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Abstract. A new method of cooling the outside air in ventilation systems of poultry houses is proposed, based on the use of water from
underground wells and heat exchangers of recuperators for cooling the supply air.

Numerical modeling of aerodynamics and heat transfer processes in poultry houses at tunnel ventilation system was performed. As a result
of numerous calculations the distribution of temperatures, velocities and pressures in the air environment of a poultry house has been
obtained. The use of heat exchangers for cooling the supply air allows to maintain its temperature at the level of +20-25 °Cand to reduce
the indicators of moisture content in poultry houses, which are high when using cassette methods or water spraying with nozzles for

cooling the supply air.

As a result of the numerous studies conducted, it is recommended to increase the air flow rate by including a third exhaust fan located on
the top line of the end rear wall. This will allow for a more uniform temperature distribution in the house.
KEYWORDS: CFD, TUNNEL VENTILATION SYSTEM, COOLING SYSTEM, POULTRY HOUSE, HEAT EXCHANGE UNIT.

1. Introduction

In the warm period of the year, when the outside air temperature
is more than +28 °C, the tunnel ventilation system is used in the vast
majority of poultry houses, which makes it possible to ensure the
removal of excess heat. It should be noted that at high ambient
temperatures and high air humidity a special system of devices for
cooling and creating a normalized microclimate in the poultry house
is necessary. In ventilation systems for lowering the temperature of
supply air in summer time preferably use cooling systems of
different types, in the overwhelming majority of cassettes of
evaporative cooling or by water atomization.

The traditional cooling system in poultry houses to ensure
normalized microclimate in the room is direct evaporative cooling
(DEC) of cassette type [1, 2]. The disadvantages of the cassette
method are high aerodynamic resistance and high cost of the
installation. The disadvantages of this method also include clogging
of cassette channels with dust during operation. It should be noted
that mold is formed on the clogged surface of the cassette, which
introduces components into the supply air, which at high air
humidity contributes to the excitation of various diseases in birds.

Direct evaporative cooling is a typical ventilation system in hot
climates. As noted above, this type of cooling is ineffective during
periods of relatively high humidity, resulting in poor thermal
comfort and poor air quality for poultry. In [3], two sustainable
ventilation systems are investigated for use in hot and humid
climates to improve indoor poultry conditions. The first system is
characterized by the use of a conventional direct evaporative cooler
that is integrated with a filled bed adsorption dehumidifier. The
second system integrates an indirect dew point evaporative cooler
with a filled bed desiccant dryer [4]. It is established that the
advantages of the second system of improving the thermal regime
and air quality in the poultry house while reducing operating costs
by 35% are as follows.

A promising direction for improving the microclimate in poultry
houses is to replace evaporative cooling systems with indirect dew
point evaporative coolers [4]. Such systems can significantly cool
the supply air to its standard values of +28°C without adding
moisture [5]. Further development of these studies was to
investigate the performance of the proposed systems for different
configurations of working airflow (in wet ducts) and product
airflow (in dry ducts) [6, 7].

The cooling systems discussed above have their disadvantages,
namely the use of large amounts of water and increased relative
humidity in the house. They eventually lead to a decrease in the
productivity of poultry farms. Thus, the development of new and
improvement of existing cooling systems of poultry houses remains
an urgent problem in the future.

Thus, the purpose of the article is to improve the cooling system
in the air environment of the poultry house by mounting heat
exchangers on the side wall in total amount of 6 pcs. As a scientific
component is the research of processes of hydrodynamics and heat
exchange in the air environment of the poultry house with
improvement of location of both exhaust ventilation equipment and
heat exchangers.
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2. Materials and Methods

The cooling system of supply air in a poultry house is
investigated. The size of the house is 120%21 m. The floor is made
of two layers of concrete 0.1 m thick, top and bottom, between
which there is polystyrene 0.05 m thick. At places 2 m away from
the walls, the thickness of the thermal insulation material is
increased to 0.1 m. The walls are designed as three-layer walls, with
two layers of concrete 0.06 m thick on both sides, with a 0.1 m
thick polystyrene layer between them. To simplify the model, the
slab is made as a three-layer slab, which is made of concrete on the
outer and inner sides, between which there is a layer of izovat 30
thermal insulation material 0.1 m thick.

Given the "symmetry" of the boundary conditions on the side
walls of the house, we consider only half of the house (Fig. 1),
which allows us to reduce the use of computer resources.

Tunnel cooling system is used in the poultry house during the hot
period of the year. On the side walls of the poultry house instead of
evaporative cooling cassettes located near the front end wall, it is
proposed to install heat exchangers, in which water of underground
wells is used as a cold coolant. Their number is 3 pcs with
transverse dimensions of 5.3 x 1.0 m. We assume that the total air
flow rate for half of the poultry house is 42.815 kg-s™. The design
of heat exchangers and their properties with implementation of such
cooling system are presented in [8]. They provide the air
temperature at the outlet +20 °C at an outdoor air temperature of
+40 °C and water temperature of underground wells at the inlet 10
°C

Exhaust fans are placed on the rear end wall, 5 pcs with a total
capacity of 42.815 kg-s™, taking from the recommendations of the
authors of the study [9].

On all exterior walls and slab, the limiting conditions of the third
kind were set (Fig. 1), with an outdoor air temperature of +40 °Cand
a heat transfer coefficient value of 10 W-m2-°K™?, characteristic of
the average velocities of the external wind flow. We assume that the
ground temperature adjacent to the bottom concrete layer of the
floors is +10 °C.
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Figure 1. 3D poultry house geometry with boundary conditions and
location of exhaust fans and heat exchangers on the side wall

Numerical simulations were performed directly in ANSYS Fluent
2023 R 1. The Navier-Stokes equations, the standard k -¢ turbulence
model and the Discrete Ordinates radiation model were used in the
model.
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3. Results and discussions

The results of numerical modeling are presented in Fig. 2-3. Fig.
2 shows the air temperature fields for the cross section of the
poultry house along the xy coordinate axes for four sections along
the length of the room at a distance from the front end wall along
the z coordinate — 10.25 m, 43.25 m, 74.75 m and 109.25 m,
respectively.

As a result of numerous calculations it is shown that the air flow
leaving the heat exchangers has the following parameter values:
velocity 2.236 m-s; pressure 3.178 Pa. Further at a distance of a
quarter of the poultry house width there is a rise of the cold air flow
from the heat exchanger, which is caused by the formation of a
large vortex of thermal air in its central part, which is formed by the
collision of counter flows, since the available air flows from two
walls and the task is symmetrical. As a result, a swirling air flow is
formed, directed along the poultry house. A similar phenomenon
with greater flow turbulization is obtained in [10]. In the middle
upper part of the house, a stagnant air zone of small dimensions
appears near the overlap. Calculations show that the average value
of air velocity in the house is 0.896 m-s™.

Fig. 2 also shows the temperature distributions for four sites at
different cross-sections in the poultry house. From Fig. 2a, the
cooled air from the heat exchangers with a temperature of +20 °Cis
directed to the poultry house. When passing a distance of about 3.5
m, given the presence of a large vortex of heated air due to heat
transfer from the surface of the bird, the air flow is directed to the
upper part of the poultry house. The average air temperature in this
section is between +20°C and +22°C. In the upper part of the house
a stagnant zone is formed and its temperature increases due to
heating by the outside hot air of the roof slab. That is, a thermal
curtain of 1.3 m to 1.6 m is formed near the slab, having a
temperature ranging from +40 °C to +24.36°C (Fig. 2b-2d). At the
fourth site (Fig. 2d), the temperature in the stagnant zone near the
roof is slightly higher and ranges from +23.8 °C to +26.29 °C, and
reaches +40 °Cnear the slab. This is due to the intense mixing of air
in the flow and as it approaches the exhaust fans, the temperature
increases. The heated air at the inlet of the fans has an average value
of +25.9 °C
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Figure 2. Temperature field (°J in the house along xy axis at a

distance from the front end wall:
a-10.25m;b-43.25m; c—74.75m; d — 109.25 m.

Fig. 3 shows the velocity field (Fig. 3a) and temperature field
(Fig. 3b) for a cross section along the house from the floor level up
to the 0.7 m level. These results are the most important because the
birds are located in this zone in floor housing. Given the technical
housekeeping standards, the air velocity in the vicinity of the birds
should not exceed 2 m-s*. As can be seen from Fig. 3a, the air flow
out of the heat exchangers and into the house is greater than 2 m-s™.
It should be noted that only 0.25% of the total number of poultry
near the heat exchangers is in this area. The results of numerical
modeling show that behind the third heat exchanger there is a
stagnant zone with a length of 12 m. The presence of this zone leads
to a slight increase in temperature values near the wall. Since the
bird is typically located 0.5 m from the wall, it will not experience
temperature discomfort. Calculations show that the average air
velocity at 0.7 m from the floor is 1.2973338 m-s™ at a pressure of
0.27064914 Pa.
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Figure 3. Velocity field, m-s* (a), and temperature field, °C(b) in
the poultry house along the zx axis at a height of 0.7 m from floor
level
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In turn, near the exhaust fans (Fig. 3a), which are located on the
rear end wall, the air velocity is 5.022423 m-s™*, which is uniformly
removed from the house. At the same time, the pressure at the outlet
of the house is - 2.7815 Pa.

The air temperature in the areas near the poultry should not
exceed 28 °C during the summer season. Considering the results of
numerical simulation (Fig. 3b), the area where the air temperature
exceeds +28 °C occupies an area less than 1% of the total area of the
poultry house. This indicates that the efficiency of the poultry house
cooling system is quite high. Calculations show that the average
temperature over the whole area of the house from the floor to 0.7
m is +23.022483 °C

Thus, the proposed cooling system of the poultry house with the
use of heat exchangers, in which the air is cooled by water of
underground wells, and also due to the optimal placement of
exhaust ventilation equipment can achieve a uniform distribution of
temperatures and velocities in the air environment of the poultry
house, which will improve the overall microclimate in the poultry
house and increase its productivity. From the calculations we can
conclude that the proposed rate of cooled air consumption is
sufficient to remove excess heat from the house.

4. Conclusion

1. A new system of maintaining a normalized microclimate in
poultry houses is proposed, which consists in the use of new heat-
exchange equipment, in which the outside air is cooled with water
from underground wells.

2. A mathematical model of aerodynamics and heat transfer in a
poultry house has been developed. As a result of numerical
modeling, temperature, velocity and pressure distributions in the
house were obtained. As a result of the analysis of the temperature
field in the poultry house, it is shown that in some areas the average
temperature ranges from +20 °Cto +27.2 °C Thus, considering the
obtained temperature and velocity distributions from the floor level
to the 0.7 m mark, it can be concluded that at the proposed cooling
system discomfort will be experienced by no more than 0.25% of
the total number of birds. The average air velocity is 1.3 m's™, and
the temperature is +23.03 °C, which corresponds to the standardized
values.

3. The advantage of the proposed supply air cooling system in
comparison with the existing ones is that the air temperature
distributions in the house are close to the standardized and do not
exceed +28 °Cin the summer period of the year. The next advantage
is the reduction of relative humidity in the house, because the use of
evaporative cooling cassettes or spraying water with nozzles leads
to exceeding the normalized values of air humidity. This allows to
improve microclimate parameters and increase productivity of the
poultry farm as a whole.
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