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Abstract

This study examined the ventilation system of tlikoity of Ghadames, a UNESCO World Heritage sitsated
in the hot and arid Libyan Sahara. Specificallg #hudy working mechanism of the ventilation systeithout
using technical machines and the rules that hefaekrating air flow effectively. The study is impeort stef
towards understand how we may develop architectpadtiern using natural ventilation to provide thatm
comfort within a building complexes in a hot anddaclimate zone. The study was based on personal
observations, thermal measurements, and maps. &wfindings resulted from this study which can difgpn
the spatial and urban integrity, and social corrabon are the most important keys that createdl@ir
processes in the inherited urban complex of olddahwes.
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1. Introduction

The wind is a renewable energy and a positive adnre achieving thermal comfort
economically which is also suitable for residensiattlements in the desert natural areas if a
proper system is used to ventilate the buildingsdéystandably, characterized by the use of
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air flow, ventilation in buildings is ubiquitous mmaditional architecture, especially in the hot
and humid zones. Moreover, the elements of winection -wind catchers- have been known
for centuries, and wind energy has been harnesspbviding ventilation for the purpose of
air conditioning depending on the dynamic movemanair. One of the unique practical
examples that still exists today as witness to ke of natural ventilation for cooling
buildings in the vernacular architecture is the Gldadames City, (OGC). In this city, the
method adopted reduces the wind speed to the ledeth allow it to enter into the vertical
channels or ducts from the highest of the shadeldibgs then into horizontal channels-
streets- to cool down the air through the variopaces of residential units. In this phase,
which is from the entry of air from specific pointsthe streets till its exit from the top of the
internal courtyards of the housing units, the asges through a set of well-designed elements
that control air pressure to be used as a naturrabaditioning system.

Architecturally, the system that is discussed héepends on the importance of
providing a workable design depending upon thenogitiand proper use of this energy to
achieve factors that are suitable for the Built iEEstvment. The system based on use of natural
ventilation, natural cooling, air condition, andlirect factors such as access to differences in
pressure and differences in temperature. Consdguéms system, however, is built on the
collective construction and distribution of theraknts of the ventilation system. The pattern
of the ventilation system is considered to be mdy @ healthy method but also an economic
way because it works to achieve a great deal afrthlecomfort for the whole group of
housing through a single system which is to a gegtEnt like a central air-conditioning.

Particularly, the thermal comfort is a result ofttgaing the physical and social
patterns that work as one. However, the questioaisdre raised here are what are the ideas
and/or elements that could be used to achievehégrenal comfort by using the wind energy,
and it; what are the organization and features ¢batd be used to get advantages of natural
ventilation. In this study, the focus is mainly thre system of ventilation which affects the
thermal comfort. The other aspects which involveatng the thermal comfort will be
mentioned when it has a strong relation to theudision.

The study aim to investigate the validity of thentilation system as an important part
of the thermal comfort systems and presented tlemghena of the proper use of natural
ventilation in dry, arid climate.

2. Methodology

The methodology of this study consists of four @sas

Phase one; a general description to introduce ¢logrgphy, history, and the climate
information of Ghadames.
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Phase two includes specific research and colleafodata, drawings, photographs,
measurements which helps better describe of theilateon system phenomena in the
residential complex of OGC in order to formulatenclasion with respect to the problem of
use of the ventilation to enhance the thermal coimfo

Phase three is an analysis of the elements and alehe ventilation system based on
the observations and data offered in phase twa phase shows in details the elements that
are used to control the air movement and its ctcah into the building to increase or
decrease its temperature.

Phase four -quantitative investigation- is an imigesion of the features of the
traditional ventilation system using measured climalata of the OGC. These physical
measurements based on several different studiesapaducted at different points in the time
line to show the act and sustainability of the eyst(Chojnacki, 2003; Shatet al, 2002,
and Shawesh, 1993) however, all these studiesatigamicroclimatic comparative studies
between the traditional and the contemporary hoos¢side OGC focused on the thermal
condition. Even these studies may not be the anigies that done on OGC, they chosen to
investigate the act of the ventilation system dyriine longest possible period of time. Yet
these studies did not focus on the ventilationesystTheir measured data of the outside and
inside temperatures are direct evidence on thebdéagadf the system since the temperature
affected directly by the air.

3. Phase I: A Pictorial Explanation of Old Town of Ghadanes’ Characteris-
tics and Configuration System

3.1. The General Characteristics of the Old GhadaneCity (OGC)

Although the OGC is a settlement like many otharthe Sahara that are located in difficult
environmental circumstances, which is the natwyggical environment of such a big desert, it
uses simple and scientific methods to achieve sadidity. The methods they applied were

smart- they were based on changing the building&®gh in accord and to the desert climate.
This idea wasn't the case only for achieving aaté@ and required level of lighting and

thermal isolation but also it was the case of aghgefresh air for health and an inhabitant
building’s conditioning purposes. The following pts explain briefly the geographic and

climatic conditions, which are considered as theinah sources of the ventilation system, and
the spatial configuration.

3.2. Location of Ghadames

On the intersection of the longitude of 30.08 N #&tdude of 09.30 E Ghadames city has its
position. This position is on the northern part&alon the northern part of Africa. It is about
600 km to the south from the Mediterranean Sea coast. lticated about 30t above sea

level and it has many sand-hills surrounding asresaent from north and west side.
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Ghadames is at the intersection of Libya's bordg Wunisia and Algeria. Ghadames is
about 10hectorssurrounded by oasis of 2tectors(531 acre9 which includes farms and
more than 30,000 Palm tregEl-Agouri, 2004; and Shateh, 2002).

3.3. History of Old Ghadames City

Several references mentioned that the settlemei@haidames was founded since several
thousand years ago. “Historians record that Ghadanss habited (4,000) years ago.” (El-
Agouri, 2004). However, there is no strong evidemantioned that the settlement was built
completely before Romans time.

3.4. Climate
3.4.1. Winds

The local wind in Libyan Desert called “Geipli” cenn the summer season; moreover, it
generally is very hot and comes with dust. The Eastls are the most dominant with 14%
prevalence. In general, the average wind speed taré2knots/hrand the wind speeds 50 to
75 knots/hr As desert climate, in OGC it rarely rains. “Theyalent winds are from north-
east, but there is frequent local turbulence. $fisoheated air directly above ground results in
the inversion of temperature, which in turn resuttsthe formation of local whirlwinds”
(Chojnacki, 2003). The features of the winds’ spead orientations that are detailed in
Figure (1) is a natural energy source which is sethfp generate the ventilation mechanism.

17> N-NNE-NE "Octant"

G
N2
D

75

20

| = } s
1 ENE-E-ESE "Octant” |2 e

f. 5
WSW-W-WNW "Octant" |\~

S-SSW-SW "Octant"

"Octant” Wind Prevalefice Winters S
Monthly "Octant" prevalence | Yearly prevalence

1- ENE-E-ESE Octant 25.7%

2-N-NNE-NE Octant 24.8%

3- WSW-W-WNW Octant 18.5%

4- S-SSW-SW Octant 15.2%

Figure 1. Chart of the wind analysis (Shateh, 2002)
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3.4.2. Temperature

The temperature is more than°’@5(95°F)and up to 41.7C (108°F) from April to November
(Shateh, 2002). The biggest temperature span was £8.0C (18°F) (in Ghadames and alll
of Libya) to 50.0C (122F).” (Chojnacki, 2003).

3.4.3. Humidity

The relative humidity (which is the percentage ofan comfort) averages annually at 34%;
it ranges from 72% in winter to 17% in summer, tsi3 ivery low during the summer period
(Chojnacki, 2003; and Shateh, 2002).

3.4.4. Inclination of The Sun

The maximum inclination of the sun is 82°, andrifiaimum inclination is 35°.

4. Phase Two: Architectural Compilation of OGC

The architectural configuration of Ghadames buddims shown in Figure (2) is unique due
to its compact architecture pattern that satigtessocial behavior and suitable for adapting
of the microclimate at the same time. Crowded lngs together not only reduces to great
extent the surface areas exposed to the sun giud increases shading, but also preserves
valuable land, to provide defense needs (Rapof®@9). Ghadames, which applied this
approach, it is generally a circular plan encloggdhe reinforced back-walls of the houses at
the periphery. The walled city of Ghadames cons$tground floor as male domain and
upper floor as female domain.(EI-Agouri, 2004). Fbe social privacy purposes women
circulate at the level of the rooftops where thap emmove freely from one terrace to another
and visit each other. In Ghadames’ case, at dag/wihren men in the farmers, there are places
that specialized for children and teenagers fomieg and playing purposes but those places
are located in the shaded streets closer to thikcqulbces under the observation of old men.
(El-Agouri, 2004). This pattern of design providespecially in the hot arid climate, several
advantages. This phase provides several obsersatiah describe the city with focus on the
issues that affect the use of the ventilation detsir inside the residential complex. In order
to clarify those planning and architectural poitig phase dived into five sub-titles.

Figure 2. General view of the OGC settlement (Rapoport, 1969

Faculty of Marine Resources, Al-Asmarya Islamic ‘University, Libya. E-47



JOURNAL OF MARINE SCIENCES & ENVIRONMENTAL TECHNOLOGIES
Vol. 3, Issue No. 1 (June-2017)

hateh et al.,
Shateh et al., 2017 ISSING 2413-5267

The emphasis of the use of the planning patternheftown as a first stage of
obtaining the interior thermal comfort is that tadded houses were still keeping organic
proportion of the general residential plan. Thed@stial complexes were not a single mass,
but they have the shape of adjacent masses amyldated within the green cover as shown in
Figure (3), and that —as it seems to be guaratieeseach of humidity from the green cover
to all residential units easily and also to alloesh humid air with relatively low temperature
to enter through streets that end with green areas.
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Figure 3. Old Ghadames city, top eye view for the wholelsettnt presented in 3-D. (EI-Agouri,
2004). This figure shows the compacting idea thizgigrated the houses spaces to one space to reduce
the exposed surfaces to the sun heat, and to ptbeemterior spaces from the reflected and direct
sun.

One of the obstacles that appear in modern sogiatie which make it difficult to
generate one system for the whole neighborhoodthasvariation of the ethnics, however,
Figure (4) show the difference in the ethnics, amea of each tribe or groups into the
complex. Even though the number of tribes mainlg Wweo but they lived, use, and share all
of the sensitive facilities of OGC such as ventiatand lighting systems.

Ghadames
1962

Figure 4. Show the social distribution of the tribes inte @GC (Daza, 1982).
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4.1. Site Plan

There are two important features that charactagiie site of OGC. First the complex sited
under the hill to be protected from the heavy wasdshown in Figure (5). The residential
complex is sited to avoid harmful winds (Rapopd®69), and allow useful portion that
important to ventilate such complex. The secondGAC area there are two types of
vegetation. The first are cover plants: gardengegketables and some types of fruits which in
turn contribute also for producing the humidity.eT®¥econd: the palm trees surrounding the
city. The settlement has two artesian wells. Tlsedents of this settlement accommodated the
surrounding environment by utilizing palms and nigtk to build architectural complexes
that form this unique structure. The local peopwenbeen able to use all the limited local
resources in a poor environment to create a saitgttectural pattern to the harsh climate.

Picture 1. Show the use of palms around the complex.Picture 2. A view of one of the streets
shows the gage plant around the OGC.

Pictures 1 and 2 show the palms not only provideitfportant materials to create the roofs
and furniture, but also provide a great naturaltodilter the air form the dust during dusty
winds. On other hand the high of the palms is waglkas wind catchers to decline the winds
speed. According to this characteristic consider@dmportant step towards adapt a practical
mechanism for ventilating the complex.
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4.2. Wind Coachers

Architecturally, the windbreaks (Malgaf) that existhe upper parts of houses corners breaks
the wind and reduces its relative high speed uinflows through the ventilation shafts of
streets and the opening in the roofs of houses.

““ L

Picture 3. Side view shows the use of Malgaf Picture 4. A view from the roofs shows the wind-
in upper the houses catcherstha kitchens’ roofs

On the other hand, the triangle has several shapgee Ghadamesians house. It is the
main shape in their sculpture in both outside aallsopenings and inside the house in all the
decoration of the furniture. The triangle has vhlaavalue for the ancient Ghadames people,
some they were use it to Exorcism.

4 3. Streets Shafts

The shafts ate vertical ducts that connect thetstingith the atmosphere to provide them light
and air. These shafts as show in Figure (6) theyddfused on the streets but there is exact
destine between them. Form the fields’ observatiagnsan be notes they are varying in
sectional area. Practical job of these shaftsfieshking the air in the shaded streets to obtain
sufficient for thermal comfort. The ventilation $s% in the streets is an advantageous system
consisting of vertical shafts in smaller sectioeaar than the illumination shafts, which appear
in the picture (5), to create an air current betwte inside of streets and the outside. The
picture (6) shows an outside view of a shaft frowva $treet and picture (7) shows the interior
view of a shaft. "Both houses and streets are adyirmdapted for the climate, protecting the
inhabitants alike from the fiery glow of the sumiaesun and the keen blasts of the winter's
cold."” (Shateh, 2002).

4.3.1. Street Pattern

The street pattern consists of narrow and obscaradors, which are integrated into the
architecture of the dwellings at the ground floevdl and are mainly used by men and
children. Ghadames region is integrated with vdgetaand cultivable land within the

residential part of the town” (EI-Agouri, 2004).
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Picture 5. An interior view of Picture 6. An interior view of the Picture 7. An outside view
a lighting shaft from the street tation shaft from the street of the ventilation shaft.

Figure 6. Shows the diffuse of the shafts opening along @laetty’s streets (Shateh, 2002).

4.3.2. Street Design

The main streets are wider and connect most o$¢bendary streets, and contain the general
public courtyards. The pictures 8 and 9 shown themtreets which were designed in curve-
linear forms for environmental aims. On the othandh the secondary streets narrow down to
two meters (6.3t.), and are specialized for a certain groups of ésuthe residents of which
are related with a social relation. Moreover, bedicondary and main streets are not opened
directly to the exterior atmosphere being covergdnberference of houses at the first and
second floors as shown in Figure (7).
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Picture 8.An interior view of a street shows Picture 9. An interior view of a street shows
the lighting the streets by the lightangd the setting places and the narrowtstree
ventilation shafts tarsections

Figure 7. Part of the city streets network which shows theature and
abundant closed-end (Shateh, 2002)

4.4. Courtyards System

The courtyard is considering the core space obtugal behavior in the houses as well as the
main thermal mass that control the microenvironnwdrthe other spaces in the house. The
use of courtyard provides protection from sandstard also useful in coping with the dry
heat and has climatic implications as well as pelagfical once (Rapoport, 1969). For a short
time, as shown in the figures 9, a house with G507 (285ft?) and 15 a house with a plot
about 25n7 (269 ft?) (Shawesh, 1993). The houses often are threesfland in fourth floor
the often the kitchen and usually there is a s®nagpm. Locating the kitchen on the roof
helps to a great extant not only to transfer the k@ectly outside old, shaded area, but also
made the roves a women movement domain in whieln isssential social required. When it
is cool, people in hot, dry areas sleep on the, nobén it is cold, they sleep inside (Rapoport,
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1969). The house and this activities made peomedifferent facilities on the roof in which
helps more shadow on the area that exposed ditectiye sun. The ground floor, which is the
coldest space in the house, and where the houssneatis, there is a space usually used as
storage for the farm products and facilities. Tl¢hloom is located in between the entrance
and the courtyard spacese( There is water system that used to supply all ésuarmers
and public spaces. This system and sewage systBrbenliscussed in more details in the
next study which will focus on the courtyard housedld Ghadames City). The bedrooms’
spaces are relatively small and usually there are for boys and other for girls. The
courtyard, which the main space for the relatived women visitors, is a shaded and the
most lighting space in which where the small windosi the rooms usually open. "Both
houses and streets are admirably adapted for ithatel, protecting the inhabitants alike from
the fiery glow of the summer's sun, and the keastblof the winter's cold." (Stowell, 1848).

Figure 8. Show two houses in OGC, each column represerstis and plan of a
house, (Shawesh, 1993)

For controlling the air flaw between the streetd Hre atmosphere there are upper and
below opening of the courtyard as shown in pictii€sand 11). They are very small, about
50x50cm (1.64x1.64ft.). The ceiling openings allow the air to escapenfibe lower streets
and the interior courtyard openings channel théaak to the outside. The distance between
both opening usually aboutrf, (6.56yard), which is the courtyard height. Even though not
all the houses, but the majority, have a courtyaltl,of them have been linked to the
atmosphere by the staircase.
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Picture 10.An interior view of Picture 1A.view of the ventilation opening
the courtyard opening. between the ground ifland the courtyard
The picture was taken from the where thewieas taken

courtyard space. It shows also the roof
structure which made from palms logs

5. Phase Three: An Analysis of Ventilation System in The T&ditional Old
City of OGC

To discuss the ventilation in OGC the analysis kseap into two steps. (i) The ideas and
elements which are used for the ventilation, any tfie ventilation system’s working
mechanism of the. In arid zones reducing the spédtie winds is not an easy task. This
suggests that choosing the appropriate method isportant step. Using natural features of
the landscape abate the lack of the technologyegsss. Moreover, in Ghadames case, the
first builders designed their complex based onféla¢ures of the natural resources -wind, sun,
local materials- to adapt their microclimate. Iiest words, the entablatures of Ghadames
used the southern hill to void the southern wifldse palms are used to reduce the speed of
the winds and to protect the buildings from the asiced winds. Based on the observations
that | made during several visits to the city buiggs from 1992 to 2006. It found that the
ventilation system in general depends mainly ore fManning ideas and architectural
elements as shown the Figure (9).
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4.Curve 5.S. Closed courtyard
Streets

Figure 9. Show the general steps that used in OGC to adeptisathe wind to enhance the thermal
comfort of the complex spaces.

The first step is the site location, which providesatural protection to a certain level,
and the use of palms to abate the surrounding @mwvient and to support the site features.
The palms around the complex mostly have a sigmificole as a wind-catcher to slow down
the faster winds at the higher wind level above gheund. This step for the most part is
planning strategy of the chosen location of thg wihich is protected by a hill from the west
and is surrounded by high palms from other sides.

The second step, the windbreaks (Malgaf) that existhe upper parts of houses
corners to change the direction of the lower laevields above the buildings. In addition, they
break the winds and reduce its relative high smdkaving some of it to flow through the
ventilation shafts of streets and roof openingshaodises. The different heights of housing
units are another factor that functions as a wirsgker.

The third step, the ventilation shafts, which areeatical ducts located above the
streets to connect them to the atmosphere, toaysace to the air to move between the two
different pressure spaces — between the shadedalated space into the complex and the
natural climate outside it.
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Fourth step, the curved and covered streets dieawind from the dust and help to
slow down the initial high speeds of the wind. Téxregth of the covered streets serves to cool
the air temperature.

Fifth step, courtyard systems; locating the coutdya the upper level of the house,
the small opening in the courtyard roof, the opgrinetween the courtyard and the ground
level and the one between the house and the sakegether pose the courtyard system. The
houses and its courtyards which are connectedtlyiecatmosphere do not affect or disrupt
the temperature degree of the whole complex bedheselume of the street system is larger
than can be affected by a number of houses. Thisntlaé houses are in need of the streets
more than the streets are in need of the housésnidy be a strong reason that forced all the
owners to accept the idea of living in an integitatemplex.

5.1. System Mechanism

Architecturally, the ventilation system of OGC inmetinitial phases depends on using the
difference of air pressure between the inside &edoutside of the building complex. The
height of the multi-storied buildings and the pallyi closed streets create suited difference of
temperature degrees between the inside and thel®@wtsthe complex. The interior lower air
of the buildings is denser than the exterior hot Hne relatively narrow ventilation shafts of
the streets cause a natural air current, due tprigsure difference. And so, the air starts to
flow continuously through the streets as cool besez

In addition, this interior interaction of the desigroperties is used to save the
balancing of the thermal mass between the housggre=(10) shows the interaction of two
house spaces. Each micro-space has two conneatedesuwith the next-door neighbor’'s
spaces. This helps increase the conductivity betwlem to achieve nearly the same
temperature in the houses. From the same figure that the street which is at the ground
floor shares in the process of thermal interchattye thermal storage of the total mass will
have its thermal balance even when the insulati@@me houses is poor.

The current air gets cooler while passing throughghaded curvilinear streets, which
had possibly been designed for this purpose. Thdilaton shafts are designed to be
narrower than the lighting shafts and supplied liydwcatchers to direct the air into them.
These shafts were distributed on proper distanices) dahe streets. The fresh air coming from
the ventilation shafts gets cooler while passingugh the shaded streets. It penetrates the
houses and then gets out through the small vertteedfouses’ ceilings.

The ceiling vents of houses are smaller than swpehings (shafts), so, the main
current is caused by passage of the cooled aitr@éts to the houses through the doors. The
flowing air current is controlled by the relativéosing of the ceiling vents. This process
happens oppositely during the night hours as degict Figures (11 and 12).
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Figure 10.Sketch shows the design pattern of the verticalremizontal relations between
the houses and the streets (Shateh, 2002).
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Figure 11.Shows how the method béat exchange which isolates the day heat of the main living
area, bedrooms and ground floor (Shateh, 2002).
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Figure 12. The opposite process of the heat exchange whitagpening during at night to save the
thermal balance (Shateh, 2002)
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The air in lower spaces of the complex has higleasdy than the hot air outside the
buildings and the vertical ventilation shifts orcthiin the streets are built relatively smaller in
terms of the area than those which are built fginting purposes. In this case the ventilation
shafts turn into natural canals by the differenicthe pressure and which results in generating
breezes of cold air. When the air enters the nglit becomes cool naturally and is one of
the reasons for building the streets in curvedsline

The mechanism of an integrated system to regutatenovement of ventilation inside
the compound is a key point which relies on pumgmghrough the spaces of the residential
complex and out through the stable mechanism bjo#ixg the differences in air pressure
between inside and outside (Natural Conventias shown in Figure (13). Moreover, the
multistory - three story building height- has ermabit to make a difference in temperature
precisely because all of the streets are covered.

Street shafts

vent of the living room Wind catchers
celling Kitchen
' >

= R IS y: _)_‘ S M

The groundfioor  Streets Streets
vent lower

Figure 13.Section illustrates the process of air circulatiamg the main elements that control the air
circulation in the complex (Shateh, 2002).

Designing wind catchers at the top of the buildoagners, which work on reducing
the wind speed and increasing the air pressureeatim shafts and vents to lead it down
through them and motivate the air circulation, d@hdn to reduce the inner temperature.
Figure (14) shows the air circulation process (8iha2002).
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Figure 14.Sketch that shows the steps of the journey of ith@a@avement from interring the
ventilation shaft to exiting from courtyard (Shat2h02).

Physically, applying a single-system mechanismdbtilate the whole complex not
only limits and slows down the heat penetratiomtlgh the building floors and openings but
also makes and keeps the thermal balance betwednutllings spaces. Hence, the interior
temperature becomes cold and even colder whereeegavdeeper down in the covered
streets. None of the residential streets remaiowered. Still, but relatively, the temperature
in each house can be regulated by its courtyardingeAccording to Rapoport (1969) “hot,
dry areas are characterized by high daytime tenyorerand uncomfortable low nighttime
temperature, a fluctuation best met by delayingetiey of heat as long as possible so that it
will reach the interior late, when it is neededisTis achieved by use of high heat capacity
materials, such as adobe or pis€, mud, stone,amali¢ combinations of these which provide
a “heat sink” absorbing heat during the day anddiating it during the night; by as compact
a geometry as possible, which provides maximum meluwith minimum surface area
exposed to the outside heat: by mutual crowdingchvprovides shading, and reduces the
exposed to the sun while increasing the mass olvtiee building group, thus increasing the
time lag.” There are several places where the shatteets are linked with the open public
spaces. These public spaces are covered and difiuslee city plan. This situation may help
to arise the cool air as Roppoart (1969) was meatlp “When a shady court is used in
conjunction with a sunny court, in which the head@dwill rise, cool air may flow from the
shady into the sunny one through the rooms”. HoweweGhadames case the public open
areas which exposed directly to the sun are moedugn the winter season when they
cutting the long shaded streets by sunny pacethdrsummer, these open spaces are not
affecting the low temperature of the covered stréee to its small size.

The hot air inside interior spaces (houses anetsirgoes up due to the stack effect
depending on the difference in temperature andaihecurrent which passes through the
streets due to the air pressure. This currentusezh by the relatively narrow vertical shafts
along the height of the buildings, and also by dpen-ended streets. Besides that, the big
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height of the ventilation shafts reduces the engeair temperature. Thus, the ventilation
system of the streets works in one composition Withhouses’ ventilation vents to obtain a
thermal balance inside the built mass in a gemeaainer.

6. Phase Four Evaluation of the Passive Cooling Dga System in
Ghadames

For the purpose of this study, and due to the wigtdbetween the U.S.A, where developed
this study, and Libya, in this phase | tried to &g on my personal visits to the OGC from
1993 to 2006 and other two other studies that nredsiemperatures of the same city. This
investigation phase is not only important to intkcguantitative date, which is considering
more scientific evidences, but also to observectienge of the thermal comfort ability into
its built environment during eighteen years.

The first quantity study to include here, Fig(it®) was taken by Ahmed Salem in
1985 (Shateh & Rabah, 2002) and represented ireTahl These measurements are showing
the big difference of the average temperature batvike outside and inside the complex in
which most of them falling in the thermal comfoane of the human. On the first side, these
differences explain to which extent that througk test organization of the architectural
systems and the appropriate use of local mateaiadisnatural resources can create buildings
spaces with thermal comfort. This measurementtiiss indirectly the time lag of the

building materials as well as the continuously geaaf the air temperature between day and
night.

Figure 15.Shows the exterior and interior temperature degre€elsius (Shateh & Rabah, 2002)

Table 1.Show the temperature degrees which in Figurei(lbahrenheit degrees.

Outside 104 95 86 77 68 59 50 41 32 23

Inside 77 73 73 70 68 66 64 63 61 59
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Figure 16.Chart of the liner relation between the outside iasile temperatures.

The survey study that was published by Ealeval. (2001), which is based on the
application of ISO 7730 and the physical measurésngrat they did for 11 traditional and
contemporary house in Ghadames, one of the rdbalishey reported was that “...the overall
feeling of the occupants in OGC in the summer segseported that they are more the study
are more satisfied and thermally natural in olcduredty ventilated buildings that in new air-
conditioned buildings.”(Ealiwat al, 2001). Moreover, the field study mentioned thé&dof
the Ghadamesinas were satisfied with the intentirenment of old buildings compared
with 77% of residents of the new buildings, whae@lmore on air-conditioning as shown in
Table (2).

Table 2. Temperature results of old and new buildings im@&mes, 1997 (Ealinet al, 2001)

Buildings tout t, tg v, Rh tmr Rcl®
No.— Type o ——— Activity® PMV  AMV
(%) °c o (clo)

OC OF OC OF OC OF OC

3-0Md 43 109 336 92 34 93 004 459 341 934 1 1. 06 29 0

5-0d 40 104 338 93 34 93 005 353 341 934 1 1. 06 2.7 1

7-New 36.2 97 28 82 29 84 020 200 300 86 11 6 0 0.7 0

10-New 39.1 102 33 91 32 90 019 290 336 925 .1 1 06 1.8 1

& Values were taken from ISO 7730 standard to remtes¢he thermal insulation and the activity.
t,, inside air temperaturetg, inside globe temperaturey,, air velocity; Rh, relative humidity,,,, mean radiant
temperaturet,,;, outside air temperature; Rcl, thermal resistanf¢he clothing.

Shawesh (1993) chooses six houses to assess tlfiericolmate in depth investigation and
the houses his chosen were in different areas then©GC. “The residents’ responses survey
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indicates that 97% of the population in the olg @iere satisfied with the climatic conditions
in the town compared with 95% of new city populativere dissatisfied with their climatic
condition both indoors and outdoors- streets.”. Nioly are the houses built in a compact
form to provide shade and protection from undesrdieat and winds, but they also have
heavy and thick external and internal walls andsdleat involve a time-lag of several hours.
Due to extreme heat of the desert, it is importanhote that the pattern design and the
ventilation system themselves could not providertta¢ comfort without the coved streets.
The narrow, covered, shaded, and winding of treeetdrare the most important properties that
pattern the street to work as cooler of the aiesEncharacteristics of the streets in the whole
system of the city make the task easier for thertgatds to control the interior thermal
condition. This is one of the cases, for the maostt,pthat made mainly the thermal
measurements in any house of the OGC to give aettsly results. The microclimatic pattern
in Ghadames traditional houses show in differeagjest in a climatic adaptation (Shawesh,
1993).

As a conclusion this comparison study reported, thasign pattern, use of local
materials in proper measurements, however, thgsrshelps with social system pattern to
create a sustainable bio-climatic in indoor andbeébween spaces. When the light as well as
ventilation are brought in to the streets and hsuggough shafts, and through limited
openings between the covered streets and theantafrithe house, this transition of the air
movement helps heat up more slowly during the dagtiln numbers, for indoor air
temperature and relative humidity, (Shawesh, 198Bprted the average of three reading
taken inside —indoor- each house, and the measutemwere taken at 8 am, 2 pm, and 8 pm;
while the in OGC the air temperature in therning, afternoon, and evenimage between23
and 28°C) (74 and 82F), (27 and 30C), (81 and 85F), and (20 and 2&C), (68 and 82F)
respectivelyin new city are between (23 and %0), (74 and 85F), (33 to 39°C), (91 to 102
°F), and (26 and 34C), (79 and 90F). The relative humidity shows slowly decreasehia t
old city comparing to the new city.

In the old city the relative humidity has slowlysdase; from (23-29%) at morning,
(17-23%) at afternoon, and (20-26%) at evening. élew, it shows high decrease in the same
periods of time in the new city, (20 and 25%), @©018%), and (16-22%) respectively
(Shawesh, 1993). This slight change is due to #eeai air-conditioning in which made the
closer to indoor air-temperature and relative hutyic the OGC were the natural ventilation
balance the indoor temperature and relative hugni@n the other side, according to these
readings, it can be inferred that the ventilatigrstem is not only provides the proper
temperature and the suited relative humidity bsb gbrovides better air quality since it
cooling the air naturally and separate the cooledaually to all spaces.

On the other hand, for outside each house the gweshows sharpen differences.
While in OGC, temperature is between 24 and®@Q75 and 86°F), in the new city it is
between 25 and 39C (77 and 88°F) in the morning, in the afternoon period, in OGC i
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between 33 and 3& (91 and 100F) and in new city is between 39 and %47(102 and 117
°F). However, in the evening it becomes between 28 381°C in OGC and it is between
41and 43C in the new city. The humidity also shows importdifferent when it reduced
from (22-27%) at morning to be (17 -22%) in the OG®npared to new city where it show
great decline from (21-27%) in the morning and {82) in the evening (Shawesh, 1993)

7. Conclusion

When this system had worked in a steady way foldake20 years, which the time that the
city was mostly empty of people, most houses apsedd and the number of houses were
collapsed, we expect that the ventilation systenwal as the other systems had worked
better before the last two decades, when its ihiatsi were taking care of its systems. But
still how ventilation system was working to providegh quality of indoor ventilation?
Simply, looking at the ventilation system we firftht it is a part of the whole systems that
complained the residential complex. However, thenumsaript fused on three important
points:

- First, the level of indoor environmental qualitydaventilation efficiency depends on
the spatial connectivity and configuration betwdbe private and public spaces,
specifically within the individual house and betweabe houses making up the multi-
housing complexes.

- Second, the compatibility between the planning arghitectural design guarantees
the ventilation rights of the homes at both thevirdiial and complex levels.

- Third, as each house is a part of the ventilatigstesn, the inherent required social
cooperation serves an important role in the efficye of the cooling and heating
processes of the system.
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