51:  Passive Solar Energy Book. Mazria. Rodale Press Em. Pa. USA 1979
0-87857-260-0

The Sun Charts
How the Sun Works

For our purposes, it is convenient to assume that the earth is stationary and the
sun is in motion around the earth. Figure V-1 lists the angle (declination) of
the sun above (+) or below (—) the equator, on the twentieth of each month,
as scen from the earth. From the Northern Hemisphere, you can see that the
sun lingers at its highest position in the sky for three months during the sum-
mer, then moves very quickly through fali towards winter, where it appears
low in the sky for another three months.

in order to understand and be responsive to the effects of the sun on the
location and design of places, it is necessary to know, at any given moment,
the sun’s position in the sky. This information is necessary in order to calculate
solar heat gain, and to locate buildings, outdoor spaces, interior room arrange-
ments, windows, shading devices, vegetation and solar collectors.

The Cylindrical Sun Chart

The Cylindrical Sun Chart, which is developed here, provides an easy-to-
understand and convenient way to predict the sun’s movement across the sky
as seen from any point in the world between 28° and 56°NL. The chart is a
vertical projection of the sun’s path as seen from earth. It could be said, then,
that the Sun Chart is an earth-based view of the sun’s movement across the
skydome.
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The table below lists approximately how far above or
below the equator the sun is on the twentieth day of

each month.

20th of Degrees
Jan, —20
Feb. -1
Mar, 0
Apr. 11
May 20
june 23
july 21
Aug. 13
Sept. 1
Oct. —10
Nov. —20
Dec, —-23

Fig. V-1: The sun as it appears from earth on the twentieth day
of each month.
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The following sequence is a description of how a sun chart is developed.
It is included here to provide you with a visual understanding of the sun’s
movement across the skydome.

Two coordinates are needed to locate the position of the sun in the sky. They
are called the altitude and azimuth (also called the bearing angle).

X= ALTITUDE angle
Y=AZIMUTH angle

Fig. V-2: Altitude and azimuth angles.
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Altitude

Solar altitude is the angle measured between the horizon and the position of
the sun above the horizon. The horizontal lines on the chart represent altitude
angles in 10° increments above the horizon.

o

\ 2
%4 5 § g 8 3 8§ §

Fig. V-3: Altitude angle.
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Azimuth (bearing angle)

Solar azimuth is the angle along the horizon of the position of the sun,
measured to the cast or west of true south,

Fig. V=4: Azimuth angle.
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&
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Skydome (sky vault)

The skydome is the visible hemisphere of sky, above the horizon, in all direc-
tions. The grid on the chart represents the vertical and horizontal angles of the
whole skydome. It is as if there were a clear dome around the observer, and
then the chart were peeled off of this dome,* stretched out and laid flat.

~SUN CHART

% SKYDOME

HORIZON

" Fig. V-5: Skydome.

*In reality this is not possible. The intention of the illustration is to present you with a visual
image of the skydome projected onto a flat sheet.
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Sun’s Position

Once the altitude and azimuth angles are known, the sun can be located at any
position in the sky. ‘

. . o
Fig. V—6: Sun’s position. E 45 S w
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Sun’s Path

By connecting the points of the location of the sun, at different times through-
out the day, the sun’s path for that day can be drawn.

-"‘
--&--'-

B

pr; S .

Fig. V-7: Sun's path,
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Monthly Paths

Thus, we can plot the sun’s path for any day of the year. The lines shown
represent the sun’s path for the twentieth day of each month. The sun’s path
is longest during the summer months when it reaches its highest altitude,
rising and setting with the widest azimuth angle from true south. During the
winter months the sun is much lower in the sky, rising and setting with the

narrowest azimuth angles from true south,
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Fig. V-8: Monthly paths.




Times of Day

Finally, if we connect the times of day on each sun path we get a heavy dotted
line which represents the
Sun Chart, iy

Fig. V-9: Times of day.
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Solar Home Book. Anderson, Riordan. Cheshire Bks USA 1976. 0-917352-01-7.

Solar Position

Most people have probably noticed that
the sun is higher in the sky in summer than
in winter. Some also redlize that it rises
south of due east in winter and north of due
east in summer. Each day the sun travels in
a circular path across the sky, reaching its
highest point at noon. As winter proceeds
into spring and summer, this circular path
moves higher in the sky. The sun rises carlier
in the day and sets later,

The actual position of the sun in the sky
depends upon the latitude of the observer.
At noon on March 21 and September 23, the
vernal and autumnal equinoxes, the sun is
directly overhead at the equator. At 40°N
latitude, however, its angle above the horizon
is 50° ( = 90° — 40°). By noon on June 22,
the summer solstice in the Northern Hemi-
sphere, the sun is directly overhead at the
Tropic of Cancer, 2314°N latitude. Its angle
above the horizon at 40°N is 73%° { = 90° +
23%° — 40°), the highest it gets at this
latitude. At noon on December 22, the sun is
directly overhead at the Tropic of Capricorn,
and its angle above the horizon at 40°N
jatitude is only 26%°.

A more exact description ot the sun's
position is needed for most applications. fn
the language of trigonometry, this position is
expressed by the values of two angles—the
solar altitude and the solar azimuth. The
solar aftitude ¢ is measured up from the
horizon to the sun, while the solar azimuth ¢
is the angular deviation from true south.

These angles need not be excessively
mysterious—you can make a rough measure-
ment of them with your own body. Stand
facing the sun with one hand pointing toward
it and the other pointing due south. Now
drop the first hand so that it points to the
horizon directly below the sun. The angle
that your arm drops is the solar altitude @
and the angle between your arms in the
final position is the solar azimuth ¢. Much
better accuracy can be obtained with better
instruments, but the measurement process is
essentially the same.

The solar altitude and azimuth can be cal-
culated for any day, time, and latitude. For
40°N latitude (Philadelphia, for example},

23

The carth’s elliptical path around the sun. The tilt of the

earth’s axis results in the seasons of the year.

TIME OF DAY

WINTER E
SQOLETICE

The ‘surf’s daily path across the sky. The
sun is higher in the sky in summer than in
winter duc to the tilt of the earth’s axis.




Measuring the sun’s position. The solar altitude ¢ is the angle between the
sun and the horizon, and the azimuth ¢ is measured from true south.

the values of ¢ and ¢ are given at each hour
for the 21st day of cach month in the
accompanying - table. Note that ¢ is always
zero at solar noon and that 8 varies from
26.6" at noon on December 21 to 73.5° at
noon on June 21. You can find similar data
for latitudes 24°N, 32°N, 48°N, 56°N, and
64°N in the tables titled “Clear Day Insolation
Dat2 in Appendix 1. This appendix also
shows you how to calculate these angles
directly for any day, time, and latitude,

SOLAR POSITIONS FOR 40°N LATITUDE

AM | PM | ANGLE |Jan 21 | Feb 21 | Mar 21 { Apr 21 | May 21| Jun 21| Jul 21 | Aug 21| Sep 21| Oct 21| Nov 21| De¢ 21
s| ;| AT 19| 4z 23
AZI ¢ 1147 | 117.3 | 1152
o | 61 ALT O 74 | 127 | 148 | 131 7.9
AZI ¢ 989 | 105.6 | 108.4 | 1061 | oo
;| 5| ALTE 43 | 114 [ 139 | 240 260 243 193 [ 112 5
, AZI ¢ 721 | 802 | 895 | 966 | 997 | 972 | so0o0 | s02 | 723
gl o ALTE| 81| 1aa 225 [ 303 354 sraf ss8[ 307 [225| 150 [ 82| 55
Azl ¢| 553 | 616 | 69.6 | 793 | 872 | 907 | 878 | 799 | 906 | 619 | 554 | 530
o | s | AT e[ e8] 2e37) sza [ 4z ] 468 [ asm | 472 | ars | 328 223 | 170 | 140
Azl ¢| 440 | 497 | 573 | 672 | 760 | B2 | 767 | 679 | 573 | avz | 44y | 419
| 2| ATe[ s s T e | sia | srs [ ses] 579 517 | ane | 324 | 240 | 207
azt ¢| 09| 354 | 419 | 514 | 609 | 658 | 617 521 | s19 | 358 | 110 | 204
| o[ AT e zea| sra | ary | 7 [ eez | w0z | ee | ses | er7 | wns | 286 | 250
azi ¢| 160 | 186 | 226 | 292 | 371 | 419 | 379 | 207 | 2206 | 187 | 161 | 152
12000 | ALT 8] 300 [ 302 | s00 [ 616 | 700 | 755 ] 706 | 623 | 500 | 395 | 302 | 268
et azi 3| 60| 00| wo| 00| ool oo| eo| oo | ool| oo oo | oo

NOTES: Altitudes § are measured from the horizon, and azimuths  are messured from true south, Angles are given in degrees, and solar times
are used
SOURCE: Koolshade Corporation.




Appendix 1.1: SOLAR ANGLES

The sun’s position in the sky is described by two angular measurements,
the solar altitude 8 and the solar azimuth ¢. As explained in Chapter 3,
the solar altitude is the angle of the sun above the horizon. The
azimurh is its angular deviation from true south.

The exact calculation of # and 4 depends upon three variables:
the latitude L, the declination &, and the hour angle H. Latitude is the
angular distance of the observer north or south of the equator—it can
be read from any good map. Declination is a measure of how far north
or south of the equator the sun has moved. At the summer solstice
5 = +23%°, while at the winter solstice 8 = —23%° in the Northern
Hemisphere; at both equinoxes, 8 = 0°. This quantity varies from
month to month and can be read directly from the graph below.

RN

20 "

NORTH

N\

DEGREES
=
M

7 |
/ \

4 N

SOUTH
OCT WOV DEC

JAN FEB MAR APR MAY JUN JUL AUG SEP

DECLINATION OF THE SUN

The hour angle H depends on Local Solar Time, which is the time that
would be read from a sundial oriented south. Solar Time is measured
from solar noon—the moment when the sun is highest in the sky. At
different times of the vear, the lengths of solar days (measured from
solar noon to solar noon) are slightly different from days measured by
a clock running at a uniform rate. Local Solar Time is calculated
taking this difference inte account. There is also a correction if the
observer is not on the standard time meridian for his time zone.

To correct local standard time (read from an accurate clock) to

Local Solar Time, three steps are necessary:

1) If daylight savings time is in effect, subtract one hour.

2) Determine the longitude of the locality and the longitude of
the standard time meridian (75" for Eastern ST, 90° for
Central ST, 105° for Mountain 8T, 120° for Pacific ST, 135°
for Yukon ST, 150° for Alaska-Hawali ST). Multiply the
difference in longitudes by 4 minutes/degree. If the locality
15 east of the standard meridian, add the correction minutes;
if it’s west, subtract them.

3) Add the equation of time {from the nexrt graph) for the date
in question. The result is the Local Solar Time.

Once you know the Local Solar Time, you can obtain the hour
angle H from:

H=0.25 X (number of minutes from solar noon).

From the latitude L, declination § and hour angle H, the solar altitude
6 and azimuth ¢ follow after a little trigonometry:

sinf =cosLcosé cosH+sinLsing;
sin ¢ = cos § sin H/cos § .

Example: Determine the altitude and azimuth of the sun in Abilene,
Texas on December 1, when it is 1:30 p.m. (CST). First we need to
calculate the Local Solar Time. It is not daylight savings time, so no
correction for that is needed. Looking at a map we see that Abilene is
on the 100°W meridian, or 10 degrees west of the standard meridian—
90°W. We subtract the 4 X 10 = 40 minutes from local time;
1:30 — (140 = 12:50 p.m. From the equation of time for December 1,
we must add about 11 minutes. 12:50 + 0:11 = 1:01 Local Solar
Time, or 61 minutes past solar ncon. Consequently, the hour angle is
H = 0.25 x 61 or about 15°. The latitude of Abilene is read from the

_same map: L = 32°, and the declination for December l_isﬁ =—22°,

We have come thus far with maps, graphs, and the back of an
envelope, but now we need a pocket calculater or a table of trigono-
metric functions:

sin 8 = cos(32° Jeos(—22°)eos{15°) + sin(32° )sin(—22°)
=0.85 X 0.93 X 097 +0.53 X (—0.37)
=076 - 0.20=056

Then ¢ = aresin {0.56) = 34,12° above the horizon. Similarly:

s5in § = cos{—22")sin(15° )/cos(34.12°)
=(0.93 X 0.26)/0.83 =0.29 .

Then ¢ = arcsin(0.29) = 16.85° west of true south. At 1:30 p.I. on
December 1 in Abilene Texas, the sofar altitude is 34.12° and the
azimuth is 16.85° west.
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The total solar radiation is the sum of direct, diffuse, and reflected
radiation. At present, a statistical approach is the only reliable method
of separating out the diffuse component of horizontal insolation. The
full detail of this method is contained in an article by Liu and Jordan;
we only summarize their results here. First we ascertain the ratio of
the daily insolation on a horizontal surface (measured at a particular
weather station} to the extraterrestrial radiation on another horizontal
surface {outside the atmosphere). This ratio {usualty called the percent
of Extraterrestrial radiation, or % ETR) can be determined from the
National Weather Records Center; it is also given in the article by Liu
and jordan. With a knowledge of the % ETR, you can use the accom-
panying graph to determine the percentage of diffuse radiation of a
horizontal surface. For example, 50% ETR corresponds to 38% diffuse
tradiation and 62% direct radiation.
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You are now prepared to convert the direct and diffuse components
of the horizontal insolation into the daily total insolation on south-
facing tilted or vertical surfaces. The conversion factor for the direct
component F,,, depends on the laritude, L, the tilt angle of the
surface, g, and the sunser bour angles, w and w ', of the horizontal
and tilted surfaces:

horizontal surface: c¢osw = —tan L tan &
tilted surface: cos w "= —tan (L—@)tan §

where the declination 5 is found from the graph on page 252 and
§ = 90° applies 1o vertical surfaces. Depending on the value of these
two angles w and w ', the calculation of F, is slightly different. If « is
less than w | then

cas(L — @) X SiN @ — w €os w '’

cos L Sinw — w Cos w

Fp =

If «o "is smaller than «, then

F = cos(L. — ) ¥ SiN o ' — (o 'COS
D cos L SiD &) — w o8 w

The direct component of the radiation on a tilted or vertical surface is
I, = Fy X I, where I is the direct horizontal insolation.
The treatment of diffuse and reflected radiation is a bit different.
The diffuse radiation is assumed to come uniformly from zll corners
of the sky, so one need only determine the fraction of the sky
exposed to a tilted surface and reduce the horizontal diffuse radiation

accordingly. The diffuse radiation on a surface tilted at an angle g is
1 +cosf

iy = 5 X1

where 1, is the daily horizontal diffuse radiation. The reflected
radiation on a tilted surface is

. 1 —cosg
l=eX =

where p is the reflectance of the horizontal surface.

o

X (ID +Id)

SOURCE: Liv, B.Y.H. and K. C. Jordan, “Availability of Solar Encrgy for Flat-Plate Solar
Hest Collectors.” in Low Temperature Engincering Applications of Solar Energv. cdited
by Richard C. Jordan, New York: ASIIRAE, 1967,
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Nomenclature:

6 latitude

n Julian day number

« hour angle

& solar declination angle
8, solar zenith angle

P solar azimuth

The apparent position of the sun in the sky can be
defined by two angles: the solar zenith angle 8,, and

the azimuth angle 1.

y is zero at solar noon, positive in the mornings and
negative in the afternoons.

The sun's position relative to the earth depends on
the time of day, the time of year, and the latitude.

The latitude ¢ is negative for the southern
hemigphere. The time of year n is denoted by the
Julian day number (1 to 365).

The hour angle of the sun ® is defined in terms of
the nurmber of hours from solar noon. w changes by
15° every hour. It is zero at solar noon, positive in
the mornings and negative in the afternoons. For a
given time of day (solar time),

w = {noon - time} * 15°

EQUATIONS FOR CALCULATING THE POSITION OF THE SUN

Solar declination angle

The declination angle of the sun & is the angle
between the sun at solar noon and the equatorial
plane, This varies from day to day. It is zero at the
equinoxes, 23.45° at the June solstice and -23.45°
at the December solstice.

& can be calculated as follows:
n+ 284
365

8 = 23.45° = 5in (360° = )

aquainral
ana

O =un at solRr noon
&

Solar zenith angle
The solar zenith angle can now be calculated:

cos Oz = sin & sin ¢ + cos 8 cos ¢ cos w

forcosw > 0

Azimuth angle
The azimuth angle 1 is provided by
cos Bz sin @ - sin &

cos P = -
sin Oz cos @

RAPS Design Manuat / September 1952



Appendix: Calculation of solar irradiation on inclined surfaces

NOMENCLATURE
Solar ferms Site dependent ferms
D = ;(;w};sg)radiation on the horizontal At = azimuth of tiited plane
m
. I . n = day number
Dy = diffuse radiation on tilted plane ] _
(W/md) B = tilt angle of plane from horizontal
Gn = global Radiation on the horizontal ¢ = latitude (¢ > 0in southern
(Wim?) hemisphere)
i = direct radiation on plane normal to Y =  albedo of surrounding ground cover
sun's rays (W/m?)
lo = normal exitratemestrial radiation Perez model variables
(I = 1367 W/m®)
lo = direct radiation on plane with solar Fi,F2,L = sky brightness parameters
incidence =0 Fij = coefficients describing sky
Ref = reflected radiation on tilted plane brightness parameters
(W/m®) a, b = solid angles occupied by
= ; ; circumsolar zone and horizon
m = relatve air mass band weighted by their average
incidence on the slope
Solar angles o, d = the equivalent of a and b for the
) horizontal
A = solar az:mu_th € =  describes ratative importance of
E =  solar elevation direct radiation at the earth’s
z = solar zenith surface
5 = declination angle d = normalised horizontal diffuse
L. ) radiation
6t = solarincidence angle on tilted _
plane o = half angle of circumsclar zone
- . (a = 25%
6n = solar incidence angle on horizontal ) ‘
_ $h = term used in the calculation of ¢/
@ = hour angle ‘
¢t = termused in the calculation of a’
Xh = term used in the calculation of ¢
Xt = term used in the calculation of a’



The radiation received by an inclined surface is different to that received on the horizontal for three
reasons. Firstly, the direct component is altered because of the change in surface area projected
onto the plane normal to the sun's rays. Secondly an inclined surface will receive radlation reflected
from the surrounding ground cover. Thirdly, the diffuse component changes as the fraction of the
sky dome visible to the tilted surface Is reduced. It is current practice to treat these three
components independently.

The direct component

The treatment of the direct component is relatively straightforward and error free for flat surfaces.

If | is the intensity of the sclar radiation falling on a plane normal to the sun’s rays, then the direct radiation,
lg, falling on a plane where the solar incidence angle is 8, is given by

le = lcos @

If 6t is the solar incidence angle on the inclined plane and n is the solar incidence angle on the horizontal,
then .

lot = I cos B
andlish = icos 8
S0
lot = (cos 8t/ cosBn} len

The ratio cos 6t/ cos 8 may be written;

cos 64 - sind sin {¢-3) + cos &cos {(¢-p) cos w

cos Bn sin 8 sin ¢ + cos 6 cos fcos w
where

5 = declination angle

) = latitude

B = tilt of plane from horizontal

) = hour angle

It is possible to repeat this calculation with data for each hour during the day and sum the results, The final
figure represents the total direct radiation received during one day by the inclined plane.

The reflected component

The madel employed to estimate ground reflacted radiation assumes that the surrounding grourd cover
reflects radiation isotropically. This assumption is valid when global radiation is composed primarily of diffuse
radiation andf/or where the ground cover is a perfectly diffuse reflector. Although there do exist anisotropic
models, these should only be used under specific conditions, for example where a surface exhibits strong
directional reflectance or where local obstructions to the horizon occur.



For the isotropic model, the reflected component is given by:

Ref = 0.5 (1 -cos B} Gn
where

Ref = reflected component

g = ground albedo

B = tilt of plane from horizontal

Gn = global radiation on the horizontal
The diffuse component

The available models

Estimation of the diffuse component of radiation received by an inclined plane is considered the largest
potential source of error. There are a number of different models which may be used to predict the diffuse
component.

_ Firstly, the isotropic mode! assumes that the intensity of the sky diffuse radiation is uniform over the entire
sky dome. Research has shown that the assumption of isotropy of the sky provides a good fit to empirical
data at low intensity conditions found during overcast skies; however the model underestimates the amount
of solar radiation falling on tilted surfaces at higher solar intensities and in clear or partly clear sky situations
where anisotropi¢ conditions of circumsotar and horizon brightening are prevalent.

Various anistropic models have been developad to improve accuracy {Temps & Coulson, 1977; Klucher,
1979; Hay & McKay, 1885; and Perez et al, 1986). Comparisons of the performance of these models on two
test data sets are presented in Perez {1987). Thae new version of the Perez modsl has been shown to
perform more accurately than other models for a large number of locations. For this reason the new
enhanced form of the Perez model has been selected to generate the ditfuse radiation component.

Although Southem African sky conditions, being mostly clear and bright, resemble the conditions under
which the Perez mode! performs waell, it has not yet been validated locally.

Description of Enhanced Perez Model
The model is composed of two distinct elements:

i. a geomaetric representation of the sky dome

il a parametnc representation of the insolation conditions.



The geometric framework
As shown in Figure 1, the sky hemigphere is divided into three zones: the horizon band, the circumsolar

region and the rest of the sky. The diffuse radiation is assumed to be constant within each zone. Such a
configuration helps to account for the two main types of anisotropy in the atmosphere: circumsolar and
horizonal brightening. A 25° haif angle for the circumsolar region was found by Perez to provide the best
overall performance.

Figure 1: Geometric Representation of Sky Dome

If the diffuse radiances originating from the main portion of the dome, the circumsolar zone and the horizon
band are L, F1 * L and F2 * L respectively, then the resulting diffuse radiation, Dy, received by an inclined
plane can be expressaed as:

Dt = Dh{0.5{1 +cos Bll1-F1-F2]+F1[a/e]+ F2{b/d]}
where
Dy, Dn = diffuse radiation on incline, horizontal
B = tilt of plane from horizontal
F1,F2 = diffuse radiation brightness coefficients
a,b’ = solid angles occupied by circumsolar zone and horizon band weighted by their
respective incidence on the slope
¢, d = the equivalent of a" and b’ for the horizontal

The new simplified version of the model assumes that all the energy of the horizon band is contained in an
infinitesimally thin region at 0°. The above equation then becomes:

Dy C o= Dh{0.5[1 +cos Bl [1-F1] + F1[a/c'] + F2 sin }



The parametric representation of insolation conditions

This section of the model is empirical and establishes the value of the brightness coefficients, F1 and F2, as
functions of the insolation conditions. The magnitude of these parameters are treated as functions of the
following parameters:

i the solar zenith angle, z
ii. the horizontal diffuse radiation (hormalised tod = Dym / lg)
iii. the relative importance of direct radiation at the earth’s surface,

expressed in the parameter = [Dp + 11/ Dp.

where
m = relative air mass {m = 1/ cos 2)
z = solar zenith angle
| = direct radiation normal to the sun's rays
lo = normal extraterrestrial radiation (lo = 1367 W/m?)

The parameters F1 and F2 are expressed as:

F1 Fi1+dF12+zF13
F2 F21 +dF22 + zF23

The values of the parameters F11....F23 are preserited in Table 1. These figures are for a 25° circumsolar
hatt angie and are obtained from experimental data. Tests using these figures for a range of sites indicate
that they are not site dependent {Perez, 1987).

Calculation method for Perez model

In summary, the calculation procedure follows the steps outlined below {note that in this example all angles
are in radians and all insolation measurements must be in kJ/hr/m2):;

1. Input Data:
Gh = global radiation on the horizontal
Dh = diffuse radiation on the horizontal
w = hour angle
= {solar time - 12.00)* 15* x/ 180
¢ = latitude (positive for southern hamisphere)
a = circumsolar half angle (o = 25° = 0.436 rad)
n = Julian day, Jan 1st = 1 .... Dec 31st = 365
3 = tilt of plane from horizontal
At = Piane azimuth (At = 0° for a north facing plane)



2. Calculate sky parameters:

5

E

declination angle

-0.4093 sin{ 360/365 * (n + 284} * x / 180 }
solar elevation

arcsin ( sin 8 sin ¢ + cos & cos ¢ cos ©)

solar zenith

x2-E

solar azimuth

arccos { (SinE sin¢-sind)/(cosEcos¢)}
incidence angle of sun’s rays on tilted plane
arccos (sinpfcosEcos (A-Ap +cosfScosE)

3. Calculate model parameters:

4, Calculate Xh

fz<x/2-athen

¢h
Xh
olse

¢h
Xh

5. Calculate Xt

fotsx/2-cthen
Xt
eise

ifotsx/2+athen

Pt
Xt
olse

Xt

(Gh - Dn)} / sin(E)
Dn/lcos(@ * lol,  lo = 4921.2 kdfhrim?
(Oh + 1)/ Dn

i
cos(z)

m/2-z-a)/ (2" &)
¢h * sinlgh * a)

¢h * cos(By

x/2-Btea)/(2*a)
oh* ¢t * sin(gt * o)



6. Calculate aand ¢

a = 2*(1-cosa)* Xt
¢ = 2*{(1-cosa)*Xh

7. Calculate F1, F2
Look up F11...F23 in table

Fi = Fl1+d*F12+2z*F13
F2 = F21+d*F22+2*F23

Table 1: Values for F11...F23

range of £ 25° circumsolar region

from to F11 F12 F13 F21 F22 F23
1.000 1.056 -0.011 0.748 -0.080 -0.048 0.073 -0.024
1.056 1.253 -0.038 1.115 -0.109 -0.023 0.106 -0.037
1.253 1.586 0.166 0.909 -0.178 0.062 -0.021 -0.050
1.586 2.134 0.419 0.646 -0.262 0.140 -0.1 6? -0.042
2134 3.230 0.710 0.025 -0.290 0.243 -0.511 -0.004
3.230 5.880 0.857 -0.370 -0.279 0.267 -0.792 0.076
5.980 10.080 0.734 -0.073 -0.228 0.231 -1.180 0.199

10.080 0.421 -0.661 0.097 0.118 -2.125 0.446

8. Caiculate diffuse component

De o= Dn*{0.5[1 + cos B1*[1-F1] + F1* [a'fc'} + F2 * sin B}

This calculation procedure can be repeated for each hour of sunlight during the day and the results summed
to obtain a figure representing the diffuse radiation received on a tilted surface during one day.
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