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Abstract 

An approximate model of a window covered by a partially open plane blind has 
been considered. The window is represented by a vertical isothermal wall section 
which is exposed to a large surrounding room in which the mean temperature is 
lower than the window temperature. The blind is represented by a thin straight 
vertical wall which offers no resistance to heat transfer across it. The top of this 
thin section is aligned with the top of the heated wall section. There is a thin 
horizontal wall section at the top of the “blind”. This horizontal section does not 
fully reach to the vertical wall with the result that there is a small gap between 
the blind system and the vertical wall. The main purpose of this study was to 
determine the effect of the size of this gap on the heat transfer rate from the 
“window” to the room. The length of the thin vertical wall section is, in general, 
less than the height of the window and thus represents a partially open blind. 
Attention has only been given to the convective heat transfer from the window. 
The governing equations, written in dimensionless form, have been solved using 
a commercial finite-element based code. The solution has the following 
parameters: Rayleigh number, Prandtl number, dimensionless horizontal distance 
between the window and the blind, dimensionless distance of the bottom of the 
blind above the bottom of the window and dimensionless size of the gap at the 
top of the window. Results have only been obtained for a Prandtl number of 0.7.   
Keywords:  heat transfer, convection, windows, shading, blinds, numerical.   
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1 Introduction 

Blinds and other forms of covering can be used to reduce building energy use 
and improved models for the effects of blinds on window heat transfer are 
needed to assist in the development of systems that make the maximum use of 
blinds for this purpose. The situation considered in the present study is an 
approximate model of a window covered by a partially open plane blind. The 
present work was undertaken as part of a wider study of the effect of window 
coverings on the heat transfer rate from windows, particularly for the case where 
the window is hotter than the room air, i.e., for the case where air-conditioning is 
being used. The situation considered is shown in fig. 1. In this situation, the 
window is represented by a vertical isothermal wall section with parallel 
adiabatic wall sections above and below the heated section. This heated wall 
section (the “window”) is exposed to a large surrounding room in which the 
mean temperature is assumed to be known and lower than the window 
temperature. The plane blind is represented by a thin straight vertical wall which 
offers no resistance to heat transfer across it and in which conductive heat 
transfer is negligible. The top of this thin wall section (i.e., of the “blind”) is 
aligned with the top of the heated wall section (i.e., with the top of the “window. 
There is a thin horizontal wall section at the top of the “blind” which is thus 
normal to the “blind”. This horizontal section does not fully reach to the vertical 
wall with the result that there is a small gap between the blind system and the 
vertical wall.  

 

Figure 1: Situation considered. The two limiting cases of a fully open (H=1) 
and a fully closed (H=0) “blind” are shown on the right. 

     The main purpose of this study was to determine the effect of the 
dimensionless size of this gap on the heat transfer rate from the “window” to the 
room. The length of the thin vertical wall section (i.e., of the “blind”) is, in 
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general, less than the height of the window and thus represents a partially open 
plane or roller blind. Attention has only been given to the convective heat 
transfer from the window, i.e., radiative heat transfer and the effects of solar 
radiation have not been considered. Although the model used here is only an 
approximation of the real situation, the results obtained with this model will give 
an indication of the effect of the governing parameters on the convective heat 
transfer rate from an actual window. 
     The present work was undertaken as part of a wider study of the effect of 
window coverings on the heat transfer rate from windows particularly for the 
case where the window is hotter than the room air, i.e. where air-conditioning is 
being used, see for example Collins et al. [1–3], Machin et al. [4], Shahid et 
al. [5]. These studies and those described by Duarte et al. [6] and Phillips et 
al. [7] have concentrated on Venetian blinds. Some studies involving vertical 
blinds have also been undertaken, e.g., see Oosthuizen et al. [8–10]. Some 
studies of situations involving plane blinds have been undertaken, e.g., see 
Oosthuizen [11–13]. However these studies have not considered the effect of a 
gap between the wall and the top of the window-blind system.  The present 
study, as is the case in many of the previous studies mentioned above, considers 
only the convective heat transfer. In window heat transfer situations the radiant 
heat transfer can however be very important and can interact with the convective 
flow, e.g. see Collins et al. [1] and Phillips et al. [14].  

2 Solution procedure 

The flow has been assumed to be laminar and two-dimensional. Fluid properties 
have been assumed constant except for the density change with temperature that 
gives rise to the buoyancy forces, this being treated by means of the Boussinesq 
type approximation. The covering over the heated wall section (the “blind”) has 
been assumed to offer no resistance to heat transfer and to have negligible 
thickness so that conduction along it is negligible. The effects of radiative heat 
transfer have been neglected. The governing equations have been written in 
terms of dimensionless variables using the height, L’, of the heated wall section 
(the “window”) as the length scale and the overall temperature difference (Tw – 
Ta) as the temperature scale, Ta being the air temperature in the “room” to which 
the window is exposed. It has been assumed that the “window” temperature, Tw, 
is higher than the temperature of the air in the “room”.  The resultant 
dimensionless equations have been solved using a commercial finite-element 
based code, FIDAP. Only the mean heat transfer rate from the isothermal surface 
(the “blind”) will be considered here. This has been expressed in terms of a mean 
Nusselt number, Nu, based on the window height, L’, and on the overall 
temperature difference (Tw – Ta). 
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3 Results  

The dimensionless governing equations have the following parameters: 
 

1. the Rayleigh number based on the window height, L’, and on (Tw – Ta),  
Ra 

2. the Prandtl number, Pr 
3. the dimensionless horizontal distance between the window and the 

blind, W = W’ / L’ 
4. the dimensionless distance of the bottom of the blind above the bottom 

of the window, H = H’ / L’. 
5. the dimensionless gap between the horizontal top section of the blind 

system and the top of the window, G =G’ / L’. 
 

Here, as shown in fig. 1, G’ is the size of gap between the top of “blind system” 
and “wall”, H’ is the height of bottom of thin wall section (i.e., of the “blind”) 
above bottom of heated wall section (i.e., of the “window”) and W’ is the 
distance of thin vertical wall section (i.e., the “blind”) from the heated wall 
section (i.e., the “window”). 
     Because of the application being considered, results have only been obtained 
for a Prandtl number of 0.7. Rayleigh numbers of between 10 

3 and 10 

8, H values 
of between 0 and 1, W values of between 0.02 and 0.12, and G values of 
between 0 and W have been considered. An H value of 0 corresponds to a “fully-
closed blind” while an H value of 1 corresponds to a “fully-open blind”, these 
two cases being shown in fig. 1. Results were also obtained for the no-blind case 
and the mean Nusselt numbers given for this case were found to be in excellent 
agreement with values given by empirical equations for the mean natural 
convective heat transfer rate from an isothermal vertical flat plate. 
     The effect of the dimensionless gap G on the mean Nusselt number for 
various values of H and for Rayleigh numbers of 105, 106 and 107 is shown in 
figs. 1, 2 and 3 respectively. These results are all for W = 0.1. It will be seen 
from these figures that the gap size has the biggest effect on the heat transfer rate 
when the Rayleigh number is low and the gap size is small.  For example, it will 
be seen from fig. 2 that for a Rayleigh number of 105 the value of G has quite a 
significant effect on the Nusselt number at all values of G whereas it will be seen 
from fig. 4 that for a Rayleigh number of 107 the value of G only has a 
significant effect on the Nusselt number when G is less than greater than about 
0.03. This is because at low Rayleigh numbers the thickness of the boundary 
layer on the “window” is relatively large and significantly greater than the gap 
size whereas at high Rayleigh numbers the thickness of the boundary layer on 
the “window” is relatively small and can be significantly less than G with the 
result that the gap size has only a small effect on the flow and therefore on the 
heat transfer rate. This is illustrated by the typical streamline patterns shown in 
fig. 5.  
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Figure 2: Variation of mean Nusselt number with dimensionless gap size G 
for various values of H for W = 0.1 and Ra =105. 

 

Figure 3: Variation of mean Nusselt number with dimensionless gap size G 
for various values of H for W = 0.1 and Ra =106. 
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Figure 4: Variation of mean Nusselt number with dimensionless gap size G 
for various values of H for W = 0.1 and Ra =107. 

 
 

 

Figure 5: Streamline patterns for W = 0.1, H = 0.8 and Ra =107 for G values 
of from left to right of 0.02, 0.04, 0.06, and 0.08. 
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     The effect of the dimensionless “blind – window” spacing W on the mean 
Nusselt number is illustrated by the results given in figs. 6 and 7. It will be seen 
from these results that as W increases the mean Nusselt decreases but it then 
passes through a minimum and then increases with increasing W. This form of 
behaviour arises because when W is small then is very little convective motion in 
the air between the blind and the window and the heat transfer is mainly by 
conduction and heat transfer rate decreases as the thickness of the air layer 
increases. However as W increases further, convective motion begins between 
the blind and the window and this tends to increase the heat transfer rate and thus 
leading the minimum in the Nu – W variation. It will also be seen from the 
results given in figs. 6 and 7 that the value of W at which the minimum heat 
transfer rate occurs increases with H at the smaller value of H considered. The 
form of the variation of the Nusselt number with dimensionless blind opening, 
H, is illustrated by the results given in fig. 8. It will be seen that as the result of 
the presence of the top gap, the mean Nusselt number does vary linearly with H 
as is sometimes assumed. 

 
 

 
 

Figure 6: Variation of mean Nusselt number with dimensionless 
window-blind spacing, W, for a Rayleigh number of 107 and 
H = 0.4 for two values of G. 
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Figure 7: Variation of mean Nusselt number with dimensionless 
window-blind spacing, W, for a Rayleigh number of 107 and 
H = 0.8 for two values of G. 

 

Figure 8: Variation of mean Nusselt number with dimensionless blind 
opening H for a Rayleigh number of 107 and W = 0.1 for two 
values of G. 
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4 Conclusions 

The dimensionless blind opening, H, has been shown to have a very significant 
affect on the mean Nusselt number, the results given here allowing an estimate to 
be made of this effect for various values of Ra and W. 

Council of Canada. 
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