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Abstract

Background and Obijective: Today energy crisis and inherent environmental pollution caused by
increasing consumption of non-renewable resources are one of the most major concerns of many
countries including Iran and using of them is one of the most important factors to Earth demolition
and climatic changes. Thus, numerous developed and enlarged countries try to extend the application
and use of renewable energy resources. In this regard, the solar energy is one of the most important
renewable and sustainable energy sources in the world and it mainly can be enumerated as the second
largest energy sources in Iran after wind energy. This energy can be exploited in several methods such
as flat collectors as one of the simplest and most usable systems that can be used in the buildings and
solar chimney power plant. Due to daily and seasonal variations of the sun radiation, the optimal tilt
estimation of collectors with maximum efficiency is very important.

Method: This paper is based on a mathematical pattern and climatic data and the optimized tilt of flat
collectors in city of Kerman is investigated. Then, by comparing and analyzing results of charts and
tables, optimized tilt of flat collector at each month, season and annual are extracted and contrasted.
Additionally, the percent of received radiation of each angle of plates in comparison to the optimized
Angele are discussed.

Findings: In the conclusion section, the optimal angle tilt of collector over the year including spring,
summer, autumn and winter seasons besides the optimal angle building heating systems and outdoor
swimming pools heating systems are also presented. Finally, efficiency of vertical and horizontal
collectors has been investigated with respect to maximizing the efficiency of optimal tilt of collector
over the year.

Keywords: Renewable Energy, Solar Energy, Solar Radiation, Flat Collectors, Optimal Collector
Angle
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Figure 1- World energy consumption of sources, 2012 (1)
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Figure 2- A schematic structure of solar chimney power plant (7)
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Figure 3- Beam, diffuse, and ground-
reflected radiation on a tilted surface (9)

1- Celestial Vault

o ywd 50 g 5l (M5 sl
Y el s> 550 R 5l 9yse Slals (b g
50 g ol baygls  zolaws (55, » (ol slogi ol
S Sl SSUSS glasl 4y bgio wdyom 0,55 o 0]
e b ki placeS 4 Lagl jlaie g ciS
S5 el g ol 4o o sl elis )| (oLl i
S b Jlognl L aile anls o JLés 05 5 o
L ol oads adss (6550 ke (sritan 5 (590,95 aibals
oSl iy il Zlsel Sl 5 Syl Slonslons 4,55
S bl Sl ol wylse el 5 il e il
9 0081 poeinns Loogiyy (sl paie Joalljgiws
plosl amle SO b o9, S el S5 0,90 SO j0 (omlSas]
9 a9, SLedlbl Jallygiws b o ((F) JS2) 9 pdy o0

25l slabie sladoe olpem 4y a3 slags y lale



ohKen g ol Q2 olo (1,959 AY 0l comn § bzmo (5581050 g pole 4
K, - H ® S bogi (850 Ml liee amwlxe 5 (o )
H

4 oo, il alale (Sl Jlaie H (Mj/M? day) a5

oSy slagiy  Casbie ! H (Mj/im?)

o s 3 () Al )) o] 45 59750 Hy (Mj/MP)

@a..» » ¢)|9 LSL‘b?S){. £ )‘o;.ﬁ:...'l‘; Gfa.w » ol o;\,,..-l} 6%5;{.

(@) abal) Ry e gloel hows o) 3
(\V AY A 5\)00; d.u.ul?u:

H (1.311-3.022K, +3.427K,* ~1.82K°)
g if @, >81.4°and .03<K, <0.8 o
‘ H (1.391-3.560K, +4.189K * ~2.137K )

if o, <81.4°and0.3<K, <0.8

] _ cos(¢—p)cosdsinw, +(7 f 180) ! sin(¢—B)sinS
® cosgcosdsine, +(z f 180)a, singsins

*)
Ami o Caamaw 4 Ay 93 wg,é el agly @' Q) a5

(Y) 5\41541 Cewds (V) d.la;‘) )‘ 9 oéf )‘bw

@, =min {w;cos™ (~tan (¢ - B)tan 5)| %

S y95 i (=il glgmel ailole (Sl (b

- (. H

H,=H (1—#} )
c’a_w xj_l - Q)lj ca_.Slf LsLﬁb}_?).) ul)_»A 4.»_,..4[.7:‘: (5‘)"
970 3 p5Y Ry 0asSTy lsel hos cu i 355 ¢ oy

(V) L el ol 8 Sy 3930]

], - (1+czosﬁ) @

4- Beam Radiation Conversion Factor
5- Isotropic

oot gl
1 oolaiwl alawlg 4y y5ls 3 o oo b0 (65,5 jlade
B g S0 55,5 2 il S A alale (2 Siks
5 1 Lt oad &yl ol 5l sae ol 45 98,5 so peets
Sl o e (Do S 133N Lo 5075,
e Hy (Mjim? day) s> YL s oo 2l ailabe

(Y- b el

1+0.033c05 220"

X
—  24x3600G
H, = n * . o)
COS¢$CosIsin @, +—>

180

sin¢sin6]

Coo il gl emiais Sl Gy =1367 (W/M?) 1 s &S
angily ol 5ls oom Jlo sl Shass a5« gmgds) o)let 1
5 5 3550 Jome oLl oye §(dEQ) w085 o dnlne
(Je gl Iyl a3 g 093 C G sy S (EQ)

JJTLSO Cowdy (Y) d.la.vb )| 9 0094.

M

5 = 23.45sin| 360 224+
365

alobe (o Siles sl it olul 1 Slolons (5T alal, ol o
Lo, il pB)l 51N aculoee (gl 09 o dlpiiny il
agl; @, (deQ) cpuizon (V) 593 oolitwl ols ;& gl
3 g 00g (Bl axbo Caows 4 g pln 3wl s> el

@, =cos ' (—tangtan 5) ")

O)) oo Gy (F) alal, 5l a8 conlTecblas

1 - Duffie
2 - Beckman
3- Monthly Average Daily Solar Clearness Index




v

B (Gl 335 (S8 191055 Ay o sl

zos 4 pY 005 il b logei o Jslaz o bagl @l
Sl s el gl 55 (V) e il 45 o

sl ooy 48,5 a5 00 [V L ply P e el
b edye L sleadse (V) Jgoz 50 oS o
i gladd 0uiSy @dadl (o) 97 5l @) gdads
ObeyS sy aslale age sl 5 (Bl (55, pdnts
asilyy 8L, b lade (V) Jgoo jo el 00ys )5 4|
9 b LS ggomme ol e ilitie ot Ly sl
Slacie (V) Jlogai 10 (pizmen il oo al)l Loy wlle
G dY) Jloged yo ol ok (g9, wlale JS xiads
Sy 5 ainid (1) Jlogas jo walize sbls; sl (80
AVl aox «(F) Jlogad g (Joad Oj90 4 jlocad sl
Joaz ;0.0 )5 Gl Jlocads sl 45 oads 0ol Oletais
Al il ST alie 5 olul 5o gz 4 s (F)
G- by aVlo gaomme i duo o calizee sloced (g9,
9 e dslol oot il dige gl 4 s a0 A

Lol 00l QL\) fcdd 4y (gamy sy (0 @L.., WS

Slawlro guls Joloxi' g (o) 2

s Jade b oleySE o] 50 45 () Jgu 4 4 b

g g 00Ty pdadd eallions gdadl (a0) 92 5l gyl
lale gl asly (eizren g obo 2 sl 38 w59, 2
et gl aage agly el oad Al 0leyS 0t sl
olo ;2 (sl a5 (il (655l S Tas 28l y sl n
Bl s (55 perSle 22l L aslie Sz g Al
Jle plome an - Jglaz ol o s S anll ol (les
Fo gy asly 595 » Yoz ole jo (S8 )0 aieds STas

b e YATYMJ/IM?) 4 5o

g @ oo lagi 5l (6,500 iy s (Sl slag

O g 9 Jome 5l eslawl b aS o] so Hles 4 Jlocus

Gk glgsl b cuyo g 00,5 atin ) P ee e
(VY ) 8,5 arsbre (V0 alal, gllae LR, ou

] _(1-cosp) O+

' 2
slag, Hy (MJ/M?) g5 ame (2l ailale (il bims
5y G9lo, ) o mlaw ST (59) 2 9 ye5 4l
b cwl plp Sugpignl el jo 9 Jlod o)Ses )0 0z
5 00Ty e aliy) slagiy alale (:Sils ggaze
Sy V1) adaly 5l g cal 10,5 s (59, 2 (olSal

O 9V V)l

H,=H,R, +H, R, +H pR, QRD)

pple (VV) adaly 0 (Vo) Q) (A) Loy, opols,l, 8L

asls

I-T=H[1—H“J§b+ﬁd(1+C:Sﬁ)+ﬁ(l_cgsﬂ)p an

iliso s gl (8L )0 (bl dwlxe
3 Jold 5988 (oulidlgn Glojlo slaosls 5l (6505050 b
S oolizal Uy 5 Al cos 88l el (55, 2 S (sniins
a3 o gl 5l gl 5 caliss sLlg; (SPSS) l53le 5
6Lm)31o)f Gl a0 asely U u>_as\ 6L:a)91o)5 sly
Lobe)S s sy eVl g (lad lale ©90 4 g390e
35— YN0 oLl oy 5 OV/-0 oLl s> o b

dsle Bopt (dEG)  5lo 5 A angly (28,5 13 b))




1 23 45
PR
(deg) —— i g
............. “ ol B LT T o ala Logl
Pl i A it
- o o~ o ~
=" o e Q.ﬁ_’e:- e |
- T 0 = e — - — oy - e T T T T P
P T T T

alolo W)go 4 ol Zolw 59) J5 airdd jlado - log0d
Chart 1- The total radiation on tilted surfaces of each month
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Chart 2- Received radiation (Mj/m?) on tilted angles of 0 to 90 of each month in Kerman
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Table 1- Monthly radiation of components and optimal angle of each month in Kerman
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Chart 3- Total seasonal | radiation (Mj/m?) on tilted collectors in Kerman
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Chart 4- Annual sum of total radiation (Mj/m?) on tilted surface in Kerman
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Table 2- Daily received radiation (Mj/m?) on tilted surface of each month in Kerman

o 495

ole

q. A Y- s. D- f. Y. Y. \.
YYD YYIPY YY/f4 YYIVY YYIVYA YY/¥# AR V4/-Y \2IPY YIS a4l3

\v/af ARV Y-I#A ARTAR YV/EY YVYY | Y-/20 YAty YYIAA AINANE 4,88

VFIAA YANA | VY- YY/TY YYIYA | YY/AY YYIYA YYIYY YYNA | Y-/2Y )

ATAR VOIVY Yv/aa ARYAR \Rlied YY/AY | YY/IVY ARTATN Y¥/-Y | YYIOY iyl

\RTAY4 \YITA Vo/4 YAIYO Y-/f YYIVY YY/A Y¥/ay YoIrt Yo/ =

\RYAv4 \Yig¥ VONY \VigY Y+ | YYIVO Y¥No YO/IFA Y#IAY YV/aY 09>

AR Yoy \FIY \a/-Y YVIEY Yf YO/QA YViay YA/ Ya/vy Vs>

VYA \OIY YAIYA Y-/AY YY/QA Y¥FIVY Y&[N Y&IA YV/-¥ Y&INY CawgS |

VVIYY YNAY | YYIOO YFOY | Yo/A4 YZIAQ YVIYA Y&IAY \tZR04 Y¥IPY ool

YVAY |OYEAY | Yo/vA Y#IAS YVIYa | YV/-Q Y&IVS Y¥/AN YY/A ARTAR iy
YY/IAP | YYTITA YO/ Yo Yo/ed | YFIVY | YYIYA | YVYY YAI£A \O/IVY yealgs

ARTALN YY/IVY YYITY | YVoF YY/ YY/-Y | Y/fQ YAITY AINAN \Y/-Y olws

ARZAY TVAD | F4/N DOIANN | #YNNY FYIFO | YVIVY | YSIVE | YO Y#/4 Sl

AAVARd FAYE | OVIYY | FYFITY Ye#¥ | YOI#Y Yaiw- MIYE | AIYE | A-RY Ol

FEIVY YVYY | YE/VY Y#IXY Ye-¥ | oYYy |ove/ey | #YITY AY/TY /A 3l

OFINY | 2VYY | PONA FYIOY FAIYA FYIFY | FOIFY | #VIYY OFIFA INRYARA Obas

YENY AVYY | VeRIYE | AYCYRY | AYYIVE | VEY-2 | V0/AY | VDR Y | VOMTYY | VOVIEY | 5,85 Joad

YYV/Y [ OAYY/Y- | AYQY [ YEYAZ | VER/FY | ATV | AYQIEE | AYENR | WYY | A9AY | oy Jaad

VAMES | YYY/QY | YERNQ | YESNA | YYVYINA | YAYIES | YAZIYA | YAYIYY | YYYIVY | YOV E | eVl mox




RULSE e

Q2 olo (1,959 AY 0l comn § bzmo (5581050 g pole \Y

4z 53 VY dugy drgl) 4 o Hals )5 alisio 5lilg) ¥l £ g0 i w0y dunlio - Y Jgu

Table3- Comparison of total annual percent of absorption of different angles of collector to the
optimal angle of 32 degrees.
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