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ABSTRACT 
Calculations for dimensioning of air-conditioning 
systems require detailed input of boundary 
parameters. In ventilated room, near the walls with 
different temperature from temperature of indoor air, 
the natural convection airflow is generated. This 
airflow, which arises on windows or facades, has an 
influence on temperature of indoor air in a zone of 
people. The knowledge of the heat convection 
influence on room temperature is important 
especially for simulations. The values of convection 
heat transfer coefficient along the windows are not 
very often published. 

Paper presents results of experimental investigation 
of convection heat transfer coefficient hc along the 
window (in summer). Also paper deals with the 
delimitation of boundaries in the zone of people in 
which convection airflow has an influence on room 
air temperature. 

INTRODUCTION 
For computer simulation of ventilated and air-
conditioned spaces, the knowledge of convection 
heat transfer coefficient hc along the heated surfaces 
(windows in summer) is very important.  

Various data of free convection heat transfer 
coefficient hc along the vertical walls are published 
in technical literature, which simplify criterion 
equations. The convection heat transfer coefficient hc 
is very often expressed as the function of the 
temperature difference between the heated surface 
temperature (window) tw and the temperature of the 
air ta out of thermo-kinetic boundary layer  

= ∆ n
ch C t     [W.m-2.K-1]  (1) 

where 

=C konst.; n = konst.     

∆ = −w at ( t t )    [K]    (2) 

Some chosen equations are presented in Table 1. 
Equations are valid for turbulent flow (108 < Ra < 
1012). The comparison of heat transfer coefficient 
values hc is visible in Figure 1. Spread of the values 

is considerable and in many cases the results are not 
published with measurement boundary conditions.  

Table 1 Heat transfer coefficient along vertical walls 

Author     hc [W/m 2K] 

Awbi 1.49∆t 0.345 
Khalifa 2.07∆t 0.23 

Michejev 1.55∆t 0.33 
King 1.51∆t 0.33 

Nusselt 2.56∆t 0.25 
Heilman 1.67∆t 0.27 
Wilkers 3.04∆t 0.12 

ASHRAE 1.31∆t 0.33 

EXPERIMENT 
Presented experiments were carried out in an existing 
test chamber with a floor space of 4.2 by 3.6 m and a 
room height of 2.7 m.  The test chamber is ventilated 
by displacement ventilation. The exhaust and supply 
air openings are installed symmetrically in the front 
wall. Experimental set-up in the test chamber is 
illustrated in Figure 1. 

Model of shading window heated by solar radiation 
was placed in the test chamber. The model of the 
window was made from three electric heating sheets 
with length of 1.8m and width of 0.6m. The sheets 
were covered with the galvanised steel sheet with 
thickness of 1mm. The reason of covering was 
equality of surface and the spread of surface 
temperature over the window and radiation 
repressing of black electric sheets.  Additional 
thermal insulation (30 mm) was applied between the 

Figure 1 Comparison of convection heat 
transfer coefficient along vertical walls 
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room wall and heating sources. Such a surface 
models a shading window in summer with 
dimensions: width 1.8 m, height 1.6 m, height of the 
parapet 0.85 m. Measurement conception was chosen 
to compare obtained results with published values.    

Electric power input to the heating sheets P was 
between 80 and 200 W, what corresponds to window 
surface temperature of 26 - 40 °C. Measurement 
conditions are presented in Table 2. Each of case was 
measured repeatedly. During measurement, the 
minimal air flow V = konst = 112 m3/h (I = 2.75 h-1) 
was supplied into the test chamber. Displacement 
ventilation system (supply air opening with 
dimensions of 0.7 by 0.2 m) was used, because of 
low air velocity. Moreover, the wooden shield was 
installed in front of supply air opening (Figure 2).  

Table 2 Measurement conditions 

Cas
e 

P [W] 
tw [°C]  

1 40 32.2 ± 1.5 
2 80 34.0 ± 2.5 
3 120 38.2 ± 2.7 
4 160 40.5 ± 2.9 
5 200 43.6 ± 2.3 

During experiments the vertical temperature profiles 
along the wall with the window were measured. Four 
multi-points probes with negative thermistor (NTC – 
negative temperature constant) were used. Diameter 
of NTC probes was 2.4 mm and had a short time 
constant (10s). The vertical distances between 
temperatures probes were 150 mm. Each of probes 
was placed in different distance from the heated 
surface.  

Vertical distances were chosen in order to measure 
the temperature profile as near heated surface (model 
of window) as possible. 

The distances of sensors from the surface of window 
were chosen: 5, 10, 15 and 30 mm.  

After stabilization of temperature conditions the 
measurement of temperatures was carried out 
including measurement of surface temperature of 
window tw and surface temperature of surrounding 
walls ts. Time period of the measurement (steady 
state) was 1 - 3 hours. 

METHODOLOGY 
The convection heat transfer coefficient hc along 
heated surface of window Aw can be obtained from 

=
−

c
c

w w a

Q
h

A ( t t )
 [W.m-2.K-1]   (3) 

Air temperature out of thermo-kinetic boundary layer 
ta was evaluated as mean air temperature in room, 
which is not influenced by airflow along the window 
(distance y > 30 mm). 

The heat supplied to the room by the model of the 
window Qw is equal to the sum of the output by 
radiation Qr and convection Qc 

w c rQ Q Q= +    [W]     (4) 

Electric power input to the heating sheets P 
(autotransformer with wattmeter was used) is equal  
to the sum of the heat supplied to the room by model 
of the window Qw and the conduction heat loss Ql 

       a)         b) 

Figure 2 Experimental set –up in the test chamber a) plan view b) cross-section 



w lP Q Q= +   [W]       (5) 

The convective heat output is than  

c w r l rQ Q Q P Q Q= − = − −  [W]  (6) 

Conduction heat loss Ql of the window model can be 
obtained from temperature difference between 
temperature of the window tw and external air 
temperature tae 

l red w w aeQ k A ( t t )= −   [W]  (7) 

Reduction thermal conductivity of the heated surface 
kred depends on thermal conditions and the geometry 
of the test chamber walls 

1
1 λ

δ

=
+∑

red
i

e i

k

h

   [W]  (8) 

For evaluation of convective heat transfer coefficient 
hc the radiation heat output was calculated by using 
of Stefan-Bolzman law. Authors, which deal with the 
problem of free convection, have used similar 
solution (Awbi 1999). 

It’s possible to suppose, that surface temperature of 
surrounding walls is not different from the indoor air 
temperature. The radiation heat flux Qr was 
calculated from   

( )4 4σε= −r w s wQ T T A   [ W ]  (9) 

RESULTS AND DISCUSSION 
 
Temperature distribution 

Mean measured air temperatures ta´ during the steady 
state are drawn in Figure 3 as vertical temperature 
profiles (for the distances y = 5, 10, 15 a 30 mm). 
The cases a), b), c) in Figure 3 are valid for a given 
electric power input to the heating sheets P (40, 120 
and 200 W).  

In view of the fact that sensors are placed very close 
to the window model, the radiation effect is present. 
Measured temperature ta´ are not exactly equal to air 
temperature ta. But it’s possible to suppose, that  
temperature profiles express temperature change, in 
vertical and horizontal axes near to the window, very 
well.  

 a) b) c) 
 

Figure 3  Temperature distribution along heated surface – window in summer 
a) Case 1: P = 40 W,  tw = 30.7 °C 
b)  Case 3: P = 120 W, tw = 36.5 °C 
c) Case 5: P = 200 W, tw = 41.3 °C 
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The results of measurements show interesting 
(unpublished) vertical temperature profiles in 
convective airflow along model of the window. Also 
results bring knowledge about the width of 
convection flow along a window with summer 
conditions.  

In a distance y = 3 cm the temperature profile is not 
affected by the heat transferred from the surface of 
the window (no peak of the vertical temperature 
profile is visible). Control measurements were 
carried out in greater distances y from the window 
and it was found, that temperature profile (distance y 
= 3 cm) represents temperature profile in a room.  

The constant course of air temperature is visible 
under the window. Maximum air temperature is 
achieved in minimal distance y = 0.5 cm. Air 
temperature decline under the ceiling for distance y = 
0.5 and 1 cm (peak). In a distance y = 3 cm no peak 
of the vertical temperature profile caused by heated 
window is visible. The air temperature in this 
distance is growing up permanent.  

In the airflow near to the window (y = 0.5 – 3 cm) 
the air temperature arise vertically. The smaller 
distance from the window y the maximum of air 
temperature is achieved.  The repeated tendencies of 
measurement are visible for all presented cases. 

Under the ceiling the convection airflow along the 
window disappears and air temperatures (y = 0.5, 1, 
1.5 and 3 cm) decline to the same value. Temperature 
decline is visible above the window in distance y = 
0,5 cm very well (Figure 3).  

Convection heat transfer coefficient 

The experimental evaluation of convection heat 
transfer coefficient hc along the window is shown in 
Figure 4 and can be written as a function 

0 202 18 .
ch . t= ∆   [W.m-2.K-1]  (10) 

The measurement values are presented with 
published data (Figure 4). The measurement results 
of convection heat transfer coefficient hc are in good 
agreement with Khalifa’s values (1990).  
 
The result are valid for a given geometry boundary 
conditions, which are height of the room, height of 
the parapet and height of the window. For 
generalization of the results it was respected the real 
offices geometry during the experiment preparation. 

Similarity with Khalifa’s values is visible in Figure 
4, what is probably caused of the test room 
dimensions. Khalifa used the room with similar 
proportions (similar ratio) for his research. Khalifa’s 
dependence is valid for vertical walls or windows, if  

there is no additional heat source (source of heat 
convection) under the walls (for example radiator).  

CONCLUSIONS 
The experimental equipment in test chamber was 
built for measurement of the influence of heat 
convection, arise along heated windows in summer, 
on room air temperature. 

According to the experimental results, the width of 
convection airflow along the surface of window in 
summer (shaded window without direct solar heat 
gains) was not bigger than 3 cm. Convection airflow 
have not effect on room air temperature. The results 
present very interesting (unpublished) course of air 
temperature in convection flow along the model of 
window (for given geometry conditions).  

From the experimental results the convection heat 
transfer coefficient hc  along heated window in 
summer was evaluated. Research data is in good 
agreement with published values (without geometry 
boundary conditions). 
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NOMENCLATURE 
a thermal diffusivity  [m2s-1] 
Aw  area of heated surface (window) [m2] 

g acceleration due to gravity  [ms-1] 
Gr Grashof number 
hc   convection heat transfer coefficient   [Wm-2K-1] 

he   convection heat transfer coefficient on external 
wall; for free floating he =1.5  [Wm-2K-1] 

kred  reduction thermal conductivity of the heated 
surface    [Wm-2K-1] 

I  air change rate   [h-1]  
P electric power input to the heating sheets  [W] 
Pr Prandtl number  
Qc   convection heat output   [W]  
Ql  conduction heat loss from the window to the 

outside  [W]      
Qr  radiation heat output  [W] 
Qw heat supply into the room from the window [W] 
Ra Rayleigh number (GrPr = gl3β(Tw – Ta)/va) 
ts  surface temperature of surrounding walls [°C] 
tw average surface temperature of the window  °C]  
ta  air temperature   [°C] 
ta ́  measured air temperature [°C] 
tae   external air temperature  [°C] 
V  ventilation rate of the supply air [m3h-1 ] 
β  coefficient of thermal expansion  [K-1] 
δ  thickness of wall   [m] 
σ  Stefan-Boltzman constant  5.67 x 108 [Wm-2K-4] 
∆T surface to air temperature difference[K] 
ε   surface emissivity   [ -]  
 galvanised steel ε = 0.12   
ν   kinematic viscosity   [m2s-1]  
λ   thermal conductivity  [Wm-1K-1] 


