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Pucynok. CxeMa ekCriepuMEHTAIbHOT YCTAaHOBKHU
1 — BeHTUIIATOP; 2 — MOBITPOIPOBIA; 3 — HOBITPOPO3NOIIBHUK JIKEPEITBHOTO
TUIy; 4 — 1HQpauepBOHUI HArpiBay; 5 — YOpHA MOBEPXHsI; 6 — IITATHUB;
[ — mmbep; 8 — KoopAUHATHUK; 9 — TepMoaHeMomeTp; 10 — iHdpauepBoHHMiA
MIPOMETP.

3poOUBIIIN OIIHKY 3aJ€XHOCTEH, CIIIJI BUSHAYUTH, IO 31 30UIBIICHHSAM
HIBUIKOCTI PyXy TOBITpS 3pocTae Temmeparypa. lle cBilueHHS BIUIMBY
KOHBEKTHBHOI CKJIaJIOBOI TETNIOOOMIHY M1k HarpiTOI MOBEPXHEIO 1 MOBITPSM.
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NUMERICAL SIMULATION OF AIR FLOWS IN A POULTRY HOUSE
WITH A TUNNEL VENTILATION SYSTEM

Trokhaniak V.1., Ph.D. Eng., Assoc. Prof.; Gorobets V.G., DeS., Professor
National University of Life and Environmental Sciences of Ukraine.
Kyiv, Ukraine.

The modern cooling systems for supplying air in poultry houses [1, 2] are
based on the usage of spraying or evaporating systems. The principle of
adiabatic cooling is a base for both systems [3], when water transfers from liquid
into gaseous state through the free evaporating. This process allows decreasing
the external heated air temperature in poultry house.
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The aerosol or spray appears in systems with injectors or disc sprayers. This
spray consists of water drops of small diameter [4]. 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 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 heat exchangers with water-air heat carriers, can be used,
taking into account the conditions under which they operate [5]. 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).

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 and energy-transfer equations for convective
currents are the basis for this mathematical model. Spalarta-Allmarasa
turbulence model and Discrete Ordinates radiation model were used for the
calculations. The computation was conducted using heating and ventilating
systems in buildings during winter time, taking into account solar radiation.

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. 1.
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Fig. 1. The temperature fields in the transverse section by axis Oy on the 30 m
distance from inlet, °C.
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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 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.

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. 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 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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