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GRANITE HEAT ACCUMULATORS
FOR AIR HEATERS

The article deals with one of the ways to improve the energy
situation in agriculture of Ukraine, namely to increase the energy
efficiency of solar air heaters through the use of granite heat
accumulators.

In the world, in recent years, the share of energy produced by
non-traditional sources has been steadily increasing. Unfortunately, in
Ukraine this proportion is much smaller than in the first world countries.
This problem is especially relevant for agriculture. The main renewable
energy sources for Ukraine's agricultural sector are biofuels (solid, liquid,
gaseous), wind and solar. The latter is the most attractive for
widespread use in agriculture. After all, for the production of biofuels
requires at least land, mechanization and chemistry, etc., for the
production of wind energy requires appropriate weather conditions that
are not available in most regions of the country. And only solar energy is
everywhere and almost always. The difficulty of using solar energy at
night is one of the main constraints on the widespread use of solar
installations. The use of heat accumulators (in devices that accumulate
heat during the day and give it away at night for production purposes)
for solar heaters greatly enhances their technological capabilities.
Battery material is a variety of materials - from soil to plastic water
bottles. This article discusses the theoretical justification (confirmed by
experimental studies) of the choice of rational size and shape of granite
heat accumulator elements.

To simplify the task, it was assumed that the battery element
has a spherical shape and its thermophysical characteristics remain
constant throughout the process of heating and cooling. As a result of
the solution of the differential equation of thermal conductivity for these
conditions, the dependence of the liquid temperature distribution
depending on the radius and time of heating was obtained. The battery
element is fully charged when the liquid temperature in the center and
on the surface is equal. The temperature distribution in the middle of the
liquid was also determined when cooled. Theoretical calculations were
confirmed by experimental studies. To determine the rational
parameters of the battery cells, a criterion was proposed, the value of
which depends on the ratio of heating and cooling time, heating and
cooling temperatures, the location of thermocouples.

As a result of theoretical and experimental studies, it is
established that the rational size of the granite element of the heat
accumulator is an equivalent diameter of 0.3 m. The use of a heat
accumulator of this type allows to evaporate more than 300 kg of
moisture, which allows to reduce the hay ventilation period, to reduce
nutrient losses.

Key words: heat accumulator, solar air heater, energy
efficiency, equivalent diameter, temperature, heat capacity.

Formulation of the problem. Human life  energy consumption in different regions of the world.
can be seen as a continuous process of energy The highest value in the United States is about
consumption and transformation. It is the amount of 85,000 kWh. per capita per year, while in Africa it is
energy consumed that is one of the most important  just under 8000 kWh [1]. For Ukraine, this value is
characteristics of civilization. This statement can be  approximately 40,000 kWh [2]. To meet its ever-
confirmed, for example, by comparing per capita increasing needs, humanity needs more and more
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energy. And it can only meet these needs at the
expense of the environment. All natural energy can
be roughly divided into three main groups: fossil,
nuclear and renewable. The fossil fuels include
currently the main sources of energy - coal, oil, gas,
etc. These sources account for about 82% of global
energy production. Atomic sources account for about
6% of world production. And renewable energy
accounts for just under 13% of energy production
[3,4]. The structure of energy production in Ukraine
differs significantly from the world average: nuclear
energy accounts for 49.4% of total production, and
the share of alternative sources is only 1.2% [5]. In
addition, it should be noted that there are relatively
few fossil energy sources in Ukraine, so the use of
renewable (alternative) sources is currently a
pressing issue.

In the agricultural production of Ukraine the
main renewable sources are biogas, biofuels, wind
and solar energy. Appropriate conditions are
required for the production of biogas and biofuels
(animals, land for the cultivation of bioenergy crops,
special machinery and equipment, etc.). The use of
wind energy on an industrial scale is constrained by
the insignificant power and uneven geographical
location of energy sources. And only solar energy in
Ukraine is practically everywhere and always
(usually in the daytime). This is (the work of solar
heat generators only in the afternoon) and is the
main disadvantage of various devices that use solar
energy to heat air, water and other heat carriers,
direct conversion of solar energy into electricity, and
so on.

Heaters are used to increase the life of the
heaters. The principle of their work is that in the
daytime part of the solar energy is used to heat the
substance that accumulates energy, and at night this
energy is sent to fulfill technological goals. Of course,
heat accumulators must have certain properties
(thermophysical characteristics, material cost, etc.)
and adapt to the conditions of use. This article deals
with the selection of rational batteries based on the
main indicators of heat accumulators that were used
in the heat generators during hay drying, so its topic
is, without doubt, relevant.

Analysis of recent research and
publications. Rechargeable devices are widely
used in “big” energy. Plugging them into the grid
enhances the reliability and stability of consumers'
energy supply, enables them to regulate the modes
of operation of power plants by cutting the peaks of
the battery discharge schedule and filling the battery
dips. The main types of energy storage devices are
presented in [6,7]: heat (cold) accumulators in which
energy is stored at the expense of heat capacity,
heat of phase transitions, and endothermic and
exothermic reactions; batteries of electrochemical
energy in which electricity is stored and supplied as a
result of chemical reactions; mechanical
accumulators in which energy is stored as potential
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and kinetic energy of physical bodies; electrical
accumulators in which energy is stored in the form of
electrical or electromagnetic energy.

The most important characteristics of heat
accumulators are [8]: the operating temperature
range, in the temperature of the coolant at the inlet
and coutput of the system; thermal capacity per unit
mass or volume; methods of heat supply and
selection and corresponding temperature
differences; temperature stratification in the battery;
power required for heat supply and removal; means
of regulation of thermal losses of the battery; cost of
production and operation.

The design of the heat storage batteries and
the choice of material for them depends on the
temperature level, the scale (sizes) of the installation
and the heat storage period. The higher the
temperature of the accumulation, the more difficult it
is to provide a long duration of accumulation due to
considerable heat loss. Improving thermal insulation
reduces heat loss and, accordingly, increases the
shelf life of stored energy. Therefore, the required
duration of heat storage technology affects the
appearance, construction, cost of heat accumulators.

When choosing a material for a heat
accumulator, it is necessary (as for other
technological processes) to find a reasonable
compromise between price and quality. In our case,
the material must have satisfactory thermophysical
characteristics (heat capacity, thermal conductivity)
and acceptable price and technological and
construction qualities. Recently, stones, water, gases
and eutectic salts have been used as heat storage
materials [9]. But the use of specific material
depends on many factors. Quite often, fine gravel or
even soil is used as the heat storage material [10,
11]. Large masses of water heaters require large
capacities, compactly positioned, and protected from
corrosion. The use of plastic beverage bottles can be
an effective method of creating water heaters of any
capacity and configuration [12]. Along the way, it
helps to solve the problem of disposal of these
products. Another interesting use of heat
accumulators is to use them as regenerative
installations [13].

However, some heat accumulators will not
be able to significantly improve the efficiency of solar
installations. The greatest effect is given by the
harmonious combination of rational design of solar
installation with heat accumulators [14, 15]. The
rational design and technological parameters of solar
installations allow to get the maximum effect not only
from direct use of solar energy, but also to extend
their operating time due to the use of heat
accumulators.

When hay is actively ventilated, it is
advisable to use solar air heaters with heat
accumulators for nighttime operation. This paper
investigates the question of the choice of rational
characteristics for a granite heat accumulator when
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drying the hay by active ventilation with air heating in
a solar installation.

Purpose of research. The aim of the
research is to increase the energy efficiency of the
active hay ventilation process by substantiating the
rational design and technological parameters of an
air heater with a heat accumulator.

Presenting main material. The use of
unconventional energy sources (solar, wind, etc.)
can reduce fuel consumption and reduce agricultural
processing costs. The most widely used in
agriculture are heat generators that use solar energy
to heat the air, which they use to dry products,
including hay.

However, solar heat generators can only be
used for 8 ... 10 hours a day. For more efficient use
of solar air heaters, it is advisable to use heat
accumulators, in, elements that heat and accumulate
energy in the daytime and give it away at night when
cold air is blown through them. Granite is one of the
best heat storage materials. This is cheap and
affordable material. For efficient use of granite heat
batteries it is necessary to know the time of their
heating and the optimal size of stones.

When acting on the liquid of a coolant with
constant temperature tr, the surface of the liquid
(temperature ts) first warms up, and then the
temperature of the center of the liquid t. begins to
rise. As the heating time increases, the temperatures
ts and tc are leveled and, as 1 — « (7 is the heating
time), they become equal to tr. For practical
purposes it is necessary to know the time 12, during
which the whole liquid warms up, in when ts=t.. If we
continue to purge the coolant after r, the liquid
temperature and its enthalpy will remain constant,
and the energy used to heat and purge the coolant
will be wasted.

In the process of heating, the liquid
temperature changes only by 10 ... 20°, so it can be
assumed that the thermophysical parameters of the
liquid and the coolant remain constant. Let us also
assume that the battery element is a sphere of radius

2(sin ps—ps cos ps) sin(us R
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At the initial time (7=0), the temperature in a
sphere of radius ro is uniformly divided and equal to
to. The ball is in a medium with constant temperature
tr>to. The heat exchange between the surface of the
liguid and the coolant occurs at a constant coefficient
of heat exchange a=const. It is necessary to
determine the temperature distribution in the ball t=
fr, 7).

Introduce the concept of excessive liquid
temperature:

ﬁ = ET - t,
where t is the current temperature of the liquid.

Differential equation of thermal conductivity
of a sphere in spherical coordinates:

@)

o6 _ 28 2 98 ,
ar ar2 r ar @)
where @ is the coefficient of thermal conductivity of
the liquid.
Initial conditions
By =ty — Lyfort=0 A3)
Boundary conditions
as aﬁ
ar = T G Vr=rg 4

r=ryg

where @ is the coefficient of heat exchange between

the air and the liquid;
a is the coefficient of thermal conductivity.

G).=0 o

Equation (4) reflects the conditions of heat
exchange on the surface of the ball, and equation (5)
characterizes the symmetry of temperature
distribution in the liquid.

The solution of equation (2) with boundary
conditions (3-5) can be represented in the following
form [16]:

2 ty—t(rz)

68 = ==
By tr—to n=1
r . . .
where R = r_— — (ris the current radius, ro is
4]
the radius of the sphere);
Fo = = _yteriy Furie -
r_g - yt y ’
Us are the roots of the characteristic
equation.
.
tgn = — , (7)
(Bi—1)

. ar A ) .
where Bi = T is the Bio criterion.

As shown by the analysis of equation (6) at
Fo0>0.25 (and in our conditions it will be already at
7>20 min), the series quickly coincides and can be
replaced by the first term of the series.

(ps—sin pg cos g )usR
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If the thermophysical characteristics of the
liguid and the coolant are known, as well as the
conditions of heat exchange between them, then
equation (6) can determine the temperature at any
point in the liquid and at any time.

In this problem, we are most interested in
the center of the ball, because it reaches the
temperature tr at maximum 1. For the center of the

r
sphere R = — = 0, therefore:
To
snx 1)

X

sinu, R ®)
HLR

Then for the center of the sphere expression
(6) is simplified and will look like:

= 1 (because lim
x—=0
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To test equation (6) and determine the
optimal size of the battery cells, a series of
experiments were carried out with stones of different
sizes. The equivalent diameter of the stones was
0.112 m; 0.18 m; 0.20 m; 0.25 m; 0.30 m; 0.34 m.
The stones were heated in a drying cabinet ShSS-
80P with simultaneous fixation of temperature by
thermocouples HC, which were placed at different
depths.

The difference between the actual
temperature and the one calculated by equation (6)
did not exceed 10.5%.

As the heating time increases, the difference
between the calculated and the actual temperature
decreases and equation (9) can be used to
determine the charging time of the battery. Charging
time of stones with an equivalent diameter of d.= 0.3
m is about 8 hours.

A series of experiments on heating and
cooling stones of various sizes were carried out to
determine the optimal stone sizes for heat storage
batteries.

The general view of thermograms of heating
and cooling of stones is shown in fig. 1.

The optimization criterion was chosen for the
following reasons. The faster the battery element
heats up and the slower it cools, the more suitable it
is for the battery. Therefore, this criterion should
include the ratio 7cool / Theat.

For the same reasons, the criterion
introduces the ratio Atheat / Atcoo. We also introduced
the value (rr / ro)® (where rr is the thermocouple
placement radius), which characterizes, firstly, the
volume of stones (accordingly, the amount of heat
accumulated in the stones) and, secondly, the
location of the thermocouple because they were
placed in different samples at different depths.

)
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>
>

| J J— L
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Fig. 1. Thermogram of heating and
cooling of granite samples

Nu,_, = 2+ 0,03Re®34Pr?33 4 0,35Re®32 P36

where Pr is the kryterii Prandtlia (for air, Pr = 0.71).
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Thus, the
optimization criterion

K = Teool | Mhear (E)a (10)
Theat OAfcool To

After conducting experiments on samples of

different sizes, it was determined that stones with an

equivalent diameter of 0.25...0.30 m are rational for

use in heat storage (Fig. 2). A stone of about 30 kg

corresponds to this equivalent diameter.
K 4

ratio was selected as the

0.050
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) /
0.020 -

>
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o a0l 02 0.3 0.4

Fig. 2. The dependence of the criterion K

on the equivalent diameter of the sample

In practice, two types of thermal
accumulators were used. The first - the stones,
located in a closed channel, is heated in the day by
hot air coming out of the heat generator, and at night
it is discharged when cold air is blown through it. The
second is the stones located in the parabolic thermal
accumulator, in the daytime it is heated by direct
sunlight when the film of the thermal accumulator is
raised and at night when the film is lowered it is
cooled by cold air.

The example of calculations of the time of
charging and discharging of heat accumulators, as
well as the efficiency of their use are given.

The first option - charging the heat
accumulator occurs by blowing hot air after the heat
generator through a layer of stones (700 pieces of
granite blocks with de = 0,3 m).

At the inlet to the solar heat generator, the
air has a temperature ti, = 22°C, and at the coutput of
the heat generator - tox = 22 + 10,9 = 32,9°C.
Determine the average air temperature in the heat
generator - the temperature at which the heat
exchange between the air and the stones.

£, = j(ij = fz('fi = 27,09°C
Lin 22

(11)

The heat exchange between the air and the
stones will occur according to the law of external flow
around the ball. Nusselt's criterion will then be
determined by the expression:

12)
The Reynolds criterion in this case will be
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relevant: s Og—ETe
Bede 0,423-0,3 Bi = A 0,0359, (15)
Re =% — 272202 _ 81294 (3 _
v 15,61-10°% where A¢ = 23,2 Vt/m-K is the thermal
Criterion Nuselta: Nus. = 62,79. Conductivity of granitg.
Coefficient of heat exchange between hot air Criterion Furie:
and heat generator §tones: Fo= ar _ 248 5_ (16)
Nug—pdy Vi r2
Q=TI 555 T g oetion o
dg m*K where a=1553-10° m?c - thermal

Next, determine how the temperature of the conductivit_y of granite; _
center of the stone will change after 10 hours of hot r = 36000 c - time of stone heating.

air heating. To do this, we determine the quantities The first root of the characteristic equation:

that are included in equation (9). tgu = — p/l:':].':]359 - 1] ;v M1=0,29 (17)
Criterion Bio: Dimensional heating temperature:
[ .2
. o
£o—£(0:10) EH!.‘JPJ."-{H!_J':] 5

g =-= = exp(—us Fy) = 0,0351 18
-ty gy +Bi® —Bi p( H1 D] ' (18)

The cooling time of the heat accumulator is

where fg= 27,09°C — hot air temperature; .
from the expression:

to= 22°C initial air temperature; 4, +Bi%—Bi
t(0;10) — temperature of center of gxpl:—luf Fa':"] =@ l,— (22)
stone after 10 hours of heating; 2Bi |u +(Bi—1)2
t(0;10)=t,— 8(t,—t,) = 26,91°C (19 0
Within 10 hours of heating, the temperature Fo" = 14,447 and
of the center of the stone will be almost equal to that o Fo®ri
of hot air. This means that the battery is fully = = 20931 ¢ = 5,8 year

a

charged. In the evening, cold air was blown through This is the time of effective operation of the

the heat accumulator with tgﬂ' = 15°C. We assume  battery.

that the battery runs until its center temperature is The amount of heat that the heat
t(0;7) = 16°C. The heat transfer conditions are the accumulator will give to cold air (we assume that the
same as those of the heat accumulator. whole stone has cooled to a temperature of 716°C):

Dimensional cooling temperature:

te—t(0;T 15-16

=500 13 _ 0,084 ()
td—ty 15-26,91
Qpe = My (o [t(0;10) — £(0;5,8)]- (1 —n) = 168,09 M], (22

where environment;

M, =N 2013 =267057 k N,. = 700 pcs. - the number of stones in
he — .H:J'jgl"l‘]rE e = ’ g - k '

_ _ the heat accumulator.
weight of stones of the heat accumulator; The amount of moisture that can be
Pgr = 2700 kg/m? - density of granite; evaporated using the heat of the solar heat generator

and the heat accumulator:
Cgl. = 641 J/kg-K - heat capacity of granite;

11 = 0,1 is the fraction of heat lost to the
_ Q+40Qps  19.23:10-3600+163090

mot =5 =00 = 344,15 kg, (23)

where ngh = 2500 kJ/kg - the amount of working heat of combustion_of conventional fuel. _
Let us now consider the second option,

when the stones are heated by direct sunlight. The
film in the solar heat generator is raised, the air
through the stones is not supplied. We will assume
that 25% of heat from stones through convection and
of = =29 37 ,i(g’(24) thermal conductivity is lost to the environment. Some

0% 29300 of the heat from the stones is also lost as a result of

w its own radiation.
where Q) s = 29300 kkg - the lower To find the temperature of T stones after 10

T

heat required to evaporate 1 kg of moisture.

Quantity of conditional fuel saved by the
operation of a solar heat generator with a heat
accumulator:

M. = Q+Qhc _ 1923:10:3600+168090
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hours of solar radiation, the following equation must  heat accumulator stones.
be solved: T 4
0,76Q%. — Qr = My~ ¢4r(T = Tp), (25) E= C(E) ! (28)
where @} _ is the amount of heat that the where € =g-C, is the radiation
heat accumulator receives from the Sun; coefficient of the gray liquid;
() is the amount of heat emitted by the Co = 5,67 Ay radiation coefficient

p
. . m< K
heat accumulator into the environment;

M}, is the mass of stones of the heat
accumulator,

of absolute black liquid;
£ = 0,93 - the degree of blackness of

C.,.- heat ity of granit grante;
- heat capacity of granite;
gr pacityorg T - stone temperature.
Tﬂ =293 K - initial temperature of granite. Substituting into equation (25) all known
Amount of heat received by the solar quantities and solving it, we obtain values T = 305, 7K
battery: or ter =32,7°C.
Similarly to the first variant, determine the
Qf. =0.-5-1, (26) y

cooling time of the battery with cold air from
where Q) is the average intensity of solar 2 = 15°C to the temperature in the center of the

radiation c‘i;nhg the day; stone EI:'[],' L’] = 16°C.
is the area of the base of the heat Dimensionless temperature
enerator; 15-16
? | g | 6 =—"2° _0,0585
T - time of efficient operation of the heat 15-32.1
generator. To find the cooling time of stones, we first
Amount of heat emitted by the battery into  determine the Furie test and then the cooling time
the environment: itself.
Qr =E-5-T1, 27)

where E is the intrinsic flux density of the
0.29+0,0359%-0,0359

exp(—0,292Fo°) = 0,0585 . = 0,206 29)
2-0.03591‘;'0.292+{D.0359—1]3
Fo® = 1877 and The amount of heat that the battery will give the cold
air:
Fo®r3
reeol = — ¢ — 755200,  (30)
15,53-107°
Qje = M,,.C,,[£(0;10) — £(0;4 — 7,55)] - (1 — ) = 248,04m] (a)
The amount of moisture that can be The use of heat accumulators allows to
evaporated by the heat of the battery: increase the capacity of solar heat generators by
248040 almost 25%, to reduce the ventilation time of hay, to
Mmoi = —2 =99,216kg (32 improve its quality.
Quantity of conditional fuel that can be Conclusion. As a result of theoretical and
saved daily by the use of a battery: experimental studies, the dependence of the
248040 temperature distribution in the elements of the
M., = =847k g granite heat accumulator was obtained. Based on
cf 29300 ' this, it was determined that the rational size for the

The calculation data for determining the €lements of the heat accumulator are granite blocks

amount of heat produced by the heat generator were ~ With an equivalent diameter of 0.3 m.
checked in practice. The difference between the

calculated and practical data did not exceed * 12%. References
Comparing expressions (22) and (31), it can )
be seen that the open battery stores 1.48 times more 1. Adamenko, O.M. (2010). Alternatyvni

heat than the closed battery. It should be noted that Palyva ta inshi netradytsiini dzherela enerhii:
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blowing hot air through the heat accumulator in the ~ traditional energy sources: monograph]. Ivano-
first embodiment. Frankivsk: IME [in Ukrainian).
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FPAHITHI AKYMYIIATOPU TEMNJA ANA
FENIoONIAIrPIBAYIB NMOBITPA

B crarTi pos3rnsHyTMA OuH i3 WNsXxiB
MOKPALLEHHsI €HepreTMYHOi cuTyauii B CiflbCbKOMY
rocnogapctei  YkpaiHu, a came nigBULLEHHS
€HepreTuyHol edeKTUBHOCTI renionigjrpisavis
noBiTps LLUNSAXOM 3acTocyBaHHSA rpaHiTHMX
aKyMynsiTopiB TENnoTu.

Y cBiTi B OCTa@HHi pPOKM  MOCTINHO
30iNbLIYETECA YacTKa eHeprii Wo BUpoObNAeTbCH
HeTpaguuinHUMK Jkepenamn. Ha xxanb B YkpaiHi us
YacTKa 3HAYHO MEHLLA HiK B KpaiHax nepLuoro CeiTy.
OcobnvBo akTyanbHa Ls npobnema Ans CinbCbKoro
rocnogapctea. OCHOBHi MOHOBMOBanbHI DKepena
€Heprii Ana arpapHoro cektopy YkpaiHm — ue
bionanveo (TBEpae, piake, rasononibHe), BiTpoBa Ta
COHsYHa eHepris. Came OoCTaHHs € HanbinbLu
npveabnuea Ans LUMPOKOTO PO3MOBCHOKEHHS B
CinbCbKOMY rocrnogapcTtsi. Amke Ans BUpObHMLTBA
bionanvea noTpibHa, AK MiHIMyM 3emns, 3acobu
MexaHisauii Ta Ximisauii Towo, Ans BMPOOHMUTBA
BITPOBOI eHeprii NoTPiOHI BiaNOBIgHI NOrogHi ymoBM
SKi BiACYTHI B GinblUOCTi perioHiB kpaiHW. | Tinbku
COHsIYHa eHeprisa € Bctoan i make 3axgn. Came
TPYOHOLLi 3 BUKOPUCTaHHSIM COHSIYHOI eHeprii BHOMI
€ OOHVMM 3 TOMOBHMX CTPUMYIOYMX (paKkTopiB B
LLIMPOKOMY BUKOPUCTaHHI renioyctaHOBOK.
BukopuctanHss  akymynatopiB Tenna  (To6To
NPUCTPOIB K BOEHb HAKOMMUYYIOTb TEMNSIOBY EHEPTIO,
a BHOui BiggawTb i Ana BMpobHMYMX noTpebd) Ans
renionigirpisayiB 3Ha4HO PO3LLMPIOE X TEXHOSONIYHI
MoXnueocTi.  Martepianom  ans  akymynsitopis
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CRyryloTb Pi3HOMaHITHI MaTepianu — Big rpyHTY A0
nnacTUKOBMX NNAWOK 3 Bofgow. B paHin crarTi
po3rnsgacTbes TeopeTuyHe 0BrpyHTYBaHHS
(nigTBEpOKEHE eKCnepuMeHTanbHMMm
OOCHiaKeHHAMN) BMOOPY pauioHanbHUX Po3MIpy i
¢opMU eNeMEHTIB rpaHiTHUX akyMynsTopiB Tenna.
[na cnpolleHHa BUPILLIEHHST MOCTaBnEeHOI
3agadvi 6yno 3pobneHO MPUNYLLEHHST WO enemMeHT
akymynsatopa Mae cdepuyHy  opmMy i 1Moro
TennogisnyHi XapaKkTepuUCTUKN 3anuwarTbLeA
MOCTIMHUMM MPOTSArOM BCbOIO MpOLeCy Harpiy Ta
OXONOKEHHS. B pesynbTarTi pO3B’A3Ky
AndbepeHUinHOro piBHAHHA TEennonpoBiAHOCTI  Ans
AaHnx ymoB Oyna oTpyMaHa 3anexHiCTb po3noginy
TeMmnepatypu Tifa 3anexHo Big pagiycy i 4acy
Harpisy. EnemeHT akymynsitopy NOBHICTIO
3apsaanTbCA KOnM Temnepatypa Tina B LEeHTpi i Ha
NMoBepPXHi OyayTb piBHMMU. Takox OyB BU3HAYEHWN
po3rnoain TemnepaTypu B cepeauHi Tina npu moro

oXonomkeHi.  TeopeTwdHi  po3paxyHkn — Gynm
niaTBEPHKEHI eKkcrnepuMeHTansHUMu
aocnimkeHHamMu. [na  BU3HA4YeHHS  pauioHanbHMX
napametpis ereMeHTiB akymynsaropa oyB
3anpornoHOBaHWA  KPUTEPINn , BenuuuHa  SIKOro
3anexuTb Bif CMiBBiAHOLWEHHS 4acy Harpisy Ta
OXONOOKEHHS, Temneparyp HarpiBy Ta
OXOMOMKEHHS, MiCLIA BCTAHOBIIEHHSI TEpMOnap.

B pe3ynbTari TEOPETUYHNX Ta

eKcnepuMeHTanbHMX OOCHiAXEeHb BCTaHOBMNEHO, LLO
pauioHarnlbHUM  PO3MIPOM  FPaHITHOrO  efiemMeHTa
akymynsitopa Tenna € ekiBaneHTHui giametp 0,3 M.
BukopucTaHHs akymynsitopa Tenna QaHoro Tuny
003BONse AoaaTtkoBo Bunapyeatu Ginbwe 300 kr
BOMOMM, WO  [O3BOMIIE  CKOPOTUTM  TEPMIH
BEHTUMIOBAHHS CiHa, 3MEHLUUTM BTPATU MOXMBHUX
PEYOBUH.

Knroyoei cnioea: akymyrnsmop mernna,
2enionidiepieay rnosimpsi, eHepeemu4Ha
eghekmueHicme, ekesiganeHmHuti Oiamemp,
memrepamypa, mernaoeMHICMb.

FPAHUTHBIE AKKYMYTIATOPbI TEMNA ANA
FENVMONOOOrPEBATENIEN BO3AYXA

B cratbe paccmoTpeH oOavH K3 nyTeun
yNyuyLlEeHNsT 3HEPrETUYECKON CUTYyaLMN B CENbCKOM
X035MCTBE  YKpauHbl, @ WMEHHO MOBbILIEHWE
3HepreTMyeckon achdeKkTMBHOCTM
renvonogorpesartenen Bo3gyxa nyteM npuMeHeHUs
rPAHUTHBIX aKKYMYIATOPOB TEMMOThI.

B mupe B nocnegHve rogpl MOCTOSIHHO
yBENMYMBaAETCS [ONsi SHeprMn BblpabaTbiBaeMol
HETPaOULMOHHLIMKN UCTOYHMKaMKU. K coxaneHuio B
YKpanHe 3Ta [ONA 3HAYMTENbHO MEHbLUE, YeM B
cTpaHax nepBoro mupa. OcobeHHO akTyarbHa 3Ta
npobrnema Ans cenbckoro xo3sncrea. OCHOBHbIE
BO30OHOBMSIEMbIE ~ WCTOYHWMKM  3HEpru  Aans
arpapHoro cektopa YKkpauHbl - 3TO OMOTONNMBO
(TBEpOOE, >xuakoe, rasoobpasHoe), BeTpoBasi U
CONHeYHasn 3Heprus. VIMeHHO nocnegHee sIBnseTcs
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Havbonee  npuBnekatenbHa  Ans  LUMPOKOro
pacnpocTpaHeHUs B CENbCKOM Xo3sancTee. Beab ans
npou3BoAcTBa OWMOTOMNMMBA HYXHA, KaK MUHUMYM
3emrs, cpecTBa MexaHu3aumm n Xummsauum un 1.4,
Ons  MpoM3BOACTBA BETPOBOM SHEPTMU  HYXKHbI
COOTBETCTBYIOLLME MOrOAHbIE YCIOBUWS, KOTOpbIE
OTCYTCTBYIOT B OOMbLUMHCTBE PErMOHOB CTpaHbl. U
TOMNbKO COMHEYHAs 3HEeprust ectb MOBCHOAY U MOYTU
Bcerga. VIMeHHO npobGrnembl C  UCMONb30BaHWEM
CONMHEYHON 3HEPrMM HOYbK HABNAETCA OOHUMM U3
rMaBHbIX CAEpPXMBaOLWUX aKTOPoB B  LUMPOKOM
NCNOMb30BaHUM EeNMOYCTaHOBOK. Mcnonb3oBaHue
aKKyMynsToOpoB Tenna (TO eCTb YCTPONCTB KOTOpbIe
OHEM HakannvMBalT TEMMOBYD 3HEPIMI0, @ HOYbIO
OTHOAlOT €ee [Ans NPOU3BOACTBEHHBLIX HyXA) Ons
renuonogorpeBaTtenein 3Ha4nTeNbLHO PacLLIMPSET UX
TEXHOMNOMMYecke BO3MOXHOCTW. MaTtepuanom gns
aKKyMynATOPOB CRyXaT pasnuyHble Matepuarsl - oT
MOYBbI A0 NNACTUKOBLIX OYTLINOK ¢ BOAOW. B aaHHOM
cTatbe paccmarpuBaeTcs TeopeTnyeckoe
obocHoBaHve (noaTBepxaeHHoe
3KCNEpPUMEHTANbHBIMK  MCCegoBaHNAMKM) Bbibopa
pauMoHanbHbIX pasMepa U (OpPMbl  3NEMEHTOB
rPaHNUTHBIX aKKyMYIATOPOB Tenna.

Ona ynpoweHns pelieHns nocTaBreHHON
3adaum  ObiNo caenaHo  MPEeAroriokeHue, YTo
3MNeMEHT  aKKyMynaTopa WMEeeT  Cdepudeckyto
dopmy 1 ero Tennoguandeckne XxapaKkTepUCTUKM
OCTaloTCA NMOCTOSHHBIMKU B TEYEHME BCEro npouecca
HarpeBa M oxnaxgaeHus. B pesynbtate pasBs3ky

anddepeHumansLHOro YpaBHEHUS
TENsonNpoOBOAHOCTM ANsl  OaHHbIX YCroBui Obina
nony4yeHa 3aBUCMMOCTb pacnpegeneHns

TemnepaTtypbl Tena B 3aBMCMMOCTW OT paguyca U
BPEMEHM HarpeBa. ONEeMEHT MONMHOM  3apsiaku
aKKymyrnsitopa korga TemnepaTypa Tena B LieHTpe U
Ha noBepxHOCTM OyayT paBHbiMKU. Takke Obino
onpeneneHo pacnpefeneHne Temnepatypbl BHYTPU
Tena npu ero OoxnaxgeHHble. TeopeTudeckue
pacyeThbl Obinu noaTBEPXKAEHDI
3KCMEepUMEHTaNbHbIMKM  UccregoBaHuaMW.  [Ong
onpegeneHns paumoHarnbHbIX napameTpoB
3MIEMEHTOB  akKymynsitopa  Obin npeanoxeH
KpUTEPUA,  BEMUYMHA  KOTOPOro  3aBMCUT  OT
COOTHOLLEHMSI BPEMEHU HarpeBa W OXMaxaeHus,
Temnepatypbl HarpeBa W OXaxaeHus, MecTa
YCTaHOBKM Tepmonap.

B pesynbTaTe TEOPETUYECKNX "
3KCMEPUMEHTamNbHbIX WUCCNeOOBaHUA YCTaHOBIIEHO,
YTO ONTMMarbHbIM Pa3MEPOM rPaHUTHOTO SNEMEHTa
aKKyMyraTopa Tenna SBMSeTCs 3KBMBASEHTHbLIN
onametp 0,3 M. Wcnonb3oBaHue akkymynstopa
Tenna [JaHHOro Tuna Mo3BOSSIET OOMOIHUTENBHO
ucnaputb 6onee 300 «kr BrmarM, 4YTO MO3BOMNSAET
COKpaTUTb CPOK BEHTUIMPOBAHMS CEHA, YMEHbLUUTb
NnoTepu NUTaTeNbHbIX BELLECTB.

Knroyesblie crioga: akkymysnsimop mernna,
eenuoriodoezpesamesib  8030yxa, 3Hepaemu4yeckas
agbgbekmusHoCcmMb,  3K8UBaneHMHbIl  duamemp,
mewmrepamypa, merniaoeMKoCmeb.
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