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AASTRACT - In the present work, the shading effect of a south
building on the aperture of a solar device in the north latitudes
is theasretically investicgatec., A mathematicel model to calqulate
the instantanecus value cof shaded ar2a as a function of building
harizontal distance, neight, width and the angle nof deviation
from south direction as well as aperture dimensions has been
ohtained. The shading factar, vhich is the ratio between the
actual total incident solar radiation and that without shadinag on
the aperture, has been «calculated for different geometrical
parameters. The annceai average shading factor, which may be
considered as a reasconable measure of the shading effect is alsao
given in terms of the system dimensionless parameters.

INTRODUCTION

In large «cities, buildings are usually crowded, making
shadows on eacn ather and may produce a shading effect oaon the
aperture ol an existing sclar device. This fact 1is ane of the
mest iaportanmt reasons vhy the majority of city residents do not
prefer the sclar choice. On the other hand, the repcrted work in
this field is very little campared te the problem si1ze, and is
not sufficient in practice. For example, an analytical methed for
calculating -daily and monthly average insolatian on averhanging
shaded wvindows of arbitrary azimuth is presented by Jones (l1. An
extension of this wark for a fipite width overhang has been
reported [2], The problem of window ahaders haa also been handled




M 93 H. E. Gad

by Barozzi and Grossa [3], using the numerical technigue.

On the other hand, the shading effects of large scale 3olar
systems are stndled by Jones and Surkhart [4]. An analytical
method for ealculating the daily total radiation on rows of fixed
collectors facing equator has been reported. The effect of row
length is neglected, since it is pronounced only close to scnrise
and sunset as reported. Similar wvork on solar cell array has been
pertormed by Feldman et al (5]. They proposed a non-regular
distribution of cells to reduce the shadow effects. Mathematical
models for shading calculations, suitable for computer - aided
design of complex systems are also avallable [6]).

However, the shading problem of bujldings on solar devices
seems to be very significant, especially in cities and towns.
This work is therefore aimed to investigate the effect of a south
building shading on a solar device, since the style of buildings
ls mostly east - wvest, in north latitudes. A simple model and
practical graphical resnlts are also presented.

THLCORLCTICAL APPROACH

An aperture of a solar device of width W, and height L is
fixed in a place where the latltude 1is ¢, with an angle of
inclination B, to the horlzontal and facing south. 1In front of
the aperture, there exists a aearby building at a horizontal
distance from the aperture bottom edge of z times the aperture
height { i.e. = z L ), The bullding height is equal to v L, while
its vidth is d ¥, and is assumed to have an east-vest dfirection.
The deviation of building from the south djrection is measured by
the angle c, betwveen the line connectlng the mld points of the
bottom aperture edge and the building width, and the south
directloin 1in a horizontal ~plane. The system geogmetry is
shovn in Flg. 1. In the elevatjon view, the slignlficant
parameters which explaln the geometrical relations between the
beam solar radiation, aperture and the bullding are the extreme
values of the profile angles xa and xr, vhere,

tan N = —-—memmmm o ' (1)
cos{ © - v )

where a4, 1is the solar altitude angle and vy, is the aperture
azimuth angle which is equal to zero (| apexrture facing south ).
In the plan view, the system geometry is characterized by the

angle c, and extreme values of the solar azimuth angle a, and a,.

The shaded area for a certain aperture-building geometrical
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configuration is dependent only on the angles », and 3, as shown
in the figure. The aperture is fully illuminated if > 2 ., while
it ls completely ahaded 1E % ¢ %, ( and a ¢ a, }. The aperture 1\s

partly shaded if A2 M2 N, and a, 2 a3 * a;, where

tan Lo =v / 2 I and tap A = mmm—mm—-oo- (2)

It can be shown from the front view geometry that the profile
anqle %, ls related to z, v and 3, at any time by

v - (/L) sin B
tan » = —---mmeo—mmmm—e—o—— , (3)
z + { 1/L ) cos 3

where 1, is the shade length {n the aperture helght direction.
Equations 1, 2 and 3 could be used to.obtain the value of (1l/L),
in terms of the angle %, as

(/L) = ~—==mm-mmmeoo-a- T e (4)

This equation is valid only when X 2 % 2 % . The value of (1/L)

is equal to zero when X 2 L and is unity if » ¢ X .,

From the plan system geometry, the £following relatlions can be
easily derived,

d -1

tan a, = ~z----- + tan c ; (5}
2 e z
a -1

tan a, = ------- - tan ¢ ; (6)
2 e 2

wvhere e = L/W
The shade Jlength at the aperture lower edge in the width
direction v, Is given by,

(v/W) = 1 +e z ( tan a, - tan a ) it a2 a ; (7)

and (v/W) =ed - e z ( tan a, + tan a ) , |if a ¢ a

Equatien 7 ls valid only a.m., wvhile the other is valld only p.m.
The value of (w/W) = 1 if a >a> a, and =zero othervise.
The ratio A , of the shaded area to that of the aperture can be
approximated by,

e A = (1/L ) ( w/WR ) (9}

r



Mansoura Engineering Journal(MEJ) Vol.14, No.l, June 1983 M 56

The "ASHRAE" Handbook of Fundamentals (7] recommends the
following equation for the prediction of the normal beam solar
radlation H, ,

4y, = H, exp( - B/sin a ) , , (10}
vhere B, is the atmospheric extinction coefficient.

The values of Ho and B are representative of condltions on
average cloudless days for north latitudes (from 0 to 64 degrees)
The “ASHRAE" Handbook of fundamentals also glves a simplified

general relation for the diffuse solar radiation H, , from a
clear sky that falls on any terrestrial surface as,

H,, = 0.5 f an (1 + cos B ) R (L1)
vhere [, is the diffuse radiation £factor which 1is given

numerically €or each month in the Handbook.
The average insolation on the aperture surface is given by,

H = H ( L - A ) cos a + 0.5 f Hy, (1 + cos B ) ) (12)

where 8, is the incident angle of beam radiation on the aperture.
The shading effect of the beam radiation is taken into account in
the above equation, where the value of A, =0 to 1. However, a
shading factor ¥, may be defined by the ratio between the actual
insolation on the aperture surface and that without shading,

(1 -A )Ycosd + 0.5f£ (1 +cos )
§ = =m==---- e (13)
cos B + 0.5 £ (1 + cos [ )

According to this equation, the shading factor is only a function
of time for any given aperture-building confiquration. A computer
program is systematically constructed to calculate ¥, with a time
step of 0.25 hour, durlng every day over a year for dlfferent
values of system geometrical parameters as shown in Fig. 2.

RESULTS AND PISCUSSION

Because the problem involves a large number of parameters,
it 1ls necessary to keep some of them constant and investigate the
influence of the others. On the aother hand, the instantaneous
values of shading factor during any day show only its behavior in
the same day, but the daily average value is expected to be more
useful in calculating the energy gain. However, in order to
investigate the influence of system different parameters, the
annual average value of the shading factor is essentially
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reguired. Results of this analysils, vwhich are given in graphical
form, show the hourly values of shading factor in some days,
daily and the annual average values under different parameters.

Figure 3. shows the hourly values of the shading factor

reaulting from a very long horizontal object at a digtance L |,
Irom the aperture lower edge ( 2z =1 ). Thls object may be a
building or an east-west wall 1in front of the aperture. The

shading factor is plotted for different building heights during a
summer day ( N = 172 ). For all values of v/z, the shading factor
decreases with time, from unity, reaching a minimum value at noon
and then increases again to unity. It !s clear also that shading
factor decreases with increasing height. It is to be noted
that the flat minimum in the case of v/z = 20, 1is only due to
diffuse radiation where the aperxrture is completely shaded
during this period. Fiqures 4 and 5. show similar results for a
vinter and a spring days respectively. In winter, the shading
.factor has a maximum value at noon for small bullding helghts
ac seen in Flg. 4. However, In egulinoxes, it ls almost
independent of time as shown in Fig. 5, vhere N = 80.

An example of of the effect of building width on the hourly
values of the shading factor is given in Fig., 6. This figure
gives results for the day N = 172, where the specific wvalues of
2z, v and c arxe 1, 13 and 0 respectively. As expected, the period
during which shading factor is less than unity, increases with
the building width. Also, all cuxves representing different
values of 4, are symnetrical around the noon 1line. However,
figures from 3 to 6 are given under specially decided parameters
to shovw reasonable variations of shading factor to demonstrate
its daily behavior. Ctherwise, the shading factor is either unity
or at its minimum corresponding teo the dlffuse radiation.

On the other hand, the daily average value of the shading
factor for any system can be very useful in estimating the output
energy distribution over the year to compare with the energy
demand. In large cities, the apparent picture of building shading
may be not encouraglng,but the actual energy distribution may fit
the demand. Calculations can also be used for an already exlsting
solar device. Figure 7. is an exanple of daily average shading
factor for a system with z = 10, d = 20 and ¢ = 0, at different
values of v/z, over the year. As seen from the figure, the
shadlng factor is at its minimum value during winter months if
v/z = 1, then it increases rapidly to unity in other days. For
values of v/z > 1, shading factor increases gradually from its
minimum and then rapldly. However,the shading factor is unlty all
over the year §f wv/z « tan"(l.ls-m), for all values of£ c and 4.
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The effect of building width on the shading factor for the case
of v/2 = 2, i8 shown in Fig. 8. It is clear that the number of
days with unity shading factor is not affected by the building
vidth. Only the change from mini{mum is seen to be more gradual,
and the value of minimum shading factor increases with smallier
building widths. The shading factor is of course uanity when d=0.

Howevexr’, the average value of shading factor over a year is
more practical for design purposes. Figure 3, shows the annual
shading factoxr as a function of 2z, at diffexent wvalues of v/z,
for d4=10 and c=0. Since z, v and d are dimensionless paxametexs,
this graphical representation can be used to determine shading
factor for any system geometry having the same values of d and c.
As an example, the annual shading facteor resulting £from a
buildi{ng with height to horizontal distance of unity, and at a
distance of 5 times the aperture height is about 0.8. 1n ¢this
case, a layman may think that this site is not suirable for any
solar system.

Fiqure 1Q0. shows the same results at different values of
building widths (4 =5, 20 and 40 ), for a wide range of
horizontal distances( z & 20 ). The shading factor decreases with
the increase in building width for all values of v/z. This effect
increases with the horizgntal distance. Also, it can be seen from
the figure that the shading factor decreases with z, to a minimua
value and then increases again and tends to have a constant value
at larger z, for any v/z. The value of z, at which this minimun
occuxrs increases with the bvilding width. Finally, the effect of
angle c, on the shading factor for the system geonmetry with d==z,
(1.e. the building width is equal to the horizontal distance) is
shown in Fig. 11. The angle c, is seen to have a marked effect on
the shadlng factor. It increases rapidly with c, where its value
approaches unity for ¢ = 60°, as shown in the figure.

CONCLUSI ONS

The shading effect of a south buvilding block on the aperture
of a solar device In the north latitudes (0-64°) is theoretically
investigated. A mathematical model to rcalculate the shading
Eactor, which |s defined by the ratio of actual total seclar
radiation on the aperture surface to that without shading, as a
function of system geometrical parameters 1ls presented. The
hourly, daily and annual average values of shading factor, which
can be easily calculated by this model, may be of great help when
a site ls to be tested for the installation of a solaxr device in
large cities. Results which are given in graphical form can be
used 1n a gulck and accurate eatipatlon of shadlng factor for any
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system geametry, since all parameters are dimensjionless.

NOMENCLATURE

.

o
3

[
[

¥ X WRNNESSQIZ ~~OCTIT ITmaoood >

Ratio of the shaded area to that of the aperture

Solar azimath angle, rad. (wlth normal sign canvention).
Angular deviation of the building from south direction, rad.
Ratio of buildlng width to that of aperture in E-® direction
Aperture aspect ratio

Diffuse radiation factor

Beam solar radiation intensity at normal tncidence, W/m’

Dlffuse solar radiation intensity on aperture surface, W/m'
Aperture height, m

Length of shade in the aperture height, m

Number of days from January first

Bnuilding height, m

Ratio of building height to that of aperture

Aperture width, m

Horlzontal distance between building and aperture, m
Ratio between the horizontal distance and '‘aperture height
Solar altitude angle, rad.

Aperture tilt angle, rad.

Aperture suvrface zimuth angle, rad.

Incident angle of beam radiation on aperture suwrface, rad
Profile angle, rad.
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