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^BSTRÀCT. 
This paper presents an analysis of the thermal conditions in an industrial building,

carried out with a view to improving the level of comfott inside the building by means of pa^ssive

cooling techniqr¡es. In its original state, the temperature inside the building at the height of Summe¡

surpassed 40oC.'I'he S3PÁS computer ptogramme enabled us to reveal the sou¡ce of the problem.

Ât the same time, we were able to simulate tbe thermal behaviour deriving from each passive cooling

measlrre! prior to final implementation, and theteby select the most suitable one fo¡ the usage of the

building. Monitoring ol the building, once the proposed measure was implemented, reveals a close

approximation between the ¡esults forecast by SSPAS and those actuaÌly obtained. A reduction of

the interio¡ temperature to a maximum of 34oC was achieved.

L. Introduction

In general, industrial buildings are not designed so as to obta,in reasonable levels of comfort
therein. .r\ particularly important aspect, given its contribution towards discomfort, is the
Iack of insulation in the building. This factor causes the interior surfaces of the enclosure

to reach extremely high temperatures.
Const¡ucciones Aeronáuticas S.Â. have, at tlreir Seville factory, industrial buildings

inside which the temperature surpasses 40oC on the hottest days of the Summer. In this
paper we study the levels of comfort within one of these buildings and of the possible passive

cooling techniques which would lead to a reduction in the resultant inside temperature.
The problem was analyzed with the aid of the S3PAS computer programme [1]. The

building was simulated, with the outdoor conditions pertaining on a severe Summer's da¡
as laid down by Spanish regulations, in its original state and following implementation of a
series of passive cooling techniques. The simulations performed revealed the source of the
problem and enabled us to select the most suitable technique considering the usage of the

building.

2. Description of the Building. Original State

The building under study [2] is an industrial building of approximately 1650 rn2, forming a

31x55 rn rcctangle. The main axis runs NÞSW. All the enclosing walls are exterior with
the exception of the NW one which is adjacent to an air-conditioned ofüce building.

The building is rtivided into two areâs: a Warelouse of approximately 1300 m2 and, a
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'Iable 1: Areas by Orientation (rn2)

SE SW NW NE

Table 3: Principal Load Components (,tIVâ per day)
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'Iable 2: Const¡uctional Features
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Printing works which occupies some 350 m2. 'lhe ave¡age height of the building is T.J m.
TheareaofeachconfiningsurfaceisshownforeachorientationinTablel. Theco¡st¡uction
features are shown in Table 2.

The building is occupied by 6 to 8 people when in use, rvhich is liom 5 to 14 hours (solar
time). During this perìod the illumination is 0.88 Wf nt2 in the lVarehous e and, J.52 W f m2
in the Printing works, where there is equipment with an installed capacity olJT kúv.

'Ihe Warehouse area is naturally ventilated whereas in the Printing Works there is forced
ventilation by fans which renew the ai¡ 6 times each hour. The doors are open when the
premises are occupied.

The S3PÄS programme was used to simulate the intcrior conditions of the build¡ng on
a design Summer's day in Seville (percentile I %), both at a constant interior temperature
and allowing this to fluctuate freely. The former conditions enable us to asce¡tain which
constructional aspects influence the thermal load to a greater extent. The latter permit
comparison of the simulated and actual interior conditions, given that the buildiug has
no air-conditioning equipment. The distribution of the load components as detcrmined by
S3P;\S is shown in Tabte 3.

Figure 1 shows the resultant interior temperatures jn the Print.ing Works and in the
\Varehouse, together with the exterio¡ temperature for refe¡ence purposes. A situation of
obvious discomfo¡t may be obse¡ved (maximum temperatures of 3g.7oC in \\¡arehouse and
41.5oC in the Printing \\¡orks), elimination of which is the purpose of this rvo¡k.

?.,tûl)

Figure l: Rcsulta,nt Interior Temperatures in the Original State. DT: Exterior Temperature,
IT: Inte¡io¡ Temperature, Iüf : Resultant Temperature

3. Selection of Passive Cooling Techniques

Analysis of the thermal loads at constant interior temperature (Table 3) reveals that the
principa,l load component is conduction via the roof. (In the Printing Works, the greatest
load is that of the equipnrent, but this component cannot be reduced). The cause of the
high resultant temperatures is the high roof temperature.

In order to reduce heat transfer via conduction in general terms, and particularly via
the roof, together with the interior surface temperature thereof, the following techniqrres
may be utilised:

a) Insulatiorr of the e-tterior rvalls.
b) Installatiorr of¿ lalsc ceilirrg beneath the ror¡f.
c) lnsulatiou of thc ¡oof rvilh .l cn¡ of irrsul;rtiorr,
d) Insta,llation of an irrigation system on the roof,
e) Installation o[ a fa,lse ceiling with 4 crn oÍ insrrlation arrtl mechanically ventilated
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Each measure was evaluated f¡om the point of view of the thermal load at constant
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Table 4: Maximum Values of Total Load and Roof Tempera,ture
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Figure 2: Resultant Interior Temperatures After Simulation of Technique e). D.I: Exte¡io¡
Temperature, IT: Interior Temperature, RT: Resultant Temperature

4. Flee Fluctuation of the fnterior Temperature

Figure 2 shows the
lation of the propo
respect to the initi
the Print.ing Works

Analysis of Figure 2 shows that the outdoor temperature is inferior to the inside tem-perature at night, so the resultant inside temperature could be reduced still further byventilation of the building at night.
Figure 3 shows the temperatures obtained by simulation assuming forced ventilation for

9:"1:*d: per hour at night-time. A reduction of the resultant temperature of an arlditional
1oC is achieved in the Wa¡ehouse and 4oC in the printing Works.

Max.

765

t?4

Jr I

2lr ll

zt.5

zfr-?.

2B.IJ

7.4.5

26.2

Printing l.,.rks
llfEretNe

6.8
76.4
24.9

47.2
50.7 26.5

38
38
33
30
27

r -,-1r-'*a+ r- -'-"-]
t2:tn lc:fiì ?,1:ll0

1. ,,, ET
-'-ì':'.,*{'.- .--' tra-l+t-i-,i,rÍ:fr'i,r û:Cl{,

l{lÈrehGe

Solar Tire
ll:0ll fillll l2:llll lll:llll ill:llrl

Solar Tire

Figure 3: Resultant Interior Temperatures After Simulation of Technique e) plus N.ight

Ventilation. ET: Exterior Temperature, IT: Interior Temperature, RT: Resultant Temper-

atu¡e

This situation is better than the initial technique e, therefore technirlue e) with night
ventilation wa^s recommended for implementation in the building: An insulated false ceiling

of 4 cm of glass libre was installed, with spaces for translucent panels beneath the sky-

lights, ventilated mechanically by means of a group of extractors located above the false

ceiling on the SE wall. Renewal of the air is carried out via grilles situated at ground level

in the SE wall.
The extractors will operate continually in the Printing Works. In the Warehouse, all the

extractors will operate when the outside temperature is inferior to the inside temperature;
otherwise only two of the extractors will operate to ena,ble ventilation of the false ceiling

without causing an excessive inc¡ease in the ventilation load of the building.

5. Monitoring of the Building

After implementation of the proposed technique, in the Summer of 1990, tle two areas of
the building were monitored.

The records obtained a¡e shown in Figures 4 and 5 for the Warehouse ancl Printing
'Works respectively. Maimum temperatures of 33 and 34oC are seen, which are much

lower than the original values. Furthermore, the values recorded are fully in accordancc

with those obtained by simulation with the S3PÀS computer programme.

6. Conclusions

This research permits us to draw the following conclusions:

1. In this case, the mere use of insulation and ventilation is suflicient to reduce the
temperature inside an industrial non-conditioned building.

2. The ¡esults obtained with the S3PAS programme are satisfactorily close to those

actually occurring.

3. The S3PAS computer programme is sulficiently versatile to enable its usage as a build-
ing design and evaluation tool.
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Figure 4: Recorded Exterior and Warehouse Intcrior '1.'empcratures
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Figure 5: Reco¡ded Exterio¡ and Printing Works Interjor 1'emperatures
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