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Abstract

In this article, the absorption-radiative characteristics of an ideal selective surface are stud-

ied, in particular, the possibility of obtaining high heating temperatures due to solar radiation is
analyzed, a model is developed and a threshold wavelength is selected, and the effective values
of absorption and emissivity for a selective surface are determined. The question of the pos-
sibility and feasibility of using spectral-selective surfaces for high-temperature heating due to
solar radiation has been studied, the indicators of real selective surfaces have been determined,
the average effective values of absorption-emissivity and the magnitude of the characteristics of
the selective surface have been given, and the corresponding conclusions have been presented.
Keywords: concentration, collector, solar energy, selectivity, radiated energy, absorption,

receiver, black body

Introduction

The possibility of obtaining high heating
temperatures due to solar radiation is as-
sociated with such a special property of the
radiant energy of the Sun as the possibility
of concentrating it to very high densities, as
well as with the use of spectrally selective ab-
sorption beams as special receiving surfaces.
In addition, a solar concentrator should be
considered not only as a means of compress-
ing a rather rarefied flux of radiation coming
from the Sun, but also as its collector-catcher
and transporter. As a transporter of captured

solar energy to the place of use (conversion),
a solar concentrator seems, in principle, to
be a structure of extreme lightness, since its
surface can perform only one simple func-
tion — to reflect the sun’s rays. The selectiv-
ity property of the receiver allows, in turn,
to reduce the required concentration values,
reduce the requirements for the accuracy of
the shape of the mirror surface and its track-
ing of the Sun, and reduce the weight of its
structure and orientation system, which is
especially important for reducing the cost of
the power plant.
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The question of the possibility and feasi-
bility of using spectral-selective surfaces for
high-temperature heating due to solar radi-
ation is currently attracting much attention
from researchers, both abroad and in our
country. The issue has not yet been sufficient-
ly considered, and not always from a funda-
mentally correct position. Even the basic
concepts — about the ideal selective surface,
about the maximum possible heating tem-
perature, and the application of the second
law of thermodynamics and Kirchhoff’s law —
need clarification. Explicitly or implicitly, it is
usually concluded that the selectivity proper-
ty degenerates with increasing temperature,
and it is unclear, at least, whether the use
of the selectivity effect in high-temperature
installations will be useful (Abdurakhman-
ov, A.A., Turaeva, U.F., Klychev, Sh.I., 2008;
Avezov, R.R. 1990; Renewable energy sourc-
es. 2001).

Materials and methods

Determination of the ideal selective sur-
face (ISS). Selecting the threshold wavelength.
Solar radiation, with a good approximation,
can be represented as radiation from an abso-
lute black body (ABB) with a temperature T, =
5800 K, for which the highest intensities occur
in the spectral range A = 0.1 +
+ 2.5 mcm, where 97% of all emitted energy is
concentrated. If a body absorbs maximum in
this range, and has minimal emissivity in the
range of its own radiation, then a significant
effect is obtained (note, for example, that at
heating temperature levels of 1000-1500 °K
often used in power systems, the interval
A =2+ mem accounts for 83-73% of emit-
ted energy) (Zahidov, R. A. 2008).

Based on the above, a suitable definition
of an ideal selective surface (ISS) for the pur-
pose of heating is its previously proposed (Za-
hidov, R.A., Saidov, M.S. 2009; Use of solar
energy in space research, 1964) definition as a
surface having a, = €, = I in the wavelength re-
gionA<A, anda, =& =0intheregionA=A_,
however, with the addition that the value of /I\Dh.m
is selected each time as optimal (depending on
the density of the incident solar radiation flux
and the operating temperature of the surface),
providing the maximum temperature effect.

When the radiation receiver (concentra-
tor-receiver system) operates in a vacuum,
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the calculated expression for A, . can be
found from the condition of obtaining the ex-

tremum (maximum) of the expression:

J-/llim (AT )d}“
r im
p=se T [("ryar @

n

The maximum value of useful energy P,
will be when:

dl_) = 0that is, when
dAllim
T
%_r(%mn):o 2)

After performing the transformations,
we get:
ecz/(lum)opf*Tn -1

n= efz/(/lum)"PVTs -1 (3)

In these expressions T, — temperature of
the surface receiving radiation; T, — average
temperature of the solar surface; C, — quanti-
ties included in the Planck formula;

r(/’LTS )r(}tTn) n is the coefficient of attenu-

ation of the solar radiation density at a given
point in space compared to that directly at
the surface of the Sun.

Relationship (3) can also be presented as:

CZ

c , " (4)
(), e T 111

T =

Equations (3) and (4) give a relationship

between three quantities: n,( A, )a cand —
temperature of the surface receiving radia-
tion. Both Equations are relatively transcen-
dental and do not allow one to accurately
represent them explicitly as a function of
magnitudes and n. It is possible to write an
iterative type explicitly:

T, (lﬁm )opt n’()“’lim )Upt T,

(Zim ),y =Co [Ti—%jln — 1 ®
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Equations (3) and (4) can be obtained not
only from an expression for the maximum
received energy of type (2), but also in a sim-
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pler (algebraic) way, which allows for a better
(simpler, more visual) representation of the
expected result.

Figure 1. Towards the representation of an ideal selective surface and determination of

the value of the optimal threshold wavelength (4, = A,

im.opt)
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A simple graphical analysis of (Fig. 1)
leads to the answer: (4, ) canbe defined as
the abscissa of the intersection point of curves
2 and 3 (i.e.). In fact, if we assume that it cor-
responds to a certain A1, in this case, although
the own radiation decreases, the reception of
the incident energy deteriorates. Similarly, if
we assume that it is equal to some
A3 (i )opt =2 (M )OP[ (A )opt , then there is
a loss of energy due to radiation from the ab-
sorption capacity of the receiver. Writing the
equations for curves (2) and (3) according to
Planck and solving them together, we obtain:

-

r(A. T
()’hm S) — r(lzTn)
n
Finally, i.e. expression coinciding with (3)
values calculated using Equations (3) and (4)
(AQTS) _ 1

eCZ/(;LZ’Tﬂ) _ 1
eczl (z’lim )upt

T and n are presented in the graph in (Fig. 2).
The same graph shows the values (4, )Dpt,
calculated using the approximate formula
proposed in (Klychev, Sh.I. 2004; Beck-
man, W., Klein, S., Duffy, J., 1982). As can be
seen, in a number of practically interesting

for various quantities #n =
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combinations of parameters, the error in the
approximate determination of the value can
be significant. The use of an approximate for-
mula also complicates the general analysis of
heating capabilities when using a selective re-
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ceiving surface. The general pattern notice-
able from the graph in (Fig. 2): a decrease in
value with an increase (.ﬂﬁm )Opt (A )0 ,Tn and
a decrease in the radiation concentration.

Figure 2. Values of the optimal threshold wavelength according to the exact formula (3)
and the approximate one (Avezov, R.R. 1990; Renewable energy sources. 2001);
1 - exact value (A, )opt ; 2 — suitable area of application of selective surface
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Turning to the (Fig. 1) in detailed: 1-curve —lim & _
of radiation intensity distribution over wave- (A ), In (e Ml _1) 1)
lengths of the solar spectrum (approximate- ' R —
ly — the radiation curve of the black body at —lim ¢ R S (7)
T = 5800K), 2-this is the same curve with or- 1 o2/ )op* T, _ 1
dinates reduced by times; 3- radiation curve T,

of the black body (on the surface of the re-
ceiver) at the temperature of the receiving
surface T

T‘(llist) — r(/lzTn) (6)
n

From Equations (3) and (4) a somewhat
unexpected conclusion is revealed about the
presence of minimum temperatures, below
which the effect of radiation absorption se-
lectivity does not appear.

Believing (4, ) —co from expression
(4) one can find that the quantityTn tends to
a certain limit

s

. 1 1 ’I_;
_11m|:7-; (1 - P /(A Jop! T, + ne® /(A 1T, j:| - ;

Expression (7) determines the lower lim-
it of the heating temperature, starting from
which the property of selective radiation
absorption can manifest itself. For exam-
ple, to the levels of the Earth’s orbit (C_ =
=~ 46000) at C = 4600 (n =10)~ the beginning
of the selectivity effect correspondsto (T') . =
=580 °K.
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Figure 3. Effective values of absorption-emitting characteristics for ISS
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J-(ium)o,,,r ( AT ) di (8) These numbers are quite realistic. The
(& st = - . values Cav=4000+8000 can be obtained, in
.[ . r(AT,)dA particular, for projector-type glass mirrors.

Real selective surfaces may have char-
acteristics of change and £ as a function of
A that are qualitatively similar to those for
an ideal selective surface (ISS): in the region
of a rather narrow interval of A there may be
a sharp drop in these values, which can be
approximately represented as a “threshold”
(Kuchkarov, A.A., Muminov, Sh.A. 2020;
Yu. Yu. Pochekailov, A.V.Shashev, V.I.Ya-
kovlev, N.A.Yakovlev, 2015). The values
themselves asl and €1 (up to the thresh-
old) turn out to be, although close to unity,
but less than unity. The quantities as2 and
&2a (after the threshold), turning out to be
quite small, are still noticeably not equal to
zero (see Fig. 1, a, b).

For such real selective surfaces, the av-
erage effective (over the spectrum) values of
absorption-emissivity can be determined us-
ing the Equations:

For the real selective surface (RSS) repre-
sented in this way, as well as for the ISP, the
value of the optimal threshold wavelength is
determined by relations (3), (4).

Figure (4) shows the calculated values of
the effective absorption-emissive abilities of
the ISS depending on the heating tempera-
ture at different values of the incident radia-
tion density. With increasing heating tem-
perature values (as eff) , and (€ eff) ,
decreases and tends to zero at T, — T (in ac-
cordance with Kirchhoff’s law. An important
characteristic of the selective surface is the
value. Let’s call it the selectivity parameter.

aS el . .
II, = —*%% For an ideal selective surface
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Figure 4. The value of the selectivity parameter ( P )
id
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Figure 5. Possible efficiency values concentrator-receiver systems in the case
of an ideal spectral-selective surfacen, = 1, 1-1SS; 2- ABB (a,=E=1)
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Let us find out for ISS the nature of the
change in P_depending on temperature. As
established above, the lower level of heating
temperature, where the properties of the ISS
are still preserved, corresponds to

T
(]jl)nﬁn =—

n

and P_ = 1. With increasing tem-
perature, as the results of calculations show,

50

Fig. (5), the possible values of the parameter
II for the ISS increase, reaching the highest
values in the absence of radiation concentra-
tion and when T, — T, tends. The course of
the curves on the graph in (Fig. (5)) predicts
that, apparently, the limiting value of P_for
ISS at T, = T, has the value P = n. This is
shown quite strictly below.
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Our term, referred to as the general crite- lective surface show that correctly designed
rion, determines the properties of the selec- thermal insulating material, threshold wave-
tive surface. length and effective valuesof absorption and

emissivity sensitively affect the efficiency of
Conclusions solar energy installations.

The results of studies on the absorp-

tion-emissivity characteristics of an ideal se-
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