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Abstract. The aim of this work is to evaluate the potentialities of passive cooling and natural ventilation of wind
towers. These are integrated into a low rise housing estate in the hot and semi arid climate of the south of Algeria.
In spite of the bioclimatic advantages that these residences potentially offer, the project did not witness the
expected success and went through several transformations. The wind towers were closed or completely removed
by the occupants. The performance of the wind towers for an interior thermal comfort is quantitatively appraised
by means of an experimental study. The technique consists of the series of summer temperature (T°), relative
humidity (RH) and air velocity (V) in-situ measurements both at the ground floor and the first storey. The
objective was the evaluation of the real behaviour of the tower and its influence on the internal thermal comfort.
The series of measurements confirmed the cooling effect of the wind tower by direct transfer of heat during the
period of investigation. This effect increases with the increase in the outside air temperature. The heat transfer by
convection and radiation reaches its maximum value within 15 mm near to the sun exposed part. The puffed up air
was hot and dry. In the absence of wind or for an outside air velocity V< 0.5 m/s, the tower provided a passive
cooling by the buoyancy driven flow effect. Natural ventilation was limited to air blowing. In the presence of the
wind and for an outside air velocity of 2m/s, the tower ensured a passive cooling by the force of the wind. The
variation in temperature obtained at the air inlet in the ground floor (12.4 °C) and on the floor (8,6 °C) was very
important, in spite of the thermal feeling of discomfort in «Wasteddar» which always remains outside the comfort
limits (ASHRAE 55 - 1999). The cooling effect remains insufficient. Therefore, the association of a hybrid system
(ventilator) and the introduction of humidification by evaporation are essential in semiarid and hot areas.
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Previous work

Number of research works have been reviewed,
among them the founding work of Bahadhori
(Bahadhori, M. N., 1985). In Algeria, leading
research works carried out on wind towers are those
of Y. Bouchahm (Bouchahm, 2003) and A.
Djouima (Djouima, A., 2008). Literature review
shows also more recent work in the field such that
of Bouchahm et al. (Bouchahm, Y, Bourbia, F. and
Belhamri, A., 2011) The research works consist on
both simulations and experiments on built
prototypes. The analysis of the results of the model
carried out by A. Djouima in HassiMessaoud
(southern Algerian town) shows that the maximum
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variation of temperature obtained between outside
(air entrance) and the interior (air outlet) was 14.5 °C
without humidification and 22.1 °C with
humidification in July from 11:00 to 16:00. The
wind tower can thus replace or decrease in a
considerable way the use of air-conditioners, very
much used in Algeria.

Operating process of the wind tower

This device is a high sheath which rises above
the building with an opening directed towards the
prevailing wind. It collects the wind where it is
fresher and more powerful and conveys it
downwards via a conduit inside the building. The
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wind tower can thus replace the windows to ensure
ventilation and air movement (Fathy, 1988).

Two principles are concerned and prevail one or
the other according to the tower orientation, wind
speed, time (day or night) and the temperature
difference between the inside and outside (Richard,
2006).

Buoyancy driven flow: The wind, faster in
height and less sand charged, is collected by the
tower’s high openings located on the wind’s
blowing direction. The wind goes down by the
vertical drains connected to these openings located
under the wind. In the room, this stream can then,
according to different situations, pass to the top of a
water filled basin, its evaporation creating
freshness, or inhaling by Venturi effect the
underground fresh air contributing to refreshing
summer rooms. (Evans, 1980)

Wind driven flow: The tower heated by the sun,
heats up the air contained in its conduits.
Implementing the principle of convection, the hot
air goes up creating an aspiration in bottom of the
tower, ventilating the room. (CIBSE, 2005)

The thermal feeling of summer comfort brings
into play air temperature, relative humidity and
wind speed. By increasing the air velocity, the
thermal zone of comfort moves towards higher
temperatures. Thus the wind towers contribute to

the comfort of the occupants by favouring drafts
(principle of the ventilator), by evacuating hot air
and letting in fresh air coming from the garden or
from the undergrounds and by creating evaporative
cooling (Richard, 2006) and (Djouima, A., 2008).

Description of the case study

This study consists of the performance
evaluation of the wind towers, produced by the
Egyptian design studio “El Meniawy Brothers” in
March 1980 in the southern city of OuledDjellal in
Algeria (34°25" NR: 05°4E). This area is
characterized by a semi arid climate, very hot and
dry in summer and cold in winter. The temperature
diurnal variations are important (Dib, 1993).

The case study consists of a housing estate,
made of 200 dwellings. It was designed as a
bioclimatic project using passive cooling strategies.
As stipulated by Evans (Evans, 1980) and Talib
(Talib, 1983), the adaptation of the traditional
habitat to the climate is done on two levels, on an
urban scale (compactness of the layout, reduction of
sun exposed surfaces and the use of vegetation) See
Fig 1 and on the building scale (reduction of the
surface of openings, thick stone walls with great
thermal inertia and wind towers like means of
natural ventilation).

Fig. 1. Views on the housing estate
Source: Torkia, A. and Mazouz, S. (2008).

The presence of vegetation (vines, palm trees)
outside and inside the courtyards of the houses
made it possible to create a micro climate. The
canopies and cantilevers helped to enhance the
mutual shading effect. Designed as an inward
looking architecture, social factors and inhabitants’
lifestyle were taken into account when designing
space. The access to the dwelling is achieved
through a buffer space giving directly on Dar Diaf
(guests” room) or a central courtyard (patio). The

court gives access to the other parts of the house
through «Wasteddar» (hall). The blowing of the
wind tower is made directly in «Wasteddar», the
most used space during daytime. The sand stone
walls are 50 cm thick, without external coating.

Description of the wind tower in the case study
The wind tower is a 7.67m high conduct with a

section of 0.48 m?2, divided into two conducts

serving the two levels. It exceeds the floor terrace
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by 0.80 m (Fig. 2). The head of the tower is also
divided into two air intake inlets. The first serving
the ground floor with a section of (42X60) cm?, the
second serving the first floor has a (0.47X0.60) m?
section. The cover of the head is a 50 mm thick
prefabricated reinforced concrete slab. Air blowing
(air outlet) is set on the ground floor and on the first

floor on the main slabs level. The inlet section is
around 0.30x0.30m2. The conduct is made out of
stone. The part which rises above the terrace floor
is constituted by a 100 mm thick concrete block
covered with cement mortar.
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Fig. 2. views on air inlets and outlets of the wind towers together with their plans and cross sections

Source: Torkia, A. and Mazouz, S. (2008).

Series of measurements

Measurements were taken during the day of the
21st of June, 2008. The experimentation was spread
out from 8:00 to 16:00 hours (the hottest time
period of the day). The choice of this time slot was
based on the results of former studies, which
confirm that in this type of climate the maximum
temperature is reached between 11:00 and 16:00
and (Djouimaa, A., 2006) (De Melo et al., 2006)
(Djouimaa, S., 2007)

The choice of the two dwelling prototypes was
established among those which were not subject to
modifications. After removing the seals placed by
owners, the tower was brought into service 2:00
hours before the experimentation. For the reliability
of the results, the air-conditioners were shut down
during this period. Five measuring stations were

established outside and inside the dwellings on both

the ground and the first floor. See Fig 3.

e Station 1: located outside, on the terrace level,
in front of the head of the wind tower, 1,5 m
above the ground, in the shade.

e Station 2: located at the ground level inside
«Wasteddar», on the level of the blowing
aperture.

e Station 3: located at the ground level inside
«Wasteddar», the apparatus is posed on a table.

e Station 4: located at the first floor level inside
«Wasteddar», on the level of the blowing
aperture.

e Station5: located at the first floor level inside
«Wasteddar», the apparatus is posed on a table.
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Fig. 3. The ground and first floor plans: red markers on each plan correspond to measurement points’ locations

Source: Torkia, A. and Mazouz, S. (2008).

The measurements were made each 2 hours by
means of a SMV wireless weather station WMR
928NX and of a telescopic probe anemometer.

The anemometer is a combination of a bill-
poster and an anemometric probe with propeller. In
our case the apparatus was used only for the air
velocity measurement. The telescopic anemometric
probe with a @22 mm diameter a easy to strip head
propeller, measures wind speeds ranging from 0 to
20 m/s and a -10 to 80 °C temperature range, the
probe’s length is around 1,75 m. See Fig 4.

The weather station (Wireless weather station
with PC software model WMR928NX), enabled us
to measure air temperature and relative humidity.

4

The station has a 100m range without interferences,

for the recording of the temperatures, it has a
precision of =+0,1°C, the advised operating
temperatures are between -50 °C and +70 °C, for
the interior and exterior. For the recording of the
relative humidity, it is done with an accuracy of
+1% HR, ranging from 2 to 98% (internal and
external).

In our case, the authors used the “WMR928NX"
station for data recording, the THGR918N Thermo-
hygrometer for outside temperatures and
humidities measurements (Stationl), the BTHR
918NBaro-thermo-hygrometer —and its three
receivers (Fig. 4) for inside temperatures and
relative humidities measurements (Station 2,3,4 and
5). See Fig 3.

Fig. 4. Telescopic probe anemometer and Wireless Weather station SMVWMR928NX

Source: Torkia, A. and Mazouz, S. (2008).
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Results of the experimentation and
interpretations

According to the results indicated in table (1),
the difference between the outside and inside
temperatures decreased to neutrality at 8:30 h on
the first floor shortly before the ground floor (9:15
h) and became positive thereafter (Fig. 5 and 6).
The negative variation recorded before these
schedules is due to the closing of the wind tower
and the accumulation of heat inside the two
conducts in spite of the opening and the ventilation
of the latter since 6:00 of the morning.

1.1. Discussion _of the variations
temperature measurements

The first noticeable effect was the wind driven
flow, owing to the fact that the temperature inside
the conducts was higher than that of the
temperature outside, the hot air tended to go up and
be replaced by the fresher air of the two rooms
(Wasteddar) of the ground floor and that of the first
floor. Once the tower cooled, the outside
temperature became higher than the interior
temperature of the tower; it is the Buoyancy driven
flow effect which was observed.

The results of the series of measurements
presented were very encouraging. The wind tower
ensured a cooling effect by means of direct heat
transfer between the air and the mass during the
period of investigation of 8:00 16:00.

of the

Table 1. Results of the T, H and V measurements.
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This cooling effect increased with the raise in
the outside air temperature. Its variation (A7) was
maximal at 16:00. Its value was of:

e 12,4 °C at the ground floor and 11,5 °C on the
first floor near the wind inlet ;

e 13 °C at the ground floor and 10, 2 °C on the
first floor in the middle of «Wasteddar».

The section of the first floor wind tower’s air
intake inlet is larger than that of the ground floor, in
spite of that, the thermal performance of the wind
tower serving the ground floor was better than that
of the first floor. The output of the wind tower
depends largely on the length of its vertical conduct
where the majority of the heat transfer effect is
carried out inside the conduct (Bouchahm, 2003),
(Djouimaa, S., 2007).

The effect of the section of air inlet is negligible
compared to the effect the height of the wind tower.
The use of high thermal inertia local stone
contributed to the improvement of the performance
of the wind tower by the restitution of the freshness
absorbed during the night. The thermal mass of the
conducts and the walls absorbed an important
quantity of heat during the day. The heat
accumulated by radiation will be restored in contact
with the fresh air during night time and until 9:00
of the morning.

STATION 1 STATION 2 Gr. | STATION3 Gr. | ¢1 A 1iON 4 15t floor | STATION 5 1st floor
Outside floor floor
TIHR| V [T [HR| V | T |HR| V |poo|HRI V [ |HR| V

CO) | (%) | (mfs) | (°C) | (%) | (m/s) | (°C) | (%) | (m/s) (%) | (mfs) (%) | (mfs)
8h00 201 ] 28 | 20 [310]32 ] 08 [317] 33| 00 | 2908 | 36 | 06 | 293 | 35 | 00
10000 [32.6] 21 | 050 [313] 32 | 080 [31,1] 32 | 000 | 314 | 290 | 020 | 305 | 30 | 0,00
12000 [357] 17 | 0,0 |321] 31 | 060 [31,5] 30 | 000 | 31,7 | 28 | 000 | 31,7 | 29 | 0,00
14000 [396] 12 | 00 [31.8] 31 | 01 [315] 30| 00 | 323 27| 02 | 311 | 27| 00
16h00  [445| 7 | 050 [321] 30 | 050 [31,5] 30 | 000 | 330 | 26 | 060 | 343 | 27 | 0,00
Mean  |363| 14 | 062 |317] 31 | 056 |315] 31 | 000 | 316 | 20 | 032 | 314 | 30 | 0,00

Source: Torkia, A. and Mazouz, S. (2008).
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1.2. Discussion _of the variations of the
measurements of the relative humidity

Average values of the air relative humidity
measured during the day of June 21st 2008 from
8:00 to 16:00 were 31% at the air inlet, in
«Wasteddar» at the ground floor, and 29% at the air
inlet, and 30% in «Wasteddar» at the first floor.
These values are near the limits of comfort (for an
optimum comfort, the values must be within 40 to

70% range and within 30 to 70% for a satisfactory
comfort) (article 64 of the RGPT and ASHRAE 55
- 1992). In the semi arid and hot areas, the concept
of comfort is very linked to hygrometry; the latter is
relatively weak considering the interior high
average air temperature, which gives a feeling of
relatively dry air.

—o—Text —"—Tsoufflage —a— T wast Dar

Feg. 5. Measurements of the air temperature outside and inside the first floor.

Source: Torkia, A. and Mazouz, S. (2008).
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Temperatures "Outside/Gr. Floor" the 21 june 2011
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Fig. 6. Measurements of the air temperature inside the ground floor
Source: Torkia A.and Mazouz S. 2008 .

Relative humidity values "Outside/Gr. Floor" on the 21st of june 2011
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Fig. 7. Relative humidity measures on the ground floor.

Source: Torkia, A. and Mazouz, S. (2008).
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Fig. 8. Relative humidity measures on the first floor and outside

Source: Torkia, A. and Mazouz, S. (2008).

1.3. Discussion of the variations of the velocity
measurements of the air

The comfort temperature is also related to air
velocity. If the Ilatter does not lower air
temperature, it produces a feeling of freshness
caused by the heat loss by convection and
evaporation.

The average air velocities measured at the air
inlet and in «Wasteddar» were respectively
0.56 m/s and nil at the ground floor and 0.32 m/s

and nil at the first floor. These results confirmed
that natural ventilation is only assured on the
level the wind sources (air inlets) see Fig 9,
knowing that all types of openings (doors or
windows) were closed during all the period of
experimentation. No propagation of the air
coming from the air inlet is produced.
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Fig. 9. Air velocity measures on the first floor and outside

Source: Torkia, A. and Mazouz, S. (2008)

Conclusion

The series of measurements confirmed the
cooling effect of the wind tower by direct
transfer of heat during the period of
investigation. This effect increases with the
increase in the outside air temperature.

The output of the wind tower in the
reduction of the temperature depends on the
length of the conduct, construction materials,
thickness and arrangement of the walls, the form
of the towers’ head and its orientation as of the
section of the air inlet. The heat transfer by
convection and radiation reaches its maximum
value within 15 mm near to the sun exposed
part. The wused stone took part in the
improvement of the thermal performance of the
wind tower by the effect of the time lag effect
(Evans, 1980). The mean values of the relative
humidity were low; the internal Average
temperatures were high. The puffed up air was
hotand dry.

In the absence of wind or for an outside air
velocity V< 0.5 m/s, the tower provided a
passive cooling by the buoyancy driven flow
effect. Natural ventilation was limited to air
blowing. In the presence of the wind and for an
outside air velocity of 2m/s, the tower ensured
a passive cooling by the force of the wind. These
results confirm precedent works like that of El
Mualim (El Moualim, 2006).

The variation in temperature obtained at the
air inlet in the ground floor (12.4 °C) and on the
floor (8,6 °C) was very important, in spite of the
thermal feeling of discomfort in «Wasteddar»
which always remains outside the comfort limits
(ASHRAE 55 - 1999). The cooling effect remains
insufficient. Therefore, the association of a
hybrid system (ventilator) and the introduction
of humidification by evaporation are essential in
semiarid and hot areas.

Follow up work should be concentrated on
conducting further case studies. These can be
done by setting up simulation models but also by



74 Said Mazouz, Assil Torkia; Quantitative Evaluation of the Performance of a Wind Tower for Natural Ventilation...

building prototypes in which a comparison
between two or more identical, typical houses, half
of them ventilated through the wind tower and the
other half ventilated through windows and flues at
one specific time, is needed to complete and widen
the scope of the research work. Additional testing
under different climatic conditions, in different
locations, with different opening sizes, materials,
orientations and other architectural
modifications is also needed. However, the
results show that wind towers, commonly used
in the Middle East and rather rare in North
Africa, bear a huge potential for use as a passive
strategy. The main problem which remains to be
solved is the users who are not usually keen to
use such techniques, given the relatively low
prices of both energy and air-conditioners in
Algeria.
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