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USING CFD SIMULATION TO INVESTIGATE THE IMPACT OF FRESH AIR VALVES
ON POULTRY HOUSE AERODYNAMICS IN CASE OF A SIDE VENTILATION SYSTEM
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ABSTRACT

Exposure and the outbreak of diseases result in significant losses in large scale poultry operation.
New ventilation systems are necessary to provide safe and homogenous internal environment at large
enterprises, especially under the changeable climatic conditions of global warming. Within the framework
of this investigation, computational fluid dynamics (CFD) simulation of a side ventilation system in a
poultry house during winter seasons has been conducted. As results, 3D temperature fields, current lines
and pressures in a poultry house have been found. It has been determined that fresh air valves arranged
at a height of 200 mm from flooring work better than those traditionally arranged at a height of 400 mm.
The erection of walls on the inside of a poultry house framework as well as the decrease in the height of
flooring improve poultry house aerodynamics.

PE3IOME

lNepeoxonodxeHHs i cnanax xeopobu rnpu3godsime 00 3Ha4YHUX empam fpu eenukomacwmabHomy
supobHuymei nmuui. 3 Mmemoro 3abesrnedeHHs 6e3rne4yHo20 i 0OHOPIOHO20 8HYyMPIWHbLO20 cepedosulia
011 8e/IUKUX 8UPOBHUUME HeObXiOHi HO8i cucmemu eeHmursiuil, 0cobiugo 8 yMoeax MiHIU8020 KiliMamy
enobarnbHo20 nomenniHHA. B pamkax ybo2o docnidxeHHs1 6yrno npoeedeHo ModentoeaHHs 0b64YUCHeHHs
eidpoduHamiku (CFD) 6okoeoi cucmemu eeHmurnsayii  mmawHuKy y 3umosgul rnepiod poky. B pesynbmami
ompumaHo nosns weudkocmed, MiHIG MoKy | muckie y nmawHuky e 3D nocmaHosui. 3HatiOeHo, wWo
npunnueHi knanaHa ki poamiwyrombcsi Ha eucomi 200 MM 8i0 nepekpumms npayrrms 3Ha4yHo
egpekmusHiwe Hix 8 mpaduuyitiHiti nrocmaHosui Ha aucomi 400 mm. MoHmaxX cmiH i3 6HympilWHb020 6oKy
Kapkacy nmawHuKa, a makox 3MEeHWEeHHSI 8ucomu repekpumms roKpawytoms aepoOuHaMiky &
nmawHuKy.

INTRODUCTION

The paper of Saraz J.A.O. et al., (2012), was aimed at the development of the modern level of using
CFD models in the internal broiler house environment and the investigation of their current limitations. It
was based on the assumption that CFD models can provide knowledge about the distribution of velocities,
the temperatures of air, gases and solid particles in case of natural ventilation, mechanical ventilation and
adiabatic pad-and-fan cooling systems.

The results of the paper written by Tong, X. J. et al., (2019) show that an upward airflow
displacement ventilation system makes it possible to increase the efficiency of air exchange in cages for
46% -129% as well as to provide more homogenous thermal environment with the heat stress of 9.4% in
summer and the cold stress of 68% in winter compared to a tunnel ventilation system.

The paper published by Cheng Q.Y. et al., (2018), analyses the influence of the height (0.4 m, 0.55
m, 0.7 m, 0.85 m and 1 m) and the intervals (6 m, 9 m, 12 m, 15 m and 18 m) of deflectors on the velocity
and air distribution in cage areas. The investigation shows that deflectors can significantly direct air flow
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downwards, increase air velocity in cage and pass-through areas for 0.66 m/s and 0.91 m/s respectively,
compared to the lack of deflectors, in case of deflectors being 1 m tall and with the interval of 6 m.

Some authors’ results, suggested a new cooling system to be applied in a poultry house with the use
of heat-exchangers of a special design (Gorobets V.G. et al., 2018; Gorobets V. et al.,, 2019). CFD
simulation of air flows and heat-and-mass exchange in a poultry building is presented. Here, water from
subterranean wells is used as a cooler. There are recommendations provided for choosing the design of
ventilation systems in poultry houses. In their follow-up studies Gorobets V.G. et al., (2018), optimize the
height of extractor-type fan arrangement. It is shown that it is to the point to arrange ventilation equipment
at a height of 1.5 m. Here, the area of dead-air zones and the inequality of air velocity distribution close to
poultry decrease.

Aimed at the decrease of energy cost and the increase of quality indices of air environment when
providing the necessary conditions for poultry management, some authors conducted experimental
research and numerical simulation. In the process of investigation, the decrease of energy expenditures for
establishing microclimate during broiler management has been obtained. The quality of air environment in
poultry houses has been increased. It makes it possible to decrease the disposal of feeding stuffs and the
loss of poultry stock and, as a result, increase the economic efficiency of production and product quality.
(Trokhaniak V.I. et al., 2019)

Bustamante E. et al., (2017), consider the methods of side mechanical ventilation to be more
efficient compared to other methods. Their CFD simulation shows a wide range of the values of air flow
velocity. According to the indoor air velocity, two main conclusions have been drawn: 1 — there is excess
inhomogeneity in the area of animal presence; and 2 — the movement of air is insufficient to contribute to
bird thermoregulation.

Shurub Yu.V. et al., (2018), Shurub Yu. et al., (2019) presented the description of loading of various
ventilator engines and a combined connection diagram.

Zajicek M. and Kic P., (2012), Pourvosoghi N. et al., (2018) presented in their paper a CFD solution
for various flow configurations and poultry house forms. The effects of cross and longitudinal ventilation are
combined with the change of inlet air flow directions as well as various forms of the cross-sectional area
obtained with the help of valves. This paper considers the design of a poultry house in such a way that the
walls are arranged on the outside of a concrete framework. Such a design makes aerodynamics inside a
poultry house worse. There are a lot of dead-air zones. Due to high flooring, warmth during winter season
is concentrated above poultry, which results in the increase of energy costs to heat the building.

Fig. 1 presents a traditional poultry house design. The walls are arranged on the outside of a
concrete framework. The flooring is not lowered. Thus, the paper is aimed at the improvement of a poultry
house design, finding the most effective way to arrange fresh air valves and the improvement of the
aerodynamic indices of a poultry house environment with the help of CFD.

I [

Fig. 1 - Extract of traditional poultry house design with fresh air valves of side ventilation

MATERIALS AND METHODS

According to the set technical task, the engineering calculation of air exchange during winter season
was conducted. In order to remove carbon dioxide, moisture vapour and harmful substances, it was
necessary to provide air expenditure being about 155 ths m3/h at the outside temperature being -10°C.

The geometrical pattern was constructed in actual size. In order to decrease the estimate time inside
along the building, symmetry was applied. That is to say, simulation was conducted for half of a poultry
house building only. The calculation was conducted at the air expenditure being 30 kg/s. Outside air
temperature was taken to be equal to -10°C and the parameters of heat emission were introduced. The
walls were made of concrete and were insulated by expanded foam being 35 kg/m? thick: 60/150/60 mm,
respectively. The building was coated by polyurethane being 100 mm thick, 45 kg/m3. The floor was
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insulated by expanded polystyrene being 45 kg/m? thick, 100 mm for the width of 2 m from the wall around
the perimeter of the poultry house, 50 mm for the rest of the area. The length of the poultry house was 120
m, the width was equal to 22.36 m (see Fig. 2). Floor-managed poultry in the building was 41 ths in
number, poultry weight was equal to 3.3 kg. It was a heat source and corresponded to +41°C. Ventilation
valves Wilotpowietrza 857x337 mm 3000-VFG Przepustowocs 2900 m3/h were applied. They were
arranged on the side walls being 79 pcs in total (Fig. 5a). The first ten ventilation valves were arranged at a
height of 0.2 m from flooring (see Fig. 3b, Fig. 5a). The rest of the valves were arranged at a height of 0.4
m from flooring (see Fig. 3a, 4, 5a (H5)). One of the design concepts was to install a spoiler at a slope
angle being 75° from a vertical line above fresh air valve (see Fig. 4 (A20)). The length of the spoiler was
0.8 m (L9). Munters EM50 1.5 Hp extraction fans were used, 18 pcs. in total. During winter season 6 pcs
were specifically arranged (see Fig. 5b). As a rule, they are arranged in the upper row displaced closer to

the centre. Such ventilators can undertake the maximum long-term loading up to 56 Pa.
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Fig. 3 - Arrangement of valves along longitudinal walls
a — small valves, b — tunnel ventilation valves

Fig. 4 schematically presents valve angle side view.

The ventilation scheme was constructed in such a way that air flow reached the centre of the building
in winter season in order to normalize the aerodynamic parameters of a poultry house. Such a method
made it possible to reduce the loss of fresh air pressure in the poultry building. Thus, the following
structural alterations were made: the width of the building was increased from 21 m, which was typical in a
traditional design, to 22.36 m in a new design. Fig. 4 presents the maximum valve opening of 0.1 m (H16).
Numerical simulation was conducted at valve opening being 0.1 m, 0.066 m and 0.049 m, respectively.
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Fig. 4 - Fresh air valves and spoiler angles
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Fig. 5 - Side (a) and back end (b) walls of a poultry house

The number of elements and faces was quite numerous (Table 1). Taking into account great building
dimensions, the size of an element and a face was not significantly increased because of the limitations of
computer productive and design capacity.

Table 1
Parameters of mesh generation for a poultry building.

Settings Measure units Measure
Mesh quality index (orthogonal quality) - 0.24
Number of elements pcs 3813129
Number of mesh points pcs 4005901
Method - CutCell
Maximum face size m 0.11
Minimum face size m 0.0275
Minimum size of fresh air valve element m 0.0276
Minimum size of extraction fan element m 0.05

Fig. 6 presents frontal and side views of the generated mesh of a poultry building, fresh air openings
and an entry gate. The mesh was a little decreased relative to the rest of the wall area. Such measures
were applied in order to obtain better hydrodynamics calculation. In addition, the mesh was condensed
close to the floor, since poultry was placed there.

a) b)
Fig. 6 - Side view (a) and back end view (b) of a poultry house wall

Having applied the finite-element method, 3D computational mesh was constructed in ANSYS
Meshing software complex aimed at solving the tasks of hydrodynamics and heat transfer in a poultry
house. The construction of various meshes for CFD models resulted in choosing the most optimal and the
best-quality ones that made it possible to obtain trustworthy and exact results of the calculation of poultry
house ventilation. The simulation was performed without using any additional heating system.

The flow of viscous fluid or gas (air) was described by the system of equations, which included the
continuity equation and the momentum equation in the projections on the coordinate axis. If the medium
flow was followed by heat transfer, the energy conservation equation (the heat transfer equation) was
added to the above-mentioned system of equations.

The mathematical model was based on Navier-Stokes equations (Khmelnik S.I., 2018; Trokhaniak V.
and Klendii O., 2018) and energy transfer equation for convective currents. Spalart-Allmaras turbulence
model (Allmaras S.R. et al., 2012) and Discrete Ordinates radiation model (ANSYS, 2017) were applied in
the calculation.
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RESULTS

The results of CFD 3D simulation of a poultry house has made it possible to compare three
modifications of valve opening in case of side poultry house ventilation system. Prior to conducting
numerical simulation, 3D mesh has been generated applying the finite-element method in ANSYS Meshing.

Fig. 7-15 present the results of CFD simulation of a poultry house in two areas along the length of the
building — 10.3 m. and 52.3 m. at various valve opening ranging from 0.1m to 0.049 m.

Fig. 7-9 present pressure loss values in fresh air valves. The least pressure loss is shown to be 24.3
Pa at valve opening being 0.1 m and the greatest one — 55.68 Pa at 0.049 m, respectively.

Fig. 10-15 present air flow hydrodynamics in a poultry house. As it has been already mentioned, air
flow is directed upwards by fresh air valves. However, due to low entry pressures and velocities, after
passing the third of the building the air falls down. The valves are arranged at a height of 200 mm from the
flooring (Fig. 12a, Fig, 15a). The air smoothly moves close to the flooring area and is directed to the centre
of the building. The valves that are arranged at a height of 400 mm from flooring cannot provide the same
impact. This can be caused by perturbation due to large building airspace. The average entry velocity at
various air expenditures ranges from 6.39 m/s to 9.62 m/s.
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Fig. 7 - Pressure loss (Pa) in a fresh air valve of a poultry building at valve opening being 0.1 m
at a distance from the front-end wall of:
a-10.3m;b-52.3m
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Fig. 8 - Pressure loss (Pa) in a fresh air valve of a poultry building at valve opening being 0.066 m
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Fig. 9 - Pressure loss (Pa) in a fresh air valve of a poultry building at valve opening being 0.049 m
at a distance from the front-end wall of:
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Fig. 12 - Field of velocities (m/s) in a poultry house at valve opening being 0.049 m
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Fig. 13 - Stream lines (m/s) in a poultry house at valve opening being 0.1 m
at a distance from the front-end wall of:
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Fig. 14 - Stream lines (m/s) in a poultry house at valve opening being 0.066 m
at a distance from the front-end wall of:
a-10.3m;b-52.3m
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Fig. 15 - Stream lines (m/s) in a poultry house at valve opening being 0.049 m
at a distance from the front-end wall of:
a-10.3m;b-52.3m

Fig. 16 presents the field of velocities around the building area at a height of 0.7 m from the floor

level. These results can help to estimate air velocity above poultry. The average air velocity ranges from
0.54 m/s to 0.66 m/s. Only close to extraction fans the velocity is a little higher, which is 2 m/s. The main

body of

poultry does not discomfort.
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Fig. 16 - Field of velocities (m/s) in a poultry house at a height of 0.7 m from the floor level at valve opening being:

a—0.1m;b-0.066 m;c—0.049m

Fig.17 presents 3D current lines in a poultry house. The results show that the valves, which are

arranged at a height of 400 mm are not effective. The middle extractor fan is practically not utilized. A great

load is
located

put on the side fan, which is arranged close to the wall. The main load is taken by the fan, which is
in the centre of the building.
In winter seasons, fresh air density is greater than in summer seasons. Thus, in case of side

ventilation system, it is difficult to perform air transfer to the centre of a poultry house. At the next stage of
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designing a side ventilation system, the authors suggest taking into account that fresh air valves should be
arranged at a height of not less than 200 mm from the flooring level.
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Fig. 17 - 3D stream lines (m/s) in a poultry house at valve opening being 0.049 m

Table 2 presents more detailed information on the results of CFD simulation.

Table 2
Averaged air measures in a poultry house
Parameter Measure units Result
Distance of valve opening m 0.1 0.066 0.049
Entry air expenditure for half of a poultry kgls 30 30 30
house
Valve-inlet pressure Pa 24.332 43.41 55.684
Fan-outlet pressure Pa -1.23 -2.215 -3.132
Valve-inlet air temperature 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
f;l\:e\ielocny at a height of 0.7 m from flooring m/s 054181 | 063328 | 0.657591
Valve-inlet air density kg/m? 1.337423 | 1.337529 | 1.337287
Fan-outlet air density kg/m?3 1.289433 | 1.288785 | 1.292457

CONCLUSIONS

The design of a poultry house has been improved. It has been suggested arranging spoilers above
fresh air valves at an angle of 75° from a vertical line; mounting outside walls on the inside of a concrete
framework; increasing the width of a poultry house up to 22.36 m; decreasing the height of flooring up to 3.9

m above the floor level.

Effective arrangement of fresh air valves and the improvement of aerodynamic characteristics in a
poultry house building have been investigated applying CFD. It has been determined that the least pressure
loss is 24.3 Pa at valve opening being 0.1 m and the greatest loss is 55.68 Pa at 0.049 m, respectively.

The conducted research shows that the valves, which are arranged at a height of 200 mm from
flooring are much more effective. The valves, which are arranged at a height of 400 mm from flooring

cannot provide the same impact.

ACKNOWLEDGEMENT

Supported by Affiliate «Poultry Complex» LLC Vinnitsa Poultry Farm (Ladyzhyn), Project No. 4/80.

163



Vol. 62, No. 3/2020 INMATEH — jeubtutal

REFERENCES

(1]

(2]
3]

[4]

5]

[6]

[7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

Allmaras S.R., Johnson F.T., Spalart P.R., (2012), Modifications and Clarifications for the
Implementation of the Spalart-Allmaras Turbulence Model, 7th International Conference on
Computational Fluid Dynamics, pp. 9-13, Big Island/Hawaii;

ANSYS, (2017), ANSYS Fluent Theory Guide. Release 18.2, Published in the USA, 832 p.;
Bustamante E., Calvet S., Estelles F., Torres A.G., Hospitaler A., (2017), Measurement and numerical
simulation of single-sided mechanical ventilation in broiler houses, Biosystems Engineering, vol. 160,
pp. 55-68, San Diego/USA,;

Cheng Q. Y., Li H., Rong L., Feng X. L., Zhang G. Q., Li B. M. (2018), Using CFD to assess the
influence of ceiling deflector design on airflow distribution in hen house with tunnel ventilation.
Computers and Electronics in Agriculture, vol. 151, pp. 165-174. doi:10.1016/j.compag.2018.05.029,
Netherlands;

Gorobets V., Bohdan Y., Trokhaniak V., Antypov l., Masiuk M., (2019), Summarizing of Nusselt
numbers and Euler numbers depending on Reynolds number for the compact tube bundle of small
diameter tubes by experimental and numerical methods of researches. E3S Web of Conferences, vol.
128, p. 04003. https://doi.org/10.1051/e3sconf/201912804002, Rome/ltaly;

Gorobets V.G., Bohdan Yu.O., Trokhaniak V.l., Antypov 1.O., (2018), Experimental studies and
numerical modelling of heat and mass transfer process in shell-and-tube heat exchangers with compact
arrangements of tube bundles, Paper presented at the MATEC Web of Conferences, vol. 240, p. 02006.
https://doi.org/10.1051/matecconf/201824002006, Cracow/Poland;

Gorobets V.G., Trokhaniak V.I., Antypov 1.0., Bohdan Yu.O., (2018), The numerical simulation of heat
and mass transfer processes in tunneling air ventilation system in poultry houses, INMATEH -
Agricultural Engineering, vol. 55, no. 2, pp. 87-96, Bucharest/Romania;

Gorobets V.G., Trokhaniak V.I., Rogovskii I.L., Titova L.L., Lendiel T.l., Dudnyk A.O., Masiuk M.Y.,
(2018), The numerical simulation of hydrodynamics and mass transfer processes for ventilating system
effective location. INMATEH - Agricultural Engineering, vol. 56, no 3, pp. 185-192, Bucharest/Romania;
Khmelnik S.I., (2018), Navier-Stokes equations. On the existence and the search method for global
solutions, Mathematics in Computers — MiC, 134 p., Bene-Ayish/Israel;

Pourvosoghi N., Nikbakht A. M., Sharifian F., Najafi R., (2018), Numerical analyses of air velocity and
temperature distribution in poultry house using computational fluid dynamics. INMATEH - Agricultural
Engineering, vol. 56, no. 3, pp. 109-118, Bucharest/Romania;

Saraz J. A. O., Martins M. A., Marin O. L. Z., Damasceno F. A., Velasquez H. J. C., (2012), A review
about the use of computational fluid dynamics (CFD) in broiler house. Dyna-Colombia, vol. 79 no. 175,
pp.142-149, Medellin/Colombia;

Shurub Y., Dudnyk A., Vasilenkov V., Tsitsyurskiy Y., (2019), Simulation of Random Loads Applied to
Statistical Optimal Synthesis of Electric Drives. Proceedings of the International Conference on Modern
Electrical and Energy Systems (MEES 2019), pp. 354-357, doi: 10.1109/MEES.2019.8896464,
Kremenchuk/Ukraine;

Shurub Yu.V., Vasilenkov V.Y., Tsitsyurskiy Yu.L., (2018), Investigation of properties of combined
scheme of single-phase switching of induction electric drive of pumping plants. Tekhnichna
Elektrodynamika, vol. 6, pp. 50-53. https://doi.org/10.15407/techned2018.06.050, Kyiv, Ukraine

Tong X. J., Hong S. W., Zhao L. Y. (2019), Using CFD simulations to develop an upward airflow
displacement ventilation system for manure-belt layer houses to improve the indoor environment.
Biosystems Engineering, vol. 178, pp. 294-308. doi:10.1016/j.biosystemseng.2018.08.006, San Diego/USA,;
Trokhaniak V., Klendii O., (2018), Numerical simulation of hydrodynamic and heat-mass exchange
processes of a microclimate control system in an industrial greenhouse. Bulletin of the Transilvania
University of Brasov, Series II: Forestry, Wood Industry, Agricultural Food Engineering, vol. 11 (60), no.
2., 171-184, Brasov/ Romania;

Trokhaniak V.I., Rutylo M.I., Rogovskii I.L., Titova L.L., Luzan O.R., Bannyi O.0O., (2019), Experimental
studies and numerical simulation of speed modes of air environment in a poultry house. INMATEH -
Agricultural Engineering, vol. 59, issue 3, pp. 9-18. doi: 10.35633/INMATEH-59-01, Bucharest/Romania;
Zajicek M., Kic P., (2012), Improvement of the broiler house ventilation using the CFD simulation,
Agronomy Research, vol. 10, Special Issue 1, pp. 235-242, Tartu/Estonia.

164


https://doi.org/10.1051/e3sconf/201912804002
https://doi.org/10.1051/matecconf/201824002006
https://doi.org/10.1109/MEES.2019.8896464
https://doi.org/10.15407/techned2018.06.050

