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the months of June, July, and August. The ventilation potential of the selected
configurations was analysed through numerical simulation by using TRNSYS software
coupled with COMIS aeraulic software. The results showed the significant contribution
of natural chimney ventilation caused by a stairwell to improve occupant comfort.
However; its integration requires a judicious and permanent inspection to control
temperature decreases or overheating risks.
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1. Introduction

The building sector is the largest consumer of energy; in the building sector, energy required for
heating, ventilation, and air-conditioning (HVAC) systems accounts for almost 60% of global energy
consumption [1].

Energy demands for buildings are growing steadily and may exceed 64% of global energy
consumption by 2100 [2]. The energy used for cooling plays a crucial role in an energy balance,
especially in the Mediterranean climate, due to the increasing use of mechanical conditioning devices
[3] caused by climate changes and global warming [4]. Moreover, emphasizing that concrete is the
most used material in building construction worldwide is necessary. The night time is inadequate to
dissipate the thermal energy absorbed on hot days. Furthermore, air conditioning is necessary to
keep people comfortable and therefore leads to the increase in energy costs [5].

To overcome this problem, several authors have investigated passive cooling techniques, which
can be used to reduce energy consumption and to achieve an acceptable level of thermal comfort.
However, thermal comfort is subjective and difficult to evaluate, but temperature, airflow speed, and
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relative humidity can be measured and controlled [6]. Among these techniques, natural ventilation
is widely studied numerically by using computational fluid dynamics (CFD). A study [7] examined
natural ventilation for underground constructions in Spain, while another study [8] used a
methodology and a case study for optimizing the natural ventilation of buildings by simulating the
CFD wind environment in three different aspects, namely site planning, building shape, and building
envelope. This study was conducted to propose ideas to remedy the inadequacy and weak synergy
between the architectural design and technological analysis. Moreover, a study [9] used an unstable
RNG k- model to determine the air flow around and inside buildings. A study [10] investigated the
potential of natural ventilation in a traditional Iranian CFD strategy, and reference [11] assessed the
air flow in a traditional building fitted with a bilateral wind catcher by using a standard turbulence
model (k-€).

Moreover, ventilation plays a role in preserving the durability of building structures. The
condensation rate during winter in certain buildings contributes to the creation of building
pathologies that causes structure degradation [12, 13]. Furthermore, studies have shown that natural
ventilation inside an enclosed space in a humid climate is beneficial for three reasons: promotion of
thermal comfort, air purification inside buildings, and lower energy consumption [10]. In addition,
natural ventilation reduces carbon emission [14] and increases energy costs by 40% compared with
air-conditioned buildings [15]. Algeria is no exception. Algerian climate requires air conditioning even
in mid-seasons because of the hot and dry climate and during summers because of the continental
climate; at highlands, inhabitants are forced to use air conditioners, as indicated on the scale sheet
of SONELGAZ (national electricity and gas company).

Several studies have been conducted in Algeria on natural ventilation. Air circulation has been
analyzed, and it strongly depends on openings (windows, doors, and orifices), their dimensions, and
their locations in rooms [16, 17]. Moreover, a study [18] investigated the effect of natural night
ventilation by using numerical analysis during summers in the hot and a dry climate in east Algeria,
by coupling between TRNSYS and CONTAM. Their results showed the apparent effect of window
dimensions on ventilation improvement.

This study evaluated the contribution of natural ventilation to improve thermal comfort obtained
from simple and transversal ventilation and from thermal draft by using large upper openings.
TRNSYS and COMIS software were coupled to estimate interior temperature for different zones and
each basic configuration by using numerical simulations. The study was performed in different
weather conditions in Algeria: Mediterranean, Semi-arid cold, desert, and very hot desert climates.

2. Description of Different Climates

The climate highly affects the thermal comfort and energy consumption of buildings. Energy
codes and standards are based on a clear definition of climate zones to meet manufacturer
requirements. Algeria, which covers an area of 2,381,741 km?, has undergone three climatic zoning
classifications: in 1962, 1984, and 2015. The latter was developed in the study [19] and was based on
the analysis of climate data recorded by 60 weather stations during 1999-2008 by defining climate
zoning maps according to thermal energy costs required for heating and cooling.

Heating costs less in Algeria than air conditioning does, which is achieved by using electricity, the
authors provided two maps (Figure 1) of the climatic zones of Algeria for: heating (A) and cooling (B).
Another map of climatic zones based on energy consumption costs was drawn. The energy-
consumption-cost-based map was used to select the cities for the study (Figure 5).
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Fig. 1. Map of the climatic zones of Algeria: (A) heating; (B) cooling [19]
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Several studies have shown that the aridity of the Saharan climate requires the use of air
conditioners in summers [20, 21] and for achieving optimal comfort during this period, a combination
of several passive cooling strategies is necessary.

According to the psychometric diagram for the climate of Hassi Messaoud (Figure 2), the hottest
and driest months are 2/3 of May and June—September; solar control, thermal mass effect (thermal
inertia), and evaporative cooling and night ventilation are the strategies recommended for this period
to reintegrate summer comfort [22].

According to the psychometric diagram of the climate of Bechar (Figure 3), thermal mass and
natural ventilation can provide an acceptable level of comfort when heat is bearable during May and
September.

According to Szokoly's diagram, natural ventilation is not adequate during summers in hot and
dry climates (Figure 4). However, for the Mediterranean climate, night ventilation highly contributes
to improving comfort in summers. Therefore, for the selected climates representing each climate
zone, we tested the ventilation potential during summers for coastal cities in the north of the country
and highlands. For the cities of the south of the country, we limited our study to a midseason period.

To properly conduct our study, we selected seven climatic zones of Algeria according to new
climate zoning (Figure 5): Bechar: desert climate (light green); Adrar: substantially hot desert climate
(orange); Illizi: hot desert climate (peach); Ouargla: hot desert climate (yellow); In-salah: very hot
desert climate (red); Oran: mild Mediterranean climate (dark green); and Djelfa: Semi-arid cold
climate (green).
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Fig. 3. GIVONI psychometric diagram with application to the climate of Bechar [16]
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Fig. 5. Climate zones in Algeria according to energy consumption
costs [19]

3. Studied configurations
Four configurations were selected for analysis: case A, B, and C and a reference case (Figure 6).
This study analysed the four basic different configurations of natural ventilation (Figure 6). Table 1

presents the composition of the building envelope, the thickness of each material, and the heat
transfer coefficient for walls and roofs.
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Fig. 6. Four configurations selected for analysis: case A, B, and C and a reference case

Table 1
Composition of the cell envelope
Building materials U[W/(m?K)]
Wall Constitution (from the inside to outside) Thickness (cm)
wall outside/ Interior plaster 3 0.637
Interior wall Red brick 10
Expanded polystyrene 3
Red brick 15
Exterior plaster 3
Roof external Interior plaster 3 2.352
Hourdi 16 16
Concrete 4
Floor tile 3
Floor basic Floor tile 2 0.864
Concrete 20
Expanded polystyrene 2
Pierre 40
Between two Interior plaster 3 2.352
floors roof Hourdi 16 16
Concrete 4
Floor tile 3

3.1 Reference Case (Mono one)

The basic cell (Z1) of an area and a height of 20 m? and 2.8 m, respectively, has a single one-
dimensional window (1.4 x 1.2) m? facing west.

3.2 Configurations of The Analysed Cases

Case A: The block comprises a ground floor (Z3) and two other floors, namely Z2 and Z1; all these
three areas have the same dimensions as those of the basic reference cell. Zone 1 and Zone 3 are
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provided with the same one-dimensional window (1.4 x1.2) m? oriented towards the west. Each zone
is connected to the stairwell (Z4) of dimensions (2.10 x 9.2) m? through a door of dimension
(1x2)m?2.

Case B: The cell comprises a single area (Z1) of 20 m? provided with two identical windows of
dimension (1.4 x 1.2) m? located on two opposite facades.

Case C: The block comprises a ground floor (Z3) and two other floors, namely Z2 and Z1. Each
zone has the same area of 20 m? and is provided with the same one-dimensional window of (1.4 x
1.2) m? oriented to the west. Each zone is connected to the staircase (Z4) of dimension (2.10 x 9.2)
m? through a door of dimension (1 x 2) m2. The building is equipped with a terrace (Z5) that contains
a large high opening of dimension (1.5 x 1) m? and is oriented to the west.

4. Internal Earnings and Occupancy Strategy

The internal inputs and used schedule of the buildings are considered similar for different zones,
and the same likely occupation schedule is applied to each zone. Subsequently, each cell is assumed
to house two people from 12 a.mto 7 a.m. and from 5 p.m. to 12 a.m. One person is supposed to be
present between 12 p.m. to 5 p.m. The level of metabolic activity is 1.5 and 1 met from 8 a.m. to 11
p.m. and from 11 p.m. to 8 a.m., respectively. The thermal resistance of clothes is 0.5 clo (summer
outfit). Let us assume that the relative speed of air is 0.1 m/s [16]. Another schedule concerning the
use of artificial lighting, computers, and televisions should also be considered (Table 2).

Table 2

Schedule for the use of artificial lighting, computers, and
televisions

Apparatus Time of use (h)

TV 7-14 and 17-23

computer 10-12 and 17-23

Lighting 7-8 and 18-23

5. Night Ventilation Method

The study of ventilation in buildings is crucial to improve the quality of the indoor environment
[23] and to reduce the total energy consumption of the buildings by 60% [24]. Natural ventilation
was acquired using a simple exposure type, transverse and thermal draft. Natural ventilation was
created by opening building openings [25]. Configurations were characterised by two types of
openings that were either in contact with the outside of the building or directly overlooked the
stairwell. To test the effectiveness of the natural ventilation potential generated by each
configuration according to the climate, five schedules were proposed (Table 3). The following seven
climatic regions that represent all types of climatic zones in Algeria were selected.

i.  Adrar, Bechar, llizi, Ouargla, and In-salah: hot climates from the south of Algeria
ii.  Oran: a coastal climate from the north of Algeria
iii.  Djelfa: a highland climate from the plateaus of Algeria

Table 3
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Door and window opening scenarios

Case Month Towns Opening on the outside  Sashes opening into the stairwell
Opened Closed Opened Closed

Vi May, September, Adrar, Bechar, - 24 h - 24 h
October Ilizi, Ouargla,In-salah
Juin, juillet, aout Oran, Djelfa

V2 May, September, Adrar, Bechar, 7 p-m. - 7 p.m. -
October Ilizi, Ourgla, In-salah  to 9 a.m. to9a.m.
Juin, juillet aout Oran, Djelfa (90%) (90%)

V3 May, September, Adrar, Bechar, 7 p-m. - Opened -
October Ilizi, Ourgla, In-salah  to 9 a.m. if
Juin, juillet, aout Oran, Djelfa (90%) Teage< Tint

\'Z! May, September, Adrar, Bechar, Opened - 7 p.m. -
October Ilizi, Ourgla, In-salah if to9a.m.
Juin, juillet aout Oran, Djelfa Text < Tint (90%)

V5 May, September, Adrar, Bechar, Opened - Opened -
October Ilizi, Ourgla, In-salah if if
Juin, Juillet, aout Oran, Djelfa Text < Tint Tecage< Tint

Five different schedules are as follows
i Schedule V1: all openings are closed.
Schedule V2: all openings are open for night ventilation from 7 p.m. to 9 a.m.

6. Numerical Simulations

Schedule V3: the windows are open for night ventilation from 7 p.m. to 9 a.m., doors are
open provided that the interior temperature of the considered area exceeds stairwell

temperature (Tint> Tcage).

Schedule V4: windows are open provided that the temperature of the considered area is

higher than that of the outside (Tint > Text), and doors are open constantly during nights from

7p.m.to9a.m.

Schedule V5: all openings are open under the following conditions: windows are open if the
interior temperature of the considered zone is higher than external temperature (Tint > Text),
and doors are open if the internal temperature of the zone is higher than staircase
temperature (Tint > Tcage)-

The ventilation potential was analysed in the summer for the coastal climate in the north of the
country (Oran) and highland climate (Djelfa). However, for the climates of areas situated in the south
of the country, the study was limited to the mid-season period.

The thermal aeraulic modelling of each configuration was conducted using TRNSYS software
coupled with COMIS software, and the climatic data of the selected cities was obtained through
METEONORM software. Furthermore, soil temperature was determined using the simple type 77
characterise the effects of wind on building facades and roofs, were calculated on the basis of a (Cp)
generator tool (Table 4) [16].

Table 4
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Cp Values for verticals openings for eight directions of wind calculated using the Cp generator

Case  Wind direction 0° 45° 90° 135° 180° 225° 270° 315°

A Vertical openings atthe -0.65 0.201 0.109 0.251 -0.498 -0.302 -0.205 -0.267
top
Vertical openingsinthe -0.59 0.121 0.018 0.207 -0.412 -0.271 -0.121 -0.245
middle
Vertical openings atthe -0.45 0.115 0.005 0.118 -0.389 -0.231 -0.109 -0.211
bottom

B Vertical opening -0.62 0.112 0.003 0.112 -0471 -0.224 -0.105 -0.201

C Vertical openings atthe -0.65 0.201 0.109 0.251 -0.498 -0.302 -0.205 -0.267
top
Vertical openingsinthe -0.59 0.121 0.018 0.207 -0.412 -0.271 -0.121 -0.245
middle
Vertical openings atthe -0.45 0.115 0.005 0.118 -0.389 -0.231 -0.109 -0.211
bottom
High vertical chimney -0.67 0.208 0.111 0.252 -0.499 -0.308 -0.206 -0.269
opening

The values of discharge coefficients (Cd), which consider the physical effects of flow contraction
and frictional forces, and the values of flow coefficients for cracks (Cs) and the exponent (n) of air
flow were calculated by referring to the studies [16, 26] (Table 5).

Table 5
Discharge coefficients (Cd) and coefficient for cracks (Cs) of vertical openings
Cd (discharge coefficients) Internal doors 0.2472
External windows 0.6
Cs (coefficient for cracks) Walls 4.608 x 107
kg/s m Pan Roof 4.032 x 10
Windows 2.7%x10
Doors 1.33x10™

7. Results and Discussion

The results are presented in terms of hours of hot and cold discomfort (HTC, HTF) according to
standard EN-15257. To achieve the thermal comfort of each configuration, maximum and minimum
temperatures (Tmax, Tmin) Were used. Only the most valuable results according to different climates
are reported here.

First, the evolution of internal temperature through the five opening schedules, namely V1, V2,
V3, V4, and V5, for the three zones of case A was plotted for four days in mid-May and for three
different climates: Oran (Figure 7), Djelfa (Figure 8), and Adrar (Figure 9). The results obtained with
the five opening schedules were compared with Text and Tref schedules.

According to the climate evolution of Oran (Figure 7), all temperatures representative schedules
were <30°C for the three zones of the building. The temperatures representative of schedule V1 for
zone 1 exceeded that of the reference case. Therefore, the area of the top floor was hotter than that
of the ground floor ‘Z3’ and middle floor ‘Z2’; the middle floor exhibited low temperature fluctuations
for all opening schedules. Moreover, in zones 1 and 3, for all the opening schedules, higher
temperatures were obtained compared outside temperatures and lower temperatures were
obtained than the reference case. The results of V2 and V3 schedules were almost the same. Schedule
V5 generated the lowest temperature among the temperature recorded for the examined schedules.
The temperature of zone 1 exhibited an increase and a decrease of approximately 4°C and 2°C,
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respectively, during the night and day, respectively, compared with the outside temperature.
Furthermore, compared with the temperatures of the reference case, the daytime and night time
temperatures of zone 1 exhibited a decrease of approximately 3°C and 5°C, respectively. By contrast,
in zone 3, schedule V5 recorded a decrease of 2°C in daytime temperature compared with the outside
temperature. During the night, the outside temperature recorded was <14°C, whereas the night
ventilation presented by schedule V5 provided the temperatures of >16°C.
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Fig. 7. Oran climate for the three studied areas: TZ1, TZ2, and TZ3 (Case A)

According to the climate evolution of Djelfa (Figure 8), the temperatures recorded for the three
zones exhibited the following characteristics:

Zone 1 exhibited the highest temperatures, followed by zone 2, and zone 3 exhibited the lowest
temperatures. Opening schedules presented lower temperatures than the reference case did. By
contrast, V2 and V3 schedules provided almost similar results. The results of schedules V4 and V5,
which presented the same appearance, were almost similar. In addition, and during the day, the
temperature of schedule V5 decreased by approximately 3°C compared with the schedule where all
openings were closed and by 2°C compared with outside temperature.

With night ventilation, the temperature of approximately 17°C was recorded because the Djelfa
climate can cause cool nights during May where outside temperature can decrease to 10°C. The
temperature difference between day and night was approximately 5°C. In addition, during the day
for schedule V5, a decrease of 2°C was observed compared with outside temperature and of 3°C
compared with schedule V1. At night, the situation was different for schedule V5; an increase of
nearly 3°C was observed compared with outside temperature and a decrease of approximately 8°C
was observed compared with schedule V1.

Thus, the results related to the temperature levels recorded during the day and night
demonstrated the effectiveness of natural ventilation for Oran and Djelfa climates for the period of
mid-May.
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For the Adrar climate, the temperatures recorded were >30°C, which is the temperature limit for
summer comfort (EN 15257) (Figure 9). The temperature of Z2 oscillated in an interval of 2.5°C, and
that of the top Z1 the ground Z3 floors oscillated in an interval of 13°C and 8°C, respectively. By
contrast, the natural night-time ventilation was not performant in Z2 because the calculated
deviation related to outside temperature during the night was 9°C, especially at approximately 4 a.m.

when outside temperature

reached its maximum in May.

The results of Z3 showed that the temperatures of V2 and V3 variants exceeded that of V1 variant
during an estimated period time of 4 h. Consequently, natural ventilation cannot be considered a

technique that can provide a solution to control thermal comfort even during the mid-season in
regions characterised by a hot and arid climate.
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Fig. 9. Adrar climate for the three studied areas: TZ1, TZ2, and TZ3 (Case A)
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Figure 7 to 9 confirm the reliability of natural ventilation of zone 3 that can be explained by the
air flow level. The level of the air flow introduced in zone 3 was the highest, followed by that of zone
1, and that of zone 2 was the lowest (Figure 10). Therefore, the thermal behaviour was the
consequence of the position of each zone in the building. Zone 1 is in the direct contact with the roof,
the part which is the most exposed to direct and diffuse solar rays during the day [12]. By contrast,
the horizontal surface receives more solar rays than other surfaces irrespective of seasons.
Moreover, zone 3, located on the ground floor, has the ceiling protected by zone Z2 and benefits
from the direct contact with the ground. Even with the windows closed, the rate of air infiltration in
this area is relatively high.
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Fig. 10. Adrar climate for the three studied areas: DZ1, DZ2, and DZ3 (Case C)

Figure 11 shows the effect of the large opening height of case C on temperature variations in zone
1 in mid-May for the Adrar climate caused by night ventilation (V2). The results were compared with
the temperature of the reference case. First, a superposition of curves for different heights was
observed. The recorded temperatures increased by 1°C during days and decreased by 2°C during
nights. The temperature related to the height of 2.5 m decreased to a recorded level of 33°C during
the day, for approximately 2 h (Figure 11). Moreover, the influence of the height of large openings
during the night in zone 1 was considerable.
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The thermal behaviour of the studied areas should be analysed by identifying the most favourable
ventilation case by examining the graphic representation of discomfort hours. Thus, to better
understand the thermal behaviour of each schedule, the results were analysed in terms of hot and
cold discomfort hours according to EN15257 standard. Discomfort hours corresponding to the time,
during which temperature is outside the comfort zone, were calculated during the entire mid-season
period for hot climate cities and during the summer for the remaining studied cities.

Figure 12 to 16 present the plots of the evolution of hot and cold discomfort hours and the
maximum and minimum temperatures recorded for each proposed schedule of the three selected
configurations for four different climate cities: Oran, Adrar, Djelfa, Bechar and Ouargla. The analysis
focused only on the results of Z1 that is considered the hottest area.

Irrespective of the climate, schedule V5 represents the best performing schedule due to the levels
of HTF and HTC recorded on the histograms. Subsequent analysis only focused on V5 schedule.

According to the results of Oran city, case B displayed almost zero HTF level, and case A was better
than case C (Figure 12). Compared with the level of the reference case, the HTC level of cases A and
C decreased to 78.34% and 73.94%, respectively. A slight increase of 1°C in the maximum
temperature for case C was observed compared with that for case A. Moreover, case A presented
the most favourable situation. Because the Tmax level varied between 35°Cand 40°C for all the studied
cases, the selected opening method was inadequate to reduce temperature below 30°C.
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Fig. 12. Evolution of discomfort hours and maximum and minimum temperatures with time
for the climate of Oran

For the Adrar city, the climate is characterised by almost zero HTF level and a HTC level that is
considerably higher than the other climates in the country (Figure 13). Moreover, the results showed
an HTC increase rate of 19.22% for case A compared with the reference case. However, an HTC
decrease of 13.31% was observed for case C compared with the reference case. Consequently, case
C was the most favourable situation. Although Tmax varied between. 43°C and 46°C, Tmax remained
considerably higher than of the reference case. By contrast, Tmin Was more stable and varied between
19°C and 20°C.

This result highlighted the arid nature of the Adrar climate even in the mid-season. Although case
C is the most favourable situation, openings for this climate should be used substantial carefully to
maintain thermal comfort.
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Fig. 13. Evolution of discomfort hours and maximum and minimum temperatures with time for
the climate of Adrar

For the climate of Djelfa, similar to the other cities, the HTC level considerably exceeded the HTF
level that appeared significantly low (Figure 14). The Tmin of case A was approximately 16°C with a
decrease rate of 6°C compared with the reference case, and Tmax oscillated around 40°C. Moreover,
the values of HTC and HTF for case A were at nearly the same level as for case C. In addition, for case
B, almost zero HTF level with an HTC level higher than that of the other cases was observed. Despite
this, we opted for case A because high opening (case C) construction causes additional costs.

HTF e HTC =—4—TMAX =—E—TMIN

2000

1500

1000

500

Température (°C)

Time of discomfort (hr/year)
(=]

Ventilation system

Fig. 14. Evolution of discomfort hours and maximum and minimum temperatures with time for
the climate of Djelfa

The Bechar climate is characterised by a high HTF level compared with the levels observed in
other climates (Figure 15). Similar to other climates, the HTC level considerably exceeded the HTF
level. Furthermore, in cases A and C, a substantially small Tmin of approximately 13°C was recorded
with a decrease rate of nearly 5°C compared with the reference case. By contrast, for all the analysed
cases, the Tmax level did not decrease below that of the reference case.

Consequently, case A was the most favourable situation because it generated a lower HTC level
than case C did. Moreover, the natural ventilation should be used with caution in moderate climate
cities because during the mid-season period, optimal HTF and HTC values require judicious control of
the air flow level induced by opening windows.
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Fig. 15. Evolution of discomfort hours and maximum and minimum temperatures with time for
the climate of Bechar

The results of the climate of the Ouargla city are quite similar to those of other hot climates. The
HTC level was considerably higher than the HTF level, and the maximum temperature exhibited small
fluctuations (Figure 16). Thus, the three cases generated maximum temperatures above 40°C that
exceeded reference case temperature. Although a difference of 1°C in Tmax values between cases A
and C was recorded, the difference in the Tmin values between cases A and C and the reference case
was 2°C. The decrease rate of the HTC level for cases A and C, compared with the rate of the reference
case, was 21.92% and 20.03%, respectively. In addition, case B exhibited the highest HTC level among
all cases, and Tmin remained almost stable compared with the reference case. Consequently, case A
was the most favourable situation.
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Fig. 16. Evolution of discomfort hours and maximum and minimum temperatures with time for
the climate of Ouargla

8. Conclusions

This study tested the efficiency of natural ventilation for the thermal comfort of occupants by
applying different configurations in various climates in Algeria. Irrespective of the ventilation
schedule, zone 3 benefits more from natural ventilation. Moreover, zone 1 remains the hottest
region due to the high number of hot discomfort hours. The fifth schedule (V5) provides the best
results among all the opening schedules proposed, especially in the regions from littoral and
highlands. Even with the use of the top opening (case C), no improvement was observed in any
selected climate. Furthermore, maximum temperatures exceeded the 30°C threshold and lie in an
interval of 43°C-44°C, 35°C-40°C, 40°C-45°C, and 38°C-44°C in Adrar, Oran, Djelfa, and Bechar,
respectively. Minimum temperatures decreased to 13°C, 10°C, and 20°C in Bechar, Djelfa, and Adrar,
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respectively. In addition, natural ventilation remains an efficient and costless method in littoral and
highland regions provided that ventilation is carefully checked. By contrast, natural ventilation is
difficult to apply in the regions characterised by extreme climatic conditions even in mid-season. The
overheating of the interior environment of buildings can occur, and direct natural ventilation
becomes unnecessary under this condition. To achieve recommended comfort temperature levels,
alternatives must be found by coupling natural ventilation with other passive cooling systems.
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