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Abstract

A numerical investigation of the performance of a multi paned smart window integrated with water-cooled high efficiency third
generation GaAsP/InGaAs QWSC (�32% efficiency) solar cells illuminated by two-axis tracking solar concentrators at 500� in the inter
pane space is presented. Optimising system parameters such as optical concentration ratio and coolant (water) flow rate is essential in
order to avoid degradation in system performance due to high cell temperatures and thermal stresses. Detailed modelling of the thermo-
fluid characteristics of the smart windows system was undertaken using a finite volume CFD package. Results of this analysis which
considered the conductive, convective and radiative heat exchange processes taking place in the interior of the smart window system
as well as the heat exchange to the internal and external ambient environment are presented.
� 2014 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/3.0/).
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1. Introduction

Solar energy is increasingly being recognised as one of
the main substitutes for fossil fuels due to its essentially
non-polluting inexhaustible nature. Photovoltaic/thermal
(PV/T) solar collectors, first proposed by (Kern and Rus-
sell, 1978), yield a higher utilisable energy output per unit
collector area (Tripanagnostopoulos et al., 2007; Vats
and Tiwari, 2012). The approach of combining a thermal
and PV component is considered more appropriate for
concentrating solar systems in which heat removal from
the PV cells will be a critical issue.

Currently different types of double-skin fac�ades are
employed in buildings to provide increased thermal com-
fort while lowering space heating and cooling energy con-
sumption (Safer et al., 2005a). Solar radiation is
comprised of both long and short wave radiation, i.e., heat
and light. When seeking to regulate the amount of solar
radiation entering into a building, the challenge is to
achieve desired levels of daylight intensity without excess
introduction of the concomitant heat. Excessive direct
solar insolation in the interior space, workplace or home,
can lead to discomfort due to high levels of glare when
the sun is directly in the field of view or is specularly
reflected from indoor surfaces (Kim et al., 2009; Piccolo
and Simone, 2009) and should be avoided. Blinds are
frequently used within such fac�ades to control the intensity
of the incident direct solar radiation component by
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blocking the radiation from entering the building and thus
reducing the cooling loads. However, these do not use the
intercepted solar energy. A smart window, illustrated in
Fig. 1, aims to control and regulate solar energy influx
through such double skin fac�ades to the interior of build-
ings. Glass coated with thin films that can change their
optical properties reversibly from transparent to opaque
when heated and cooled (Bange, 1999), or when subject
to an applied electrical current are of great interest (DeFor-
est et al., 2013), again however they do not utilise the inci-
dent solar energy for electricity production.

We examine a new concept of smart windows whereby
water cooled concentrator-PV cell units are incorporated
inside the gap between two panes of a double glazed win-
dow. Two-axis tracking Fresnel lens concentrators coupled
to actively cooled high efficiency PV cells have been
simulated.

Optical concentration ratio is defined as the ratio
between the aperture area to the collector area, while the
effective concentration ratio is calculated taking into
account the reflection from both aperture and collector sur-
faces. PV cells considered in this study are the Quantum
Well (QW) square solar cells, having area of 16 mm2 which
were reported to achieve efficiency of �32% under an effec-
tive concentration ratio of 500� (Adams et al., 2011; Rohr
et al., 2006). The variation of the cell efficiency with con-
centration ratio is shown in Fig. 2.

When incorporated into a double skin building fac�ade, a
point focus or linear Fresnel lens will separate the direct
(beam) solar radiation from the diffuse component and
concentrate the former on the solar cell whilst facilitating
the passage of diffuse radiation into the interior of build-
ings. Such multifunctional smart windows are able to (i)
generate electricity, (ii) block direct sunlight with conse-
quent reduction in building energy cooling load, (iii) trans-
mit diffuse sunlight to provide natural daylight and (iv)
provide domestic hot water.

The following system parameters need to be optimised
to achieve maximum thermal, optical and electrical
performance:

� The optical concentration ratio that provides the best
solar to electrical conversion efficiency of the solar cell,
taking into account the reduction in performance that
results from increased operating temperature.

Nomenclature

Dh depth of horizontal window segment (m)
Dv depth of vertical window segment (m)
Dvc depth of the differentially heated vertical cavity

(m)
de external tube diameter (m)
di internal tube diameter (m)
Hh height of horizontal window segment (m)
Hv height of vertical window segment (m)
Hvc height of the differentially heated vertical cavity

(m)
hcback heat transfer coefficient of back window pane

(Wm�2 K�1)
hccell heat transfer coefficient of solar cell

(Wm�2 K�1)
hcfront heat transfer coefficient of front window pane

(Wm�2 K�1)
hclens heat transfer coefficient of Fresnel lens

(Wm�2 K�1)

hctube tube-air heat transfer coefficient (Wm�2 K�1)
hcwater water-tube heat transfer coefficient (Wm�2 K�1)
Wh width of horizontal window segment (m)
Wv width of vertical window segment (m)
X optical concentration ratio

Greek symbols

gcell solar cell electrical efficiency
ls turbulent viscosity (Pa s)
qcell solar cell reflectivity
qg reflectivity of window pane
qlens reflectivity of Fresnel lens
qtube reflectivity of copper tube
scell solar cell transmissivity
sg transmissivity of window pane
slens transmissivity of Fresnel lens
stube transmissivity of copper tube

Fig. 1. A conceptual arrangement of a smart window showing its
operation.
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