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Investigation of the Lateral Ventilation System in a Poultry House Using CFD

Abstract. Maintaining a normalised microclimate in a poultry house is one of the main factors. It is the quality indicators
of air parameters that ultimately determine the quality of product output. Keeping poultry requires considerable efforts
and technological solutions. In this regard, the purpose of the study is to improve the microclimate system in the poultry
house by installing ventilation equipment on the side wall. A powerful tool for predicting the air flow pattern in a poultry
house is Computational Fluid Dynamics (CFD) modelling using ANSYS Fluent. This is an alternative to experimental
research. CFD modelling results have shown that the valves operate most efficiently at 330 mm from the ceiling. The
pressure drop of the supply valves is 45.85 Pa. The air velocity at the inlet of the supply valves is 9.17 m/s. The air velocity
at a height of 0.7 m from the floor level varies within 0.57 m/s, the temperature — 9.91°C
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INTRODUCTION

Evaluating the performance of new ventilation systems can
be a difficult task, as it is time-consuming and rather expen-
sive [1]. As an alternative to field measurements, Computa-
tional Fluid Dynamics (CFD) modelling is a powerful tool for
predicting air flow patterns, particle and gas concentrations,
and the thermal environment in livestock premises [2-4]. It
was also used to evaluate the effectiveness of existing ven-
tilation systems and new structures [5; 6].

In the study [7], three k-¢ turbulence models were
evaluated: standard k-¢, renormalisation group (RNG) k-¢,
and realistic k-¢ for estimating the internal environment
of poultry based on temperature and air velocity measure-
ments. The purpose of the study was to determine which
turbulence model best reproduces experimental results
using CFDs. Choosing a suitable turbulence model is impor-
tant because it can significantly affect the results. In this
study, the RNG k-3 model was best consistent with air veloc-
ity and temperature measurements, and therefore, its use
and typical parameters were recommended for modelling
the internal environment of poultry houses.

In [8], the design of air intake devices for this typical
broiler room in a cold region under the condition of trans-
verse ventilation was optimised based on two influencing
factors: the length of the flow direction device and the air
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flow direction. Optimised air supply devices have helped
improve air flow in the broiler room, thereby changing envi-
ronmental factors such as internal temperature distribution,
wind speed distribution, and carbon dioxide distribution.
The ideal flow direction device should be approximately 1 m
or 2 m long but no more.

The purpose of [9] is to create a 3D model using CFD
that can reproduce real operating conditions inside the
poultry housing. The improvement consists in integrat-
ing the main explicit and latent heat sources in accordance
with the procedure described in [10], which was previously
applied to a 2D CFD model. To investigate the typical cooling
and heating processes observed in the poultry house, they
were identified and considered for modelling. The results
of the model were first tested on the basis of experimental
data to evaluate the effectiveness of the model for predict-
ing temperature and humidity gradients. The simulated field
velocity was then used to calculate the ventilation intensity.

To maximise the benefits of weather conditions,
the authors [11] analyse the influence of natural ventila-
tion on the dynamics of the internal climate of the poultry
house, with an emphasis on the role of external climatic
parameters, in addition to wind direction. According to
experimental data, seven periods with a stable wind direc-
tion of at least 4 hours were identified with a predominant
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north-easterly wind direction. Three of these periods were
selected as typical examples and used to test a three-di-
mensional CFD model for integrating the main elements,
internal climate: animal heat generation and water vapour,
radiation heat transfer, and ventilation. The predictions of
the three-dimensional CFD model were then analysed using
the concept of air residence time to estimate the ventilation
rate and to investigate explicit and latent heat exchange.

In the study [12], the authors developed a 3D CFD model
for modelling air velocity, air temperature, humidity, and
heat stress in a commercial laying hen house. The model
was successfully confirmed by field measurements during the
warm, transitional, and cold periods of the year. Heat stress
was detected in 69.1%, 78.0%, and 18.4% of kindergartens in
summer, autumn, and winter according to the temperature
and humidity indicator at the incoming air temperature of
26.0°C, 15.0°C, and 2.5°C with ventilation intensity of 85.8,
15.5,and 11.7 air exchange per hour, respectively. As a con-
tinuation of the study [13], the authors developed a new ven-
tilation system, an upward airflow displacement (UAD) ven-
tilation system, which allows fresh air to enter the poultry
house through air ducts located at the bottom of the cages,
move upwards due to thermal buoyancy caused by chickens
and the static pressure difference caused by exhaust fans,
and eventually exit the housing through fans installed on
the roof. The results showed that the UAD system resulted
in a 46-129% increase in the efficiency of air exchange in
cages and provided a more uniform thermal environment
with 9.4% less heat stress in summer and 68% less cold stress
in winter compared to the conventional system.

The paper [14] presents the results of a study of
intelligent control systems for biotechnological objects on
the example of a greenhouse. A measurement system has
been developed to effectively study solar radiation and pre-
dict possible information violations. Neural networks were
used as a mathematical tool for predicting temperature
time series. Subsequently, in [15; 16], a software and hard-
ware subsystem of phytomonitoring was created in a mod-
ern greenhouse building, which is provided using LabVIEW
software and Arduino equipment, which is tested directly

in production. To conduct experiments, the authors of [17]
developed a mobile robot for monitoring the state of the
atmosphere and phyto status in protected ground objects
to form control strategies that maximise production prof-
its. As the final stage, the authors [18] developed an ener-
gy-efficient control system for the electrical engineering
complex of an industrial greenhouse. Evaluation of the
quality of plant products based on the use of Harington
desirability function. This allows determining the param-
eters of the microclimate (plant temperature, tempera-
ture, and humidity), maximising the profit of products. All
these methods that were used to create, analyse, and pre-
dict the microclimate in greenhouses can be used to a large
extent for poultry houses.

The authors [19; 20] conducted a study of modular
poultry maintenance. The design of a module for raising
poultry with an infrared heater has been developed. The
proposed design is energy efficient and is recommended
for installation in poultry houses. The microclimate in
the module is analysed. The air temperature near the bird
in the module reaches 18.6°C, and the average speed does
not exceed 0.75 m/s.

This paper is a continuation of scientific and prac-
tical research on improving the aerodynamic characteris-
tics of the air environment in poultry housing [21]. Thus,
the purpose of the study is to improve the microclimate sys-
tem in the air environment of the poultry house by install-
ing exhaust fans on the side wall in a total of 8 units. The
scientific component is the investigation of hydrodynam-
ics and heat exchange processes in the air environment of
the poultry house with the improvement of the location of
exhaust ventilation equipment.

MATERIALS AND METHODS
According to the purpose of the study, the authors modify the
location of exhaust fans. The bottom line is as follows: in the
conventional design of the poultry housing (Figs. 1, 2) exhaust
fans are mounted not on the rear end wall of the poultry house,
but on the side (Fig. 3.). 4 units for each wall, a total of 8 units.
Current indicators in the poultry house can be seen in Table 1.

Table 1. Current indicators in the poultry house premises
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Figure 1. Valve arrangement plan
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Figure 2. Fragment of a plan with side ventilation inlets: a — 1-6 valve, b — 7-40
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Figure 3. Location of the first exhaust fan on the side wall

Figure 4 shows the 3D geometry of a poultry house
for CFD modelling made in 100% scale, but only half of
the poultry house. The boundary condition “symmetry”
is set in the centre of the poultry house. The remaining

boundary conditions are shown in Figure 4a. These meas-
ures were carried out due to insufficient power of com-
puter equipment. Figure 4b clearly shows concrete frame
(stick).

Machinery & Energetics. Vol. 13, No. 3
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Figure 4. 3D poultry house geometry: a — with indication of boundary conditions; b — with selection of concrete frame

Figure 5a shows the constructed mesh in the air envi-
ronment of the poultry house from the side. The openings of
exhaust fans and supply valves are presented in a close-up form
(Fig. 5b). In the openings of exhaust fans and supply valves,

the mesh is reduced relative to the rest of the wall area. In
addition near the floor where the bird was located, mesh grind-
ing was performed for a more accurate calculation of hydro-
dynamics, and heat and mass transfer by numerical method.

Figure 5. Mesh in the air environment of the poultry house: a - remotely, b - close

Table 2 shows the parameters for building a mesh in
the air environment of a poultry house. Using the ANSYS
Meshing software, a 3D calculation mesh is constructed
using the 3D element method. The CutCell mesh construc-
tion method was applied. The number of elements reaches
4.3 million. The Orthogonal Quality mesh indicator is 0.22.

The minimum size of the exhaust fan element on the side wall
of the poultry house is 0.01 m. It is smaller than the size of the
supply valve element by 0.03. This decision was made due to
the fact that the authors of this study are more interested in
the behaviour of air in exhaust fans. Air behaviour in supply
valves has already been investigated [21].

Table 2. Parameters for building a mesh for a poultry room

Configuration options _____ dicatr S |

Mesh quality indicator (orthogonal quality) 0.22 -
Number of elements 4,291,613 units
Number of nodes 4,849,379 units

Method CutCell -

Maximum face size 0.16 m

Minimum face size 0.04 m

Minimum size of the supply valve element 0.04 m

Minimum size of the exhaust fan element 0.01 m

Calculations were made at an air flow rate of
21.5 kg/s. The outside air temperature is assumed to be
+2°C and the parameters of thermal radiation are entered.
The walls are made of concrete and insulated with foam
35 kg/m3 thickness, respectively: 60/100/60 mm. Insulated
roof “Izovat” Y=30 kg/m3, 100 mm. For more information,
see Figure 2. The floor is insulated with expanded polysty-
rene 45 kg/m® with a thickness of 100 mm and a width of
2 m from the wall around the perimeter, the rest of the area
is 50 mm. In poultry premises, poultry is a source of heat

when kept on the floor and the temperature is +41°C. The
heating system is not provided. For air removal, Munters
EM50 1.5 Hp exhaust fans are used in the amount of 4 units.
Wilotpowietrza 3000-VFG supply valves with a total num-
ber of 79 units. Spoilers are mounted above the valves at an
angle of inclination from the vertical of 75°C. The remain-
ing design parameters of the poultry house can be obtained
from Figure 1-3.

The CFD model was performed using the Navi-
er-Stokes equations for convective flows [22-24]. The
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calculations use the Spalart-Allmaras turbulence model [25;
26] and the Discrete Ordinates radiation model [9; 27].

RESULTS AND DISCUSSION

This section presents the results of the numerical modelling
of a poultry house in 3D using ANSYS Fluent. This allows
assessing the hydrodynamic air flows in the poultry house.
To perform numerical modelling, a 3D grid is previously con-
structed using the 3D element method in ANSYS Meshing.

Figure 6-14 show the results of numerical modelling
of the poultry house in three sections along the length of
the room - 16.23 m, 50.78 m, and 85.25 m. The first section
is the middle of the 6™ supply valve. The second is the 27
exhaust fan (between the 17" and 18 supply valves). The third
section is located in the middle of the 29% supply valve. There
are 40 supply valves along the length of the poultry house.

Temperature
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Temperature
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Temperature
Contour 1

c [C

——
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Figure 6 and 12 show the temperature field in differ-
ent parts of the poultry house. At a constant air flow rate
of 77,402 m3/h and the inlet air temperature of +2°C. The
upper layers of air near the ceiling and near the side wall
are slightly higher in temperature. This is accompanied by
the radiation of the sun and ranges from +22 to +24°C. Since
the bird is a source of heat, and in combination with radi-
ation, the air in the room is partially heated. In the cen-
tre of the room, the temperature reaches +16°C along the
entire height. Cool air with a temperature of +2°C is directed
to the centre of the room and washes the bird. In the area
where the supply air is actively mixed with the air that is
in the poultry house, the air temperature does not exceed
+9.85°C (Fig. 6a, 6b). Figure 6b shows how the exhaust fan
draws some of the heat from the bird. Which is unacceptable.
The average air temperature on exhaust fans is +8.5349°C.

L.

Figure 6. Mesh in the air environment of the poultry house: a — remotely, b — close

Figure 7 shows the pressure field in the poultry
house. At the inlet on the supply valves, the pressure is
45.846271 Pa (Fig. 7a, 7b). On the exhaust fans, a certain
vacuum is observed — -8.4171922 Pa (Fig. 7b). At certain
points, the maximum pressure reaches 54.505 Pa.

Figure 8-9 show the hydrodynamics of air flow in the
poultry house. As mentioned above, the air flow is directed
upwards by supply valves. However, due to the low pressure
and speed at the inlet, the air after passing a third of the
room falls down. Only valves that are located at a height
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of 330 mm from the ceiling (Fig. 8a, 8b, Fig. 9a, 9b) pass
smoothly near the ceiling surface. Air is partially retained
due to the concrete protrusions of the ceiling (Fig. 2a). After
that, it is sent to the centre of the room. But it reaches a third
of the room. The average air velocity at the inlet of the sup-
ply valves is 9.166368 m/s. At certain points in the poultry
house, the maximum speed can reach up to 9.871124 m/s. In
the very centre, two vortices are formed along the length of
the poultry house by 16.23 m (Fig. 9a). Due to disturbances
near the exhaust fans, along the length of the poultry house
by 50.78 m (Fig. 9b), stagnant zones occur near the ceiling.
A vortex forms at a distance of 4.15 m from the side wall.
This is conditioned by the low speed at the fan outlet. On
the exhaust fan section, the average speed is 3.4614946 m/s
(Fig. 8b, 9b). At a distance of 85.25 m from the front end wall
of the poultry house (Fig. 8b, 9b) several vortices are formed.
The air that is pumped through the supply valves at a height
of 810 mm from the ceiling does not reach the centre of the
room. They do not give a sufficient effect this can be caused
by a disturbance that occurs due to large volumes of the
room. It is also caused by low air velocity, low pressure on
these supply valves, and protrusions in the concrete floor.
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Figure 7. Pressure losses (Pa) in the poultry house at
a distance from the front end wall at:
a-16.23m;b-50.78 m;c-85.25m
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Figure 8. Velocity field (m/s) in the poultry house at
a distance from the front end wall at:
a-16.23m;b-50.78 m;c-85.25m
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Figure 10 shows the field of velocities and temper-
atures along the room plane at a height of 0.7 m from the
floor level. These results are the most interesting, which
would help assess the hydrodynamics and heat exchange

Velocity
Contour 1

Temperature
Contour 1

V. Trokhaniak

of air above the bird. The average air velocity is 0.57 m/s,
the temperature is 9.91°C. Only at some points the speed is
slightly higher than 2 m/s. The main array of birds will not
experience any discomfort.

Figure 10. Velocity field, m/s (a), and temperature field,
oC (b) in the poultry house at a height of 0.7 m from the floor level

Due to disturbances and stagnant zones in the cen-
tre of the poultry house, the air velocity reaches about
0.32156 m/s. It was indicated above that the
temperature reaches +16°C over the entire altitude. In
the study [28-29], exhaust fans are located on the upper
line of the rear end wall. This arrangement accompanies
the creation of a tunnel effect in the centre of the poultry
house. In this regard, in the future, the authors suggest
installing two exhaust fans on the rear end wall in
addition to the existing ones. This would increase the
air velocity in the centre of the poultry house.
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Figure 11-14 show current lines and visualisation of
the volume flow rate in the range from 0 to 2 m/s for a poul-
try house in 3D. The results show that the valves located
at 810 mm from the ceiling do not work effectively. Valves
located at 210 mm are slightly better. The first valves that are
located to the right and left of the exhaust fans practically do
not work. All air that enters through them immediately enters
the exhaust fan. The authors suggest that these 8 valves
should be closed and not used. Thus, there will not be such
a large disturbance in certain areas of the poultry house. And
also the speed of the remaining valves will rise to 0.1-0.2 m/s.

Figure 11. Visualisation of the volumetric temperature flow rate of the poultry house air environment, oC

Machinery & Energetics. Vol. 13, No. 3
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Figure 12. Visualisation of the volume air flow rate of the poultry house in the range from 0 to 2 m/s

Velocity

Figure 13. Visualisation of the volumetric air flow rate of the poultry house
in the convergence of the first exhaust fan in the range from 0 to 2 m/s

Figure 14. 3D current lines (m/s) in the poultry house

Detailed information on the average indicators of = numerical modelling is presented in Table 3.
the air environment in the poultry house as a result of

Table 3. Average indicators of the air environment in the poultry house

Parameter ‘ Dimension ‘ Supply valves (inlet) ‘ Exhaust fans (outlet)
Inlet air consumption for half of the poultry house kg/s 21.5 21.5
Inlet air consumption for half of the poultry house m3/h 77,402 77,402
Inlet air consumption for a full poultry house m3/h 154,804 154,804
Air pressure Pa 45.846271 -8.4171922
Air temperature °C 2.0757952 8.5349084
Air velocity m/s 9.166368 3.4614946
Air density kg/m® 1.2816432 1.2532063
Coefficient of thermal conductivity of air W/m-K 0.024559 0.025
Kinematic air viscosity kg/m-s 1.68137-10°° 1.71239-10°

Machinery & Energetics. Vol. 13, No. 3




With practical experience, raising poultry in con-
ventional poultry houses is divided into 16 uniform zones
in terms of output and meat quality. Along the perimeter
of the area near the side walls of the poultry house, the
quality of meat is much worse. In the centre of the poul-
try house, the output of product quality is much better.
From the results of CFD modelling, it can be seen that due
to lower speeds over the bird, and more uniform temper-
atures, the product quality, compared to the conventional
location of exhaust fans, will be higher. However, the pre-
sented results have both positive and negative effects on
the bird in general. The authors evaluated all the pros and
cons of the proposed ventilation system and will continue
to work on the elimination of shortcomings.

CONCLUSIONS

CFD modelling of heat and mass transfer in the poul-
try house premises was performed. For CFD modelling,
a mesh was built by the method of volumetric elements of
the air environment of the poultry house in 3D. The Cut-
Cell method is used to build a mesh in the ANSYS Meshing
pre-processor. The maximum mesh face size is 0.16 m. The
number of elements is about 4.3 million. The mesh quality
index Orthogonal Quality is 0.22.

V. Trokhaniak

The results of numerical modelling have shown that
the most efficient valves are those located at a height of
330 mm from the ceiling. The pressure drop of the supply
valves is 45.85 Pa. The air velocity at the inlet of the supply
valves is 9.17 m/s. The air velocity at a height of 0.7 m from
the floor level varies within 0.57 m/s, the temperature — 9.91°C.
The angle of inclination of the valve relative to the wall is 75°.
Opening of the valve by 4 mm. However, with the proposed
location of exhaust fans on the side wall of the poultry house,
the ventilation system does not work efficiently enough. The
authors recommend not using two supply valves (total 8 units)
located to the right and left of the exhaust fans. This would
increase the speed of the remaining valves to 0.1-0.2 m/s. In
addition, two additional fans on the rear end wall of the house
along the top line should be included. This would create a tun-
nel effect in the centre of the poultry house. And this is accom-
panied by an increase in air speed. At the same time, it reduces
disturbances in the air environment of the poultry house.
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V. Trokhaniak

BikTop IBaHOBMY TpoxaHSIK

HarmionanpHmMii yHiBepcuTeT 6iopecypciB i mpupomoKkopmcTyBaHHS YRpainm
03041, Byn. I'epoiB O6oponu, 15, m. Kuis, Ykpaina

docnip)xeHHs 60KOBOi cMcTeMu BeHTUnNauii
B NTawWHUKY 3a aonomoroto CFD

AHoTauiq. [linTprMaHHS HOPMOBAHOTO MiKPOK/IIMATY y IITaXiBHUUOMY MTPUMIIlI€HH] 11e OfUH i3 0oCHOBHUX (hakTOpiB. Came
BiZI IKiCHMX IMOKa3HMKIB ITapaMeTpiB MOBITPs B KiHI]EBOMY pe3y/IbTaTi 3a/1eXXUTh IKiCTb BUXOAY NpoayKuii. [TTuig npu ii
yTPUMaHHI BUMara€ 3HaUHUX 3yCUJIb i TEXHOMOTIYHUX pillleHb. B 3B’13Ky 3 I[MM MeTOI0 TOCTiIKeHHSI € BILOCKOHATEeHHS
CUCTeMU MiKPOK/IIMATY y ITAUTHMKY IIUISIXOM BCTAHOBJIEHHST BeHTWISLIIITHOTO 06/1afHAHHS Ha 60KOBIi cTiHIIi. IIoTy)KHUM
iHCTpyMEeHTOM IIPOTHO3YBaHHSI CXeMM TIOBITPSTHOTO IMOTOKY B MITAIIHMUKY € MOZETIOBAaHHSI 00UMCIIOBATbHOI TiIpoaHAMiKK
(Computational Fluid Dynamics (CFD)) 3a goromoroio ANSYS Fluent. Ile € sIK aibTepHaTHBa €KCIIEPMMEHTATbHUM
nocnimkeHHsM. Pesynbratit CFD MozenoBaHHS IIOKa3aln, K MPaKTUIHY I[iHHICTb B TOMY, 10 Haii edeKTMBHillle KIarnaHu
MPaIOI0Th SIKi po3TalIoBaHi Ha BUCOTi 330 MM. BiJi mepekpuTTs. [lepenas TMCKY y IPUIIMBHUX KJlallaHiB CTAHOBUTH
45,85 Tla. IlIBMAKicTh OBITPST HA BXOZi MPUITMBHUX KiamnaHiB 9,17 m/c. llIBuaKicTh moBiTpst Ha BucoTi 0,7 M. Bif piBHS
ITiIJIOTY KOJIMBAETHCS B Mexkax 0,57 m/c, Temmnepatypa — 9,91 °C

KniouoBi cnoBa: o6unciioBaibHa riipoanHamika, MikpoKk/IimMaT, aepoauHaMiKa, ITaxiBHMUe MPUMIleHHs, TPUTLIMBHI
K/1araHa

Machinery & Energetics. Vol. 13, No. 3




