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Abstract

The qualitative thermography in thermal inspection of the buildings has been used since more than thirty years. Although thermal images play a crucial role in qualitative thermography, the exact picture of temperature distribution at the wall surface is not sufficient to estimate the heat losses. In this paper an attempt is made to present the method aiming to describe the heat losses from buildings using thermography along with the additional calculations. The proposed equation connected changes of the heat flux from outer surface of the wall with changes in time outdoor temperature. It is possible to determine the distribution of overall coefficient of heat transfer k of the building wall on the basis of its thermal image. 

1. Introduction


The need to economize on heating energy, forced us to have a closer look at the systems in which it is dissipated. The phenomenon of dissipation of energy is unavoidable, but the amount of the wasted energy depends upon the individual features of a given system. One of the systems which distribute energy to its surroundings is a building. The heating energy is supplied in order to create a suitable indoor climate for the human beings. The indoor climate can be characterized by temperature, humidity, movement and purity of the air in the rooms, as well as by the intensity and symmetry of the heat radiation. The form and construction of the building should ensure proper indoor climate for users taking into account the optimum for the supplies of energy. In order to present the scale of the value of the energy the following example is given [1]. Only 7% of the whole amount of energy for an investment is used to construct a five floor residential building, taking into consideration production of materials, transport and construction works. The rest, 93% is used mainly to heat the building during its scheduled 40 years service time. Other sources [2] giving that kind of information on energy losses, estimate that in Germany about 40% of the energy being used in the country is spent on the heating of the buildings.


In Poland, the design of the energy-saving buildings and associated problems of environment protection have been mostly neglected until recently. The methods of fuel utilization and the method of the use of energy are very ineffective. In the past, the prices of fuel and energy have been kept artificially low, favoring energy consuming industry. The constant development of energy policies towards an advance in environment protection which has been observed in Western countries from the beginning of 1980`s became possible only due to methodical implementation of the legal, financial and educational systems, which support the effective energy usage and its saving. Such systems, however, do not yet work in Poland. As a consequence, residential and other buildings in Poland consume much more energy than similar objects in more advanced countries. The heat demand factor (E) for residential buildings built up to 1986 is very high. Its mean value is between 240-300 kWh/m2 per year. For buildings constructed between 1986 and 1992, the value of heat demand factor amounts to 160-180 kWh/m2 per year, while for those designed after 1992 when the Polish Standard PN-91/B-02020 Energy Saving in Buildings. Demands and Calculation was introduced ( Fig. 1 ), it is expected to be 120-160 kWh/m2 per year. For comparison, one should notice that for the last twenty years new and renovated buildings in European countries have been consuming 100-120 kWh/m2 per year. 


Retrofit insulation of existing buildings in Poland became an urgent need not only in order to satisfy the standard requirements, but also above all, due to economical reasons. The obligatory Polish Standard Energy Saving in Buildings related to building envelopes matches the corresponding standards in Western countries situated at the same latitude, but was implemented in Poland with a 20 -year delay. In practice, this means that the major part of buildings have to be subjected to retrofit actions. It is estimated that the process of the effective reduction of heat losses in Poland will continue for several years.

2. The practical use of the thermography.


The idea of thermography is derived from the physical phenomenon called the heat transfer which can be observed in every heated object. This process exists, because heat is transferred through the external walls, windows, roof and foundation of a building.


The thermography was used in Poland for the first time during research on quality of the residential buildings in 1973 [3]. Later, the thermography investigations were conducted at the Wrocław University[4], and the Central Research and Development Department of Concrete Industry, which, since the mid 80`s has been applying thermography to thermal diagnostics of residential buildings.


The defects of heat insulation, leakage of the building envelope and different kinds of thermal bridges are quite well detectable due to many advantages of thermography. On the basis of thermal assessment, one can point out the place of relatively increased temperature of wall, where probably defects of insulation or leaks in the element occur. The results of the investigation are of the comparative character. The features of the thermal images- thermograms obtained during research are to be compared with the distribution of temperatures calculated in the project of the building or with model thermal images [5],[6]. The circumstances during the performance of the thermographic survey must be similar to these which were established at the design stage, or these which were present during the setting of the model thermal images. The differences between the model image and the temperatures expected from project calculation with those obtained as the results of the thermographic survey, which cannot be explained by differences between standard and real conditions are recognized as the possible construction defects. Using the thermography it is possible to determine the degree of the moisture in wall materials as well as the estimate of the thermal retrofit effects. In order to describe the results of the building retrofit one may compare the thermal images taken before and after the retrofit .


In order to carry out the thermography research of the buildings it is required to apply special procedures and conditions mentioned in the standards for this kind of tests [6]. The building thermography should be performed mainly in the range of 8-14 (m length of EM waves. As far as the buildings are concerned, the investigations are expected to be conducted during relatively low temperatures varying from -100 C up to +30 0 C. The thermographic equipment must gain the sensitivity for this range of temperatures. During the inspection, the outdoor temperature should not exceed +50C. It is even more crucial to carry out proper research while, the difference between outdoor and indoor temperatures is higher than 150C. While there is a direct or strong diffuse sun radiation the thermography cannot be performed. The research of an external wall should be continued mainly 8 hours after the sunset. The high attenuation of IR radiation is caused by mist and rain or snowfalls and the research cannot be conducted in such situations. The correction for wind and temperature stratification may be applied at a certain level. It is agreed that when the wind velocity is less then 4 km/h there are good conditions to take the thermal images.

3. Quantitative estimation of heat losses using thermal images.

3.1. The estimation of the actual wall temperatures.


The heat losses from the heated buildings to the surroundings result from cooling of the construction elements and the direct exchange of the warm indoor air by incoming cool outdoor one. The cooling phenomena is caused by the following processes of heat transfer:


conductivity of the heat through elements,


heat convection caused by the air movement round the elements,


heat radiation from the warm elements into cooler surroundings.


These processes are interrelated and the diffusion of an air moisture through partition walls results that the heat transfer from building is a complex issue. 


The temperature of the wall surface does not exclusively depend upon the thermal conductivity of the wall materials, but also on emissivity of surface and the conditions of the heat transfer to the surrounding air. Temperature of the external part of wall is subjected to such factors as time (time of a day, season of a year ), wind speed, humidity of the air, clouds, all of which are of random nature. The measurements of actual temperature using thermography without other measurements are rather rare and carried out only in excellent conditions i.e.: no wind, no other radiation and at constant humidity. The data on the emissivity of the surface, temperature and transmittivity of the surrounding air are necessary. In order to make it easier, one should check the actual temperature at a freely chosen point using a different type of thermometer, for example a resistance one. The actual point temperature measurement is applied using isotherms on the thermal image to find out the distributions of actual temperatures. While examining the object using the described method, the emissivity of the surface, which is usually quite difficult to find out, may remain unknown. This is especially important when the surface is rough and irregular as well when the emissivity of surface is relatively low.

3.2 The estimation of heat losses using the flux heat measurement 


The main question to be answered, regarding quantitative estimation of the heat losses, is how to calculate the amount of the heat losses using the thermography measurements of the surfaces of buildings [7]. The quantity of the heat transferred through the building envelope is proportional to the area of the envelope, difference between outdoor and indoor temperatures and time when that difference occurs. The proportionality coefficient k, which depends on the quality of the thermal insulation of wall materials, is called the overall coefficient of heat transfer. Such coefficient, pursuant to the current standards, characterizes the heat insulation of a buildings. The heat flux is equal to:




 (1)

and usually is not constant over an area ( of building walls because of the nonuniform distribution of the indoor temperature TI and outdoor temperature T0 or nonuniform thermal insulation.


On basis of older methods an additional measurement of the heat flux is proposed, which is some kind of a benchmark of this value in investigation of the distribution of heat flux over the whole area. Let us accept the following assumptions:


1. The examined wall area (is uniform as regards the materials it was made of, that is k = constant at this field.


2. Temperatures do not depend on the time and place at the considered surface.


3. The heat flux is independent of the time and preserves its continuity and direction.

Having considered above assumptions one can conclude that the heat flux is in proportional to temperature of the external surface: 



 
(2)

If, at the chosen point r of the wall we measure exactly the heat flux



 
(3)

and then insert K into equation (2), we obtain in the thermal image, for a wall of an area ( the amount of power lost from the area under consideration.



 
(4) 

where: A0 j is the outdoor temperature defined at the pixel j of the thermal image of the real area (j connected with this pixel j. Having summed up all the fields of the envelope of the building one obtains the energy losses of the building at the moment of taking thermal images, for the given outdoor temperature. While examining a building, one should define on the basis of its specification, the homogeneity as regards insulation, (equal-k) areas A and measure at their chosen points the heat flux qr before and during conducting of a thermography reviewing. These values i.e., the thermal images and the scope of concerning temperatures, are put to a computer program which calculates the amount of the heat power lost from the part of envelope included in this thermal image. It is not necessary to know the wall emissivity while using this method. If one assumes the constant indoor temperature, then knowing the real variation of the outdoor temperature, it is possible to estimate the amount of heat lost by the building during a certain period of time. This method of describing the heat losses was proposed in [8], then a numerical procedure was derived to take into consideration results of the heat flux measurements at a chosen point and the thermal image. The drawback of this method is a „very rough” assumption of constant ratio of the heat flux q to the temperature of the outer surface of the wall A0(t), which is not always true

3.3 The estimation of the k-value due to consideration of the thermal image.


The other method to estimate the value of coefficient of heat transfer k though the outer walls is the following argumentation. The thermal image of a building Fig. 2 is the effect of heat conductivity, convection and radiation processes which results in the distribution of the temperature, satisfying at an area partial differential equation: 



 
(5)

and at boundary, cooling condition III kind , which is condition of cooling the outdoor surface of a wall:



 
(6)

where :


T - temperature is the function of x, y, z and t (time), 


c > 0 is constant. thermal diffusitivity, 


 is thermal conductivity,


 is density of wall material 


c is specific heat of wall material, 


h is convection heat transfer coefficient.

At t = 0 T(x,y,z0,0) is the thermal image A0; at some t =  > 0, we have the observed picture T(x,y,z0,) as the thermal image A1. If we expand T(x,y,z0,t) in a Taylor series around t = 0, we have:
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(7)

If we neglect the quadratic term and high-orders terms and substitute A0 for T(x,y,z0,0) , A1 for T(x,y,z0,) and  2T for T/  t, we obtain:
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or



 
(9)


This means that the differential image is strictly associated with the heat flux q. If we assume that the outdoor temperature drops from T0 to T1 then from (6) difference in the heat flux has the following form



 
(10)


Having calculated one obtains equation of the changes within the time of the heat flux q coming from the surface of the wall which is in the location z0 ; the changes are caused by changes of the surroundings temperature T0 (t).



 
(11)

This equation has detailed solution in the form:
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(12) 

If assumpted that outdoor temperature T0 in certain period of the time is constant T0 ( TI ,one obtains an condition:



 
(13)

Having employed the equation on the value of the heat flux, one obtains sum amounting to the values of thermal conductivity of wall and coefficient of connective heat flux from indoor:



 
(14)

Hence , provided that connective „film” heat transfer coefficient from both side of envelope has the same value is::



 
(15)

In term, in order to determine the overall heat transfer coefficient k , one may calculate with the value of ho = 25 W/m2 K and hI = 8 W/m2 K taken from standard e.g. DIN, and thus one obtains the estimation:



 
(16)

REFERENCES

[1] PŁOŃSKI (W.) - Energy Loss From Buildings, COIB Warszawa 1981 [ in Polish].

[2] GERTIS (K.) - Energieverbrauch und Wärmeschutz im Hochbau, HLH, 3, 1975. 

[3] ARENDARSKI (J.), RUSJAN (D.) - Thermographic survey in Building Engineering, Przegląd Budowlany, 46, 10, 1974, 504-505 [in Polish].

[4] NOWAK (H.), MARSZAŁEK (K.) - Thermographic survey of basement wall in multifamily building in Poland, North American Tunneling` 96 & Balkema, Rotterdam.

[5] PETTEERSSON (B.), AXEN (B.) - Thermography Testing of the Thermal Insulation and Airtightness of Buildings, Swedish Council for Building Research, Stockholm 1972.

[6] AMSI/ASHRAE Standard 1011-1981 - Application of Infrared Sensing Devices to the Assessment of Building Heat Loss Characteristics, Atlanta 1981, ISO Standard 6781, -Thermal insulation - Qualitative detection of thermal irregularities in building envelopes - Infrared method, 1983, ASTM Standard C 1060, -Thermographic Inspection of Insulation in Envelope Cavities in Wood Frame Buildings, Philadelphia 87.

[7] WEBER (H.) - Termografie in Bauwesen, Grafenau/Wurtt: Expert Verlag 1982.

[8] JAWORSKI (J.) - Thermographic Survey in Building Retrofit, Proc. II Polish Conf. on Thermography, Kozubnik 1994. [ in Polish].

[9] JAWORSKI (J.) - Thermal Images of Building Walls, Archives of Civil Engineering, XLIII, 3, 1997.

[image: image4.wmf]in Western Countrie and in Poland

Fig. 1 The values of heat demand factor for residental buildings
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Fig. 2. Radiometric measurement of temperature distribution at outer surface of the building wall. Behind the building wall there is a sink of air having constant temperature TI.
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