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ABSTRACT 

This Paper presents a thermal investigation of four traditional houses tested 
experimentally under the effect of external climatic conditions of hot dry region in Egypt 
(Toshky region). The external and internal walls of the test house were constructed from 
local sandstone blocks with 50 cm thick. The ratio between the external openings and the 
external walls surfaces areas is less than 10 % . The external wall is covered internally with 
2-3 cm cement mortar plasters, while the internal walls covered with 2-3 cm cement plaster 
from both sides. Volts and domes covered the roof of the test houses. The external surface 
of the roof covered with 2-3 cm white cement mortar plaster. 

Results demonstrated that the local building materials (sandstone) suppress the swing 
of external outdoor air temperature and stabilize the indoor air temperature at average level 
below the average of outdoor air temperature by about 2-3 OC during the hottest period. The 
results also show that it is possible to maintain the indoor air temperature significantly 
below the average of the outdoor air temperature by about 4-5 "C, when modem insulating 
materials together with the local building materials are used. Besides, the use of passive 
cooling systems (evaporative cooling) maintained the indoor climate in the thermal human 
comfort zone. 
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2- INTRODUCTION 
Hot dry Regions are found in Egypt between 22' to 30' north latitude. The following 
features characterize this region during the summer season; aridity, high summer daytime 
temperatures, large diurnal temperature variation, low relative humidity, and high solar 
radiation. Toslky region is a desert region located in the south east of Egyptian western 
desert at the Tropic Cancer (23.5%). A large desert reclamation project is being 
implemented and provided with Nile water, therefore new cities are being established in this 
region. In such climate thermal human comfort is crucial to provide the reasonable 
environment for these new communities, and to save energy. In Egypt different field 
measurements and theoretical studies were carried out to investigate the thermal 
performance of the traditiona1,houses under the effect of local external climatic conditions. 
The results of these studies showed that, dry and spray water shading roofs devices, double 
walls, ventilated double ~walls, insulating roofs, and air gap roofs improve the internal 
environmental conditions under the external climatic conditions of Cairo (30 No) 
E ~ ~ ~ ~ . ( ~ , ~ , ~ , ~ )  
A passive cooling system was studied by many other authors, the results of these 
investigations showed that, evaporative cooling, roof ponds, indirect evaporative cooling by 
wetted walls, plants and earth as a cooling source are an integrated part of the guidelines for 
building design in hot dry region.(') Evaporative cooling study was carried out by the author 
on the prefabricated house located in Toshky region under the external climatic conditions 
and during the hottest period. Results indicated that an average indoor air temperatures of 
about 24 OC was obtained when the average outdoor air temperature reached 38 OC.(~) 

2.1- BACK GROUND OF THE PROBLEM 

2.1.1 Comfort in Hot-Dry Region 
The thermal comfort of human being\ is governed by many physiological mechanisms 

of the body and these vary from person to person. In any particular thermal environment it is 
difficult to get more than 50% of the people affected to agree that the conditions are 
comfortable. Personal (activity, clothing, age and sex) and physical environmental variables 
(air temperature, mean radiant temperature, relative humidity and wind speed) are the 
principle factors affecting the human thermal comfort. The design strategies for cooling 
firstly dependent on the determination of the upper and Iower limits of thermal comfort 
zone. In hot and dry region climate the evaporation of moisture from the skin is considered 
basic variable affecting rising the upper limit of comfort zone. Humphreys and Nicol(1998) 
present a formula to determine the " Indoor Comfort" temperature, T,, relative to an 
exponentially weighted ruining average outdoor temperature, T,,, and applicable to free 
running building (with ought mechanically narrowly controlled indoor temperature(T, 
=0.534 T,,, + 12.9). Table (1) shows The upper limit temperature of the comfort zone 
during the summer time in Toshky region. 

2-2 Design Strategies for Building in Toshky Region 

From the climatic applicability aspect, the ability to keep the indoor condition within 
the comfort level without mechanical cooling, by designing light-colored, high mass, well 



Table (1): The Upper limit temperature of comfort zone during summer time in Toshky 

insulation traditional buildings, depends mainly on the outdoor average temperatures, so 
one can surmised the following assumptions:. 

In summer months where the average outdoor temperature is about 20-25 oC, indoor 
conditions can be maintained at comfort level through the day without intensive night 
ventilation i.e traditional buildings are not sensitive to external climatic conditions. 

w In summer months where the average outdoor air temperature is up to about 25-29 OC. 
Intensive night ventilation reduced the indoor maximum temperature to a level close to 
the average temperature, i.e traditional building is more sensitive to the external climatic 
conditions. 
In summer months where the average of the temperature is up to 30 "C, the traditional 
building is high sensitive to external climatic conditions. In this case some additional 
passive or low- energy cooling system, such as evaporative cooling, is needed to ensure 
indoor comfort. 

The chart of design strategies for cooling building on hot dry region is based on the 
bioclimatic chart developed by Milne and Givoni (61. The hottest months in Toshky region 
are July, August and ~eptember(~"). The results show that, many passive cooling strategies 
are needed to achieve the indoor climate of buildings near or in the human comfort zone 
under the effect of external climatic conditions 2 evaporation cooling is considered adequate 
passive cooling. 

2.2.1High-mass cooling with night ventilation. 
This strategy may be applied in buildings under the external climatic conditions during May, 
June and September. During these period the envelope massive surfaces must provided to 
store the day's heat. Also, because there are more hours of daylight and few'of night, the 
ventilation must occur more quickly and thoroughly, probably using fans. Also the building 
switches from a thermally closed conditions by day to an open conditions at night. 

2.2.2 Evaporative cooling. 
This design strategy is adequate during months of July, August and September(hottest and 
dry period). This design strategy relies on the principle that when moisture is added to air, 
the air increases in relative humidity while decreasing in dry bulb temperature. However, 
large quantities of both water and outdoor air are needed. 

3- EXPERIMENTAL MODEL 

3.1 Experimental Test Houses 
Three old traditional houses were studied experimentally to investigate the thermal 
performance of. buildings. The first building is "El Awamat house", and it has external 
dimension of about 10~15.5 x 13x 5 m. The second house is "El Maemarya house" and it 
has external dimensions of about 3 5 ~ 1 3 ~ 4 . 5  m. The third house is "El Garad house" and it 
has external dimensions of about 31~16.5 x5 m. (see Fig.(l,2)). 



All these houses have burning walls, constructed from heavy local sandstone with 50 cm 
thick and have internal cement plaster of about 2.5-3 cm. The roofs are covered by domes 
and vaults which are constructed from cement bricks of about 15 cm thick. Domes and 
vaults are covered externally and internally by 2.5 cm cement plaster. 

3.2 Evaporative cooling: 
Light weight prefabricated building in El Behera Comp. Camp and it is investigated 
experimentally to study the effect of evaporative cooling on the indoor climatic conditions in 
Toshky region during the hottest period . The testing prefabricated building has external 
dimensions of about 1 0 ~ 1 0 ~ 3 . 5  m. The characteristic features of the evaporative cooler used 
in this building are shown in table (2). 

Table: (2) Specification of evaporative cooler used in prefabricate house 
~ n s h k v *  

, ,  .. 
I :  , : . , ( I  

.e table contain is Breez. Compu. Cool Istrala. 

3.3 Experimental devices: 

The external climate conditions were measured using Casella automatic weather station. 
Solar energy was measured using SS-100 sensor. The temperatures were measured using 
thermocouples type T attached to scanning thermometer. The predicted mean votes (PMV) 
and predicted percentage of dissatisfied (PPD) were obtained using internal weather station 
(IC-500) according to Winles application software HB 3264-03. The results of predicted 
mean voets is demonstrated in table (3). 



4 RESULTS AND DISCUSSION 

Table (3): The Predicted mean votes according to Funger equation predicted by (IC-500) 

4.1- CIimate of Toshky Region 
The climate of Toshky region is considered as a very hot dry climate, it can be divided into 
three distinguishable periods; warm climate during the period from November to February, 
hot and dry during March to June and October, and very hot-dry period during July to 
September. This classification was based on environmental measurements carried out by 
Egyptian Building Research Center for a period of two year table (4). The very hot-dry 
period is the most critical period for the house design. During this period the study and 
observation of the author proved the unfeasibility of achieving indoors thermal comfort by 
using traditional buildings. Complementary effects between various aspects of housing 
design in hot arid zone and passive cooling systems are essential. (6,71 

Very Hot 

+3 

/ , . 1 1 . 1. , 
Max. I MIN / Mean I Max I Min 1 Mean I Speed / Direction I 

lanxlnrv 1 75 1 8 1 165  1 48 1 21 1 34.5 1 1.5 1 EN 1 800 

Hot 

+2 

Tablc: (4): Maximum and ~ninin~orn climatic external conditions in Tosliky region* 

I 4.2 Building Materials: 
Table (5) shows the thermal properties of local building materials in Toshky region. It is 
obviorrs that all the local building materials have a very low thermal resistance and high 

1 
diurnal heat capacity, when compared with values recommended by Givioni for typical desert 
with a diurnal range of 15'C and maxin~um solar intensity of 1 1 0 0 ~ 1 m ~  ('I. SO, it may be 
concluded that modem thermal insulation materials, together with the local materials are 
needed in this region 
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.+I 

Months 

Table (5): Thermal Properties of local building materials in Toshky region 
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4.3 Thermal Performance of Traditional Building. 
Figure (3) diurnal variation of outdoor, indoor air temperatures and indoor predicted mean 
votes (PMV) measured in "El Awamat house " under the external climatic conditions of 
Toshky region during two successive days 26,27 September 1999. The outdoor air reaches to 
its maximum temperature of about 43 and 43.5 respectively for the two successive days (26 
and 27 September),l999. The Maximum and minimum outdoor air temperature occur at 6 
a.m and 14 p.m respectively during the first day, while the maximum of the outdoor air 
temperature of the second day occurs later than the maximum of outdoor of the first day by 
about two hours. Also from the observations and measuring data carried out by the author for 
four years on the region, one can see that the occurrence of the maximum outdoor air 
temperature is dependent on the air speed and direction on the region. Also it can be seen that 
the average value of the outdoor temperature is 35.5. The indoor air reached to its maximum 
temperature of about 36 OC during the two days at the evening (20.p.m hour). While it is 
reached to minimum temperature of about 30 OC at 10 a.m hour. The results show that the 
average indoor air temperature is lower than the average outdoor temperature by about 2.5 OC 

only. This is due to the high mass of building materials used in external envelope of the test 
house. The figure illustrated the predicted mean vote which it is reached to about +1.8. This 
number indicate hot indoor environment during the day and night time is very hot. Also the 
results demonstrated that about 65% of the people live in this house is felt discomfort during 
this period of the year. 

Fig.(4) shows the diurnal outdoor and indoor air temperatures measured in El-Mamar9 house 
in two successive days during May 1999. The results demonstrated that the average of indoor 
air temperature of unventilated (closed) room is increased by about 2.5 O C rather tan the 
average air temperature of ventilating. Also it can be seen that the temperature of unventilated 
roof have the same performance of the outdoor temperature. This performance show the, night 
ventilation is of primary importance for cooling of the building's structural mass on the 
indoor temperature during the summer seasons. 

Clay brick 
175 
0.5 

1.381 

Fig.(5) shows the diurnal outdoor, indoor air temperature and solar radiation incident on 
horizontal surfaces for El- Garad houses . Figure (5.a) illustrates the diurnal climatic factors 
i.e solar radiation and outdoor air temperature for the days of 14-19 May 1999. The 
maximum outdoor air temperatures reaches to 35 OC occurs at about 15 a.m hours. The 
outdoor air temperature has a mean value of about 27.5 OC for sex days. The peaks of the 
solar intensity occurs at 13 p.m (local time of Egypt). Figure (5.b to d) show the diurnal 
indoor air temperature of three rooms in Garad house for sex successive days during (14-19) 
May 1999. The temperature performance of the three rooms have the same performance 
during the day and night hours. This is due to the high mass of building materials used in 
external envelop. The indoor air temperatures of the three rooms reached to 35 OC as 
maximum value, and to 25 OC as minimum values. The indoor air temperature has a mean 
value of about 27.5 OC for sex days, and this value is coincide with the mean value of the 
outdoor. 
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4.4 Evaporative Cooling. 
Fig.(6.a&b) illustrated the diurnal outdobi; indoor, glo6al temperature and 

vote of test prefabricated house during '12- July 1999. The evaporative 
du6ng 24 hours. The indoor air reaches to its maximum temperatures of about 
hoy..Also the figwe show that the PMV reached to about +1 Indicate Suitable 
sehation indoor climate. The predicted percent dissatisfied (PPD) is reached 

. . . . . . . . 
: .. . . . .  

is.cliar from the figye that th<;evaporZtive cooling is a gibd pirs@e system used. dbritig 7 + the 
. . 

hd&t pefibd in Toshky region.! . _i.._ .; p ~ . , .  4 
5'' 

. - 
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.3-CONCLOSIONS . *: . 
*7,..: . : 

The-results of this investigation concluded that : .&; 

1-~nsulat&g materials must be added to the local building materials to improve the theha1 
h : characteristics of local building materials. 

2-  he indoors climatic conditions in traditional houses in hot periodin Toshky regio? have 
very uncomfortable interiors during the summer night hours, forcing the inhabitants to 
sleep on the roof or in open area and may be considered as a high thermal stress. 

3- According to the relative humidity of the region, evaporative cooling is considered a 
good passive system to improve the indoor air climate. 

4-Although people living in hot regions are acclimatization tq. the prevailing thermal 
environment would prefer higher temperatures :,'ad would suffer less in hot 
environment. The results oT'TC-500 system indicated that, PMV and PPD scales 
demonstrated that, people in .traditional houses . i n  .. . Toshky region would suffer 

.... discomfort sensation. 
.~ . .. 
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11 El Mamarv House 

Fig ( I ) :  Three Traditional Houses investigated Thermally In Toshky Region 
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Fig(2) : Horizontal Plane of Thee Houses On Toshka Region 
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Fig.(5)Diurnal variation of outdoor and indoor air temperatures of 
three rooms in El Garade house during 14-19 May, 
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Fig. ( 3  .a): Diurnal variation of outdoor, indoor air temperatures 
and indoor Predicted mean voit (PMV) measured in El Awamat 

house during 26, 27 Septemper 1999. 

Fig.(3.b): Diurnal vairation of outdoor, indoor air temperatures and 
predicted dissatisfied (PPD) measured in Awamat house during 26,27 

Septemper,l999. 
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Fig.(G.a):Diurnal Variation Of The outdoo, indoor temperature and predict 
J 

mean voit (PMV)'during 12 July 1999. 
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Fig.(G.b): Diurnal variation of outdoor,indoor, globle temperature and 
Predicted percent dissatisfied(PPD) measured During 12, July,1999 in 

lightweight Icon structure. 




