UDC 697.92

V.M. Zhelyh, Ch.R. Kozak, Yu.V. Furdas, N.A. Spodiniuk, O.l. Dzeryn
Lviv Polytechnic National University,
Department of meat and gas supply and ventilation

ENERGY SAVING TECHNOLOGIESIN PRODUCTION COMPLEXES

FOR AGRICULTURAL PURPOSE
© Zhelyh V.M., Kozak Ch.R., Furdas Yu.V., Spodiniuk N.A., Dzeryn O.1., 2013

The basic power problems of current time both in the world and in Ukraine in general
are submitted. Combined of the farms heating supply system based on module with infrared
heating, bioreactor and air solar collector is proposed. Research on studying the possibility of
using the ther mosyphon solar collector for thermal control in a bioreactor is presented.
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BucsitiieHo HUHIIIHI OCHOBHI eHepreTM4Hi mpo0jemMu B CBiTi Ta B YKpaiHi 3araiom.
IIpononyioTbesi KOMOIHOBaHI cHCTeMM ONAJIeHHsl, OCHOBaHi Ha MoayJai 3 iH¢payepBoHUM
00irpiBom, OiopeakTopoM i COHTUHMM KoJeKTOpoM. JlocainKeHo MOKIUBOCTI BUKOPUCTAHHS
TepMOCH()OHHOT0 COHSIYHOT0 KOJIEKTOPA /IJIsl TENJI0BOr0 KOHTPOJIIO B 0iopeakTopi.

KarouoBi cioBa: eHepro3depeskenHsi; KOMOiHOBaHa cucTeMa ONajleHHs; iH(ppayepBoHe
onajieHHsl; OiopeakTop; Giomaca; TepMocuOH COHSIYHOTO KOJEKTOpA.

Introduction

At present, in all over the world, the problems of using available and ecological energy is of rising
unterest. Reserves of oil and coal are limited, a significant rise in price of conventional energy sources
undermines the global economy. Currently, one of the major challenges in the energy sector of Ukraine is
the application of significant efforts to improve energy security, increased use of its own renewable energy
resources, reduce the harmful effects of energy on the environment.

The most economical and efficient for livestock heating is air heat generator by which the premises
are heated by excessive circulation of air masses. These systems can be used to heat the premises, which
hold adult animals. However, this method is not suitable for plants where young animals are, as created
high excess air velocity is harmful for animals and birds.

One of the most effective and proven waysto solvethis problem isto install combined heating systems.

Currently, the combined systems are often used to provide heating and hot water for administrative and
resdential buildings. However, asignificant proportion of the energy are consumed by agricultural complexes and
farms, due to the need for continuoudy maintenance of comfortable conditions in livestock buildings. Infrared
heating systems that maintain a comfortable temperature in the premises for growing young animals, and in places
of detention for adult animals are widely spread among the systems providing microclimate.

Additional economy of energy resources can be achieved by installation of recuperators, heat
exchangers, solar air heaters for background reheating of external forced air and etc. When designing
agro-industrial complexes it should also pay attention to the problem of disposal of animal waste. This can
be solved by use of bioreactors for the production of biogas as a source of heat infrared emitters.

The purpose and obj ectives of the study.

Theoretical and experimental justification for the use of solar heaters to maintain the thermal regime
in the biogas plant.
Analytical research.
InFig. 1itis presented a principle scheme of the proposed combined heat supply system of livestock
buildings.
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Fig.1 Scheme of combined heat supply of livestock buildings
SYSTEM 1 —infrared heating system; SYSTEM 2 — biogas plant; SYSTEM 3 — thermosiphonsolar collector.
1 —growing module, 2 —infrared heater, 3 —exhaust hood, 4 — discharge air duct, 5 —air diffuser, 6 — homogenizer,
7 —fecal purmp, 8 — bioreactor, 9—valve, 10 —gas pipeline, 11 — supply conduit; 12 —return pipeling 13 — pump, 14
— thermosiphon solar collector, 15 —warmair, 16 —cold air, 17 — heat exchanger

Principle of operation of the proposed system (fig. 1) consistsin following:

Hesating in the module of growing 1 is carried out with an infrared heater 2. Heat-, moisture- and gas-
revenues from the module removed through the exhaust hood along the discharge air duct 4. The movement of air
inthemoduleis provided by air diffusers 5. Waste from animals who are in the modul e enters in a homogenizer 6,
from wherefecal pump 7 entersiit into the bioreactor 8, where due to the anaerobic fermentation produced biogas,
which is fed through the gas pipdine 10 to infrared heater 2. The process of biogas formation requires the
meaintenance of a specific temperature in the tank of bioreactor. For this purpose uses air solar collector 14 and the
heat exchanger 17. Heated in the solar collector and volume of module air flows into the heat exchanger 17 where
it gives off heat to the coolant and by the pump 13 through the supply conduit 11 flows into a biogas plant. Cooled
air returned to the thermosiphon solar collectors for reheating.

In traditional systems infrared heaters run on natural gas, and in the biogas plants biomass heating is
carried out by means of the boiler. The proposed system is fully energy-efficient. One of its advantages is
the use of waste products of animals and birds for the bioreactor work, which contributes not only the
production of biofuels, but also solves the problem of disposal of organic waste.

The results of research.

In this paper the possibility of using thermosyphon solar collectors for for ensuring thermal regime
in the bioreactor during the year is considered.

Fig. 2, a shows a mathematical model of household experimental bioreactor with a volume of 1 m®,
Principle of operation and design features of the proposed biogas plant are described in detail in[2].

Computer model of the thermosyphon solar collector is shown in Fig. 2, b. The principle of solar air
heater operation is based on the greenhouse effect and the principle of thermosyphon, i.e. system works
dueto the natural gravitational forces[3].

a) B)

Fig. 2 Computer model of biogas plant (a) and thermosyphon solar collector (b)
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Fig. 3 shows the dependence of the heat capacity of a vertically mounted thermosyphon solar
collector from the intensity of solar radiation in Juneto 48 ° N [4]. Under these conditions, the maximum
amount of the produced heat was 335 W at 9 am. at the intensity of the heat flux 535 W/nr.

Fig. 3. Dependence of the thermal power of air solar collector from solar radiation intensity, I, W/n¥,
in the range from 5 to 12 hours a day in June

The nature of the values is explained by changing the position of the sun relative to the vertical plane
of the absorption plate of thermosyphon air heater.

Fig. 4 shows the typical dependence of heiocollector’s power, Q, W, from the temperature
difference of cold air in the experimental modules and heated air after heliocollector, At, ° C, and its
volumetric flow rate, L, m¥hr.

Fig. 4. Bioreactor heat loss during a day in June

Comparing the obtained data of the amount of heat required for the anaerobic fermentation of
biomass and thermal power of thermosyphon solar collectors with a total area of 6 m?, the graph shown on
Fig. 5 wasreceived.
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Fig.5 Comparison of the thermal power of air solar collector with absorption area 6 n with the need of heat for the
bioreactor during the year 1 —thermal power of thermosyphon solar collector, kW, 2 —the total need in warm for
bioreactor, kW, S—the amount of stored energy, KW h.

Note, that the thermal power of solar air heaters fully cover the needs of bioreactor in warm during 6
months. As can be seen from the graph in the period from april to september it has been an influx of excess
heat, thereforeit is expedient to install accumulator of energy for consumption of the stored heat at night.

To determine the amount of accumulated hest it is necessary to find the area of a shape S. Shaded

figure is bounded by functions y =-29.6:x* +372.72-x - 631.4 andy =10,5%” - 145.8xx +680.2in
therange [3.5; 9.5]. Integrating of the above mentioned dependencies gives their difference:
9,5
(‘j- 29,6 %% +372,7 % - 631,4- (10,5%c? - 1458 xx + 680,2))dx = 3090 xW xhour
35
Thus, the amount of stored for 6 months energy is equal to 3090 kW-h. Accumulated heat can be
used at night time and cloudy days when the amount of solar radiation is insufficient.

Conclusions
Energy-saving system of combined heat supply to livestock buildings are proposed. The possibility of using
the solar heaters to maintain the thermal conditions in the bioreactor is confirmed by analytical way.
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