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Abstract. Coverage and outbreaks of diseases lead to considerable losses in large-scale poultry farming. New ventilation
systems are essential to ensure a safe and uniform indoor environment in large enterprises, especially in the changing
climate of global warming. Thus, it is necessary to improve the design of the poultry house, to search for the most effective
way of arranging the supply air valves and to improve the aerodynamic parameters of the internal environment of the
poultry house in the most effective way of arranging the supply air valves and improving the aerodynamic parameters of the
internal environment of the poultry house. Within the framework of this study, computational hydrodynamics modelling
of the lateral ventilation system in the poultry house during the winter period of the year was performed. As a result, the
temperature of the 3D field, the current lines, and the pressure in the aviary were detected. Supply air valves located 200 mm
above the floor were found to perform better than those conventionally installed at 400 mm. Building walls on the inside
of the poultry house frame, as well as reducing the height of the floor, improve the aerodynamics of the poultry house. The
practical value of the presented study is targeted at poultry farmers with large productive capacities
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INTRODUCTION

The thermal regime of poultry houses is one of the prog-
nostic factors that determine the productivity of the poultry

normalised microclimate system has a directly proportional
effect on poultry farming, and the final product is the yield
of meat.

industry. Poultry breeding must follow zootechnical stand-
ards [1]. The thermal regime of the poultry house is estab-
lished as a result of heat exchange processes occurring both
indoors and through its outer walls. It is formed under the
influence of heating and ventilation systems, depending on
the meteorological parameters of the outside air and the
structural characteristics of the poultry house. Thus, the

Figure 1 shows the conventional design of the
poultry house. The external walls are made of a concrete
frame, the ceiling is not lowered. Thus, the purpose of this
study was to improve the design of the poultry house, find
the most effective way of arranging the supply air valves, and
improve the aerodynamic parameters of the poultry house
environment using computational fluid dynamics (CFD).
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Figure 1. A fragment of the conventional design of the poultry house with inlet valves of the lateral ventilation system
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Thus, the development of improved structural solu-
tions of the lateral ventilation system is an urgent issue that
needs to be solved.

LITERATURE REVIEW

The publication [2] analysed the influence of height (0.4 m,
0.55m, 0.7 m, 0.85 m and 1 m) and intervals (6 m, 9 m, 12 m,
15 m and 18 m) of deflectors on the speed and distribution
of air in the cage zones. The study shows that the deflec-
tors can considerably direct the downward airflow, increase
the air velocity in the cage and passage area by 0.66 m/s
and 0.91 m/s, respectively, compared to no deflectors, if the
deflectors are 1 m high at 6 m intervals.

Authors of publications [1; 3; 4] proposed to apply
a new cooling system in the poultry house using heat
exchangers [5] of a distinctive design [6-8]. CFD modelling
of air flows and heat and mass transfer in a poultry house
is presented. Here, water from underground wells is used
as a coolant. Recommendations for choosing the design of
ventilation systems in poultry houses are given. In their
further studies [9], the authors optimise the height of the
exhaust fan. It is shown that it is advisable to install venti-
lation equipment at a height of 1.5 m. Here, the area of dead
air zones and the uneven distribution of air velocities close
to the poultry decrease.

To reduce energy consumption and increase the
quality of the air environment while providing the necessary
conditions for keeping poultry [10], the authors conducted
experimental studies and numerical simulations. During the
studies, a reduction in energy consumption was achieved to
ensure a microclimate during broiler breeding. The qual-
ity of the air environment of poultry farms was improved.
It allowed reducing feed costs and poultry losses and, as
a result, increasing the economic efficiency of production
and the quality of finished products.

The authors of the study [11; 12] consider the meth-
ods of the lateral mechanical ventilation system to be more
effective compared to other methods. In their article, CFD
simulations show a wide range of airflow velocity values.
Two main conclusions were made based on the air velocity
in the room: 1 — excessive heterogeneity in the area where
the animals stay; 2 — air movement is insufficient for ther-
moregulation of poultry.

CFD solutions for various flow configurations and
poultry house shapes are presented in [13]. The effects of
transverse and longitudinal ventilation are combined with
changes in the directions of incoming air flows, as well as

with a different cross-sectional shape obtained using valves.
This paper considers the construction of the poultry house
in such a way that the walls are located on the outside of the
concrete frame. This design worsens the aerodynamics in
the middle of the poultry house. There are a lot of stagnant
air zones. Due to the high overlap, heat in winter is concen-
trated above the poultry. This accompanies an increase in
energy costs for heating the room.

MATERIALS AND METHODS
According to the terms of reference, an engineering calcu-
lation of air exchange in the winter period of the year was
performed. To remove carbon dioxide, moisture vapour,
and harmful substances, it was necessary to ensure an air-
flow of about 155 thousand m%h at an external tempera-
ture of -10°C.

The geometry of the poultry house was built in true
size. To reduce the calculation time inside the building,
symmetry was applied. That is, modelling was carried out
only for half of the poultry house building. The calculation
was carried out at an airflow rate of 30 kg/s. The temper-
ature of the outside air was taken as -10°C and the heat
release parameters were entered. The walls were concrete
and insulated with 35 kg/m3 foam, 60/150/60 mm thick,
respectively. The building was covered with polyurethane
with a thickness of 100 mm, 45 kg/m?>. The floor was insu-
lated with polystyrene foam with a thickness of 45 kg/m?,
100 mm thick on a width of 2 m from the wall along the
perimeter of the poultry house, 50 mm on the rest of the
area. The length of the poultry house was 120 m, the width
was 22.36 m (Fig. 2). The average number of poultry was
41,000, the weight of the poultry was 3.3 kg. The poultry
was a source of heat and corresponded to +41°C. Wlotpow-
ietrza 857x337 mm 3000-VFG and Przepustowocs 2900 v3/h
ventilation valves were applied. They were placed on the
side walls, a total of 79 pcs. (Fig. 5a). The first ten venti-
lation valves were installed at a height of 0.2 m from the
floor (Fig. 3b, Fig. 5a). The rest of the valves were located
at a height of 0.4 m from the floor (Figs. 3a, 4(H5), 5a). One
of the design concepts was to install a spoiler at an angle
of inclination of 75° from the vertical line above the sup-
ply air valves (Fig. 4 (A20)). The length of the spoiler was
0.08 m (L9). Munters EM50 1.5 Hp exhaust fans were used,
18 pcs in total. During winter, 6 pieces were specially pre-
pared (Fig. 5b). As a rule, they are located in the upper row,
shifted closer to the centre. Such fans can withstand a max-
imum long-term load of up to 56 Pa.
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Figure 2. The proposed cross-sectional scheme of the structural dimensions of the poultry house

Machinery & Energetics. Vol. 13, No. 2

<



%o}
[N
N
© =
—
N
o~ ]
[N
<
—
=
~ ]

V. Trokhaniak

\ \

00| 100
2004,

2218

1100

AQH 51§

|

|

Figure 3. The proposed cross-sectional scheme of the structural dimensions of the poultry house:
a - small valves, b — tunnel ventilation valves

Figure 4 schematically presents the angle of the valve
from the side. The ventilation scheme was built in such a way
that the airflow in winter reached the centre of the building to
normalise the aerodynamic parameters of the poultry house.
This method allowed reducing the loss of fresh air pressure

in the poultry house. Thus, the following structural changes
were made: the width of the building was increased from
21 m to 22.36 m. Figure 4 shows the maximum valve open-
ing of 0.1 m (H16). Numerical simulations were performed at
valve openings of 0.1 m, 0.066 m, and 0.049 m, respectively.
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Figure 4. Angles of inclination of intake valves and spoiler
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Figure 5. Side (a) and rear (b) walls of the poultry house
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The number of elements and faces was quite numer-
ous (Table 1). Given the large dimensions of the building, the

size of the element and face was not significantly increased
due to limitations of computer performance and design power.

Table 1. Parameters of building a mesh for a poultry house

Configuration options Indicator

Orthogonal quality indicator 0.24
Number of elements, pcs 3813129
Number of nodes, pcs 4005901
Method CutCell
Maximum face size, m 0.11
Minimum face size, m 0.0275
Minimum size of the supply valve element, m 0.0276
Minimum element size of exhaust fans, m 0.05

Figure 6 presents the frontal and side views of the
formed poultry house mesh, fresh air openings, and
entrance gate. The mesh was slightly reduced relative to the
rest of the wall area (Table 1). Such measures were applied
to obtain a better hydrodynamic calculation. Furthermore,

the net was compacted close to the floor, as the poultry was
placed there. Using the finite element method, a 3D com-
putational mesh was built in the ANSYS Meshing software
complex, aimed at solving the problems of hydrodynamics
and heat exchange in the poultry house [2; 4].
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Figure 6. Side view (a) and rear view (b) of the walls of the poultry house

The construction of various meshes for CFD models
allowed choosing the optimal and high-quality ones, which
allowed obtaining reliable and accurate results of calculat-
ing the ventilation of the poultry house. The simulation was
carried out without the use of an added heating system.

The flow of a viscous liquid or gas (air) was described
by a system of equations that included continuity equations
and momentum equations in projections onto the coordi-
nate axis. If the flow of the medium was followed by heat
transfer, then the energy conservation equation (heat trans-
fer equation) was added to the aforementioned system of
equations.

The mathematical model was based on Navi-
er-Stokes equations [14; 15] and energy transfer equations
for convective currents [15-17]. The Spalart-Allmaras tur-
bulence model was used in the calculations [18; 19] and the
discrete ordinate radiation model [20; 21].

RESULTS AND DISCUSSION

The results of CFD 3D simulation of the poultry house
allowed comparing three modifications of the opening
of the valves in the case of the lateral ventilation sys-
tem of the poultry house. Before numerical modelling,
a three-dimensional mesh was created using the finite ele-
ment method [2; 4] in ANSYS Meshing.

Figures 7-15 show the results of CFD modelling of
the poultry house on two sections along the length of the
building — 10.3 m and 52.3 m with different valve openings
from 0.1 m to 0.049 m.

Figures 7-9 present values of pressure loss in fresh
air valves. It is shown that the smallest pressure loss is
24.3 Pa when the valve is opened 0.1 m, and the largest is
55.68 Pa at 0.049 m, respectively.

Figures 10-15 show the hydrodynamics of the airflow
in the poultry house.
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Figure 7. Pressure loss (Pa) in the fresh air valve of the poultry house when the valve is opened 0.1 m
at a distance from the front-end wall: a— 10.3m; b -52.3 m
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Figure 8. Pressure loss (Pa) in the fresh air valve of the poultry house when the valve is opened is 0.066 m
at a distance from the front-end wall: a - 10.3 m; b -52.3 m
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Figure 9. Pressure loss (Pa) in the fresh air valve of the poultry house when the valve is opened is 0.049 m
at a distance from the front-end wall: a - 10.3 m; b - 52.3 m
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Figure 10. Velocity field (m/s) in the poultry house when the valve is opened 0.1 m
at a distance from the front-end wall: a - 10.3m,b - 52.3m
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Figure 11. Velocity field (m/s) in the poultry house when the valve is opened 0.066 m
at a distance from the front-end wall: a - 10.3 m; b - 52.3 m
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As already mentioned, the airflow is directed upwards  floor area and is directed to the centre of the building. Valves
by fresh air valves. However, due to low pressures and veloc-  found at a height of 400 mm from the floor cannot provide
ities at the entrance, passing a third of the building, the air ~ the same effect. This can be caused by disturbance due to
falls. The valves are located at a height of 200 mm from the  the large airspace of the building. The average entry speed
floor (Fig. 12a, Fig. 15a). The air moves smoothly close to the  for diverse types of air ranges from 6.39 m/s to 9.62 m/s.
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Figure 12. The field of velocities (m/s) in the poultry house when the valve is opened is 0.049 m
at a distance from the front-end wall: a - 10.3 m; b - 52.3 m
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Figure 13. Stream lines (m/s) in the poultry house when the valve is opened 0.1 m
at a distance from the front-end wall: a - 10.3 m; b - 52.3 m
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Figure 14. Stream lines (m/s) in the poultry house when the valve is opened 0.066 m
at a distance from the front-end wall: a - 10.3 m; b -52.3 m
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Figure 15. Stream lines (m/s) in the poultry house when the valve is opened 0.049 m
at a distance from the front-end wall: a - 10.3 m; b - 52.3 m

Figure 16 shows the velocity field in the poul-
try house at a height of 0.7 m from the floor level. These
results can help estimate the airspeed over the poultry. The
average speed of air movement ranges from 0.54 m/s to
0.66 m/s. Only near the exhaust fans, the speed is slightly

higher at 2 m/s. The bulk of the poultry does not feel dis-
comfort. In [9], the authors optimised the height of the
exhaust fan. The set height is 1.5 m. However, these stud-
ies show that installing exhaust fans at a height of 0.8 m
is more effective (Fig. 16).
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Figure 16. Field of velocities (m/s) in the poultry house at a height of 0.7 m

from the floor level when the valve is opened: a - 0.1 m; b - 0.066 m; ¢ — 0.049 m

Figure 17 presents 3D streamlines in the poultry
house. The results show that valves that are located at
a height of 400 mm are not effective. The middle exhaust
fan is practically not used. A large load falls on the side fan,
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Figure 17. 3D stream lines (m/s) in the poultry house when the valve is opened 0.049 m

which is arranged close to the wall. The main load is taken
by the fan, which is in the centre of the building.

Table 2 presents more detailed information about
the CFD simulation results.

40.00 (m)

20.000

3

.

Table 2. Average indicators of air in the poultry house

Parameter Dimensions Result
Valve opening distance m 0.1 0.066 0.049
Consum;;tfl:)}rlleolf éﬁlc:rl;l;lr;i gér for half ke/s 30 30 30
Valve inlet pressure Pa 24.332 43.41 55.684
Outlet fan pressure Pa -1.23 -2.215 -3.132
Air temperature at the valve Inlet K 263.947 263.927 263.975
Fan outlet air temperature K 273.778 273.91 273.148
Valve inlet air velocity m/s 6.388911 8.518548 9.625959
Fan outlet air velocity m/s 5.904209 7.946565 9.010783
Air velocity at a height of 0.7 m from the floor level m/s 0.54181 0.63328 0.657591
Air density at the valve Inlet kg/m3 1.337423 1.337529 1.337287
Air density at the fan outlet kg/m3 1.289433 1.288785 1.292457
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In winter, the density of fresh air is higher than
in summer. Thus, with a lateral ventilation system, it is
difficult to supply air to the centre of the poultry house.
The main volume of air is directed to the centre of the room
and mixed. Thus, according to studies [11; 12] it is confirmed
that the lateral ventilation system is more effective com-
pared to others. As a result of higher quality indicators of
the microclimate in the poultry house, the consumption of
feed, the loss of the poultry population decreases and, as
a result, the economic efficiency of production
increases, which is confirmed by the authors [10; 22].

At the next stage of designing the side ventilation
system, the authors suggest considering that the supply
air valves should be located at a height of at least 200 mm
from the ceiling level.

CONCLUSIONS

Based on the conducted research, the project of the poul-
try house was improved. Spoilers are suggested to be placed
above the supply air valves at an angle of 75° from the ver-
tical line; installation of external walls on the inner side

V. Trokhaniak

of the concrete frame; increasing the width of the poultry
house to 22.36 m; lowering the floor height to 3.9 m above
the floor level.

Thanks to CFD, the effective arrangement of supply
air valves and the improvement of aerodynamic character-
istics in the construction of the poultry house were investi-
gated. It was found that the smallest pressure loss is 24.3 Pa
when opening the valve 0.1 m, and the largest losses are
55.68 Pa at 0.049 m, respectively.

Conducted studies show that valves located at
a height of 200 mm from the floor are much more efficient.
Valves that are located at a height of 400 mm from the floor
cannot provide the same effect.

The prospect of further research is the inclusion
in the model of the cooling and heating system, depend-
ing on the season. Thus, the improvement of the microcli-
mate system of the poultry house as a whole. Furthermore,
for more efficient air supply, the length of the spoiler will
be increased, the overlap model will be more detailed, and
other measures will be taken to improve the microclimate
in the air environment of the poultry house.
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BikTop IBaHOBUY TpoxaHsK

HauionanbHuit yHiBepcuTeT 6iopecypciB i MpUpoJOKOPUCTYBAHHS YKpaiHK
03041, Bysn. TepoiB O6oponu, 15, M. Kuis, Ykpaina

JocnipXeHHs BNJIMBY pO3TallyBaHHS BUTS)KHUX BEHTUNATOPIB
no HMXXHIN NiHii Ha aepoAMHaMiKy NTalHMKaA

AHoTaUia. OXOIUIeHHS Ta CIIa/IaXx 3aXBOPIOBAHb IMPM3BOISTD N0 3HAYHMX BTPAT Y BEJIMKOMACIITAGHOMY ITTaXiBHUIITBI.
HoBi BeHTM/IALIiTIHI cucTeMM HeOOXiAHi 1)1 3a6e3reueHHs 6€3MeYHOr0 Ta OAHOPIAHOT0 BHYTPIiIIHLOTO CepeoBuIla Ha
BEJIVIKMX ITiAIIPUEMCTBAX, 0COOIMBO B MiHJIMBUX KIIMaTUUHMX YMOBAX I7106aIbHOTO MOTEIUTiHHS. TaKMM YMHOM, HEOOXiTHO
BIOCKOHQJINTY KOHCTPYKIIifO ITTAITHMKA, TPOBECTY IOIIYK Hai6i/bll e(heKTUBHOIO CITOCOOY BIAIITYBAHHS KIalaHiB
MIPUILIMBHOIO MOBIiTPSI Ta MTOKPAIIUTHA aepOaMHAMIUHI TOKa3HMKY BHYTPILIHbOTO CEpeIOBUINA IITAIIHMKA Y HAM6iIbII
e(eKTUBHOIO CIIOCOOY BIALITYBAHHS KJIallaHiB IIPUIIMBHOIO MOBITPs Ta MOKpalleHHS aepOoAMHAMIUYHMX ITOKa3HUKIB
BHYTPILlTHBOTO CEPeAOBUINA MITAIIHNKA. Y PAMKax I[bOTO AOCTiKeHHS 6YJI0 TPOBEIeHO MOETIOBAHHS 00UMCIIOBAIbHOT
rizpoguHaMiky 6iuHOI cCTeMM BEHTWISII] B ITATHUKY B 3MMOBMI1 Ilepiof, poKy. B pesynbraTi Temneparypa 3D mois,
Oy BUSIBJIEH] ITOTOYHI JIiHii Ta TMCK Y NMITAIIHUKY. BCTaHOBJIEHO, 1110 KJIallaHU MPUILIMBHOIO ITOBITPSI, pO3TallIOBaHi Ha
BucoTi 200 MM Bif, miajiory, paiiooTh Kpalle, HiXK Ti, SIKi TpaguiIiiiHO BCTAHOBIIOIOTHCS Ha BMCOTi 400 MM. 3BeieHHS CTiH
3 BHYTPIIIHbOI CTOPOHM KapKaca MTAITHMKA, 8 TAKOK 3MEeHIIIeHHS BMCOTH ITi[IJIOTM MTOKPAILyIOTh aepOAMHAMIKY ITalllHUKA.
[IpakTUYHA IiHHICTh MPECTaBAeHNX JOCTiIKeHb HAITPaBJIeHa [JIs MTAIIHMKIB 3 BEJIMKYMY ITPOLYKTUBHUMMY MOTY>KHOCTSIMM

KniouoBsi cnosa: CFD, aepoayHaMika, ITaIIHUK, GOKOBA CMCTeMa BeHTUIIAL], TPUIUIMBHI KIarnaHa
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