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ABSTRACT - Shaded areas of windows, solar thermal collecioghotovoltaic modules are of a major
importance for the calculation of solar heatingd anoling-loads of buildings as well as for theadetination
of thermal or electrical output of correspondingasequipment. The PC-program SOMBRERO calculates the
GSC (geometrical shading coefficient), the proportf shaded area of an arbitrarily oriented surface
surrounded by shading elements as a function & &nd location. Shading elements are treated ggqmud
located in a plane and can be combined to bodysasibuildings or trees. They may also represesthangs
and side-wings of the building under consideratiBlements, which are far away from the receivea ae
treated as horizontal shading profiles. The reductif (isotropic) diffuse radiation due to diffetédinds of
obstacles is calculated by means of view-factor&cuCated results of the GSC are stored in ascii-fdramd
can be used as an input for dynamic solar systemlation programs. This is demonstrated in antilatse
example showing the coupling of SOMBRERO with TRNSY ®rider to calculate the effects of shading on
passive cooling, respectively.

1 Introduction

Shaded areas on the radiation collecting solata@emay be useful or detrimental for a systemeddmng on its
type and objective. The knowledge of light and shadinds very important applications within the aol
architecture and urban planning. This is becausady with the establishment of the local plandevelopment
it is determined, how much sun a building can abligith its various facade elements [Goretzki (198For
middle and northern latitudes shaded parts ondhthsrn front of a building, i.e. by other houséscpd directly
in front of it, must be avoided during the heatpeyiod. They would reduce solar gains and with gassible
energy savings. In regions further south with ahaigsolar irradation, however, passive cooling epte are
advantageous.

A further important factor is daylighting. Seveteding of the solar aperture prevents sufficidatilnation by
daylight for the inner building. On the other hamritjht solar beam radiation will cause glaringsjolihcan be
avoided by certain shading measures, like overhangs

Shadows are caused by obstacles between the safulight and the illuminated body, which may comnsié
several receiver planes (targets). The varietywohobstructions can be placed into three categiorie

« obstacles far away, described as horizontal psfile
« expanded objects of an average distance from thetta
« areas belonging to the illuminated body, which eaaself-shading of certain targets.

Suitable for a corresponding characterization @fdéhg is the geometrical shading coefficient (GS#, ratio
between shaded and total receiver plane area [ieaitd Shaviv (1994)] SOMBRERO calculates the GSC for
both, beam radiation and diffuse radiation [Niewierand Heidt (1995]
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Figure 1: All types of shading shown in this piet@re covered by SOMBRERO.

2 Features of SOMBRERO

SOMBRERO includes an entire user interface and aima standard MS-Dos PC with a VGA-graphic card. A
MS-Windows version is under development. Yearlydsiva simulations as well as short time studies fdag or
even shorter time intervalls can be performed withinimum expenditure in time.

The user describes an area by its azimuth, elevatid its vertex-points in the body-system (u-vtesyg, which

is depicted in Figure 2. Because this system igrdsional a description of the vertex-points isyeand can be
achieved by introducing coordinates into a planhef scenery. The origin of the u-v-system withia BIOE-
system can be used to position elements at theimddion.
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Figure 2: Surfaceof-earth-system (SOE-system) with an area orientedhéosbuth. The azimuti is counted
clockwise from the north, i.e. a south-orientedaahas an azimuth of 180°. The elevation angle efetkample
area is 30°. The front-side is facing the sky, Whiindicated by the normal vectfir. The u-v-axes indicate the
body-system (u-v-system).

Figure 3 shows a view of a fassade with two winddive/e consider them as receiver areas for a thknone,
we have to describe their positions and their dsiwrs. Because they are rectangles, each of thenbea



described by a lengiftu and a heighf\v and an origin position in the u-v-system, (w). After the positioning
within the u-v-system, the relative orientationtbé u-v-system and the SOE-system has to be kndlis.is
achieved by describing the azimuth and elevatiotheffassade in the SOE-system. This fassadenstarice,
shall have an elevation of 0° and an azimuth of 1@ich is a vertical wall oriented to the soutse The last
step is to tell the module, where the origin of the-system is located within the SOE-system. Agaéncan get
this information from a plan which shows the scgrfeom above, e.g. a plan of a town / site. So aeeha
description of the scenery in its natural coordisafor receiver areas it is also possible to erea¢rhangs and
side-wings by declaration of their relative elegator azimuth according to the u-v-system.

v
A

| | i | : > u

0 2 5 7 9

Figure 3: View of a fassade with two windows. Taeydescribed by their length, height and originhivi the u-
v-system. The u-v-system is regarded as the batlyrsyof the fassade. Units are in meters.

For frequently occuring obstacles like houses eedra simple generator has been written. A hoasé&dtance,
is described by its length, height, height of ratf orientation and origin in the SOE-system. Aximaum of 300
polygons with up to 12 points can be handled bypttegram. Shadows of trees are treated separageulse of
their variable amount of leaves. The user may dedimonthly schedule for the opaque part of ttee tre
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Figure 4: Online display of SOMBRERO. This pictsinews the shadow simulation of a dormer on a piaabef
with a collector surface (rectangle, 3 m x 4 m ba keft hand side). The pediment is modelled asusdwhich
is placed partially behind the roof. The progranduees the polygons in a way that only the partsant of the
collector plane are printed on the display.

3 Application example: Coupling of SOMBRERO and TRNSY S

The transient system simulation program TRNSY Sbie & read pre-processed hourly values for thelina
coefficients of SOMBRERO from a data file. With sermodification? in the TRNSYS deck-file even the
calculation of the shaded diffuse radiation onltadisurface is possible by using the view-facforssky and
ground calculated in the shadow simulation. TRNS&h calculates the temperatures and heating aslthgo
loads of the building under consideration.

To show the influence of shading through externgdings on the overheating risk in summer, we dated the
temperature evolution in an office room during pi¢gl summer situation of five days length. In example we
considered a single zone only. The office roomaid pf a big building. Its window is facing the sloteast (see
Figure 5). The external wall is massive with 8 ¢rartmal insulation material on the outside surfdt¢® U-value
of the windows is 3.0 W/m2K. The airchange rate setto 2/hour. The simulation period covers sontesunny
days in august (climatic data of Essen, GermangpdSite to the window several higher buildingslaoated in
a distance of 8 m across the road. The evolutitheotemperature in the room was simulated ontle and once
without the influence of the shading buildings. Tasults of the development of room temperaturepersented
in Figure 6.
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Figure 5: Site plan of an office room in a towneTom is surrounded by buildings. Window oriemtatis south-
east. Window-size is 3.5 m x 2 m, height of winsibvabove ground is 3 m.



27

— Shaded
26 sShaded |

o5 | —-+—Unshaded ~~ # X

24 4

23 1

2N\

Temperature in °C

21

20 A NG

19 1 1 1 1 1
5810 5830 5850 5870 5890 5910

Hour of the year

Figure 6: Development of the office room tempemiuring a five day hot and sunny weather peride Gpper
curve refers to the unshaded case.

The two curves of Figure 6 show that during the etperiod the temperature of the partially shadeahr rises
slower than that of the room without shading andenexceeds 25°C. This difference in behaviourcasféhe
thermal comfort as well as the cooling load of wélding. Such results are important for the depaient of a
strategy to keep the energy consumption for codingiinimum values.

4 Conclusion

The PC-program SOMBRERO calculates the quantitiedstiane dependency of the shadow coefficients é&ar
and diffuse radiation. Shadow simulation of compéeeneries can be carried out on a PC with a mimmu
expenditure in time and without the use of furgiergrams. It was shown that the influence of shadomthermal
properties of buildings and solar energy equipniesubstantial to the performance of these syst®eutiled
output is available in formats which allow the chiong of SOMBRERO with other simulation programs.igtvas
demonstrated in an example for thermal simulatigth WRNSYS.
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