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Abstract 

The article deals with the numerical analysis of temperature and fluid fields in a heated room supported by experimental measuring. There is a central heating body acting as an energy source in the room and the heat transfer into ambient air is realized through a window. Dry air is the operating fluid in the defined space. The boundary condition for the numerical analysis outside the window has been obtained by the thermo camera. The numerical analysis has been carried out by the finite element method using the program code ANSYS-Flotran. The simulation model, solution methodology, steady-state temperature and fluid fields are presented. The results of experimental measuring and numerical solution are compared. 

1. Introduction 

Research activities within thermal-technical behaviour of buildings focus at present to the reduction of heat losses in buildings - heat losses by conduction and convection - and  efficiency increase of energy utilization when supplying heat energy at simultaneous retaining or improving microclimate conditions of internal environment. The present state of requirements of thermal standards valid for designing partial building structures and buildings also corresponds to such a trend.

Windows in building structures are sensitive structural elements which the greatest proportion of heat losses from rooms is realized through, mostly in the winter period. Hot air coming from the heat source – radiator which is placed under the window, keeps flowing along their inside surface. Windows from the internal side of a room become an area where the surface condensation of water vapours occurs under the unfavourable conditions. Condensation occurrence cannot be always sufficiently eliminated as hot air usually does not flow along the window surface continuously along the whole height.

As a result, windows represent the parts of a building structure where a lot of interacting requirements applies. From the point of view of physical formulation, several relatively complicated processes are localized on the window which are mutually connected with several simultaneous physical phenomena. The results are following:

· strongly non-homogeneous temperature field along the window,

· locally variable conditions of internal air flow developing due to the presence of heat source,

· local surface condensation of air humidity from the surrounding environment.

There is also another phenomena acting under the certain conditions. At present, scientific literature mentions behaviour related to cooling of external surfaces of building structures due to radiation against the open clear atmosphere. The performance of such behaviour takes place mostly near the surface of strongly insulated structures.

Most of above mentioned phenomena is not acting only from the thermal-technical point of view as sources of heat losses; they also have an impact to material degradation. Mostly, it is not the question of immediate presence of condensed water. Sorption behaviour or moistening of building materials related to pore system of most of building materials is also a reason for material degradation.

For exact solution of structural arrangements for a specific window structure during eventual reconstruction of a building, geometry alterations or insulation a window lining, neither usual extent of knowledge nor simplified computing assumptions will be sufficient. It appears practical to use such a model which adequately uses the apparatus of mutual interactions of running processes. Very good utility properties of modern windows could be fully utilized only if there an assumption exists for their utilization with respect to geometry and composition of lining, window sill or head jamb.

The objective of this article is to define temperature, velocity and pressure fields which are arising in a heated room by means of  numerical analysis and comparison of the temperatures on the internal side of a window with experimental measurements obtained by thermovision camera. The heat source is a heating body placed under the window and the heat delivery into the external environment takes place mainly through the window.

2. SimulaTION model
The issue of temperature, velocity, and pressure fields is possible to define [1] as a dynamic heat and fluid system where the observed physical quantities varies in the space and time while the limiting state is its final steady state. After considering further aspects of investigated problem, the model problem can be assigned as a deterministic, continuous and non-linear system. Stochastic phenomena are not considered.
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Fig 1: Model scheme of a numerical experiment
	


Asymptotic mathematical model comprising dynamic thermal tasks with boundary conditions requires specification of geometric, boundary and initial conditions together with definition of thermo-physical properties of materials (Fig. 1).

Simulation computational model has a character of informative experiment which is analyzed through the deterministic method using numerical computation, and a model solution proceeds through the numerical simulation. The solution obtained in such a way should very closely correspond to the real physical phenomena and it should represent a reliable idea about the existing state of physical processes being investigated and modelled.

2.1 Theoretical assumptions for a model problem

Dry air in the process of energy transfer in the form of heat was assumed to be a continuum.  Air flow was modelled as a steady-state, i. e. stacionary in time. For a model problem, the  mass conservation law expressed in the form of continuity equation for a compressible liquid was used [2]
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Navier-Stokes’s equation expressing the equilibrium of unit forces acting on a mass element of flowing liquid takes for the non-isothermal turbulent flow of viscous and compressible liquid the form [2]
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Fourier-Kirchhoff’s differential equation for the solved problem was considered in the form for the steady-state heat conduction in an isotropic compressible substance [2], [3]
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To solve the thermal problems, the boundary condition of the 1st kind (Dirichlet’s condition) are usually used
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or the boundary condition of the 3rd kind (Fourier’s condition) given by the equivalence of the heat flow densities through conduction and convection on the surface is applied
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Stefan-Boltzmann’s law expresses the resulting effective radiative flux e between grey bodies generally situated in the space in a form [2]
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where Aref is so-called reference area  (A1 or A2) and 12 is an angular radiation coefficient (shape factor) given by the relationship [2]
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Generally, the boundary condition of the 1st kind in the following form is requested for the analysis of velocity and pressure fields [3] 


[image: image9.wmf]p

p

=

)

(

s

r

           and               
[image: image10.wmf]w

r

w

=

)

(

s

.

2.2 Geometric model

Geometric model of an investigated area represents a vertical section of a room without any furnishing with dimensions: the length of 7.5 m and the height of 3.6 m. The scheme of the two-dimensional model is illustrated in Fig. 2. The window was modelled according to its given value of thermal resistance R = 0,625 W.m2.K1. Therefore, the window thickness 
of 0.04 m corresponds to the value of the equivalent coefficient of thermal conductivity of ekv = 0,025 W.m1.K1.
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2.3 Thermophysical properties of dry air

Dry air under pressure of 101325 Pa is supposed to flow over the observed area. Temperature dependent thermophysical properties of dry air used for numerical simulation are listed in Table 1 [4].

	Tab. 1: Physical parameters of dry air at the pressure of 101325 Pa [4]

	

[]
	

[kg.m3]
	cp
[J.kg1.K-1]
	
[W.m1.K1]
	v.106

[m2.s1]

	263,15
	1,3420
	1009
	0,0236
	12,42

	283,15
	1,2474
	1004
	0,0248
	14,16

	303,15
	1,1649
	1004
	0,0264
	16,00

	323,15
	1,0929
	1009
	0,0276
	17,95

	343,15
	1,0290
	1009
	0,0291
	20,02
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2.4 Initial and boundary conditions

As mentioned earlier, the problem was solved as the steady-state so that the initial condition was not required. The walls of the room were loaded by the boundary condition of the 1st kind with the constant temperature of 293.15 K. The temperatures of the heating body surface 
(Fig. 3) and external area of the window (Fig. 4) were measured by thermovision camera of the FLIR type E4 and assigned as boundary conditions for the modelled problem. According the measurements, the temperature of the bottom area of the heating body is 293.15 K, the top area has the temperature of 319.15 K. Furthermore, it was supposed that the temperature along the radiator height increases linearly from 293.15 K to 319.15 K. The emissivities of the radiator surface and inside wall surfaces were considered to be 0.98 and 0.9 [5], respectively.
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The absolute air pressure in the observed region is 101325 Pa. The resulting pressure differences in single nodes of generated mesh were obtained by calculation. The air flow velocities on the room walls, inside window surface and on the heat exchange surface of the heating body are zero, i. e. wx = 0 m.s1, wy = 0 m.s1.

2.5 Solution attributes of the simulation model

The analysed problem was defined as a closed thermodynamic system where no exchange of an operating substance with the surroundings takes place. The turbulent flow of compressible operating fluid - air was considered. The heat transfer by convection and radiation as well was taken into account. As an interpretation means, the program code ANSYS-Flotran was used. The steady-state and nonlinear calculation procedures were applied.

3. RESULTS OF NUMERICAL SIMULATION

To illustrate the main characteristics of the solved process, only some important results were selected from the wide variety of results provided by performed numerical calculation. Fig. 5 shows the air flow velocity field along the central heating body and the lower part of the window. In Fig. 6, the steady-state temperature field in the area around the central heating body and the lower part of the window is depicted. Distribution of pressure differences in the vertical section of the room compared to the absolute surrounding air pressure of 101325 Pa is displayed in Fig. 7. The character of the air flow along the upper window part is shown in 
Fig. 8. The temperature field in the frontal part of the room is displayed in Fig. 9.
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4. COMPARISON OF computed and measured results 

The inside surface of the window was selected as a reference surface for the comparison 
of temperatures obtained by numerical analysis and experimental measurements. The image of the inside surface of the window from thermovision camera is displayed in Fig. 10a. The temperatures along the height of the window (Line LI01) measured using the thermovision camera and computed by the program code ANSYS-Flotran are compared in Fig. 10b.
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5. DISCUSSION AND CONCLUSIONS

The submitted article has a verification character. The main objective of the paper is to connect and compared the up-to-date methods of temperature field analysis – experimental method of temperature field recording by thermovision camera of the FLIR type E4 and numerical simulation of temperature fields based on FEM method using the program code ANSYS – Flotran. 

The methodology of the simulation model development for the coupled fluid and temperature fields is presented and applied for the specific case of two-dimensional problem of air flow in a heated room. The obtained results of performed numerical analysis correspond to the physical reality of a process of air flow and heating resulting from the action of buoyancy forces. The comparison of temperature distribution along the inside window surface exhibits a good agreement of the measured and calculated temperatures (Fig. 10b). This close correlation of experimental and computed results confirms the validity of the applied methodology of the simulation model development and solution. The accuracy of numerical results describing the air flow induced by the presence of heating source is proved by the thermovision camera (Fig. 10a) reflecting the actual temperature state of the observed building structure. 

Symbols and specifications not explained in the text

w 

velocity  




[m.s1]
g

acceleration of gravity 


[m.s2] 

p 

pressure




[Pa] 

 

kinematic viscosity  



[m2.s1]
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[W.m3] 

 
thermal conductivity 



[W.m1.K1]

cp(T) 
specific heat 




[J.kg1.K1] 

(T) 
density 




[kg.m3]

h 

convection heat transfer coefficient 

[W.m2.K1]

Ts 

surface temperature 



[K]
Tr 

surrounding temperature 


[K] 

v 

volumetric thermal expansion coefficient 
[K1] 

2 

emissivity of radiating surfaces 

[-]

0  

Stefan-Boltzmann’s constant 


[W.m2.K4]
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Fig. 2: Elemental dimensions of two-dimensional model 





Fig. 3: Measured temperature field on �the surface of a heating body





Fig. 4: Measured temperature field on the external surface of the window
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Fig. 6: Temperature field [K] along the central heating body and the lower part of window





Fig. 5:  Velocity field [m.s1] along the central heating body and the lower part of window 





Fig. 7: Pressure field [Pa] in the room





Fig. 9: Temperature field [K] in the frontal part of the room 





Fig. 8: Velocity field [m.s1] along the upper window part 





Fig. 10 a) Image of the inside surface of the window from the thermovision camera, b) comparison of the measured and calculated temperatures [°C] along line LI01
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