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ABSTRACT

In this paper the numerical evaluation for heat and mass transfer during the air ventilation in poultry
houses’ premises was provided. The analysis of the proposed conditions for heat and mass transfer in
poultry houses depends on the ventilators location in the poultry house’s altitude. The efficiency of this
equipment’s location was determined. The observed climate-control supporting system for poultry-houses
is based on the external air cooling by water from underground wells. The simulation was made for 2D
computational fluid dynamics (CFD) analyses by ANSYS Fluent software. The CFD analysis for the air flow
analysis scheme CFD and heat condition inside the poultry house was proposed. The geometrical
ventilation equipment and the best ways of its location in the poultry house were found by the results of
numerical simulation.

PE3IOME

Y pobomi nposedeHo 4YucesibHe MOOesI08aHHS MPOYECi8 mernso- i MaconepeHocy rnpu 8eHMunAy,i
rnosimpsi 8 nmaxieHu4ux npumiujeHHsix. lposedeHuli aHani3a ymoe merno- i MacornepeHocy y nmauwHuUKy 8
3anexHocmi 8i0 PO3MIUEHHSI 8EHMUISIMOPI8 M0 8ucomi nMmalHUKa ma eu3HayeHa eqgeKmueHicmb
posmauwiyeaHHs makoao o0bnadHaHHA. Cucmema nidmpumMaHHs  MIKPOKIiMamy 8 nmawHuKax
posensadanacb Npu Has8HOCMi CUCMEMU OXO/I00KEHHST 308HIWHbO20 Mo8imps 68000 3 Mi03eMHUX
ceeprioguH. ModentogaHHs nposedeHo 0nsi 2D CFD modenel 3a ornomMozor rpoepaMHo20 3abesneqyeHHs1
ANSYS Fluent. lNpedcmasneHi pesynsmamu CFD aHanizy cxemu rnomoky rnogimpsi i merngogo2o cmaHy
ecepeduHi nmawHuka. B pe3ynbmami ducenbHUx 0ocnidxeHb 3HaludeHO 2eoMempito po3mauwlysaHHs
8eHmunayiiHo2zo obnadHaHHA, Mpu SKiU yMOBU 8eHMUI8aHHSI MMaxigHU4ux npumiweHb 6ydymb
Halkpauwumu.

INTRODUCTION

There are some ventilating equipment systems that depend on the air vent and exhaust ventilator
location (Campbell J. et al., 2007). The present analysis showed that the most energy efficient ventilation
system is the tunnel ventilation. This system would be chosen as the base during the modulation and
numerical simulation of heat and mass transfer in poultry houses premises (Curi T. et al. 2017).

A paper (Zajicek M., Kic P., 2013) researched the influence of maximum air exchange and intensive
cooling of poultry by the high air velocities during the poultry houses ventilation in the summer period of the
year. The air exchange numerical simulation in different configurations of ventilating systems inlet and
outlet holes were executed by ANSYS Fluent software. The dimensions and forms of inlet holes and their
locations on the poultry houses’ walls were changed during the stimulation of heat and mass transfer in
poultry houses premises.

The CFD simulation of airflow and heat and mass transfer in poultry houses premises are provided
in the paper. The side ventilation system is used in this process. The authors (Blanes-Vidal V. et. al., 2008;
Bustamante E. et. al., 2017) considered that the method of side mechanical ventilation system is the most
effective in comparison with other methods. It allows decreasing the heat stress and poultry productivity
increase during the summer period of the year. The results of numerical simulation were compared with
the data of experimental researches. The deviation was of 12%. The authors (Blanes-Vidal V. et. al., 2008;
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Bustamante E. et al., 2017) have concluded that the non-enough air velocity and the absence of the
cooling system resulted in productivity decrease during the poultry growing. This absence favours the non-
homogeneity of air flow and the existence of stagnation zone decreases the conditions for poultry’s thermal
regulation.

Another paper (Zajicek M. and Kic P., 2012) presents the CFD solution of miscellaneously improved
cases for the various flow and shape configurations of the poultry house. Effects of the transversal and
longitudinal ventilation are combined with the changes of inlet air streams directions and also with the
different cross-section shaping obtained using curtains.

This paper is the next stage of researches for supporting the climate-control systems in poultry
houses (Gorobets V.G. et al. 2018). The cooling system for external air by special construction heat
exchanger is observed. The underground wells’ water is used as cooling medium in these heat
exchangers.

MATERIALS AND METHODS

In this paper is observed the effective location of exhausting ventilation equipment in poultry-house’s
altitude. The measures are directed for the ventilating system improving and microclimate enhancement.
The observed air cooling system is based on the water usage from underground well and heat exchanger
recuperators. (Gorobets V.G. et al., 2018). The specified technique allows decreasing the external air
temperature without increasing their relative humidity comparing with the cooling system of water spraying.
The paper’s aim is to propose theoretical researches connecting with the heat and mass transfer in poultry
houses. These processes run inside the house and run through its walls, by the geometry ventilators
location change.

The poultry house of standard type has the following main characteristics:

> Building’s data — 90x20x5m

> External barriers are made of claydite — concrete with thickness of 0.2 m.
> External air temperature in the summer period +40°C.

>  Building’s volume 7200 m®.

> Internal air temperature as per norm +17°C

The research of heat exchange and mass transfer in poultry houses is the basic aim of the present
paper. The height of the ventilating equipment has important value for decreasing the stagnation zones
dimension. These zones are characterized by the high temperature of heated air in poultry houses and by
the decrease of growing poultry productivity. These researches allow to evaluate the hydrodynamic and
heat conditions for supporting a normalized microclimate and to determine the efficiency of present
ventilation system operating. The air velocity in the poultry house is within: 2.58 through 1.64 m/s with
average temperature +27°C (Gorobets V.G. et al., 2018) according to the standards. The evaluated
average value is 1.97 m/s and it is at the border «Inlet_2D» (see fig.2a). The views of rear and lateral
surfaces in 2-D mode are showed schematically in Figure 1. This line runs through the centreline of
separate ventilators.

The poultry is kept in the floor storage mode. Poultry is the source of heat generation. The general
guantity of poultry is 1000 heads. The distance between the poultry and the ventilating equipment should
not be less than 3 m. The barrier is installed on the border with the poultry. It is designed for avoiding the
poultry entrance into the ventilators. These barriers protect the equipment against poultry break. The
barrier influence was not considered on the hydrodynamics and heat transfer for the simplifying model.
The safe distance was chosen for the poultry and ventilators in spite of it. The poultry’s average
temperature was accepted +41°C. The poultry’s high concentration was considered and accepted 7 heads
per 1m®. The present source of heat generation around the floor was accepted at +41°C (fig.2b). The
exhausting ventilating equipment of the present system was supplied with an accepted diameter of the
wheel of 1.25 m. The ventilators were located at the height of 1.125, 1.5 and 1.875 m to the centre line of
ventilators (see fig.1).

The proposed poultry houses’ hydrodynamic flow and thermal fields’ analysis (Gorobets V.G., et. al.,
2018) showed the best conditions for vertical areas. These flows run through the ventilator’s centre. These
flows slightly changed independently from the ventilator’s location toward to lateral walls. Some differences
were only observed for extreme ventilators. They didn’t influence on the general view of flow and
temperature separation in the whole poultry. The 2D model may be used during the modeling. This way
facilitates the numerical simulation without influence on the physical data of heat exchange and mass
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transfer in poultry houses premises. The calculations were done from the centreline through the poultry
house length. (Gorobets V.G. et al. 2018). The air velocity alignment was observed through all cross
sections of premises and it became the same on the first approximation through the whole section.
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Fig. 1 - The ventilator location configuration from centreline to the floor in terms of height:
a-1125m;b-1,5m;c-1,875m

Numerical mathematical simulation of hydrodynamic and heat and mass transfer processes in an
industrial greenhouse was conducted. For this purpose, computer-generated simulation method based on
ANSYS Fluent software was used. Navier-Stokes equations (Khmelnik S.I., 2018) and energy-transfer
equations for convective currents are the basis for this mathematical model.

Navier-Stokes equation:
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where p — medium density, [kg/ms]; U — medium dynamic viscosity, [Paes]; p - pressure, [Pa];
u, w — velocity field of vectors; t — time, [s].
A continuity equation:
ou ow
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An energy-conservation equation:
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where T — point temperature, [°K]; A — coefficient of medium heat transfer capacity, [W/m °K];
C, — specific heat capacity of a medium, [J/kg °K].
Boundary Conditions
e by inlet on poultry houses centreline (fig.2a):

X=0,0<2<7; 2,5, SZ<H; W =W, 555 T=T ops 1=12,...7; 4

where Z,,, Z,, are vertical coordinates of the heat generation source.

It was produced by poultry arrangement during the floor storage;
H-is the distance from the floor to the roof in terms of poultry house altitude for i-ventilator.

So the number of installed ventilators equals 7, W, ., ,p.T, is the velocity and temperature of

inlet_2D
air flow on inlet to poultry house centreline:

e on outlet vent doors, which locate ventilation on the rear and wall (fig, 2a):

x=L; Z,,S1=1,y, W =Wout|et_2D; T :Toutlet_ZD; ()
- conditions for the absorption of heat and air temperature at the back of the poultry house (fig.2b):
x=L;, 0<2<2,; 2, <z<H;W=0,T=T, 2; (7
- pollution terms and roof temperature (fig.2b):
z=H;; 0<Xx<L;W=0; T=T,. ro0f 20 8)
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- pollution terms and floor temperature (fig.2b):

2=0; 0<x<L;W=0; T=T, fioor 20’ 9)
- pollution terms of heat generation on surface source, which is formed by poultry (fig.2b):
Z1ch <2< ZZch; O =X= Lch; W = 01 T :Twall_chichen_ZD' (10)

Where:
L — poultry house length from centreline to rear wall, [m];
L — the length of the area of the poultry house on which the birds are located [m];

Twall_2D’ T T

wall_roof 2D wall_ floor_2D Twall_chichen_ZD ceiling wall temperature poultry house, on the

floor, roof, surface source of heat generation, respectively [°C]
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Fig. 2 - The poultry house projection view in 2 D cross-section which runs
by the ventilator’s centre line by the poultry house’s length

a-boundary conditions at the inlet and outlet of air exchange system in the poultry house; b- boundary conditions on the surface of the
interaction of the heat source with the plane of the poultry house on which the birds are located; H-poultry house’s terms of height, m;
L- poultry house’s length, m; L., — the length of the location on which the birds are located in the poultry house, m.

The turbulence model by Spalarta-Allmarasa (Spalart P.R. and Rumsey C.L., 2007; Allmaras S.R.
et.al.,, 2012; Bailly C. and Comte-Bello G., 2015) and Discrete Ordinates (DO) radiation model (ANSYS,
2017) were used in design. The cooling system of enforced air by water from underground wells in heat
exchanger — recuperators (Gorobets V.G., et.al., 2018) designs were provided.

RESULTS

The finite element method was used for the numerical simulation of hydrodynamics and heat and
mass transfer. The mesh building was made in the ANSYS Meshing mesh generator. The method of local
mesh control was used for mesh building. The index of Orthogonal Quality is 1. The mesh building of
poultry houses premises runs through the centreline of separate ventilator through the premises. This
mesh is in fig.3.
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Fig. 3 - The building of mathematical mesh of centreline through ventilator centreline by the premises length
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The calculation results of computer mathematical simulation for poultry house were provided in
figures 4-7.

D
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Fig. 4 - Thermal fields (°C) in longitudinal section of premises by the ventilator centreline on coordinates 0x from
ventilators location from centreline to floor on height:
a-1125m;b—-1.5m;c-1.875m

The thermal fields by the premises height in longitudinal section by the ventilator centreline on
coordinate Ox for all ventilators’ location on the poultry house rear wall are shown in fig. 4. The air inlet
temperature +27°C cools the poultry. It locates in the lowest part of the poultry house. The air’'s external
temperature and radiation background were considered. The increased air temperature is observed around
the ceiling. The heated air has a temperature +30°C. It is caused by the heat release from poultry heads.
The heated air runs to the exhausting ventilating units after the poultry cooling.

The poultry house air velocity data, especially around the poultry is located. Is one of the important
data for poultry keeping. The velocity field by the poultry house premises’ height and length is shown in fig
5-7. Maximum velocity on the poultry house inlet and outlet areas doesn’t surpass 2 m/s. The air velocity
equals zero, especially in stagnant areas of some premises places. But the average velocity around the
poultry, for the height of 0.5 m from the floor, was considered 1.97 m/s in spite of high turbulence and flow
non-homogeneity. The air velocity on ventilator's outlet is considered nearly 8.4 m/s (fig. 5-7)
independently from ventilators’ location.
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Fig. 5a - Field of velocities (m/s) in premises’ cross-section by coordinate Ox with ventilator’s location from
centre line to floor in terms of height a—1.125 m
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Fig. 5 b,c — Field of velocities (m/s) in premises’ cross-section by coordinate Ox with ventilator’s location
from centre line to floor in terms of height: b—1.5m; c—-1.875m

The vortex zones are observed in the form of elliptical region in the upper part of the poultry house.
The air velocity decreases to 1.65 m/s (fig. 5-7). The excessive stagnation area is observed in the upper
angle area in fig. 5a-7a. The vortex appears in the lower part of the premises in fig. 5b-7b. The ventilator’s
location at the height of 1.5 m makes the vortex minimizing the stagnation areas in the angle parts of the
poultry house (fig. 5b- 7b).
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Fig. 6 - Streamlines (m/s) in premises’ longitudinal section by the ventilator centreline by coordinate 0x with
ventilators location from centreline to floor in terms of height:
a—-1.125m;b-15m;c—-1.875m

The stagnation area may be observed in the premises’ upper part in fig. 6a. The ventilators
streamlines and air rate velocity (fig. 6a and 7a) direct downside. That is why the air velocity around the
poultry increases. It may cause the excessive poultry cooling. The decrease in poultry’s temperature may
cause poultry disease. It will have a negative impact on the poultry farms operation indexes.
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Fig. 7 - The velocity vector (m/s) in premises longitudinal section by the ventilator by coordinate Ox with

ventilators location from centreline to floor in terms of height:
a—-1125m;b-15m;c—-1875m

CONCLUSIONS

The numerical simulation of poultry’s heat exchange and mass transfer were provided. The velocity
and temperature distribution were received by the centreline of separate ventilator by the longitudinal
section. The velocity field analysis showed the presence of stagnation areas in poultry houses’ angle
regions. The multiple calculations of mass transfer and heat exchange during the different geometry of
ventilating equipment location on the rear wall were provided with the aim to minimize the stagnation
areas, air flow aligning and temperature indexes increasing. It is necessary to install the ventilating
equipment at the height of 1.5 m. It allows decreasing the dimension of stagnation areas and non-
equality distribution of air velocity around the poultry. Such ventilators location allows equalizing flow
considering the poultry house’s terms of height. It will not cause the excessive poultry cooling. The
average air temperature for such conditions is 1.97 m/s. The poultry house’s outlet air temperature is
+27°C. Such mode favours the productivity increase during the poultry farming.
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