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Objectives
*Know solar and surface angles
*Be able to calculate various angles

*Be able to calculate solar radiation intensity on a
surface

*Be able to calculate the Solar Heat Gain through
windows

*Be able to calculate & find the Solar Heat Gain
Coefficient [SHGC] for different windows

Latitude lines

Longitude lines

For Greenwich

Long=0°
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Greenwich
Long=0° Long=-15°
w E
+ve -ve
Latitude angle and longitude
define the location on the
earth surface Ts :Tc +4(L0ngst - Longloc)
For Jeddah:
Latitude £=21.5N T, =5 T, =6 T, =7
Long,,.=-39.5°
7 8

Sun-Earth Relations

*Sun can be considered as a black body source at
T=6000 K

*The spectrum of sun rays cover the whole range of
wave lengths

*Part of the spectrum is absorbed by atmosphere

«Solar constant is the solar intensity outside the earth
atmosphere [ G, =1367 W/m?]

* The solar radiation on a given surface is less than G,

* The total radiation on a surface is the sum of direct,
diffuse from sky and diffuse from ground

* GFGp+GystGye

Sun-Earth Relations Sun-Earth Relations

Determining the position of a location on earth 24 hr — 360 °

rf
surace 1hr—>15°
Long,, is the longitude of the location
60 min - 15°

Long, is the standard longitude of the location

Since earth completes one revolution in 24 hrs: 360 4 min— 1°
degrees=24 hr. or 1 deg=4 min.

Latitude angle £
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Latitude angle, Solar declination

Latitude angle, Declination angle and Hour angle angle and hour angle

Latitude angle, €

- Angle between the line connecting the location P on earth
surface and its projection on equatorial plane

S Solar Declination angle, 3
) =<} Angle between sun ray connecting sun to earth center and its
o= T projection on equatorial plane
s J -
- ’ _ Hour angle, h
Angle on the equatorial plane between the sun projection at
a given time and the sun projection at noon
13 14
For the average day of the month
Declination ang|e, b mont | month | n for i" day of | Date n d, Sun declination
h the month [deg]
1 Jan. i 17 17 -20.9
2 Feb. 31+i 16 47 -13.0
*
5 _ 23 45 Sin (284 + n) 360 3 March | 59+i 16 75 -24
- : 365 4 | April |90+ 15 105 9.4
5 May | 120+i 15 135 18.8
6 June | 151+i 11 162 231
7 July 181+i 17 198 212
8 Aug. | 212+i 16 228 135
9 Sep. 243+i 15 258 22
10 Oct. 273+i 15 288 -9.6
11 Nov. | 304+i 14 318 -18.9
15 12 Dec. |334+i 10 344 -23.0 16
5 Equation of time
. 41 E.0t =9.87 sin(2E) —7.53 cos(E) —1.5sin(E)
(n-81)
E=—72360
364
E.o.t in minutes
17 18
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Solar time
Hour angle, h

T, =? +4(Long? —Long,,) + E].o.t.— D; h — (TS . 12) *15

hr:min min min hr.
Solar Time
T, Civil Time hr:min After noon, T,> 12. For Example at 2pm T =14
DT = Day saving time, if any 19 2

Latitude angle, Declination angle and Hour angle
Sun position

B =sun altitude angle

¢ =sun azimuth angle

\ i Ppe——— Positive East of South
e N 0
Equator =~ s - . _' 2
i s
21 22
Surface Angles Solar and surface position
Normal ¥ = surface tilt angle
y =surface azimuth angle
Surface
Normal
Projéction of 2 2
the Normal
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Solar altitude angle,
sin() = cos(l) cos(d) cos(h) +sin(l) sin(o)
At sunset, $=0.0

cos(h) = —tan(l) *tan(o)

Use this equation to find sun rise and sun set times

Solar zenith angle, 6,

0. =90- B

z

26

Solar azimuth angle, ¢

sin(g)sin(l) —sin(o)

coslg) = cos(f) cos(l)

Positive East of South

Surface azimuth angle, y +ve E. of South

Solar-surface azimuth angle, y

y=|p-v|

Incident angle, 6

cos(8) = cos(p) cos(y)sin(X) +sin(F) cos(X)

Surface normal

0! /

Sun ray

Angle between sun ray and surface normal o
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Latitude and Longitude for different
Saudi Cities

31
Profile Angle, Q
~ "
.—_\. - \/;
4
Figure 14.14
back from th
34
1-Equation of time, E.o.t E.0t = 9.87 sin(2E) —7.53 cos(E) -1.5sin(E) ... (min)
E :wseo
364
P rofi |e a ng |e Q 2-Declination angle, 8 5=2345 sin[%}
’

T, =T, +4(Long, — Long,,.)+ E.ot.— DT

3- Solar time, T,

h=(T,-12)*15

4-Hour angle, h

tan( ) ssotaraiuce angle, 8 SIN(F) = €0S(l) cos(d) cos(h) +sin(l) sin(5)
tan(QY) = tan(p)

6-Solar zenith angle, 6, 6,=90-p
COS()/) N ccW):sin(p)sin(l)-sin(a‘)
-Solar azimuth angle, ¢ cos(/3) cos(l)

8- Surface azimuth, y Usually given. Measured from south. East of South positive

9-Solar-suface azimuth angle, y y= ‘¢ _ ./,‘
104ncidentangle, 6 c0s(#) = cos()cos(y)sin(Z) +sin(S)cos(T)
35 11- Profile angle, @ tan(Q) = :)ns((ﬂ; "
7.
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Shaded window due to an overhang

Overhang

™ window &

Externally Shaded Windows by Overhang

| ——— ¢

Ay,=Shaded area
Ash=y*C

A= Sunlit area
Aslew'Ash

Fraction of sunlit window = A /A,

38

Shaded window due to vertical projection

vertical
projection

39

Externally Shaded Windows by
vertical projection

A, =Shaded area

Ay =a*x

40

Shaded window due to setback distance

Window area =ac oY

Setback distance=b

A,=a*c

A, =c*y+a*x—x*y

A=A, -A, 2

Shaded window due to setback distance

x=Db tan(y)

y=b tan(Q) N
2T M

Shaded area=cy+ax-yx

Fraction of sunlit area=(glass area-shaded area)/glass area

% =1-(b/a) tan(Q) — (b/c) tan(y) + (b/a)(b/c)* tan(Q2) tangy)
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