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Abstract. The article reflects the process of dehydration of brewer pellets, as one of the ways to solve the
problem of their utilization in order to obtain a highly concentrated feed for farm animals, which is an urgent
task. The purpose of the study is to substantiate the interrelation between the technological and physical
properties of the brewer pellets during the separation of brewer pellets into dense and liquid fractions in a
continuous vibratory-centrifugal centrifuge and its main design and operating parameters. As a result of the
research with the analytical method, process and physical properties of brewer pellets are determined when
they are interacting with the perforated rotor blades of a vibratory-centrifugal centrifuge. The equations for
the yield of the liquid fraction of brewer pellets through the rectilinear and curvilinear rotor blades are
obtained, indicating the interrelation between process and physical properties of brewer pellets, which are
necessary for determining the rational basic parameters of the proposed vibratory-centrifugal centrifuge.

1 Introduction
Increasing the productivity of animals and poultry is one
of the main tasks of animal husbandry, which is
implemented through the use of new types of feed and
introduction of advanced resource-saving machines and
technologies for their high-quality production. This topic
is relevant and is considered in many works [1, 2]. Many
scientists [3–5] considered this problem in their studies. A
study [6] presented the current state of knowledge on the
composition of phenolic compounds in beer and brewing
raw materials with a special focus on their fate from raw
materials throughout the malting and brewing process to
the final beer.
At present, the problem of selling beer waste is very
acute because of insufficient financial resources in
agricultural enterprises. Therefore, beer mills often
simply get rid of the nutritionally valuable brewer pellets
due to their continuous production, and thus both beer
mills themselves and agricultural enterprises bear losses,
which ultimately leads to a reduction in agricultural
production. One way to solve this problem can be
dehydration of brewer pellets, followed by drying or
pressing, which will allow storing dry food for a long time
before it is sold. The topic of beer granules and everything
connected with them is analysed in several works [6–10].
However, the implementation of this promising
direction is constrained due to the lack of knowledge and
the lack of high-tech equipment. The complexity and
versatility of the brewer pellet processing requires the
combination of modern scientific and technical
achievements in various fields of the agro-industrial
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complex and the knowledge of highly qualified
specialists.
Based on the above, it can be concluded that the
problem of utilization of brewer pellets, in order to obtain
a highly concentrated feed for farm animals, remains
relevant today.
The purpose of the study is to substantiate the
interrelation between process and physical properties of
brewer pellets during the separation of brewer pellets into
dense and liquid fractions in a continuous vibratorycentrifugal centrifuge and the main design and operating
parameters of such centrifuge.

2 Materials and Methods
To achieve the goal using the analysis of centrifuge
designs at the Department of the Livestock Production
Technology and Engineering and Engineering Graphics
of South Ural State Agrarian University, a vibratorycentrifugal centrifuge was developed to separate brewer
pellets into liquid and dense fractions (Fig. 1) [11, 12].
To substantiate the basic parameters of a blade rotor
of the vibratory-centrifugal centrifuge, let us represent the
scheme of the separation of brewer pellets into liquid and
the dense fractions (Fig. 2). The scheme shows that
perforated rectilinear and curvilinear blades are installed
in the alternating order, making the axial vibration in a
vertical plane perpendicular to the plane of during the
rotation of the rotor [12–14].
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Fig. 1. Centrifuge for the separation of brewer pellets: 1 – frame; 2 – support; 3 – spring; 4 – shaft; 5 – bearing support;
6 – case;7 – inlet nozzle; 8, 9, 10, 11 – outlet nozzles; 12 – rotor disc;13 – the holes of the disk; 14 – unit
of blades; 15 – sectors; 16 – plate;17a -rectilinear perforated screen; 17b – curved perforated screen; 18,
19 – upper and lower sectors of the blade unit circle; 20 – radial-sector bottom, 21 – tubes, 22, 23 –
actuators.

As can be seen in the scheme, the initial mass is first
supplied to a straight blade with rectangular openings up
to 2 mm high, on which the remaining particles of the
most part of the dense fraction are retained and move to
their ejection from the centrifuge in the direction towards
the periphery of the rotor due to centrifugal forces, and the
liquid fraction with the particles enter the surface of the

curved blade and there is a final dehydration of brewer
pellets. Thus, a differentiation (distribution) of the initial
mass of the liquid stream in the process of the separation
of brewer pellets into liquid and dense fractions takes
place and on that basis the equi-thickened filtered material
layer over the entire surface of the rotating rotor blades
with axial vibrations is ensured [15].

Fig. 2. The scheme of the separation of the flow of brewer pellets on the blades of the vibrating rotor.
*
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During the preliminary experiments, all values of the
kinematic parameters were fixed at the zero level except
for one, which made it possible to reveal the nature of its
effect on the process of vibratory-centrifugal filtration of
liquid brewer pellets [16].
In order to more accurately assess the effect of each
factor on the primary sludge dewatering in the rotor blade
of the vibratory-centrifugal centrifuge, a four-factor
experiment on 3 different levels was planned (Table 1).

aggregate state and structural and mechanical properties,
but also the nature of interaction with the working bodies
of machines.
The humidity content of the initial brewer pellets is
determined by the formula [17]:
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where K lpr is the granulometric coefficient, which is the
ratio of particles of brewer pellets on the rectilinear and
curved blades.
Humidity of the sludge at the exit from the rectilinear
blade:

(4)

b x

(10)

mlpr = m s − K g ⋅ m s = m s ⋅ 1 − K lpr

(5)

1

where: b0, bi, bij, bii are the coefficients of the polynomial;
xi, y are the values of the given factors in the encoded form
(Table 1).
The planning matrix consists of 25 experiments with
triplicate repetition. In this case, according to the BIB
scheme, each block contains 6 small blocks
(4 experiments in each) and 3 separate experiments at the
zero level of factors.

Wl pr =

mslpr
100% ⋅ m slpr
⋅ 100% = pr
pr
ml
m sl + mlpr

(12)

Whence taking into account the formulas (6–12), the
mass of the outlet of the liquid part of the filtrate:

mlfpr

3 Results and Discussion
As a result of the research using the analytical method, the
technological and physical properties of brewer pellets are
determined when interacting with the perforated rotor
blades of a vibratory-centrifugal centrifuge.
Humidity is one of the most important characteristics
of any feed, the content of which impacts not only its
*

mlsl
⋅100%
m sl

where
is the mass of the liquid component in the
sludge, kg;
is the mass of the sludge, kg.
The mass of the liquid phase in brewer pellets:

ms =

K

i =1

Wo =

The mass of the dry component in brewer pellets:

Sfs =0.00008·X4+0.00072

y = b0 +

(6)

where mi is the initial mass of brewer pellets, kg; ms is the
mass of the dry sludge, kg; ml is the mass of the liquid
component, kg.
The humidity content of brewer pellets sludge:

Table 1. Factors, intervals and levels of variation.
Factor
designation

mi − m s
m
⋅ 100% = l ⋅ 100%
mi
mi



100% − K lpr ⋅ Wi
mi Wi + Wl ⋅  K lpr −

100%

= 
100% − Wl






(13)

Expressing mass through productivity:

m = Q⋅t

(14)

And thus reducing the time, since the process is
continuous, equation (13) can be represented in the form:
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The content of the liquid phase and the dry component
in brewer pellets passing through the curved blade:
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cb
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(21)

(16)
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From the basic equation of regression, equations (8–13)
were obtained and response surfaces were constructed
from them [18].
The change in humidity from the rotor speed and rotor
oscillations amplitude of the centrifuge:

(17)

Humidity of the sludge at the outlet from the curved
blade:
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The change in humidity from the rotor speed and the
area of the free feed section.

ρd

where Bf is the content of suspended matter in the filtrate,
kg/l; ρd is the filtrate density, kg/l.
Taking into account Eq. (13) and Eq. (14), let us
represent Eq. (20) in the form:

(

(22)

The change in humidity from the rotor speed and rotor
frequency:

Whence taking into account the formulas (6–18), the
mass of the outlet of the liquid part of the filtrate:

(

)

W ω s , Ao , ωo , S fs = 176.537 − 0.278ω s − 8.338 Ao −

W 4( Ao , ω s ) = 57.238 + 0.205 Ao − 0.983ω s +
+ 3.346 Ao2 + 3.429ωo2 + 0.139ωo Ao

(25)

The change in humidity from the rotor oscillations
amplitude and the area of the free feed section.

(

ρd

)

W 5 Ao , S fs = 57.238 + 0.205 Ao − 1.745S fs +
+ 3.346 Ao2 + 2.146S 2fs + 0.165S fs Ao

(20)
Eq. (15) and Eq. (20) indicate the interrelation between
technological and physical properties of brewer pellets,
which are necessary for determining the rational basic
parameters of the proposed vibratory-centrifugal centrifuge.
As a result of experimental studies, using the methods
of mathematical statistics, a regression equation was
obtained that characterizes the change in the humidity
content W from the basic constructive-regime parameters
ωs, Ao, ωo, Sfs adequately describing the process of sludge
dewatering in the rotor of a vibratory-centrifugal
centrifuge.
The regression equation has the form:

(26)

The change in humidity from the rotor oscillations
frequency and the area of the free feed section.

(

)

W 6 ωo , S fs = 57.238 + 0.983ωo − 1.745S fs +
+ 3.429ω + 2.146S 2fs + 0.084ωo Ao S fs
2
o

4

(27)
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fractions and providing on this basis an equi-thickened
layer of the filtered material over the entire surface of the
rotor blades with axial oscillations, besides, reversible
rotor motion allows increasing filtration efficiency.
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