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ABSTRACT

The mathematical modeling was provided for heat and mass transfer during the air ventilation in
poultry houses. Air ventilation systems based on the injectors or moisture pads is well known. Our system is
different from the existing ones by using special construction heat exchangers. The cooling medium in heat
exchangers special construction is the water from the underground wells. The ANSYS Fluent software is
used for receiving numerical simulation velocity fields, temperature and pressure in poultry house. The
recommendations are made for the choice of poultry house’s air ventilating system.

PE3IOME

lMposedeHo mMamemamuyHe MOOEMI8aHHS [POUECI8 mernao- | MacornepeHocy npu eeHMuUIAuil
rnogimpsi 8 MMaxi8HUYUX MPUMILEHHSX. Ha eiOMiHy 8i0 ICHytoHUX cucmeMm OXONOOXEHHST MPUMIUSHO20
nosimps, wo 6a3yrombCs Ha 8UKOPUCMaHHI (hOpCyHOK abo 380JI0XKYHOHUX Kacem, 3arnporioHo8aHO HO8Y
cucmeMy OXOrI00XEeHHsT 3 8UKOPUCMAaHHSAM meriio0OMiHHUX anapamie crieuyianbHOi KOHCMPYKUii, 8 sSKUX 8
AKocmi oxonodxyeaya eukopucmosyembscsi eo0a Mi03eMHUX ceepdrnosuH. B pe3ynbmami 4uceribHo20
moderntoeaHHsT ompumaHi rons weudkocmel, memrepamyp | mMUcKie y nmalwHUKy 8UKOpUCmosytoyu
npoepamHuti npodykm ANSYS Fluent. [JaHo pekomeHdauji no eubopy KoOHCMPpyKuii cucmem eeHmMunsAyii e
nmauHUKax.

INTRODUCTION

The modern cooling systems for supplying air in poultry houses (Donald O.J., 2012; Czarick M. and
Fairchild B., 2014; Hui, X., 2018) are based on the usage of spraying or evaporating systems. The principle
of adiabatic cooling is a base for both systems (Kim K. et.al., 2008), when water transfers from liquid into
gaseous state through the free evaporating. This process allows decreasing the external heated air
temperature in poultry house.

The aerosol or spray appears in systems with injectors or disc sprayers. This spray consists of water
drops of small diameter (Vyshnevskyi E.P., 2004). The injectors may be of two types: lower or high pressure.
When used for air cooling, the injectors’ method requires the presence of a special system of water
treatment — cleaning, filtering, etc., because contamination of nozzles quickly disables the operation of
injectors. Besides, the operation of such system needs high power consumption.

The pad usage is necessary for steam forced cooling. The air enters through the channels system with
humid walls. Such pad’s working principles were described in detail (Hulzebosch J., 2005). The cooling pads
are used in the terms of high temperature for external air, which increases +37°C. The pad method is the
most effective in the modern time. The cooling process for supplied air in the moisture pads was described in
detail in Campbell J. et.al. (2007) works. The aerodynamic resistance and the high price of the units are the
main lacks for this method. The contamination of pad’s channel by dusts during the operation process is one
of the lacks for the present method. It is necessary to talk about the mould formation on the contaminated
surfaces. This mould adds components into supplied air. These components favour the poultry diseases at
the high temperature. The algae may appear on the pad’s surface in the case of non-time cleaning. The
indicated factors encourage the frequent replacement of pads in the first year of operation. The maximum life
of the pads does not exceed 10 years and depends on the quality of water, preventive work and special
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operating conditions. The effectiveness of pad cooling to a large extent also depends on the tightness of the
poultry house.

There are some systems for air ventilating equipment. It depends upon the location of vent door and
air exhauster (Donald O.J., 2012). The tunnel ventilation is the most energetically effective as per analysis
among the existing systems. The tunnel system was chosen as the basic during the modeling and providing
the numerical simulation process for heat exchanging and mass transfer in the poultry houses (Chui E.H. and
Raithby G.D. 2013).

The CFD simulation was provided in the works (Blanes-Vidal V. et. al., 2008; Bustamante E., et. al.,
2008) about the poultry houses with the side ventilation system. The authors (Blanes-Vidal V., et. al., 2008;
Bustamante E., et.al., 2008) considered the method of side mechanical ventilation system as the most
effective in comparison with other methods. It allows decreasing the heat stress and increasing poultry
productivity during the summer period. The velocities distribution pressures and temperature for air flow for
side ventilating systems were obtained from the results of numerical simulation. The results of numerical
simulation were compared with the data of experimental researches, with a difference of 12 %.

The conclusion was drawn in the results of authors’ researches (Blanes-Vidal V. et. al., 2008;
Bustamante E. et.al., 2008) namely that the lack of air and the absence of cooling system generate the
poultry’s heat stress. It is accompanied by the productivity decrease during the poultry growing. The air-flow
non-homogeneity and stagnation zone existence in the areas with poultries decrease the terms of poultry’s
thermal regulation.

The influence of maximal air exchange and intensity for poultry cooling through the air high velocities
in the poultry houses during the summer period of the year was researched in the paper (Zajicek M. and Kic
P., 2013). The Ansys Fluent software was used for the numerical simulation in poultry house in different
configurations of air ventilating system’s inlet and outlet holes. The dimensions and forms of inlet holes and
their locations on poultry houses wall were changed during the simulation. The influence of these factors on
the basic data of air exchange was analyzed. The data were put as per technical standards for keeping
poultry. The recommendations were proposed for the choice of the most effective configuration of inlet
velocity profile form and optimal temperature for internal area of poultry house by the researches results.

The analysis of the existing researches for numerical simulation of heat and mass transfer during the
ventilation of poultry houses in the summer period have showed the direction for improving the existing
ventilation system. It is necessary to develop new air ventilating systems. These systems differ from the
traditional system of air supply with injectors and moisture pads usage.

MATERIALS AND METHODS

The new technique for the cooling of external air in poultry houses’ ventilating system was proposed in
this paper. This technique is based on the water usage from the underground well with use of heat
exchangers - recuperators. Heat exchangers, smooth-tube or finned shell-and-tube heat exchangers, as well
as plate heat exchangers with water-air heat carriers, can be used, taking into account the conditions under
which they operate (Gorobets, V.G., 2006). This technique makes it possible to reduce the temperature of the
outside air without increasing its relative humidity, in contrast, for example, with cooling systems with water
spraying. The aim of this paper is to propose theoretical researches on the heat and mass transfer in poultry
houses. These processes run inside the accommodation and run through the external barrier. The proposed
system can be used to keep a normalized microclimate in a poultry house and, for example, to grow broiler
chickens with floor-keeping (10 thousand heads).

The poultry house of standard type has the following main characteristics:
Building data- 90x20x5m
External barriers are made of claydite-concrete with 0.2 m thickness.
External air temperature in summer period +40°C.
Building volume 7200 m3.
Internal air temperature as per norm +17°C

The schematic top view is shown in Fig. 1 a, Fig. 1 b side view by shown stall space of poultry house
with ventilating equipment. The proposed air ventilating system works in the following way. The heated air
runs from the external medium into the house 1 through heat exchangers 4. They are installed on the vent
holes 2. Air runs through all heat exchangers sections 4; after that, cooled air enters into the house. The
waste air removes through the individual ventilating units 3. The movement of air in the accommodation 1 is
due to the difference in atmospheric pressure at the inlet to the heat exchanger 4 and the ventilation units 3
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at the outlet of them. The cold water runs from the well 5 through pipeline 7 by the pump 6 to heat exchanger

4. The heated water is removed through the outlet nozzle 8. The heated water can be used for the internal
needs.

Vi A

0010
i

| 7
¥ 5
) L b D:—/ 6
a) b)
Fig. 1 - Scheme of air-running in poultry house
a) top view; b) side view

1 — poultry house building; 2 — vent doors; 3 — air exhausters; 4 — heat exchanger recuperator; 5 — well;
6 — pump; 7 — pipeline; 8 — outlet nozzle

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. Spalarta-Allmarasa turbulence
model (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, 2011) were used for the calculations. The computation
was conducted using heating and ventilating systems in buildings during winter time, taking into account
solar radiation.

Navier-Stokes equation:
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where p — medium density, kg/m?; y — medium dynamic viscosity, Pass; p - pressure, Pa; u, v, w — velocity
field of vectors; t — time, s.
A continuity equation:
ou ov 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

Let us set boundary conditions (see Fig. 2 a) for ventilation openings on the front end wall:

Y, SY<ylizl <z<2l;i=12..6;S,(y=+M/2,x,2)
W=W_:T=T,, .

inlet?

(4)
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For ventilation openings on the sidewalls (see Fig. 2 b):

u(2)<y<yn(z) z(y)<z<z3(y)i=12.7; ¢ (x=L,y,2)

®)
W :Woutlet; ﬂ = O
a x=L
For ventilation openings on the back end wall, where fans are located (see Fig. 2 c):
X SX<XI; 24 <2<28;1=78..10;S,(y =M /2,x,2); ©)
W :Winlet; T :Tenv. '
Attachment conditions for heat carrying air on the front end wall (see Fig. 2 a):
~M/2<y<M/2;0<z<H+h(y) 0<h(y)<h,.,; @
yeS,(x=0,y,2) i=12.6W=0,T=T,,.
Attachment conditions on the back end wall (see Fig. 2 b):
~M/2<y<M/2;0<z<H+h(y)0<h(y)<h,; ®
yep(x=Ly,2) i=12.7,W=0,T=T,,.
Attachment conditions on the sidewalls and the roof wall (see Fig. 2 c):
y=tM/2,0<x<L;0<z<H-+h(y) yeS,(y=tM/2,x2), ©)

z gSi(y:iM /2, X, Z); i=78.100W=0,T=T

wall *

where Si(x<0,y,z) — the function that describes the boundaries of air inlet openings; ¢i(x=L,y,z) — the function
that describes the boundaries of air outlet openings; L — the length of greenhouse sidewalls, m; M — the
width of the front and the back end wall, m; H — the height of the greenhouse, m; h(y) — the function of roof
wall height in section Oy, m; Twai — wall temperature, °C; Ten. — environment temperature, °C; Winet — inlet air
velocity when entering the greenhouse, m/s; Woutet — OUtlet air velocity when leaving the greenhouse, m/s.
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Fig. 2 - General view of poultry houses walls projection
a — front end wall; b — back end wall; ¢ — side wall

Spalarta-Allmarasa turbulence model:
The transported variable in the Spalart-Allmaras model, V, is identical to the turbulent kinematic
viscosity except in the near-wall (viscosity-affected) region. The transport equation for the modified turbulent
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viscosity V is:

~ ~\2
0, ~ 0 [ ~ 1| 0 ~\ OV oV
— (V) +—(pVu,)=G, + —| — N )—t+Cp, | — | |-Y, +S,
8t( )+8X-( ul) v+0~ 6x- {(/J-l— )aX-}+ pr(aXij v+ v (10)

| ) I I

where G, is the production of turbulent viscosity and Y, is the destruction of turbulent viscosity that occurs in
the near-wall region due to wall blocking and viscous damping. oy and Cy, are the constants and v is the
molecular kinematic viscosity. Sy is a user-defined source term.

Discrete Ordinates radiation model:
The radiative transfer equation for an absorbing, emitting, and scattering medium at position T in the
direction S is

- = 4 Ar
—dl(r’s)+(a+c75)l(F,§)=an2iJF&Il(r’gl)@(g‘g')dﬂ', (11)
ds T A4rs

where ' — position vector, S — direction vector, S’ — scattering direction vector, s — path length, a —
absorption coefficient, n — refractive index, os — scattering coefficient, o — Stefan-Boltzmann constant
(5,669-108 W/m2-K#), | — radiation intensity, which depends on position (') and direction (S), ® — phase
function, Q' — solid angle, (a+os)s is the optical thickness or opacity of the medium. The refractive index n is
important when considering radiation in semi-transparent media.

The discrete ordinates radiation model solves the radiative transfer equation (RTE) for a finite number
of discrete solid angles, each associated with a vector direction fixed in the global Cartesian system (X, y, z).
The uncoupled implementation is sequential in nature and uses a conservative variant of the DO model
called the finite-volume scheme (Chui E.H. and Raithby G.D., 2013; Hassanzadeh P. et.al., 2008), and its
extension to unstructured meshes (Murthy J.Y. and Mathur S.R., 1998). In the uncoupled case, the equations
for the energy and radiation intensities are solved one by one, assuming prevailing values for other
variables.

The discrete ordinates model considers the radiative transfer equation in the direction S as a field
equation.

Thus, equation 11 is written as:

,oT* o %

V-(1(7,5)8)+(a+o I(F,5)=an” =—+ 7= [1(F,5")p(5 - 5')dC . (12)

r  Ary

ANSYS Fluent also allows the modeling of non-gray radiation using a gray-band model. The RTE for
the spectral intensity IA(F, §) can be written as (Modest M.F., 2013)

Yy 4
v-(1,(7,58)+(, + o )I,(F.5)=a,l,, +Z—;[ [1,(r.5)0(s - 5")0ex (13)
0

Here A is the wavelength, a, is the spectral absorption coefficient, and I, is the black body intensity
given by the Planck function. The scattering coefficient, the scattering phase function, and the refractive
index n are assumed independent of wavelength.

The non-gray DO implementation divides the radiation spectrum into N wavelength bands, which need
not be contiguous or equal in extent. The wavelength intervals are supplied by you and correspond to values
in vacuum (n=1). The RTE is integrated over each wavelength interval, resulting in transport equations for
the quantity 1,AA, the radiant energy contained in the wavelength band AA.

The behaviour in each band is assumed gray. The black body emission in the wavelength band per
unit solid angle is written as:

4
[F(0 > nA,T)-F(0— nAT)n? o (14)
s

where F(0—nAT) is the fraction of radiant energy emitted by a black body (Modest M.F., 2013) in the
wavelength interval from O to A at temperature T in a medium of refractive index n.A,. and A; are the
wavelength boundaries of the band.
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The total intensity I(F,§) in each direction S at position T is computed using
|(r'5)zz|zk(r'3%/1k, (15)
k

where the summation is over the wavelength bands.
Boundary conditions for the non-gray DO model are applied on a band basis. The treatment within a
band is the same as that for the gray DO model.

RESULTS

The finite element method is used for the numerical simulation of hydrodynamics and heat and mass
transfer. The principle of this method is based on the approximate method for solving definition of a
variational task. The notional of functional is used for the formulation of this task. The operator I[f (X)] is
called a functional which was given on some set of functions f(x), if for each function f(x) it corresponds to a
certain rule or law a certain numerical value I=I[f (x)] (Dulnev G.N., 1990).

The mesh building is made in the ANSYS Meshing mesh generator on the base platform Workbench.
The method of local mesh control was used for the mesh building. The index of Orthogonal Quality
(Trokhanyak V.I. and Bogdan Yu.O., 2015) equalled nearly 0.45. Minimum dimension of bound was 2.3x102m.

The data of heat and mass transfer in the mesh of ANSYS Meshing were put in Table 1. They will be
needed for the further calculation of heat exchange and mass transfer. The geometry was built in real
dimensions. The quantity of elements and bounds are rather big during the mesh building. Considering big
dimensions of the building, element’s dimensions and bounds are not much increased through the limits of
productive and design computer’s capacity.

Table 1
The data for the building mesh of poultry house
Setting data Poultry house

Indexes for mesh orthogonal quality 0.45
Element’s quantity, pcs 1628712
Joints number, pcs 9303422
Angles curvature, grad 45
Method Triangle
Element’s maximum dimension, m 2.3
Bound’s maximum dimension, m 4.6
Bound’s minimal dimension, m 2.3x102

Fig. 3 shows a constructed poultry house mesh from the frontal side. The mesh is slightly reduced
(concentrated) near the holes of the inflow air relative to the rest of the wall area. These measures are
applied for the improved calculation of hydrodynamics. In the section (Fig. 4), a mesh is clearly visible, so
you can better assess the quality and disadvantages of the mesh itself. We also notice concentration of the
mesh near the floor due to the location of the poultry on it.
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Fig. 3 - Front end wall Fig. 4 - Back end wall’s poultry house in section
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The calculations’ results of computer mathematic simulation for poultry house were given in Fig. 5-11.

Temperature
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Fig. 5 - Temperature field in poultry houses of transverse section by centreline Oy
on the distance 30 m from inlet, °C

All calculations were made on the mass rate of 170 kg/s. Walls and floor are produced from claydite-
concrete with 0.2 m thickness. The calculation was made twice without or with air cooling systems usage of
water from the underground cells in heat exchangers recuperators. The external air and water are chosen as
a medium in heat exchanger recuperator The temperature of the external air at the inlet to the heat
exchanger is +40°C. Heat capacity of the heat exchanger is selected in such a way that at the outlet the
temperature of the air is + 20°C. The cooling water coming from underground wells has a temperature of
+10°C. The poultry locates in floor holding. It is a source for the heat output with the temperature +41°C.

The high temperature without air cooling system has negative influence on poultry holding. You may
decrease the temperature by +2°C using the high productive vents in the poultry houses. These terms
cannot reach the standard microclimate in poultry-farm. The temperature field distribution with inlet external
air temperature +40°C is shown in Fig. 3, without heat exchanger recuperators’ usage as air cooling system
elements. The maximum temperature area is in the place of poultry floor holding as shown in Fig. 5.

Temperature
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36.8

. <
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I I
[C] 7.500 22.500

Fig. 6 - The change of temperature fields in longitudinal section of the building by centreline
on the 6 m distance from the wall, °C

The temperature distribution was shown in Fig. 6-9 in the service area of cooling water usage from
underground walls. The internal temperature was considered +20°C during the heat exchanger recuperator
usage. The air temperature growing through the whole house was clearly observed in Fig. 7-8. The outlet
temperature of cooled air was nearly +27°C. It is caused by poultry’s heat output and the external poultry
houses’ walls by external air. So, the air supply did not increase the allowable norms in the present air
ventilating system. The poultry house’s temperature field has not homogenous character and oscillates in the
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range from +20 to +40°C. The highest temperature was observed near the wall. It was caused by the heat
exchange between the external and internal air cooling through barriers system considered the convective
and radioactive components of heat exchanging. The heating air areas locate far from poultry floor holding. It
did not affect the cooling.

Temperature
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Fig. 7 - The temperature fields in the transverse section by axis Oy on the 30 m distance from inlet, °C
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Fig. 8 - Temperature fields in poultry house in transversal section by axis Oy on the 60 m distance from inlet, °C

Temperature
41.0
39.6
38.2
36.8

354
34.0
32.6
31.2
29.8
284
27.0

25.6
242
228
214

20.0 0 15.000 30.000 (m)
—— — e
[C] 7.500 22.500

Fig. 9 - Temperature fields in poultry house in transversal section
by axis 0z on the 1.3 m height from the floor °C
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The air velocity of the poultry houses is the most important data for the poultry holding, especially
near the poultry. The poultry houses velocity field is on the 0.5 height from the floor as shown in Fig. 10. The
maximum velocity is not increased at 2.5 m/s. It is observed near the inlet and outlet parts of the poultry
house. The air velocity reaches zero in the stagnation area. The average air velocity at the 0.5 m height is
1.97 m/s in spite of the high turbulence and non-homogenous flow. The air streamlines are shown in 3D
image. The building’s internal air motion has rectilinear character. As we have mentioned before, the stream

non-uniformity and the stagnation area presence is near the side walls.
Velocity
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Fig. 10 - The velocity fields in poultry house in transverse section by axis Oz
at 0.5 m height from the floor, m/s
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Fig. 11 - The air streamlines of poultry house in 3D image, m/s

CONCLUSIONS

The new air cooling system with heat exchangers recuperators was proposed. Heat exchangers
were used for the water cooling from underground wells. It allows decreasing the poultry houses
temperature to +20°C without increasing its relative humidity. The numerical simulation for the heat and
mass transfer of ventilating air in poultry houses with or without cooling heat exchangers for air supply
was provided. The velocity field, temperature and pressure were received using ANSYS Fluent software.
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