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TECHNOLOGICAL SCHEME FOR PROCESSING MULBERRY FRUITS FOR
JUICE AND CONCENTRATE. MATHEMATICAL MODELING OF THE
PROCESS OF SEDIMENT DECANTATION IN JUICE
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1Urgench State University, Urgench, Uzbekistan,
2Tashkent Institute of Chemical Technology, Tashkent, Uzbekistan,
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The chemical composition of mulberry fruits was studied. A technological scheme for processing mulberry
fruits into juices and concentrates has been developed. It is made in the form of decantation of solid particles -
evaporation of clarified juice. Based on the analysis of all processes included in the technological scheme, a line
was assembled, including pressing juice, cleaning freshly squeezed juice from mechanical impurities, fermenting
and clarifying juice, filtering and obtaining clear juice, evaporating and obtaining juice concentrate.

Equations for the material balance of hydromechanical separation of sediments in mulberry juice in the field
of centrifugal forces are obtained (sediment decantation). Thus, a mathematical model of the dynamics of the
liquid separation process has been obtained. Using the SIMULINK part of the MATLAB program, a computer
model for solving equations was compiled. The results of studies of the separation of solid particles of mulberry
juice in the field of centrifugal forces were used as input parameters for studying the evaporation process on
a five-pan vacuum evaporator. These are the following juice parameters al, atrl, atnl, avl - respectively, the
concentration of incoming juice, solid soluble, solid insoluble components and water in the incoming juice; atr2,
atn2, av2 - concentration of solids, including solid soluble, solid insoluble components and water in a thick mass;
atr3, atn3, av3 - concentration of solids, including solid soluble, solid insoluble components and water in clarified
juice; G1, G2, G3 - costs, respectively, of the original juice (input), thick mass (output), clarified juice (output).

Keywords: mulberry fruit juice, starch, pectin, fermentation, concentrate.

IIBIPBIH ’KOHE KOHIHEHTPAT YIIIH TYT KEMICTEPIH OHAEY JI1H
TEXHOJIOI'MAJIBIK CYJIBACBI. HIBIPBIH/IAT'BI INIOI'TMIEP 11
JEKAHTAIIUAJIAY ITPOIIECIH MATEMATHUKAJIBIK MO/JIEJIB/IEY
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TyT XeMicTepiHiH XUMHSUIBIK Kypambl 3epTTeni. TyT sKeMicTepiH HIBIpbIHAAD MEH KOHIIEHTpaTTapFa eHJe-
YiH TEXHOJIOTHSUIBIK, CXeMachl a3ipieH . KaTThl OesiekTepi IeKaHTalysIay - MOJITipJICHI€H HIBIPBIH/IBI OyIaHy
TypiHge kacanangpl. TeXHOMOrusIbIK, chi30ara eHri3iireH GapIIbIK MPOLeCTepi Tajlaay HeriziH/e MbIPbIH/BI Ipe-
CTey, KaHa CHIFBUIFAH HIBIPHIH/IBI MEXaHUKAJIBIK, KOCTIAIAPIAH Ta3apTy, IIBIPHH/BI AIIBITY KOHE MOJIIIpIey, Cy3y
JKOHE MOJIIIp IIBIPHIH ATy, HIBIPBIH KOHIIEHTPAThIH OyJ1ay kKoHE aTy/ibl KAMTUTBIH XKelli KYPacThIPbULIBL.

OpTaybIKTaH TENKIlll KYIITep aliMaFrbiH/IA TYT ITBIPBIHBIHIAFB IO HIIePIi THIPOMeXaHUKAJIBIK, O8JTy/IiH MaTe-
pUaIBIK, OaIaHCHIHBIH TeHAEY/IEpi abIHABI (KaybIH-IIAIIBIHHBIH AeKaHTAIMACH). OchUIaiiia, CyHBIKTHIKTEI 0Ty
MIPOLIECiHIH JMHAMUKACBIHBIH MAaTeMaTHKAJIBIK Mojiesti anbiHabl. MATLAB 6arnapiamaceiabiy SIMULINK Gesti-
T'i apKbUIBI TEHJIEY/Iep/i ISy iH KOMITBIOTEPIIiK MOIei KypacThpbUlabl. Ty T HIBIPBIHBIHBIH KATThI OOJIIEKTEPiH
OpTaJIBIKTAH TETKIIll KYIITEp aschiHAa 06ty 3epTTey HoTrkesepi Oec TabaHbl BaKyyM/Ibl OyJIaH/IBIPFBIIITA OyJIaHy
MPOLECIH 3epTTey YILiH Kipic napamerpiepi peTiHie naiaaiaHbuiabl. By keneci mslpblH napameTpiepi al, atrl,
atnl, avl - THiCiHIIIe, TYCETiH HIBIPHIHHBIH, KATTHI €PUTIH, KATThl €pIMEUTIH KOMITIOHEHTTEP/IiH KoHE TYCETiH IIbI-
PBIHIAFBI CYIBIH KOHLEHTPALMSCHL; atr2, atn2, av2 - KaTTel EpHTIH, KaTThl €pIMENTIH KOMITIOHEHTTEP/ KoHE KOIO
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MaccafiaFbl Cy/Ibl KOca ajiFaH[a, KATThl 3aTTAP/IbIH KOHIIEHTPAIMACH, atr3, atn3, av3 - KaTThl 3aTTAp/IbIH, OHBIH
iITiHAe KaTThl €pHTIiH, KATTH €pIMEUTIH KOMIIOHEHTTEPHAIH KoHEe MOJIIpJIeHIeH IIBIPhIHIAF! CYIbIH KOHLICHTpA-
musicel; G1, G2, G3 - coiikeciHine GacTankpl HIBIPBIH (Kipic), KO Macca (IIbIFbIC), Ta3apThUIFaH HIBIPBIH (IIIBIFBIC)
IIBIFBIHIAPBI.

Ty#inai ce3aep: TYT KeMicC IIBIPHIHBI, KpaxMaJl, IEKTHH, alllbITy, KOHIIEHTPAT.

TEXHOJIOTUYECKASI CXEMA IEPEPABOTKH ILJIO/IOB TYTOBHUKA HA
COK 1 KOHIIEHTPAT. MATEMATHYECKOE MO/IEJTUPOBAHUE
MPOIIECCA TEKAHTAITUM OCAJIKOB B COKE
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I/ICCIIG,I[OBEIH XUMUYECKUHI COCTaB TJI0A0B TYTOBHHUKA. Pa3pa60TaHa TEXHOJIOTMYECKasA CXEMa HCpepa60TKI/I I1J10-
JOB TYTOBHMKA Ha COKHW W KOHLEHTPATHI. OHa BHINOJHEHA B BUIC JCKaHTAMA TBép,I[bIX YaCTHUII-BbIIIapUBAHNE
OCBEeTIEHHOro coka. Ha ocHOBe aHayn3a Bcex IMPOUECCOB, BXOAAIIUX B TEXHOJIOTMYECKYI0O CXEMY KOMITOHOBaHa
JIMHUA, BKJIIOYalomasa MpeCCOBAHME COKa, OYUIICHHUE CBEKEOTKATOIO COKa OT MEXaHUYECKUX HpHMCCCﬁ, cpep—
MEHTUPOBAHHUE U OCBETJICHHUE COKa, (I)I/IJ'[I)TpaHI/IIO " MNOJIYYEHHE IMPO3PAavYHOro COKa, BbIITAPUBAHUE U TTOJTYUYECHHC
KOHIEHTpATa COKa.

[Noy4eHs! ypaBHEHUS MaTepPUAIBHOIO 0ajlaHCa THIPOMEXaHUYECKOTO pa3/e/ieHHs OCAIKOB B COKE TYTOBHUKA
(mexkaHTalMs 0CaJKOB) B IOJIE LIEHTPOOEKHBIX cHJI. [lomydeHa TeM caMbIM MareMaTHdyecKasl MOJeb JUHAMHUKH
npouecca pasaenenus xuakoctu. Mcnonesys yacts SIMULINK nporpamvel MATLAB cocraBiena koMmmnbloTep-
Hasi MOJE/b PEIIeHNs ypaBHEHUI. Pe3ynbTarsl MicceloBaHUI pa3eneHus TBEPIbIX YAaCTUL] TYTOBOTO COKa B IOJIE
LEHTPOOEKHBIX CUJI UCIIOIB30BaHbl B KAYECTBE BXOIHBIX [TAPAMETPOB IS MCCIIEIOBaHNU ITPOLIECCa BbIIIAPHBAHUS
Ha MATUKOPITYCHOW BaKyyM-BBHIIIAPHOH YCTaHOBKE. DTO HMKECIEAYIOUIUE MapaMeTpbl COKa: d; , g, gy Gy -
COOTBETCTBEHHO, KOHIIEHTPAIIKsI TIOCTYIAIOIIETO COKA, TBEPABIX PACTBOPHMBIX, TBEPABIX HEPACTBOPHMBIX KOMIIO-
HEHTOB M BOZIBI B ITOCTYIAIOIIEM COKE; d,,5, (yy, A, - KOHIIEHTPAINS CyXUX BEIIECTB, B TOM YHCIIE, TBEPABIX pac-
TBOPUMBIX, TBEPABIX HEPACTBOPHMBIX KOMIIOHEHTOB U BOJBI B I'YCTOM Macce; d,,3, d,y,3, 4,3 - KOHIEHTPALHSI CYXHX
BEILIECTB, B TOM UMCJIE, TBEPABIX PACTBOPHMBIX, TBEPIBIX HEPACTBOPUMBIX KOMIIOHEHTOB U BOJbI B OCBETJIEHHOM
coke; G;, G,, G - pacxofibl, COOTBETCTBEHHO UCXOIHOTO COKa (BXO[), IYCTON Macchl (BBIXOMI), OCBETJIEHHOTO COKa
(BBIXOM).

KiiroueBble cjoBa: COK IJIOIOB TYTOBHHUKA, KPaxMaJl, IEKTHUH, (pepMeHTalMsl, KOHIIEHTpPAT.

Introduction. It is estimated that more than 150 ¢ of
mulberries are grown in Uzbekistan annually, mainly
consumed in raw form by the population. Our research
is focused on mulberry fruits as a source of production
of natural sweet, at the same time useful products for
the body: dried fruits, preserves and jams, juices and
concentrates.

of high-quality natural food products.

Modern medical research has proven that mulberry
fruits have many properties, such as treating fever,
protecting the liver, diuretic, lowering blood pressure,
lowering blood sugar and lipids. Due to the high
moisture content and short harvest period, mulberry
fruits are not easily kept fresh and are prone to rotting,

Mulberry (Morus) - a family of trees belonging to the
mulberry family; fruit tree; In Uzbekistan, 5 species are
grown. The fruits of white mulberry (M. alba, fig.1) and
black mulberry (M. nigra, fig.2) are mainly used [1, 2].

In the food industry of the world, scientific research
is being carried out on the processing of raw materials
rich in carbohydrates, proteins, minerals, vitamins,
organic acids, polyphenols, as well as on the production

so obtaining juice and concentrate of mulberry fruits
becomes an important processing method to increase
shelf life and facilitate further use.

There are no such studies in the world on the
processing of mulberry fruits, obtaining juice and
concentrate. There are results of studies on the drying
of mulberry leaves and fruits, and the study of the
chemical composition of their extracts. There are




Fig.1. Morus alba

technologies for the use of dried mulberry fruits in
confectionery.

The purpose of the research is to obtain juice
from mulberry fruits, develop technology and modes
of juice clarification, obtain juice concentrate, study
the chemical composition of juice and concentrate, and
evaluate the indicators of the results obtained.

Methods and materials. We used standard and
special physicochemical, microbiological, rheological
and organoleptic (sensor) methods of raw materials,
semi-finished products and finished products.
Statistical processing of experimental data was carried
out using correlation-regression analysis in Microsoft
Excel 2013 and MathCad 15 environments [3].

The main methods have been developed and applied
for the study of individual components of the juice and
concentrate of mulberry fruits.

Flavonoids in the sample were determined using
liquid chromatography. To do this, 5-10 g of a sample
was taken on an analytical balance and placed in a flat
flask with a capacity of 300 ml. 50 ml of 70% ethanol
solution is added to it [4].

The mixture was heated at 70-80°C with vigorous
stirring for 1 hour, stirred with a magnetic stirrer,
reflux, and then stirred at room temperature for 2 hours.
The mixture is cooled and filtered. 25 ml of 70%
ethanol are added to the remainder and re-extracted 2
times. The filtrates were combined and made up to the
mark with 70% ethanol in a 100 ml volumetric flask.
The resulting solution is centrifuged at a speed of 6000-
8000 rpm for 20-30 minutes. The resulting solution was
taken from above for analysis. Phosphorus and acetate
buffer systems and acetonitrile were used as eluents in
the determination of flavonoids by HPLC. A phosphate
buffer system and acetonitrile were used [4].

Fig.2. Morus nigra

Isolation of free amino acids. Sedimentation
of proteins and peptides from aqueous extract in
centrifuge beakers. To do this, 1 ml (exact volume)
of 20% trichloroacetic acid (TCA) was added to 1 ml
of the test sample. After 10 minutes, the precipitate
was separated by centrifugation at 8000 rpm for 15
minutes. After separating 0.1 ml over the sedimentary
liquid, it was freeze-dried [5].

High performance liquid chromatography (HPLC)
analysis of PTC-derivatives of amino acids. The
synthesis of phenylthiocarbomayl (FTC) derivatives
of free amino acids was carried out according to the
method of Steven A., Cohen Daviel.

Identification of FTC-amino acids is carried out
on an Agilent Technologies 1200 chromatograph on
a 75x4.6 mm Discovery HS C18 column. Solution A:
0.14 M CH3COONa + 0.05% TEA pH 6.4, B: CH3CN.
Flow rate 1.2 ml/min, absorbance 269 nm. Gradient
% B/min: 1-6%/0-2.5 min; 6-30%/2.51-40 min; 30-
60%/40.1-45 min; 60-60%/45.1-50 min; 60-0%/50.1-
55 min.

The results of laboratory studies of the composition
of amino acids in mulberry fruits are presented. Each
dried sample was prepared for analysis separately in the
following order:

We used standard and special physicochemical,
microbiological, rheological and organoleptic (sensor)
methods of raw materials, semi-finished products
and finished products. Statistical processing of
experimental data was carried out using correlation-
regression analysis in Microsoft Excel 2013 and
MathCad 15 environments [6].

Results and its discussion. Let us analyze the
results obtained on the chemical composition of
mulberry fruits presented in table 1.
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Table 1 - The chemical composition of mulberry fruits

‘ o | Nutrients Mass fraction, g/100 g of fruit
1 Water 81,74
2 Protein 0,78
3 Sugar 12,60
4 Starch 0,65
5 Pectin 0,21
6 Fats 0,41
7 Organic acids 1,34
8 Alimentary fiber 1,75
9 Ash 0,23
10 | Other substances 0,29
11 | Degree of sweetness high
12 | Energy value, kcal 56,7

Vitamins: A-0.4%, -carotenoids - 0.4%, B1 - 2.7%,
B2 - 1.1%, choline - 2.5%, B5 - 1.6%, B6 - 2, 5%,
B9 - 1.5%, B12 - not determined. , C-11.1%, D-
not determined, E-5.8%, H-1.2%, K-6.5%, PP-4%, K-
14%,

The total amount of macro- and microelements (in%
of the total amount): K-14%; Ca-2.4%, Si-33.3%, Mg-
12.8%, Na-1.2%, Ph-4.8%, C1-0.1%, Fe-10.3%, 1 -
0.7%, Co-10. %, Mn-0.9%, Cu-6%, Mo-3.6%, Se-
1.1%, R-0.3%, Cr-14%, Zn-1%.

Mulberry fruits are eaten whole, fresh or dried
(mulberry raisins), they are also used to prepare sweets,
jams, marmalades, jam and molasses.

The mulberry fruit is watery, it contains 81.7-86.2%
water. The sugar content of fresh fruit is 10.9-12.7%,
mulberry raisins 73.29-83.71%. Mulberry fruits are
recommended for those who are weakened by diseases
and often catch a cold. The seeds contain 24-33% oil
and other useful substances. Since it contains a large
amount of phosphorus, mulberry is very useful for
people who are engaged in mental activity. For pregnant
women, mulberry fruits are also a source of necessary
preparations for good fetal development, strengthen the
immune system, the body's defenses against infectious
diseases, prevent premature skin wrinkles, improve
vision, and protect retinal damage. Fresh (or canned)
mulberry juice helps relieve chest pain and shortness
of breath. With a therapeutic purpose, mulberry juice
is consumed for three weeks, during this period of time
the work of the heart is completely restored [4,5].

We are developing a technology for obtaining

mulberry juice, in an organized workshop, the scheme
of which is shown in Fig.3.

Mulberry fruits, despite the fact that they fell to the
ground, are crushed and juice flows out of them, are
collected in special containers and sent to a cannery for
processing. The containers are unloaded into receiving
tanks 1, then the fruits are fed to the belt press 3
by means of a screw pump 2, the juice is squeezed
out of them, which accumulates in the collector 5.
Particles related to dust, soil, tree leaves, as well as solid
particles of fruits pass into the squeezed juice , they are
previously separated from the juice using a separator 7,
into which it is supplied by a pump 6.

In the technology for obtaining clear juice and
concentrate, the starch and pectin contained in the juice
are decomposed by fermentation in the 16 fermenter.
heated to a temperature of 90°C and cooled to a
temperature of 45-50°C in the "pipe in pipe" cooler 13.
In this case, the starch binds water to itself and swells,
which is favorable for its splitting. In the fermenter 16,
the process of splitting starch with amylase supplied
from tank 17 and pectin with pectinase supplied from
tank 18 is carried out in parallel, processing is carried
out with bentonite supplied from tank 19 and erbigel
supplied from tank 20 to aggregate and precipitate
the by-products of fermentation, then sediments are
removed with a separator 23 is filtered on the device 25
and accumulated in the buffer tank 26 of the vacuum
evaporator complex (VEC). Before evaporation, the
juice is heated in a tubular apparatus 28 to avoid
deformation of the tubular structure, accumulated in
a container 29 and evaporated in a five-case vacuum
evaporator complex, including buildings 31, 36, 41,
44 and 47, the resulting concentrate is sent to an
aseptic storage tank 50 installed in the refrigerator
compartment. Separators VEC 34, 39, 42, 45, 48 serve




Fig.3. Technological line for the production of juice and concentrate from mulberries.

1 - buffer capacity for receiving mulberry fruits; 2-screw pump; 3-belt press; 4-node removal of pomace; 5-juice
collector; 6, 21, 27, 30, 35, 40, 43, 46, 49 pumps; 7-separator for removing mechanical impurities; 8, 24-exit
nodes of waste separators; 10-heater "pipe in pipe"; 11-inlet of heating steam; 12-heating steam condensate
outlet; 13-cooler "pipe in pipe"; 14-cold water inlet; 15-cold water outlet; 16-fermenter; 17-enzyme dispenser
for amylase; 18 - enzyme dispenser for pectinase; 19-bottle with erbigel; 20-tank with bentonite; 23-separator
for removing sediments (decanter); 22-tee-guide juice; 25 filter; 26, 29 - filtered juice collection tank; 29-tube
heater; 31 - the first building of the 5-case vacuum evaporator complex (VEC), 32 - heating steam inlet pipe;
33-pipe condensate outlet; 34-separator of the 1st building; 36-2nd apparat of ; 37 - secondary steam inlet to the
2nd building of the ; 38-condensate outlet from the 2nd building of the ; 39 - separator of the 2nd building of
the ; 41-third building of the ; 42-separator of the 3rd building of the ; 44th Corps of the ; 45-separator of the
4th building of the ; 47-5th building of the ; 48-separator of the Sth building; 50 - aseptic concentrate storage
tank; 51 - secondary steam condenser; 52-cold water inlet; 53-cold water outlet; 54-vacuum-pump system.
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to separate secondary vapors from juice [6, 7, 8, 9].

Mathematical modeling of the hydromechanical
process of sediment decantation during the
fermentation of raw juice. As stated above, deep
processing of mulberries is proposed according to the
scheme of fine grinding of silkworm pulp - separation
into fractions (juice and thick mass) - juice clarification
- juice concentration. When concentrating clarified
juice, aromatic substances are recovered, for which
one of the existing schemes of foreign companies is
used.

We simulate the process of hydromechanical
separation of sediment after fermentation of mulberry
juice into fractions in the field of centrifugal forces.
To this end, we denote the input and output parameters
of the process as follows.

al , arrl, atnl, avl - respectively, the concentration
of the incoming juice, solid soluble, solid insoluble
components and water in the incoming juice; atr2, am?2,
av2 - concentration of solids, including solid soluble,
solid insoluble components and water in a thick mass;
atr3, am3, av3 - concentration of solids, including
solid soluble, solid insoluble components and water
in clarified juice; G, G,, G5 - costs, respectively, of
the original juice (input), thick mass (output), clarified
juice (output).

For compiling a mathematical description and its
study in the form of a model, it is favorable to use
relative dimensionless quantities.

Let us compose the material balance equations
for the juice components entering the centrifuge and
releasing them together with the clarified juice and
thick mass. The solids concentration of the solid
component as a whole consists of the concentrations of
solid soluble and insoluble components

ey

A1 = Q1 T Gy

Hence, the relative dimensionless value of water
concentration is determined

(@)

Ay =1—ay

The amount of solids entering the centrifuge is
determined by the following expression

9v1 = Gl sy (3)

The amount of soluble component entering the
centrifuge along with the juice

“

91 = Gq - ay

The amount of insoluble component entering the
centrifuge along with the juice

&)

G = Gy ay,

The total amount of the solid component entering the
centrifuge along with the juice

g1 =Gy -ay (6)

The total concentration of the solid component
in the juice includes the solid soluble and insoluble
components

N

(3 = Qp3 + Gp3

The concentration of water in the juice is determined
by the following equation

®)

g =1—az

The amount (consumption) of the insoluble
component in the original juice and in the thick mass
is assumed to be equal, i.e.

gnl = gn2 (9)
Juice consumption is determined as follows
Gy = Ins (10)
(0%

The proportion of water in the juice is determined by
the following expression

an

Guz = G3 - a3

The proportion of the solid soluble component in
the clarified juice is determined by the following
expression

93 =G - a3 (12)

The solid component in clarified juice consists of
soluble and insoluble components (the proportion of
insoluble component is zero g,,3 = 0)

9¢3 = 9n3s + 9r3 (13)

6



The ratio of costs of clarified juice and thick mass
with the original is as follows

Gy =G, — G,y (14)

For moisture consumption in clarified and initial

juices, as well as in a thick mass, the following
expression can be written

9v3 = Gv1 — Gu2 (15)

There is no insoluble component in the clarified juice

Inz =0 (16)

Soluble dry matter in is distributed as follows

9r3 = 9r1 — 9r2 (17)

The total amount of solids in the juice consists only
of the solid soluble component

913 = 9r3 (18)

The concentration of water in the juice is determined
by the following expression

O3 = G, (19)

The concentration of the insoluble component in the
juice clarified by centrifugation is determined by the
following expression

_ 9n3
n3 G3

a (20)

The concentration of the soluble component in the
juice clarified by centrifugation is determined by the
following expression

_ I3

Q.3 = G, (21)

The total concentration of the solid component in
juice clarified by centrifugation is determined by the
expression

3
A3 =

G, (22)

The system of equations (1-22) is a mathematical
description of the silkworm juice centrifugation
process. It is investigated for the range of changes in

the amount of dry substances in the mulberry pulp and
the ratio of their water-soluble (S) and water-insoluble
(IS) components in order to obtain a concentrate of
a given concentration according to the proposed low-
temperature technology [9, 10].

Ay = Qpy + Gy

Ay =1+ ay;

g = Gl -a,y;
91 =Gl-a,q;
g1 = G1-apy;
9 = G1-ay;
gz = Qpg " Apg;

Qy3 =1 — 35

9n1 = 9n2s
g

GS _ n3;
an3

Guz = G3 - y3;

9rs = G3 - Q33 (23)
913 = 9n3 " 9r3;
Gy =Gy —Gy;
9v3 = Gu1 " Gu2s
9r3 = 9r1 * 9r2;
9t3 = 9r35
93
Q5 = =2
v3 GS
9n3
a,3 = ;
n3 GS
9r3
a5 = 222,
r3 G3
93
Qg = =2
t3 037

For installations with processes that are fast
and simple in terms of dynamics, the optimization
procedure is carried out based on its cost and current
costs - the consumption of electricity to rotate the
centrifuge drum. Prof. K.O. Dodaev previously
obtained an equation for determining the optimal flow
rate when concentrating tomato juice [4].

Mathematical model of economic indicators of the
process of hydromechanical separation of silkworm
Juice.

Given the known initial values of the suspension
parameters, the water content in the suspension and
the residual water content in the thick mass after
centrifugation or the flow rate of pumped water, as
well as the geometric and kinematic characteristics

7
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of the centrifuge, it is possible to determine the
energy consumption spent on centrifugation, which is
mathematically expressed in the following form
N:f(G17X03X17"') (24)

When determining the power of the electric motor
Nel of the centrifuge, the expressions obtained for the

individual components of the power consumption are
used, which are given below [11, 12].

The power required to communicate the kinetic
energy of the ejected liquid NI, the power required
to overcome the frictional forces against the air N2,
the power required to overcome the frictional forces
in the support bearings N3, the power required to eject
sediment through the discharge slots N,,.

Ny +Ny+ N+ Ny
n

N,

31

(25)

However, for practical calculations, a simplified
formula for calculating the power of an electric motor
is used

Noyg = 1000 M - Hg - 3n -4 (26)

(6

where M is the coefficient (M = 0.016 - 0.018); Hb

- height of the centrifuge drum, m; nb - drum rotation
frequency, s-1; r - maximum radius of the drum, m.

Annual electricity costs in kW*h are determined by
the expression

N, = Ny

oo Tces

27

where 7, is the resource of working time in the
season, hour.

The cost of electricity during centrifugation is one
of the most significant current costs spent on the
separation of mulberry juice into components in the
field of centrifugal forces.

Production costs for pulp centrifugation are
determined by the following expression

A-G C, - N,
— 1 ) ) 28
©T TG, 73600 Gy, (28)
G
K=—-t
G,

Here A is the depreciation of capital investments.
They are defined by the following expression

C.E,

= et 29
G 7oy 3600 29)

where C_, C, - respectively, the cost of the centrifuge
and 1 kWh of electricity, soum; Yen - normative
coefficient of depreciation; G, - current productivity
of the centrifuge, kg/s; G, - theoretical productivity of
the centrifuge, kg/s; K-factor of centrifuge use, under
normal conditions of operation of the workshop, K can
be equal to one, the smaller K, the less the centrifuge is
used in production, sometimes the value of K exceeds
one, this goes without saying the optimal mode of using
the centrifuge.

The resulting system of equations (30) is a
mathematical description of the material balance of
the suspension centrifugation process. Equations (28)
and (29) are necessary to study the optimal parameters
of the centrifugation process of mulberry pulp [10,11].

Nogw = 1000 - M - Hg - n - r;
CE
=_—"1 . 30
G Tee; 3600 (30)
N, = Ny

oo * Teess

Conclusions.

1. The method of hydromechanical decontamination
of fermented juice sediments and further evaporation
of the clarified juice of mulberry fruits was studied. A
mathematical model of the centrifugation process was
obtained, including the material balance equations for
the concentrations of water-soluble P and insoluble HP
of dry substances, a model for optimizing the economic
indicators of centrifugation.

2. The study of a complex of processes occurring
in complex technological lines, described by algebraic
and differential equations, was implemented using the
MATLAB complex program and its SIMULINK part,
the MATHCAD program. The results of studies of
the mathematical model in a wide range of variation
of the input parameters of the process are presented.
The analysis of the results obtained with respect to the
weight of the parameters influencing the course of the
sediment decontamination process is carried out.

An iterative algorithm for solving the system of
transcendental balance equations is proposed. The
results of the study turned out to be adequate to the
results of calculating the evaporation of moisture from
the phase interface in the separators of the evaporator
complex by changing the interfacial equilibrium and
partial pressures of steam and water. They are also
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identical to the results of industrial experiments. vacuum evaporator was also optimized.

3. The optimization of the juice centrifugation 4. A number of parameters were obtained
process at the stage of sediment decantation, obtained experimentally, the centrifugation of fermented
by fermentation of the original raw juice, was also mulberry juice was also investigated.
optimized, the evaporation process in a multi-vessel
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