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Summary 

The use of air distributed heating systems in buildings can generate uncomfort 
conditions mainly due to draughts and temperature stratification if the air inlet parameters 
are not suitably defined. For a given heat load, reducing air draughts needs to use low 
inlet velocities but consequently the air inlet temperature must be higher which increases 
ceiling temperature and thermal stratification. Then, the question to be answered is : for a 
given heat load, what values leading to acceptable thermal and dynamical comfort condi
tions can be given to the three inlet parameters (velocity , temperature, area ) ? Keeping in 
mind this objective, we carried out a numerical study of the non isothermal air flow pat
terns for numerous values of the parameters. Numerical calculations were performed 
using a 3D finite volume code which integrates the local differential equations describing 
the flow (mass, momentum and energy conservation, k-£ turbulence model). Results 
point out the influence of the parameters on the maximum floor velocity, on the tempera
ture difference between top and bottom as well as on the ceiling temperature. Useful cor
relation laws are given to improve the state of the art for the designing of air distributed 
heating systems. 

Introduction 

When designing warm air heating systems, much attention must be paid to inlet 
conditions. These conditions have a major influence on the comfort and mainly on draughts 
and thermal stratification. Till now, these inlet characteristics were set up on the basis of 
simplified analysis - using the classic laws of the 2D isothermal jet in an infinite medium
or on the basis of dispersed empirical results. 

Due to free convection effects along the cooled walls and due to confining effects, it 
seemed to us arguable to use the 2D isothermal jet characteristics to characterize the beha
viour of a three-dimensional non isothermal jet in a cavity. 

In order to refine the dimensioning laws, we carried out numerical simulations of the 
real flow resulting from the injection of warm air into a room in presence of heat losses. 
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Description of the configuration 

The studied configuration is sketched below : 

.~I ., 
I 

I 

1 
I 
~-------

The geometrical characteristics were the following: 

- room : length: 3.6m width : 3.6m height : 2.5m 

- inlet: located at 15 cm from the ceiling, height: 5 cm, variable area: 30,60,120,240 cm2 

- outlet : located at 5 cm from the bottom, height : 10 cm, area : 480 cm2 

- existence of a vertical symmetry plane 

Numerical formulation 

Method 

Numerical simulations were made using an iterative finite volume method computer 
code which allows the integration of the local tridimensional equations for conservation of 
mass, momentum and energy. Turbulence was taken into account through a classical k-e 
turbulence model and log-laws at the walls (1,2). 

The grid used a variable mesh in order to calculate as accurately as possible the jet 
zone and the boundary layer along the cooled wall . The number of meshes resulted from a 
compromise between the precision of the calculation and the computational cost: 

-longitudinal direction : 21 meshes 
-transverse direction : 24 meshes 
-vertival direction: 18 meshes 

The problem was completely defined when dynamic and thermal boundary conditions 
at the inlet and the outlet as well as at the walls were given. 
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Boundary conditions 

Inlet and outlet. The value of each velocity component and of the temperature was 
given at the inlet while the continuity of the velocity component and of the temperature was 
imposed at the outlet. 

Wall boundary conditions. The thermal boundary conditions use for the simula
tion are the following: 

- heat losses were uniformly distributed on the wall facing the jet 
- the other walls were kept at uniform and constant temperature ( l 9°C). 

Run procedure 

Thus, for given thermal wall boundary conditions, the problem was entirely defined 
with the three injection parameters: airvelocity,Vinj. air temperature, Tinj. and inlet area, A. 

A parametrical study was then carried out in order to quantify the effects of these 
injection parameters on the comfort indicators defined below: 

- the maximum velocity, V max , in the occupation zone of the room which corres
ponds to the volume comprised between the floor anf the horizontal plane at the height of 
1.80m. 

- the mean vertical temperature difference, .1 T mean , in this occupation zone. 
- the mean ceiling temperature, Ttop. 

The different values of these parameters were chosen in order to cover three different 
levels of heat load: 200w, 400w, 800w. They are summarized in the following chart: 

Table 1 Set of boundary conditions 

Inlet velocity (Inlet temp.- 19°C; Area Wall heat 
m/s (OC) (cm2) flux(w/m2) 

1.5 20 120 22.44 
3 10 60 22.44 
3 20 30 22.44 

1.5 10 240 44.88 
1.5 20 120 44.88 
1.5 40 60 44.88 
3 10 120 44.88 
3 20 60 44.88 
3 40 30 44.88 
6 10 60 44.88 
6 20 30 44.88 

3 10 240 89.76 
3 20 120 89.76 
3 40 60 89.76 
6 10 120 89.76 
6 20 60 89.76 
3 40 30 89.76 
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The converged solution for each case was obtained after a certain number of iterations 
(always greater than 2000) depending on the values of the parameters . It is interesting to 
note that the higher the inlet temperature and the lower the inlet flowrate, the more difficult 
the converging process. This was mainly due to numerical oscillations probably associated 
to the unsteady behaviour of the flow when buoyancy forces are important compared to 
inertial forces. 

Results 

Maximum velocity 

The point of maximum velocity was searched in the volume comprised in the occupation 
zone apart from the walls boundary layers. For each configuration, we noted that this point 
was located near the floor. The velocity at this point was never higher than 0.25m/s for 
cases with an input heat rate not larger than 500 w. The only configuration leading to a local 
velocity higher than 0.25m/s was obtained for a thermal load of lOOOw and an inlet flowrate 
of 8 vol/hr. 

Thermal stratification 

Results showed that for a given heat load, the best thermal comfort conditions were 
obtained in the case of large flowrates and low injection temperature. Nevertheless, even for 
the lowest flowrate situations (2 vol/hr), the thermal stratification in the occupation zone de
fined above never exceeded 4°C. These results, quite surprising, revealed that whatever the 
inlet conditions, the stratification remained small. 

Ceiling temperature 

The indication of the ceiling temperature is not interesting from the viewpoint of comfort 
but rather concerns energy savings. As it could be a priori supposed, the upper layer air 
temperature was strongly dependent on the air inlet temperature and for any flowrate, the 
lower the air inlet temperature, the lower the mean ceiling temperature. 

Correlations 

In order to quantify all these results, we tried to define correlation laws expressing these 
values in function of characteristical parameters. Taking into account the dimensional analy
sis relative to free jets , we expressed their adimensional values versus .../A as shown on fi
gure 1, 2 and 3. 

We obtained the following results: 

= 0,54 .../A 
= 1,98 .../A 
= 1,90 .../A 

correlation coefficient: 86% 
correlation coefficient: 82% 
correlation coefficient: 94% 

(where Tmean is the mean temperature inside the room) 



-5-

0,10 Vmax/Vinj-----------------

0,08 
Vmax/Vinj = 0,544"A R=0,86 • 

• 
0,06 

• • 0,04 

0,02 

0,00 .,..::;...,..__,..,__....,....__,,..--_....,....__,,..--....-........ __,.--.....-........ --..--..---1 

0,00 0,02 0,04 0,06 0,08 0,10 0,12 

Figure 1 Adimensional maximum velocity vs v A (m) 
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Figure 2 Adimensional mean vertical temperature difference vs VA (m) 
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Figure 3 Adimensional mean ceiling temperature vs VA (m) 
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It can be noted that in spite of correlation coefficients greater than 80%, data concerning 
the first two quantities (fig.1 and 2) are relatively dispersed. This dispersion can be ex
plained by two main reasons: 

- the chosen parameter, °"A - representative parameter in the case of a pure jet flow- is 
not sufficiently relevant of the actual complex flow. 

- the lack of precision of the results due to a loose grid specially in the high gradient 
zones (jet and boundary layers) and to the numerical method itself (choice of the turbulence 
model, numerical diffusion). Consequently, the absolute error in the determination of Vmax 
and AT mean is of the same order of magnitude as the quantity itself. 

Comparatively, the correlation relative to the determination of the mean ceiling tempera
ture is much better. This is due to: 

- the choice of°" A as the representative parameter which is here much more appropriate 
because the structure of the flow in the upper part of the room is close to a jet flow structure. 

- the absolute error in the determination of T top which is small compared to T top itself. 

Maximum heat rate 

Starting from these linear correlation laws, it is possible to determine what is the 
maximum heat load, Qmax , which is compatible with the comfort criteria defined below, ie: 

-Vmax <Vlim 
- AT mean< ATiim 

where Vlim and ATiim are respectively the upper tolerable values of the maximum ve
locity and the maximum mean vertical temperature difference in the occupation zone of the 
room. We obtained: 

Qmax = k Pinj cp Vlim ATiim 

where k is a dimensional constant mainly depending on the geometrical characteris

tics of the room. Its value here is 0.935 (S.I. units) . Pinj is the air density at the inlet and cp 
the air heat capacity. 

It is worthwhile noting that Qmax is independent of the inlet area. For the particular 
case where Vlim = 0.25m/s and ATiim = 3°C, the maximum heat rate would be approxima
tely equal to 800w. 

Conclusions 

This numerical study mainly showed that, for a heat load up to 800w, whatever the 
inlet parameter configuration simulated ( corresponding to flowrates from 2 to 8 vol/hr 
and to inlet temperatures from 30 to 60°C), the maximum air velocity in the occupation 
zone practically never exceeded 0.25m/s while the mean vertical temperature difference 
was always lower than 4°C. This could mean that for the design of an air heating distri
buted system, no great care has to be taken to avoid draught and thermal stratification due 
to inlet conditions. 

Data concerning the maximum velocity, the vertical temperature difference in the 
occupation zone as well as the mean ceiling temperature were correlated with the square 
root of the inlet area (representative parameter in the case of pure jet flows). Mainly due 
to the choice of this representative parameter and to the precision of the numerical results, 
this attempt of correlation appeared to be averagely satisfactory for the two former 
variables, but gave good results for the latter. 
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