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Abstract. There is a permanent interest in improving the construction and thermal properties
of the planar solar collectors. Minimizing the heat losses of the collectors and improving their
energy gains are some of the relevant research goals. Convective heat transfer inside the cavity
of planar collectors has been determined theoretically and numerically in this conference
contribution. The convective heat transfer is computed on the basis of physical relations using
the correlation relations of Nusselt’s number. The Nusselt number has been expressed by
means of Rayleigh`s and Prandtl’s numbers. The convective heat transfer inside the cavities of
planar solar collectors represents essential part of heat losses that lower the effectiveness of
these collectors. In this conference contribution the convective heat losses have been compared
with the standard density of heat flow coming from the Sun and the corresponding energy ratio
has been determined. It has been shown that this ratio amounts almost 10 %. A typical summer
environment has been supposed with a standard sunshine reaching 1000 Wm-2. The common
type of the planar solar collector with geometrical dimensions 2m x 1m x 0.05m and cavity
filled by air has been investigated. The temperature of the absorber has been supposed to be
70 ˚C whereas the temperature of the glass plate placed on the top side of the collector has been
assumed to be 35 ˚C.

1. Introduction
A solar collector is a device that collects solar radiation from the Sun and transfers it to a heat carrying
medium. There are more types of solar collectors. One of them is the so-called flat plate solar collector
(figure 1) that consists of a thermally isolated solid frame whose one large planar side is glazed to
enable the solar radiation to enter the inner space (cavity) of the collector. On the bottom of the
collector, a highly absorptive layer (absorber) and metallic pipes (usually copper pipes) are placed.
The layer and the pipes absorb the energy from the Sun. The fluid medium moving inside the pipes
carries the absorbed energy for further utilization. The space between the absorber and the glass plate
forms a closed cavity which is filled with atmospheric air. The air inside a closed cavity is known to
be a good thermal insulator [1-2].
Constructions and thermal properties of planar solar collectors are the subject of continuous interest
of researchers and technologists. Relevant research goals in this field are focused on minimizing the
heat losses of sun collectors and improving their energy gains. The convective heat transfers inside the
cavities of collectors represent essential heat losses that lower the effectiveness of these systems.
However, it should be mentioned that the convective heat losses are not the only sources of heat
losses. In the cavity of collectors there is also the radiative heat transfer that increases the heat loss. In
addition the glass plate reflects a part of sun energy and the metallic frame of the collector, although
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well thermally insulated, transmits some energy into outdoors. However, in the present paper, only
convective heat losses will be studied and their quantity compared with the energy coming from of the
Sun.
Section 2 of this contribution presents the basic physical relations concerning convective heat
transfer occurring in the closed air cavities of collectors. The convective heat transfer will be described
by correlation relations of Nusselt’s number. The Nusselt number will be expressed by means of Rayleigh`s
and Prandtl’s numbers.

Section 3 contains numerical computations of convective heat transfers in order to compare their
quantity with the energy of sunshine. The computations use the relations introduced in Section 2.
Section 4 is a concluding part of this contribution and contains a brief overview of attained results.

Figure 1. A scheme of plate solar collector.
2. Basic physical relations
Let us suppose the following arrangement of the plate solar collector. The air cavity inside the
collector (figure 1) may be characterized by its height H  2 m , width w  1 m , thickness

L  0.05 m , and the angle of inclination   60o . In a certain moment of a summer day, the
temperature of isothermal glazing of the collector has reached the temperature T2  35 o C (308K) and
the non-selective isothermal absorber has showed the temperature T1  70 o C (343 K). Natural
convection in closed air cavities has been experimentally studied by various authors [3-6]. A
comprehensive series of correlation functions for Nusselt number associated with the natural
convection running in inclined cavities has been published by Hollands [7] and his results have been
included into some monographs [8], [9]. These correlations are dependent on the values of the aspect
ratio H / L , Prandtl’s number Pr , inclination angle  , and Rayleight’s number RaL

RaL 

g  (T1  T2 ) L3
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where  is kinematic viscosity of the fluid inside the cavity (i.e. air in our case),  thermal diffusivity
of the fluid, g  9.81 ms 2 ,   2 / (T1  T2 ) (in Kelvins). For the average temperature of the
convective

flow

T f  (T1  T2 ) / 2  325.5 K ,

the

values

of

  18.465932 106 m2 / s ,

  26.274 106 m2 / s , Pr = 0.7049 and thermal conductivity of air   28.187 103 Wm1K 1
can be found e.g. in the thermodynamic tables published in [8] or [9].

1
 35  0.053
g  (T1  T2 ) L
325.5
RaL 

 2.7178 105
6
6

18.465 10  26.274 10
9.81
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As seen, the chosen plate solar collector may be characterized by the following parameters
H / L  40 , Pr = 0.7049 ,   60o , and RaL  2.7178 105 . On the basis of these parameters we
can choose the most convenient correlation function for the Nusselt number ( Nu ). By means of the
series of formulae published by Holland et al. [7] and presented also in monographs [8] and [9] we
may obtain the following relation
*

*
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Table 1. Critical angles for inclined rectangular cavities.

The notation



*

H/L

1

3

6

12

>12

*

25o

53o

60o

67o

70o

implies that, if the quantity in brackets is negative, it must be set equal to zero.

The Nusselt number is defined as the following ratio

Nu 

hL



(4)

where h is the coefficient of convective heat transfer inside the caity and  is thermal conductivity
of the fluid (in our case it is air). By combining Eqs. (1) - (4), the coefficient of heat transfer h for
natural convection inside the closed cavity emerges:
*
*

1/3
 

1708   1708(sin(1.8 ))1.6   RaL cos 

h   1  1.44 1 
  1 
  
  1 
L 
RaL cos 
 
 RaL cos  
  5830 



 

3

(5)

WMCAUS 2020
IOP Publishing
IOP Conf. Series: Materials Science and Engineering 960 (2020) 022020 doi:10.1088/1757-899X/960/2/022020

The coefficient of heat transfer h enables to compute the density of heat flow qconv directed from the
warm side (absorber) to the cold one (glazing):

qconv  h  (T1  T2 )
qconv

Wm-2

(6)

*
*
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The density of convective heat flow qconv represents convective heat losses since this convective heat
transport cools the absorber of the solar collector. As is well-known, the convective heat transport
mechanism is accompanied by the conduction transfer of heat that takes place between the solid
surfaces of the cavity and the first immobilized layer of the fluid. This conduction energy contribution
is distributed over the cavity by other circulating layers of convective fluid flow. Consequently, in the
case of the fully developed convective heat transport, it is not necessary to add extra conductive heat
energy into the circulating flow.
3. Numerical results
By inserting numerical parameters specified in Section 2 into the expression given by Eq. (7), we can
quantify the actual coefficient of heat transfer ( h ) and the convective heat loss ( qconv ) of the
investigated solar collector:

h  2.41 Wm-2 K-1

(8)

qconv  84.4 Wm -2

(9)

Assuming the normal density of energy flow from the Sun to the surface of the
Earth Qsun  1000 Wm -2 , we find that the convective heat loss represent almost 10 % of the Sun
energy impacting on one meter squared of the Earth. In fact, the total heat loss will be larger due to
radiative heat transfer running between the absorber and the glazing, reflections of sunshine from the
external surface of the glazing and the heat conduction through the frame of the solar collector.
4. Conclusions
In this conference contribution the air cavity of the plate solar collector has been studied from the
viewpoint of thermal properties. This study has revealed several facts that may be summarized as
follows:
1) The convective heat losses of a common plate solar collector is not negligible and may reach
up to 10 % of the Sun energy impacting on one meter squared of the Earth.
2) The coefficient of convective heat transfer of the closed air cavity is dependent among others
on the angle of inclination of the collector: the larger the angle, the larger the coefficient of
heat transfers.
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3) The convective heat loss qconv of the collector air cavity is dependent among others on the
angle of inclination of the collector: the larger the angle, the larger the convective heat loss.
4) The total heat losses including the convective heat losses, radiative heat losses, reflection
losses from glazing, and conductive losses through the frame of the collector may exceed 10%
of the common solar energy impacting on one meter squared of the Earth.
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