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The development of modern equipment and technology leads to healthy competition, which in turn
allows you to freely choose a machine or installation for the separation of liquid inhomogeneous systems.
Each production when choosing equipment takes into account the relevant factors and its specifics.

Mathematical and statistical planning of a multifactorial experiment was used to refine the glycerin
quality indicators and determine their weight.

The article constructs the response surfaces of the optimization criteria, which allow us to clearly
illustrate the dependences of the values of the mass fraction of pure glycerin and energy consumption on
individual optimization parameters. The research method includes the selection of optimal modes of operation
of the vibrocentric machine for purification of liquid glycerol-containing raw materials according to technical
and economic criteria for evaluation and determination of quality indicators of purified glycerol with variation
of processing time, process temperature, etc. During the study, special attention was paid to the main operating
parameters of this vibrating machine, namely: amplitude-frequency, power and energy.

The efficiency of the process of vibration-based purification of crude glycerol was evaluated on such
parameters as vibration control, angular rate of flow, rate of temperature. The recommendations of the second
basic parameters of the lateral period were determined in accordance with the second set of the second order.

Analyzing the results of studies of vibration-centrifugal separation of liquid inhomogeneous raw
materials, it can be argued that the most influential factors in the separation of these products are the rotor
speed, vibration shaft speed, oscillation amplitude, power, temperature and processing time.

Keywords: raw glycerin, vibration-centrifugal separation, liquid inhomogeneous system, multifactor
experiment, optimization parameters.

F. 9. Table. 2. Fig. 2. Ref. 12.

1. Problem formulation

Currently, one of the important problems in the food and processing industries is the process of
purification (separation) of liquid inhomogeneous raw materials, in particular crude glycerin, which is in great
demand. In purified form, glycerin is used in the food and pharmaceutical industries, as well as in the
production of explosives, tobacco products, which justifies the relevance of this scientific work.

The development of structural schemes of machines for cleaning inhomogeneous liquid raw materials
can be called a vibration-centrifugal unit, which has a combined effect on the technological load (vibration
movement of the container and the rotational movement of the perforated drum), which significantly reduces
energy consumption

With the development of alternative energy sources, especially diesel fuel, there is a problem of
transfer and purification of glycerol as a by-product of the day. As a rule, these problems were written with
the help of traditional methods of separation: settling, filtering, cyclization, under the action of percentage [1,
3,4,5].

The combined influence of these factors constitutes a potential for increasing the productivity of
machines. It also improves the quality parameters of the operation and partially creates a reserve for energy
conservation.

Therefore, the introduction of advanced technological processing and the use of secondary raw
materials with the help of the combined use of physical and mechanical methods of processing the air, namely,
the combination of the combined action of vibration and centrifugal [6, 7].
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2. Analysis of last researches and publications

Among the main factors influencing the process of separation of inhomogeneous liquid substances, it
is possible to note: temperature, density, viscosity of the medium, time of the experiment. The fluidity of the
marked factors can lead to a qualitative change in the basic physical and mechanical properties of the substance.
To determine the qualitative characteristics of the studied environment, it is necessary to include some physico-
mechanical properties of the product that have an impact on quality. In previous works [3-6], it was presented
that the use of flood perforations with a certain effect influences the increase in the productivity of the process
of separation of a liquid inhomogeneous suspension.

The increase in the frequency of flooding has a nonlinear character, that is, at a certain limit the
productivity of the centrifuge decreases sharply.

In other studies [7], the maximum value of purity and yield of the heavy fraction was observed at the
optimal values of the parameters of the process and setting: the frequency of oscillations of the working
surface, the specific load on the working surface and the coefficient of anisotropy.

3. Purpose of the research

To create a methodology for calculating and constructing audit equipment, as well as to determine the
optimal parameters of raw material processing during the audit. At the same time, it is necessary to establish
the possibility of increasing the mass fraction of pure glycerol depending on the main indicators that
characterize the efficiency (vibration acceleration «, the angular velocity of the flood wrot, glycerin temperature,
ty and processing time 7).

4. Results of the research

Vibrating machines for separation of inhomogeneous systems are characterized by insignificant
influence of mass of technological loading on dynamics of movement of executive parts of oscillating system.
For these machines, the combined action of vibration with all mechanical and electromagnetic types of
separation is effective.

The use of filtering through perforated surfaces at a certain vibration frequency is no exception [4].
During such complex processes, where many factors are involved (frequency of flood rotation, frequency of
rotation of the shaft of the exciter, amplitude of oscillations, time of rotation, temperature of glycerol, etc.), it
is impossible to build a simple mathematical model.

To study the qualitative indicators of quality and their quantitative assessment of the marked processes,
it is necessary to use the mathematical planning of a multifactorial experiment [2, 8].

Based on the results of previous experimental data of the studied process, a statistical analysis of
energy parameters and parameters of its quality was performed. The process of separation of the liquid
inhomogeneous medium was carried out with the help of a subdivided verification machine.

After conducting theoretical research, vibrocentric separation, it can be argued that the most influential
factors in the separation of these products are the rotor speed, vibration shaft speed, oscillation amplitude,
power, temperature and processing time.

The quality parameters used to evaluate the mass fraction of pure glycerol in raw glycerol Xq, %, as a
function of the basic factors were determined in the studied process.

Xcl.gl. =f (Aa)dr.sz, Wrot, T, tgl)y (1)
where Awar.s>— vibration acceleration, m/s2
Niot, = f (ACOdr.sz, Wrot, T, tgl), (2)

where N — total energy consumption, W.

All the factors that are part of the studied process have their own significance, and their meanings have
different orders. In order to obtain an adequate response rate, we perform coding of functions, which is a linear
transformation of the factual process.

We divide the meaning of the levels of facts as follows: upper +1; current O; lower -1; star upper + a;
star lower -a. Based on the results of the theoretical and practical analysis, the following conclusions were
chosen as influential factors of the process of visitor-centric division (table 1).

Investigation of the influence of the above-mentioned factors on the technological and energy
parameters of the studied processes during the conduct of multifactorial processes.
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Table 1
Values of factor levels and intervals for varying the process of vibrocentric separation
Factors Levels of variation
Ne Name Marking \(arlatlon —a -1 0 +1 +a
interval
1 |Vibration acceleration A% m/s? 5 15,3 18 19,3 | 20,1 26,2
2 |Angular speed of the rotor rot, 5'1 50 115 126 136 146 157
3 |Processing time T, S 60 240 360 | 480 600 720
4 (Glycerin temperature tg|,°C 10 60 70 80 90 100

Therefore, it is advisable to conduct a statistical analysis to obtain a functional dependence in the form
of detailed central-compositional planning (DCCP) of a multifactor experiment under the condition of multiple
regression [6, 10, 11, 12].

The method allows to obtain more accurately the mathematical description of the distribution of data
for the increase in the number of experiments in the central points of the matrix «star valuey.

The planner will receive the equation of the multiple order of the 2nd order.

y=bo + Xi1 by x; + Xiy byjxf + Xi bijxjx;, ©)
where y — feedback function, Xcig1., Not; bo, bi, bij — regression coefficients.

The adequacy of pectoral models was verified by Fisher's criterion [6, 9].

F= 3L < (F(Fufy) (4)

where Sag — dispersion of adequacy; Srep — dispersion of reproducibility. [F(fi, f2)] — critical value of
the fisher criterion, which is equal to the value of the Fisher distribution; f1 = n - d — number of degrees of
freedom of the adequacy variance; f> =n - 1 —number of degrees of freedom of the reproducibility dispersion;
d — number of significant regression coefficients; n — number of previous repeated experiments performed for
the mean (zero) level of factors.

The calculated value of criterion F was compared with the critical and at F < [F(fi, f2)] the regression
model was considered adequate.

The reproducibility dispersion is determined by formulas 5 and 6.

1 ~
Srgep = 7 =i — }’1)21 (5)
where y; — result of the i-th repeated experiment; 1y, — arithmetic mean of the results of n-repeated

experiments.
The dispersion adequacy was determined by formula [6]:
Sea = 7 21 Oim = Fon)?, (6)
where yi m — result of the i-th experiment conducted on the planning matrix; y, m— result of the i-th
value of the experiment predicted by the regression model (2).
The significance of the regression coefficients was carried out according to Student's t-criterion [8, 12].
b;
b= S 2 [t(f2)], (7)
where [t(f2)] — critical value of the Student's t-criterion, which is equal to the value of the Student's
distribution; c;; — appropriate element of the matrix.
Calculated value of the criterion t; was compared with the critical and i-th regression coefficient was
considered insignificant.
As a result of processing experimental data in the statistical environment STATISTICA 6.0 for the
response functions Xeg. = f (@, wrat, 7, tg1), and N = f (@, wrot, 7, tg1), the coefficients of complex multiple
regression equations of the 2nd order were obtained.

Xetgl. = -78,65 - 3,2-a+ 0,15 wrot+ 0,051t + 1,76:7- 0,08 - @®- 0,0001 - w?ot - 0,0135 - 72 + 0,0038 x
xa- wrtt0,0005 a-t+0,0229 - a -7+ 0,0001 - wrot - 7-0,0003 - t- 7. 8)

Niot = 13980 -212,14 - a- 11,88 - wrot-3,11-t-74,58 - +3,41 - a®+ 0,47 - #+0,08 - a- wrot  (9)
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The calculated values of the criterion evaluation are shown in table 2.

Table 2
Values of the calculated criteria to the obtained regression models
Evaluation criteria Designation of the Response function
criterion Xelgl, %0 Niot, W
Coefficient of determination R? 0,48 0,49
Dispersion of adequacy Sad 81,83 118703
Dispersion of reproducibility Srep 88,31 122757
Fisher's criterion F 0,92 0,96
Critical value of Fisher's criterion, which is equal . .
to the value of Fischer's division i Fa .12 2,840,05:4;21 | 2,840,05:4;21

As can be seen from table 2, all regression equations were adequate.

In fig. 1, 2 show the response surfaces of the optimization criteria and the dependence of the mass

fraction of pure glycerol Xc.g. = f (8, @, 7, tg) and energy consumption Nt = f (@, wrot, 7, tg), On individual
actual values of the optimization parameters: a, wro, 7, tg.
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Fig. 1. Surface responses characterizing the mass fraction of pure glycerol from:
8.) Xcl.gl. =f(a, T); b) XcI.gI. =f (a, tgl); C) Xcl.gl. =f(a, wrot); d) XcI.gI. =f(wr0t, T);
e) Xcl.gl. =f (wrot. tgl); f) Xcl.gl. =f (T, tgl)
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Fig. 2. Surface feedback characterizing energy costs from:
a) Nt =f (a, wrar), b) Nt =f (@, 7); €) Nwot. =f (@, tg1), d) Niow. =f (Wro T)

5. Conclusions

The constructed surfaces of responses of optimization criteria allow to illustrate visually dependences
of values of mass fraction of glycerin Xug. and the consumed energy N On separate parameters of
optimization and location of optimums.

The mass fraction of pure glycerol acquires the maximum value at the following parameters: glycerin
temperature 60-80°C, processing time 6-8 m, angular speed of the rotor 140-150 s and vibration speed of the
container m/s?.
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BbIBOP ®AKTOPOB BJIUSIHUSI HA BUBPOLIEHTPOBE)KHOE PA3/IEJTEHUE KUJAKOI'O
HEOJHOPOJHOI'O CbIPbs

Pazeumue cospemennozo 060py0osanus u mexHoi02ull npueooOUm K 300p06ouU KOHKYPEeHYUll, Ymo 6
€8010 0uepedb, Oaem B03MOICHOCMb BbIOUPAMb MAWUHY ULU YCIMAHOBKY ONsl pa30eNeHus HCUOKUX
HEOOHOpoOHbIx  cucmem.  Kaowcooe  npoussoocmeo  npu  evibope  0b60py008aHuUs  yuumvléaem
coomeemcmeyoujue Gakxmopuvl u C6010 Cneyugpuxy.

Hns ymounenus noxkasamenei Kauecmea nuyepuna u OnpeoeieHuss ux 3HauuMoCmu UCnoab306au
mMamemamuiecKu-Cmamucmuyeckoe niaHupo8anie MHo20QhaKkmopHo2o 3Kcnepumerma.

B cmamve nocmpoenvl nosepxnocmu oms3vle06 Kpumepues OnmuMu3ayuy, Komopwvle no36015810Mm
HA2NIAOHO ULIOCMPUPOSAMb 3AGUCUMOCIU 3HAYEHUTI MACCOBOU OONU YUCTNO20 NUYEPUHA U NOMPeOIAeMOll
9Hepeuu om OmOenbHuIX napamempos onmumusayuu. Memoouka uccredosanus ekoyaem 8 cebs ebloop
ONMUMATILHBIX PENCUMO8 pAbOmbl BUOPOYEHMPODENCHBIX MAUUHBL OISl OYUCKU IHCUOKO20 2TUYEPUHOBO2O
CbIPLS NO MEXHUKO-DKOHOMUYECKUM KPUMEPUAM OYeHKU U OnpeoesieHus: noKasamenel Kaiecmeaa OUueHHo20
2NUYepuHa npu 8apbupoBaHUU epemMenu oopadbomku, memMnepamypsbl MexHoI02u4eckoll cpedvl u m. 0. Ilpu
uccnedosanuy 0coboe GHUMAaHuUe y0eusiioc OCHOSBHbIM padouuM nApamempam OAHHOU GUOPOMAULUHBL, A
UMEHHO HA: AMNAUMYOHO-4ACMOMHbLE, CUTIOBbLE U DHEP2emUiecKue.

Ogppexmusnocmv npoyecca GuUOPOYEHMPOOENHCHOU OUUCIIKU CbIPO2O 2NUYEPUHA OYEHUBANU NO
MAaKUM nNApamempam, KaxK 6UOPOYCKOPEHUs, Yeno6ds CKOPOCMb POmMopd, memnepamypa eiuyepurd, epems
0bpabomxu. Mcnonv3ysa nonyueHnoe ypasHeHue MHOJMCeCMEEeHHOU peepeccult 2-20 NOPsAOKa Obliu OnpeoeieHbl
PpeKomeHOayuu no OCHOBHbIM NAPAMEMPAM PAbOUe20 PEeHCUMA UCCTeOYeMO20 NPoYecca.

Ilpoananusupoeas pe3ynbmamvl UCCIEO08AHUL  BUOPOYEHMPODEINCHO20 PA3OeNeHUsl  HCUOKO20
HEOOHOPOOHO20 CbIPbsL MOJICHO YIMBEPAHCOAMb, YMO Hauboiee 61UsmenibHbIMU (QaKkmopamu npu pazoeieHuu
VKA3aHHOU NPOOYKYUY ABNAEMCS YACMOMA 8pAWjeHUsl pOmopa, 4acmoma epaujeHus 8ana 6ubpoo30youmens,
AMRIUMY0a KoNe6anuil, MOWHOCMb, memMnepamypa u epems 06pabomxu.

Knrouesvle cnosa: cvipoil enuyepun, ubpoyeHmpobedicHoe pazdenerus, HCUOKdas HeOOHOPOOHAs
cucmema, MHO20QhaKmMopHulll IKCHEPUMEHM, NAPAMEMPbL ONMUMUZAYUU.

@. 9. Taé. 2. Puc. 2. Jlum. 12.

BUBIP ®AKTOPIB BILIUBY HA BIGPOBIIIIEHTPOBE PO3/IIJIEHHA PIIKOI
HEOITHOPIJTHOI CHPOBUHHA

Pozeumox cyuacnozo obaadnants ma mexHoao2it npu3eoo0ums 00 300p08oi KOHKYPeHYil, Wo 8 C8010
uepey, 0ae MOJNCIUBICb BLILHO GUOUPATIY MAWUHY YU YCAHOBKY OJisl pO30LIeHHSI PIOKUX HeOOHOPiOHUX
cucmem. Kooicne supobnuymeo npu ubopi 001a0HAHHS 8PAX08YE BIONOGIOHI (Pakmopu ma ceor cneyupixy.

Jna ymouHenHa NOKA3HUKIE AKOCMI 2niyepuHy ma BU3HAYEHHA X 8A20MOCMI BUKOPUCMOBYBANU
MaAmemMamudHo-Cmamucmuyte niany8ants 6a2amopaxmopHo2o eKkcCnepumenmy.

B cmammi nobyoosani nogepxmi 6iocykie xpumepiie onmumizayii, aKi 003601810Mb HALAAOHO
LIr0Cmpy8amu 3a1edlCHOCHI 3HAYEHb MACOB0I Q0L YUCMO20 21iYepUury ma CRONCUMOi eHepeii 8i0 OKpeMux
napamempie onmumizayii. Memoouxa 00CniodcenHs: GKII0YAE 6 cebe GUDIP ONMUMATLHUX PEHCUMIE pOOOmU
8i6P0GIOYEHMPOBOI MAWUHU OJI OYUWYEHHS PIOKOT NIYEePUHOMICIKOT CUPOBUHU 3G MEXHIKO-eKOHOMIYHUMU
Kpumepisimu OYiHKU ma U3HAYeHH s HOKA3HUKIB IKOCI OUUeH020 2AiyepUury npu 8apilo8anHti yacy oopooxu,
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memMnepamypu mexHoa02iuHo20 cepedosuwya i m. 0. Ilpu docnioscenni ocobauea yeaza npuoiisiiace OCHOGHUM
PpobouUM napamempam 0aHoi BiOpoMawunL, a came Ha: AMIAIMYOHO-YACMOMHI, CUI08T MA eHePeeTUYHI.

Egpexmusnicmv npoyecy 6i6pogioyeHmpo80o20 OYUWEHHS CUPO20 2IIYEPUHy OYIHIOBAIU 3A THAKUMU
napamempamu, K 8iOPONPUCKOPEHHS, KYMO8A WEUOKICTb pomopa, meMnepamypa 2niyepuny, 4ac 0opooxu.
Bukopucmosyouu ompumane pieHsHHS MHONCUHHOL peepecii 2-20 NopsoKy Oyau 6UHAYEHI peKoMeHOayil
CMOCOBHO OCHOBHUX NAPAMEMPIE POOOUO20 PENCUMY QOCTIONCYBAHO20 NPOYECY.

Ipoananizysasuiu pe3yromamu 00CAiONMCEHb BIOPOBIOYEHMPOBO2O PO30iNeHHs PIOKOI HeOOHOPIOHOT
CUPOBUHU MOICHA CMBepO’CY8amu, Wo HAUOLIbW 6NIUGOGUMU (DAKMOPaMU NpU PO30INEHHI O3HAYEHOT
npooyKyii € uacmoma 0OepmanHs pomopa, Yacmoma 00epmaHHs 6and 6IOpo30yoiCcys8aud, AMNIimyoa
KOJIUBAHD, NOMYICHICMb, MeMnepamypa ma yac oopooxu.

Knrouoei cnoea: cupuii eniyepun, 6ioposioyenmpose pos3odifienHs, pioka HeOOHOPIOHA cucmema,
bazamopaxmopnuil exchepumenm, napamempu ONMuUMizayii.

@. 9. Tab. 2. Puc. 2. Jlim. 12.
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