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INTRODUCTION

The microclimate in a pigsty is determined by the com-
bination of temperature, relative humidity, chemical and
mechanical composition of the air. Each of these indica-
tors individually has a significant impact on the animal
productivity and must be maintained within strict lim-
its due to the physiological needs and capabilities of
animals. The microclimate is also affected by the tech-
nology of keeping animals, the density of their place-
ment, the quantity and quality of bedding, the type of
feeding, the species and age composition of livestock.
In other words, a microclimate is a meteorological regime
of closed rooms for animals, the concept of which in-
cludes temperature, humidity, chemical composition and
speed of air movement, dustiness, and illumination. The
optimal microclimate helps to increase animal produc-
tivity, reduce feed costs for obtaining a unit of production,
which has a positive effect on the health of farm animals.
The state of the microclimate depends on climatic and
weather conditions, the type of pen and its enclosing
structures, the level of air exchange, the perfection of
the systems of ventilation, heating, sewerage, and manure
harvesting [1].

A significant number of research papers are
devoted to the study of the influence of microclimate
on the productive qualities of pigs [2-4]. M. Kalinin [5],
V. F. Lipatnikov and V. P. Stepanov [6] note that the con-
ditions of keeping pigs during rearing significantly af-
fect their productivity. At the same time, a significant
number of researchers point out the dependence of
microclimate parameters on the technical devices used
to provide it [7].

In industrial animal husbandry, the creation of
an optimal microclimate depends on many factors and
is carried out through a number of compromises. Now-
adays, there are data based on which it is possible to
accurately determine those environmental factors nec-
essary for the manifestation of genetically determined
abilities of animals. However, providing a thermoneutral
zone is associated with large capital investments, high
energy prices, and recently requires increasing operat-
ing 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 the quality of livestock products. Given that the size
of capital investment and operating costs can change
significantly in a short time, the microclimatic condi-
tions characteristic of an optimal productive environ-
ment also cannot remain unchanged, even taking into
account the fact that the requirements of animals for
their environment practically do not change for a long
time [8].

Modern climate control systems in pig breeding
premises include: climate control computers, temperature,
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humidity and gas sensors, fans, humidifiers. The heart
of the microclimate control system is a computer that
controls all mechanisms. The computer continuously
controls the fans, changing their performance from 0
to 100%, while providing greater resistance of ventila-
tion to changes in atmospheric pressure and less sensi-
tivity to winds. This allows ensuring an optimal indoor
microclimate and is cost-effective. At the same time,
non-automatic exhaust devices (roof shafts of various
configurations; shafts that draw air from manure chan-
nels) and supply devices (roof shafts, wall and ceiling
vents-valves, windows [9] are also used.

The sex and age of pigs and the configuration of
the pig breeding room affect the need to use a par-
ticular type of heating. The heating system is selected
taking into account the availability of certain energy
resources at the farm enterprise. The use of electricity
and direct fuel combustion equipment is considered the
most common in modern pig breeding complexes. The
most economical is the use of blower heat generators.
Taking into account the technological features, such
systems can be used in pens for keeping boars, mat-
ing-gestating sows, and fattening pigs. Due to the gener-
ation of intense air flow, they cannot be used in nurseries
and rearing pens. To provide heating of rearing pens, a
ribbed general heating pipe, water heating registers
such as delta tubes and water mats are most often used.
In turn, infrared emitters are successfully used in nurseries.
Their energy source is electricity or natural gas [10].

The purpose of the study is to establish the de-
pendence of the operating parameters of the automatic
ventilation system for the polluted air intake on the air
quality in the pigsty, taking into account the permissible
gas concentrations.

MATERIALS AND METHODS

Analytical studies of the automatic ventilation system
for the intake of polluted air from a pigsty are carried
out based on mathematical modelling of the process us-
ing the main provisions of aerodynamics and numerical
calculation methods.

The Mathematica computer mathematics system
was used to simplify the obtained expressions and
mathematical modelling. The following provisions were
adopted to develop a mathematical model of the oper-
ation of the ventilation system for polluted air intake:

— in each section of the air flow through the air ducts,
part of the total pressure used to overcome the forces
of pneumatic resistances is lost due to the molecular
and turbulent viscosity of the moving air, the mechanical
work of the resistance forces is converted into heat;

— there are two types of pneumatic resistance in an
air duct: friction resistance and local resistance;

— pneumatic friction is caused by the air viscosity
(both molecular and turbulent) that occurs during its




movement, and is the result of the exchange of the
amount of motion between molecules (in laminar mo-
tion), and between individual particles (in turbulent
motion) of neighbouring air layers moving at different
speeds;

— local resistances occur when a local violation of
the normal flow, separation of the flow from the walls,
vortex generation, and intense turbulent mixing of the
flow in places where the configuration of the air duct
changes or when obstacles meet and flow around. These
phenomena increase the exchange of motion between
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moving air particles (i.e., friction), increasing energy
dissipation.

The main parameters of the microclimate of pig
breeding premises are regulated by the norms of
technological design [11]. According to the recommen-
dations of well-known animal technicians and vet-
erinarians [12; 13] and the existing requirements of
VNTP-APK-02.05 “Pig breeding enterprises (complexes,
farms, small farms)”, the technological parameters of
the microclimate of premises for keeping pigs can be
summarised in Table 1.

Table 1. Technological parameters of the microclimate of premises for keeping pigs

Parameter N;V;lt; c;;n u:it?)l;tig Growing Fattening Closed gilts Sugcilﬁisng
Air temperature, °C
Maximum 33 30 20 20 18 22
Minimum 30 24 15 12 13 18
Relative humidity, %
Maximum 60 70 70 70 70 70
Minimum 55 40 40 40 40 40
Maximum permissible air velocity, m/s
At the minimum temperature 0.15 0.2 0.2 0.3 0.3 0.15
At maximum temperature 0.4 0.5 0.5 1 1 0.4
Permissible concentrations of gases and dust in the air
Carbon dioxide (long-term), % 0.2
Carbon dioxide (short-term), % 0.35
Ammonia (long-term), mg/m? 20
Ammonia (short-term), mg/m?* 30
Hydrogen sulphide, (long-term), mg/m? 10
Hydrogen sulphide, (short-term), mg/m? 15
Naturally, such microclimate parameters at ruling i 2 3 4 65 7
energy prices reggire high cost;, but these_ are 'Fhe most i ﬂ
favourable conditions for the life of suckling piglets. /—/ \"\~

RESULTS AND DISCUSSION

To ensure the removal of air from the pigsty, an appro-
priate ventilation system has been created (Fig. 1). To
substantiate the design and technological parameters of
ventilation system automation, it is necessary to perform
analytical studies.

Automatic ventilation system for polluted air in-
take (Fig. 1) is located in the middle of the livestock
room under the ceiling and consists of a central air
duct for air intake (1), to which the air intake pipes (2)
are connected. Air intake pipes (2) are located in the
middle above each pen where animals are kept. Intake
dampers with servomechanisms (3) and temperature,
humidity, and air quality sensors (4) are installed at the
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Figure 1. Technological scheme of automatic ventilation
system for polluted air intake: 1 - central air duct; 2 — branch
pipes; 3 - intake dampers with servomechanisms;

4 - temperature, humidity, and air quality sensors;

5 - exhaust fan; 6 - electrical wires; 7 - control unit
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inlet of the air intake pipes (2). The outlet of the central
air duct for air intake (1) is connected to the exhaust
fan (5). Intake dampers with servomechanisms (3) and
temperature, humidity, and air quality sensors (4) are
connected to the control unit (7) by means of electrical
wires (6).

The automatic ventilation system for polluted air
intake works as follows: depending on the air quality
above the pens, which is determined using temperature,
humidity, and air quality sensors (4) and the limit values
set by the operator, the control unit (7) transmits a sig-
nal to the intake dampers with servomechanisms (3) by
electrical wires (6). If the measured air quality values
are less than the limit values set by the operator, the
intake flap with servo drive (3) is closed. Otherwise, the

intake flap with servo drive (3) opens at an angle that
is directly proportional to the corresponding difference
between the air quality values and the limit values. Under
the action of exhaust fan (5), air is sucked into the air
intake pipes (2) and is formed into a stream that moves
through the central air intake duct (1) of the polluted
air intake system. Then the air flow is removed from
the room.

Due to the fact that certain group pens may con-
tain different numbers of animals grouped by age, the
gas concentration (carbon dioxide, ammonia, and hydro-
gen sulphide) located above the pens may differ (Fig. 2)
[14-16]. Therefore, the automatic ventilation system for
polluted air intake must adjust the air flow rate for each
pen individually.
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Figure 2. Distribution of gas concentrations (carbon dioxide, ammonia, and hydrogen sulphide) ng above the pens:

n, - gas concentration (carbon dioxide, ammonia, and hydrogen sulphide) above the pens, %; n,

- limit values of gas

norm

concentration in the pigsty, %; N ™ maximum value value of gas concentration above the pen, %; i - pen number;
N - total number of pens; L, - width of the pen (provided that the geometric dimensions of all pens are the same), m

The operation of an automatic ventilation system
for polluted air intake can be mathematically represented
as follows:

Ngi < Ngnorm = 4i = 9o )

Ngi = Ngmax = 9i = Gmax = 9o + AGmax
where q, = q, + Aq, - volumetric air flow rates through
i-th air intake pipe, m*/s; q, - volumetric air flow rate
through the air intake pipe when the servo-operated
intake flap is completely closed, m*/s; Aq, - volumetric
air flow rate through the open i-th intake flap with servo
drive at a certain angle, m’/s; g, - volumetric air flow
rate through the air intake pipe when the servo-operated
intake flap is fully open, m/s; Aq, - volumetric air
flow rate through a fully open i-th intake flap with servo
drive, m¥/s.

The values of air flow through the open i-th intake
flap with a servo drive must be directly proportional to
the gas concentration (carbon dioxide, ammonia, and
hydrogen sulphide) over i-th pen:

4q; = k(ngi - ngnorm) (2)

AGmax = k(ngmax - ngnorm) (3)

where k - proportionality coefficient, m3/(c-%).
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Combining equations (1)-(3), the dependence of
air flow through the open i-th intake flap with servo
drive from the gas concentration (carbon dioxide,ammo-
nia, and hydrogen sulphide) over i- th pen is obtained:

qo + Aqmax

n _ (ngi - ngnorm)' Ngi > Ngnorm,
gmax

Ngnorm

" 4)
Ao Ngi = Ngnorm

In turn, the volume flow rate of air through the
open i-th air intake flap with servo drive at a certain
angle directly proportional to the area of the opening
0,and air velocity V:

qi =qo to;V; (5)
Expressing from (5) o, and substituting in (4):

1 AQmax

V (ngi - ngnorm):ngi > Ngnorm»
o; = i Ngmax — Ngnorm

0, ngi < ngnorm (6)

In accordance with previous studies [17-18], it
was found that under the condition of uniform place-
ment of air intake pipes and their identical diameter,




the velocity field is deformed, which consists of air ve-
locities from each hole V.

The deformation of the velocity field consists in
the fact that the air velocity field has a skewed profile:
from the axis of the central air duct for air intake in
the direction of the opening, an increase in speed is
observed, and in the opposite direction (a wall without
a hole) - a decrease. The static air pressure changes in
the cross-section in the opposite order: it is the smallest
in the hole and continuously increases in the direction
opposite to the wall of the hole. When moving from
one cross-section to another, the average air velocity,
dynamic average and average pressure change.

In the direction from the beginning to the end of
the central air intake duct (opposite to the air flow), the
average speed decreases. Thus, the dynamic pressure
will decrease in such a direction that it is opposite to
the direction of air flow by a certain amount, which, ac-
cording to the law of conservation of energy, will turn
into static pressure. This value of dynamic pressure is
called “released dynamic pressure”. Due to the released
dynamic pressure, the static air pressure inside the central
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air intake duct increases in the opposite direction of the
flow. However, it will be spent in the same direction on
overcoming friction and local resistance. If the released
dynamic pressure is greater than the pressure losses on
friction and local resistances, then the static pressure
will eventually increase,and if it is less than these pres-
sure losses, then the static pressure will decrease. If the
released dynamic pressure is equal to the pressure loss,
then the static air pressure inside the central air intake
duct will remain unchanged. Thus, the nature of the
change in static air pressure inside the central air in-
take duct depends entirely on the ratio of released dy-
namic pressure and pressure losses. Taking into account
the above, equation (6) needs to be clarified taking into
account the non-uniformity of the air flow velocity dis-
tribution, which occurs due to pressure losses.

Central air duct for air intake of constant cross-sec-
tion length L (Fig. 3) has a perimeter R and cross-sec-
tional area F. Along the air duct in its side surface, N
air intake pipes is evenly distributed. The area of the
openings of the air intake pipes is different. The air flow
rate at the end of the duct is equal to w,.

s N

N*B N/B
ON—I 0'N
vl wl

Figure 3. Design scheme of the central air duct for air intake

It is necessary to determine how the areas of the
openings of the air intake pipes should change along
the length of the central air duct to ensure that air is
sucked into the openings in accordance with the equa-
tion (4). TIt is necessary to number all the holes in the
direction of the air flow and draw cross-sections 1-1,
2-2,...,1i-i, (N-1)-(N-1), N-N after each hole.

Air intake rate in i-th air intake pipe opening:

v = /%(pa - ) 7)

where p - air density, kg/m*; p, - pressure in i-th opening
of the air intake pipe, Pa; p, - atmospheric pressure,
p,=101,325 Pa; u - coefficient of friction of the hole,
u=0.65 [19].

Since the volume is limited by i-th and i-1-th

sections and walls of the central air duct for air intake,
the equation of the amount of motion in projections on
the axis of the air duct has the form:

pFwf _ pFwi

pi-1F —piF —7,_1PLy = > > 8)
Apwly
Ti—l = Z 2 (9)

where L, - distance between the axes of two adjacent
holes, m; A — coefficient of friction resistance, A=0.01717
[20]; w, - air velocity through i-th cross-section, m/s.

Substituting equation (9) into (8) and dividing all
terms of the equation by F, obtain:

APPLoWiZ—l_PWiz pwiy
8F 2 2

Pi-1—Pi — (10)
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With uniform air distribution:

i i—1 dk
W; = W=, Wi_1 = Wp—, Ag-— (11)
i kNa i—-1 k N’ q N max

Substituting in the last equation w, and w, ,:

pwZ 1 [/APL,
Pi-1 =p; + [(

- - — P — 2 P2 12
2 N2\aF 1>(l b +l]( )

According to equation (8) for the end of the central
air intake duct:

2
_ Pwg

Pn =5~ (13)

The air flow rate at the end of the central air
intake duct is determined by the equation (14):

qr = Wi F (14)
from here:
_ I (15)
Wy F

The dependence of (12) and (13), taking into ac-
count (15), takes the form:

2
pai 1 [(APL . .
Pi-1 =Pt ZFZ NZ [( 4F0 - 1) -1+ ’2] (16)
2
P
PN =552 (17)

Substituting the pressure value according to
equation (16) into (7):

2 pqi 1
Vioa = MJ; (Pa —Pi~ S

Substituting (18) into (6), an equation is finally

obtained for calculating the area of the opening formed

AQmax

(‘:’;0 - 1) (-2 + iZ]) (18)

by the intake flap with a servo drive in the air intake
pipe:

ngmax - ngnorm

(ngi - ngnorm)

Ngi > Ngnorm 19

o =4 |2 pai 1
u 5 Pa—Pi—ﬁm

0, ngi < ngnorm

The methodology developed above and the al-
gorithm implemented on its basis are executed in the
Mathematica software package.

Taking the structural and technological param-
eters of the ventilation system for polluted air intake
(L=42 m; P=1.25 m; p=1.27 kg/m?; q,=1.5 m*/s; F=0.126 m?,

(G- 1)a-vr+])

u=0,025; p =101325 Pa; A=0.01717, ngnm=10%) and
distribution of gas concentrations (carbon dioxide, am-
monia, and hydrogen sulphide) ng above the pens (Fig. 4)
the speed distribution in the air intake pipes is deter-
mined (Fig. 5).
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Figure 4. Distribution of gas concentration ng above the pens
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V, m/s

9.4

9.2

i 2 3 4 5 6 7 8

Analysing Figure 5, it can be argued that the speed
in the air intake pipes gradually decreases from 9.5 m/s
to 8.8 m/s in the direction opposite to the air flow. Given
the resulting velocity distribution V_in the air intake
pipes (Fig. 5) and the gas concentration distribution is
accepted ng above the pens (Fig. 4) taking into account

8.8

8.6

8.4

9 10 11 12 13 14 15 16
Figure 5. Velocity distribution V. in the air intake pipes

equation (19), a diagram of the distribution of the area
of holes formed by intake dampers with servomech-
anisms in the air intake pipes is obtained (Fig. 6). For
comparison, Figure 6 shows a diagram of the hole area
distribution without taking into account the velocity
distribution V_in the air intake pipes.

[T | 0, m
B V=V()
0.1
B V=const
- 0.08

- 0.06

- 0.04

- 0.02

6

i 23 45 7 8

9

14

10 " 11 12 "13 15

16

Figure 6. Velocity distribution V. in the air intake pipes

Analysis of Figure 6 shows that given the velocity
distribution V=V of the control unit of the automatic
ventilation system for polluted air intake, it is possi-
ble to more accurately adjust the intake dampers with
servomechanisms. This allows fulfilling the specified
condition (4).

CONCLUSIONS

An increase in pig productivity can be achieved in various
ways. The most effective of them is to create a favour-
able microclimate in the pens where pigs are kept. A fa-
vourable microclimate is achieved in various ways, but
the simplest is the arrangement of professional ventila-
tion. Proper design of livestock facilities and equipment
with ventilation systems prevents cases of dangerous
viruses and, as a result, improves the quality and safety
of pork.

As a result of analytical studies of the automatic
ventilation system for polluted air intake from a pigsty,
the conditions for its effective operation have been math-
ematically substantiated. The developed technique and
the algorithm implemented based on the Mathematica
software package allows calculating the area of holes
that form intake dampers with servomechanisms in the
air intake pipes.

Taking the structural and technological parame-
ters of the ventilation system for polluted air intake (L,
Bpa,Ewp,An,, )anddistribution of gas concen-
trations (carbon dioxide, ammonia, and hydrogen sul-
phide) n_the speed distribution in the air intake pipes
above the pens V. is determined and a diagram of the
hole area distribution o, which form intake dampers
with servomechanisms in the air intake pipes.

Taking into account the speed distribution V=V

i
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of the control unit of the automatic ventilation system  air flow through the open i-th air intake flap with servo
for polluted air intake, it is possible to more accurately  drive depending on the gas concentration (carbon dioxide,
adjust the intake dampers with servomechanisms. This ~ ammonia, and hydrogen sulphide) over i-th pen.

allows fulfilling the set condition for the dependence of
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Yaropud

AHaniTU4Hi gocnig)XeHHs aBTOMaTUYHOI BEHTUNSILIMHOI cucTeMm
3a6opy 3abpyaHeHOro NoBiTPS CBMHAPCbKOro NpUMILLeHHS

Bitaniit Mukonaitiosuu Slponyp,

BiHHMLbKMIA HaLiOHaNbHWI arpapHUi YHiBEpCuTeT
21008, Byn. CoHa4Ha, 3, M. BiHHMuS, YkpaiHa

AHoTauif. MikpokniMaT CBMHAPCbKOrO MPUMILLEHHS BU3HAYAETLCS CYKYMHICTIO TeMnepaTypu, BiAHOCHOI BOMOrOCTi,
XiMIYHOrO Ta MEeXaHi4YHOro cknafy noBiTps, SKi MalTb CYTTEBUM BNAMB HA MNPOAYKTUBHICTb TBApWH i MaloTb
NiATPMMYBATUCS B CYBOPUX paMKax, 00yMoBneHnx disionoriyHummn notpebamMm i MOXIMBOCTAMM TBAPUH. Y paMmKax
3a3HayeHoro AN 3abe3neyeHHs BiaBeAeHHS NOBITPS 3 NMPUMILLEHHS CBMHAPHWMKA CTBOPEHA BiAMOBIAHA BEHTUNALiHA
cuctema. MeTolo JoCnifXeHb € BCTAHOBMIEHHS 3aNI@XXHOCTI PEXMMHUX NMapaMeTpiB aBTOMATUUYHOI BEHTUAALIMHOT
cuctemu 3abopy 3abpySHEHOro NOBITPS Bif, AKOCTi NOBITPS Y CBUHAPHMKY 3 YpaxXyBaHHAM LOMYCTUMUX KOHLEHTPALLil
rasis. Po3pobneHa aBTOMaTM4YHa BEHTWUAALIMHA cucTeMa 3abopy 3abpyaHEHOro MoBiTPsS pPO3MilleHa B CepefuHi
TBAaPUHHULLKOTO MPUMILLEHHS Nif CTenel i CKNafa€ETbCs 3 LEHTPaNbHOro MoBiTponpoBsomy Ansg 3abopy nosiTps,
[0 9KOro MpUERHAHHI NaTpybku ans 3abopy nogiTps. MaTtpybku ans 3abopy NoeiTps po3MilleHHi nocepenmHi Haz
KOXXHWMM CTaHKOM, [ie YyTPUMYoTbCs TBapuHU. Ha Bxoai natpybkis ansg 3abopy noBiTps BCTaHOBAEHI 3abipHi 3acniHKK
i3 cepBonpuBOAaMM i OaTYMKM TemMmnepaTypwu, BONOrOCTi Ta AKOCTI NOBITps. Buxig LeHTpanbHOro noBiTponpoBoAy
ona 3abopy nNoBiTpS NPMELHAHO LO BUTSXKHOrO BEHTMAATOPA. 3abipHi 3aC/iHKK i3 CepBONPUBOAAMM i AATUMKM
TemnepaTypu, BONIOrOCTi Ta AKOCTI MOBITPA N0 3ac06ax enekTpUYHMX MPOBOLIB 6 NPUEAHAHI A0 6NOKA KepyBaHHS.
Y pe3ynbraTi aHaNiTUYHWMX [OCNIAKEHb aBTOMATMYHOI BEHTMAALIMHOI cucTemMu 3abopy 3abpynHeHoOro nosiTps
CBMHapHMKa MaTeMaTMYHO NpeaCcTaBieHo YMOBY ii eeKkTMBHOI pob6oTu. Po3pobneHa MeToamKa i peanizoBaHuii Ha
OCHOBI Hei anropuTM y nporpaMHoMmy naketi Mathematica no3Bonse po3paxoByBaTi NAOLLI OTBOPIB, AKi YTBOPIOKOTb
3abipHi 3acniHkM i3 cepBonpuBogamMu y natpybkax ang 3abopy nositps. [puiiMaoym KOHCTPYKLIMHO-TEXHONOTiYHI
napameTpu BEHTUAALIMHOI cucTeMun 3abopy 3abpyaHEHOro NoBiTPSa i po3NoLin KOHUEHTpaLii rasis (BYrnekmMcioro
rasy,amiaky i CipkOBOZH0) Haj, CTaHKaMM BU3HAYEHO PO3MOoiN WBMAKOCTEN y naTpybKax ansa 3abopy noBiTps i giarpamy
pO3MnoAiny NnoLLi 0TBOPIB, AKi YTBOPHOKOTL 3abipHi 3acniHKM i3 cepBONpMBOAAMM Yy NaTpybKax Ans 3abopy nositps
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