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Abstract: The earlier suggested method of mixing process organization of
segregating particulate solids is developed to improve its dynamics characteristics. The
dynamics of a continuous mixing process with portionsdelivery of some components
and operation of their segregated flows is studied experimentally and analytically on the
basis of a drummer apparatus. It was found out that the efficiency of the suggested
method increases sufficiently if a buffer mass of these components is allocated in the
head apparatus part.

Symbols

¢j— test component concentration, kgkg™;

¢j1 — test component concentration in the buffer
mass, kg'kg™;

Dyif— quasi-diffusion coefficient, m?s !

the lifting blades, respectively, kgrm=-s™';

L — drum length, m;

my, — buffer mass, kg;

S(z) — cross section area of a heap in the drum,

G(2), Go(z) — technological and conventionally M’

reverse mixture fluxes in the drum 7 - dosage period, s;

respectively, kg's™'; z — longitudinal coordinate, m;
- g+ +

I, Lgs 1o the

exhausting, delaying and operation actions of

function modeling pb — bulk density, kg:m™;

T, Tq — current and dosage time respectively, s.

The continuous mixture preparation of particulate solids with portions delivery of
some components is rather complicated technological problem. This problem arises, for
example, when precision micro dosage needs for some components having high
inclination to segregation.

In our previous paper [1] we suggested the method of the continuous mixing
process organization by means of the segregated flow operation. The method consists in
the impulse influences on the segregated flow, concentrating the portions delivery
components, to the opposite direction of the technological flux. This influence leads to
the component concentration increase in the charging mixer part. As a result, this action
provides the buffer mass increase of the component having high dosage non-uniformity,
in the apparatus and improves selectively its smooth ability relatively to this component.

In the work [1] the suggest method was realized on the basis of apparatus having
rotating drum with peripheral lifting blades. It was found out, that there are significant
segregated flows in the bed of particles falling from the blades. Mainly this bed consists
of small and dense particles in the drum area under rising blades and large or light
particles-under sinking blades [2].
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The control over the segregated flows in this apparatus is carried out by means of
selective impulse influence on these falling particle flows transversally to their
direction. Due to this operation the suitable hydrodynamical conditions may be served
in the apparatus for effective treatment of particulate solids by mixing and separation
methods in the course of hydro mechanical and heat-mass transfer process organization
[3].

In the work [1] an experimental and analytical research on the flow structure
characteristics in the drummer apparatus with peripheral lifting blades was performed.
The mathematical model allowing to forecast the structure characteristics of the
operated segregated flows during the suggested method realization was developed.

The dynamics equation of the longitudinal distribution of test component ¢;(z, 1)
was described [2] in the following way

dej(zr) dle;(z,0)(G(2) - Gy(2))) .
ot oz

0 oc(z,7) o
DdifE(pb(z)s(z)%J"‘S(z)(lB +1,p +Iv0)'

S(2)pp(2)

(1

This equation was integrated numerically at the boundary and initial conditions,
which were formulated as follows:
60]/62 =0, z=0,L;
1> at kT <t<kT +14; 2)
¢;j(0,71)=0, at kT + g <t<(k+DT;

c;j(0,1)=c

¢;(2,0) =0, 3)

where k=0, 1,2, 3, ..., © is the component dose number.

The investigation was carried out on the basis of the experimental unit [3] having
the rotating drum with peripheral lifting blades which shaped as I'-form. The nozzle is
mounted motionless from the rotating drum thus central part to operate the segregated
flows of falling particles. The nozzle was performed as a longitudinal row of deflecting
elements. The elements were made in the form of funnels having inclined discharge
channels directed opposite to the technological flux. The control over the impulse
influence on the segregated flows had been realizing by means of a transversal
movement of the nozzle and the inclination angle changing of an inclined plate mounted
above the funnels.

The modeling granular materials were selected taking into consideration their
particle size and density to complicate the mixing process organization. Therefore, the
polypropylene granules of fraction (+ 3.0 — 4.0)-10° m, were used as the mixture basis
and the clayite (expanded clay) granules of fraction (+ 4.0 — 5.0)-10° m were applied as
the portion dosed component. The bulk density of the above mentioned materials was
equal to 605 kg-m™ and 515 kg-m™ respectively.

The mathematical model adequacy and the suggested method efficiency were
checked experimentally by the indicator method. The indicator method is realized at
simultaneous input of indicators both of the mixture components to estimate more
accurately the impulse influence on the selective smooth ability and longitudinal mixing
of apparatus.

During the experiment the nozzle with deflecting elements was removed into the
drum area situated under the sinking blades. This area is characterized by the higher
concentration of the portions delivery component that allowed us to provide the reverse
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0 3 1107, s

Fig. 1. RTD of the polypropylene (1) and clayite (2) granules in the apparatus
operating the segregated flows at the reverse impulse influence
on the flow area, enriched by clayite granules:
point — experimental; lines — calculated

impulse influence on the technological flux of this component. The indicators were
putting into the apparatus during the steady state of the technological flux. All the
experiments were repeated three times to increase their accuracy and to verity the
statistical uniformity of experimental and calculated results.

The investigation results, shown on Fig. 1, reveals the adequacy of the
experimental and calculated functions of the residence time distribution (RTD).

The analysis of the flow structure characteristics of the mixture components
(Fig. 1) allowed us to conclude that the reverse impulse influence on the segregated
flow, enriched by the tested component, leads to the selective increase of the smooth
function and the mixing intensity relatively to this component. Moreover these results
testify indirectly to the high efficiency of the suggested mixing method.

The developed mathematical model after its adequacy checking was used for a

computational dynamics modeling the

c10°, kg'kg ! continuous mixing process for the
] polypropylene and clayite granules, when
57 the mixture microcomponent (clayite
1 granules) was dosed portions by a weight
47 / > method. The mixing process organization
/ had been conformed to the suggested
31 method.
Fig.2 shows the computational
9 - modeling results of the mixture formation
dynamics, when the mixing process goes
14 to its steady state, for the different variants
of process organization:
0 — without any segregated flow
0 1' 2" 3' 4 5' 6. operation (curve 1);
102, s — with the reverse impulse influence

on the segregated flow, enriched by the
Fig. 2. Process dynamics modeling the binary micro component (curve 2).
mixture formation with the portions The portion dosage modeling was

dosing one of the components: carried out at the dosing period 7= 350 s,
1 — without any segregated flow control;

2 — with the segregated flow operation and the dose supply duration tq =3 s.

110 ISSN 0136-5835. Bectauk TT'TY. 2012. Tom 18. Ne 1. Transactions TSTU



The obtained results (Fig. 2) reveals ¢-10% kgkg™
that the suggested mixing method allows
to increase the mixture quality with the ¢ |
variation coefficient decrease more than
40 times. However, the mixture quality 6 -
increase is achieved at the essential rise of
the non steady state period. 41

The unfavorable process dynamics is
explained by the high period duration of
the buffer mass accumulation of the 0
portions  delivery component in the 0 0"2 0: 4 0:6 0:8 )
apparatus working volume. This conclusion
is confirmed by investigation results of the L
dynamics distribution of the tested Fig.3.Modeling results of the concentration
distribution of the portions delivery
component (clayite granules) along

the drum length in the mixing
process steady state

component c¢;(z, t) along the drum length
(Fig. 3). The investigation, carried out by
the method of computational modeling on
the basis of eq.(1)—(2), shows that a
gradual accumulation increase of the test component takes place in the apparatus when
the mixing process goes to its steady state. Thereby, the mean component concentration
in the apparatus working volume exceeds its nominal concentration in the mixture more
than twice when the steady state takes shape (Fig. 3).

In order to improve the dynamics characteristics of the suggested method of the
mixing process organization its modernization was carried out. This modernization
consists in the buffer mass placing of the portion component in advance in the head
apparatus part to accelerate the steady state coming. The buffer mass mj; may be
determined on the basis of the modeling results of the test component distribution along
the drum length at the mixing process steady state (Fig. 3) as follows

L
my = [ S()py(2)e; (2)dz.
0

The obtained mass of the component in the apparatus is allocated in some way in
its head part. According to this approach the special initial conditions must be provided
for eq. (1) and during the mixing process organization respectively.

A practically more important variant of the process initial conditions may be carried out
by means of an uniform distribution of the buffer mass in the apparatus head part.
These initial conditions may be formulated for eq. (1) in the following way:

ci(z,0)=c;9, at 0<z <z
{/ j0 i @

cj(z,O):0, at z; <z;

where z1 is the buffer allocation boundary.

The modeling results of the mixing process dynamics for different variants of the
buffer mass distribution in the apparatus volume had been allowed us to found out that
the most rational buffer allocation is its uniform distribution in the first quarter of the
drum length (z1 = 0,25L).

Fig. 4 displays the computational dynamics of mixing process of the modeling
materials for different variants of its organization.

The comparison of the investigation results, displayed on Fig. 4, shows that the
suggested modernization method allows almost ten times decrease in the non steady
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state period and approximates for this indictor to the process variant without any
operation of segregated flows.

As an example of practical realization of the mixing method suggested organizing
continuous technological processes by the portion dosage of some components may be
carried out in the production of combined food products and specifically in the muesli
production. The typical muesli components are the cereal flakes dry fruits, candied
fruits and nuts. The mixture of these components has the high inclination to segregation.
This circumstance with taking into account small doses of some components and
technical problems of their continuous dosage causes the portion dose preparation.

In the present paper the technological possibilities of the suggested method is
investigated when it is used to organize a continuous mixing process of the muesli
preparation on the basis of cereal flakes consisting of oats, wheat, barley, rye and maize
flakes. The mixture of these components is segregated in a great extent because of big
size and small density of maize flakes. By the way the mixture flakes without maize
flakes is very resistant against segregation.

The investigation was carried out by the mathematical modeling method on the
basis of eq. (1). The exhausting coefficient, reflecting the exhausting effect of the lifting
blades for the tested component, had been determined by the experimental method
described in [1].

Fig. 5 shows the modeling results of the mixture formation dynamics for the non
steady state period for the variants of process organization: without any operation of
segregated flows (curve /) and with the reverse impulse influence on the segregated
flow, concentrating the portions delivery component (maize flakes) (curve 2).
The portions delivery was modeled for the dosage period 7= 350 s, and the dose supply

duration t7=13 s.

The comparison of the investigation results, shown on Fig. 5, for the two versions
of the mixing process organization reveals that the suggested method allows to decrease
the concentration variation almost by hundred times practically without any variance of

the non steady state period.
c10% kgkg™ c10% kgkg!

6_

0 f—o T T 1

1,5

0 I 1 I 1
0 1 2 3 4 0

1-1073,3

Fig. 4. Dynamics of the continuous mixing
process of polypropylene and clayite granules
by portion microdosage of clayite granules
(T =350s, t,=3s) without any operation (Z)
and with operation (2), (3) of segregated flows:

2 — with the buffer mass of the portions
delivery component; 3 — without any
component buffer mass

7107, s

Fig. 5. Process dynamics modeling the cereal
flakes mixture formation with the portions
deliveryof maize flakes for the versions:
1— with the reverse impulse influence
onthe segregated flow, concentrating
the portions delivery component;

2 — without any segregated
flow control
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Opraﬂmaunﬂ npoumecca CMEIICHUA 3€PHUCTBIX MaTEepUaIoB
NPH NOPUHUOHHOM T03UPOBAHUHU OTAEC/IbHBIX KOMIIOHCHTOB

B.H. I[onrymml, 0.0. I/IBaHOB', A.A. YKOJIOBZ,
B.A. lponun', E.A. PaGora', E.IT. Jlapuonosa'

Kageopwi: « Texnonozuu npodosoabcmeennvlx npooykmoey (1),
«Buicwas mamemamuxay (2), @I'BOY BIIO «TI'TY»,; maxaonkaty@mail.ru

KuaroueBsblie cjioBa u ¢gpa3bl: MOICIUPOBAHKE; CErPEramus MOTOKOB; CMEIIIHU-
BAHHE; yIpaBJCHHUE.

AHHOTaNMsA: PaccMOTpeHO ajbHelIee YCOBEPIICHCTBOBAHUE TIPEIIOKEHHOTO
paHee crocoba CMEIICHHs CHITyYHX MaTEPHalIOB C BHICOKOW CKIIOHHOCTBIO K CErpera-
LMY [IyTEeM YJIy4LICHHS ero JUHAMHUYCCKUX XapakTepHCTUK. [[pOBEAeHO IKCIepuMeH-
TaJbHOC W AHAJIUTUYECKOE HMCCIICIOBAHKE JMHAMHKHU IIPOLECCa CMELICHUS 3ePHHUCTBIX
MaTtepuajioB € l'[OpL[IdOHHOﬁ no;[aqef/i OTACJbHBIX KOMIIOHCHTOB HNPU YHPABJICHHUU HUX
CerperupoBaHHBIMHM TOTOKaMu Ha Oa3e OapabaHHOro amnmapara. YCTaHOBJIEHO, 4TO
CYLIECTBCHHOMY YBEIMYCHHIO 3(Q(EKTHBHOCTH METOJa CIOCOOCTBYET pa3MelleHHe
OydepHOit Macchl HA3BaHHBIX KOMIIOHEHTOB B FOJIOBHOI! 4acTH armmapara.

Organisation des Prozesses des Vermischens der kornigen Stoffe
bei dem Portionsdosieren der einzelnen Komponente

Zusammenfassung: Es wird die weitere Vervollkommnung der friiher
vorgeschlagenen Methode des Vermischens der kornigen Stoffe mit der hohen Neigung
zur Segregation durch die Verbesserung ihrer dynamischen Charakteristiken
durchgefiihrt. Es ist die experimentelle und analytische Untersuchung des Prozeses des
Vermischens der kornigen Stoffe mit der Portionszubringung der einzelnen
Komponente bei der Steuerung von den segregierten Stromen auf Grund des
Trommelapparates durchgefiihrt. Es ist festgestellt, dass zu der wesentlichen Steigerung
der Effektivitdit der Methode die Anordnung der Puffermasse der genannten
Komponente im Kopfteil des Apparates beitrégt.

ISSN 0136-5835. Bectuuk TI'TY. 2012. Tom 18. Ne 1. Transactions TSTU 113



Organisation du processus du mélange des matériaux granulés lors
du dosage de portion de certains composants

Résumé: Est exécuté le perfectionnement ultérieur du moyen proposé avant en ce
qui concerne le mélange des matériaux granulés avec une grande sensibilité envers la
ségrégation par la voie de 1’amélioration de ses caractéristiques dynamiques. Est
réalisée une étude expérimentale et analytique de la dynamique du processus du
mélange des matériaux granulés lors du dosage de portion de certains composants lors
de la commande de leurs courants de ségrégation a la base de 1’appareil de tambour. Est
établi que le placement de la masse de tampon des composants nommés dans une partie
de téte de I’appareil contribue a une sensible augmentation de I’efficacité de la méthode.

ABTOpbI: Jloneynun Buxmop Hukonaeeuu — [OKTOp TEXHUYECKHX HayK,
npodeccop kadenpsl «TexHOIOTHH TPOJOBOJIBCTBEHHBIX NPOAYKTOBY»; HMeanos Onez
Onezosuy — KaHIUIAT TEXHUYECKUX HAyK, AOLEHT Kadenpbl «TeXHOIOruu mpojo-
BOJILCTBEHHBIX MPOJYKTOB»; Yk0106 Andpeii Anexcanoposuu — NOKTOP TEXHUUECKUX
HayK, JOIeHT Kadeaps! «Beicmas maremarukay; IIponun Bacunuii Anexcanoposuu —
KaHIUOAT TEXHUYECKUX HayK, MOUEHT Kadeapbl «TexXHOIOrWu MpOoI0BOTHCTBEHHBIX
npoayktoB»; Padoea Examepuna Anekceeena — mMaructpanT kadenpsl « TexHomOrHH
MIPOOBOJILCTBEHHBIX NMPOAYKTOBY; Jlapuonoea Examepuna Ilempoena — MarucTpant
kadenpsr «TexHomoruM MpoAOBOIBCTBEHHBIX POAYKTOBY, DI’ BOY BIIO «TT'TY».

Penensent: I'amanoea Hamanva LJuébukoeéna — NOKTOp TEXHUYECKUX HAYK, IPO-
(eccop, 3aBemyromas kadenpoit « TexHomornueckue mpoueccsl u ammapatey, GI'BOY
BIIO «TT'TY».
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