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Abstract. The share of thermal energy in the total energy balance of rural areas is
about 90%. A considerable amount of it is spent on the heat supply of the premises of
livestock complexes. For example, breeding poultry under industrial conditions is
characterized by a large concentration of poultry on the premises and involves the
creation of bulky poultry complexes. This necessitates compliance with the special
requirements for ensuring the required temperature regime in order to obtain high
productivity of poultry at lower specific feed costs per unit of production. Due to poor
temperature parameters in the poultry house, the potential productivity of the poultry is
only 20-30% of the total productivity. There is an increase in metabolism, accompanied by
an increase in feed costs. When breeding poultry meat breeds the deviation of the air
temperature from the required value by only one degree leads to a marked decrease in the
productivity of the poultry. Therefore, the task of modern systems of heat supply of poultry
premises is to maintain the necessary temperature parameters in the location of poultry
with quality control of air temperature as the poultry grows, which will significantly
reduce energy consumption. The design of a local heating system, which is able to provide
the necessary zoo hygienic requirements in the location of the poultry and a new way of
growing poultry - modular poultry farming was proposed. With this method of keeping the
poultry, the specified temperature conditions are created and a certain microclimate is
required to ensure the zoo hygienic requirements with possible efficient and economical
use of energy resources during economically justified period of normal operation. The
paper justifies the feasibility of using energy-efficient technologies based on infrared
radiation. Efficiency of application of the module for growing poultry with infrared
radiator and forced ventilation system was confirmed. The field of influence of the exhaust
outlet was studied and investigated under field conditions. It is established that the outlet
operation does not affect the overall distribution of air flow in the module, since the radius
of the suction torch is 0.16 m with a maximum exhaust air flow rate of 880 m®h. Based on
studies conducted on the efficiency of the exhaust outlet, it is found that the amount of heat
recovered from the exhaust air is 30% of the heat output of the infrared heater.

Key words: infrared heater, exhaust outlet, suction torch, module for poultry
breeding.
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Actuality. One of the important issues in Europe's energy policy is the economical
use of energy to support technological processes in various industrial and agricultural
sectors. European Commission provides data on active growth in agricultural
consumption, which in turn leads to an increase in funds of maintaining the agro-industrial
complex [1]. As a result, there is a need for rational provision of energy resources for
agro-industrial facilities, in particular poultry houses, including poultry when breeding
poultry for meat (fig.1).
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Fig.1. Financing of the European Union for Agricultural Objects

The share of thermal energy in the total energy balance of rural areas is about 90%. A
considerable amount of it is spent on the heat supply of the premises of livestock
complexes. For example, breeding poultry under industrial conditions is characterized by a
large concentration of poultry on the premises and involves the creation of bulky poultry
complexes. This necessitates compliance with the special requirements for ensuring the
required temperature regime in order to obtain high productivity of poultry at lower
specific feed costs per unit of production.
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Analysis of recent research and publications. In Ukraine and abroad researches of
systems of heat supply of the industrial complexes, to which the poultry houses belong,
have been engaged for a long time. The greatest contribution to the development of theory
and practice in this direction was made by scientists: Draganov B.H., Aerts J.M.,
Berckmans D., Kokorin O.J., Clausen G., Delmote C. etc. In these works, the influence of
various factors on the thermal regime of the premises was established. This made it
possible to analyze the existing heating systems for cellular retention of poultry [1...7].

The purpose of this publication is to investigate the effectiveness of the heat supply
system of a broiler house and propose a new design for improving the energy efficiency of
the facility.

The system of heat supply of the house. Due to poor temperature parameters in the
poultry house, the potential productivity of the poultry is only 20-30% of the total
productivity. There is an increase in metabolism, accompanied by an increase in feed
costs. When breeding poultry meat breeds the deviation of the air temperature from the
required value by only one degree leads to a marked decrease in the productivity of the
poultry. Therefore, the task of modern systems of heat supply of poultry premises is to
maintain the necessary temperature parameters in the habitats of poultry with quality
control of air temperature as the poultry grows, which will significantly reduce energy
consumption.

Air heating systems with modernized heating and ventilation equipment and
automatic equipment are widespread among modern systems of heat supply for broiler
houses. Such systems are widely used in Europe.

Air heating system of poultry house (fig. 2) is used both for floor and cellular
maintenance of the poultry [2]. The main components of this scheme are exhaust window
fans, installation of which is carried out in wall openings along the entire length of the
poultry house in the required amount, and also inlet roof fans or inlet mines, if mechanical
inlet is not required.

This heating system works according to the scheme "inlet through the roof - exhaust
through the window openings"”. As a result of such a system, the supply air is mixed with
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the pre-heated under the ceiling [3, 4]. This ensures a uniform heating of the entire area of

the poultry house.
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Fig.2. Heating and ventilation system of the poultry house:
1 — exhaust window fan; 2 — inlet roof fan; 3 — air heater; 4 - automatic ventilation control

station

Modular way of growing the poultry. The operation of the air heating system is
based on providing the required temperature in the room, creating a large air exchange
and, as a result, increasing the heat load on the ventilation system. In addition, such a heat
supply system contributes to the rapid spread of infection in the poultry house, which is a
negative phenomenon when poultry is growing.

Therefore, the design of a local heating system, which is able to provide the
necessary zoo hygienic requirements in the habitat of the bird and a new way of growing
poultry - modular poultry farming was proposed.

With this method of keeping the poultry, the specified temperature conditions are

created and a certain microclimate is required to ensure the zoo hygienic requirements
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with possible efficient and economical use of energy resources during economically
justified period of normal operation [5, 6, 7]. The poultry is located in the module from the
first day of breading. The technological process of keeping the poultry takes 60 days when
breading the young poultry for meat. At the end of the production cycle, the average live
weight of broilersis 1.2...1.4 kg.

The module is heated by an infrared heater, which will provide the necessary
temperature conditions for the broiler from the first days of life. In addition, an infrared
heater will create a dynamic microclimate, which will meet the required parameters as the
poultry grows. An exhaust outlet is located above the infrared heater, which is designed to
remove contaminated air from the module. Also an exhaust outlet will be able to remove
the fraction of convective heat from the heater. In the future, this useful heat will be used
in the inlet and exhaust ventilation installation for heating the supply air. The supply air
goes through the static pressure chamber and the air distributor to the module, thereby

ensuring the supply of fresh air evenly at a permissible speed of 0.1 - 0.3 m/s (fig.3).

Fig.3. Heating and ventilation system of the poultry house with modular breeding of
poultry:

1 - infrared heater; 2 — exhaust outlet; 3 — air distributor; 4 — module for growing poultry;
5 — static pressure chamber; 6 — supply air duct; 7 — exhaust air duct; 8 — ventilation unit
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By using this method of growing it is possible to achieve greater conservation of the
livestock of the poultry and increase its weight gain, because the poultry is located in one
place throughout the process and moves little. Also, infrared radiation has a positive effect
on it well-being, because it provides the necessary zoohygienic conditions directly in the
technological area, which is very important in the first days of the poultry's life.

From an economic point of view, when using infrared heaters, energy savings are 40
- 50%, compared to other heating systems. The use of an exhaust outlet over an infrared
heater as an element of the supply and exhaust ventilation system with heat recovery will
significantly save energy when heating the supply air.

Investigation of the design of the exhaust outlet. The design of the exhaust outlet
with an infrared heater was patented [8]. The scheme of the construction is shown in Fig.
4,
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Fig. 4. Design features of an exhaust outlet with an infrared heater:
1 —infrared heater; 2 — exhaust outlet; 3 — exhaust pipe

After switching on the device from the surface of the rectangular ceramic plate

infrared heater 1 radiates heat fluxes. Simultaneously with the heating, the polluted air is
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localized and removed from the poultry's stay area by the exhaust outlet 2 through the
exhaust pipe 3, which is connected by a duct to the exhaust ventilation system.

The use of the proposed design of an infrared heater with an exhaust umbrella
results in more efficient removal of contaminated air, and therefore the amount of heat, by
increasing the range of the suction torch. There is a uniform distribution of isolines around
the perimeter of the suction hole.

The results of the studies can be represented graphically. The amount of heat
removed by the outlet is determined by the heat power Qpeser, W and the exhaust air flow
rate, Loy, M/h.

A graphical representation of the results of the experimental studies is shown in Fig.

QOU'[! W
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Loy, M/h 400

Fig. 5. Dependence of the amount of heat removed Q,y:, W from the heat
output of the infrared heater, Qpeater, W and exhaust air consumption Loy m*/h

The amount of heat removed by the exhaust outlet, Qq, W can be determined

depending on the exhaust air flow rate, Loy, m/h at a certain power of the infrared heater
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Qheaters W. At a thermal power of 400 W, the formula for determining the amount of heat

recovered looks like:

Q. =3.75+0.029- L, , W. (1)
At the thermal power of the heater 800 W:

Q, =12.5+0.185-L ,, w. (2)
At the thermal power of the heater 1200 W:

Q,: =0.43-L,,—-0.16  w. (3)

The highest amount of heat removed by the exhaust outlet is observed at the
maximum thermal power of the radiator and the maximum amount of exhaust air that is at
the largest cross-sectional area of the fan nozzle.

The graphical results of the experimental studies can be summarized by obtaining an
approximate dependence:

Q,, =187.13+160.38 Jeaer 890 5 5g Loy =790
400 90

+18.23 Qheater —800 . I—out —790
400 90

Variation intervals for input factors are used in this dependence: Qu W at

(4)

400 W < Q. < 1200 W, 700 m*h < L, < 880 m¥h.

From the above dependence it is seen that the greatest influence on the amount of
heat removed by the exhaust outlet has the thermal power of the heater Qpeser, W. The
“plus” sign near the coefficient indicates that the higher the power of the infrared heater,
placed under the exhaust outlet, the greater the amount of heat localized by the outlet.
With constant values of exhaust air and an increase in the heat output of the heater from
800 W to 1200 W, the amount of utilized heat will increase almost twice.

Conclusions and Prospects. The article justifies the feasibility of using energy-
efficient technologies based on infrared radiation. Efficiency of application of the module
for growing poultry with infrared radiator and forced ventilation system was confirmed.
The field of influence of the exhaust outlet was studied and investigated under field
conditions. It is established that the outlet operation does not affect the overall distribution

of air flow in the module, since the radius of the suction torch is 0.16 m with a maximum
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exhaust air flow rate of 880 m*/h. Based on studies conducted on the efficiency of the
exhaust umbrella, it is found that the amount of heat recovered from the exhaust air is 30%

of the heat output of the infrared heater.
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3ACTOCYBAHHSA EHEPITOE®EKTUBHUX OMMAJIFOBAJIBHUX
CUCTEM B IITAHIHUKAX
H. A. Cnoouniox

AHoTanis. Yacmxa mennosoi enepeii 6 3a2anbHOMY eHepeemudyHoOMYy Oalauci
cinbcovkoi micyegocmi cmanogums O1u3bko 90 %. 3uauna ii wacmuna sumpavacmocs Ha
MenjionoCmayants NpuMiujenb MmMeapuHHUYbKuUx Komniaekcie. Hanpuxnao, po3zeeodemnms
nmuyi 8 NPOMUCTIOBUX YMOBAX XAPAKMEPUZYEMbCS BEIUKOI0 KOHYenmpayiclo ii 8
npuMilyeHHsax i nepeobayac cmeopenHs 00'eMHux nmawunux Komniekcie. Lle symoenioe
OOMPUMAHHS CNEeYIaNbHUX BUMO2 WO000 3a0e3neyeHHs HeoOXIOH020 MmeMNnepamypHo2o
PEeNCUMY 3 MEMOI0 OMPUMAHHS BUCOKOI NPOOYKMUBHOCMI NMUYL NPU MEHUWUX NUMOMUX
BUMPAMAX KOPMI6 HA 00uHuyro npodykyii. Yepes nozcani memnepamypHi NOKA3HUKU &
NMAWHUKY NOMeHYyitHa npodykmusHicms nmuyi cmanosums auuie 20-30 % 6i0 3aeanvhoi
npooykmugeHocmi. Biobyeaemuvcs 30invuienus memabonizmy, wo CynposooNCYEMbCs
30inbUeHHAM eumpamu Kopmie. Ilpu po3zeedenui Mm'sichux nopio nmuyi Gi0OXUeHHs
memnepamypu nogimpsi 8i0 HeobXiOH020 3HAYEHHS auule HA 00UH 2padyc NPU3B00UmMs 00
NOMIMHO20 3HUMNCEHHS NpoOyKmugHocmi nmuyi. Tomy 3a80aHHAM CY4ACHUX CUCMEM
MenjionoCmayantsi NPUMiujeHb NMAWHUKIE € NIOMPUMKA HeOOXIOHUX MeMNepamypHux
napamempié y po3mauly8aHHl nmuyi 3 KOHMpOJIeM SAKOCMI memnepamypu noeimpst npu
3pOoCmaHHi  nmuyi, WO 3HAYHO 3MEHWUMb CHONCUBAHHS eHepeli. 3anponoHo8aHo
PO3pOOJIeHHs JIOKANbHOI cucmemu ONAJeHHs, sKa 30amua 3abe3nedumu  HeoOXiOHI
2ICIEHIYHI BUMOSU WOOO PO3ZMAULYBAHH NMUYI MA HOBUU CHOCIO 8UPOWYBAHH NMUYIL -
MOOynbHe eupowyyeanHs. llpu makomy cnocobi ympumauHs nmuyi 3a0e3neyyromscs
He0OXIOHI memnepamypHi yMosu i HeOOXIOHUL NeGHUll MIKPOKIIMam 05 3abe3nedeHis
3002I2ICHIYHUX BUMO2 3 MONCIUBUM ePEeKMUBHUM MA EKOHOMIYHUM BUKOPUCTNAHHAM
eHepaopecypcié  NpOmMASOM — eKOHOMIYHO  OOIPYHMOBAHO20  NEpiody  HOPMANbHOL
excniyamayii. YV pobomi  obipynmoyemuvcs  MOMCIUBICML  GUKOPUCHAHHS
eHepeoepekmuHUx — MexHONo2iU HA  OCHOGI  IHPPAYEPBOHO20  BUNPOMIHIOBAHHSL.
Iliomeepooiceno eexmusnicmo 3acmocy8anHs MoOOVIsL 0N SUPOWLYBAHHS NMUYL 3
iHppauepsonum onaneHHAM ma cucmemor npumycoeoi eenmunayii. Illone enaugy
BUNYCKHO20 OMBOPY OVII0 8UBUEHO Ma O0CHI0NCeHO 8 HaAMYPHUX ymoeax. Bcmamnoeneno,
Wo poboma GUNYCKHO20 OMEOPY He BNIUBAE HA 3A2ANbHUL PO3NOOLN NOGIMPAHO20 NOMOKY
8 MOOYN, OCKIIbKU paldiyc BCMOKMY8AIbHO20 akena cmanosums 0,16 m npu
MAKCUMANbHIU WBUOKOCMI NOMOKY 8IONpaybosanozo nosimps 880 M1200. Ha niocmagi
npoBeOeHUX O00CHI0NCEHb U000 epheKMUBHOCMI BUNYCKHO20 OMBOpPY, 8CMAHOBIEHO, WO
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KLbKicmb  8i08edenoco menia 3 6ionpaybosaroco nosimps cmauvosums 30 %
menyogioodayi inhpauepsonozo Hazpisava.

KurwouoBi ciioBa: ingppauepeonuii nazpisau, 6unyckHuil omeip, 6UmMAMNCHUIL 30HM,
MOOYb 071 BUPOULYBAHHA NMUUIL

HNPUMEHEHUE SJHEPT'OO®®EKTUBHbBIX OTOIMUTEJBHBIX CUCTEM
B ITUYHUKE
H. A. Cnoountox

AHHOTAIUS. /[0/151 Mennosot sHepeul 8 0owem IHepeemuueckom baiance ceibCkou
mecmuocmu cocmaegnsem oxono 90 %. Yacme ee pacxodyemcs ma mennocHabiceHue
nOMewjeHUll  HCUBOMHOB00UeCKUX Komniaekcos. Hanpumep, pazeedenue nmuyvt 6
NPOMBIULTIEHHBIX YCI0BUAX XAPAKMeEPU3yemcs 601buol KOHYeHmpayuel ee 8 NoMeueHusx
u npedycmampueaem co30aHue O0OBLEMHbIX NMUYbUX KOMHIIEKCo8. Dmo Npusooum K
COONI0OeHUI0  CNeyuarbHulx  mpebosaHuti  no  obecnedyeHuro - HeoOX00UMO20
MeMNEPAMYPHO20 PENCUMA C Yelbl0 NOJYYeHUsl 8bICOKOU NPOOYKMUBHOCMU NIMUYbL NPU
MEHbLUWUX VOEeIbHbIX 3ampamax KopMo8 Ha eOuHuyy npooykyuu. Hsz-3a nioxux
memMnepamypHvix noxazamenell 8 NMUYHUKe NOMEHYUANbHAS NPOOYKMUBHOCIbL NIMULbL
cocmasnsem auutv 20-30 % om obweti npouzgooumenvHocmu. Yckopenue memaboauzma
CONpoBOIAICOAemMcs yeeaudenuem 3ampam xkopmos. llpu pazeedenuu MACHbIX NOPOO NMUYbL
OMKJIOHEHUsT MeMNepamypbi 8030yxXa om mpedyemo20 3Ha4eHus Mmoabko HA 0OUH 2paodyc
NpUBOOUM K 3AMEMHOMY CHUJICEHUIO Npoodykmuenocmu nmuysl. Ilosmomy 3adaueil
COBPEMEHHBIX CUCMEM MENIOCHADICEHUS NOMEeWeHUI NMUYHUKOG SBISLeMC L NOO0EPIUCKA
HeoOX00UMbIX MEeMNEPAMmypPHbIX NAPAMEMPO8 6 PACHONONCEHUU NMUYbl C KOHMPOIeM
Kauecmea memnepamypsi 8030yxa no mepe pocma nmuybsl, 4mo 3HAYUMenIbHO YMeHbUUM
nompebaenue snepeuu. Ilpednodcena pazpabomka JNOKANLHOU CUCMEMbl OMONIEHUs,
Komopasi cnocobna obecnedums HeoOX00uMbvle ucueHuveckue mpebo8anusi no
PasmeujeHuio NMuYbsbl U HO8bll CNOCOO 8bIPAWUBAHUSA NMUYBL - MOOYIbHOE 8bIPAUUBAHUE.
Ilpu  makom cnocobe cooepyxcanus nmuysbl 00ecneyusarmcs  Heobxooumvle
memnepamypHvle YCi08usi U HeoOX00UM ONPeOesleHHblL MUKPOKAUMAm OJisi 0becneueHust
3002UcUeHUYECKUX MPeOOBAHUNl C  BO3MOJNCHLIM  IPPEKMUBHLIM U  IKOHOMUUHBIM
UCNONIL308AHUEM IHEP2OPECYPCO8 8 MeYeHUU IKOHOMUUECKU OOOCHOBAHHO20 Nepuood
HOPMANbHOU IKCnayamayuu. B pabome obocrnosvieaemcs 603MOMCHOCMb UCNOIb30BAHUSL
IHEP2OIPPEKMUBHBIX ~ MEXHONO2UU  HA  OCHOB8e  UHMPAKPACHO20 — U3NYYeHUs.
Iloomeepoicoena s¢pexmusrnocmov npumenenuss Mooyis 01 BblpAUUBAHUS NIMUYbL C
UHDPAKPACHBIM OMONTIeHUeM U CUCIeMOU NPUHYyOumenvHou eenmunayuu. llonsa enusHus
8LINYCKHO20 OMBepCmusl ObLIU U3YUEHbl U UCCIe008AHbL 6 HAMYPHBIX YCIOBUSX.
Yemanosneno, umo paboma evinyckHo2o omseepcmus He ausem Ha oduee pacnpeoeieHue
8030YUIHO20 NOMOKA 8 MOOYJe, NOCKOJIbKY PAouyc 8cacvlearoueco akeia cocmasgisiem
0,16 M npu maxcumanbHoOU CKOpocmu nomoxa ompabomanuo2o 6030yxa 880 wmluac. Ha
OCHOBAHUU NPOBEOEHHBIX UCCNe008AHUL NO IPHEKMUBHOCMU BbINYCKHO2O OMEepCmusl,
YCMAHOBNIEHO, YMO KOJIUYECMBO OMBEOeHHO20 Menia u3 ompadomaHHo2o 6030yXa
cocmasnsem 30 % mennoomoauu uHppakpacnozo obozpesamens.
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KiawoueBble ciaoBa: ungpakpacuuiii o60zpesamesnv, 6bINYCKHOEe Omeepcmue,
GLIMANCHOU 30HM, MOOY/Ib OJ1 BLIPAUWUBAHUSA NHLULbL
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