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SuMMary. Ta increase of diffu5ion on the biocliMatic archite~ture is 
necessary to Make the calculation Method eaey to use for designers. In 
particular the available calculation Method for analytical, based on 
transfer functions or finite eleMents Method. or those Made for siMplified 
calculations. are generally very coMplex to use. Is necessary to develop 
Methods of i'..'lnalihc;,11 typr:: and siMplified 1v1ore "f'r•iendly" to use. The 
present work shows the results obtained with a siMulation Model in respect 
with the previous conditions. to estiMate heating and cooling systeMs 
perforMance. and also a siMplified Method. in wich operative graphs are 
used, for passive solar systeMs calculations and in progre55 partial 
results of a Method for passive cooling. 

1 . INTRODUCTION 

There are principally two types of analytical Models to calculate the 
eneq;ietic: per·for·Mc:mce of -!:he buildin!;;!:':·. 
The first Models is based on transfer function. 
The fiecond 1Y1odel5 is ba:-;ed on fini.te c:lif'fer·ence or·· finite ele1"1enb; 
Methodology. The first Models has best result when used on traditional 
buildinr.Js t.Jith si.1v1p.le b1i:i1dint;;i e1eiv1errb"5; <.'Ind ~;o isn't able i:o analyze 
biocliMatic coMplex structures. 
The second systeMs. that used the therMal network, is More suitable in 
order· to calculate the perfor1>rnnce of biocli111atic coMplex 5t1-uctur·es. 
It is necessary for both systeMs to have input data: that being hourly 
external conditions (solar radiation. te111perature, relative huMidity and 
wind direction and velocity) and geoMetrical and physicval characteristics 
of eleMents and systeM5 of the building are indispen5able. 
'An ~lternative for acheiving building perforMance results is the use of 
seMplified Methods. 
The seMplified Method's is valid for standard conditions. but generally 
MOr~ co111plicated to use in particular for no-reference conditions. To 
resolve this probleM it is necesary to consider two aspects: 

the first possibility of design is to Make operative graphs or 
siMplified correlations between the principal paraMeters (for cliMatic 
and physical/geoMetrical building's characteristics). 
the 5econd possibility is to develop an analytical Model with a 
siMplified input data set. 

This work shows the results obtained with: 
one siMulation Model. for heating and cooling, using easy input; 

- one siMplified Method [usinQ operative graphs) only for passive solar 
heating. 

- in progress another croup of operative graphs for caolign buildings 
desj,gn; ·. 
the re5ults of siMulation for a new passive cooling coMponent. 
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Z. THE SIMULATION MODEL 

The MatheMatical siMulation Model developed in the course of previous 
research 111.IZI was eMploied for the energy optiMization of a farMino 
biocliMatic greenhouse for a natural control (without resortinc to any 
heating or coolino systeMsl of the internal MicrocliMate at all seasonal 
conditions (winter, SUMMer. fall and spring) Made for E.N.E.R. in Casaccia 
area fie. 1.Z For this greenhouse has been siMulated and built two 
biocliMatic units fig 3~4. The first for passive solar heating and the 
second for passive cooling (based on evaporation and night radiation 
release systeM). 
This siMulation Model, based on the thecnique of finite differences, 
enables the evaluation eneroy and hourly therMoigroMetric behavior of both 
traditional and biocliMatic buildings with various types of passive solar 
heating and cooling systeM5. 
This Model expresses the behavior of buildings by Means of an equation 
systeM representing the heat flow aMong the different subregions in wich 
the systeM rias been devided. In order to solve such equations, the Model 
resort to a differential nuMerical technique of one hour tiMe intervals. 
In this way, the systeM is represented in forM of nodes. Each node 
represents a region of uniforM teMperature and has its own therMal 
capacity and is connected to the other (with wich interacts therMally) 
through a therMal conductance. 
For each node. therMal balance equations consider the heat flow for 
irradiation, conduction, convection, 
therMocirculation CTroMbe walls, solar 
therMal storage in the storage eleMents. 

evaporation, condensation, 
chiMneys, etc.) as well as the 

The teMperature pattern. for each node. is siMulated by solving such 
equations for a given hourly input of solar radiation. teMperature and 
relative huMidity of outside air, wind direction and speed. Other input 
data are naturally represented by therMophysical and geoMetric 
characteristics of building eleMents, on the other hand, output data are 
as follows: 

teMperature and relative huMidity of internal air, of radiant Mean 
teMperature, operative teMperature, and teMperature for all nodes in 
wich the systeM has been subdivided; 

- the enercy requireMent to check any possible teMperature variation and 
relative huMidity variation above the threshold set for the 
environMental conditions required. 

This Model, already has been validated according to experiMental results 
with the prototipe of the Mentioned biocliMatic greenhouse /3/. UsinQ 
this siMulation Model a siMplified Methodology has been developed for an 
easy apporach to calculation. 
The process needs, in case,the iteraction of calculations, necessary to 
evaluate different passive systeMs. related to different cliMatic 
conditions and physical/geo~etrical characteristichs. 
The chosen procedure Makes possible to describe various configurations by 
chance in value of each paraMeters (physical and geoMetrical). 
This casual condiction has generated the idea for using the analytical 
Method in a very siMple way. 
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Fig. Prototype of biocliMatic greenhouse. 

Fig. Z Interior of biocliMatic greenhouse. 
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Fig. 3 BiocliMati unit - Air circulation systeM - AxonoMetric section. 

Fig. 4 BiocliMatic unit - Heating and cooling systeMs - Section 



3. THE SEMPLIFIED METHODS 

The porpose of this seMplified Method has been to give to the designers 
tools that are effective and easy to use, to support their specialized 
knowledge /4/. Mor·eover 1Je think to r"ealize "operative graphs'', that are 
diagraMs, in wich significant paraMeters have been put in relationes, on 
wich the designer operates his chaises (fig. 5). 
The operative graphs of present Many section or sectors, within reference 
conditions are deterMinated, for the case in exaMinetion, to deduce, 
without the need of coMputing systeMs, the paraMeters that characterize 
coMfort level. The techn:ique is derived fr·oM "no1\'Jogr·aphs" a kind of 
technical X-Y graphs based on experiMental relations. with soMe 
Modification and adaptation. 
To estiMate to contribution of passive solar susteMs in reduction of 
energy consuption on buildings, the graphs present design solution of 
passive solar coMponents and of evolved systeMs. 
The graphs allow the designer, with a few input data, to calculate the 
sola·r, saving fr-action of seasonal heating load related to: 
- the ratio between the passive systeMs area and the heated voluMe; 
- the total heat loss coefficient for voluMe unit of building. 
The calculation is based on MediuM value of internal heat gain and take in 
account the degree-days paraMeter, that is function of base teMperature 
for such internal heat source. 
These characteristics coMpared to other siMplified calculation, Made the 
graphs Mode easy to fit for various purpouse. 
Passive solar g1~aphs are ·the result of calcula-tion "loops" in LJich 5olar 
saving fraction value is obtained for Many locations, with changes in 
input paraMeters. 
The used technique is Made of statistical regressions related to one 
coMplex factor, that resuMes the effects of input data; is obtained a 
curve function approaching the value of annual solar saving fraction for 
reference locations to the corrispondent value for other locations, if is 
acted with an appropriate traslation of the curve-function on the graphs. 
So it's possible to construct an easy to use design tools. 
Of cour5e the graphs can assuMe as input data, More variables, for exaMple 
is wanted to exaMine the perforMance of passive solar systeM coMpared to 
variable heat gains, for the saMe locations. 
We can resuMe the advantages connected to the use of operative graphs 
coMparad to other calculation Method in particular concerning: 

the possibility in estiMate the validity of one design solution after 
fixing one o More design paraMeter: 

- speed and easiness in use; 
- utilizability for design and verification process; all these advantages 

are due tci the "visibility" of the gr·aphs pr·ocedur·e, and thiis Made the 
graphs very u5eful for didactic use. 

The graphs should be inserted in technical books, or handbooks, or should 
be associated to list of building coMponents, in wich perforMances are 
shown, or they could be created for particular applications, in cliMatic 
regions whose conditions have extreMe variations in teMperature range, for 
subject Ma·tters. 
In a later tiMe the saMe siMulation Model has been used for the 
elaboration of siMplified passive cooling calculation Method. 
It controls the energetic behavior and in-ternal coMfort degree for several 
cliMatic conditions and various passive cooling systeMs. 
Therefore it has been defined that a nuMber of passive svsteM 
c~nfigura-tions of which the diMensional, operative (overhangs, variable 
resistences) and therMal capacity characteristics have been varied. 
There are several siMulations carried out in different cliMatic conditions 
for all configurations. 
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Thro~gh the results of this analysis, the elaboration of a progressive 
design Method for the coMfort control is used with regard to the PMV and 
PPD indices. With thi s Method it shall be possible to individualize the 
best design solutions for the variou5 cliMatic conditions. Such design 
solutions will resoond to the options and diMensioning of the passive 
coolign systeMs /5/. 
Several siMulation have been carried out for different systeMs 
configuration (passive cooling sisteMs) through diMensional ratio related 
to different reference conditions for the occupants (Metabolic rate and 
external work, therMal resistance of clothing, relative interior air 
velocity>. 
Actually we are going on - on the ground of the obtained resulis - to 
elaborate a siMplified design Metodology. 
In the course of these siMulation process the 
radiation protection has Made evident as the Most 
environMental control, expecially when external air 
value and passive cooling is needed. 

aspect of SUMMer solar 
iMportant factor for 
teMperature rises high 

A design solution for higroMetrical and terMal control as been developed 
during this calculation work. The systeM (fig. S ) consist of tow separate 
plane space air, in wich convective air loops occours: the first toward 
the external side of the building in wich the water is vaporized froM 
nozzles, so the water that evaporates decrease air teMperature and increas 
air density producing a natural convective circulation (fig. 7,8,9). 

THERMAL HYGROMETRIC CONVECTIVE LOOP COOUNG 

SOLUTION-A 

A PROTOTYPE FOR BUILDING FACADES 

EXTERNAL NOT INS ULA TED 
WALL SYSTEM 

SOWTION- B EXTERNAL INSULATED 
PANEL 

Fig. S Passive cooling coMponent. 
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The eleMent located as separation between the external and internal space 
act as a therMal exchanger in wich the internal surface is finning forMed. 
The external air flow cooling this surface and so it causes internal air 
teMperature decrease. 
The 5 ystefYI j,s based on a ther·Mocir·culation pr·ocess ·that renew itself using 
the effects of natural higroMetrical and therMal air properties. 
The systeM doesn't produce internal air huMidity increase (fig. 8) because 
there are separate circuits <the air into of external space in saturedl. 
Calculation re~ults have showed that for reducing PMV (fig. 9) value and 
internal air teMperature (fig. 7), is necessary to insert insulation on 
the internal side on the first space. This insulation reduces overheating 
on inside surface, Mantaing a lower air teMperature value. 

4. CONCLUSION 

The results of this work conclude that it is possible to Make easy tools 
for design/verification of therMoigroMetric and energetic perforMance for 
passive solar heating and cooling systeMs with analytical and siMplified 
·t ypet;. 
For the passive cooling the seMplified calculation Method now is in 
progress and there area certain points of interest for the passive cooling 
proposal. 
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