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Abstract. Concern for Ukraine’s food security requires maintaining an appropriate level of
food self-sufficiency, which implies the use of state support for domestic food producers and the use
of import control measures to protect domestic producers from foreign competition. However,
society needs healthy, safe and reasonably priced food, and its quality is of particular relevance.

Therefore, to determine the key parameters of the mixer, a flour bakery mix with a high
protein content was selected. In this regard, an attempt was made to obtain these mixtures using the
original continuous vibrating mixer. During the study of the feasibility of preparing a flour bakery
mixture with a high protein content in a vibratory mixer, the rate of its vibration transportation was
experimentally determined. In determining the efficiency of mixing processes, in addition to the
speed of vibration transportation of the flour bakery mixture, the power consumption of the
equipment is of great importance. Therefore, studies were also conducted to determine the mutual
influence of the mixer’s technological parameters on power consumption.

An analysis of the study results to determine the influence of key parameters on the vibration
transportation speed of the flour bakery mixture v showed that it increases with an increase in the
oscillation frequency of the working body f and the amplitude of oscillations A. Also, the study
found that the higher the amplitude and frequency of oscillations, the greater the power
consumption of the vibratory mixer.

Key words: mixing, flour components, protein, vibration, vibration transportation speed,
vibration amplitude, vibratory mixer.

Introduction.

Adequate safe and balanced nutrition is an important factor for sustaining life
and promoting health. Particular attention is paid to ensuring the proper quality and
safety of food products sold on the domestic market and their affordability for the
population of Ukraine.
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Protein occupies a special place among all organic substances. Protein is an
essential macronutrient that is involved in the functioning of the entire body. It is
found in muscles, bones, hair, skin, and almost all parts of the body and tissues. To
remove it from the diet is to harm yourself. Based on this, flour components with a
high protein content were selected to conduct research to determine the parameters of
the vibratory mixer. For the production of dry flour mixtures, it is necessary to ensure
an even distribution of the components [3,4,5,22]. Vibratory mixers are used for this
purpose due to their simple design and high mixing efficiency. The study of the
operation of continuous vibratory mixers is an urgent scientific task for the food
industry. The aim of this work is to determine the parameters of a vibratory mixer to
obtain a flour mixture with a high protein content of a given quality [6,7,8,23,24].

Research methodology.

The object of study is an original continuous vibration mixer.

The subject of the study is the factors influencing the process of mixing a flour
bakery mixture; the dependence of the influence of the frequency of oscillations of
the working body and the amplitude of oscillations; determination of the speed of
vibration transportation of the flour bakery mixture.

The analysis of the raw material market showed the effectiveness of using for
experimental studies the following recipe components with a protein content of at
least 22 g per 100 g of product: almond flour (22 g of protein per 100 g of product),
whey isolate (95 g of protein per 100 g of product), soy protein isolate (91 g of
protein per 100 g of product), dry wheat gluten (76 g of protein per 100 g of product).
To calculate the nutritional value, we used the methodology of conversion factors for
the energy value of the main food substances of food products, according to which 1
g of protein contains 4 kcal or 17 kJ [14,18,19]. Thus, the recipe for a flour bakery
mixture with a high protein content was modeled, which is presented in Table 1.

When studying the feasibility of the selected flour components with a high
protein content, the speed of their vibration transportation through the working body
of a vibratory mixer was experimentally determined. It has a significant effect on the
performance of the mixer, its geometric parameters, and depends on the angle J,
amplitude A, and frequency f of vibration, as well as on the height of the vibrating
boiling layer (VBL) and the presence of perforations on the working body of the
vibratory mixer.

Table 1 — Recipe for flour baking mix with high protein content

Name of raw materials Raw material consumption, kg
High-grade wheat flour 82,5
Almond flour 4,5
Food salt 1,3
White crystalline sugar 1,8
Whey isolate 4,5
Soy protein isolate 4,5
Dry wheat gluten 0,9
Total: 100,0
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The determination of the speed of vibrotransportation of the flour bakery
mixture through the working body of the mixer was carried out according to the
following method:

1. The average length of the path of movement of the components of the flour
bakery mixture along the mixer's working body was determined by the following

formula:
— 21{Dgyt +Dinn) (1)

[
av 4dcosy

where /av— average length of the surface along which the mixture moved, m; Dout —
outer diameter of the working body, m; Dinn — inner diameter of the working body,
m; v — angle of inclination of the screw working body.

2. An indicator particle (a tinted grain of edible salt) was added to the flow of
the flour bakery mixture and the time of its passage through the working body of the
vibratory mixer was measured.

3. The speed of vibration transportation of the flour bakery mixture through the
working body of the apparatus was determined by the formula:

Vap = Jav (2)

- I';:Ir;tr
where v,,, —speed of vibration transportation of the flour baking mixture through the

working body of the apparatus, m/s; t,,,- — time of passage of the indicator particle

par

through the working body of the vibratory mixer, s [6,8].

Research results.

The following parameters were used in the study to determine the speed of
vibration transportation of a flour bakery mixture through the working body of a
vibratory mixer: vibration angle (B = 20, 35, and 45°), amplitude (A = 0,0015,
0,0030, and 0,0040 m), unbalance oscillation frequency (f = 14,36, 19, 23, 26, and
29,36 Hz), height of the vibro-boiling layer (VCS = 0,01, 0,02, and 0,03 m),
perforation (d = 0,003, 0,005 m; without perforation).

The results of studies to determine the speed of vibration transportation of the
flour bakery mixture through the mixer's working body are shown in Figures 1-4 and
in the form of analytical equations [1,2,9].

Figure 1 shows a group of lines reflecting the effect of the amplitude A and
frequency f of oscillations on the speed of vibration transportation of the flour bakery
mixture through the working body of the vibratory mixer (vibration angle B = 35°,
height of the VCS 0,01 m, no perforation).

Figure 1 shows that the highest values of the velocity of vibration transport of
the flour bakery mixture along the mixer’s working body are observed at A = 0,0030
m, and the lowest at A = 0,0015 m. Accordingly, the greater the amplitude A and the
vibration frequency f, the higher the velocity of vibration transport of the flour bakery
mixture v. The amplitude is responsible for lifting the material to a certain height
from the plane, thereby contributing to better movement of the mixture along the
working body of the machine. Therefore, to intensify the process of mixing flour
bakery mix and increase the productivity of the machine, it is necessary to increase
these parameters. The approximating equations of the obtained lines are as follows:
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v, = 0,003f — 0,042 (4 = 0,0015 m), 3)
v, = 0,004f — 0,018 (4 = 0,0030 m), 4)
vy = 0,005f — 0,035 (4 = 0,0040 m) (%)
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Figure 1 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the amplitude (A) and vibration frequency (f)

Figure 2 shows a group of lines reflecting the effect of the height of the VCS
and the vibration frequency f on the speed (vibration angle p = 35°, vibration
amplitude A = 0,0040 m, no perforation).
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Figure 2 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the height of the VCS and the vibration
frequency (f)

Figure 2 shows that the highest velocity of vibration transportation of the flour
bakery mixture is observed at a VCS of 0,01 m, and the lowest at 0,03 m. It can be
concluded that the higher the vibration frequency f and the lower the VCS, the higher
the vibration transportation speed of the studied mixture. This is explained by the
following: under the influence of vibration, the particles of the flour baking mixture
layer begin to move upward. At this point, a vacuum is formed under the layer, due to
which air is sucked through the hole [20,21]. The mix’s VCS captures the air from
below and forces it upward, acting as a «pump» that transports air through itself. Air
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penetrating under the material layer through the perforations «closes» the holes and
impairs the flow of the dispersed phase through them. Accordingly, the higher the
material’s VCS, the better the mixture flows through the perforations and the lower
the rate of vibration transportation of the flour baking mixture. The approximating
equations of the constructed lines are as follows:

v, = 0,003f — 0,045 (h = 0,01 m), (6)
v, = 0,002f — 0,025 (h = 0,02 m), (7)
vy = 0,001f — 0,001 (h = 0,03 m), (8)

Figure 3 shows a group of lines reflecting the effect of the vibration angle 8 and
frequency f on the velocity (vibration amplitude A = 0,0040 m, height of the VCS =
0,01m, no perforation).
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Figure 3 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the angle (B) and vibration frequency (f)

Figure 3 shows that with increasing vibration angle, the vibration transportation
speed decreases. The maximum value is achieved at a vibration angle of f = 35°,
since at this vibration angle the directional rotary-screw movement of the mixture is
more intense. Therefore, to increase the productivity of the vibratory mixer, it is more
expedient to set this value of the vibration angle. At a vibration angle of f = 20° and
B = 45°, less favorable conditions are created for the movement of the flour bakery
mixture. The approximating equations of the lines are as follows:

v; = 0,005f — 0,019 (8 = 20) 9)
v, = 0,005f — 0,027 (8 =35) (10)
v, = 0,005f — 0,056 (8 =45) (11)

Figure 4 shows a group of lines reflecting the effect of the diameter of the holes
d of the working body and the vibration frequency f on the speed (vibration angle § =
35°, vibration amplitude A = 0,0040 m, height of the VCS 0,01 m) [10-13].

Figure 4 shows that the highest values of the velocity of vibration transportation
of the flour bakery mixture are observed at a perforation diameter of d = 0,005 m, and
the lowest at its absence. Consequently, the larger the diameter of the perforation of
the working body d, the higher the speed of vibration transportation of the flour
baking mixture. The increase in the studied parameter occurs due to air suction
through the layer [15,16,17].
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Figure 4 — Graphical dependence of the speed of movement of the flour baking
mixture on the working body on the diameter of the perforation of the working
body (d) and the vibration frequency (f)

To study the effect of the perforation area of the working body on the speed of
vibration transportation of the flour bakery mixture, hole diameters of 0,003 and
0,005 m were taken in order to exclude the effect of changing the height of the layer
on the speed of vibration transportation, since at large values of the perforation area,
the VCS of the flour bakery mixture on working turns decreased. At the diameter of
the holes (e.g., d = 0,0015 m), an increase in the VCS of the flour bakery mixture on
the working body of the vibratory mixer was observed, which leads to a decrease in
the vibration transportation speed. The approximating equations of the lines are as
follows:

vy = 0,005f — 0,035 (no perforation), (12)
v, = 0,011f — 0,125 (8 hol.,d = 0,003 m), (13)
vy = 0,015f — 0,175 (8 hol.,d = 0,005 m) (14)

Figure 5 shows the results of a study to determine the mutual influence of the
amplitude (A) and oscillation frequency (f) of a 20,0 kg mixer on power
consumption. The study also revealed that the moisture content of the flour baking
mixture, which can change in the process of acting on the mixture, has a great
influence on the power consumption [25,26,27].
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Figure 5 — Dependence of power consumption of a 20,0 kg mixer on vibration
amplitude and frequency
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Conclusions.

The analysis of the results of the study to determine the influence of parameters
on the speed of vibration transportation of the flour bakery mixture v showed that it
increases with an increase in the frequency of oscillations of the working body f and
the amplitude of oscillations A, and a slight decrease in its growth in the studied
range can be explained by the increasing effect of flour slipping in relation to the
vibrating surface in the mode of its detachable movement along the working body.
Also, during the studies, an increase in power consumption was observed with an
increase in the amplitude and frequency of oscillations. Since the speed of vibration
transportation of the flour bakery mixture at a vibration amplitude of A = 0,0040 m is
not much different from that at A = 0,0030 m, it is more expedient to use it to reduce
the power consumption of the vibratory mixer. As a result of the study, we
determined the rational parameters of the vibration mixer when producing flour
bakery mixtures: vibration amplitude A = 0,0030 m, vibration angle B = 30°, height
of the vibro-boiling layer 0,01 m, perforation diameter of the working body of the
apparatus d = 0,005 m.
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Anomauin. Typooma npo npodosonvuy 6e3nexy Ykpainu nompebye niompumku 8iono8ioHo2o
Pi6HS NPOO0BONLHO20 CAMO3ADe3NeYeHH s, AKA nepeddavac BUKOPUCMAHHA 0epIAHCABHOI NIOMPUMKU
BIMYUHAHUX BUPOOHUKIE XAPUOB0i NPOOYKYII ma BUKOPUCMAHHA 3aX00i8 KOHMPOIIO IMHOPMHOL
NPOOYKYIi 3 Memor 3axXuUcmy 61ACHUX 6UPOOHUKIG 8i0 IHO3eMHOI KOHKYpenyii. IIpome cycninbcmay
nompibne Kopuche, Oesneune 0 300p08’s I 00CUMb Oeuiede NPoO08OIbCMEO, d U020 SAKICMb
Habysae 0coOIUBOI AKMYATLHOCHI.

Tomy Ons u3HAUEHHA KIOYOBUX nApAMempie pobomu 3miutyeaya 6yia nioiopana 60powHaHa
Xnibonekapcovka cymiut 3 6ucokum emicmom 0inxy. byna 3pobnena cnpoba ompumamu yi cymiwi Ha
opucinanbHomy  8ibpayitinomy 3miuwiyeaui Oe3nepepsnoi  0ii. Ili0 uac Oocnidxcenns y
8iOpo3MIiULY8aUl OOYITLHOCMI NPUSOMYBAHH OOPOWHAHOI XNiO0NEeKapcbKoi cymiwi 3 BUCOKUM
emMicmom OIIKYy eKCNepUMEHMANbHO BUHAYAU WUOKicmy i eibpompancnopmyeanns. Ilpu
BU3HAYEHHI ephexmusHOCmi Npoyecié 3MIULY8aHHS, OKPIM WEUOKOCMI GIOPOMPAHCNOPI)BAHHSL
OOpOWHANHOT  XNIOONEKApCcLKOI  cyMiwti, 6adXdCiuse 3HAYEHHA MAE CHONCUBAHA NOMYHCHICMb
oonaonanns. Tomy makooc 0yaU NPoBedeHi O0O0CNIONCeHH 3 BU3HAUEHHS B3AEMHO20 GNIUBY
MEXHON02IYHUX NApaMempie 3MIULY6a4a HA CRONICUBAHY NOMYAHCHICIND.

Ananiz ompumanux pe3yibmamis 00CHIONCEHHs i3 BUSHAYEHHS 6NIUBY KIAOUOBUX NAPAMEMPI8
Ha WUOKICMb 8IOPOMPAHCNOPMYBAHHS OOPOWHANOT XIOONEKapcbKoi cyMiuli v NOKA3as, wo 60HA
3pocmac i3 30i1bUWEeHHAM YaACmomu KoIUueans pobouoco opeany f i amnaimyou koausams A. Takoowc
8 X00i 00Cni0JCeHb 3 ’5CY8ANOCA, WO YUM Gule AMNAIMYOd i YACMOma KOAUBAHb, MUM Oilbule
SHAYEHHST CNONHCUBAHOT NOMYICHOCMI 8IOPO3MIULY8aUQ.

Kniouosi cnosa: smiwysanus, OOpOWHAHI KOMNOHeHmMU, OINOK, 6i0payis, weuoKicms
8iOpOMPanCNOpmMy8anHs, aMnIimyoa 8iopayii, 8iOpayiiHuL 3MiuLy8ay.
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