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IMPROVEMENT OF THE HOMOGENIZER HEAD DESIGN

Summary. An analysis of the equipment used for the homogenization of milk raw
materials was carried out. Technologies for obtaining homogenized milk are considered.
Disadvantages of existing technological processes have been identified. The areas of
improvement of homogenization processes are defined and the need for the
development of equipment for their implementation is substantiated. The research
methods of the homogenization process are substantiated, a description of the studied
raw materials is given, and the design of the homogenizer head is proposed. The
influence of the geometric parameters of the modernized homogenizer head on the
efficiency of the homogenization process was determined, and the optimal parameters
were determined experimentally. As a result of the conducted research, it can be
concluded that the homogenization process is very important for the production of
pharmaceutical emulsions. The calculation and modeling of the homogenizing head of
the valve homogenizer was carried out. In order to carry out two-stage homogenization,
it was proposed to modernize the homogenizing head. the previous design is inferior to
the modernized one in terms of homogenization of food liquids

Key words: homogenization, milk raw materials, fat balls, nozzle diameter,
homogenizer head, preparation of raw materials, piston stroke, viscosity of emulsions,
density of emulsions.

Formulation of the problem. The yogurt production process is now
almost fully automated, thanks to modern equipment. For this, you will
need a technological line, which includes a pump, a two-layer tank made of
food-grade stainless steel and equipped with a frame-type device, a
normalizer, a homogenizer, and a separator for separating cream.

The technological process of yogurt production by the tank method
consists of the following operations: reception and preparation of raw
materials and materials, normalization of fat and dry substances, cleaning,
homogenization of the mixture, pasteurization, cooling, fermentation,
introduction of fillers and dyes, fermentation, mixing, cooling, bottling,
packaging, labeling and storage [1].

Milk, selected for quality, is normalized according to the mass fraction
of fat and dry matter. For fat, milk is normalized either in the flow, using a
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separator - normalizer, or by adding whole milk or cream to skimmed milk
[2]. In terms of solids, milk is normalized by adding milk powder, which is
reconstituted in accordance with current regulatory documentation [3]. In
addition, normalization of dry matter is carried out by evaporating
pasteurized and homogenized milk at a temperature of 55-60 °C.

In the production of sweet yogurt, normalized milk is heated to 43 +
2 ° C, sugar, previously dissolved in part of normalized milk at the same
temperature in a ratio of 1:4, is added [4]. The mixture is purified on
separators - milk purifiers, homogenized at a pressure of 15 + 2.5 MPa and
temperature of 45-85 ° C.

The end of fermentation is determined by the formation of a strong
clot. The curd is cooled for 10-30 minutes and mixed in order to obtain a
uniform consistency of the milk curd and to avoid whey separation [5]. The
curd, cooled to 16-20 ° C, is sent for bottling, packaging, labeling and re-
cooling in refrigerating chambers to a temperature of 4 = 2 °© C. After that,
the technological process is considered complete, the product is ready for
sale [6].

Valve-type homogenizers are the main devices for homogenization of
liquid food products. In them, the product is homogenized at different
temperatures and different pressures, depending on the production
technology [7]. All valve homogenizers have a similar design. The main
unit is the homogenizing head, in which homogenization takes place [8].
The quality of the process depends on the operation of such elements as the
seat and the valve. If one of these elements is damaged, the quality of
homogenization deteriorates significantly [9].

Homogenization of liquid products by pushing them through the valve
gap of the homogenizing head of the machine received the greatest
distribution in the processing industry [10].

Analysis of recent research and publications. Two-stage
homogenization is used in industry. The working pressure in the injection
chamber is equal to the sum of both differences. The use of two-stage
homogenization is due to the fact that in many emulsions, after
homogenization of the first stage, there is agglomeration of dispersed
particles at the exit, which worsen the dispersion effect [11].

The task of the second stage consists in fragmentation and dispersal of
such relatively unstable formations [12].

This requires not a very large mechanical action, therefore the
pressure drop in the second stage of the homogenizer is much smaller than
in the first stage, on the operation of which the degree of homogenization
mainly depends [13].

The productivity of the homogenizer is regulated by the frequency of
rotation of the electric motor and crankshaft with different eccentricity of
the crank [14].
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The main working organs of the homogenizing head are the seat and
the valve, the degree of dispersion of the particles during homogenization
depends on their design. The valve gap can be smooth or wavy with a
constant or variable cross-section. To overcome resistance when passing
through a narrow gap, the product is supplied under high pressure (up to
20 MPa). The force applied when feeding the product raises the valve, and
a narrow channel is formed between it and the seat through which the
liquid flows. The valve remains above the seat in the floating bath, and due
to the change in hydrodynamic conditions, the height of the channel is
constantly changing [15].

The force with which the valve is pressed against the seat is often
created by a spring, in some designs - by pressurized oil, and can be
adjusted. It is determined by the pressure with which the product is
supplied [16].

The fineness of grinding depends on the pressure, the design of the
homogenizing head, the uniformity of the supply, the condition and
pretreatment of the product. According to the type of homogenizing head,
homogenizers can be divided into single-, two- and multi-stage. The
homogenizing head is the node of the homogenizer, where the spraying of
the treated medium takes place directly [17].

The two-stage head consists of a body and a valve device, the main
parts of which are the valve seat and the valve. The valve is connected to
the rod, the protrusion of which is pressed by a spring. The compression
force of the spring is adjusted by moving the cap nut with the steering
wheel, which, together with the spring, rod and cup, form a pressure
device. The liquid pumped by the pump under the valve plate presses on
the plate and pushes the valve away from the seat, overcoming the
resistance of the spring. In the gap formed between the valve and the seat
with a height of 0.05 to 2.50 mm, the liquid passes at high speed,
homogenizing at the same time.

Formulation of the purpose of the article. Improving the design of the
homogenizer head and determining the rational parameters of its operation.

Presentation of the main research material. The modernization of the
homogenizing head consists in carrying out two-stage homogenization in
one head, instead of in two, as it happened before. For this, the following
construction is proposed.

This design provides for the use of a double valve. The first is a valve
with an inclined and concentric groove in the horizontal plane, the second,
the upper valve also has a groove. Each valve is lifted separately under
fluid pressure. Valve springs have different stiffness, which allows these
valves to rise separately from each other, thereby increasing the fluid
pressure at the inlet. The surface of the valve has a groove that increases
the degree of grinding of raw materials (Fig. 1).
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1 — body; 2 — lower saddle; 3 — a valve with an inclined and concentric
cut in the horizontal plane; 4 — upper saddle; 5 — upper inclined valve; 6 —
upper valve spring; 7 — lower valve spring; 8 — ring; top nut; 9 — upper nut;
10 — outlet pipe; 11 — lower nut; 12 — inlet pipe
Fig. 1. Modernized homogenizing head with a double valve

The product is fed through the lower nozzle into the head, after which it
creates pressure on the valve, which in turn creates pressure with the help of
a spring and rises together with a large spring and a movable seat. When the
product passes through the first valve gap, it enters the previous chamber.
The anterior chamber fills and creates pressure on the movable saddle. The
saddle rises and creates a second valve gap. After passing through two slits,
the homogenized product is released for further processing.

During the research, the initial parameters remain the same as in the
non-modernized head: v = 10 m/s, emulsion density p = 1035 kg/m3,
dynamic emulsion viscosity u = 0.0026 Pa-s.
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After the calculations, the velocity distribution and total pressure
distribution were obtained.

The emulsion enters with a speed v = 10 m/s, and gradually the speed
increases because the cross-section of the working volume narrows. When
the emulsion enters the valve gap, the speed becomes maximum. After that,
the speed decreases in front of the second gap. In the second gap, the speed
increases gradually, as the cross-section of the working volume narrows,
and at the exit from the valve gap, it also reaches the maximum speed. It is
established that the greatest pressure is created in front of the valve, after
the valve rises under the action of pressure and the emulsion passes through
the valve gap, the pressure gradually decreases.

The pressure along the movement of the emulsion changes from the
largest value to the smallest. The velocity initially has a small velocity, and
in the valve gap it reaches a maximum value, after which the velocity
gradually decreases. The pressure changes from its highest value, after
passing through the valve gap, it gradually decreases. It can be seen from
the speed graph that the speed increases in the valve gap, then decreases
before the second gap, increases again in the second valve gap and
gradually decreases after that. To compare the speeds in both
homogenizing heads, let's plot the speed lines in one graph.

From the graph, you can see how the speed of the emulsion differs
before and after the modernization of the homogenizing head. Therefore,
the speed of emulsion passage in the modernized head increases twice, as it
passes through two valve slots. Therefore, it can be said that two-stage
homogenization of the product takes place in the modernized
homogenizing head. The use of two-stage homogenization is due to the fact
that in many emulsions, after homogenization of the first stage, there is
agglomeration of dispersed particles at the exit and the creation of
"clusters", which worsen the effect of dispersion.

The task of the second stage consists in fragmentation and dispersal of
such relatively unstable formations. Therefore, for better homogenization,
such a homogenizing head is more convenient to use.

Determination of rational parameters of the homogenization process in
order to establish the rational parameters of the homogenization process
and determine the geometric dimensions of the main elements of the
homogenization head, it was necessary to conduct a series of experimental
studies.

At the first stage of research, it was necessary to determine the
dependence of the average diameter of fat balls on the homogenization
pressure and the diameter of the inlet valve. Graphic dependences of the
values of the average diameter of fat globules are presented (Fig. 2).
During the experimental studies, the diameter of the intake valve was
changed using special nozzles. Also, the stroke of the plunger was changed
with the help of a crank mechanism.
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Fig. 2. Dependence of the average size of fat globules on the
homogenization pressure and the diameter of the inlet valve. The stroke of
the piston is 0.06 m

The conducted studies show that with increasing homogenization
pressure, the average diameter of fat globules decreases. Process studies
were carried out for homogenization pressure values of 8 MPa, 10 MPa,
12 MPa, and 16 MPa. Also, with the help of special nozzles, the diameter
of the inlet valve of the homogenizer was changed. The values of the
diameter of the inlet valve hole were: 5 mm, 10 mm, 15 mm and 20 mm.

During the experimental studies, the stroke of the plunger was
changed by changing the crank mechanism. The stroke of the piston has
values of 0.06 m, 0.07 m and 0.08 m.
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As the diameter of the plunger stroke increased, the average diameter
of fat balls decreased, which had a positive effect on the quality of dairy
products. The next stage of the research was the determination of the
average diameter of fat balls from the homogenization pressure, the
diameter of the nozzle at the exit from the homogenizer. Figure 3 show
graphic dependences of the values of the average diameter of fat globules.
During the experimental studies, the homogenization pressure was
changed, as well as the diameter of the outlet nozzle with the help of
special nozzles. Also, as in the previous case, the stroke of the plunger was
changed with the help of a crank-rod mechanism.
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Fig. 2. Dependence of the average size of fat balls on the
homogenization pressure and the diameter of the nozzle at the outlet. The
stroke of the piston is 0.06 m

During the research, the diameter of the outlet nozzle was changed.
Special nozzle nozzles with a diameter of 0.002 m, 0.003 m and 0.004 m
were used.
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As the diameter of the outlet nozzle decreased, the average diameter
of fat globules decreased. Also, as in the previous case, with an increase in
the stroke of the plunger, the average diameter of the fat globules also
decreased.

Thus, it was established that the stroke of the piston, the diameter of
the inlet nozzle, and the diameter of the outlet nozzle affect the average
size of fat balls.

Conclusions. The main advantages of introducing membrane
technologies into the processing process are presented. The modernization
of the homogenizing head consists in carrying out two-stage
homogenization in one head, instead of in two, as it happened before. For
this, the following construction is proposed. This design provides for the
use of a double valve. The first is a valve with an inclined and concentric
groove in the horizontal plane, the second, the upper valve also has a
groove. Each valve is lifted separately under fluid pressure. Valve springs
have different stiffness, which allows these valves to rise separately from
each other, thereby increasing the fluid pressure at the inlet. The surface of
the valve has a groove that increases the degree of grinding of raw
materials. As a result of the research, it can be concluded that the process
of homogenization is very important during the production of dairy
products. The calculation and modeling of the homogenizing head of the
valve homogenizer was carried out. In order to carry out two-stage
homogenization, it was proposed to modernize the homogenizing head. the
previous design is inferior to the modernized one in terms of
homogenization of food liquids.
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VJIOCKOHAJIEHHS KOHCTPYKIIII TOJIOBKH TOMOT EHI3ATOPA

Anomauin

[IpoBeneno anamiz oOJaJHAHHS, IO 3aCTOCOBYIOTHCS JUISi TOMOTEHI3amii
MOJIOYHOI CHPOBHMHHU. PO3INISIHyTO TEXHONOrii OTpUMaHHS I'OMOTI'€HI30BAaHOTO MOJIOKA.
BusBneni xapakTepHi HEIOJIKM ICHYIOUMX TEXHOJIOTIYHHX TpoleciB. BusHaueHo
HampsIMA yJIOCKOHAJICHHS TPOIECIB TOMOTEHI3alii Ta OOIPYHTOBAaHO HEOOXIAHICTh
pO3poOKHM o0 HaHHS AJis iX peamizarii. OOrpyHTOBaHO METOU JOCIIKEHHS TIPOIIECY
rOMOTeHi3allil, NPUBEAEHO OINUC JAOCIIPKYBaHOI CHUPOBHHHM Ta 3alpolOHOBaHA
KOHCTPYKLIi I'OJIOBKM T'OMOreHi3aropa. Bu3HaueHO BIUIMB r€OMETPUYHHUX MapaMeTpiB
MOJIEpHI30BaHOI T'OJIOBKM TOMOTEHi3aTOpa Ha €(EeKTUBHICTh MPOIECY TOMOTEHi3allii,
eKCTIICpUMEHTAIbHO BU3HAYEHI ONTUMAajbHI TapameTpu. BcraHoBieHo, 1m0 31
3pOCTaHHAM THCKY TOMOTeHi3allii BiIOyBaeTbCs 3MEHILIEHHS CEpPEeIHbOTO IiaMeTpy
JKUPOBUX KyJIbOK Yy MoJomi. B skocTi o0’ekTa mocmipkeHHs OOpaHO Mpolec
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rOMOTeHiI3aIlil MOJO4YHOI CHpPOBHHU. HaBeIeHO OCHOBHI TepeBarw BIPOBAKEHHS
MeMOpaHHUX TEXHOJOTiH y mporiec 00poOKu.

MogepHizaliisi TOMOTEHI3yI04Oi TOJIOBKH IIOJISITAa€ B TOMY, HIO0 IPOBOIUTH
JIBYXCTYMIHYACTy TOMOTEHI3aIlil0 B OJAHIM TONIOBII, a HE B JIBOX, K II€ BiAOyBalIOCh
panimte. Iy 1poro 3anponoHOBaHa HACTYITHA KOHCTPYKIIiS.

B naniit koHCTpyKLii nependadeHo 3acToCyBaHHs MoJBiHOro kianad. [lepmuit
ABJIs€ COOOK0 KJamaH 3 MOXWIMM 1 KOHLUEHTPUYHUM Hapi3oM B TOPHU3OHTaJIbHII
IUIOILMHI JIpyr'uid, BEpXHIM KiamaH TakoX Mae Hapi3. KokeH kianmaH migiiiMaeTbes
OKpEeMO MiJi THUCKOM piauHu. [IpyKuMHM KJanaHiB MarTh pPI3HY KOPCTKICTh, IO
JI03BOJISIE IIMM KJarnaHaMm [iAHIMAaTHCS OKPEeMO OJUH BiJl OJHOTO, THM CaMUM
30UIBLIYIOYM THUCK piAMHM Ha BXoxl. [loBepxHs kiamaHy Mae Hapi3, sIKMUH 301IbIIy€
CTYIiHb NOAPIOHEHHS CUPOBUHHU.

VY pesynbTaTi BUKOHAHMX JIOCIIKEHb MOKHA 3pOOMTH BHUCHOBOK, IIIO IPOILIEC
TOMOTEHI3alli] ABJIAETHCS Ay’Ke BAXIMBUM I/l YaC BUPOOHUIITBA MOJOYHUX HPOIYKTIB.
Byo mpoBeneHo po3paxyHOK Ta MOJIEIIOBAHHS TOMOT€HI3YI04Y0i TOJIOBKU KJIAIIaHHOTO
roMmoresizatopa. [[ng Toro mo6 NPOBOIUTH MABOCTYIIHYATYy TOMOIEHI3alil0 OyIo
3alpOMIOHOBAHO MOJIEPHI3YBaTH TOMOTEHI3YIOUY TOJIOBKY. IOTIEPEIHS KOHCTPYKIIis
HOCTYTAEThCA MOJICPHI30BaHIi y SKOCTI TOMOT€EH13allll XapuyOBUX PIAMH.

Kniouogi cnosa: romorenizainis, MOJIOYHA CHPOBHHA, >KUPOBI KYJIbKH, AlaMETp
COIUIa, TOJOBKAa TOMOIEHI3aTopa, MiArOTOBKA CHPOBHMHH, XiJI MOPIIHA, B SA3KICTh
eMYJIbCIH, TYCTHHA EMYJIbCIH.
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