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Dear Reader.

The proposed «Scientific Letters of the
Academic Society of Michal Baludansky» is
printed publication which is created for the
scientific knowledge exchange between
scientists and specialists from different
universities of the world and devoted to the study
of the life and work of the outstanding scientist,
educator and statesman Mikhail Baludiansky.

The journal is published once every 2 months
(six times a year). This issue is devoted to the Kharkiv State
University of Food Technology and Trade.

The latest history of the formation and development of Kharkiv
State University of Food Technology and Trade numbers 50 years
since its foundation. But, considering the background to the
educational institution establishment, we objectively connect the
origins of commercial education in Slobozhanschyna with the
creation of the Kharkiv Commercial College of Emperor Alexander
111 and the Kharkiv Trade School, which, in turn, contributed to the
origin of several higher education institutions, on the base of which
Kharkiv Institute of Soviet Trade (KIST) had begun its activities in
prewar times.

The Kharkiv Institute of Public Catering was created on the first
of July, 1967 on the base of the Kharkiv Evening and
Correspondence branch of KIST after its transfer from Kharkiv to
Donetsk in 1959.

On the 20" of April, 1994 the Cabinet of Ministers of Ukraine
granted to the higher educational institution new status — the Kharkiv
State Academy of Food Technology and Management.

On the 11" of April, 2000 the Academy was accredited as higher
educational institution of the I'V level of accreditation.

Since the 11" of October, 2002, according to the decree of the
Cabinet of Ministers of Ukraine, the higher educational institution
was granted the university status. The accession to the Great
(Bologna) Charter of Universities, the availability of strong
scientific, material and technical base, human resources, wide
geography of international cooperation with many countries of the
world is the confirmation of the high status of the Kharkiv State
University of Food Technology and Trade.The University
confidently holds leading positions in the field of education and
science of Ukraine, this fact is confirmed by many sociological
researches, respectable ratings, and'the highest state awards and titles
of'the university scientists.

Lenka Dubovicka, editor
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HIanoBHi unTayqi!

3anponoHoeanuil :kypnan «Scientific Letters of Academic Society of Michal Baludansky» ¢yskuionye sk
ApYKOBaHE BHJAHHA, CTBOPEHE Au OOMiHY HAYKOBHMHM 3HAaHHAMH MK yueHHMH Ta (axiBuamu 3 pisHHX
YHIBEPCHTETIB CBITY | MPUCBAYEHE BUBYCHHIO JKHTTA Ta AiAJbHOCTI BHIATHOrO BYEHOTO, NMEJArora Ta JepiKaBHOTo
nifua Muxaiina BanyaaHcskoro.

Kypuan suxoaurs 1 pas wa 2 wmicaui (wicte pasis mHa pik). Lleil Homep npucesuenuii XapkiBchbkomy
JePKAaBHOMY YHIiBEPCHTETY XapiyBaHHS Ta TOPTiBi.

HosiTis icTopis cTaHoBsenns Ta po3BuTKy XapKiBChKOr0 JCP/KABHOIO YHIBEPCHTETY XapayBaHHsA Ta TOPTiBili
Hatitye 50 pokiB i3 yacy 3acHyBaHHA. ANe MM, PO3MIIAJAIONH NEPeAiCTOPi0 BUHUKHEHHA HABYATLHOIO 3aKIay,
00’EKTHBHO I10B’ 13y €MO BUTOKH 3apO/UKEHHA KOMepUiiHOT ocBiti Ha CnoGokanuuHi 3i creoperHam XapKiBerkoro
KoMepuiiiHoro yunmuma imneparopa Onexcanapa 11 Ta Xapkiecbkol TOprogoi wikosm, siki, y CBOIO uepry, cnpusiu
MOABI JEKINbKOX BHIIMX HAaBYAJbHUX 3aKia/liB, Ha 0asi AKMX Lie B MEPEABOCHHI YacH PO3NOYAB CBOIO AiSIBHICTH
XapkiBcbKkuii iHCTHTYT pagsHerkol Toprismi (XIPT).

Micna nepesenenna XIPTY B 1959 p. 3 Xapkosa no [lonenpka B Xapkori zanmmmecs
XapkiBebkuii Bedipubo-3aounuii dinian, na Gasi skoro 1 sunua 1967 p. 6yno creopero
XapkiBcbKHil IHCTHTYT FPOMAJICBKOT0 XapuyBaHHs,

Iocranopoo Kabminy Ykpaium Big 20 keitua 1994 poky BHIIOMY HABYATBHOMY
3aKNany HamaHo HoeWil cratyc — XapkiBebka JIepikaBHa  akajeMis TexHonorii Ta
oprasizanii xap4yBaHHs,

11 kBiTHa 2000 poky akajemis Oyna akpeaWTOBaHA SK BHLIWI HABYANBHHI 3aKnaj 3a
1V pisuem akpeautarnii. S

3 11 sxorras 2002 poky 2a nocranoroto Kabminy Ykpalau BHumil HABYaIBHUI 3aK1a1
OTpUMAaB cTaTyc yHiepoutety. [TiATBepukeHHAM BHCOKOro crarycy XapkiBChbKQro yHiBepcuTeTy XapuyBaHHs Ta
Toprini € npueaHauns a0 Bemukoi (BomoHcbkoi) XapTii yHiBepcHTETiB, HAABHIiCTH MOTYXKHOI HayKOBOT,
MaTepiaibHO-TeXHIYHOT 0a3M, KagpoOBOro MOTEHIiamy, WMpoka reorpadis MikHAPOIHOrO CHiBPOGITHUITEA 3
HaraTemMa KpaiHamu ceity.

Yuisepcuter yneBHEHO 3aiiMae NpoBiaHi mozuuii B ramysi ocRiTH Ta Hayku Vipaiud, Wo niaTBepmKyeThes
OaraTbMa COLUOJOMIMHHMH [0C/I/KCHHAMH, MOBAKHHMH PEfTHHIOBHMH BHMipaMH, OTPHMAHHAM HAyKOBLAMH
BHILIY BHCOKHX JIEP/KABHUX HATOPO i 3RAHE,

SNBEPCH e

Jlenka Jlybosiyxa, pedakmop
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‘ERNAL ROTOR'S CYLINDER FOR MIXING WATER-FLOUR

MIXTURE ON ITS KINEMATIC AND DYNAMIC PARAMETERS

Dolomakin Yuriy, Babanov Igor, Shevechenko Andrey, Babkina Irina

Annotation

The process of mixing components of water-flour mixture as bases of semi-finished product for food and pharmaceutical
industries was studied by means of intensive rotary-pulsation periodical mixer.

Keywords: mixing, rotor, analytical model, pressure pulsation.

BILVINB EKCHEHTPHCHTETY BH

PILIHLOI'O HMJITHIPA

POTOPA JUIA 3SMILTYBAHHA BO/IHO-

GOPOUIHAHUX CYMIIIEH HA IOI'0 KIHEMATHYHI TA JHHAMIYHI IAPAMETPH

Jlonomaxin Kpiii, baGanor Irop, llleguenxo Angpiii, badkina Ipuna

Anomauin
Mocnidoceno npoyec

SMIUYEAHHA KOMNOHEHMIE 600HO-00POWMHANUX CYMIMEN AK OCHOS HANSPHaOPUKAMIE XapHOsux ma

hapmayesmuuHUY 6UPOGHUYME 30 0ONOMO20I0 [HINEHCUEHO20 POMOPHO-RYAbCayiliHoZ0 3Miwyeana nepiooudnol dil.
Kniowoei cnosa: sMimyeanis, pomop, GHAniMusHa Mooeb, HVALCatjia inucKy.

Statement of the problem

In the food industry important problem is the rational
mixing water-flour mixture. Significant influence on this
process has the eccentricity of internal rotor’s cylinder that
determines the kinematic and dynamic parameters. Therefore,
research in this area is actuality.

Review of the lastest research and publications

The process of mixing components of water-flour mixture
was studied [Dolomakin, 2015] using analytical method.
Identified kinematic and dynamic parameters of the mixer
using the differential equations of the medium movement
which written in cylindrical coordinates, ignoring the
convective members and force of gravity. Using analytical
methods was determined kinematic and dynamic parameters,
namely the influence value of eccentricity of internal rotor’s

cylinder on this parameters, using the differential equations of

the medium movement which written in
coordinates.

To find the impact of the inner cylinder’s offset location
on hydrodynamic parameters, we will use the solution of A.
Sommerfeld’s hydrodynamic problem [Emtsev, 1978].

The ohjective of the article is investigation of mixing the
components of water-flour mixture as bases semifinished food
and pharmaceutical industries using heavy pulsating rotary

batch mixer.

cylindrical

Presentation of the research

Assume that displacement value e << R and R,, and the
range of variation of radius-vector r in the gap between
cylinders is within R <r = R+ [ (Fig. 1).

e

Fig. 1: Calculation scheme of rotor mixer with eccentric
loeation of the internal cylinder

Under such conditions the Navier-Stokes equation in polar
coordinates r, z, ¢ given in simplified form will look like:

'y 3
v, _1dp

5 i
ar roQ (n
32 1
dv, dp.

n -~ X - ~
or or

v, 1dv
boh S _..._P =1).
ar r ép
From the Fig. 1 follows: excos @ + R+ [=R,.
We introduce the notation: L =r— R, e = K, — R and
relative eccentricity: A = e/e.

p)=e—e xcosp=g(l —Acos @) (2)
Accepted notation enter in equation (1) then they will be:
(‘?:\-' 1 (r;
n a
a "R e (3
v (’"1.
Py 1o g
ac ﬂl,p

The boundary conditions: v, = @R providing that £ =0, v,
-0 providing that £ =
We get \-'alue of tangential velocity component:
dp

Woug = (R

’?T] Rdo
Knowing that volume flow through any section of the gap

is constant, we can write:

|)R
T(h—(‘;]‘ (4)

! 3 3
Q= [,k B L. 5)
3 2 I2nR d¢
whence dp 6on kR’ _12QRn
do i I

Substituting in this relation expression (2) we will get
dependence for pressure inside the rotor:
do _E()__Rn dtp B
(0) ho Flop) (6)
6{)11}?’ K dg _12QRn '"r do
J(1-hcoso) .

p.(p)=6onk j

7

1

g F(1-hcosp)’ e'h

After completing the operation of integration. we get:




3)

5)

(6)

) 6ok Asing 12QRn
P} = 2 =y = = 3 X
g (A‘—[](Acnmp—l} eh
( J.sing (32 cos g + }':_J.}W 6nR2.sin
x| — - el e T
2()_:—I)'(i_m.~;<p—])' ] € (13 =1)(Acos@~1)

i

fi oz (\](-ﬂlcuﬁi|)+:k:—4) )
*| wR+ — — |,
Eh(r._‘ = 1](7'_003 ¢-1) |
Then we present graphs of pressure changes inside rotor
depending on its sizes and eccentricity value e at a constant
rotational speed of 1500 rpm and given productivity 0,002
m’/s. (Fig. 2-4).
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Fig. 5 shows comparison of all curves changes of pulsation
pressure for rotors with different sizes. It should be noted that
in determining these values we didn’t take into account the
value of atmospheric pressure.
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Fig. 2: Changing the pressure fluctuations inside the rotor
1/2D from the angle of its rotation with a change in the
value of eccentricity e
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Fig. 3: Changing the pressure fluctuations inside the rotor
1/3D from the angle of its rotation with a change in the
value of eccentricity e
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Fig. 4: Changing the pressure fluctuations inside the rotor
1/4D from the angle of its rotation with a change in the
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volumetric flow:

dp
oRh 3 ()
T
2 ()

Substituting in this equation the expression (2) we get:

1] ode 7 de
0= oRhE ; (1-Xecosg)” _ @Rhe §(1- :‘.L‘('l:‘ﬂ _
21 Ii 2 I de

g J(1—-Acosp)’ J (1= Acosy)’®

_ oRhe
o
Graphs (Fig. 6-8) show the change of volumetric flow of
product through the middle of the rotor, depending on its size
and magnitude of eccentricity e at a constant rotational speed
of 1500 rpm.
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Fig. 6: Volumetric flow of product through the rotor 1/2D
from the angle of its rotation with a change in the value of
eccentricity e
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from the angle of its rotation with a change in the value of product through the rotor from the angle of rotation with
eccentricity ¢ a change in the value of eccentricity ¢

Fig. 9 shows for comparison all volumetric flow curves of  Conclusion
the product for rotors with different sizes. Shown the general analytical model of mixing the
components of water-flour mixture in rotary amalgamators of
00049 o bisee the original design of periodic action. The advantage of the

proposed model is that it considers the rheological properties
of the processed product, which makes it more accurate
o describing such processes.
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