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GENERAL DESCRIPTION OF WORK

Topicality of research. The process of stabil of biological
and physicochemical properties of drinks is of theoretical and pracncal
interest for brewers, in connection with interest in longer terms of storage of
the product. In the conditions of modern, tough competition, the ability of

beer to last long enough b an indi bl dition for its ful
implementation. In this brewery, a qualmllve filter 1s usually helped and, as
an addition to it, pasteurization. The y degreqgpf transp y of beer
1s traditionally ach d through q ive filtration. By filtration, in this

case, we mean separation from the beer of suspended particles, yeast cells
and microorganisms.

The requi that are imposed on the quality of bottled beer make
the necessary multi-stage processing of the product, while it is necessary to
preserve all the available quahty attributes and to exclude a decrease in
quality in the future.

Although all the ing types of equij in the plex fully meet the
requirements for the filtration process, provide the required quality and long
shelf life of beer, they have a number of significant disadvantages:

- the need for production costs for auxiliary filtering aids;

- complexity of construction and, accordingly, operation and repair;

- relatively high losses of beer;

- labor intensity in maintenance;

- susceptibility to high bacterial ination and ation of solids in
filtered beer,

- the problematical nature of the utilization or preparation of diatomaceous
earth for povtornogo application.

Also, the process of beer filtration does not ensure complete removal of
yeast cells and bacteria that form opaciti herefore, to ensure biological
stability, all in 1 are di yed - a pasteurization
process is carried out, which is associated with greater energy costs and
entails a change in organoleptic showers

The tasks solved in the process of beer filtration are becoming
increasingly diverse. If twenty years ago the main task was to clarify the
unfiltered beverage, then today in the filtration department are stabilized and
carbonized beer, here additives are added to it, correcting the parameters of
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the mnitial wort, and beer mixing is made [51,79,93 | In addition, in countries
that are not covered by the German law on the purity of brewing (according
to which only water, malt, hops and yeast can be used to make beer), various
additives are introduced into the b ge during the filtration phase. Beer is
a complex system, the position of the p n which it changes
over time (in the first instance, we are talking about complex polyphenolic
and protem pounds). Whatever we take out of the beer, it

will itably have an infl on leptic. Fractions that remain in
poorly filtered beer, practically do not affect |he taste. But after a certain
time, they lead to the 2 of undesirabl { detrimental to beer

According to many experts, it is the low microbiological discipline has made
pasteurization so popular in domestic enterprises, especially carried out in
bottles [74]. It provides an opportunity to elimi all possibl

of y or ion of beer at the last stage But
pasteurization dlslons the taste of beer. Most foreign experts agree that
membrane filtration has every chance to seriously press kieselguhr and reach
the level of the main technology. But according to the same forecasts, this
will be possible not earlier than in 10 years.

The use of membrane technology in the process of beer clarification
will elimi all the defi it d and come to a new level in the
process of stabilizing the properties of beverages
Aim and objectives of research The aim of the thesis is to find the most

rational energy and ing technological p and devices
capable of providing
effective clarification of beer In d with the goal, the following tasks

were accomphshed

- determination of the basic properties of beer as a filter object,

- justification of the selection of ‘ and study of their properties,

- study of the kinetics and hydrodynamics of the filtration process
baromembrane method,

- develop and analysis of the math ical model of the filtering process
suspension

through semipermeable partitions, the ion of engineering methods of
caleulation,
- study of hods for controlling polarization and their

implementation in
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Work contents

and physicochemical properties of beverages, in particular beer, is
characterized, the relevance of the theme of the dissertation work, the

In the introduction, the modern state of stabil the biological

novelty and ical signifi of the studies performed.

The first chap y izes the li data on the current state of

the technology and the technology of beer clarification, identifies the main
possible ways of intensifying the technology and the di of

highly efficient membrane equipment. The product characteristics and Ihe
current state of its production are considered. The process of beer filtration

and the factors infl g the filterability of beer, stabilization of beer, ways
of beer filtration, modern equi for beer clarifi
The t p of separation of b Is and
structures, b dules, the classifi of b y , the
h of ion polarization, the instrumental design of

membrane processing of liquid food media, the mathematical description of
the microfiltration process are analyzed. Based on the analysis, the goal and

tasks of the di work are formulated, solving the probl

In the second chapter, for the scientific and practical analysis of the filtering

process, data ch izing the properties of the selected product and
hods for their d ion are given. To assess the filterability of beer,

the following methods

- determination of the content of microorganisms,

- measurement of pH value,

- cold-alcohol test (according to Hapon),

- t filtration test ( ding to Esser)

According to the results of the conducted analyzes of unfiltered beer, the
concentration of yeast cells was 5.36 million cells / ml, the pH was 4.38, the
turbidity was 78 units of EBU-it was concluded that the filterability of beer
was unsatisfactory.

The poor filterability of beer was not a negative factor for us, because if
the results of the experiment are positive, then there should not be any
problems with clarifying the beer with good ﬁltcrablluty Smce in the
filtration process the is ly ch the
dependence of the viscosity of beer on lhe concentration of yeast cells was
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practice,

- development of innovative equipment and technology for effective beer
clarification

Novelty of research. The dependence of the viscosity of the Hermanudi beer
on the content of yeast cells was determined. The kinetics and
hydrodynamics of the beer filtration process by the baromembrane method
were studied. A mathematical model of the process of filtering a suspension
in a tubular channel has been developed, which makes it possible to
determine the membrane selectivity with higly accuracy, depending on the
technological parameters of the process, the dimensions and concentration of

the dispersed phase
Prachcll bearing of research. On the basis of a complex of studies
d in lab y and production conditions, the expediency of using a

membrane device with lubular elements in the process of beer filtration is
shown. Designs for membrane equipment with a lower level of concentration
polarization for effective beer clarifi are proposed. Technological
recommendations on the use of the microfiltration process and the
lechnologlcal scheme of the beer clanﬁcanon area based on the developed
h ical model An eng ing tech for calcul: the process of
microfiltration of suspensions, taking into account the change in the
of the dispersed phase in time and along the length of the

channel.
Approbation of work. The results of the research were reported and
discussed in forums of various levels. The results are published in the form of
printed material in scientific journals and in conference proceedings.
Published materials:

On the topic of the thesis, a dozen printed works were published in
local and international peer-reviewed journals

The thesis consists of 160 printed sheets. Which contains 61 figures, 12
tables and 131 names of applied literatures

determined and constructed (Fig. 1), which 1s adequately described by

Finstein's equation,
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Fig. 1 Dependence of viscosity of beer on concentration yeast cells

When choosing the threshold for the ion of b they were
guided by the recommendations of literature sources and the characteristics
of the product under study, namely the relative sizes of the beer pamcles
When the beer is clarified, the following sub are removed: |
impurity (1-60 um), yeast (1-13 pm), bacteria (0,2- 5 yum) and part of
colloidal particles (> 0.1 um). In any case, one should also not forget that real
pores are very different from idealized pores, and apart fromThe existence of
a stationary or inactive layer of liquid pores membranes, te membrane
selectivity will depend on the ratio of the radii of particles in the divided
system and the pores in the b Therefore, it was luded that using
membranes with threshold delay of less than 0.1 micron is inadvisable, since
protein compounds and other forming ph 1 I and
organoleptic parameters of beer can be removed. Therefore, in the imtial
smge of the experiment, we used membranes with a pore size of 0.2 and 0.4

£

b first of all p ded from the fact that it must have the
specific productivity with selectivity, which ensures that the
quality of the p is fied. In addy the b must have high

chemical stability with respect to the solution to be separated and to the
mxcrobuologlcal effect high opcmung temperature. ln\csug,aung the market
of and lyzing all the ad and
disadvantages presented we chose tubular ceramic membranes of the CMFE
type, which meet all the requirements. Further, the mamn physico-mechanical
properties of membranes were studied: water permeability, allowable
pressure, allowable pH range, porosity of the membrane depending on the
pore size (Table 1).




Table 1.
- Parameters of ceramic membrane filters
Threshold delay, pm o 2 4 3 7
Water permeabllny at20°C ’ 3 iJf 709,10 IS 20
m'/m’-h

Permissible bressurg. MPa

Gugrameed not less than 1
Permissible range, pH c

0to 13 for a long time,
More than 13 - for a short time

Thickness of selective layer, 101045
mkm
Porosity of the membrane,% 7[ 62 [ 64 [ 66 ] 72 J 78 ’ 82 |

According to the obtained data, a scheme of the experimental installation was
developed -
a "portioning” system with a pl irculati h
To select b for fil of such colloidal

as beer, wine, grape juice and other fruit Juices and 1o predlcl the
effectiveness of industrial microfiltration, the filtrruence benefits on
membranes were proposed. The results are presented mainly in the form of a
constant, calculated on the basis of the volumes of permeate accumulated at
different times.
In order to better define the applications of this kind of tests and the
precautions fo be taken when performing them, we also studied
microfiltration at on cellul acetate b of
colloidal suspensions of cahbraled latexes.
Filtration at constant pressure is descrlbed by four laws of plugging:

Clear clogging A i

@21
The intermediate case (2.2)
The standard law 23)
. ‘ R B |
Filtration through the sediment layer e =2 24)
where: V is the volume of the permeate;
t-time,

ky is the constant of the pure clogging law;
ki is the constant of the intermediate filtering law,
ke 1s the constant of the filtration law through the sediment layer,

k-constant of the standard filtering law,
Q g 1s the initial flowrate. Q
(conditionally and for microfiltration we use the term filtering).

Each of these equations is derived from the physical filter model. Thus,
the law of pure clogging was obtained on the basis of the assumption that the
fibrillar membrane consists of parallel pores, each particle reaching the
membrane blocking the pore.

The intermediate law is derived on the assumption that the particle can
be deposited on another particle, which leads to g increase in the probability
of clogging the pores.

The standard law is obtained under the ption that the pore volume
decreases in proportion to the volume of the permeate as a result of the
deposition of particles on their walls.

More familiar to experts, filtering through a layer of sludge is to increase the
resistance of the filter baffle as a result of the accumulation of particles
forming a layer of sediment.

In order to determine the most suitable equation for the experimental
curve, we have developed a computer program that gives the constants k and
Q_0 optimal for each model. Then we compared the values obtained for the
optimal equation with the experimental data. If we consider the pairs of
experimental values (ti, Vi) and (ti), the permeate volumes calculated from
equations (2.1), (2.2), (2.3) and (2.4) for the optimal values k b,k 1,k s, k ¢
obtained from using a computer, you can calculate

- i{t3 2l

& Z( (GRS} _—

where: N is the number of experimental points, N
Vi- volume of permeate collected at time t;.
Thus, the best of the models will be the one that will give the smallest value
e=£ (26)

which is the root-mean-square deviation of the considered mold for each
expenmental point.
The study was carried out on a third type plant. The amount of permeate as a
function of time was recorded. Then the resulting curve was processed on a
computer to determine the clogging model to which it best approaches.
In the third chapter, the description of the experimental setup (Figure 2)
and the procedure for carrying out the experimental studies are described for
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the I lysis and justifi of the rational operating parameters of
the process the resulls of studies on the off-state and hydrodynamics of
filtering the beer using barome-branck processes are described. The first
stage

of the experimental studies was the deter of the permeability of
membranes 0, 2 and 0.4 um, which made it possible to make the removal of
shrinkage of membranes, i.e. the membrane stability coefficient is equal to 1

ql'

‘ " L 3 T L]
l-‘ig, 2. Experimental setup: 1 - buffer tank, 2-centrifugal pump, 3-filtration unit, 4-frame,
module, 6 - a T-n S-starter, 9-outlet tube permeate,

10 - retort return nozzle

Further, the technological properties of 0.2 and 04 pm membranes
were determined on the object under study - beer. The experiment was
carried out for three hours, the resulting clarified beer was returned back to
the container.

In each experi the working p was determined (Fig. 3) and
the productivity (Fig. 4) of b ding to
unfiltered beer.
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Fig. 3. D of 0.2 and 0.4 pm from excess pressures
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Fig. 4. of ) 0.2 and 0.4 pm in length filtering

To assess the quality of the filtrate obtained, such indicators as
extractivity, volume fraction of alcohol, microorganism content, pH, turbidity
were monitored. The results of filtered beer analyzes are shown in Table. 2

Table 2
Results of filtered beer analysis on membranes 0.2 and 0.4 ym

. Pore size, micron
Indicator name

\
02 | o4 |
The content of microorgamsms, million cells / not detected
= not detected ‘
l 439 438
Turbidltyv umt, EBU 0,37 0,47
Exlracuvny %o 10,55 | I 1 }
Volume fraction of alcohol,% 4 I

According to the obtained data, the following conclusions were made
Filtering on membranes with a pore size of 0.2 and 0.4 um, the extractivity of
the beer and its chromaticity changed. Hence, a membrane of 0.4 pm was
preferable, since it did not affect the quality of beer, completely removing
bacteria and yeast particles. the permeability of the membrane was noticeably
reduced over time and after two hours practically equaled zero. Thus, it was
concluded that it is necessary to fiiter in several stages, that is, the variation
in the r hreshold For preli y The filtration was collected for
subsequent filtration on a 04 ym membrane. As a result, the working
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I was d for the b under study (7 pm - 0.100 MPa,
S um pm - 0.135 MPa, 3 pm - 0.190 MPa, 1.2 pm - 0.235 MPa) and the

graphs of the permeability versus the filtering duration have been d
(Fig 5).
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Fig. 5. Dependence of permeability Fig. 6. D of
membranes from the duration 0.4 pm of duration filtering
of filtration after a preliminary clarification

The resulting permeate was evaluated for filterability (Table 3) and
brightened on a 0.4 um b The p bility of the b with a
pore diameter of 0.4 ym versus the duration of the microfiltration process is
shown in Fig, 6.

Table 3
Microbiol | and physico-chemi | properties clarified beer
Indicator name i Pore snze pm B

a2 3 I

Content of microorganisms, min. ml / ml 06 | 1,02 | 138 | 3,1
pH 438 | 438 | 438 | 438
Turbidity. unit EBU 077 | 1,22 [ 1,27 | 1,64
As can be seen from the graphs obtained, the b P bility

of 0.4 pm afler pre-clarification on membranes 5, 3 and 1.2 pm increased
almost fourfold, and after membrane 7 um only in two times. In addition,
filtration on a 7 ym membrane occurred wnh an obvious blockmg of the
pores, Therefore, its use was idered di A 2 to the

lyzes, the filterability of the Iting beer |sgoodfor all membrane sizes
of 5, 3 and 1.2 microns, therefore

For pre-clarification, a membrane with a higher capacity was selected, that is,
2

5 pum. The main problem in carrying out b p 15 the red:

of permeability with In the course of time, mainly because of the formation
ol a gel layer with an increased 1on on the b surface. The
main methods for reducing the ation polarization can be include the
following:

- the use of apparatus with narrow channels,

- temperature increase,

- pulsation of the solution,

- flow turbulence L]

The use of the first two hods is ble, therefore, the
influence of the tangential velocity over the surface of lhe membrane and lhe
concentration of the dispersed phase on its permeability was 1 i -
Fig. 7.

number

Fig. 7

As a result, the speed at which the gel layer was completely destroyed
pproxi ly 3.7 m/s. H , application of such a large speed leads to
a sharp increase in the energy consumption for solution recovery and a
significant increase n its p . Also, prolonged exp to high
velocities of the tangential flow can lead to inactivation of biologically active
macromolecules.

To reduce the negative effect of concentration polarization in tubular

b I of the authors (Rukhadze Sh.Sh., Starov
VM), where lhe flow of a liquid 15 consndc.red flat in the intermembrane
channel under the 1 of p p . we have d

fluctuations in the fluidity in a mbular membrane channel caused by a
periodic change pressure drop. Such oscillations can be carried out by
alternating motion of the piston in one direction or the other

a




Consider a long tube with a circular cross section. Let x be the
coordinate in the direction of the tube axis, and r the radial distance from the
middle of the pipe. It can be d that the ph under
consideration does not depend on the coordinate x, therefore, does not
depend on x and the velocity component u in the direction of the tube axis. In
this case, the g velocity p and therefore the ve
terms in the equation of motion for the direction coinciding with the axis of
the tube, will disappear, and instead of the three Navier-Stokes equations, we
obtain without any di

z (3.1
with boundary condition

alr =R (i.e., on the walls of the pipe).
Let the pressure gradient caused by the movement of the piston vary
according to the hormone law, therefore,
i
nax
Where K is a constant. And in this case it is advisable to duce a pl
form for writing the equation (3 2), then we get

=Keosnt (3.2)

L _geint (33)
pox
Of course, only the real part of the plex quantity has a physical g
Further, we take for velocity u the following expression:
H )= e (34)

Substituting this expression into Eq. (3.1), we obtain for the amplitude
distribution the differential equation

O+ [V O="wl. Jiy= =KL, (35)
Solving this equation, we find the velocity distribution

(3.6)

where there is a Bessel function of the first kind of zero order. Because
of the linearity of equation (3.1), solutions (3.3) can be superimposed one on
another. The investigation of solutions (3.3) in the general case, i.e. for any
frequency n, is relatively dull due to the presence of Bessel functions with a

a4

complex argument. But the limiting cases of a very small and very large
{requency are investigated quite simply.

If the dimensionless quantity A", s very small (vgry slow

I ), then, ding the Bessel functions in solution (3.3) into series

und retaining only the first two terms in the latter, we obtain

(EN)]
or, going back to the maﬁerial entry,
uir r;:%;""\u:-rh: (38)
Consequently, with slow oscillations of pressurg, tlhe veloc:hty
oscillations take place in an identical phase with p ; an:e e
amplitude of velocity oscillations changes along the dlameuer. of the tube n
d with the parabolic law, ie. in the same way as in a stationary
= If, h the di ionless quantity is very large (very rapid
oscillations), then, by performing the asymptoti of the Bessel
function and bearing in mind that
3.9
we will get
o (3.10)
. 4 f
1 —————
o i |
& } '
-é 5:-% ot
Fig. 8. of ies with ting flow in the tube at various times of the
' oscillation period.
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Gradient of pressure —
%— whesia ' F= R, ==
or, going to the real record,

uin gl -l-:s.r. nt— :exy(—\ = ']]
¢ . S @.11)
For large values v/, the second term in the curly brackets decreases
rapidly with increasing distance from the wall, so only the first term, which
does not depend on the distance from the wall, plays a role far from the wall.
Consequently, the solution (3.11) has properties characteristic of the
boundary layer At a great distance from the wall, the oscillations of the
liquid occur without friction and, moreover, in a phase shifted relative to the
phase of the oscillating excitation force by half the period.
In Fig. 8 shows the velocity profiles of the oscillating flow in the tube at an
R e
average frequency (2= ’)a( different times of the oscillation period.
From a comparison with the curve of the variation in the time of the pressure
gradient plotted below, the advance phase of the flow in the middle of the
tube is clearly visible in comparison with the layers close to the walls.
The time-average value of the square of the velocity for the case of fast
oscillations, as is easily seen from (11), is

e LTk AeliTe itene A

v 2

If the distance * -~ # - from the wall is small in comparison with the
radius R of the tube, then the ratio “/- is approximately equal to unity. Then,

by ducing a d less di from the wall
M
=GN oy (3.13)
We obtain from the preceding formula
X : T o
CEE NG oy (3.14)

The distribution of the time-averaged square of the velocity calculated from
(3.14) is shown in Fig. 9. We see that the maximum of this average lies not at
a great distance from the wall (ie not on the axis of the pipe), but near the
wall, at a distance

(3.15)

y is the distance from the pipe wall. n=x=/zn=averagcd over time, the
r-‘quare of the velocity from a small distance from the wall. (the so-called
annihilation Richardson effect) This theoretical conclusion is in good
agreement with the results of by EG Richardson and E. Tyler

12

74}z
Fig.9. The distribution of the time-averaged velocity square for a periodic flow of & velocity
square for a periodic flow in a pipe.

Therefore, one of the most promising aras is the use of pulsed
regimes, since this method does not have the above disadvantages and is
easily realized in practice. -

In our case. a pulsating flow with the following characteristics
- frequency v = 0.025 Hz,

- duration of pulsation t2-3s,

- duty ratio Q = 10%,

- amplitude APb = 0.25 MPa,

- flow velocity v,=3m/s
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Fig.10 of b P 0.4 pm on tae duration of filtering under
pulsed conditions )
The results of the experiment are shown in Fig. 10, from which it can
be seen that the appli of the impulse regime allowed to i the
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productivity by an average of 96% and eliminate the formation of the gel
layer To determine the quality of the filtrate obtained, an organoleptic

and prediction of the beer was made (Table 4), which
led to a conclusion about the high quality of the clarified beer obtained.

Table 4
Prediction of beer resistance
I
| oo 3 Colloid resi days
. Turbidity, units EB! —
| urbidity, units EBS  — M‘,’?,‘E““T, , Minimum
1,63 90 40-55 =

The fourth ch a math

P Prop

| description of the process of
microfiltration of a suspension in a tubular channel with the following
assumptions:

1) the motion 1s steady; 2) the pmblem is axisymmetric; 3) the task is
unidirectional; 4) the hydrody is close to the kideal mixing in
the transverse direction; 5) the hydrodynamic structure s close to the kideal
displ n the | dinal d

ax

Fig. 11, The calculation scheme

The,,‘,' | formulati ofthe,. blem makes it possibl ding to
1 to p d to the stage of synthesnzmg a mathematical

model To this end, we select an elementary volume and write for it the
differential equation of material balance

as

G (x+dx) -G (x) =-G_9 (x) “41)
u(x+dx)=u (x) +du/dxdx, “42)
with an obvious initial condition
u(0)=uy

After the mathematical transformations
= :.'-%L‘u-. yiv

43)
T'he al bal of particles in the suspension for an el y volume
in a differential form:

dN=d~--ex -en (4.4)

where dN is the change in the number of pamc|e.s in the elementary volume,
dN' is the number of particles entering the elementary volume, dN" is the
number of particles leaving the elementary volume, dN’ is the number of
particles that settled or filtered through the porous wall,

After the mathematical transformations
I (‘ _

E 4.5)
with obvious boundary condmons n (x 0)=0,n(0,7)=n0
Eventually

-0- :le-ﬂlrrul(l—“—_ﬂ)"(1-.4:.')"1 @6)

Where

Day of identification of the filtration coefficient k Use the empirical law of
filtering Darcy o -
=Wl p-viscosity of the fluid, r* is the specific resistance of the layer and
membrane, m™.
If the flow rate of the filtrate through the membrane corresponds to a laminar
regime, and the t itself together with the sediment on its surface are
incompressible, then we can assume ¢ = const, then
- ap
" H(zoho +Ry)’
To determine the migration rate coefficient, we use the Mednikov formula

oz aen | ] =
= ¢ 4 mze7,)
ax npiy =

(4.8)

4.9)
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The generalization of the solution (6) can be obtained by superposition of
cor‘\centrau’on fields. For a fraction with particle sizes from | to | + Al we
write

826 x, 1) =n,GING.Y. T (410)
And ducing the d less variables

P

) ) ) >
Finally, we obtain the expression for the di ionless density function , as
a result, the relative mass concentration of impurities at the output of the
filter
®
M(X pay
Moy = (Xmay) _ JUFLX )t .11)
my 0
Where ., =# .=, is the mass concentration of particles at the inlet to the
filter. k.-coefficient of particle form.
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Fig. 12 Dependence of selectivity on pore size of membrane

As a result, an algorithm was developed (and later an engineering

method) for calculating the selectivity depending on the technological
parameters of the process, the size and 1on of the dispersed p;ase.
taking into account the change in the ion of the dispersed phase in
time and along the ch 1 length. Comparati lysis of the calculated
and experimental data showed good o deviation of the calculated
from experimental data did not exceed 17%. According to the obtained
curves, a conclusion was made about the adeq of the th ical

50

model

In the fifth chapter, based on the results of the research, the original
machine-instrumental design of the technological line of clarification of beer
was developed (Fig. 13).

Fig. 13. Technological scheme of the area of beer clarification.

1-CKT, 2 I pump, 3, 4 filter for p! of beer, 5

apparatus for the recovery of beer from excess yeast, 6,9 - buffer capacity, T-membrane
filter for the filtering of beer, 8- Plate cooler.

Based on the theoretical and experimental studies developed, the
h | model was developed and proposed the biol I stabil
of the beer and the original design of the membrane equipment for the
process of clarification of beer. the distinguishing feature of which is
resource and energy saving, the use of effective methods to control the
concentration polarization, recycling of secondary resources, improving the
quality of the finished product Fig. 14.15)

The following is an engineering procedure for calcul the process
of microfiltration of beer in a tubular ch: | and the technical and
indicators of the efficiency of introducing a clarifi line using

systems. The cost estimate showed that when the beer 15 clarified using the
microfiltration process, the total costs are four times less than in the case of
filtering with kieselguhr filters.
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Fig. 14. Membrane apparatus for the filtration of gas-saturated food products: a)

section of the b 1-cylinder body, 2-membrane module, 3-
injector, 4 feed pipe, S-branch filtrate, 6- branch Ppipe, 7- pipeline C02, 14-injector for the
supply of CO2;

b) the scheme of work; c) three-dimensional model

Fig. 1S. Membrane apparatus with directed flows: three-dim 1 model of b
with directional flows: 1 - cylind shell, 2 - elliptic
lid, 3 - elliptical bottom, 4 - filter holder, 5 - perforated
distributor, b - filter elements, 7 - clamping plate,
8-lpmﬂleelﬂln;nl.9-nppom.I.-abrndlplpedllpulo'lmmlqlﬂ.
ll-onlelhrmbnllhﬁhnle.lz-llnge;prhcblenlopendn:l-pmu
zone, 11 - zone of speed conversion, I1 - zone of meeting of two flows.
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MAIN CONCLUSIONS AND RESULTS
| The physicochemical and microbiol | properties of unfiltered beer
have been studied, which have an effect on the process of beer filtration-the
content of microorganisms is 5.68 million cells / ml, the value is 438, the
turbidity is 78 units. EBU; the dependence of the viscosity of the beer
"Germani” on the content of yeast cells in it was determined.
2. The choice of the membrane (tubular grade KMFE) and the configuration
of the membrane system based on which the experimental setup was
designed was justified
3. The dependence of the amount of microscopic particles in vivo on their
size was estimated, the structure of membrane pfoperties was studied, which
allowed to pre-plan the rational pore size and technological conditions of
membrane operation
4. A p program was
solutions
5. A mathematical model of fluid flow in a tubular membrane channel is
developed under the infl of pul pressure.
6. The pattern of velocity distribution in a tubular membrane channel 1s
established under the action of pulsating pressure
7. The opti freq y of p pulsation 1s established in the tubular
membrane channel.
8. Kinetics and hydrodynamics of the filtering process were studied by the
baromembrane method, the following sequence of filters
a) a filter with a pore size of 5 um to ensure simultaneous coarse and fine
filtration (Pp5 = 0.135 MPa, p = 76%, Jep = 7.5 m' /m* h, v=19m /s,
recirculation rate 3 ),
b) a sterilizing (filtering) filter with a pore size of 0.4 um (Prab = 0.3 MPa, @
= 100%, Jep = 1.7 m3 / m2h, v = 0.9 m / s, recirculation rate 5)
9. The physicochemical, mi | and organoleptic p of the
clarified beer "Germanyuli" have been studied. the stability of beer has been
predicted, which made 1t possible to conclude about the high quality of the
clarified beer obtained (T1 9184-103 2007, GOST R51174-98)
10. A mathematical model of the process of filtering a suspension in a tubular
channel has been developed, which makes it possible to determine with high
accuracy the selectivity of a t . depending on the technol |

parameters of the process, the d and of the d d

Aoal

ped to study the filterability of colloidal
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phase

Il Based on the developed mathematical model, the engineering procedure
for calculating the process of microfiltration of suspensions has been
improved, taking into account the change in the concentration of the
dispersed phase in time and along the length of the channel.

12, The methods for controlling the concentration polarization are
mvestigated, the use of a pulsed microfiltration regime to destroy the gel
layer on the membrane surface is justified, rational parameters of the pulsed
mode 0.4 um -AP, = 0.25 MPa,

=35, T=600 s, 5 Mkm -87 = 0,1 MPa, =:=5 s, T=600 s

13. Designs of membrane equipment with a lower level of concentration
polarization for effective clarification of beer have been developed.

14. Technological r dations on the use of the microfiltration process
and the technological sch of the beer clarification section are proposed.
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