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Abstract

Standard test results to quantify the instantaneous efficiency, 5, of a glazed flat plate solar water heater are normally expressed in
terms of a reduced temperature parameter, x, and global insolation, G, as § = 5y — a1x — a,Gx”. We show that the Hottel-Whillier—Bliss
relation for the efficiency can be expressed in the same form with each of the coefficients 7o, a;, and a, in terms of algebraic expressions of
standard mechanical, fluid and thermal parameters of a single glazed, finned heater, including the absorber plate absorptance, o, and
thermal emittance, ¢. The advantage of the derived expression is that the effect on the efficiency of changes in various heater parameters
can be readily evaluated. Furthermore, it is shown that for selectivity o/¢> 2, each coefficient no, @, and a, can be expressed as
o = Hoc — €Nor, etc., in order to separate out the role of absorber radiation from other losses. This allows one to easily compare selective
solar absorbers with different o and ¢ and, for example, to suggest an optimum coating thickness for thickness sensitive selective solar
absorbers. In particular it can be seen that care should be taken in reducing ¢ at the expense of also reducing « in order to increase the
selectivity, a/e, since this will often be detrimental to the efficiency. The analytical expressions for 79, a1, and a; can be easily programmed
on a spreadsheet and, for convenience, are summarised in an appendix.
© 2012 Elsevier Ltd. All rights reserved.
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1. Introduction surement of the instantaneous efficiency, 7, as a function
of the reduced temperature parameter:
A large percentage of the solar heating market is for the T _T
production of hot water for domestic consumption, whilea X = % (1)

large fraction of this segment still relies on flat plate solar
heaters (Norton, 2011). An important part of the testing
of such heaters under operational conditions according to
international procedures (ASHRAE 93, 2003; EN 12975-  y = ) — ayx — a,Gx* (2)
2, 2006; ISO 9806-1, 1996; Rojas et al., 2008) is the mea-

The measured results are compared with the quadratic
relation:

The best fit values of 7y, a; and a, are then quoted as
measures of the heater efficiency. A heater should ideally
have 7o as large as possible and @, and a, as small as possible
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Nomenclature

n instantaneous collector efficiency

X reduced temperature parameter (°C W' m?)
or (KW' m?)

o collector efficiency for x =0
a linear in x efficiency parameter (Wm 2 K™')
a quadratic in x efficiency parameter Wm 2 K )
G incident solar power (Wm?)
o absorber solar absorptance
€ absorber thermal emittance
a absorber absorption coefficient
y) wavelength (m)

&4 ambient thermal emittance

cover plate thermal emittance

T cover plate transmission

Fr collector heat removal factor

F collector efficiency factor

F fin efficiency

U, total heat loss coefficient (Wm 2 K1)

Uy, top heat loss coefficient (Wm > K1)

Uy bottom heat loss coefficient (Wm > Kil)

area of collector (m?)

flow tube length (m)

thermal conductivity of collector (Wm™ 'K ")
collector absorber plate thickness (m)
V(UL/(k: 3)) (m™")
diameter of tube (m)
distance between fins (m)
Stefan-Bolzmann  constant
Wm 2 K™%

ambient temperature (°C)
average collector plate temperature (°C)
mean fluid temperature (°C)

inlet water temperature (°C)

outlet water temperature (°C)
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g

=
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hy heat transfer coefficient fin to fluid (Wm > K™ ')

Neca total convective heat loss coefficient (collector
absorber to ambient) (Wm 2 K™')

heep total convective heat loss coefficient (collector
absorber to plate) (Wm 2 K™

Nepa total convective heat loss coefficient (plate to
ambient) (Wm 2 K1)

Byeq radiative heat loss coefficient (collector absorber
to ambient) (Wm > K™

Rrep radiative heat loss coefficient (collector absorber
to plate) (Wm K1)

Rypa radiative heat loss coefficient (plate to ambient)
(Wm 2K

hy temperature independent convection heat loss
coefficient, absorber to cover plate (Wm 2 K™

h; temperature dependent convection heat loss
coefficient, absorber to cover plate (Wm > K ?)

h» wind speed independent convection heat loss
coefficient, cover plate to ambient (Wm > K1)

hs wind speed dependent convection heat loss coef-
ficient, cover plate to ambient (Wm s K™ )

14 wind speed (ms ™)

hy conduction heat loss coefficient through base
(Wm 2K

kp, conductivity of insulation (Wm~' K1)

L, thickness of base insulation (m)

G, conductance of fin to plate bond (Wm™' K1)

m total mass flow rate of fluid (kgs™")

G, specific heat of water (Jkg~' K™")

Oy heat loss from collector absorber to plate
(Wm™?)

Ora heat loss from plate to ambient (Wm )

O.u heat loss from collector to ambient (Wmfz)

Theoretical analyses of flat plate collectors have been
done in varying degrees of detail for many years and have
reached a high degree of maturity (Cadafalch, 2009). These
have been able to simulate all aspects of a solar heaters per-
formance. One drawback of the complexity, however, is
that it is not possible to see easily how various heater
parameters effect the coefficients in relation (2).

In the present work, we show that the standard Hottel-
Whillier—Bliss expression for the instantaneous efficiency
(Duffie and Beckman, 2006) can be expressed as (2) with
each coefficient a straightforward algebraic function of
basic solar hot water heater parameters. The advantage
of this is that it is possible to check quickly what influence
changes of individual heater parameters will have on the
efficiency.

As a specific example, we look at the influence of absor-
ber plate absorptance, ¢, and thermal emittance, &, on the

efficiency. To this end, we show that for reasonably selec-
tive absorbers, o/¢ > 2, each term in the analytical expres-
sions for 19, @; and a, can be split into non-radiative
(conduction and convection, subscript C) and radiative
(subscript R) parts:

Mo = Noc — €Mor (3)
a; = aic + €aip (4)
a, = dpc + Edrp (5)

where 19, for, 410, 1R, d2c and a, i are independent of e.
This is useful because even in the relatively low cost end of
the market occupied by flat plate domestic heaters, collec-
tors with selective solar absorbers are almost exclusively
used. We can thus extract the o and ¢ dependences of the
efficiency in a simple form which is one of the aims of this
work.
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