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Abstract. One of the topical directions of development of the agro-industrial
complex of Ukraine is the development of the pig-breeding industry of animal
husbandry. The crucial role is played by the process of feeding animals. It is important
to develop new designs of apparatus for the preparation of liquid feed based on grain
mixtures.

The purpose of research is numerical study of the processes of hydrodynamics and
heat transfer in the rotary-pulsating apparatus in the treatment of a water-grain mixture
for the preparation of liquid feeds.

The mathematical modeling of the processes of hydrodynamics and heat transfer in
the channels of the rotary pulsation apparatus for the preparation of liquid feeds is
carried out. The numerical simulation of heat and hydrodynamic processes using the
ANSYS Fluent software obtained velocity, pressure, and temperature distributions in the
rotor-stator channels. The transformation of the kinetic energy of rotation of the rotor
into heat energy is found, which leads to an increase in the temperature of the liquid
grain mixture.

Key words: rotary pulsation device, channel, rotor, stator, pressure, speed,
temperature

Topicality. One of the topical directions of development of the agro-industrial
complex of Ukraine is the development of the pig-breeding industry of animal
husbandry. The crucial role is played by the process of feeding animals. The current
state of affairs in this area is based on the use of dry fodder. Devices using percussion
mechanisms are used to prepare such feeds, such as hammer crushers, auger
mechanisms, etc. Such devices require a large amount of energy, have large dimensions
and mass. At the same time, it is known that when using pig livestock it is more

efficient to use liquid feed for feeding. Liquid feeds are more responsive to the
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physiological needs of pigs, primarily piglets than dry ones. Moreover, the components
that are part of the liquid diet (cereal grains, dairy products) contain lactic acid bacteria
that ferment the feed mixture, reducing its ph, thereby providing a preserving effect.
The advantages of including liquid feed in the diet of young animals are: 1) a much
higher level of eating compared to dry feed (5% or more); 2) reducing your conversion
rate (up to 10%) 3) increase in weight gain to (6%); 4) the earliest possible attainment of
slaughtering live weight. Therefore, it is important to develop new designs of apparatus
for the preparation of liquid feed based on grain mixtures.

Analysis of recent research and publications. One of the promising areas is the
development of rotary pulsation apparates (RPA) based on the principle of discrete-
pulse energy input (DPEI). The use of such technologies makes it possible to carry out
the process of grinding, mixing, dissolving feed components with simultaneous heating
of liquid mass and a number of other processes [1,2]. A number of authors [3,4] have
developed equipment for the preparation of homogeneous substances for various
purposes - baby food, pharmaceuticals, food pastes, etc. The basic DPEI mechanisms
are implemented in the preparation of these products: the effects of turbulence,
cavitation, explosive boiling mechanisms and other hydrodynamic and thermal effects,
which increase the quality of production and reduce energy costs for its production.

RPA for the preparation of liquid feed differs from the known fact that along with
the mixing processes are the processes of grinding grain components in the liquid
mixture. The degree of grinding of grain feeds significantly affects the digestibility and
absorption of nutrients of the diet. The traditional method of preparation of liquid feeds
with autonomous grinding of cereals and mixing with water makes it impossible to
obtain feed with a degree of grinding grain of 300-500 microns, which is optimal for
assimilation by animals. The technology of obtaining liquid feeds using DPEI involves
mixing water with solid feed components - cereals, compound feeds, premixes, etc. The
resulting mixture is processed in RPA to obtain a liquid feed with a particle size of 300-
500 um [5]. Thus, the numerical and experimental study of the processes of preparation
of liquid grain feeds occurring in the rotary pulsation apparatus is relevant and needs
further study.

23



The purpose of research is numerical study of the processes of hydrodynamics
and heat transfer in the rotary-pulsating apparatus in the treatment of a water-grain
mixture for the preparation of liquid feeds.

Materials and methods of research. Structurally, RPA is two coaxial cylinders -
a fixed stator and a movable rotor, which have radial openings on the side walls (Fig. 1).
The holes may have different geometric shapes. The most common are rectangular and
circular holes.

The treated substance is fed from the hopper into the rotor cavity, passes through
the channels into the outlet chamber and is removed from the apparatus through
pipelines. In the radial gap between the rotor and the stator there are significant shear
stresses that cause dissipation of the mechanical energy of rotation of the rotor,
accompanied by processes of turbulence, cavitation and lead to the heating of the fluid

mixture, which reduces energy consumption for the preparation of feed.
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Fig.1 Scheme of the rotary-pulsating apparatus:
1 - rotor, 2 - rotor channels, 3 - stator, 4 - stator channels; 5 - housing, 6 - cover, 7 -
inlet; 8 - outlet
Numerical computer simulation of heat exchange and hydrodynamics processes of
the studied channels of the rotor-stator system with rectangular openings based on finite
element method using ANSYS Fluent software. The mathematical model of the heat

and mass transfer processes occurring in the investigated RPA in three-dimensional
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formulation includes the Navier-Stokes equation system, the energy transfer equation
for convective flows [6,7], and the standard k-¢ turbulence model [8]. The equations of

convective mass and energy transfer can be expressed as
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A two-parameter standard model consisting of two differential equations of kinetic

energy transfer and dissipation rate is used to model the turbulent flow
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The boundary conditions take the following form
w; (7 =0) =0, w; (x=0) = Wi, W (X; =X, ) = 0,t| =t (4)
Results of research and their discussion. This paper deals with the computer
simulation of the processes of hydrodynamics and heat exchange that occur in the
channels of the investigated RPA. The purpose of these calculations is to obtain local
distributions of velocities, temperatures and pressures. The geometry of the channels in

the rotor-stator system is shown in Fig. 1. The results of the calculations are shown in
Fig. 2-4.
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Fig. 2 Pressure distribution in the rotor-stator system:

a - cross-section; b - longitudinal section
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Fig. 3 Velocity distribution in the rotor-stator system:
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a - cross-section; b - longitudinal section
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Fig. 4 Temperature distribution in the rotor stator system - longitudinal

section

The analysis of the obtained results shows that in the RPA channels for the rotor-
stator system there is a significant increase in pressures and velocities in the areas near
the surfaces of the rotor and stator. This is the turbulence of the flow of the liquid
mixture, which is accompanied by dissipation of the kinetic energy of rotation of the
rotor and the release of thermal energy, which increases the temperature of the mixture.
Thus, when passing the feed through the holes in the rotor and stator produces a
homogeneous mass of liquid feed with a higher temperature compared to the inlet
temperature of the grain mixture.

Conclusions and Prospects. Numerical simulation of hydrodynamic and thermal
processes in the channels of the rotary-pulsating apparatus for feed preparation with
discrete-pulse energy supply using ANSYS Fluent software is carried out. Pressure and
velocity distributions were obtained, indicating a significant increase in their values in
the areas immediately adjacent to the rotor and stator surfaces. These processes are
accompanied by the conversion of kinetic energy of rotation of the rotor into thermal

energy, which leads to an increase in the temperature of the liquid feed mixture.
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YUCEJBHE MOJIEJOBAHHA ITPOLHECIB I'TTPOANHAMIKU I
TEIJIOMEPEHOCY B POTOPHO-ITYJbCAIIMHOMY AITAPATI JJISI
IHNPUT'OTYBAHHS PITKUX KOPMIB

B. I'. I'opobeuw, B. 1. Tpoxanax, A. M. Ceporwk

AHoTanist. OOHUM 13 AKMYQIbHUX HANPAMKI8 PO3BUMKY ASPONPOMUCIOBO20
KOMNJIeKCY YKpainu € po3eumox C8UHAPCbKOL 2any3i meapunHuymea. Bupiwanvhy pons
gidicpae npoyec 200ysanHs meapuH. Baowcnueo pospobumu HOGI KOHCMPYKYIQ
npuUCmMpoi8 0 NPUSOMYBAHHS PIOKUX KOPMI8 HA OCHOBI 36PHOBUX CYMIULEL.

Memoto Oocniddcenuss € uuceilvbHe BUBUEHHS NPOYeci8 2IOPOOUHAMIKU Mma
menionepeoadi y pomayiuHo-nyasCyroyomy anapami npu o00pobyi 800HO-3epPHO80I
cyMiwti OJist NPUSOMy8anHsL PiOKUX KOPMIG.

Ilposeoeno  mamemamuune  MOOen08auHs — npoyecie  2iOPOOUHAMIKU |
MenionepeHocy 68 KAHANAX POMOPHO-NYIbCAYIUHO20 anapama Ojisi NPUueoOmy8aHHs
PioKux xopmie. B pezynomami yucenvbHo20 MoOent08aHHsa Meniosux i 2iopoOUHAMIYHUX
npoyecie eukopucmosyrouu npocpamuuii npooykm — ANSYS Fluent  ompumaro
PO3n00inu weuoKocmet, MUCKI@ I memnepamyp 6 KAHAIax CUcmemu pomop-cmamop.
3Hatideno nepemeopeHHs KiHemu4Hoi eHepeii 00epmaHHs pomopa 8 menjogy eHepeil,
Wo npu3600umsv 00 NIOBUWEHHS MeMnepamyp pioKoi 3epHo80I cymii.
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Kuarw4oBi cioBa: pomopno-nynvcayiiinuit anapam, Kanai, pomop, cmamop,
MUCK, WEUOKICmb, memnepamypa

YUCJIEHHOE MOJAEJUPOBAHHUE MNPOUECCOB 'MIPOAUHAMUKHAU

N TEIVIONNEPEHOCA B POTOPHO-ITYJBbCALHUMOHHOM AIIITAPATE JJISA
MHNPUT'OTOBJIEHUA KNUIKUX KOPMOB
B. I'. I'opooeu, B. H. Tpoxanak, A. M. Cepork

AHHOTAIUS. Oonum U3 AKMYanbHblX HanpaeeHull paseumusl
A2PONPOMBIULIIEHHO20 KOMNAEKCA YKpauHvl AGNAemcs pazsumue C8UHOB8004eCKOll
ompaciu  dcugomuosoocmea. Pewarowyro ponv  ucpaem npoyecc  KopMeHus.
ocusommuuix.  Baowcno  paspabomamv  HO8ble  KOHCMPYKYUU  annapamos  OJisl
NPUSOMOBIEHUS HCUOKUX KOPMOB HA OCHOBE 3ePHOBBIX CMeCell.

Llenvio  uccnedosanuss  A6naemcs  YUCIEHHOE  UCCe008AHUE  NPOYECcCOo8
SUOPOOUHAMUKU U MENJo0OMeHa 6 pPOMOPHO-NyIbcupylowem annapame npu
obpabomke 80003epHUCIOL cMecU OJIs1 RPULOMOBIEHUS HCUOKUX KOPMOS.

Ilposedeno mamemamuueckoe MOOEIUPOBAHUE NPOYECCO8 2UOPOOUHAMUKU U
MENJIONEPEeHOCa 8 KAHAAAX POMOPHO-NYIbCAYUOHHO2O ANNAPAma O0si NPUSOMOBILeHUs]
HCUOKUX KOpMOS. B pezynomame UUCIEHHO20 MOOEIUPOBAHUS MENI0BbIX U
2UOPOOUHAMUYECKUX NPOYecco8 UCNONb3Ys npocpammubsii npodykm ANSYS Fluent
NOJYUeHbl pACnpeoeieHUst CKOpocmell, 0asleHull U memnepamyp 6 KaHaiax Cucmembl
pomop-cmamop. Haiideno npeobpazoeanusi KUHemMu4eckoll dHepuu 6paweHus pomopa
8 MeNni08yI0 SHEP2UIO, YMO NPUBOOUM K NOBLIULEHUIO MEeMNEPAMYp HCUOKOU 3ePHOBOL
cmecu.

KiioueBble C¢J10Ba: pomopHO-nyIbCAUUOHHBLIL annapam, Kanai, pomop,
cmamop, oagnenue, CKOpochb, memnepamyp
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