Comparison of heat loss and air infiltration through openings  in traditional houses of Tabriz in Qajar and Pahlavi eras

Abstract:

The rapidly growing world energy use has already raised concerns over energy resources and greenhouse gas (GHG) emissions .As the global contribution from buildings towards energy consumption, residential, has steadily increased between 20% and 40%. As Large Openings have considerable energy and heat loss in dwellings, This paper establishes a coefficient of heat loss and air infiltration through large openings in 10 historic dwellings (Qajar and Pahlavi) in Tabriz, Iran. The results show that although Qajar  era houses have larger windows than Pahlavi era ones, The rate of  heat loss of openings per square meter of facades (Ĥ) and the air infiltration per square meter of facades (FA) of openings for Pahlavi era houses is more than Qajar era ones. Therefore Openings of Qajar era houses have been designed energy saving than Pahlavi era ones. Although generally accepted way of building energy saving  houses in cold climate has been to have small windows, the results indicates that instead of using small openings in facades, it is possible to enlarge the windows to get better lighting conditions and Simultaneously decrease the area of openings per square meter of facades for low heat loss of openings.
.
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1) Introduction:

Increasing population and the rising energy demand has led to a vast increase in the consumption of fossil fuels, the arising greenhouse gas (GHG) emissions increases the risk of climate change 1[]
. The scarcity of fossil fuels and the likely rises in energy prices over the next two decades is a challenging factor for the global energy sector 2[]
. The impact of energy consumption and  growing number of people predicates a rapid growth in demand in the coming years 3[]
. According to one survey on energy consumption in Iran, about 38% of total energy that consumed in year 2001 has been used for space heating 4[]
 and Residential and commercial buildings are responsible for 41% of the energy consumptions  in Iran 5[]
. Then residential buildings can have an important role to reduce the environmental effects on indoor space condition. As 9.2% of energy transfer in buildings is from the windows, They are one of the major means by which building occupants control the indoor environment6[]
 7[]
.
The cultural value of traditional buildings as part of the built environment raises the question of their energy use. The long held principles of conservation are being challenged to use less energy and by proxy emit less CO2 in buildings designed at a time when fuel consumption or emission reduction was not a priority 8[]
.Traditional buildings in Iran are classified according to their era: Safavi ( 1501-1736 AD) , Afsharie ( 1736-1760 AD), Zand ( 1760-1796 AD), Qajar ( 1796-1925 AD) and First Pahlavi ( 1925-1941 AD) 9[]
. Shagagi and Mofidi 10[]
studied the texture and body of the buildings in the cold climate of Tabriz and analysed the  strategies of designing the buildings for this climate. Kaynejad and Shirazi 11[]
 highlighted the process of transformation of spaces and the way spaces were reorganised over four different time periods: from the early, middle and late Qajar dynasty to the era of the First Pahlavi monarch ( 1796-1941 AD). Vahid ghobadian writes about building forms that one of  the characteristics of buildings in cold climate is small openings 12[]
. The results of article written by  Arne Roos, and  Maria Wall show that the size of the energy efficient windows does not have a major influence on the heating demand in the winter, , but is relevant for the cooling need in the summer 13[]
. The coefficient of heat loss of openings(Ĥ11[) is the heat loss transmission through openings due to one degree difference between inside and outside temperature ]
. Air infiltration through large openings (FA) is the result of wind blowing through a large opening14[]
.

This paper  analyse the air infiltration rate and the heat transfer coefficient of 10 Qajar and First Pahlavi era houses in Tabriz, and obtained useful results about the energy transmittance through the openings. Details and facades of the case studies are at Figure 1 and Figure 2, 15[]
,16[]

2) Methodology
The project was carried out in four stages: identification and selection of houses ,data collection for case studies, calculation and analysis. At the identification phase,10 historic houses(Qajar era: Alavi, Heidarzadeh, SharbatOghli, Ganjeh-i-zade, Qadaki.Pahlavi era: Rastgar, SeghatolEslam, Ordubadi, Laleh-i, Nishaburi). were selected based on era and accessibility. Weather data for the last 60 years was obtained from the Meteorology Bureau. Documented dimensional data on the buildings was found to be inaccurate or incomplete, measurements of openings was carried out. Table1 shows key parameters recorded, (A) indicates the area of facade, (ALW) the area of largest windows. Formulas for calculation phase are as below:

Equation1: [image: image5.png]


=AG*UG*RG+AD*UD                                           11[]
                        
[image: image7.png]


= Required coefficient of heat loss of openings (w/k)

AG=Area of translucent layers including frame (m2)

UG= Whole window coefficient of heat loss of translucent (w/m2.k)

RG= The average ratio of area of translucent layers with frames to area of translucent layers without frames
AD= Area of external doors (m2)

UD= Required coefficient of heat loss of external doors (w/m2.k)

Equation 2:  FA = E0 x Ao x V/2 x 1000                                      14[]

where:

FA = Air infiltration rate (L/s)

EO = Effectiveness of opening expressed as a unit less factor.. (Assume an average

value of 0.40 for worked examples)
Ao = Area of openings (windows and doors) (m2)

V = Average seasonal wind velocity (m/s). The velocity is divided by two to account for the actual effect of the wind on infiltration 17[]
. 
It should be considered that  Qajar and Pahlavi era houses have different area of  facades and openings. In orther to compare the results for the case studies ,  The required coefficient of heat loss of openings and per square meter of facades and air infiltration rate  of openings per square meter of facades were determined. Then using (AG/A ( Area of translucent layers per square meter of facades) instead of AG and AD/A (Area of external doors per square meter of facades) instead of AD , and Ao/A (Area of openings per square meter of facades) instead of Ao.
In other words, the formulas will be:

 [image: image9.png]


=AG/A*UG*RG+AD/A*UD
[image: image11.png]


= Required coefficient of heat loss of openings per square meter of facades (w/k)

  FA = E0 *Ao/A * V/2 * 1000
FA = Air infiltration rate of openings per square meter of facades (L/s)

In the analysis phase, we compared the obtained numerical results of formulas for Qajar and Pahlavi houses. 
3) Results 
The Area of facades and their openings for Qajar and Pahlavi Era houses of  Tabriz  are shown in Table 1.
The Area of largest windows (ALW) of Qajar  era houses are larger than Pahlavi era houses. Accordingly, Qajar era houses have larger windows than Pahlavi era ones. In versus Area of openings per square meter of facades (Ao/A) for Pahlavi era houses is more than Qajar  era 
The results of  required coefficient of heat loss of openings per square meter of facades ([image: image13.png]


)and  air infiltration per square meter of facades (FA) for case studies are at Table 2.

Values of ([image: image15.png]


) for Pahlavi era houses is more than Qajar  Era Houses. Then heat loss of openings per square meter of facades for Pahlavi era houses is more than  heat loss of openings per square meter of facades for Qajar  Era Houses, see Figure 5.

Also analysing the results at Table 2  shows that level of (FA) in Pahlavi era houses is higher than Qajar era houses. Therefore air infiltration per square meter of facades for  Pahlavi era houses is more than air infiltration per square meter of facades for Qajar era houses, see figure 6.
[image: image1.png]


4) Discussion and conclusions
The results at Tables and analysis of figures show that Qajar era houses have larger windows and less Ao/A. Then the rate of heat loss of openings per square meter of facades (Ĥ) and the air infiltration per square meter of facades (FA) of openings for Qajar era houses are less than Pahlavi era ones. Therefore Openings of Qajar era houses have been designed energy saving than Pahlavi era ones. Although generally accepted way of building energy saving  houses in cold climate has been to have small windows, the results indicates that instead of using small openings in facades, it is possible to enlarge the windows to get better lighting conditions and Simultaneously decrease the area of openings per square meter of facades for low heat loss of openings.
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Table 1:The Area of facades and  their  openings for Qajar and Pahlavi Era houses of  Tabriz.

	Houses
	A

  (m2)
	AG
(m2)
	AD

(m2)
	AO   

(m2)
	AO/A   (m2)
	ALW
(m2)
	Figure of ALW  

	
	Qajar   Houses


	
	
	
	
	
	

	Alavi
	720.0
	54.72
	18.44
	74.21
	13.65
	0.1030
	[image: image17.jpg]




	Heidarzadeh


	1065.0
	93.081
	20.24
	113.38
	5.00
	0.1064
	[image: image18.jpg]





	Sharbatoghli


	1091.2
	109.40
	28.82
	138.22
	14.62
	0.1266
	[image: image19.jpg][T T TTT]






	Ganjeh-i-zade


	1628.0
	166.38
	50.28
	216.66
	4.99
	0.1330
	[image: image20.jpg])







	Qadaki


	1030.0
	178.13
	35.37
	213.21
	13.11
	0.2070
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	Pahlavi Houses


	
	
	
	
	
	

	Rastgar


	920.0
	167.26
	27.42
	194.68
	2.06
	0.2116


	[image: image22.jpg]




	SeghatolEslam
	562.0
	104.22
	28.13
	132.35
	3.40
	0.2354


	[image: image23.jpg]




	Ordubadi


	610.0
	109.78
	27.35
	137.13
	3.64
	0.2248
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	Laleh-i
	163.7
	56.73
	18.25
	74.98
	4.6
	0.4580
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	Nishaburi


	259.0

	46.02
	18.85
	64.88
	3.25
	0.2505
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Table 2:The results of (FA) and ([image: image28.png]


) for Qajar and Pahlavi era houses of Tabriz.
	Houses
	UG
(w/m2.k)
	RG
	UD
(w/m2.k)
	[image: image29.png]



(w/k)
	V

(m/s)
	FA
(L/s)

	
	
	
	
	
	
	

	Alavi


	2.7
	0.5907
	3.5
	0.2108
	5.1
	0.1050

	Heidarzadeh


	2.7
	0.7616
	3.5
	0.2462
	5.1
	0.1085

	Sharbatoghli


	2.7
	0.4031
	3.5
	0.2014
	5.1
	0.1291

	Ganjeh-i-zade


	2.7
	0.4191
	3.5
	0.2205
	5.1
	0.1356

	Qadaki


	2.7
	0.5131
	3.5
	0.3595
	5.1
	0.2111

	
	
	
	
	
	
	

	Rastgar


	2.7
	0.5713
	3.5
	0.3847


	5.1
	0.2158

	SeghatolEslam


	2.7
	0.4953
	3.5
	0.4229


	5.1
	0.2401

	Ordubadi


	2.7
	0.5144
	3.5
	0.4066
	5.1
	0.2292

	Laleh-i


	2.7
	0.4393
	3.5
	0.8008
	5.1
	0.4671

	Nishaburi


	2.7
	0.4332
	3.5
	0.4621
	5.1
	0.2555


[image: image31.jpg][ —]

o
1]

Ne=no
|Ie=10

LN 0
(]




[image: image32.jpg]


[image: image33.jpg]0D

0D





[image: image34.jpg]111
HEN



[image: image35.jpg]= i
sl
Bsis T
el
m [CEE
gl
el
2K




[image: image36.jpg]-
D

=)

B

]




[image: image37.jpg]



[image: image38.jpg]


[image: image39.jpg]T





[image: image40.jpg]22
S




[image: image41.wmf]0

5

10

15

Qajar  Era Houses 

Pahlavi Era Houses

[image: image42.wmf]0

0

.

1

0

.

2

0

.

3

0

.

4

0

.

5

Qajar Era Houses

Pahlavi Era Houses

[image: image43.png]


[image: image44.wmf]0

0

.

2

0

.

4

0

.

6

0

.

8

1

Qajar  Era Houses 

Pahlavi Era Houses


[image: image45.wmf]0

0

.

1

0

.

2

0

.

3

0

.

4

0

.

5

Qajar  Era Houses 

Pahlavi Era Houses

[image: image46.wmf]0

5

10

15

Qajar  Era Houses 

Pahlavi Era Houses


[image: image47.wmf]0

0

.

1

0

.

2

0

.

3

0

.

4

0

.

5

Qajar Era Houses

Pahlavi Era Houses

[image: image48.wmf]0

0

.

2

0

.

4

0

.

6

0

.

8

1

Qajar  Era Houses 

Pahlavi Era Houses











Figure.1. Information and facades of  Qajar  era houses of Tabriz.






















Figure.2. Information and facades of  Pahlavi era houses of Tabriz.



Figure.3. comparison of the(ALW) for Qajar and Pahlavi era houses of Tabriz.


Figure.4. comparison of (Ao/A)for Qajar and Pahlavi era houses of Tabriz.


Figure 5. comparison of (Ĥ) for Qajar and Pahlavi era houses of Tabriz.

.

Figure.6. comparison of   (FA) for Qajar and Pahlavi  era houses of Tabriz.
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Alavi





�








This house , on the Shams-e Tabriz Street, is built on two floors. The eastern wing of the structure is  decorated with brickwork ornamentation. It is now a pottery museum. 











�








This edifice is on the  Maqsudiyeh Street and has two floors. This building adorned with carved wooden windows and colourful glass windows. It is Tabriz-Tourist Information Center at present.








Heidarzadeh








�








This Three-story edifice is on the Segatol-Islam Street. The southern facade features twelve wooden columns with stucco-work capitals. At present this house is the Iranology Foundation.








SharbatOghli








Qajar Era Houses
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This house, on the Maqsudiyeh Street, is built on three floors and decorated with brickwork designs. At present it is part of the complex of buildings belonging to the Faculty of  Architecture and Urban Design of Tabriz.








Ganjeh-i-zade








�








This house, on the Maqsudiyeh Street, is built on two floors. Such windows (orosi)open to the north and south part of the building. Now, It is part of the complex of buildings belonging to the Faculty of  Architecture and Urban Design of Tabriz.








Qadaki
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This house is on the Bagh-shomal Street and has three floors. The outer facade possesses dados and stone skirting made of Asparakhan local stone. This building is the Shahriar Research Foundation at present.








Rastgar








�








This three-story distinctive edifice is on the Chayknar Street. Four sides of this building with equal importance have intricate brickwork patterns. Currently. It is  an Investment Center.








SeghatolEslam
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This house is on the Bagh-shomal Street and has three floors. The facade is distinctive because it is decorated with brick and stone. This house is used as the Northwest National documentation Center
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Pahlavi Era Houses








�





This two-storey structure is on the Artesh Street. The facade is decorated with frames containing intricate brickwork patterns. Currently it houses the YahyaZoka office of Historic Research





Laleh-i











�





This two-storey building is on the Ferdowsi Street. The outer facade is adorned with magnificent tile work. At present, sit houses the Quran Learning Foundation (Mahd -e Quran).








Nishaburi
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