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Estimation of total solar Radiation AS!) (el g lalY) (jreds
. Cangll
IS e (ol g B 4y 50 o dlad sl - 1
(Climatic data) 4alial) (Gltall ) paliall -1
Geographical Paramter. 4l jzall jaliall -¥
(Extra terrestrial Radiation) H, ¢l <aall = jla JSI wedl) & lady) -Y

Al iV Ll o laia e 28 (51 (... 5 Uil — (aliaial) (ia jady AN CaSlall-

Ade ke (o) 234 Y 4l

5 Sunshine Ratiof %) & shudl A 5 wedll g lad¥) (g Bals ) clide slay) -2
Cloud Cover el clazll

il g sl

ikl e clela s N

sadia g dale J81 (V) (e a8l LIS 5 (V) e BB 5SS

ps Sl sa cadll el 5o shadl duus (A day ) (e J

H
H—O=a+b(%)

n
H=H,[a+ b(ﬁ)]

JaalS Jles 4ndd Jlema n Ll

w . Lo o« MJ ) .
B g adA) or Ly H
m2a - ° m?.d m?.d 2 Ho

RELPS R PYRERA g PR EN A

Cloud Cover (<l cllazll o
Hi=a+b(c) Sl aUaill g ali ) 32k el claxll o

3aa g Ll dpeladV) il ) 4

m2.d

(octa) US sl (oans oo 50 (uli (43ap2ll) @ sl 48

sesjsst sland) Caiat Mia
APCBRANE elaw &)

sl eliall dale e Laliall pualiell o juaic J8 580 (a0 alagyl -3
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Clesrness Index = kt = —
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Extra terrestrial Radiation ¢ sl Sl = A el g ledY)

W 24 ] T _ _
H, = (mz.d ) =— Isc E,(Cosg Cosé sin wy +@wssm ¢ sin &

21
E- =1+ 0.033 Cos [% dn |

ol sl Jalae E,
dudl : 8

1367 %@f)‘wﬁ 5 el B T

Ll Dl dea s o e s 1N ALY died (10 0.03 4 Hslati Y owedd) Culdl)
Sun rise or Sun set hour angle = w;

ol LA : (Latitude ) @

ald Jylan DA (e lgle Jgeanll JSYL @ ¢ § <, AU &l il

¢ =36.3% e ki (o Aadl gl Jom gall Dpse (2 — Slaa s H, Aad 2 1 Jle
July Jsai sed &4

(July 15) el Ciuas 330 Lol

Type equation here.



E, =1+ 0033cos(—dn>

365
dn=31+28 ... = 196 day
E. =1+ 0.033co0s {2x3.14x196}

365
E, = 1.0339

Cos¢p = Cos (36.31°) = 0.841

36
6 = 23.45sin [% (dn + 284)]

= 23.45sin [ﬁ (196 + 284)]

6 =21.4°
cosd = cos(21.4) = 0.934
ws = Cos™ ! [—tan ¢ + tan §]
= 114.3°

sind = 0.329 sin¢ = 0.539

24

H, = — x I Ey[cosé cosp sinwg + wg Sing sind

180

24
Ho = — x 1367 x0.339 |0.841x0.943x0.97

1o x1143x0534x0329]

H, = 10802(0.772) + 0.353

H, =

m?.d
H - global Solar Radiation *
ko g ladly uila g Laid] Lia
direct 27% 3l
diffuse 20% i

aalle Lasttudl 5 @Y1 ahdl e L) S el eV (pedd 23l o
Sun shine Ratio Models. g skl 4 e aaiad z3ad -1

Type equation here.



Rietveld Model : A :

H—018+062(n) 1
HO _— . . N mEE EEE EEE EEE EEE W
% Cihas g3 (5 sl GO 2 Jla S el e e2N) H
Auliall & shanll Glelu 23 n
aghill g ghull Glels N
& ghul) du %
dadiall 3hlidl & dlle S5 0 dad 1 ddaadla
Louis Model -B
H—023+038(n) 2
HO -_ . 0 N aEs mEm mmm m
: Morten ModelL - C
H n
o = 0417 [0.18 +0.55 (N)] 3
Harry Model- D
1
H n\z
=&

Lalle Cuand i) 73l Juad
louis zs s

Al slandl gl f,
Jan. GG oS Hed A Jea sall dnadd AU Lpaliall cule shaall el < 5 6513 1 Ui
C = 430cta , Tpin = 4¢°, Tmay = 10¢°,~ = 0.49 g shudl L

w w ..
He =2650—— , Ho = 4821 —— (Aduall cloud
(il 4l VRH = 80% , Hppoen = 1996m‘;’d.

Ll o2 Aad andl o5 s Y 7 3aill Aoty edall S el g Lty 2a

1_Rietveld Model 2 =018+ 0.62 ( )

n
H, N

Type equation here.



H=H, <O.18 +0.62 (%))

H = 4821[0.18 + 0.62(0.49)]

H = 2332
m?.day
2_ Morton Model 2 =017 [0.18 + 0.55 (E)]
H, N

H =4821[0.17(0.18 4+ 0.55x0.49)]

H = 2167

m?.day
3_ Louis Model H = 4821[0.23 + 0.38(0.49)] = 2006 ——
m=.day
1
H _ 2 2
4 Harry Model = (N)

1
H = 2650 (0.49)2 = 1855
(0.49) m?.day

_ 2332-1996
N 1996

MPE (luois) = 0.5%

x100% = 16.8%

MPE (morton) = 8.5%

MPE (horre) = 5.5%
e A8al) A il 4l Uadl) 4 el LS

: bed\ 0l 33\4
Y1 and) e L) IS el oLt 83 il clel all daal )
Jaslll ST el o Ll (il 3 jea) 8 6 ane die lgaladinl lSaYL
Y mhaudl e
(Bl el (p JB1 Aaiial) Aaill) b (5 o gl 050 o) (S
LeglS ) (s hall 5 aliall 5l _all cila o e aaiad il 3kl Y

Tnax» Tmen » Tmean
P Gsum XY (-m
a_ Hargreaves model Hio = 0.28In(Tax — Tmin ) —
0.15.....1
b__ Allen model 2 = 0.15 (Tax — Touin )7 oo 2

o

Type equation here.



= = 0.28(Tnean)*1® ... .. 3

C_ Al_Rijiaba mode
(Hargreaves , Allen and Al_z3ll D& K el gladY) dad aa 1 JUs
Tnax = ) Sl bl @i 19358 el Jeasd) dsl L (Rijiaba)

43.3° ¢O | Ty = 24.99¢°

w w
H, = 11266 7 Hpecn = 5839m2 =
1- Hargreavs model
H = 11266[0.181n(43.3 — 24.9) — 0.15]
H = 7497 7

m?.day
2 — Allen model
H = Ho [015 (Tmax - Tmin)l/z]

1
H = 11266 [0.15(43.3 — 24.9)5]

watt
H = 7248

m2.day
3 = Al — Rijiaba model
433 + 24.9)]0-18

2
watt

H =11266 [0.28 (

H = 4
595 m2.day

MPE (Harr.) = 28%
MPE (Allen) = 24%
MPE( AL — Rijiaba) = 2%
3- C Models: il paiall e aaiad Al 23l e
a- Black model Hi — 0.803 — 240C —
0.458C

b- kasten model

Type equation here.



s (a,b)
ddlall clendl g el H,
A sine zilis Jaad o) Glaliad) e S0 8 Lgaladind (o) 4l 23l ; ddaadl

More than on para metermeter _wie e JSI e adiad ) zilall ¢

models:
A_ clover model 2 0.29 cos¢ + 0.52 (2)
H, N
B_ Swartman model H =464 + 265D + 248 RH
D n
T 12

Type equation here.



Extraterrestrial Radiation:

1. The hourly Extraterrestrial Radiation () in watt /m?. h is given by the following eq :
I = I E- (sin § sin @ + Cos 6 Cos @ Cosw; )
— on horizantal Surface
— On Inclined Surface

Iog =lsc Es [sinSsin (@ — B) + Co & Cos (@ — B)Cosw; |

2. Daily Extraterrestrial Radiation on Inclined Surface H,g

HOB

= %ISC E. [Cos 6 Cos (@ — ) sinws +%wS sin(@ — pB) sin §]

The Ratio of hourly Radiation on an Inclined Suface to that on horizontal
(1)

IOB HoB
1, =— R =
b Io B He
. T . .
R _Hop _ Cos 8 Cos (@—pB) sin ws+ Tg0 WS sin(@-p) siné
b Ho Cos 6 Cos @sin ws+ L wssin Psinéd

180

Ex: Calculate

1. 1y, for the hour ending 10:00 (LAT)

2. R,on the flat collecter at a city (0 = 34" N ) Inclined toward the
equator on an angle of 30° from horizontal position for (15) May.

Sol :
5 =18.77
B =30",0=234
wi = 37.5°
wi=25x15= 375"
_ Sin (18.77)Sin (34—30° )+Cos (18.77° Cos (34—30)Cos 137.9 _ g

T Sin (18.77)Sin 34+Cos 18.77 Cos 334 Cos 37.5 I_
1, =0.97

ws = Cos™ ! [tan @tan 8] = Cos™1 [ -tan 18.77 tan 34]
= 103.25° ( horizontal)

ws = Cos~ ! [-tan 18.77tan (@ — B)]

= Cos~![-tan 18.77 tan (34 —30°)]



= 91.36° (Inclined)
Cos 18.77 Cos (34—30)Sin 91.36+ % 19.3 Sin (34—30)Sin 18.77

b ™ (0s18.77 Cos 34 Sin 103.25°+ % 103.25° Sin 34 Sin 18.77
R, =0.90

Diffuse Radiation:

$ ) Gl (553 Y 3 al) ety Allall b5 il g sl of Y1 illaas aline
el AV 4iad ) Aulind Faaal Jandlen el psaidl) g lei¥) ol
LAY

g_;‘; J.ASH e S\ . ax\ &M\y\ .“

(H) G el g laiy) -1
() g bl ds -3
i) g led¥) s 5l (et 8 Aaddusall gl Hll 3Ll al

1-Liu Jordan Model = K; =% , K; = g

% =1.39-4.027 K, +5.531 Kt?-3.108 kt3.............1
03< K;<0.7

2- Page Model: =2=1=1.13 K wovvcvcvssrncse 2
3-Igbal Model

=42 0.958 -0 —0.982 K; oo 3
0.3<K; <0.6

4- Model using Sunshine (n/N)

% = 0.971 = 0.635 (N/N)erreooeoeoeeeoesoeeeoeeeeeeee s oes oo 4

Ex: Calculate (H;) on horizontal Surface For a city in Jan. using:
1. LiuJordan model 2.Page model 3. Igbal model if you have

H=5.27 Mj/ m? day, n/N = 0.35, K,= 0.45



1- Liu Jordan: % =1.39-4.027 (0.45) + 5.531 (0.45)% —3.108
(0.45)3
Hy=Hx(1.39-1.812 + 1.12 - 0.283) = 2.18 Mj/ m? day
2.Page model: H; =5.27 x [ 1-1.13 (0.45)] = 2.6 Mj/ m? . day
3. Igbal model: Hy =5.27 x [ 0.958-0.982 (0.35)]
Hq = 2.72 Mj/ m2. day
Al (e Aiadall i) Al Gl g ((Page ) zisal sb derdiuall il el e ; Aaadle
PIREA

* Hourly global (1), Diffuse (l) and Beam

* (1,) Radiation on Horezontal Surface.
Ib:|-1d , Idzl_lb

Hy = H- Hy il e sl IS g iy
PN | WA P R TVEN

Collares — pereira and Rabl develop a mathematical expression

I I
== + .
T == (az+ b3Cos w;)

a; =0.409 + 0.5016 Sin (ws-60)
b; =0.6609 —0.4767 Sin (ws -60)

-l sl S5 3 ,LEYL J Y AN Lea s (b3 5 @3) om (U8 <l
Ex/ Calculate the hourly global radiation

Received between 10:00 and 11:00 during (30) March on a city.
H=12.5MJ/ m?-d, H.=25.6 MJ/ m?-d

I-=3070 KJ/ m?. hr, ® = 45.6°

Sol:

dn =31+ 28+30 = 89 day

§ = 23.45° Sin [% (89 + 284)]

0 =-2.81°
ws=Cos 1 [-tan @tan 8] = Cos™! [ - tan (45.6) tan (-2.81)] =92.8°

az = 0.409 + 0.5016 Sin (92.8-60)



az =0.68

b =0.6609 — 0.4767 Sin (92.8 — 60) = 0.4027
W= 22.5

|= (%) I- (ag+ bsCos Wi)

| = 3070 x (ﬁ) (0.68+ 0.4027 Cos 22.5)

|I=1577 Kj / m? hr
(lg) i) L;GLJ\ glad¥) Clus
Ddiial) celul) g el Gluad ai8dle ellia

T Cos wi—Cos ws

L
180

. I
a-Liu —Jordan:H—d =

d ZSinws—ws( )Cosws

b — Hay’s method: | =1 =1p [ p, (n/Nj)+pc(I-N1j)] ............. 1

p=ground al bedo =0.22

pa = cloudless — sky al bedo = 0.25

pc = cloud al bedo =0. 60

Iy -1 = 1p [pa(N/Nj) = pe (1-0/NJ)] covevreeeesreeenens 2

I',I,:Hourly global and dif fuse radiation before multiple reflection between grounad

and sky

) ! ! 2 ! ! !
4= 0.9702 + 1.6688 ( ) - 21.303 (7). +51.288 (1)° —51.288 ()* + 17.55 (-)°

Cos 85—-Sin@ Siné
Cos @ Cos &

Nj =%5 Cos™1|

Ex: Calculate the corresponding hourly diffuse radiation during April at hour
ending 14:00 (LAT) by 1. Liu — Jordan method 2. Hay’s method



When measured global radiation | (1827) Kj / m? hr

average monthly daily diffuse radiation on horizontal

Surface = 6.61 MJ /m? day (Hg), n=6.27 hr, @ = 45.5°, . = 3693 Kj /m? hr

Sol:

6 =9.46

W, =99.71 W;=-22.5°

liu—Jordan:  J4 -7 Cos (-22.5)—Cos (99.71)

6610 24 Sin (99.71)~99.71 (5)cos 99.71
I; = 740 Kj/ m? hr

Hay’s method:  I4- 13" -1p (pa (Nlj) *pc (1- Nlj) )

Solar Radiation Incident on Tilted plane on the Earth surface:

sl e e L Y5 7ol dgals e Ty alid) owadll glad¥) 22
P LS e SO e oS5 2 M) e Jaslall Y el gl -3



(Beam Rad.) (Direct Rad.) Dbl el g ladY—1
Rad. Reflected from the ground (= Y mhaw e (e (uSaiall el e ldY) -2
(Sky diffuse Rad.) il slawdl &laiil -3

1. Beam Radiation Incident on an Inclined surface:

a. Hourly Beam Incident on an Inclined plane

Iygr = 1p (Lopr/ 1)
Iygr =1}, (Cos 8- / Cos 85) = I1y,

Be: Bl mhdl e 3y 3
0, : Y ahudl e 450
1 : (Cos B- / Cos 0,) Jid

b. Daily Beam Incident on an Inclined plane:
Hppr = Hp (Hopr/He ) = HpRy,
Ry = (HoBr/ H.)

H,py t sall Gl 2 i Bl mhudl e Jlul) LIS ol asalil e Jich
Hypy : S cladl e LiLd) L3l o sl oosedll g LY

Br : dwll 4 Jia

Ho : gl Dl s &Y mbull Je Jadlidl o) o) o) Jiad

At Equinex :
6 =0 Hyp,=Hp Cos (@ — ) /Cos @

*2. Ground Reflected Radiation Incident on an Inclined plane
(Uppp + 1gpa)Ay
Total ground Area = A; 4l (2 )¥) dalis 4

I, ¢ 3] asedl) ¢ LasY)



pp Skl g i GalSasy) Jalaa

pa & il g ladd (SN Jalas

1- Isotropic Reflection: perfectly Diffuse Reflection.
2- Anisotropic Reflection: Imperfectly Diffuse Reflection.

*Isotropic Reflection:

1
I = (Ippp+lapa) 5 (1 - Cos B)

sal¥) aladia) (Ko Al oda b Alilia el 5 jdlall pleddl LulSaiy) o S Al o dasdle
el 8L A8 3

1
I. = 2—1,0(1 — cosf)

*Anisotropic Reflection :
g ladl el oda 8 e sl 5 Clilally 5 guSa ia )W) (1S5 Ladie 5 Adlall eladl gyl Cias
s ol g eSaiall laudl

I = % lp(1—CosB) [ 1+ sin? (%) (I CosAl)

Azmith = 1Al

*Daily ground Reflected Irradiance:

1. Isotropic Reflection:

Hr=%Hp (1-CosB)



2. An Isotropic Reflection:

H, =Z% Ip(1- CosB)[1 + Sin? %) (I1CosAl)

3. Sky diffuse Radiation Incident on an Inclined plane:

*a. Hourly sky diffuse Radiation Incident on an Inclined plane.
1. Circum Solar Model:

I =141y

2. Isotropic Model:

ia i ()5S0 o) i) el e JSLL 5 i) et g Lad) 505 o) ik 3 sadll 128 b
P Al A8l il 5 aliltie 5 Guilaia

IS=%Id (1 + Cos B)

3. An Isotropic Model:

slandl ok e alias oy Hlall 63 5 a surdl "L a Blara cland) () oS5 Ladie adi% 3 gaill 12a
Jglall slandl 5l a sl "LIS sUaadl)

a. Klucher Model:

Iy=—1g (1+CosB) [1+FSin® (8/2)] (1+F cos?0. sin6; )
1
F=1-()?

- ClearSky: F=1
- Cloudy Sky: F=0
b. Hay Model:

Ig=1q [(Ip /1) 1+ > (14 Cos B) (1-1p/ L)

I-14
Io

Iy =ly [ “7y+5 (1+CosB)[1-(=2)]

Daily Sky Dif fuse Radiation incident on inclined plane .
1. circum Solar Model :-

HS =Hd Rb



2. Isotropic Model :-
H,= % H,(1+CosB)
3. Anisotropic Model :-
a . Klucher Model :

Ho= % 1o

b . Hay Model :-

1+Cos B
2

)[1 + Fsin® (2)] (1 + FCos?6;)}
Hy =H, [(H — Hd)/Ho)]Rb+%(1+CosB)[1—(H-Hd/Ho]

Ex/ 1. Find:-

1. Daily BeamRad. H,
2. Daily ground Reflected diffuse Rad.
3. Daiy Sky diffuse Rad. H
a. Hay Model. 2. Isotropic Model for Radiation Incident on an inclined plane
on 14 July in a city (36.3°) tilted 45° towards the equator if you have the
following data :
H=29.71 Mj/ m?.d .H; =4.73 Mj/m?.d Ho = 41.34 Mj/m? .d
R, =0.77 p=02 . 6,=295° . 6. =35°

1. Hbﬁz(H-Hd)Rb
=(29.71-4.73)0.77
Hpp =19.23 Mj/ m?.d

2. Hy==Hp (1-CosB)
=%*29.71*0.2(1—COS45)

H,=0.87 Mj/m?.d

3. Hay Model :-



H—H 1 H—-H
Hy=Hg Hod]Rb+E(1+Cosﬁ)(1— )
Hy =473 [222] * 077 + 2 (1 + Cos 45) (1 — 2202

H, =3.79 Mj/ m?.d

Isotropic Model :-

HS=%Hd(1+Cos45)

N |~

*4.73(1+ Cos 45)
H, =4.03 Mj/ m?.d

2 . The hourly global rad. incident on a collector on 4 June at hour ending 11:00
calculated for a flat plate collector in a city (45.3° N) tilted 50° toward the equator

ifd =224° , E-=09709 ,I =3179 ,1; = 377%. hr ,p =0.2 ,A=225
Calculate :-

1- Hourly Beam radiation incident on inclined plane.
2- Hourly ground reflected diffuse rad. incident on the inclined plane using
a- Isotropic b- An isotropic Model .
3- Hourly sky diffuse rad incident on inclined plane using :-
a- Circum Solar Model
b- Isotropic Model
c- An isotropic Model using :- 1 -klucher Model 2-Hay model

1— lyg=Ipn
=(I-I; ) ( Cos 8- / Cos 0)
=(3179-377)(0.82/0.87)
Ipp = 2641 Kj / m?.hr
2 - a- Isotropic Model:-

Ir=%lp (1 —Cos B)



=%x3179x0.2(1—C0550)

I, =114 Kj / m?. hr

b- An irotropic Model :-
I, =% Ip (1-CosB)[1+sin? (%)](I CosAl)

I =5*3179*0.2 (1-Cos50) [ 1+ sin? (22)] (1 Cos 22.51)
I, =112Kj/m? . hr
3 —a- Circum Solar Model :-
I;=1; 1y
=1, (Cos 8, /Cos 0;)
=377(0.82/0.87)
=355 Kj / m?.hr
b- Isotropic Model :-
Is=% I; (1+CospB)
=~*377 (1+Cos50)
I, =310Kj/ m?.hr
C - Anisotropic Model :-

1. Klucher Model :-

Is=% Id(1+CosB)[1+Fsin3(§)(1+FCOS2 0, sin’ 0;)

I;=2(377)(1+Cos50) [1+[1—(2)?
sin3 (52—0)][1+[1—(%)2]*(0.82 )2 sin3

I, =359 Kj/ m? .hr
2. Hay Model :-



-1 1 -1
Iszld{Tod b +5(1+COSB)[1'(I_Od ]

3179-377, 0.82 1 3179-377
Is=3771 4921 ]0.87+E(1+COSSO)[1-W]

I, =340 Kj / m?.hr



