Zadeh; 2017] Optimizing building orientation establishment in the city of Kashan ..,;
[Kasmai M; 2002] Climate ...; [Kheirabadi, et al; 2017] The role of urban spaces physical orientation on
the extent of climate comfort of ...; [Lashkari, et al; 2011] Optimizing buildings orientation in Ahvaz ..;
[Lashkari, etal; 2012] Optimization of the direction of buildings in ...; [Maghrabi; 2009] Parameterization
of simple model to estimate monthly global solar ...; [Mondol , et al; 2008] Solar radiation modelling for
the simulation of ...; [Neuwirth; 1980] The estimation of global and sky radiation in ...; [Paltridge &
Proctor; 1976] Monthly mean solar radiation statistics for ...; [Prescott; 1940] Evaporation from a water
surface in relation ...; [Sabbagh, et al; 1977] Estimation of the total solar radiation from ...; [Samimi;
1994] Estimation of height-dependent solar irradiation and application to ...; [Shafiei, et al; 2014] The
appropriate form of tall building for ...; [Sozen, et al; 2004] Estimation of solar potential in Turkey by
artificial neural ...; [Watsoz & Labs; 1983] Climate design: Energy efficient ...; [Wu, et al; 2007] Methods
and strategy for modeling daily ...; [Zamani, et al; 2016] Best orientation determination of buildings in
..; [Zheng, et al; 2010] Developing a fuzzy analytic hierarchical process model for ...

Copyright© 2018, ASP Ins. This open-access article is published under the terms of the Creative Commons Attribution-NonCommercial 4.0
International License which permits Share (copy and redistribute the material in any medium or format) and Adapt (remix, transform, and
build upon the material) under the Attribution-NonCommercial terms.


http://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1208258
https://searchworks.stanford.edu/view/1731218
https://www.sciencedirect.com/science/article/pii/S1364032109001397
http://ijaup.iust.ac.ir/browse.php?a_id=82&sid=1&slc_lang=en
http://ijaup.iust.ac.ir/browse.php?a_id=82&sid=1&slc_lang=en
https://www.magiran.com/paper/1234488/?lang=en
https://www.magiran.com/paper/1234488/?lang=en
https://www.sciencedirect.com/science/article/pii/0741983X9090034Y
https://www.amazon.com/Solar-Engineering-Thermal-Processes-Duffie/dp/0470873663
http://isn.moe.gov.ir/
http://sarzamin.srbiau.ac.ir/article_6090.html
http://sarzamin.srbiau.ac.ir/article_6090.html
http://epprjournal.ir/browse.php?a_code=A-10-2-16&slc_lang=fa&sid=1
http://ensani.ir/fa/article/233848/
https://www.sciencedirect.com/science/article/pii/S0038092X99000705
http://sarzamin.srbiau.ac.ir/article_7932.html
https://jgs.khu.ac.ir/browse.php?a_code=A-10-2-40&slc_lang=fa&sid=1
https://www.sid.ir/fa/journal/ViewPaper.aspx?id=159898
http://www.irimo.ir/far/wd/2703
http://journals.hsu.ac.ir/jarhs/article-1-1194-fa.html
http://journals.hsu.ac.ir/jarhs/article-1-1194-fa.html
https://fekrenobook.ir/product/%DA%A9%D8%AA%D8%A7%D8%A8-%D8%A7%D9%82%D9%84%DB%8C%D9%85-%D9%88-%D9%85%D8%B9%D9%85%D8%A7%D8%B1%DB%8C-%D8%AA%D8%A7%D9%84%DB%8C%D9%81-%D9%85%D8%B1%D8%AA%D8%B6%DB%8C-%DA%A9%D8%B3%D9%85%D8%A7%DB%8C%DB%8C/
http://ges.razi.ac.ir/article_823.html
http://ensani.ir/fa/article/261702/
https://jgrd.um.ac.ir/index.php/geography/article/view/17373
https://www.sciencedirect.com/science/article/pii/S0196890409002477
https://www.sciencedirect.com/science/article/pii/S0960148107002157
https://www.sciencedirect.com/science/article/pii/0038092X80903096
https://www.sciencedirect.com/science/article/pii/0038092X76900220
https://www.sciencedirect.com/science/article/pii/0038092X76900220
https://www.scirp.org/(S(oyulxb452alnt1aej1nfow45))/reference/ReferencesPapers.aspx?ReferenceID=2145690
https://www.sciencedirect.com/science/article/pii/0038092X77900755
https://www.sciencedirect.com/science/article/pii/0038092X9490117K
https://www.sciencedirect.com/science/article/pii/0038092X9490117K
http://necjournals.ir/article-1-604-fa.html
https://www.sciencedirect.com/science/article/pii/S0196890404000172
https://www.amazon.com/Climatic-Design-Energy-Efficient-Principles-Practices/dp/0070684782
https://www.sciencedirect.com/science/article/pii/S0196890407001100
http://www.armanshahrjournal.com/article_33265_en.html
https://www.sciencedirect.com/science/article/pii/S096014810900309

M @ilsbo dabls g (6551 > FYA

5 seses (SB) glaxsle sy ppw AVAF Jlo 5 gl
ol %0/F 4y S35 4948 ) G5 Gl Srae IS I (5ol
Bpas oo [Energy Balance Sheet of Iran, 2015]
@0 Span plire ol YU jlu ol b 5> Glawd sl
WlgghS aulie VodfF ggamo 30 hed e 53 WAA Jlw y
el aSaie ggalae YAVES (Bpan 5 plise 5 el

obed e 53 35 Bpae %AV g G Bpas BYV/) sl i,
sladal> S 51 %1e/0 (izan el S (i 4 by
[Fazeli & Heidari, sgé,0 Gyae lied 10 3> 59iS (55
suiSyan pSHn pleiedr pled wile (b 53 13.2013]
4 Gl seedgw Srpae Gials g (gjlwdiugs 99dS ) (55
w9y b (5)l2 9 rgee (SIB) plaidlu Gidg 55 ohg
Bl (50 slalad g laglaisbo 2hb @b i el ol el
«(s3aygS (55l dlaz I piinaad Glagiil I siees g paddl b
el bt

9 A sbelad il b)) g cyz 80 Gy sokio 4
9 ity o2 om 9 AU il @8l glae s solese
eyso S8l wlellas ol lite lagd 55 @bl b S5l
9 iadygd sl il Al I eslal b T/ el 413,
A 65l e el Gl |y (g dadygd camBge oS
sy il gleislo zohw 5 5oy 5 celu s )3 1dyed ealiiune
Aadnes Gl Lol il sy s [Kasmaei, 2002]
G2 gl Sl e ) G Gl (65 Bran ) plaisle
sl 53 Gealil (Scur b gladils smsge i
» Span g il wdlys pliwe Jh 5l Guedled 9 Brdosiz
.[Barzegar & Heydari, 2012, 2013] wtwe cubio balyi
ool Slgal e s Glaislo laly ¢ pSeas 5lotiag 5
el jhitel dipgy wlez 3350 ldd gl el holyd
e 42)> 1107 9 a2y Yo Jo8 8 wlez g 425 FO ez
=hb sy o [Lashkari et al, 2011] cwl wgis 1w
xSz 3 2B Ll 3 s sbaplaisle el
4zpd Vo g 42y 0 gz 45 W plid @l glolw @as g
Gled g (V0 HFD) ez g by glaglasln )3 Byd
L xS slaces puie Bbss slplasle 3 Gz
[Hossein Abadi et al, cul jlgjus gly UG (il 4 dsgi
9o 4 glaislo jhitul culie slacyz st ;. 2012]
W30 gldd gl lad) 0l 5 aadygd BB digy wébys
42,3 100 4y bgyye @36 Zohu 8Ly 3l glhse pptin &
ol jhitl ez g prizes el Gué 9 GSrdosi
Jho 05 9 S slmoygd 13 auyed (il gy =8l ko 4
[Zamani et al, 2016] cuol 45)3 YYO g 453 WO slocys
Ol by 53 8 b slagleis b ey (jloding dlio )
150 1 100 wlen (g bilgy Ligy 5l oslital b il
(10 D) gz 9 by slaplaizl ¢lp | Srdoge

WAA lials o oylads F'F o593

65 3l (sareoys (sln plaxzlu (5555518 (sbils;
Old 50 (s)90 dlllas f(gandygs (il

PhD "5 .51 cpus

ol iyl (Glosyl Gz o&ils «(swdige 9 39 0S5l (g lamo og)f
PhD »l$i iaws @ilsle dabls

O (g g oSl (il 5 (s)lame oaSals (silused 09)5
4lyal

ol

03:5>

5 dibie porcuns g oanldl bl ) dzgi dapeis 5 of 5 LG la Sl
ol remlaplaisle 2hb 5 (sileme ) i glaghl §l $xSow
@y culled g caaz (YU j5505 Jds @ S iYS pogas 53 £9690
ol Bancwl (gyuin casal @by e g esle YU Gilghd o g
alise G Gub il deglaizle jhatl dug slocwzr g (Glegl
9 0bes e 5> Lglaisle @3B Zohw padiune 1Ly (53!

oS Giloloo sladre jl 5 e3g Glidod -hogi @i (g, 1ulidis,
gyl (plaitlu jhbtwl ey oy o Gl cwl odd odldiwl
eli) g wganil angly bl (OlisT (i edlys Bl 4 Sz 9 it
b oo 2035 2l Q-BASIC l38l055 51 b 55 alides wilebo 3 suidyg>
250s 3 ey 53 0ud ounls (551 pliwe gl eI Gilmlze by,
calgd 530S dule Ldlae Gilise cez Y s @B Glaylas o)
obid polely 4b)lez 5 93 o glaglaislu jhatl ez pyicabio
©5 5 3w 093 Gy WS Jluda i § 3pm 093 53 LI Bl 1y
238 s

V0o zobuw 4y gleie led b y> VLo 8L (5351 lake ¢pyiduy lavadly
4 bgype 55 4l 8Ly (655l plise ppieS 9 G0t 9 Brbgiz 42y
GAEDRE 4z Vo U (B)d gizz 420 100 wlez e Jlad 4 5 sk
oz i e e (5l Ay wdlyy Jh 1 JoS B wlez 9=
29 Qgiz 42y Ve gz (ol b 53 bbb laglaislo gl il
Yo ez @ibyy slaglatslo (bt caz o (6pSds
ol dzy3 R0 Qo Mo w0 cilpz bz laplaisbe gl g ez
OvgieS i8 (s st (53 (I8 sk latsle dug xS ez daclyals

WAY/o00/0) il o)l
WAA/GO/YD iy ayls

h.akbari.arc@gmail.com :Jgius oxiwg

doldio
Sl gy odlainl g sl gladms )y il Ay il b
9 S @ S pulnaxs eyl o Ghwd lbesgw
2 pdpnas gbeiyl jl oslatwl 9 (gl Brae (gileding
obtelin g glohb d2gi 90 wsdS I i jlugesbe
Uity A 4 lad 5 (5 Bpae cwl W3S I3 (o
o 53 ol 33560 i waio g Jii g Jo> laisle
Syan ) ez @3l JS psw Sy colatblo (isy 45 cul
ol 4l slwesls @las .[Zheng et al, 2010] xS0

bl clfiad actihas



FYL e e s2y90 dallian ssaudygs Gl (558l 51 saman sl olarsls (555505 (sllss

srdse jl eslatul b cwl oY g s puyiws 53 glez bl
iyl JS laie 3,97, . [Mondol et al, 2008] 33,5 3,97, (g ks
oz 563k Jolge 4y GBI ghaw by (595 30 By L
S s (S Gulidlsn 9 (ldlez (uwiid (o2 Jolge
30 (8L Gl (30 JS e 39T g 4252 S92 sl
sledio o L8 Gayp yge Lb | delse gl 51 el e
Sl b S ) et (R @b 39l ln Gilige GSlule
GRSl cawd pezee Gl cuws n guey b
[Angstrom, 1924; Prescott, 1940; Duffie & Beckman,
b sk 5 pale @loy sl wlelw 2006
cupd g Audnes glayl agly ([Sabbagh et al, 1977]
Ly zhw ;I glasl J[Coppolino, 1990] (s,Solisl
sk (ldhez (o (55 0lsl owd [Samimi, 1994]
AaiyeS codj dgly 9 4l caps ([Neuwirth, 1980] Loy g (e
wlo «glatyl (uldlhe> oy [Paltridge & Proctor, 1976]
wlelw [Sozen et al, 2004] Ly 1:Slw 9 ST wlelw
loo jLid 5 Lad (auwd ashy i b (sled ((inly (LT
[Bakirci, 2009; Maghrabi, 2009; Wu et al, 2007]
] odd slgiudiay

ez oY slayiohly puptege wid plail Wl Guloly
O g ($39as Zobw 8L et (Il plire dmele
elasl agls wogayil dygly Jolds plaislo jhiiwl digy als
sl 49l cuo Jlae dgli el agly cend gl s>
anl el (gled whiass g ST wlelw gy Jsb (@58 zshu
Bl g (bl (e yo ol layiohly pal 4SSl 4 a2gi
Zohw GBS Gl (5 plise cuwl @3V I siius wglate
ol balyd b Gable ) g 4y plil slased 15T 5> @38
G E3090 b b @liyfiS)s puizes 335 dulxe ols
a8l g ulidlyn GiliS Jolds i s @al> 25k ) el
9 wblS -phed gelz 2ib cunj buxe wlallhas 5 (0) Alz)
S slaygiSs (gl al2) 39290 @0y Gheme slaShg
asllas 90 Guad @ g el (Gl lod (azrar oulsl sgae
Sz » e lahuls g dsllhe digSum g ol i3S 1,3
Qb ohed b Geal8l bl Goluly plaisbe jhatel dug
ol 01

peiiune (5 ohae dmlxe b B cwl ol » @aixs ool 11
(dher lihe slocgz s glaislo @8 zohe 18L)s
sleglaizb gl ) (5l edlys B 1 hitl gz g
lal s S s 5 (Glel (slad) 4ibylez 5 93 S0

owlidiybs)
ol 2 g 039 Gl -Ghrogi wygoty Guind ol by,
s jshiie )l ond oslitil oS iluelxe (slate
Shitel glacaglyl gt g pletdlo shitl sl cuz v

Geographical Researches Quarterly Journal

canload dlgiday  adbey laplaisle gl 4z
xSz sjlwang ,» [Farajzadeh & Abbasi, 2012]
ST iy 45T b sy 8l ilazs b (glaliy g SI (glalas
bl glecwr guig oS o pldd @l yagn el
gz of 5 s g e -siz slacgz zen y plisle
sl nlee hiil ez a9 cwl Gpé 4z N0
[Hedayatian & Goodarzi, cwl (8podless -(53y¢gi>
s 5 pleidle Jhitul gpSeaz (silwaig 53 2016]
odlon] &5 30 lis gl Gaalsl kb oluly Glals
s e gz 48,b Sy slaplaislo Glol slai gly ez
4 baye d)bgs laplaisl gl cuwlio cyz cwl Qg
o Fo) ez adblez sleplaidle sy 5 wsiz Jlod oz
[Karbalaee doree & Hejazi Zadeh, wuul a3 (-Wo 0o «
oolely ohes e lapleisle (o lane asllas s .2017]
gz &S e glid @l ()lued O dihie) Galdl yolic
ez platsle jhitul cez paicwlio b plalel ol
[Habibi caul st iy slivly 13 (S35 s sy -olla
ol 08 5wy »> Khameneh & Mohammadi, 2014]
wleMbl Gululy (ghed 35 Gl (51 edlys by 1l gleis b
Gz 420 0 d91> diup xSewz ot se g
S3lwdings sy > [Shafiei et al, 2014] cwl oais @y
el ol ool Shw s 53 Giletslo glaby s pSeez
Gawinyg> (5l I gy gaie0yy sshiie ) a3 (lid s
bl )3 SaiS b Brbogiz cuz b bl cez gy
slplaizlo gy caz o oz cwl e By
.[Lashkari et al, 2012] cuwl 455 (YO Ned)) ez ddybogd
Ol oliee 53 b sloliad 23S (5 S ez LS (5
dole pululyy &5 a0 Glad gl pulieyaiy ¢l (o8]
"G gz 9 piceelio gz e ez ol Sl
S5 s b slalas sl xSeus puiosthel e
Jw calizs Jouad .[Kheirabadi et al, 2017] cuwol ouddl
ol audyed 4 ol oae) (535 ©S)e s A )
il 8Lyd lie 42l )3 aitiud Salato 050 b (Gl gl
Sa bl ez palnly el eyl Jlo Jsb )y aadnes
4 oad odnli (gaadyg> (il e U e G glasle
il g hlize wlelw )3 ao g Jlo Jsb )3 o o slaylsas
Gl e G shuad] 4 &S audygs B S e
Slogee a0l8 g wlSall (ol (ayme 13 (ae) w4 A
dwlzo ¢lp [Gueymard, 2000] 35,0 I8 bl
S8 QST asdl (b (Byme 13 &5 (g ol obw pogas )y
UJ' b .39 sl o.\_\SI)J 9 Padluwe giy L5')>' ol ﬁ)BJ ‘_\J)I)
OIS Ll L eliblgn (claolKiel 4151 a5 Jus el 4 o>
95 2 OB &g WS e (6x55lul |y Gl Zskuw (59) 0
oled (sl L jlaansly 2ok (595 30 IS LWL 9 GESI glaw

Volume 34, Issue 3, Summer 2019



A @ilslo dabls g (651 s> FYe

©=15x(12-T) (¥)
cuol 45 390 el il T g el apgls @ alaly ol )
Iyl 4o [ pdigs G o Byl gl capdygs Jio sl
5l g WS (5o s Ay SYY/RD g HYY/RD o o Llade g cunl
33,550 ko abayly

5=23.45xsin[360((364+n)/365)] ®)

ccnnnl s Jlo sl 51 Jlo slanj,y dlami s I dlasly ol 5o
595 dob vl aadygd wgy¢ 5 golb Sy abold g, Job
425010 el yo 53 (420) 9 0393 A (Gaadyg> b 4 e
duolo pj dhly Sl gy Job AS e S 395 j9me o>

.)))fu_n

Td=2/15 arccos(-tagdxtan@) (%)

bshez (18 B g (o Hlae) guej Syl aygls & abuyly oyl 5
O

of meai b awiyss (il gled g gl udyes elas)l 4l
AT (5o ik 42> Ao B o I ol ke g 039y 3l dxio (g5,
Ao cwd 4 5 dhly plal 5 gl ol

Sinh=(cos@xcosdxcosm)+(sin@xsind) (v)

O ez ose O (o lae) Sl 4yl 8 akly ol 5
ol pb 4y s Gielw 4pgl; O g 4z

Gl glad pgal oo 4l dadyss weal b ceew ayls
B e 5 o o 5 0390 Jlads sliwly b 331 dmiio 1 dnidygs
(Erd Caw ) Dgiz caw I augly ol LS eyl dzpd VAo
25 4y ool chaw gl canl Ghie pE o 4 g cale
2333 (50 dulzo

SinZ=(cosdxsin@)/cosh (A)

hg QLshex o @ (Jao Jlae) Blhadl a9l & ably ol 5

awl dzyy @ il glasl aygl
P BV Job g FV'g VOO ldhe> (oye b gled b
9 GltwngS dihio Jold 3> 55 9 L)y he I e N glag)l
oy bl hauwgio 9 aipaS iy uSilo 3ls b3 wads
caghy hugio g 423 W/ g WA XYY wulys 4 gl s
lowwdd (el [WWW.irimo.ir] cwl %f) dilbdbe s
o Sds g 0 Garlsl dibie )3 ol b (05 Genldl
[Ganji, 1955] 315 5 BSC» o lais! cwde b Liblo
o b g hlegd Gaslll (gaadib Gulwly plies i prize
5 ailgal (caidins bl (Sis anlsl aibio ;3 A/D LSS

WAA lials o oylads F'F o593

5 wyaal aygly ol (oLl (il edlys Bl 4 gSewz 5
Q- Jl38leys 5l oslaiwl b g 59y alize wlelw )3 apiyes glasy)l
098 ilsloe ing) 51 oLl b (yeopas - 1035 2ol BASIC
2 (G=8ly 5 (B eygod) oad eanli (3l Gliae (uginns
Glize ez YF 53 @B sbajlsns 9y 2 jou jl welw y2
shitl ez puicalio colg 53 35 dulae (lshes
2 (QLST @ 5y Glol (sled) d)b)lez 5 93 o glaglaizle
SlAEe cryidon 9 3w 0393 53 (Il dlyd Jops gy ol
2035 s 0 5 e 093 o SN

5 5358 duslno b

ghw (59 5 glhw S 4 0anli (Gaudye> paditue (Il liee
[Watson & Labs, 33,50 duolso 5 dhaly uleol 5y e
1983]

Is=InxcosB Q)

> p ghe g9 » ol wud Is ol gl »
2 398 mhi (59 » Mg (il wud In (BTU/H/FT2)
glad gl 455 8 5 (BTU/H/FT2) s 5 anidiyo> (555
Gk S IN laie Yo dbyly )3 el mhw ) s9ac b g audyes
[Ashrae, 1995; Kasmaei, 5.0 dwlxo ,35 Jsop

2002]

Ion=I°exp(-a /sinh) ™)

QST (53908 9 paitun il | Jol> eyl Ton by ool 5
» s> i (BTU/H/FT2)
[Ashrae, ¢> igels cups o (BTU/H/FT2) cuws
0 Grizen .l 425 s auigs (I gl g 1995]

= »

(l925) (s390e hw S d90e b g suiyed o BV s
[Watson & Labs, 39450 duwlze y15 dhasly dlwg 40 45 el
.1983]

cosB=coshxcos(Z-N) )

ez sl N il caz gl Z ool agli h ) ¢l 5o
423 cue> 3 g Jled b I celu sladyic juo j3 &5 g
Adygd Gl g @gail gl s g Ligdse (6 xS ojll
395 deb 5 (e ylae) SBlail aygly el dygly el @Y layl
9 039 (sning® ybs el gy (5 uSeslail lane 33,5 drlone
33 ielw dgly Hlade ccwl e VAo B VA 1 dugly (ol o5l
bl Giie bl am 53 5 oo wb I Ui )y Jladd 0)Sens
0h93 355 )93 4 iy S ey el YE S ) aSinl 4y 4z g3
A8 e b b (pbdhez Job 425310 el jo )3 1 A5 e

bl clfiad actihas



F¥Y e e 290 dallian ssaudygs Al (558l 51 samann sl olarsls (535505 (sllss

Job bugio ¥ Jgaz g diclo 93 (slos wilyusi) Jgaz . yls )8
Ao oldd |y oled s RUET wlele 1oyd g jg)

ooluly o (o Geudsl dibie jy o/o¥ iugh) oy b
Sid Gapldl dibie )3 VV/F ln Q2 cpd b 5 el (sa0dinb

[https://energyplus.net] 51,5 il 4253 Canoyr ol e iclw glos Wl (1 Jgiz

selos peld St elige cwsST  6Y95 gl o dusl  omle e ailf cele
/¥ \e/d W/v YY/¥ Y5/ YY/A v V¥ VE/) v/s 0 /v
o WA /4 YO/0 Yo/¥ ¥ YOA YA \$/0 /0 $/\ /0 A
% VN Yy YY/A YY/E VYO YMY VWA MY W VA $/v Yo
AR WA YA Y4/F YYA ¥O/D YN YO Yoy /5 /¢ Y/A \
¥ \$ YF/O Yo/ VE/A VA OVVE YOA Yo/A W i AIY ¢
AV VA YA Ya/A VE/Y ¥V YWY YolF Yo\ \Y/0 A/ % '
y W YWw YA/ YY/E s YUF VWA WA W0 VA O/A A
5w \W/E \A/A Yoy YA FEA YA YN W/ Yo/ v/ 0 Yo
[Www.irimo.ir] ¢lys o RS wlebo 3oy (Y Jgaz
solos g aS] et cwsST O @Vei o5 e dusl  omle  aned awil
a/s \e VoA W W YONEE A Y W ) \e 353 Jsb bugte
o/0 S0 A /A ) WE WA e Yy S5 Y O/A 8T @lel hwgie
ofOA oSO /YA o/AF o/AF oA SNY oS5 /00 oD o/OV /O il lebo 10y

wdlyd o 5 2 YOO liwe 4 393 olo )3 |y ke (yieS 9 g2
ool olo 51 ililis (6,5 il celio AVE L Jlads Jlgns 435 sa
cdlys 63l st wlels 3 zo adsl wleluys sl b
el WAY dlys U oliSim Goé 5 b8 slaylsss aiSe
e 4 cangSTola 3 |y (55,1 Jlate oyt il (5,55 5l
YA gliso 4y ol olo )3 1) (6353l slade yieS g o2 5 2 Qe
caw I @B zohw 8Ly (@il S e wdlys 92 5
0393 3l sty 05 093 )3 G 3 GSpbogiz 42310 U Jlak
2 GUEDPE 423 YFe U (Bidogiar dzps Wo I (uSeyn g Sy
il Olixe S 0393 53l Jlo 0 )93 I yiday Sy 09
2 039 GuE 9 I slalans sln 93 gz ey By
G52 5 Gled zshw 1Ly (3 9amme 5 )93 3 Sl
A dosz el Gue g B zsha 8L, (655 ggeme bai
byl 5 95 glaglaizle @ 2ohuw 1Ly 55 glae V9
30 gldd gled b 53 )y

Py 4z 2 GiSz LA g A ol I Jolo s 4 4295 L
9 G ez crw 4 )b)lez 9 95 slaplaisle @35 Zohw
29 Ol 0F 0393 53 3Ly il 5 IS Gl ohee ot
il oo 48)bgsy laplaizle )3 . nbhe (el 3w 095
@il nhy 93 393> ey g zohw 6 093 L)
63l oo pitden 9 0391 Leiz Jlad 4 gy Zohu By
9 vz Jlad wlz 4 baye BOA Ly 093 5> 8L
G wlez @ boye BFY/Y L Ly (55 plise S
@il oyd gyt ibler lagleidle )y el e
9 (e Qe Ao wo) oz 4y bgyye BFVE b a0 0095 55 (555
FOAVQ) wlez 4y baye BFA/G L 18k (655 e prreS
el (VO FO

Geographical Researches Quarterly Journal

Lnazsly
3l bae 1wl (ugianS 098 Slule (g Sl eslaiwl b
29 j9y blite wlelw s glaislo @8 zohuw gk 1Ly
Do 35 b ¥ Jguz @b (aldhas alise ez YF
lwole 8T wlelw 10yd 53 (6555 (8L (55 e Jol> S
zobw =8ly 1Ly (il ghire (Y Joaz )3 zuie) alize
(F J3i2) 3aT s @ @315

wly sles S8l Goluly 5 Giclo (slas wlyeads 51 oslatal b
paie Gils (3l wélys pae 5 el 4 jl @Blge (il
oleo 03 Jo 5 9 3w 093 cape sl b caled 5 . 03S
eSS 4y @3 zohue GBS (65 plhee (Bl 18k (65N
Wbl P 9 9 0 Jgaz 53 g pmed Jle 5 5 3 slmoygs
VIR

paiie 3l ghae & 9 O Jgaz 5l Jol> il 4 azgi
B)bylpz 5 dybgd 8b Sy slaglaisl @56 zohuw 8Ly
s yshiie 4 Lol o @iglas 5 Jlu ©F 9 Sy 0y95 SuSas 4
» b dlixe glacgz ) plaslo il el
ol 015 bl & g ALY Jglas

2 Aldlo G18L) eaitiune (55l e gyl Y oz bl
9 0390 GBE 9 gz 423 \0e zohw 4 @leie pled b
4 gy zohw 4 @laie 5 Sldle LS (5l pliae GiaS
%ro by 0)93 )3 (g3l @dlyd xeyd ustden cwl Jlad
BIMY L 58 c8lys 1opd gie 9 @giz 4250 VAo 4y bgyye
b il sl gyidan iz wlz cwl Jlad coz 4 baye
05 &8l9e )3 |y ylade gyt e @l 5 Jlo Sy @Blge 53
GRS oMl el Yo b igiz e aS e @by Jle
G 2P0 e ST olo )3 ) (635 Hlade gty bl

Volume 34, Issue 3, Summer 2019



M lslo dabls g (65uST > FYY

(BTU/H/FT?) (i jeo 53 plaizlw @58 gohaw (65b5 18Lys (sl oliae (W Jgaz

solos ey St el ST Y3 o395 e dusl  owle Ay auili cee
Ya/A VPV /Y vEa WY FPA Jlasd
vy WY YYY/Y FEVY O ORREY VRN Yo\ £10
YUA S YWY FaV/A DOS/¥ e Y Wy Yo/8 £ Ve
YN A 2 B T L NV B2 vsv Yoo/A  OVE/S YAY/D WYV YA/S £ FO
W\ WY/E WYES OYWA YRR ASS/Y aFo/A AY/¥ YRS FADA YYA VSAE e
YAE/A YN OFVA  YA/d A \ava/s Yoo/ Y WYWA Q50 SAVE RSV YOSV £ YO
DY OYY/E VSV AFVY \eVsY \eav/§ VAMA VAV VeWE/S ASAA SEW/D DAY £9e
VYS/A AMSA NeeS/A We/ WSO Ne¥/ \aYV/E VWAEY  WW/E VFO/A AYEY  AFSA £
WOY  Ne¥A WYY AYEYE  WYEE Ve EVY AAVY WYAAOWWEA NEAR S0 WeWs  £IYe
WEUA  WESY YRIEA WYY WsF Y/F AYVE AO/F VAW¥ WYY VEA/F YA £ 1K
VAY/E  ISYAE BAS/¥ AWSF/A VeFRA YEWY SY5/V VYUY AARA WED WAME  VAYE £\
WAA/S WAV WESF VFeE awsss 0OY/0 /Y O¥/E  AAYA  WAYA DA WASF 2150
WEYA  AA/A WAS/Y VFReA ASRYY FOA FYUA OFEOE AV ARYEY BVEY  AYeS  wgis
(BTU/H/FT?) sl wlelw sioys Ozl b 056 zghu s=8ly 518l 5353l oliae (F Jgaz
solios elgs 251 molipe cwsST oVei %) oo dusl  owle a8 asilf ez
VY WE @YY WEY YA Jlad
WS WE/5 V¥ YRVE YAYA Y ) £10
YY/Y VeS/Y YPA O OYVAO/S FYY WYEE AWYWE SR ESS Ve
VY YY/Y WA YOA/F FSV/0 OSO/F BAW/E FSO/A YA 00N FAA YA 2F
$/A \es YOP/A  FFON SVSIA YWV/¥ YYA/Y ORRA R YSY \OA/A av/\ £5e
Ve YAY EYEY sEYA VAOA  AYAY AN SYAA FRY YA WSSV Y)Y YO
YAAK PVE/E Soo/ld vav/s Wo/f AYAY  AEYA  YYe/E OSE EYY/F WYVAA PR 4
FEA OFO/D  YAY¥  AFEA avo MAE  AYVE  YYY/F sy BRA FAYF FAFA £
$o5/Y v WHE \EYA AAY/A AVY/D YOVE  SAF/D WA YWY SeAd  SYS/D £YWe
VWYY AA Wos/F We/A ) VYA OSPY/A OAOY ORe/s SYe¥  YeB/Y  YAB/S YO
aVe/) VYA AWESE WA AYWY BAYA FAF/A FAD  O¥R/S S0 VAW avF £10e
WFYF OWAE/E WWAY/A DAF VAV OFEE/E WYY YOAD  FAVY VA ASAY VFVA 150
VY'Y \wys \E Wos/S YWY/E FSAE YOO/¥  YAS FFOAY YYYAY ASUY VYAR  gis
(BTU/H/FT?) Jlo 35 0533 53 @38 zshw 18Lys (g5l oliwe (O Jgaz
el elgs 21 et cwsST @5 ol oo dusl  pale 4yl iy gz
YEA O FWY YPA Jlasd
¥E/E WeA YY) 0 £10
YY/Y SAA L SYF WWE SEY RS £ Ve
VY YY/Y WA A¥A WS VWA 00N SA YY/A £ 0
$9/A \e§ \o/F WA VRN Ry VY \OA/A v/ £ Fo
Ve YAY YORY WA YAD/S  FRUY VAL YSSIY YO/ £YO
YAAKOWYS/E Veo¥ WO WYeY OFE EYY/F PYAA PEEF £4.
FEA OFO/D  VA¥SY VWYY WYY sedyy 05 FR/F FAFA £Yed
$o5/Y ™ Fo\/Y AEA YOS/ SWA SN SeAD VS :WYe
YYY/Y A/A RIEA VAV OYYEY D%/ Yo/ YO YADS £\
aVe/) VYN e/ oY o oo OWA/S SA VAW awe £10e
WWYY OWARE vssss FEA FAVY VIRA ASAY VRVA 2150
VY'Y WY wvaE FEOY VYV AW VAR gis

WAA lials o oylads F'F o593

bl clfiad actihas



FEY ot b (s3y90 aallbio tsasdygs (s (533l 51 saione sl olaislo (555518 Uls;
(BTU/H/FT?) Jls 05 0193 53 03 zshauw 51813 (655 wliee (¢ sz

solws g »35 el ST Ys5 g = dusl  omle gl a2
Fr/v WEB A VIA Jlasd
WS WE/5 VY YPE/A VY £10
\eS/V VWA YRS WEVA SV £ Ve
YOA/F £5V/0 OSO/F DN/ YYefY £ 0
SY/0 FEO/ SYS/A VYWY sYE/Y VEE + $o
\$4/0 SPY/A Yan/A AYA/Y  SAYF ¥aE/f £ Y0
Voo/ ¥ vay/s Roo/s AYAY  YWV/E FO/¥ 9
vy AFE/ avo MAE  YYONN  FOF/D £1a0)
DOF/Y \EY/A AAY/A APY/D SPE/D FYY/A 1Yo
£2)/0 We/A o) YYUA  OOAN FyY £V
A¥A/\ W/ AYP/Y 03V FWVE  MYEA £10e
aqy/y DAF YAV/A  OFER/E RYVY MRy £150
WIN \Yes/s YYV/EOREME YOB/Y g e
12000
T Oywey90 T p,S 090 (8lg) S5 (5!
10000 4+ —
e S =
~ 8000 !
£
I 6000 ,__.—_\
o
4000 e N _
2000
0 4 g T —TT
I E I AR
“ Ty -7 7
o s 53 ol ilie ez 3 () GaSLss s (sl Jages (1 S
(BTU/H/FT?) g3 s 5> 48b Sy slaglaszlo 55 @3B zohw 518L)s (6551 pliwe (¥ Joaz
5 9 3 0)93 wolis oS 093 10y S o9 3w 0)9d 10y 3w 0y Js el gz
5/ AVA Fav/Y WY %0/A FA/D Jlasd
-QaV/8 Yo/0 adie YF/O YEVS AAB/A £10
YVav/o VA \Wol/p YA/ BaY/A VAs3/) £ Ve
RIEVY SA/N Yos 0/ Y1/ asv/A Vol ¥/A £ 0
Na/F YV YAVS/A ¥y VYW FEYA/ * 5o
ANO/A OVF YOYe/) ¥o/s YEo/F DAVF/ £ Y0
ABV/Y INIAG Foso/d ey ¥eV/Y VISA/Y 9
KN ov/Y FYAY/ FY/¥ Favs/\ A¥oA/Y £1a0)
ov/Y ¥y FOV/F /¥ FOFA/ BA¥/F 1Yo
VYo £ £5/Y FRAVY O¥/A I R AFS/Y £V
\WEV/E £ FYod/) ov OOVE/Y AYAQ/A £10e
1$38/4 aYAd Fa¥A/ OAY OVYA/A AYYY/Y £150
\a0V/5 fo FAYA/F $o OA¥ aNo/F sz

Geographical Researches Quarterly Journal Volume 34, Issue 3, Summer 2019



AP sl dabold g (65T > FYF

(BTU/H/FT2) g3 4 53 46yb 93 slplaisbs ;5 @305 zshu (i8l)3 il olie (A Jsaz

5 9 3w 093 wlas oS 093 10y S o9 3w 0)9d 10 Swoyd  JS il Joad ey
AY/Y £Y Y\FY/5 OA Yage/a OV ¥/0 iz Jlad
N FF/F vrays 00/5 Yado/Y AVAV/A (0 HIEB) /(50 Q)

YAY Y0 YYOO/Y OY/0 FEVF AVAV/D (Vo H\Be) /(Ao Vo)
AAMA ISV PYYa/0 FA/D Volo/Y SYAo/V (FO HI¥0) /YO +F0)
-OVV/0 OF/Y FEVE/Y FO/A V£V SV Ao/A (Fo HYe) [(WortSo)
YA/ 00/ FaO)/) FF/0 YASO/Y YIF/¥ (YO Vo)) /(Ao +YQ)
0wy OSIY Foso/d FY/v ¥AaY/Y VISA/Y A 7B
(BTU/H/FT?) ¢lye5 0 5 45 Jloz slaplaizlo ;3 @58 pshu 8Ly (65l olise (3 Joaz

o5 9 3w 0)93 wglas oS 093 10y S o9 3w 0)9d 10y 3w 0y Js el Joad ey
SAIY NG ¥AaY/Y fa/F FaVE/) S\w5/p (9 Q0 Ao )
Aay/s Be/Y FIVY/Y Fay oV Y/Y SYEY) (Vo0 YO N0 N50)
AFY/Y o IOV FAA FaVY/0 SYAQ/Y (o o Yo 10)
AAMA /0 PYYa/0 FA/D Volo/Y SYAo/V (0 FO FO AYQ)
AFY/Y o IOV FAA FaVY/0 SYAQ/Y (V0o o Fo Vo)
Aay/s Be/Y FIVY/Y Fay oV Y/Y SYEY) (50 A0 YO ob)

[Lashkari et al, 2011; Hossein Abadi et al, 4>

2012; Zamani et al, 2016; Farajzadeh & Abbasi,
2012; Hedayatian & Goodarzi, 2016; Karbalaee
doree & Hejazi Zadeh, 2017; Lashkari et al, 2012]

5 el slod s olly sl 4183 )8 eslail 390
30V 53 ol s slse ailig) sles (bl by sles Jola>
bl bl 51 35y (Jlo @8lge 5 BFA 13 5 50 Juo g8lse
5L Jlo 3 5 05 093 o Gl Jalel @ 4z el
slalad 4 (il 358l emiles 5 dudyes GIU wdlyyy JyuS
S 53 By 0393 53 il SISTas dlys g 0 093 3 sl
oleiblu hitul dizgy wlez bl gues el (65950 s
on GBS @il WS e e poluly oled b 5
Sadyed (55 ol J8le walys by Jlo 05 9 Hw slaoygs
295 L 33550 (sl 3w 093 55 8lys JiSTas 5 05 693 5
slplaizbo gl jhitwl coz gy 0id gusd dnls 4
Gl BFe s by gz 423 VAo g (olid 0 5> 48)b Sy
BOAY élys b e 9 GBrdogiz 42,0 80 euz of jl g
by Obiiel ez o cwl Jl ye 09 3 g5yl
@dlyd b gz Jlad cuz ol b > by slaglaislu
L amys (V50 eH0) 5 (A0 H150) cles o 5l 35 g %OA ,iSTas
gz oicuwliol cwl 3 0593 53 (g5l BOO/EF célbys
Nl HV0) 5 e Grd wloz jui ahbgs slaplaisle jlEl

el 433 (H1e0 VO g (
b5 b 5> )blez slaplaitle gy sl ez oy
el of 5l a9 BFVE élys b dzys (Ao A e o) wlez
Cawl Sy 0y93 53 BFYY célyd b dzyd (10 YO O D)
4 glitle @B zohw ISy b &Sl 4 4295 b puize
29 Uil 05 093 5 18l (65l pline 8 g G aows

WAA lials o oylads F'F o593

Gy
o oz S Jsiw gl @ Goly bl » pels Glagh
U8z obed s 53 g Gl pelely plaidle bl
025 L5 ulilen (slaolil ST ol aibpiy ol Sl
Ghelo Gl @368 WSS e (S il 8l ok (53, 1 IS
6l Lapdi slsaagl ohw (595 3 IS b 9 88l Zhew 595 2
51 eslaiwl b cwl @Y g s Gyt 3 glez blis elad
ez oY slaehly poytege 335 35l (B gladte
wganil gl Jold zohuw i3l et 5 lre dmolxo
o e sl 9 RLdher (el ausl o> gladl
W azgi bl 92 dgels cops 9 ST wlelw o) Jsb
Wilus wglite eal8l g (ldher (o p 53 ayiolly ol 4l
Sl ST 53 @3 2ohw 8Ly il (5l plise s 1Y
Goall g bdhez el habd b slapd )3 oy 4 ol
ol oy Sl G cwl (63900 Ol b pszeR
ol e a9 gol> glazyb edlsl wlallae ) a5 sl
oxid bl Ly jhitel dingy bl » e ldlails digSzun
(Staxo 9 ol ue @lEExd j o slgiday wlyz g cuwl
5 (»2dd 9 [Habibi Khameneh & Mohammadi, 2014]
Ol (B (wlwly 0 [Shafiei et al, 2014] )Kan
038! 9 (Climate Consultant) el yolice Hl38les 45 osis
s g eSisS| lisley (Weather Tool) (slon o T
peitiue G551 plise up G ol Glel Gaa 11wl
shiitel diagy glaces gt 9 glatsln @3B zohw 18L)s
gz el ghed b 3 bz 5 93 (So slegleisle
Slwle Glgy 5l @36 zohw 1Ly palive (IE duolro
§f dlie @liding il ;3 45 cul ot o3litul ogieS eils

bl clfiad actihas



FED s 54 (5990 dalllia ts1udygs s (5l 51 sate0 (sl plazsles 558 Slils

33,5 (50 Slehiteny Gt “GEpb slimsly 53 plaisl (SaiS 5 039)
Dbl diagy oz pmsd bl 5 o Gz ol il
[Habibi Khameneh wla =i ol b ¢yled pad 53 oleisle
Liwheo & Mohammadi, 2014; Shafiei et al, 2014]
9 9% ¢S slaplaizlu jhatul (gaiseagll ylagal ¥ S ol

Ao lid gled i 5> |y b)lez

0393 53 3l JBlaz by jghio 4y 11 clie LalS 3 0995
Gob SuitS cwl oY w093 3 il Bl g 0
O bl paed 35 L8 e 9 B by ) plaisle
COrhogiz 42)3 V0o wlez e (5l dagr w8y jshie
(pow U Jsl caslyl) Js8 LB wlez gj> Gue gz 4zps Mo b
ObS 0 > 4abylez g a8y Wb Sy slaglaisl il

b5 093 caglgl il b gl caglyl sae b3) pled s 53 (42) 4)bylez g (kawg) 48)bgd (wuly) 48)b Sy slaglaisbe il (saucaggl Hlagead (Y JKi

Ashra E (1995). Handbook of heating, ventilating and air-
conditioning applications. Atlanta, GA: American Society
of Heating, Refrigerating and Air Conditioning Engineers.
Bakirci K (2009). Models of solar radiation with hours of
bright sunshine: A review. Renewable and Sustainable
Energy Reviews. 13(9):2580-2588.

Barzegar Z, Heydari S, Zarei M (2012). Evaluuation of the
effect of biulding- orientation on achieved solar radiation-
a NE-SW orientated case of urban residence in semi-arid
climate. International Journal of Architectural
Engineering & Urban Planning. 22(2):108-113.

Barzegar Z, Heidari S (2013). Investigation of the effects
of building envelopes received solar radiation on
residential energy consumption: A case of SW and SE
orientation in Shiraz. Honar-haye-Ziba (Memari-va-
Shahrsazi). 18(1):45-56. [Persian]

Coppolino S (1990). Validation of a very simple model for
computing global solar radiation in European African
Asian & north American areas. Solar and Wind
Technology. 7(4):489-494.

Duffie JA, Beckman WA (2006). Solar engineering of
thermal processes. 4th ed. Wiley.

Energy Balance Sheet of Iran [Internet]. [Cited 2016, 1
May]. Available from: http://isn.moe.gov.ir/.

Farajzadeh M, Abbasi MH (2012). Optimization of the
direction of buildings of Qir town in relation to sun
radiation wusing the cosine method. Quarterly
Geographical Journal of Territory. 9(3):45-62. [Persian]
Fazeli A, Heidari S (2013). Optimization of energy
consumption in residential areas of Tehran, using the
rotterdam energy planning approach (REAP). Energy
Planning and Policy Research. 1(3):83-96. [Persian]

Ganji MH (1955). Iran's climatic divisions. Journal of the
Faculty of Literature and Humanities. 1(9): 27-72.
[Persian]

Gueymard C (2000). Prediction and performance
assessment of mean hourly global radiation. Solar Energy.
68(3):285-303.

Habibi Khameneh M, Mohammadi H (2014). The study of
architecture of Tehran municipality- district 5, based on

Geographical Researches Quarterly Journal

(9w aglsl 5058

R LERT
» glatle @3B zshw 8L padiwe 5l glise Gux
Mo 1 GEpdogiz 42,0 WO wlez 45 el ol Sy ohed 2
(e U Jol slocaglsl) Jo:3 b8 wlez g2 Guéwgiz 420
ObeS 5 5> 4bilez g ahibgs Wby slaglaisl Ll
9 Wby dyb Sy glaplaislo s shitwl oz guyigr cwl
Glob LSS U Lz 42y0 VAo cuz ol e )3 4hb)les
xSz 55 Gl ol gl sl Gt -G sl 5
slso jhiiwl gliwly 5 bglaizls o2)l5 2shw Gealdl b
aallae yls olS s> il Gelily (56 5L glalasd o
Oms piged 9 (5td 5 (Srlese slaldd cunlio JSg 08
G e slrgliz o plasle dug ol e

338 0 Slgiiy T @lindss )3 (gaings Gl pelily

el 0285 (IS S Siungd bawgi (5390 131338 g S
ol oiis Gl B iangs awg (53,90 18NS agayl
el g8lie (oyed 4igS,m 1318 1g8lia (o)las

0358/ ity (! oumnsi) (6551 pme> 1S Ahunagi g0
03y& (g odiugd) AP widlodabls (Be%)
(1) (s ylel Sdi/ Lol Siting 3/ dodia

9 0392 S gl pasd wliixi Jol> dlie ol e gilie
el o coles digSyn 15l

&lie

Angstrom A (1924). Solar and terrestrial radiation.
Quarterly Journal of the Royal Meteorological Society.
50:121-126.

Volume 34, Issue 3, Summer 2019



M sl dabls g (65T > FYF

Mondol JD, Yohanis YG, Norton B (2008). Solar radiation
modelling for the simulation of photovoltaic systems.
Renewable Energy. 33(5):1109-1120.

Neuwirth F (1980). The estimation of global and sky
radiation in Austria. Solar Energy. 24(5):421-426.
Paltridge G, Proctor D (1976). Monthly mean solar
radiation statistics for Australia. Solar Energy. 18(3):235-
243.

Prescott | A (1940). Evaporation from a water surface in
relation to solar radiation. Transactions of the Royal
Society of South Australia. 64:114-118.

Sabbagh JA, Sayigh AA, Al-Salam EMA (1977). Estimation
of the total solar radiation from meteorological data. Solar
Energy. 19(3):307-311.

Samimi ] (1994). Estimation of height-dependent solar
irradiation and application to the solar climate of Iran.
Solar Energy. 52(5):401-409.

Shafiei M, Fayaz R, Hidari S (2014). The appropriate form
of tall building for receiving solar energy in Tehran.
Iranina journal of Energy 16(4):47-60.

Sozen A, Arcaklio E, Ozalp M (2004). Estimation of solar
potential in Turkey by artificial neural networks using
meteorological and geographical data. Energy Conversion
and Management. 45 (18-19):3033-3052.

Watsoz D, Labs K (1983). Climate design: Energy efficient
building principles and practices. New York: McGraw-Hill.
Wu C, Liu Y, Wang T (2007). Methods and strategy for
modeling daily global solar radiation with measured
meteorological data: Case study in Nanchang station,
China. Energy Conversion and Management. 48(9):2447-
2452.

Zamani M, Akbari H, Hadavi F (2016). Best orientation
determination of buildings in Zanjan city based on solar
radiation. = Armanshahr  Architecture &  Urban
Development. 9(16):85-94.

Zheng G, Jing Y, Huang H, Shi G, Zhang X (2010).
Developing a fuzzy analytic hierarchical process model
for building energy conservation assessment. Renewable
Energy. 35(1):78-87.

WAA lials o oylads F'F o593

climatic elements. Quarterly of Geographical Journal of
Territory. 11(41):51-64. [Persian]

Hedayatian M, Goodarzi M (2016). Optimizing the
orientation of the open spaces and building constructions
for cold climate based on sunshine in Borujerd city.
Journal of Researches in Geographical Sciences.
16(42):59-82. [Persian]

Hossein Abadi S, Lashkari H, Salmani Moghadam M
(2012). Climate design of buildings in Sabzevar with an
emphasis on orientation and shelter depth. Journal of
Geography and Development. 10 (27):103-116. [Persian]
IRIMO [Internet]. IRIMO Islamic Republic of
Iran Meteorological Office, Data Center, Tehran. [Cited
2018, 6 May]. Available from:
http://www.irimo.ir /far/wd /2703

Karbalaee doree A, Hejazi Zadeh Z (2017). Optimizing
building orientation establishment in the city of Kashan,
based on climatic conditions. Journal of Arid Regions
Geographics Studies. 7(27):85-103. [Persian].

Kasmai M (2002). Climate Architecture. 2nd ed. Esfahan:
Khak Publications. [Persian]

Kheirabadi F, Nourmohammadzad H, Alizadeh H (2017).
The role of urban spaces physical orientation on the
extent of climate comfort of citizens: Case study of Bandar
Abbas. Geography and Sustainability of Environment.
7(24):15-31. [Persian]

Lashkari H, Mouzremi S, Salki H, Lotfi K (2011).
Optimizing buildings orientation in Ahvaz based on
climate. Journal of Natural Geography. 4 (12):45-62.
[Persian]

Lashkari H, Selki H, Tahaei F (2012). Optimization of the
direction of buildings in Saqqez, based on climatological
condition. Journal of Geography and Regional
Development. 10(18):75-97. [Persian]

Maghrabi AH (2009). Parameterization of simple model to
estimate monthly global solar radiation based on
meteorological variables and evaluation of existing solar
radiation models for Tabuk, Saudi Arabia. Energy
Conversion and Management. 50(11):2754-2760.

bl clfiad actihas



