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ABSTRACT 
The presented model here represents one of a series of our applied research, aimed at providing 

easy and very simple design formulation to be a model for architects to illustrate to them the 

possibility of linking results of applied research with aesthetic and occupation human needs if 

adopted in large housing projects to be harmonious with our climate and environment. 

This model won a prize of the Iraqi Energy Consultative Committee in a competition for the best 

environmental design, and in retrospect evaluation after implementation, thermal, economical, 

and utilization measurements were performed on the model 20 years after its construction. The 

results were in agreement with initial design expectations, to verify the success of the bases on 

which the model was designed. 

The design style for this model was applied on a 2-storey house, construction area 380 m
2
, land 

plot area 288 m
2
, with eastern frontage. The house consists of 5 bed-rooms, reception, living 

area, office, kitchen, store-room, 4 bathrooms, and interior garden, proved that: 

1- The internal temperatures for most days of the year were within thermal comfort limits for 

dry-hot climate areas; 

2- During summer days, use of low-load air-conditioning appliances is sufficient to bring the 

house temperature to thermal comfort limits; 

3- Day-time, since sunrise, the house enjoyed good natural lighting for most rooms; 

4- With the introduction of more advanced wind catchers than traditional ones, the design 

provided natural air circulation, to cool people and building day- and night-time during 

temperate months, and provided cooling for the night, and early hours of the morning during 

summer-time; 

5- The design facilitated interior space (garden) of temperate temperature during summer and 

winter, where summer temperature was nearly 13 degrees less than for the outer garden; 

6- Electrical power consumption for lighting, heating and cooling about 7500 Kilo-Watt for one 

year. 

 

Introduction 
Great number of architects talks about traditional buildings and how they provided environment 

suitable for people daily needs in all aspects, including thermal ones. They declared their views 

to utilize the heritage vocabulary features in present buildings. The performance of the majority 

in current designs does not meet users needs, the reason, for what we believe in, is that these 

features in their old formulation were efficient within man's comfort limits, when fans, 

conditioners and electricity were not available. 

For our conviction, the knowledge of the scientific basics of features enables us to develop these 

vocabularies, and utilize them in our current designs so as to affect current architecture to 

become thermally responsive. 



From the start of the 70's, we have drawn a research plan to lead us connectively to indicators 

and bases that help architects in designing environment – responding buildings accordance with 

man's current comfort levels. After more than 15 years of connected research and studies, a 

house model was designed and built on 288m
2
 plot, on which thermal measurements were 

performed. The results were submitted to a competition organized by the Iraqi Energy 

Consulting Committee. The design won the competition as the best environmental design in 

1992, and was shown three times on Iraq Television during "Science for All" program. During 

the use of the house, several thermal and usage measurements were performed, and number of 

houses were designed on the its scientific bases. 

After 20 years of the success of experimental experience, new scientific measurement were 

made, which verified the sound scientific efficiency of the designs used model. 

 

General Description 
1-A house built  on 288m

2
 plot of pant of dimension (12m × 24m) .( Fig. 1) 

2- Ground floor area is 180m
2
, and 180m

2
 for first floor. Both floors include 5 bedrooms, 

visitors' room, living room, office, a large kitchen and several bathrooms.  The house is designed 

closed to the outside with small windows on the façade while large windows are open onto a 

courtyard of area about 20m
2
, and has two wind catchers, the area of each is about 3m

2
. The 

house has, an outside garden and garage of about 60m
2
 (Fig. 2&3), 

3- 25cm thick walls were built with Thermostone blocks, whose thermal insulation is 0.2W/mk
o
 

(twice the insulation of ordinary building material), and used structurally as bearing walls.  

4- The roofs were built of reinforced concrete 15cm in thickness, covered with waterproofing 

material layer: 5cm polystyrene, 10cm river sand, and  4cm concrete tiles, (U-value 

0.364W/m
2
k
0
)[1]. 

 

  

Broad line Environmental Vocabulary of Designs 
1- Benefiting from the concept of adjacent in heritage  houses, construction was adopted in our 

model to be on the outer  perimeter of the land plot, to be adjacent to the neighboring ones, 

which will shield the outer walls from exposure to solar energy and outer hot air. on this basis 

the house wall will be considered as if it is an inner wall within the unit compound and the 

houses group as if it is one house, one shields the other from three directions. Thermal 

conduction along the houses' ground floors will result in thermal equilibrium [2]. 

2-Use of courtyard, 75% of its ground is laid by porous bricks making the floor a cold pool. 

Since the courtyard in to vertical section contains protrusions (Fig 3) the walls will be shadowed 

summer time. The incident sun rays on balcony tiles, which shadow the ground floor of the space 

will force the hot air above the pathways move within the area between the first floor and the air 

above making the temperature at the near side of the floor inside to remain at low temperature. 

3-The courtyard walls in all directions are elevated to ceiling level (fig.3) which makes air 

motion within the courtyard weak. The courtyard then maintains low temperature day time, when 

wind catchers and windows are kept closed. 

4-The use of creeping plants and low –condensed indoor plants (fig.4), effectively shadowed the 

walls from sun rays, keeping walls temperature near the plant's temperature, which lower than 

that of human body. The adoption of low concentration planting reduces the relative humidity 

below 40%, resulting in comfortable state. (No water fountains were used to elevate the relative 

humidity). 

5-Adoption of large wind catchers above the house ceiling connected to rooms overlooking the 

inner garden or connected to windows over looking the outer garden results in bringing air of 

lower dust and heat percentage than coming from the road, whose temperature is higher due to 

its contact with black roads of high heat storage and heat – storing outer walls, with the air – 

borne dust raised by cars, especially in dry hot weather, where streets are force of rising dust. 

The air coming from large wind catchers means that the high pressure of the incoming air 

column from the wind catchers will cause air motion that will yield a feeling of an effective 



temperature lower than that of true reading of the thermometer [3]. Also if its path on exit is 

through windows overlooking the outer garden, it will force the outer hot air in the street out of 

the house. 

6-Adoption of Sun breaker made of bricks (fig. 5) as part of the architectural facade of the 

building has shading  efficiency greater than 80% summer time and shading efficiency 30% 

winter time, this will result in low summer thermal load, and raise natural heating winter time. 

7-Placing the windows at the inner edges of the walls thickness to raise their thermal 

performance [4] and air – capture efficiency, whenever air pressure is positive on the windows 

and increase evacuation when the window serves negative pressure. 

8-Use of insulating building materials, with Time lag between 17 to 12 hours (Thermo-stone 

Walls)    [ 1], which helps in effecting night – time air cooling of air coming from wind catchers. 

The cooling is for inner building shell when heat reaches it after 12 hours. 

 
    Fig-1 Façade of the model design – Baghdad -  Iraq                     Fig-2 ground floor plan  

 

 
Fig -3 Isometric of the Model Design 



9-Use of small external windows, at 10% of floor area or 24% of the outer wall area shadowed 

by sun and rain protection projections as to the windows overlooking the inner garden, and 

glazed areas shadowed by sun and rain protection projection, which represent 87% to 55% of 

vertical walls. 

10-Good winter sun was provided for rooms overlooking the exterior via vertical windows 

enabling sun rays entry to 15m inside the house (Fig 6). As to summer, the sun rays enter to less 

than 1m inside, and for short periods. The winter sun was made to reach the west – facing rooms 

on ground floor and overloading the courtyard by the property of reflecting sun rays from 10mm 

glass in the first – floor. Although this Sunning is not sufficient it provides the inhabitant with 

feeling of warmth, and the pleasure of enjoying the sight of winter sun. The percentage of rays 

entering was 20% of its original energy. 

 

Visual Aspects 
Normally it is said that environment – compliant buildings are poor aesthetically. On this basis, 

attention to visual vocabulary of the model was given, including optical illusion in enlarging the 

space  

  Fig -4   creeping   plants  shading  courtyard  walls                       Fig -5 fine Asparagus plants 

 

area and feeling of openness. The inner spaces were to be connected with the inner garden by 

large windows, effecting illumination of inner of about 1:15 of the illumination of inner garden.  

Such percentage gives the observer feeling of visual comfort, with no stress to connect the inner 

space with garden as if it is one part of it (fig.7). Therefore, whenever one enters a space of 

spaces overlooking inner garden adds the garden area to that of the room, giving the feeling that 

the building area is much bigger than the true area. However, if we use big windows in the 

spaces overlooking the exterior, it would give smallness to these rooms, because they create 

optical rebound for the eye as a result of quantity if intense light coming from the outer space, 

which causes a feeling of withdrawing the wall containing the window to the inside which causes 

a feeling of shortening the length of room (since the outside rays even in the winter is greater 100 

times that of  illumination of room illumination) [5 ]. 

 

                                                
 



       
       

     Fig -6 winter sun patch in visitors room                              Fig -7  Sun breaker made of bricks  

 

  
                         

Fig-8: Optical illusion in enlarging the space area and feeling of openness. 

 

Advanced Design Vocabulary Implemented in the Design 
 

Wind catchers 
Wind catchers in heritage architecture are air passages in the residence walls whose horizontal 

cross – section is not greater than 20cm × 100cm, ending in an opening inside the rooms, for 

which the mason gives his best to beatify it. The air duct cross section     area does not exceed, at 

best, 0.2m
2
, whose majority were around 0.1m

2
. Due to the narrow opening, the mason around 

cannot plane and polish its inner walls, consequently it become a haven for ants and insects, and 

the wandering of rats between houses in view of its darkness. The majority of house wall are 

damp due to the influence of ground water, which cools the passing air through the wind catchers 

slightly as  a result of evaporation (this what the author has experienced in 1950). The quantity of 

air delivered was very small, for which it was finally closed after the author's father bought an 

electric fan. 

The principle of air exchange is considered the best hygienic treatments, and the principle of 

obtaining air motion is considered an important principle that signals the person of temperature 

reduction despite higher than comfort limits [6] , what is called "Effective Temperature", which 

varies in feeling with velocity increase of air passing over the living bodies. On this basis, our 

under standing made us think of the importance of adopting natural ventilation, and the 

development of this vocabulary. We have innovated a new type wind catchers whose cross – 

section area is not less than 2m
2
, two sides of which are 3 meters higher than house roof, which 

face the common Baghdad air. 

This wind catchers opens on rooms overlooking the inner garden or outer garden, which cause 

the air to impinge on the two high walls to drop into the wind catchers. Also; its impact on the 



two high walls causes negative pressure behind the walls, that is above the inner garden which 

increase the speed of air motion inside the rooms as a result of difference in height in the air 

column inside the wind catchers and inner garden, which is lower by 3 meters, and due to the 

development low pressure above the garden as a result of its impact on the wind catchers wall. 

(Fig9) 

The speed of the air coming through the windows overlooking the wind catchers, whose area is 

0.5m
2
, increases the speed of air flow inside the spaces to the extent that a person sleeping in a 

bedroom is compelled to place cover on the body. No air cooling equipment were used during 

the last 20 years in the main bedroom, but were forced to install air – cooling equipment during 

the last three years because of the dusty climate occurring in Iraq during the last 3 years as a 

result of gross rain shortage which prevented us from using the wind catchers on some     days. 

 

The Courtyard 
The inner courtyard or past inner garden used to be passage, about which room doors and their 

inner walls overlooked it. 

The hot and cold, rain and dust whenever they occur used to affect the rooms overlooking and 

individuals moving about inside house. When European architecture was transported, that was 

publicized by architects graduated from European countries, people departed from the inner – 

courtyard – based designs completely. 

Our convention that inner courtyard is a delight to the eye and sound social connection, we have 

developed the courtyard to as to be used as isolated of climatic changer, a beautiful vision 

connector, family gathering site, and an air – exchange center. 

We know the provision of clean natural air replacing of the fumigation of inner spaces, even on 

lower sunning, which people like to reduce during the summer in dry hot climates. 

Then development then came by glazing one of the main walls overlooking the interior to the 

level of ceiling to retain the feeling of openness and visual comfort (fig.10). It is of importance to 

mention here, it is not permitted to cover the courtyard with glass ceiling, because it becomes a 

thermal store and causing lower air motion, thus stopping the function of wind catchers. 

 

 
 

Fig -9 Air distribution by using wind catchers         Fig -10 glazing one wall overlooking the 

interior  

Thermal Measurements 

In order to integrate the design from thermal point of view, several treatments were adopted, 

such as by contact with adjacent houses, use of Thermostone walls, ceiling isolations, use of 

wind catchers to cool rooms and inner shell of the house at night, adoption of the principle of 

inner courtyard stepped in its vertical section, use of porous materials for flooring, adoption of 

creeping plants in the inner courtyard and non – dense plants, and use of sun protectors on the 



outer openings. Consequently, this resulted in temperature inside it, as indicated in the August 

data (where August is considered in Iraq as the highest temperatures), as seen in Table (1). Fig 

(11) indicates near or within human-comfort limits for hot dry places, which changes sensibly to 

an effective temperature (lower temperatures when motion of incoming air from wind catchers 

occurs or even use ceiling fans).   In August 2008 thermal measurements showed that monthly 

average, maximum, minimum and range are almost similar to those taken in August 1988.   

 
Table 1:  showing average Air Temperature during August 1988 for different spaces outside and inside the house, 

knowing that one (250 Watt) evaporative air cooler were used in each floor 

  

  

 

 

 
 

Fig- 11 Comparison  between courtyard air temperature and ambient air temperature on 27
th
 of  

August   

 

This in its entirety proved how sound the design is in being responsive to climate. The other 

thing proving that the design model is responsive to the climate is the electricity bills for the two 

years (from 17-7-1988 to 21-6-1990) amounted to 15000 KW (Fig12), which means the building 

was not dependent in its cooling and heating on high electric power. 

What can prove the success of realizing thermally-comfortable buildings by using of developed 

heritage vocabulary  as in our model and the adoption of corrective treatments, is in the excellent 

growth of indoor plants in the inner garden (Fig.4&5), especially the fine Asparagus, the height 

of which reached 7 meters. It is conclude from the aforementioned, it is possible to adopt and 

utilize developed heritage vocabulary, the adoption of natural treatments, and utilizing visual 

environmental vocabulary to realize climate – responsive and beautiful designs 
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Fig-12showing from electricity bill the amount of electricity (from 17-7-1988 to 21-6-1990) 

15000KW 

 

Conclusions 

Attached houses and inward looking design strategy provide protection from high summer solar 

energy, and work together with the use of thermal insulation block walls (Thermostone) in 

lowering air temperature and decreasing the daily temperature oscillation inside house spaces. 

The use of large and improved wind catchers in conjunction with courtyard reduces the need for 

reliance on air cooling and air moving-equipments day and night for long periods of the year, 

and achieving the benefit of cooling buildings' inner skin and human body during moderate 

summer nights. Moreover, wind catchers help in achieving excellent natural ventilation, keeping 

air in the building fresh and make living conditions inside healthier, even in the occurrence of 

lack of insulation. 

The integrated gathering of climatic and  architectural design vocabulary and the use of plants, 

with the use  of some improved heritage vocabulary  could assist designers in reducing 

dependency on polluted  energy and make the house nearly self dependent on creating 

comfortable  environment,   

Openness of rooms with moderate lighting intensity inner garden has a great psychological effect 

on increasing room sizes visually, feeling of openness, and providing relaxing and comfortable 

place for family.     
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           ABSTRACT 

 Research and scientific studies over more than thirty years have concentrated on the 

subject of less dependency on polluting power, realizing thermal comfort inside buildings, and 

inviting declaration for dependence on natural solutions and benefiting from previous 

experiences. 

The impetus to the rising attention is the drive to adopt the domed roofs, which were previously 

used by pioneers in buildings as one of several environmental solutions for warm regions. These 

declarations raised questions, which could not find easy solutions. The questions included: 

a- Doesn't the use of dome increases roof surface area for increased thermal exchange? 

b-Doesn't the use of dome means the increase the inner space volume, which requires more air-

conditioning appliances? 

c-Dose Part of the dome, exposure to direct solar energy, and the occurrence of differences in 

temperature will result in air movement around the dome, driving the heat further, consequently 

being better than flat roofs?. 

d-Which of the two techniques is better in realizing thermal comfort and cost-effectiveness, 

regarding power expenses? 

This paper is aimed at disclosing the dome's thermal performance and to provide answers to the 

questions raised about it. It is also intended to concentrate on the dome's thermal behavior by 

adopting mathematical technique supported by experimental measurements on single domed 

building and identical flat-roof building. 

Mathematically, the computer energy simulation package (Ecotect), special for thermal 

performance evaluation of buildings was used. The results were compared with experimental 

results on single domed building and identical flat-roof building, tabulated, and diagrams. 

The final results arrived at the dome-system works to lower temperature by about  (2 – 6) 
o
C on 

average, and aids in reaching thermal balance summertime. In winter, however, thermal losses 

from dome-roof are greater than those from flat-roof. 

 
Introduction 

 Domed roofs were used at the start of their appearance as means of obtaining roofs for 

wide spaces, and whose advantages emerged in past erase when no air conditioner, coolers, 

ceiling fans, and even electric powers was not available. It is useful pushing hot air during 

summer, generate by man and cooking utensils, away from human motion level, the heavy cold 

air near the room's floor, and remains close to peoples motion and seating, while the hot at the 

higher regions of spaces constrained to domed part. 

The part contains small opening to allow hot – air passage in the summer, and collects all the 

smoked resulting, from burning wood and coal, used for cooking and heating. The smoke is 

gathered within the domed part with no random motion within the space of the flat ceiling. 

Advocated of heritage architecture revival exchanged a great deal of talk about the importance of 

adopting and utilizing heritage vocabulary, including the domed and introducing them as 

architecture features in current designs. This is so  without taking into consideration the change 



in the limits of current human thermal comfort, who is uses air – cooling equipment which 

change summer and winter to spring atmosphere, and simulated in its performance the thermal 

comfort limits of the current individual. 

In the light of considering the importance of using domes in architecture, as a climatic tool a 

symposium was organized  in Baghdad in the late 80's but could not give a convincing scientific 

answer about domed roofs from the thermal point of view. 

After the provision of the scientific facilities in designing computer programs, which may be 

used in simulation different construction aspects. 

In addition to that a provision of two buildings in Baghdad, similar in design, the first the domed 

space in the guest room exactly, the other, its dome had been removed completely, but in its 

place, a flat roof was its replacement which triggered our interest to undertake this work that 

gives a clear picture regarding the performance of domes summer and winter times, which would 

provide benefit to those working in architecture. 

 

Thermal Comfort and Design Treatments 
 

 Man's body adopts itself to its surroundings in many aspects including thermal aspect. 

People before the availability of electricity and fans were handling hot weather in a nature 

manner. 

They were innovating solutions to get near thermal comfort of their bodies, and when electricity 

and fan were made available, the individual  got very near to thermal comfort limits. But, once 

the evaporation coolers appeared, the feeling of users concerning the old thermal comfort limits 

changed, and started narrowing these limits. Until air – conditioners appeared, where acceptable 

thermal comfort limits became very distant from comfort limits, interacting with prior to the days 

of electricity, thus climatic treatments and design vocabulary that were considered a climatic 

solution in our heritage architecture to approach the thermal comfort limits before the advent of 

electricity, became imperative to revise its natural content and analyze it again on scientific bases 

which should realize thermal comfort limits for the current individual, and take what can be 

transported, and modify what needs modification to benefit from our fore fathers to suit this era's 

needs especially for the dry hot regions, as most of Iraq regions. 

 

Properties of dry hot climate (Baghdad City) 
 

 The majority of parts of Iraq have dry hot climate, represented by Iraq's capitol (Baghdad 

located 33.3
º
 longitude north and 44.4

 º
 longitude characterized by clear skies, where the annual 

brightness hours is 3224 hours, distributed as 12.3 hours summer time brightness, with a daily 

average of solar radiation intensity of 7.3KW/m
2
 which reaches midday in summer (July) to 

950W/m
2
, and approximately 500W/m

2
 midday in January. [1} 

From the analysis of climate of Iraq  [2] (Baghdad) it is found the average hot and temperate 

period is about 8 months, and the average cold months is 4 month. The designer has to take this 

into consideration, innovating and using new technical means in construction and make use of 

heritage solution to be developed so that the designed buildings are simulate for such climate, 

with least use of artificial means that are atmosphere polluting. 

 

Architectural Treatments 
 

 Architects interested in providing thermal comfort to housing users attempt to innovate 

new methods or use models or transfer heritage  features of buildings. The transfer may not be 

successful unless scientific bases of surrounding environment are studied successfully for that 

items or model. Among those are the domed roofs. 

The ongoing talk about domed roofs attracted the attention and curiosity of those interested in 

architecture; a symposium in the late 80's was organized to discuss the positive aspects of using 



domes, but the symposium couldn't provide the answer to the various questions raised, since 

most of the research was descriptive, romantic, and heritage reminiscent. 

 

Queries about Domed Roofs 
 

 Quires approached among architects about the environmental – climatic effects of domes, 

many aired their views about undertaking real research to reply to the following queries: 

1-Won't the use of domed roofs increase surface area of the roof, which will increase thermal 

exchange. 

2-Won't the use of domed – roofs increase the volume of the inner space, which will need extra 

air conditioning equipment. 

3-Will the exposure of part of the dome to direct solar energy and occurrence of the temperature 

difference in dome surface will initiate air motion around the dome, pulling the heat away, butter 

than flat roofs. 

4-Which of the two methods is better generally from incident solar energy, provision of thermal 

comfort, and expenses saving on energy. 

To answer these queries, researchers found that exact calculation must be made and design an 

efficient computer program capable of giving numerical answer that will guide architect to 

sufficient answer to their queries, by considering the computer program as the reference of 

reliable result. 

By chance, we found two identically – designed housed belonging to a government publishing 

agency, where the guest room had dome – shaped roof. The domed roof was removed in one of 

the houses and replace by flat – roof (Fig.1&2). 

The establishment agreed to our request to performed thermal measurements, installing thermal 

sensors stuck to the dome and flat roof, for the sake of our work during summer and winter, and 

comparing the result obtained from the computed program to be used with other dome shapes to 

suggest comprehensive advice (Fig.3) 

  

 

 

 

 

 

 

 

 

 

 

 

                                                                                                                

Computer Program 
 In order to perform calculations to distinguish between the domed – roof and flat surface, 

it was necessary to design a computer program to calculate solar energy on current and arch 

shapes to obtain the total energy incident on these shapes and integrated the total according to 

solar radiation incident angle on the domed surfaces [3]. 

The program is provided by the averages or simultaneous hour measurement of the required day 

with hour measurement of temperature of the external air at that day to determine the total 

quantity of heat the dome will allow to transfer into the inner space according to building 

materials used in dome construction, and compare it with the energy transported by the flat roof 

whose area is equal to dome – base area. 

Fig (1 ) Showing The flat slab in second house used in case study 

See  measuring wind speed by hot wire anemometer 
 Fig (2 ) Showing The dome in The house used in case study 
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 Dome ceiling (1 )  Dome ceiling (Ecotect )

At a later stage, a trial version of the program Ecotect [4] was used to compare the experimental 

results performed on domed and flat roofs of two similar houses in their ground layout guest 

room, one with flat roof and other with domed roof. The benefit of the program was to know the 

difference in temperature occurring in the experimental measurement for the dome model, and 

the computer results to benefit from the program in difference that occur in temperature when 

different dome models are studied. 

Experimental Measurements 
          Five Thermal sensors were stuck in the location shown in fig.3  inside the dome roof and 

flat roof, with another sensor installed in Stephenson screen  outside the house, measurements 

were taken for number of cold and hot days during January and July (thermal measurements 

were re-taken a year after using infrared thermometer for comparison Fig (4). The comparison 

showed slight difference) . 

In order to calculate the thermal resistance of the flat and doomed roofs,  hot wire anemometer 

where used to measure wind speed in (2 cm.) near  the flat and doomed roof surface. Fig (1&5), 

knowing that average difference between  measured wind speed on domed roof is twice of  that 

on flat roof 

_____---   

 

 

 

 

 

Results were compared with the results derived from the trial Ecotec program, and results were 

about 95% close, which gave us simulate other types of dome by the program to arrive at general 

recommendations, covering domed – roof of all types (Fig 6)  , 

  
  

   Fig (3)   Ground  plan  for  the  house  used  in  case  study 

Fig(6)The difference between measured temperature and computed 

temperature (by Ecotect) for domed roof (date 8-7-2006) 

 

    Fig(4) Thermal measurements using infrared thermometer 

   Fig (5) measuring wind speed by hot wire anemometer 



Comparison for Dome Types and Flat Roofeat transmission and hSolar Energy  
 

 In order to perform sound comparisons, dome – base radius of 6.6m was adopted, since 

this number is similar to that of the dome on which experimental thermal measurements were 

made, then from review of heritage buildings, 4 shapes of domes were determined common – 

types (Fig.7). Studies were performed on these types, whose results are to be adopted to give due 

recommendations. 

The results were found according to the follows: 

 

1-The hourly amount of energy received by each type, as direct solar energy, and scattered 

radiation energy as a daily average for July and daily average for December for four types of 

dome roofs and flat roof. 

 

2-The amount of energy and heat transferred according to dome building materials and those of 

flat roof since the building materials for flat roof, acceptable in Iraq is concrete material, while 

building material for domes is generally brick. 

 

3-The effect of ventilation openings at the base of the dome on final temperature of dome – roof. 

 
Results 
 

Quantity of total solar energy utilized by each type-1 

Result showed that flat – roof receives solar energy less than other types of dome summer and 

winter (Table-1) 

 

. roof–materials and those of flat Quantity of transported energy according to dome building -2 

Since the building materials of domes in Baghdad is brick of thickness 0.24 coated with humidity 

prevented and protective layer of cement, which gives gross coefficient energy transfer whose 

value is Uvalue – 1.28W/m
2º
c. 

The flat – roof material is concert with preventive on top of which concrete tiles of gross 

coefficient of energy transfer whose value Uvalue = 1.88W/ m
2º
c.[5]. 

From this it can be said thermal transfer in dome – roof is better than thermal transfer in flat – 

roof due to difference of type of building material which may be adopted in domed – roofs, 

which is difficult to adopt in flat – roofs because thermal loss is worse than flat roof 

 

.Practical Measurements of Temperature on Inner surface-3 

The dome – roofs in practical measurements in the specimens containing thermal sensors on 

roofs gave temperatures lower than temperatures of flat – roofs in summer (Fig.8) and 

temperature lower in winter which indicates that domes have positive effect in summer in 

reducing inner temperature and very bad winter due to thermal loss caused by its surface area. 

We believe the main reason is due to difference in gross coefficient of heat transfer of dome 

building material and building material of upper flat – roof in conduction. 

But what is felt is that air flow outside the dome had an effect of pulling  a quantity of 

accumulated heat on dome wall more than from flat – roof. Unfortunately the tested dome has no 

opening near its base to help in studying the effect of air ventilation experimentally. Ventilation 

effect will be studied through computer thermal simulation programs.   

 

 

 

.Effect of Ventilation Opening at the base of dome on final temperature of roof-4  

By adopting very small opening in the dome – base during summer ensuring two air change per 

hour for the air gathered within the dome, the gross heat transfer will make the dome system 

better than flat – roofs for summer thermal performance (Table1). 



 

 

 

 

Simulation ECOTECT  Computer Thermal 

are better in Summer ) 7. Fig( types of domes 4Results from ECOTECT showed that the  

Thermal performance than flat roofs (Fig.9), and showed that the shape No. 1 has the best 

performance than the others, and showed that the third shape is better than No. 2, and the worse 

is No. 4The final results arrived at the dome-system works to lower temperature by about  (2 – 6) 
o
C on average, and aids in reaching thermal balance summertime. In winter, however, thermal 

losses from dome-roof are greater than those from flat-roof 

 
Table ( 1 ) Amount of Solar Energy(watt)falling on the domed roofs and flat slab during ,  July &January 

 

 

Table(2) The effect of movements on removing heat energy for four dome shapes  

 

 

 

DOME No. 2 

  

DOME No. 1 
  

 Sample (1)  Sample (2)  Sample (3) Sample (4) flat slab 

Summer 273174.72  317514.4  300737.05  465849.59  261062.05  

Winter 87178.372 115749.79) 105477.67 186284.77 74367.13 

The net energy 

transferred  
Energy removed by Ventilation  Energy  transferred  Dome shape  

410.347 210.226  691.573 Sample (1)  

684.951 228.753 913.704 Sample (2) 

452.993 384.612 837.605  Sample (3)  

695.351 531.790 1227.141  Sample (4) 

Fig (7) The common type of domes used in Iraq Fig (8) Showing the difference in internal roof 

temperature for domed and flat roofs (date 7-8-2006) 
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DOME No. 4 
DOME No. 3 

 

Fig ( 9 ) Showing the difference in internal roof temperature for domed and flat roofs (date to 7-8-2006) 

  

Conclusions 
 

1. The numerical comparison between dome – roofs and flat – roofs as absolute energy loads, 

without taking into account air motion and without taking the difference in the building materials 

of the dome and building of flat – roofs into consideration, make flat – roofs better than dome – 

roofs. 

2-  The passage of ambient air imposed on the building around the dome, one part of which 

protrude    above the flat roof level resulted in pulling a quantity of accumulated heat on the 

dome surface without being exposed to sun radiation. The dome roof became, in all its types, 

better in summer than flat surface and increased its heat loss in winter. 

3- The difference in temperature on dome surface due to difference in quantity of solar radiation 

incident on dome parts increases the air speed as a result of air pressure difference on the 

surfaces which increases the pull of heat accumulated on dome surface which increases its 

efficiency in summer and reduces it in winter. 

4- The presence of small ventilation openings at the dome base to ensure two air change per  

hour for the air accumulated within the dome will increase the efficiency of the dome system as 

summer thermal performance. 
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