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An approximate numerical model of convective heat transfer to a window below which
is mounted a natural convective heater has been used to study how the relative
temperature of the heater affects the convective heat transfer rate to the window and the
flow in the room. The heater and the window are represented by plane isothermal
sections on the wall surface, the window section being recessed into the wall and colder
than the room air far from the wall and the heater section being flush with the wall and
hotter than the room air far from the wall. The width of the heater is greater than that of
the window and the flow, which is assumed to be steady and laminar, is therefore three-
dimensional. The numerical results which were obtained using a commercial cfd code
show the effect of the Rayleigh number and of the dimensionless heater temperature on
the window Nusselt number. The conditions under which the downward flow from the
window is diverted upward by the flow from the heater have also been investigated.

1. Introduction

For various reasons, such as improving the thermal comfort of the occupants of a room,
natural convective heaters are often mounted below a cold window. This alters the rate
of convective heat transfer to the window and the flow pattern in the room. The basic
purpose of the present study was to determine how, in a very basic way, the relative
temperature of the heater and the Rayleigh number affect the convective heat transfer
rate to the window and the flow pattern in the room. The basic situation considered in
the present study is shown in Fig. 1 and is, as can be seen from this figure, a very
approximate model of most real situations. The heater and the window are here both
represented by plane isothermal sections, the window section being recessed into the
wall and the heater section being flush with the wall. The window section is colder and
the heater is warmer than the room air far from the wall containing the window and the
heater. The heater and the window, in general, have different widths and the flow is
therefore three dimensional. Several geometrical arrangements have been studied but all
of the results given here are for the arrangement shown in Fig. 1. These results are
typical of the form of the results obtained with all the arrangements considered.

This study attempts to predict for the first time the conditions under which the flow
changes from one in which the cold downward flow from the window predominates to
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Figure 1 Flow situation considered

one in which the warm upward flow from the heater predominates, this having
important implications for thermal comfort near the window.

There have been a number of studies of flow near window-wall heater systems. Typical
studies include those undertaken by Turkoglu and Yucel (1995), Savin (1991), Shia-hui
and Peterson (1995), Lankhorst and Hoogendoorn (1990) and, Spolek (1986). Studies of
systems involving floor heating have been undertaken, for example, by Mohamad et al.
(2006) and Peng and Peterson (1995). Studies of thermal comfort near heaters and
windows have been undertaken, for example, by Larson and Moshfegh (2002),
Jurelionis and Edmundas, (2008) and Kruger (1996). There have also been a number of
basic studies of flow in enclosures with heated and cooled wall sections. Typical such
studies include those undertaken by Kulkarni and Cooper (1995) and Sigey et al.
(2004). None of these papers considers in a basic way how the geometric arrangement
affects the flow, temperature distribution and heat transfer rates. It was for this reason
that the present study was undertaken.

As is the case in many of the previous studies, the present study considers only the
convective heat transfer. Radiant heat transfer can have a significant influence on the
wall temperature distribution and thus influence the convective heat transfer. However,
because these radiation effects are unlikely to have a strong influence on the way in
which changes in the relative heater surface temperature and in the Rayleigh number
effect the window heat transfer rate and the room air flow pattern they have not been
considered here.

2. Solution Procedure

The flow has been assumed to be steady and laminar. The fluid properties have been
assumed constant except for the density change with temperature that gives rise to the
buoyancy forces, this being dealt with using the Boussinesq approach. The governing
equations have been written in dimensionless form using the window height as the
length scale and the difference between the temperature of the window and the
temperature of the undisturbed air far from the heater as the temperature scale. The
resultant dimensionless equations have been solved using the commercial cfd code
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Figure 2 Variation of mean window Nusselt number with dimensionless heater
temperature for various Rayleigh numbers for a dimensionless window recess depth of

0.05 (left) and 0.1 (right)

FLUENT. The solution for the particular geometrical arrangement that is here being
considered then has the following parameters:

* the Rayleigh number based on the height of the window,

¢ the dimensionless depth that the window is recessed,

* the dimensionless heater-to-undisturbed-air temperature difference,

e the Prandtl number
Results have only been obtained for a Prandtl number of 0.7. The effects of the other
dimensionless variables on the window Nusselt number and on the flow pattern and air
temperature distribution near the window have been numerically studied. The
dimensionless heater surface temperature is defined by:

6,=(1,~1)/|(z,~T) m

where Ty is the uniform heater surface temperature, Ty is the uniform window surface
temperature and 7, is the temperature of the undisturbed air far from the heater and
window. The dimensionless window recess depth is given by G =r/ H where r is the

window recess depth and H is the height of the window. The heat transfer rate to the
window has been expressed in terms of the following Nusselt number:

Nu, =g HI|(T ~T)|k @

where g, is the mean heat transfer rate to the window and £ is the thermal conductivity
of the air.

Extensive grid- and convergence criterion independence testing were undertaken. This
indicated that the heat transfer results presented here are to within 1% independent of
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the number of grid points and of the convergence-criterion used. While the present
results are not directly comparable to those obtained in previous related studies because
of differences between the conditions considered, the general form of the results
obtained here is in good agreement with those found in previous studies and
extrapolation of the numerical results obtained in previous studies indicates satisfactory
agreement between the present numerical results and those obtained in previous studies.

3. Results

The effect of the dimensionless heater temperature on the window Nusselt number for
two dimensionless window recess depths is shown in Fig. 2. It will be seen that in both
cases the Nusselt number is essentially constant at the lower values of the dimensionless
heater temperature but then increases with increasing 6y at the larger values of 6. This
change results from the fact that at the lower values of 8y the flow is dominated by the
downward flow from the window and the flow over the window is essentially
unaffected by the presence of the heater and so is essentially unaffected by 6. At the
larger values of 8y, however, the upward flow from the heater is dominant and the
temperature of the air in the vicinity of the heater then increases with increasing 8 and
under these circumstances the heat transfer rate to the window consequently increases
with increasing 0y . The changes in the flow pattern are illustrated by the typical centre-
plane streamline patterns shown in Figs. 3. These flow patterns are for the centre plane.
To illustrate the three-dimensional nature of the flow, typical local heat flux
distributions over the window are shown in Fig. 4.

It will also be noted from the results given in Fig. 2 that the value of 8y at which the
upward flow from the heater starts to dominate the flow pattern is the approximately the
same for the two values of G considered, i.c., there is a relatively distinct value of 6y at
which the flow changes from being dominantly downwards to be dominantly upwards.
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Figure 5 Variation of flow direction with dimensionless heater temperature for all
Rayleigh numbers and dimensionless recess depths considered surface of height L

This rise can be expected to occur when the characteristic velocity associated with the
upward heater flow becomes comparable to the characteristic velocity associated with
the downward window flow. The characteristic velocity induced by a vertical surface
kept at a surface temperature to surrounding air temperature difference of (7s - Ta) is
dependent on (o/L) (Ra Pr)o'5 where a is the thermal diffusivity of the surrounding
fluid, L is the height of the surface, Ra is the Rayleigh number based on L and on (7s -
Ta ) and Pr is the Prandtl number. Hence since for the situation here being considered,
the change from a dominantly downward flow to a dominantly upward can be expected
to occur when the characteristic velocity for the flow over the heater is approximately
equal to the characteristic velocity for the flow over the window, i.e., when:

(%jw (Ra, Pr)” =(%L (Ra, Pr)”’

where the subscripts # and H refer to the window and the heater respectively. From this
equation it follows that the flow change occurs approximately when:

)H3]O'5 = %[(|TH -7, )13]0'5 e, 0,=11 3)

/

%[GTW -1,

where H is the height of the window and / is the height of the heater. This equation
indicates that the value of 6y at which the flow change occurs depends only on the
geometry and not on the Rayleigh number nor on the window recess depth. If the net
flow direction is defined as upwards or downwards or horizontal, the present results
give the flow direction variation with 6y shown in Fig. 5 for all Rayleigh numbers
considered and for both recess depths considered. It will be seen from this figure that
there is a relatively sharp change from a downward flow to an upward flow, this change
occurring when 6y = 2.
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4. Conclusions

The results of the present study indicate that:

1. At the lower dimensionless dimensionless heater temperatures the presence of the
heater has little effect on the window Nusselt number. However when the
dimensionless heater temperature 6y exceeds a value of approximately 2 for the
geometry here being considered the presence of the heater is significant and
produces an increase in the window Nusselt number.

2. The interaction between the flows over the heater and the window produces a net
downward flow into the room when the heater has little effect on the window
Nusselt number and a net upward flow into the room when the heater has a
significant effect on the window Nusselt number.

3. Recessing the window has little effect on the results.

References

Jurelionis, A. and Edmundas, 1., 2008, CFD predictions of indoor air movement induced
by cold window surfaces, J. Civil Engineering and Management 14(1), 29-38.

Kruger, U., 1996, Thermal comfort in the near-zone of a radiator air device, Indoor Air
6,55-61.

Kulkarni, R. and Cooper, P., 1995, Temperature distribution and fluid flow in an
enclosure with localized heating and cooling, Int. Comm. Heat Mass Transfer 22(5),
729-739.

Lankhorst, A.M.and Hoogendoorn, C.J., 1990, Numerical computation of high Rayleigh
number natural convection and prediction of hot radiator induced room air motion,
App. Scientific 47, 301-322.

Larson, U. and Moshfegh, B., 2002, Experimental investigation of downdraught from
well-insulated windows, Building and Environment 37, 1073-1082.

Mohamad, A.A., Sicard, J. and Bennacer, R., 2006, Natural convection in enclosures
with floor cooling subjected to a heated vertical wall, Int. J. Heat Mass Transfer
49(1-2), 65-75.

Peng, S. and Peterson, F., 1995, Convection from a cold window with simulated floor
heating by means of a transiently heated flat unit, Energy and Buildings 23, 95-103.

Savin, V.K., 1991, Energy conservation in designing and analyzing the system
‘window-heating device’, in: proceedings Int. Centre Heat and Mass Transfer, Heat
and Mass Transfer in Building Materials and Structures, pp. 717-726.

Shia-hui, P. and Peterson, F., 1995, Convection from a cold window with simulated
floor heating, by means of a transiently heated flat unit, Energy and Buildings 23(2),
95-103.

Sigey, J.K., Gatheri, F.K. and Kinyanjui, M., 2004, Numerical study of free convection
turbulent heat transfer in an enclosure, Energy Conversion and Management 45,
2571-2582.

Spolek, G.A., 1986, Airflow in rooms with baseboard heat: flow visualization Studies,
ASHRAE Trans. 92(2a), 528-536.

Turkoglu, H. and Yucel, N., 1995, Effects of heater and cooler locations on natural
convection in square cavities, Numerical Heat Transfer, Part A 27, 351— 358.



	presControfacciata.pdf
	
	
	
	
	
	
	
	

	presContents.pdf
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	presIndiceAutoriLibro.pdf
	
	
	
	
	
	

	aaaaa
	197Friedler.pdf
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	6Smith.pdf
	
	
	
	
	
	

	145Gundersen.pdf
	
	
	
	
	
	

	5Hirata.pdf
	
	
	
	
	
	

	22Matsuda.pdf
	
	
	
	
	
	

	77Kansha.pdf
	
	
	
	
	
	

	20Smejkal.pdf
	
	
	
	
	
	

	59Siitonen.pdf
	
	
	
	
	
	

	50Oosthuizen.pdf
	
	
	
	
	
	

	206Crilly.pdf
	
	
	
	
	
	

	49Oosthuizen.pdf
	
	
	
	
	
	

	57Shuhaimi.pdf
	
	
	
	
	
	

	105Tovazhnyansky.pdf
	
	
	
	
	
	

	124Promvitak.pdf
	
	
	
	
	
	

	185Bulatov.pdf
	
	
	
	
	
	

	189Basri.pdf
	
	
	
	
	
	

	190Varbanov.pdf
	
	
	
	
	
	

	38Tang.pdf
	
	
	
	
	
	

	8Wang.pdf
	
	
	
	
	
	

	63Kanniche.pdf
	
	
	
	
	
	

	122Wongsarnpigoon.pdf
	
	
	
	
	
	

	104Ipsakis.pdf
	
	
	
	
	
	

	101Teles.pdf
	
	
	
	
	
	

	192Dubuis.pdf
	
	
	
	
	
	

	188Vlyssides.pdf
	
	
	
	
	
	

	193Girardin.pdf
	
	
	
	
	
	

	28Borchardt.pdf
	
	
	
	
	
	

	30Reyes.pdf
	
	
	
	
	
	

	64Statyukha.pdf
	
	
	
	
	
	

	89Brinkmann.pdf
	
	
	
	
	
	

	106Steltenpohl.pdf
	
	
	
	
	
	

	107Graczova.pdf
	
	
	
	
	
	

	128Parisutkul.pdf
	
	
	
	
	
	

	133Promvitak.pdf
	
	
	
	
	
	

	154Khoshgoftar.pdf
	
	
	
	
	
	

	164Walmsley.pdf
	
	
	
	
	
	

	166Urbaniec.pdf
	
	
	
	
	
	

	194Aboushwierb.pdf
	
	
	
	
	
	

	16Tan.pdf
	
	
	
	
	
	

	10Harkin.pdf
	
	
	
	
	
	

	142Atkins.pdf
	
	
	
	
	
	

	95Kallas.pdf
	
	
	
	
	
	

	55Halim.pdf
	
	
	
	
	
	

	94Gonzalez-Garza.pdf
	
	
	
	
	
	

	111Shibata.pdf
	
	
	
	
	
	

	26Wozny.pdf
	
	
	
	
	
	

	204Nagy.pdf
	
	
	
	
	
	

	88Lam.pdf
	
	
	
	
	
	

	153Costoiu.pdf
	
	
	
	
	
	

	207Kovacs.pdf
	
	
	
	
	
	

	46Dell'Orco.pdf
	
	
	
	
	
	

	201Bessarabov.pdf
	
	
	
	
	
	

	113Claassen.pdf
	
	
	
	
	
	

	90Miltner.pdf
	
	
	
	
	
	

	96Foglia.ps
	
	
	
	
	
	

	168Markowski.pdf
	
	
	
	
	
	

	157Boran.pdf
	
	
	
	
	
	

	163Gebicki.pdf
	
	
	
	

	176Martins.pdf
	
	
	
	
	
	

	93Liu.pdf
	
	
	
	
	
	

	47Holmberg.pdf
	
	
	
	
	
	

	87Afsar.pdf
	
	
	
	
	
	

	98Modarresi.pdf
	
	
	
	
	
	

	162Beggel.pdf
	
	
	
	
	
	

	100Alva-Argaez.pdf
	
	
	
	
	
	

	62Poplewski.pdf
	
	
	
	
	
	

	73Hippinen.pdf
	
	
	
	
	
	

	17Al-Mutairi.pdf
	
	
	
	
	
	

	29De Benedetto.pdf
	
	
	
	
	
	

	69Ruohonen.pdf
	
	
	
	
	
	

	4Noureldin.pdf
	
	
	
	
	
	

	165Atkins.pdf
	
	
	
	
	
	

	140Rivera.pdf
	
	
	
	
	
	

	84Friedler.pdf
	
	
	
	
	
	

	158Varga.pdf
	
	
	
	
	
	

	172Johansson.pdf
	
	
	
	
	
	

	179Mikulec.pdf
	
	
	
	
	
	

	1Sie.pdf
	
	
	
	
	
	

	13Bumbac.pdf
	
	
	
	
	
	

	23Smejkal.pdf
	
	
	
	
	
	

	25Ciambelli.pdf
	
	
	
	
	
	

	70Guidi.pdf
	
	
	
	
	
	

	121Tomo.pdf
	
	
	
	
	
	

	148Seita.pdf
	
	
	
	
	
	





