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Abstract

In the current paper presented the results of computational studies on the thermal optimization the width of
the plate of sheet-tube solar absorber to preheat feed water to the combined solar-fuel hot water systems, in which

their maximum heat with minimum weight.
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Introduction One of the promising areas of
practical application of solar energy, which currently has
the greatest level of technological readiness of the
Republic of Uzbekistan, is conversion of solar energy
into a low-potential heat and use it as a source of heat
supply systems in residential, municipal and public
buildings that are major consumers of the same
temperature potential.

The basic element of solar heating systems is a
flat plate collector, where absorbing of solar radiation
and converting it to low-potential heat then transferring
to a heated water, flowing through heat transferring
channels of its light absorbing panels.

All solar collectors existing in the world differs
mainly in its design, material and manufacturing
technology of the absorbers. Specific (referred to 1m?
surface area) cost of collectors, depending on their
degree of perfection of heating ranges from 200 (for
heating water to 50+55°C) to 600 (to 80+85°C) USD,
from an economic point view is the main obstacle to
their widespread use. To improve the economic
efficiency of flat plate solar collectors in hot water
supply systems the possibility of replacing them with a
flat absorber insulation in which there is no traditional
housing and translucent cover. To extend the using
period of solar absorbers in hot water supply systems
during the year and increase their reliability proposed
combined solar-thermal systems instead of only solar. In
solar thermal hot water systems solar absorbers are used
to preheat feed water to (40-45°C). Pre-heating of water
to condensing temperature (65°C) is carried out in boiler
rooms operating on fossil fuel.

Principal Scheme and thermal characteristics
of flat plate solar absorbers for preheating of feed
water

Flat plate sheet and tube solar absorber is a
blackened metal plate with half-grooves, which are
stacked and secured a number of parallel pipes, heat-
removing channels connected by a common hydraulic
channels, providing a uniform distribution of coolant
flow through the pipes.
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Fig.1. Principal Scheme of flat plate sheet-tube
solar absorber for preheating of heat transfer liquid,
prepared by the method of extrusion: D and ¢ - width
and length of panel.

Due to the lack of housing and translucent coating
heat loss planar absorbers with thermally insulated
bottom, while in 2,0+2,5 times more than conventional
solar collectors of average quality, by eliminating the
optical losses due to reflection of sunlight from the
surface of the translucent cover, thermal efficiency of flat
absorbers with other conditions being equal, for example,
by heating water to the normalized temperature for hot
water at 55°C, almost identical, and the value of 2.0-2.5
times cheaper than traditional collectors. If you use these
absorbers to preheat feed water in the solar-fuel hot water
systems up to 35 =+ 45 °C, by reducing the heat loss of
thermal efficiency in the warm season in the climatic
conditions of Uzbekistan can be increased up to
0,80+0,85, which is almost 2 times more than
conventional reservoirs [1].

As the results of studies [2,3], the thermal
efficiency of flat solar absorber depends mainly on their

overall heat loss coefficient (K w,, ) and thermal
coefficient, transfer efficiency of absorbed characterizing
them to the flow of radiation heat-removing heated water

channels (7 mn ).

In this regard, one of the major challenges facing
developers of new high-efficiency solar absorbers
generations and on the basis of solar collectors is to find
ways to ensure their maximum thermal performance with
minimal weight.
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Calculations

According to [4,5], the expression for
determining the thermal efficiency of sheet-tube
absorbing panels (i.e. solar absorbers) with ideal thermal
contact between absorbing plate and heat-removing
channels as following
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The ( A oul) norm_, < (Zabpnbp +d0m) KnmmH ﬂ b3 Dtcmb4
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the thermal efficiency coefficient of the absorbing plate

of the panel; lbp is the thermal conductivity coefficient

of the material of the absorbing plate; A, is the thermal

conductivity coefficient of the material of heat
conducting channel’s wall;
b3 :@(dout _din) (3)

the perimeter of the middle cross section of the heat-
removing channel; «_ the coefficient of convective

Cin

heat exchange of the inner surface of the wall of the
heat-removing channel’s;

(dom_din) Inh
Z(doul_din) din
the curvature coefficient of heat-removing channel of
round shape;

b, =zd,, ®)
is the perimeter of the inner cross-section of heat-
removing  channel; abp half of the width of the

©

Q=

absorbing plate; K is the coefficient of the total

norm,_,
heat losses of absorbing heat-exchange panel normalized
to the unit area of frontal surface; d,, and d, are the

inner and outer diameters of the heat-removing channel
of absorbing heat-exchange panel, correspondingly.

One of the most important problems in the
production of high-efficiency and less metal using solar
absorbers for heating of heat transfer fluid is the search
for the method of achieving the maximal thermal
productivity of their absorbing heat-exchange panels at
minimal mass.

For absorbing heat-exchange panels whose
absorbing plates and heat-removing channels are made
of metals with thermal conductivity coefficient.

A =40—350W/(m2°c) and width
5=(05-1.0)x10"m at a,, =0.05m,
App =400—-350W /(m°C), Sy =(0.5-1.0)x107°m,
Koo, , = 7-5 W /(m?°C); Ty, =0.89-0.97 and
a,, =150-600w /(m*C), d,, =0.010m,
d,,. =0.012m.
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According to the results of simple thermal - technical

calculations, the value K”Ofmufagw(zabﬁd““‘) constitutes
A0y
(69.4—486.1)><10*6, which is 2480-16610 times less

than the the

value of sum

2abp + o " (Zabp +d°“‘) K”"""o—o , which equals 1.153-
2a‘opnbp + doul acm b4
1.206. Therefore, expression (1), which takes into account

the value of b4 , can be denoted as

follows:

. (Zabpnbp + dum)ﬂdmacm (6)
’ (Zabpnbp +dg, )[(Zabpnbp +dyy, ) Krorm, , + mdia, }

An analysis of expression (6) implies that, to
achieve high values of Tho at the same other conditions, it

is necessary to achieve the highest possible values of oo
and o .

In order to achieve high values of 77, with all
other conditions being the same (KnormH and lbp), it is
necessary to decrease the ratio of abp/5bp, ie, to
increase 5bp or decrease Byp -

Unfortunately, the increase in Top and, consequently,

My @S is implied by the expression

et My 2850005 +0'257T(d02ut -dg )phr

"R 2a,, +,, @
implies leads to the growth of the partial material capacity
(normalized to the unit area of the frontal surface Fh;r ) of

the panel under consideration.
In expression (7),

My, =M, + My, (8)

is the mass of absorbing heat-exchange panel, which is
composed of masses of absorbing plates (Mbp) and
heat-removing channels (M,,);

F.r=DI ©

is the area of the frontal surface of the absorbing panel;

My, =22,,5,, In p,,; (10)
M, =0.25z(d2, —dZ)Inp,; (11)
__ D (12)

2ahp + dout
is the number of heat-removing channels per unit of width
of sheet-tube absorbing panel; D and I are the width and

length of the panel, respectively; Pop and p,, are the

densities of the materials of the absorbing plate and heat-
removing channel of the panel under consideration,
respectively.
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As a rule, for stamp-welded and roll-welded
absorbing heat-exchange panels as well as for panels of
pipes with longitudinal edges produced by extrusion

pbp = phr .
One should note that, according to (12), the
decrease of Ol » with all other conditions being the

same (5bp), leads to the growth of a number of heat-

removing channels on the unit of width of the panel
under consideration (n) the expression
_ 46 (13)
nzd?
implies that the increase in n at the given value of
volume flow of the heat carrier (G) through the given
panel leads to decrease in its rate in heat-removing

channels (w), which leads to decrease of a; on the

inner surfaces of their walls.

The increase of Q. on the inner surfaces of
walls of heat-removing channels of absorbing heat-
exchange panels at the same other conditions (din) can

be achieved at the expense of a corresponding increase
of the volume flow of the heat carrier (G). However,
according to the studies of the dependence My = | (G) in

two types of heat absorbing panels [4] increase in G in
heat-exchange channels of absorbing heat-exchange
panels of flat plate solar collectors is only appropriate
until certain values (30-40 I/h), after which the

dependence of T ON G becomes insignificant. On the

other hand for increasing values of G in heat-removing
channels, the corresponding increase in the flow of
mechanic (electric) energy is required; this energy is
used for the forced circulation of the heat carrier through
the channels. In addition, despite the relatively high

value of o at large values of G, the heat carrier on the

outlet of the collector will have a relatively low
temperature and multiple circulations of the heat carrier
through the given collector during daylight hours is
required in order to heat it to the necessary temperature.

At first the presence of these contradictory, yet

mutually conditioning, formation factors of e allows
one to assume the existence of its optimal value
depending on 8y and G. However, the plotting and

analysis of curves of the dependences »,, = f (a,,,G) by

the expression (6) with the corresponding consideration

of dependencies of 7,, and &,, (at the given &y,

Koom . @nd A,,) based on the expression (2) and a.

on G (via w at the given di,) based on the expression (13)
shows that, when ay, — 0 and G — oo, the quantity

e approximates its maximal (asymptotic) value,

which is 1.
It can be seen that it is not sufficient to consider

Th 8 @ fully optimized parameter for developing an
optimal construction of absorbing panel for a flat plate
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solar absorber and collector on their base and
choosing the optimal flow of the heat carrier
through it.

In connection with this, this work (which is a
development of [3]) suggests that one should solve the
problem under consideration and take into account the

dependence of & on &, at the given values of G.

At the same time, the partial thermal productivity
of the considered absorbing heat-exchange panel is
defined from the expression 2,3

I T S (VR | R €

where apis the absorbing coefficient of total solar
irradiation of the absorbing panel of the considered solar
absorber; qua,, is the surface density of flow of total solar
irradiation falling on the plane of frontal surface of

absorbing panel; t¢ is the average temperature of the
heat carrier over the length of heat-removing channel; and
t, is the temperature of environment.

Substituting (6) into (7) and (14) and taking into
account the value of Mg according to (7), the expression

for the ratio _%et_ can be denoted as:

mhp;rt
Qo _ (zabp’?bp +0oy )ﬂdmaq" [0‘ pqéll - KnormD R ({f -1 )J
mhppan [(zabpnbp + doul) KnormD s ﬂdmaq" ] [zabpnbp +0.257 (dozm - dui )] Prop
(15)

Because it is extremely difficult to differentiate
expression (15) as a target function for determining the

critical values of &, taking into account its influence on

a. (at the given G), depending on G, the value of Ay,

is defined based on its graphical solution.

According to the results of preliminary
calculations on the determination of the rate of the heat
carrier in heat-removing channels of sheet-tube absorbing
panels of flat solar absorbers and collectors on their base
for heating a liquid heat carrier using expression(13) in
the range of changein , _ G from 10 to 100 I/(m? h),

part Fh;r
change in n from 5 to 20 units/m, and change in d;, from
0.008 to 0.015m, the flow mode of the heat carrier in
heat-removing channels is laminar and the character is
viscous-gravitational. In connection with this, calculations

for determining the values of a. depending on G and

average temperatures of the inner surface of the wall Ewm
of the heat-removing channel of the panel under
consideration and the heat carrier in it (t+) satisfy the

generally accepted criterial equations presented on
M.A . Mikheev [4].

RE&PQJ, Vol.1, No.10, April 2012



https://doi.org/10.24084/repqj10.644

Calculation results at t, =30°C and t, =20°C

are shown in Fig.2.
As can be seen from a comparison of graphic

dependences hzf(abp) on the Fig.2., maximal
sp

Mo
value of q—“ssp as expected, with increasing values of
hp
K are shifted to the left. So, if at

foo

j— o] K p—
K, ,=15w /(m2 C) v _pogl and G=45|/h
§bp2’bp m

qUS
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hp
of G (i.e. 45 I/h) at

maximal value of

is 135.0% then at same value

K., =20W /(m*C)
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Fig.2. Dependence quslmhp_f(abp) at
DI 2 2
@, =08, Qg =750W/m?*, 3 =160W/(m’C),

8, =000Im, t,=30°C and t, =20°C: a and b at
K, =15 and K, zzoW/(mZOC), respectively

Tp,

1,2,3/4and 5 at G =15,30,45,and 75l /h .
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The results of calculations derived from data in Fig.2 in
the form of a graphical dependence shown in Fig.3.
As can be seen from Fig.2, if the solar absorber sheet-tube
considered for water heating, the optimum width value of
light absorber plate (i.e., half the inter-tube distance of the
absorber at 15 and 20 are 0.06 and 0.043 m, respectively.
The results of calculations derived from data in
Fig.2 in the form of a graphical

a, =f K., dependence shown in Fig.3.
" Spep

As can be seen from Fig.3, if the solar sheet-tube
absorber considered for water heating, the optimum value
of width of light absorbing plate (i.e., half the inter-tube
distance of the absorber at K =15 and

Tp,

K. =20w /(mZOC) are 0.06 and 0.043 m, respectively.
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In Fig. 3. The dependence of the optimal value of

half the distance between the tubes, leaf-tube solar water-
heating of the absorber a parameter.

Conclusion

From the analysis of the obtained results it
follows that the optimal value of the distance between the
tubes leaf-tube solar heat absorber heat transfer fluid
depends strongly on their thermal parameters.

The proposed methodology and the results can
be used by enterprise-producers of flat solar collectors
and absorbers for heating the heat transfer fluid to
determine the optimal value of the distance between the
tubes of heat exchangers sheet-tube absorber panels to
ensure maximum thermal performance with minimal
weight.
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