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The efficiency of animal husbandry directly depends on the conditions
of keeping animals, in which ensuring an optimal microclimate is extremely
important. Thus, the productivity of animals by 10-30% is determined by the
microclimate of the premises. Deviation of microclimate parameters from
the established limits leads to reduction of milk yield by 10-20%, increase
in live weight — by 20-33%, increase in young animals — up to 5-40%,
reduction of egg production hens — by 30-35%, the cost of the additional feed,
reducing the service life of machinery, equipment and buildings themselves,
reducing the resistance of animals to disease. In turn, ensuring an optimal
microclimate in livestock facilities is associated with significant costs of
heat and electricity, which costs up to 15% of producers. During the heating
period, heat generating devices of livestock facilities for various purposes
consume up to 90% of the total cost of fuel and energy resources and even
a partial reduction of these costs will significantly reduce energy costs for
production, and thus reduce its cost. The ever-increasing cost of energy
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complicates the situation and exacerbates the problem of implementing
energy-saving technologies, as well as highlights the economic problem of
reducing specific energy consumption for livestock production.

The purpose of research is to increase the efficiency of the microclimate
in pig farms by using an automated control system with reasonable regime
parameters. To achieve this goal it is necessary to solve the following tasks:
to analyze the technical and technological support of the microclimate in
livestock facilities; to carry out research of parameters of a microclimate in
a pigsty and identify areas for improvement of the system to ensure it; to
determine the influence of design and regime parameters of the automated
system of microclimate in the pigsty on its energy efficiency and uniformity
of temperature distribution in the building.

The method of theoretical research is mathematical modeling of the
process of functioning of the automated system for ensuring the normative
parameters of the microclimate in livestock facilities based on the provisions
of heat engineering and aerodynamics using numerical calculation methods.
The Mathematica computer mathematics system was used to simplify the
obtained expressions and mathematical modeling.

1. Introduction

One of the factors influencing the efficiency of animal husbandry is the
conditions of keeping animals, in which ensuring an optimal microclimate
is important.

The microclimate has a significant impact on the efficiency of pork
production. Changes in the composition and properties of indoor air can
affect the body’s reactions. Therefore, in order to improve the health and
productivity of animals, as well as to protect against many diseases, it is
necessary to take into account changes in the air, their impact on the body
and methods of controlling and improving air conditions. Failure to comply
with the conditions leads to a violation of temperature homeostasis, reduced
productivity, body resistance, disease and even death of animals.

Thus, according to previous studies, the productivity of animals by
5-8% is determined by the microclimate of the premises. All deviations
from the normative conditions of the air environment negatively affect the
development of the animal and its productivity. In turn, it is known that
the traditional provision of optimal microclimate for animals in order to
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obtain high productivity from them is associated with high costs of heat and
electricity, which costs up to 15% of the funds of producers.

Therefore, the issues of improving automated energy-saving systems in
compliance with the optimal conditions of the microclimate in livestock
facilities are relevant and require scientific justification.

2. Current state of the problem of providing normative parameters
of microclimate in animal premises
2.1 Microclimate and its parameters

The microclimate is determined by the combination of temperature,
relative humidity, chemical and mechanical composition of the air. Each of
these indicators alone has a significant impact on animal productivity and
should be maintained within strict limits, due to the physiological needs and
capabilities of animals.

The microclimate is determined by the combination of temperature,
relative humidity, chemical and mechanical composition of the air. Each of
these indicators alone has a significant impact on animal productivity and
should be maintained within strict limits, due to the physiological needs and
capabilities of animals.

The microclimate in the premises depends on the local (zonal) climate
and season, thermal and moisture resistance of building envelopes,
ventilation, lighting and heating, sewerage and manure cleaning quality,
technology of keeping animals, their species and age.

The main parameters of the microclimate of livestock facilities are
regulated by the norms of technological designing .

The room temperature for breeding boars should be indoors — from
13 °C to 18 °C, for pregnant sows — from 13 °C to 18 °C, for suckling —
from 18 °C to 22 °C, for repair young stock — from 18 °C to 22 °C, for
weaned piglets up to 30 days — from 24 °C to 30 °C, in 60 days — 22 °C,
for piglets on rearing — from 15 °C to 20 °C, for fattening young animals
depending on age — from 12 °C to 20 °C. With local heating of piglets in
the first week of life, the temperature in the building should be 30 °C, in
the second — 28 °C, in the third — 26 °C, in the fourth — 24 °C, in the fifth —
24 °C. Naturally, such parameters of the microclimate at real energy prices
require high costs, but these are the most favorable conditions for the life
of suckling piglets [1].
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At low temperatures the body’s heat transfer increases, as a result of
which animals consume more food, and at temperatures below the critical
temperature, the body does not have time to produce heat from feed
energy, hypothermia, possible colds and even death. At temperatures above
the critical level, the convective heat exchange of the organism with the
environment decreases sharply, so there is a risk of overheating and heat
stroke.

In violation of temperature conditions (hypothermia, overheating) there
is a decrease in natural resistance and the emergence of pulmonary and
gastrointestinal diseases. But sharp fluctuations in temperature during the
day have a stronger negative impact on the body than constantly rising or
falling temperatures, and this primarily affects the young.

In young farm animals in the first days of life protective humoral factors
are poorly developed, the skin and mucous membranes are very sensitive to
pathogenic microbes [2].

Humidity of the environment also significantly affects the
thermoregulation of the animal’s body, and in particular its heat transfer,
and high relative humidity (85% and above) has a negative effect on the
body and heat transfer at high ambient temperatures and low [24].

High humidity suppresses metabolism and redox processes in the body,
reduces the resistance of pigs. When keeping animals in the cold period
of the year in rooms with high humidity, diseases such as bronchitis,
pneumonia, gastrointestinal diseases in young animals are often observed.
High humidity helps to preserve microorganisms in the room, including
pathogenic and fungal microflora, which is often the cause of skin diseases —
ringworm, eczema, scabies, and others. In addition, at high humidity and
low temperatures increases feed consumption per unit of output, animals’
appetite deteriorates. Relative humidity from 60% to 70% is optimum,
at the raised temperature 50% is admissible, lowered — 80%. Thus, in
piggeries with satisfactory feeding of animals, but at high humidity (from
80% to 100%) and low temperature (from 1 °C to 10 °C) in comparison
with optimal conditions, humidity from 65% to 80% and temperature from
10 °C to 32 °C) daily gain of growing pigs is less than 9% to 28%, and
feed costs are from 6 to 12 feed units per 1 kg of growth (instead of 4.5 to
5.5 feed units.) ; care of suckling piglets and piglets for rearing in relation
to the total population from 12% to 28% higher [15].
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The humidity in the building is very important and should be constantly
adjusted depending on the temperature. At low humidity, animals are more
tolerant of high temperatures. Pigs are most resistant to high humidity. At
a temperature of 32 °C pigs weighing 100 kg equally respond to humidity
of 30% and 90%.

The speed of air movement provides air exchange in the premises,
enhances the cooling ability of the air. Therefore, low air velocity leads
to a deterioration of the microclimate, and high can cause colds at low
temperatures. For young animals it should not exceed from 0.1 to 0.2 m/s in
winter and from 0.3 to 0.5 m/s in summer, for adults in winter from 0.3 to
0.5 m/s, in summer from 0, 8 to 1.0 m/s [24].

2.2 Influence of microclimate parameters in piggeries on animal life

The most important indicators of the microclimate are temperature and
relative humidity. These indicators should be used to regulate the heating
and ventilation system.

The pig’s body is covered with a very thin wool cover. It does not actually
protect against external temperature effects. Stable body temperature is
maintained by a thermoregulatory system. To maintain a constant body
temperature, the body expends a certain amount of energy. At the optimum
temperature, these costs are minimal (Figure 1) [24].

At present, genetic companies have significantly increased the leanness
of pork by reducing the thickness of subcutancous tissue — the natural
insulation of pigs, as a result of animals of modern genetics are more
sensitive to lower temperatures [7].

According to research by the Dutch genetic company TOPIGS,
an increase in indoor temperature during insemination of sows to
36 °C caused a decrease in fertility in animals of large white breed
(Z-line) by 30% and in animals of Landrace (A-line) — by 15%
(Figure 2) [9].

Figure 3 shows that at high relative humidity (¢ > 75%) pig growth
decreases (20%) and feed consumption increases (40%) [15].

Dry air (relative humidity below 50%) also adversely affects the animal’s
body, causing irritation of the mucous membranes of the eyes, respiratory
tract, decreased local immunity, increased thirst, and as a consequence, loss
of appetite and absorption of nutrients [24].
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Figure 3. Influence of relative humidity on pig productivity indicators

2.3 Microclimate of modern pig complexes

In industrial animal husbandry, the creation of an optimal microclimate
depends on many factors and is carried out through a number of
compromises. Currently, there are data on the basis of which it is possible
to accurately determine the environmental factors that are necessary for
the manifestation of genetically determined abilities of animals. However,
the provision of a thermoneutral zone is associated with large investments,
high energy prices and has recently required increasing operating costs.
As long as there are no significant changes in pricing, instead of forming
a thermoneutral zone, it is advisable to create an optimal productive
environment, which is a compromise between high production costs
and quantity and quality of livestock products. Given that the size of
investments and operating costs can change significantly in a short time,
the characteristics of the optimal productive environment microclimatic
conditions also can not remain unchanged, even given the fact that the
requirements of animals to their environment do not change during for a
long time [14; 15].
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Modern climate control systems in pig farms include: climate control
computers, sensors of temperature, humidity and gassiness, fans, humidifiers.
At the heart of the microclimate system is the computer that controls all
mechanisms. The computer continuously controls the fans, changing their
performance from 0 to 100%, while providing greater ventilation resistance
to changes in atmospheric pressure and less sensitivity to winds. This allows
you to ensure an optimal indoor climate and is cost effective. It also uses
non-automatic exhaust devices (roof shafts of various configurations; mines
that extract air from manure ducts) and supply devices (roof mines, wall
and ceiling valves, valves, windows [13].

The choice of heating system is associated with the availability of
certain energy resources on the farm. In modern pig breeding, the most
economical devices are direct combustion of fuel in the room (gas, liquid
fuel) and electricity. Blown heat generators are economical. However, due
to technological features, they can be successfully used only in rooms for
keeping single-pregnant sows, boars and pigs for fattening. They create an
intense movement of air, which is unacceptable in the room queen cells
and rearing. In the latter premises, delta-tube water heating registers, finned
heating ribbed pipes and water mats (or floor sections) for heating piglets
lairs, which are supplied with water from a local boiler, have proved to be the
best. Infrared emitters that run on electricity or natural gas are successfully
used in growing rooms. [7].

2.4 Microclimate system based
on negative pressure ventilation system

The most popular microclimate system today is based on a negative
pressure ventilation system. Because it is easier to use and consumes less
energy than any other forced ventilation system.

Microclimate system based on negative pressure ventilation system
(Figure 4) — exhaust, with air flow through valves located in the walls
or ceiling, which automatically open and close with a servomotor in
accordance with the commands of the microclimate controller. Exhaust air
from the room is carried out through the exhaust shafts located in the ceiling
of the premises.

The supply valves direct the air to the central part of the room, mixing
the cold air coming from outside with the heated inside before it reaches
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Figure 4. Negative pressure ventilation system:

1 — microclimate controller; 2 — emergency opening system; 3 —
exhaust shaft; 4 — pipe of the central heating system; 5 — supply valve
in the ceiling; 6 — supply valve in the wall; 7 — nozzle air conditioning
system; 8 — air conditioning pump; 9 — servomotor of the valve drive

the animals. It is important that in the cold season the valves of the supply
valves direct the air to the ceiling, and in the warm — to the machine seats
(Figure 5). To prevent drafts, heaters must be installed under the valves.

Supply valves can also be located along the ceiling. In this case, the
air enters through the roof. Installation of ceiling valves can be used on
large buildings. However, because the distance from the valve to the animal
holding area is small to avoid drafts, the height of the room should be
greater (3 m) than when using other systems.

The negative pressure system can work in conjunction with underground
ventilation. In this case, 30-50% of the exhaust air is removed through
channels located in the underground space of machine tools. Underground
ventilation provides good air quality, as most of the ammonia is removed
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Figure 5. Negative pressure ventilation system operation
in summer (a) and winter (b)

before it has spread throughout the room. The system is gaining popularity
also because it provides good working conditions and can be easily
combined with an air purification system that reduces ammonia emissions
and odors.

2.5 Analysis and classification of technological schemes
of heat utilizers for livestock premises

In order to choose from all known technological schemes of heat
utilizers the most suitable for working conditions in livestock premises,
it is advisable to perform their classification [18]. This approach will
allow when considering each scheme to exclude those common features
that are inherent in this type and focus on distinctive features. In addition,
the classification will summarize the physical properties of this type of
recycler.

There are several ways to classify exhaust heat recovery units. We
use the traditional classification scheme, according to which recyclers are
divided into three groups [19]:

— utilizers with intermediate coolant;

— recuperators;

— regenerators.

The main feature of utilizers with intermediate coolant is the presence of
a circulation circuit with or without a pump, which provides heat transfer of
exhaust air to the supply (Figure 6) [3].

Utilizers with intermediate coolant can be recuperative or contact type
[3]. In the latter case, the intermediate coolant comes into direct contact
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Figure 6. Technological scheme of the recycler with intermediate
coolant: 1 — heat exchange surface; directions of air movement;
2 — from the room; 3 —in the external environment;

4 — from the external environment; 5 — indoors; 6 — pump; 7 — fan

with the heat exchange media. There are also options when in one channel
the coolant is in direct contact with the medium, and in the other channel a
recuperative heat exchanger is used.

Water or other liquid that does not freeze in the operating temperature
range (aqueous solutions of salts, glycols, freons, etc.) can be used as an
intermediate coolant.

The circulation circuit of the systems can be open or closed.

A special group of recyclers with intermediate coolant are heat
exchangers made of heat pipes. The heat pipe is a chamber in which there
is a liquid. One end of the pipe is washed with warm air, the other — cold.
Under the action of the temperature difference at the ends of the tube is
evaporation and condensation of the working fluid, which provides heat
transfer. Heat exchangers made of heat pipes can be of the gravitational
type with the return of the working fluid by gravity (thermosyphons) and
wick, in which there is a capillary effect [21].
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This method of heat utilization provides air exchange without mixing
heat exchange flows, which eliminates the possibility of harmful impurities
from the exhaust air into the supply air, and is recommended for use in
the feasibility study for any type of premises, especially with significant
distance of supply and exhaust ducts [4].

The limited use of heat recovery units with an intermediate transfer
medium is due to the need to use pumps for the circulation of the coolant,
which are of low reliability and require additional energy costs. In addition,
heat exchange units are made of metals that in an aggressive environment of
livestock and poultry premises due to corrosion quickly lose their tightness
and fail, and therefore have a service life of not more than 3-4 years. The
efficiency of such types of utilizers is 60-70% [13].

Switching regenerators are used in exhaust air heat recovery plants
(Figure 7). In such utilizers the nozzle is motionless and is consistently
washed by warm and cold air. Foil, technical cardboard, gravel, etc. are
used as the material of the nozzle.

Known rotating regenerative heat exchangers in which heat transfer is
carried out by the accumulating mass, which passes successively through
the flows of cooling air and heated air [22]. Regenerative rotating heat
exchangers are non-sorption and sorption (enthalpy).

In sorption regenerators, the heat exchange surface is covered with a layer
of sorbent (lithium chloride, etc.), which absorbs moisture from the exhaust
air and transfers it as a result of the process of desorption of supply air.

Regenerative rotary heat recovery units with small dimensions have
a heat recovery efficiency of up to 75-85% and are able to allow large
volumes of air [13]. Such heat recovery units are used for heat recovery
of ventilation emissions both in industrial facilities and in air conditioning
systems of residential and office premises.

The rotors of such heat recovery units are made of anti-corrosion steel
and have a high cost and metal consumption. The main disadvantage of
regenerative heat recovery units is that the condensate formed during heat
transfer, together with pathogenic bacteria and fungi formed on a moist
surface, is transferred to the supply air [4]. In addition, with this method of
heat utilization there is a partial recirculation of polluted exhaust air [23].
These factors make it necessary to increase air exchange almost twice.
Therefore, in rooms with high pollution and humidity of the environment,
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Figure 7. Technological scheme of the regenerative recycler:
1 — heat exchange regenerative surface; directions of air movement;
2 — from the room; 3 — in the external environment; 4 — indoors;
5 — from the external environment; 6 — fan

which include livestock and poultry rooms, to utilize the heat of ventilation
emissions to use regenerative rotary heat exchangers is impractical.
In addition, technical and economic analysis [14] shows that the use of
regenerative heat recovery plants in livestock and poultry facilities is not
justified due to the need to increase air circulation.

In recuperative heat exchangers, heat transfer between air streams is
carried out through the wall that separates them.

Many variants of design decisions of recuperators depending on
conditions of their work are used. Figure 8 shows a diagram of one of the
species with a cross-flow system of coolant movement through the slit
channels. Such heat exchange is stationary and continuous, the structure
of recuperative heat exchangers is simple, there is no collision of supply
and exhaust air flows, there is dry heating of supply air, which is especially
important for moisture-saturated livestock premises. where mixing of flows
and partial return of the fulfilled air in the room is not allowed [20].
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Figure 8. Technological scheme of the recuperator recycler:
1 — heat exchange regenerative surface; directions of air movement;
2 — from the room; 3 — from the external environment;
4 — indoors; S — in the external environment; 6 — fan

Depending on the material from which they are made, recuperators can
be metal, glass, cardboard, plastic, etc.

According to the direction of air flow, recuperative plate direct-surface
heat utilizers are divided into direct-flow, counter-current and cross-flow.
The advantages of recuperative direct-surface heat utilizers include a
relatively large area of the heat exchange surface with small dimensions,
high thermal performance, and simplicity of design makes them reliable
and durable. The efficiency of heat utilization in recuperative plate heat
recovery plants reaches 80-90% [13]. Therefore, for heat utilization in
the systems of providing normative parameters of the air environment of
livestock premises, the most promising are recuperative heat utilizers made
of polymeric materials that are resistant to moisture and chemically active
impurities.
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3. Substantiation of geometry of location of holes
in the air conductor of the microclimate provision system
3.1 Analytical substantiation of the geometry
of the location of the holes

Consider the calculation scheme for determining the geometry of the
location of the holes in the air duct of the microclimate system (Figure 9). The
axis of the air duct with the origin in the center of its end section is selected
as the abscissa axis. The air duct has a length L, along which there are n holes
of the same plane . The air flow rate at the beginning of the duct is vn. It is
necessary to establish how the distance between the holes changes along the
length of the air duct to ensure uniform distribution of air through the holes.

Number all the holes against the movement of air flow and make cross
sections for each hole.

The flow rate of air passing through the i-th hole is determined according

to Torricelli’s formula:
2
Wi=¢,/—Ap,-, (H
p

where p is the density of air, kg/m*; Ap, — pressure drop at the i-th hole, Pa;
¢ — coefficient cost hole, ¢ = 0,65 [7].

1P Xo 2 X5 R o I}
l W l W, ‘l Wi l Wh-1 lwn

Figure 9. Calculation scheme for determining the geometry
of the location of holes in the air duct of the microclimate system
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From the equation (1) express Ap;:

2
Pl W
=2 ®
The condition for uniform air distribution is:
c-w, A, 3
X, - I > ( )
o — hole area, m?;
L — length of air duct, m;
x, — the distance between the i-th and (i-1) -th holes, m;
v, —air flow speed at the beginning of the air duct, m/s:
Vo= E : 4)
n A b

V, — volumetric air flow at the beginning of the air duct, m*/ s;
A — cross-sectional area of the air duct, m*:
A=n(r -1r); 5)
7y, 15 — radius of air ducts, m
From the equation (3) express wi:
x-A-v, ©)
W=t
' c-L
According to the law of conservation of mass, the sum of air flow in a
given section i-1 must be constant:
A-v+o-w=4-v, (7)
v, — air flow speed on the i-th section of the air duct, m.
From the equation (7) express vi-1:
c
vi—l:vi_z'vvi' (8)
We write the Bernoulli equation for the (i-1) and i-th cross-section of
the air duct: , ,
-V, -V
Apl_ +p_l = Api—l + u
2 2 d, 2
where d, = 2(;’3 - rz) — effective diameter, m;
k — coefficient of friction resistance, k = 0,01717 [14];
o — coefficient mitigation factor a = 0,4.

p

2
+Kh&+2-a-5(\/’. v, ),
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Substituting (2), (6), (8) in equation (9) and expressing xi we obtain:
Lo’a’v, (kx,, +d,)
Vn(¢2 *(kx,, +d, +2ad,)-A )

(1
T

9
\/LZ o' (1, +d, ) —(Prdlovix,, + ANV )( 070 (i, 44, +20d,)- AT,
)-A%,)

v, (%7 (1ex,, +d, + 2ad

Dependence (10) connects the distance x; with the previous distance
x,, and the air flow rate on the i-th section of the air duct v,

To determine the distance xi, speed wi, the area of the holes ¢ and their
number n we will make a technique consisting of the following steps:

1. Setting parameters L, ¢, o, k, d,, v, A, w,, v,.

2. Setting the step of varying the area of the holes 6 = 0.001-j, where
j — hole number.

3. Distance calculation xi according to the formula (10), where 1 — hole
number.

4. Distance calculation wi according to the formula (6).

)

¢

5. Calculation of the sum of distances L_, = in .

i=1
6. Fulfillment of the condition: if the sum of the distances L_,
the effect of item 7 is performed, otherwise item 3 is performed.

7. Determining the number of holes n = 1.

8. To ensure the required convergence of the total length of the duct,
we fulfill the condition: if the module is the difference between the sum
of distances and the accepted length of the duct |L,, — L| <0,01, then the
effect of item 9 is performed, otherwise item 2 is performed.

9. Determining the area of the holes 6 = o.

10. Defining parameters n, G,,,, X;, W;.

The developed technique and the algorithm implemented on its basis
(Figure 10) are executed in the Mathematica software package.

Taking design and technological parameters (L = 5,8 m; ¢ = 0,65;
a=0,4;x=0,01717 m; r, = 0,14 m; r, = 0,2 m; V,= 0,14 m*/s; x, = 0,9 m;

=0 m/s) microclimate systems determined the number of holes n =7 and
their area 6 = 0,011 m?, and the distribution of the distance between the

holes according to Figure 2 and the air velocities through them (Figure 11).

> L, then
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Figure 10. Algorithm for calculating the geometry of the location
of holes in the air duct of the microclimate system
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Figure 12. Distribution of air velocities through the holes
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Analyzing Figure 11 in conjunction with Figure 9, it can be argued that
the distance between the holes gradually decreases from 0.94 to 0.6 m in
the opposite direction of air flow. However, there is a slight decrease in
the distance of 0.04 m at the end of the duct, which is caused by the return
flow of air, which collides with the muffled end. A similar phenomenon is
observed with the distribution of air velocities through the holes.

3.2 Methods of experimental studies of the rational geometry
of the location of holes in the air duct of the microclimate system
Experimental studies of the rational geometry of the location of the
holes in the air duct were reduced to determining the volumetric flow of air
through the holes of the air duct per unit length and are calculated by the
formula (3):
cw ¥V

L (1)

w, — air flow rate through the i-th hole of the air duct, m/s; ¢ — hole area,
m?; L — length of air duct, m; x, — the distance between the i-th and (i-1) -th
holes, m; ¥ — volumetric air flow at the beginning of the air duct, m%/s.

The research was carried out for two variants of the location of the air
duct openings (Figure 13). If condition (3) is met, the established location
of the air duct openings is effective.

The speed of air flow through the i-th hole of the air duct wi was
measured using a multifunctional measuring device “Solomat MPM 500E”.
The required volume air flow at the beginning of the air duct V was set
using the TD-2000 fan controllers.

The required volumetric air flow rates at the beginning of the air duct V
ranged from 0.14 m%/s to 0.64 m*/s in 0.1 m*/s increments.

The general view of the universal experimental stand for the study of the
location of the air duct openings is presented in Figure 14.

3.3 The results of studies of the rational geometry
of the location of holes in the air duct
According to the developed methodology of experimental studies of
the rational geometry of the location of holes in the air duct, 6 experiments
were implemented for each of the two options for the location of holes
(Table 1).
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Graphic analysis of the obtained data (Figures 15-17) revealed that the
first version of the location of the holes (which was obtained according
to theoretical studies) is the most effective because it provides a uniform
distribution of air flow along the length of the duct. This fact is evidenced

Figure 14. General view of the universal experimental stand

by the constancy of the coefficient Q2.

Figures 15-17 show that the velocity of air from the holes increases with
increasing distance between them. However, at the end of the air duct, there
is a decrease in air velocity due to reversible air movement. This movement

occurs due to the presence of a plug at the end of the duct.

Table

The results of experimental studies of the rational geometry

of the location of holes in the air duct

V=0,14 m’/s V =10,24 m%/s
Variant 1 Variant 2 Variant 1 Variant 2

mms |2 m ws| @ m s ® | m || @
0,90 0,92 1,02 |0,82 |1,10 [1,34 [0,90 [1,66 |[1,84 |0,82 |1,96 (2,40
0,94 (1,02 |1,09 |0,82 |1,12 |1,37 [0,94 [1,69 |1,80 |0,82 |2,00 (2,44
0,93 10,96 |1,03 |0,82 |1,07 [1,30 0,93 |1,73 |1,86 |0,82 |1,91 |2,33
0,89 0,92 |1,03 |0,82 |096 |[1,17 [0,89 [1,67 |[1,88 |0,82 |1,71 (2,09
0,81 0,82 |1,01 |0,82 |0,80 (0,98 (0,81 [1,43 |1,77 |0,82 |1,43 |[1,74
0,71 0,74 1,04 10,82 |0,60 (0,73 [0,71 |1,33 |1,87 |0,82 |1,07 |1,31
0,60 0,66 |1,10 |0,82 [0,36 [0,44 [0,60 |1,03 |1,72 |0,82 |0,64 |0,78
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(End of Table 1)

V =10,34 m%s V = 0,44 m’/s
Variant 1 Variant 2 Variant 1 Variant 2
X’ wi’ Q X’ wi, Q X’ wi’ Q X’ wi’ Q
m m/s m m/s m m/s m m/s

0,90 [2,30 [2,56 (0,82 [2,75 [3,35 [0,90 [2,97 [3,30 [0,82 [3,61 [4.41
0,94 [2,38 [2,53 (0,82 [2,80 [3,41 [0,94 [3,18 [3,38 [0,82 [3.68 [4,49
0,93 [2,46 (2,65 0,82 [2,68 [3,26 (0,93 [3,22 [3,46 (0,82 [3,52 [4,29
0,89 [2,35 [2,64 (0,82 [2,40 [2,93 [0,89 [2,92 [3.28 [0,82 [3,15 [3,85
0,81 2,00 [2,58 [0,.82 [2,00 [2,44 [0,81 [2,63 [3,25 [0,82 [2,63 [3,21
0,71 [1,72 (2,42 (0,82 [1,50 [1,83 [0,71 [2,46 [3.46 [0,82 [1,97 [2,40
0,60 |1,54 (2,57 (0,82 0,90 [1,10 [0,60 [2,04 [3,40 [0,82 [1,18 [1,44

V =0,54 m’/s V =0,64 m’/s
Variant 1 Variant 2 Variant 1 Variant 2
X, Wis Q X, Wi Q X, Wi Q X, Wis Q
m m/s m m/s m m/s m m/s

0,90 [3,50 [3.,89 (0,82 [4.40 [5,37 [0,90 [4.47 [4,97 [0,82 [526 [6.42
0,94 (3,78 [4,02 (0,82 [4,48 [5.46 (094 [4.43 [4,71 [0,.82 [536 [6,54
0,93 (3,71 [3,99 (0,82 [4,28 [522 (093 [4,62 [4,97 [0.82 [512 [6,24
0,89 [3,57 [4,01 (0,82 [3,84 [4,68 (0,89 [4,24 [4,76 [0,82 [4,59 [5,60
0,81 (3,33 [4,11 [0,82 [3,20 [3,90 [0,81 [4,00 [4,94 [0,82 [3,83 [4,67
0,71 2,91 [4,10 [0,82 [2,40 [2,93 [0,71 [3,49 [4,92 [0,82 [2.87 [3.50
0,60 |2,54 (423 (0,82 [1,44 [1,76 [0,60 [2,93 [4,88 [0,82 [1,72 [2,10

To verify the adequacy of the algorithm for calculating the geometry of
the location of the holes in the air duct, a comparison of the theoretical and
experimental distribution of air velocities from the air duct holes at a given
volumetric air flow rate at the beginning of the air duct. The results of this
comparison are summarized in table 2.

For each value of the volumetric air flow rate at the beginning of the air
duct, a correlation coefficient was calculated between the theoretical and
experimental data sets, which were in the range of R = 0.92-0.98.

3.4 Application of the obtained results in the livestock room
According to the results of the study, a new location of ventilation
openings in the room for keeping piglets for rearing on the farm FG
“Delevimark™ was designed. The distance between the holes is proportional
to the results obtained (Figure 18).
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Figure 15. Distribution of air velocities from the air duct openings
at a given volumetric air flow rate at the beginning
of the air duct V = 0,14 m3/s
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Table 2

The results of comparing the theoretical and experimental
distribution of air velocities from the air duct openings
at a given volumetric air flow at the beginning

V =0,14 m¥s | V =0,24 m¥s
Ne X,
w,, m/s
hole mm !
Theoretic | Experimental | Theoretic | Experimental
1 900 0,99 0,92 1,69 1,66
2 940 1,03 1,02 1,77 1,69
3 930 1,03 0,96 1,76 1,73
4 890 0,98 0,92 1,67 1,67
5 810 0,89 0,82 1,53 1,43
6 710 0,78 0,74 1,34 1,33
7 600 0,66 0,66 1,13 1,03
Correlation coefficient R 0,92 0,94
V =0,34 m’/s V =0,44 m’/s
Ne X,
w,, m/s
hole mm !
Theoretic | Experimental | Theoretic | Experimental
1 900 2,39 2,30 3,10 2,97
2 940 2,51 2,38 3,25 3,18
3 930 2,50 2,46 3,23 3,22
4 890 2,37 2,35 3,07 2,92
5 810 2,17 2,09 2,81 2,63
6 710 1,90 1,72 2,46 2,46
7 600 1,60 1,54 2,07 2,04
Correlation coefficient R 0,97 0,95
V=0,54 m’/s V =0,64 m’/s
Ne X,
w,, m/s
hole mm L
Theoretic | Experimental | Theoretic | Experimental
1 900 3,80 3,50 4,51 4,47
2 940 3,99 3,78 4,73 4,43
3 930 3,97 3,71 4,71 4,62
4 890 3,77 3,57 4,48 4,24
5 810 3,44 3,33 4,09 4,00
6 710 3,03 2,91 3,59 3,49
7 600 2,55 2,54 3,02 2,93
Correlation coefficient R 0,93 0,94
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Figure 17. Distribution of air velocities from the air duct openings
at a given volumetric air flow rate at the beginning
of the air duct V = 0,64 m3/s

4. Conclusions

1. The microclimate affects both the health of pigs and their growth and
reproductive functions. Its violation leads to a decrease in the level of health
of pigs, their number, respectively, to a decrease in the profitability of farms.

2. As a result of a review of studies of the influence of microclimate
parameters on the physiological state of pigs, it was found that their
productivity is most affected by temperature and humidity in the building
for their maintenance.

3. The analysis revealed that the most popular system today is to create a
microclimate based on a negative pressure ventilation system. Because it is
easier to use and consumes less energy than any other forced ventilation system.

4. The analysis of technological schemes of heat utilizers showed that for
heat utilization in the systems of providing normative parameters of the air
environment of livestock premises the most promising are recuperative heat
utilizers made of polymeric materials resistant to moisture and chemically
active impurities.
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=28

Figure 18. The project of the section of the room for keeping piglets
for fattening with a new location of ventilation holes

5. Given the technological conditions of air in livestock premises
(significant dust — up to 3.5 mg/m’, humidity — 40-70%, the presence of
high concentrations of aggressive components — ammonia 20-30 mg/m?,
hydrogen sulfide — 10-15 mg/m?, carbon dioxide gas — 0.2-0.35%) and the
results of the analysis of heating and cooling systems, it was found that the
sanitary and hygienic and operational indicators, high energy efficiency and
low cost of construction are the most suitable for ventilation systems are
heat recovery units with additional heating and adiabatic cooling.

6. As a result of theoretical researches the technique is developed and
on its basis the algorithm of definition of geometry of an arrangement of
apertures in an air duct of system of maintenance of a microclimate for
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piggeries is realized. It is established that the distance between the openings
gradually decreases to a certain value in the opposite direction of air flow.
However, there is a slight reduction in the distance at the end of the duct due
to the backflow of air colliding with the muffled end.

7. As a result of experimental studies of the rational geometry of the
location of holes in the air duct of the microclimate system for piggeries,
it was found that the location of holes (obtained according to theoretical
studies) is the most effective because it provides uniform distribution of air
flow along the air duct.

8. It is established that the created algorithm for calculating the geometry
ofholes in the air duct of the microclimate system for piggeries is adequate and
can be used for engineering calculations, as evidenced by the high correlation
coefficient between theoretical and experimental data R = 0.92-0.98.

According to the results of the study, a new location of ventilation
openings in the room for keeping piglets for rearing on the farm FG
“Delevimark™ was designed.
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