| | 756 | 7623 | 9016 |

Conclusion. The obtained values of the critical strain power density W¢* for the investigated specimens are in a good
agreement with the results of experiments that establish the dependence of the cavitation-erosion resistance of technical
ceramics on the content of aluminum oxide. The introduction of the modifier of ZrO; into the a-Al,O3 ceramic matrix
allows the significant increasing of its wear resistance. Wear of materials is determined by the intensity of the cavitation
effect and the phase ratio of components. The mechanism of wear of ceramics has a cyclical nature, which is similar to
hydro-abrasive wear of metals. To assess the wear of ceramics it is possible to use the approach similar to that one used
for the assessment of wear of metals. The using of modified ceramics is recommended for elements of food equipment
that are operated under cavitation and waterjet wearing conditions. The chemical ceramics inertness is useful for working
in aggressive technological environments of food industry.
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MODELING OF THE MIXING PROCESS

Ph. Doctor V. Rachok, Ph. Doctor V. Telychkun, Ph. Doctor Y. Telychkun, National University of food
Technologies, Kyiv, Ukraine

The kneading of wheat yeast dough by cam working elements is investigated. Mathematical modeling was performed
using the Flow Vision software package based on the simulation of three-dimensional motion of liquids and gases in
technical structures, as well as for the visualization of flow curves by computer graphics. Physical modeling was
performed via experimental setup with cam kneading elements. The distance between the cams is 2—4—6-8—10 mm, the
rotation speed is 20-100 rpm.

Keywords: mathematical, modeling, dough, kneading, cam

Introduction. Imitation modeling aims to calculate the values of certain characteristics of a process that develop over
time, by reproducing the flow of this process on a computer via its mathematical model [1-2]. During projecting of the
process of dough mixing, there is a range of issues related to the type of working elements is supposed to be chosen. On
the basis of theoretical searches and obtained experimental results, after comparative analysis of working elements, it was
decided to simulate the process of kneading yeast wheat dough using cam working elements [3-4].

Dough kneading is a complex process that involves creating a homogeneous capillary-porous mass of flour, water,
yeast, salt, and other components. The formation of dough during kneading occurs as a result of a number of processes,
of which the most important are: physico-mechanical, colloidal and biochemical processes [5-6].

Main part. Mathematical modeling of the yeast dough kneading process was performed via the Flow Vision software
package, which is designed to model the three-dimensional motion of liquids and gases in technical and natural objects,
as well as to visualize flow curves by computer graphics.

Based on the results, after parametric modeling of the kneading process by the cam working elements, a linear
dependence of the speed of movement of the dough in the working chamber was obtained (Fig. 1).
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Fig. 1. Variation of mixing speed, depending on the distance between the cams and the speed of rotation of the
working element.

It has been investigated that with increasing the speed of the working element, the speed of movement of the dough
in the mixing chamber increases, under these conditions of the mixing process the distance between the cam working
elements does not affect the speed of mixing.

This result is explained by the fact that the cam working elements rotate to meet each other, the highest pressure is
observed in the area of engagement of the cam working elements and in the area of contact with the wall of the housing.
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Fig. 2. Changing the pressure in the mixing chamber, depending on the distance between the cams and the speed of
rotation of the working element.

The change in pressure [P = PA] in the mixing chamber, depending on the distance between the cams and the speed
of rotation of the working element is of a power character and is described by the formula:
P= (73 — 6,95 )n0,03S + 1,14-, (1)
where, S — is the distance between the cam working elements, mm; n is the speed of rotation of the working element,
rpm.
This result is explained by the fact that with increasing speed of the working elements decreases the viscosity of the
yeast dough, and the change in viscosity is affected by the distance between the cam working elements in the process of
kneading the dough.
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Fig. 3. The viscosity change in the kneading chamber, depending on the distance between the cams and the rotation
speed of the working element.
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It has been investigated that with increasing rotation speed, the viscosity of the dough [ = Pa - s] decreases in the
kneading chamber. The decrease in viscosity is also affected by the reduction of the distance between the cam working
elements, as the distance between the cams during the kneading process will decrease the viscosity of the dough.

The mathematically obtained dependence is described as:

n = (201431 - S~14)009S — 14 (2)

where, S — is the distance between the cam working elements, mm; n is the speed of rotation of the working element,

rpm.

Conclusions. The simulated parametric model of the kneading process by cam working elements has been developed

that allows to perform design calculations effectively in case rational structural and technological parameters selection.

The use of the presented scientific and methodological developments will greatly speed up and economically save the
process of creating reliable technological equipment for kneading yeast dough.

Changes in the shear stresses of the yeast dough in the mixing chamber, in the area of engagement of the working
elements and close to the contact with the walls of the mixing chamber are studied. The dissipation distribution in the
kneading chamber and the temperature change during the kneading process were investigated. At a rotation speed of the
working element of 60 rpm, the temperature of the yeast dough rises to 5° C, which is acceptable during kneading of the
dough.

Mixing speed, dough viscosity, and mixing chamber pressure were investigated. With increasing rotation speed of the
working element, the speed of mixing the dough in the mixing chamber increases. Increasing the rotational speed from
20 rpm to 100 rpm increases the pressure in the kneading chamber and reduces the viscosity of the yeast dough.
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V]IK 62-114
AHAJIA3 BJIMSIHUSI PEJKMMA PABOTBI MAIIIMHBI HA TIOTEPH B IPUBOJIE

acnupanm B. M. I'epa, ookmop mexu. nayx., npogpeccop A. H. Coxonenxo,
Hayuonanvuwiii ynusepcumem nuujesvix mexnonoauti, 2. Kues, Yxpauna

Pestome - 6vin nposeden ananusz nomepsv 6 npugooe C YY4emom pexrcumos pooomvl MAUWLUHBL U MEMOO08 UX
ymeHbutenus. [lenvio ananuza 6bii NOUCK peuleHuti No IHEP2OCOEPENCEHUIO 8 NPUBOOAX MAWUH YUKIUYECKO20 0eliCmBUsl.
Ipoananuzuposano u cucmemamusuposano cywecmsyroujue Memoosbi COXpaHeHus SHepeul.

Kurouesvie crnosa: npugoo, pexcumvl, pabomsi, 3Hepeus, peKynepayusi.

Beenenue. [TorpebHOCTH COBpEMEHHOI MPOMBIIUICHHOCTH, B YCIOBHUIX OIPaHUYCHHBIX SHEPIeTHIECKUX PECYPCOB,
MPUHYKIAIOT K IOUCKY HEProcOeperarommx pemeHuii.

MamvHbl OUKINYECKOTOo JeHCTBHS HAIUIM OIMPOKOE NMPUMEHEHHE B YITAKOBOYHBIX M TPAHCIIOPTHBIX onepaiusix. B
TIOCJIE/IHEE BPEMS YacTO HCIOJB3YIOT CEPBOIPHBOJ, HO HanOoJee IMHUPOKOe NMPUMEHEHHE YAEPKUBAIOT ACHHXPOHHBIC
JMEeKTpUYEeCKHe JABHraTeId. B 3TOll cTaThe paccMOTpPUM BIMSHHE PETYJIHMPOBKM XOJa MAIIMH Ha BBIOOp
IEKTPOABUIATENS, U KAK CIIEJCTBUE YIHEPTETUUECKHE TTapaMeTPbl 000pyIOBaHNUS.

OcHoBHas1 yacTb. Bo3MOXHBIE peXUMBI pabOTHl OTIMYAIOTCS OTPOMHBIM MHOTOOOpAa3sMeM IO JIUTEIBHOCTH U
XapakTepy IIMKJIOB, 3HAYCHHSM HArpy30K, YCJIOBHSAM OXJQXKICHHSA, COOTHOIICHHS IIOTeph B MEPHOA IIyCcKa U
YCTaHOBHBIIETOCS ABIDKEHHS X TOMY MOJJOOHOE, TO3TOMY M3TOTOBJICHHE ABUTaTEIeH I KaXKI0TO U3 PEKUMOB pabOTHI
ANIEKTPONPUBO/IA HE UIMEET MPAKTUUECKOTo cMbicia. Ha ocHoBaHuu peanbHbIX pexumoB B [OCT 186-66 npeaycMoTpeHs
BOCEMb PEXHMMOB PaOOTBHI, I KOTOPBIX MPOEKTHPYIOTCS M N3TOTABIMBAIOTCS CEPUIHBIC IBUTATEIH.

PaccMoTtpum pesxiMbl paboThl S1 MPOIOIKUTENBHBIN 1 SO MepeMexatonics.
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