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out, straw was soaked in hot water and after pressing was inoculated with mycelium. Mode 4 can be
considered optimal because it gives almost the maximum possible yield of mushrooms, and specific
energy consumption was minimal, in addition, the maximum efficiency of the chamber was reached.

Table 1 — The number of mushrooms grown on the substrate after the treatment in the MW field
Initial humidity W=73 %

Final Result (yield per unit,
3 .0
No. G, W/m temperature, °C kg) Qm, MVkg | e, %

1 7.24-10° 72 2.35 0.38 48
2 7.64-10° 77 2.86 0.31 52
3 8.12:10° 92 3.64 0.25 60
4 8.36:10° 96 3.88 0.23 62
5 8.68-10° 96.5 3.90 0.23 59
6 12.2:10° 123 3.61 0225 57
CT — 120 3.50 1.15 -
K - 20 0.350 - -

Testing the developed device under different treatment modes solves the problem of switching
to the practical application of microwave technologies. Developed microwave device of continuous
operation can be used in the established optimal modes for thermal treatment of bulk materials in the
technologies of biostimulation and preparation of substrate for tree-destroying fungi. In the future, it
is advisable to test the microwave device for the sterilization of combined feed. In this case, the
developed device can get wider use.

Information sources
1. Kalinin L. G., Boshkova I. L. Physical model of the response of the plant tissue to a
microwave electromagnetic field // Biophysics. 2003. \Vol. 48, Nel. P. 111-113.
2. Mockosckuit M.H., ®punpux P.A., T'ymses A.A. CIpyKTypHBIH aHAIM3 IOBEPXHOCTH
cosiombl, oopaboranHoit CBY usnyuennem // Bectn. JIITY. 2010. T.10, Ne5 (48). C. 648-654.

UDC 66.045.13: 635.621.3

STUDYING THE HEAT EXCHANGE OF A DENSE LAYER OF GRANULAR
MATERIAL WITH THE AIRFLOW

Solodka A.V., PhD, Senior Lecturer, Bondarenko O., graduate student.
Odessa national academy of food technologies

An experimental plant simulating the actual heat exchange channel of the regenerator was
desigried and manufactured for the research. The plant provides heating of a dense layer of material
and makes it possible to measure air temperature at the inlet and outlet of the channel, the
temperature of the material at selected control points, and the flow rate. The channel was filled with
granular material when it was mounted in an upright position, for which the possibility of channel
disconnecting from the duct is envisaged. Mesh plugs with rubber seals are provided to fix the layer
in the channel. The circuit of the experimental plant is shown in Fig. 1.
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Fig. 1. Circuit of the experimental plant for studying heat exchange between the air and a
dense layer of granular material: 1 — fan, 2 — heater, 3 — anemometer, 4 — mesh, 5 — heat exchange
channel, 6 — temperature sensors, 7 — a layer of granular material

The procedure of the experiment involved the following. The assigned air temperature was set
on the regulator, the fan 1 and the heater 2 were turned on. The air consumption was regulated by a
gate valve at the inlet of the fan. The mesh plugs 4 at the ends of the channel allowed fixing
material in the form of a dense layer, evenly distributed by cross-section. Anemometer 3 was used
to measure air velocity. The maximum length of the layer was 0.6 m, the diameter of the channel
was 0.1 m. Temperature measurements were carried out at the interval of 30 s. The air temperature
at the inlet ranged from 30 °C to 50 °C. The weight of the material was determined before filling.
When using claydite, the weight of the layer was 2.0 kg and 1.7 kg, with the use of rubble, the
weight was 6.4 kg and 5.4 kg. At the same time, the length of channel L, filled with granular
material, corresponded to 0.6 m for a larger weight of claydite and rubble, and 0.52 m for a smaller
weight. During the experiment, the temperatures of the air and particles were determined at the
level of x—L.

Based on the obtained results, the influence of heating duration, the weight of filling, input
temperatures, and gas medium consumption on the temperature of the solid and gas components
was analyzed. The obtained data were used to compute transferred heat Q and mean heat output
factors.

The developed and tested calculation procedure is the basis of the creation of a soil
regenerator, realizing the idea of heat accumulation by a layer of particles in the daytime and its use
to heat the air in a greenhouse at night. The necessary component of the procedure of thermal
design calculation of a soil regenerator with a fixed dense layer is the dependence for calculation of
heat output factor. It was not possible to find in literary sources the dependence applicable to the
explored particular case of heat exchange between a fixed dense layer and a gas flow. That is why
the ultimate goal of the experiments was to obtain an empirical dependence for the intercomponent
heat exchange factor. The duration of each experiment was determined by the condition of reaching
a stationary mode, in which the temperature of the layer of material at all control points was set
constant in time. The obtained empirical data determined the mean heat output factor:
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where Fint is the area of the surface of particles taking part in intercomponent heat exchange, Atiog is
the logarithmic mean pressure between the temperatures of gas medium and particles. The area of
the intercomponent heat exchange surface is the area of the surface of all particles in the heat
exchange channel. As a result of generalization of the experimental data, using Origin 9 program,
we obtained the dependence in a dimensionless form for calculation of intercomponent heat
exchange factor that is average by channel length (2):

4,83 . 5,37

GgCpgT) GyCpg'T
—1,63{0,23—&] -1,32.[1,47_&}
1+10 mcs 1410 m-c

where ¢pg is the thermal capacity of the air, cs is the thermal capacity of particles, i is the

M, o is the coefficient of

Nu=|0,39- .Re%8 Pr0’43, (2)

weight of loaded material, t is the time, Nusselt number Nu =
Y

w, -d,

particles’ shape, determined according to recommendations [1], Reynolds number Re = y

9
includes filtration rate ws, that is, air velocity in relation to the hollow cross-section of the channel.
The equivalent diameter of particles de, was chosen as determining because this magnitude
determines the gas flow distribution between particles and heat exchange intensity.

The dependence allows calculating oy at assigned moment t during heat exchange between gas
medium and granular material in the channel. Conditions of application of dependence (2) are the
following: granular material — rubble and claydite with thermal capacity ¢s=750 J/(kg-K) for rubble
and ¢s=840 J/(kg'K) for claydite, the gas temperature at the inlet of the device t;=30-50°,

consumption G¢g=0.010-0.06 kg/s. The relative error of the formula is 12.5 %.

Information sources
1. Solodka, A., Volgusheva, N., Boshkova, 1., Titlov, A., Rozhentsev, A. (2017). Investigation of
heat exchange in a blown dense layer of granular materials. East-Europ. J. of Enterprise
Technology, 5, 8 (89), 58-64.
2. Adeyanju, A., Manohar, K. (2009). Theoretical and Experimental Investigation of Heat Transfer
in Packed Beds. Research Journal of Applied Sciences, Vol. 4(5), 166-177.
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Ksacuuubkuii B.A., 3yokosa 3.C., Xniea O.51.
Opnecbka HalliOHAJIbHA aKajieMist Xap4YoOBHUX TeXHOJIOTii

Eneprosz0epexeHHst - 0Ha 3 OCHOBHUX 3aBJ/IaHb, 1[0 BHPILIYIOTHCS CBITOBOIO CIIJIBHOTOK B
naHui yac. B YkpaiHi 0OCHOBOIO peai3allii eHepreTH4Hoi CTparerii € 3 OAHOro OOKY MiJBUILCHHS
e(eKTUBHOCTI BHUKOPUCTAHHS TPAAWIIMHUX CHEPreTHYHUX PECypciB - rasy, Byriuii, HapTH,
riJpoeHeprii, A1epHOro MaaKBa, 3 iHIIOro - 3HWKEHHs 3aJ1€KHOCTI BiJ iMIOpTY eHeproHociis. [Ipu
BOMY BIPOBA/DKCHHS BiIHOBIOBAJbHUX JDKEpPET €HEprii B pi3HI ramys3i MPOMHCIOBOCTI Ta
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