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Abstract. The article dials with studying of the gas-dispersed systems classification process in gravitation pneu-

moclassifiers of prismatic shape. The aim of the research is to determine operating parameters of the investigated
process. Recent research is based on the previously developed mathematical model of hydrodynamics for a gas-
dispersed flow in a vertical channel with variable cross-section. As a development of this study, a physical model
based on the process of kinetic removal from the mixture was used. This process is caused by the removal of fine par-
ticles from the weighed layer in the case of theirs low velocities in comparison with the average gas flow velocity.
This model also considers the inertial effect due to the kinetic energy of fine particles removed from the surface of
the weighted later. The first order linear nonhomogeneous partial differential equation describing the unsteady pro-
cess of changing the dispersed phase concentration in the gas-mechanical mixture by channel height was solved by
mathematical modeling using the combination of direct and inverse Laplace transforms. As a result, for the first time
the general solution was obtained for for non-trivial boundary and initial conditions. This fact allowed developing the
mathematical model of the nonstationary problem for the disperse phase concentration during the pneumoclassifica-
tion process of mechanical mixtures in pneumoclassifiers. The model allows determining the concentration of fine
fraction of the gas-dispersed mixture by channel height in operating volume of the device, as well as evaluating time
of the pneumoclassification process. Particularly, it was found that the dispersed phase concentration decreases by the
height of the apparatus with respect to time. This fact proves the possibility of effective separation of components in
gas-mechanical mixtures. Finally, the achieved results allow proposing the engineering technique for calculations of
vertial-type gravitation pneumoclassifiers.

Keywords: pneumoclassifier, weighted layer, fine particles, agglomeration, mathematical modeling, Laplace trans-

form, Heaviside step function.

1 1 Introduction

The increase of the efficiency of chemical, heat and
mass transfer processes for heterogeneous systems is
mainly achieved using powdering of solid materials with
a given granulometric composition. Therefore, in techno-
logical lines, pneumoclassifiers are installed to separate
the solid phase of gas-liquid mixtures into two fractions
with a predominant content of fine particles. If the dust
content is less than 15-20 %, pneumoclassifiers are effec-
tively used as separators for the decomposition of mix-
tures. When separating of binary mixtures with the equal
content of fine and coarse fractions, traditionall pneu-
moclassifiers ensure the purity of the resulting fractions
up to 70-75 %. Due to the existence of technologies requir-
ing clean separation products not less than 95 %, it is the

development of new designs of separation equipment is
needed realizing fundamentally different organization of
the pneumoclassification process and pneumatic enrich-
ment of gas-mechanical mixtures to obtain clean separa-
tion products. In this case, mathematical modeling of the
separation process in a gravitational pneumoclassifier is
an urgent problem, which is essential for the study of
chemical technology processes. The scientific novelty of
the research confirms the need to solve the insufficiently
solved problem of investigating the pneumatic classifica-
tion and enrichment processes for mechanical mixtures.
The practical significance of the achieved results is to
improve up-to-date scientifically based methods for cal-
culations of main technological parameters and related
characteristics of pneumoclassifiers.
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2 Literature Review

The first ways for improvement of pneumoclassifiers
were proposed in the research works [1, 2]. As a result,
modifications of classifier designs with mobile inclined
grid were proposed for increasing of the operating pro-
cess efficiency.

The investigation of the classification process for pol-
ydisperse materials in the gravitational air classifier was
considered within the previous research [3]. As a result,
the problem of the separation efficiency was solved for
polydisperse materials, as well as methods for increasing
the separation quality are proposed. Additionally, the
results of experimental research and computer simulation
were obtained and analyzed. Based on the achieved data,
the possibility of increasing gas flow influence to poly-
dispersed materials were found.

The effect of particle concentration on fluctuating ve-
locity of the disperse phase for turbulent pipe flow was
investigated in the paper [4]. As a result, experimental
investigations of the fluctuation velocity distributions of
solid particles were presented for the gas turbulent pipe
flow. An influence of the particle concentration on the
increasing of axial fluctuation velocity in the pipe wall
region was observed.

In the paper [5], a concentrated suspension flow of sol-
id spherical particles was modelled using numerical ex-
periment. As a result, the self-diffusion coefficient was
obtained. It was shown that spheres at volume fraction
about 13 % form a percolation cluster. Finally, the de-
pendence of the self-diffusion coefficient on volume frac-
tion of particles was investigated.

The research papers [6—9] dials with the process of ag-
glomeration as a common phenomenon in separation and
pneumiclassification processes. As a result of using the
Rumpf model [6] and related numerical simulations, it is
proved that the mechanical properties of agglomerates
depend on their structures. It was proved that the acoustic
agglomeration technology can be applied for removal of
fine particles [7]. Comparison of agglomeration behavior
of fine particles in during mixing is presented in the paper
[8]. Finally, ways for experimental evaluation of chemi-
cal agglomeration of fine particles in gas-mechanical
mixtures are presented in the research work [9].

3 Research Methodology

Previously obtained equations [3] allows determining
the velocity field of the two-phase flow, as well as evalu-
ating changes of particles velocities of mixed material by
the width and height of pneumoclassifier’s housing de-
pending on the gas flow action.

It should be noted that the action of friction forces on
the particles, flow compression and bending forces be-
tween particles significantly impact on the redistribution
of particle velocity in the separated flow. At the same
time, the gas flow rate decreases due to the additional
hydraulic resistance as a result of aggregation of the bulk
material in agglomerates.

Due to abovementioned, the process of fine fracture
concentration changing in a pneumoclassifier of the pris-
matic form with veriable cross-sections is considered
with respect to time and spatial position of particles
(Figure 1).

Figure 1 — Design scheme of the pneumoclassifier:
1 — separation zone; 2 — housing; 3 — accelerating zone;
4 —loading hopper; 5 — discharge pipe for a coarse fraction;
6 — discharge pipe for a fine fraction

In the case of unchangeable physical parameters in a
transverse direction (6/0x = 0) and relatively insufficient
transverse velocity component (|dx/dfl << |v(y)|), the
equation describing the operating process takes the fol-

lowing form [10]:
acp(y,t) :v(y)acp (y,t)Jr

or ay

where t — time, s; x, y — transverse and vertical coordi-
nates, m; v — vertical component of flow velocity, m/s;
¢, — concentration of fine particle in a flow, kg/kg;
¢+ — equilibrium concentration of fine fraction in a
weighted mode, kg/kg; k, — removal ratio determining
experimentally, s .

Abovementioned simplifications are argued due to the
fact, that the width of the pneumoclassifier is much less
than its height. Additionally, the velocity of solid parti-
cles in the horizontal direction (from the x axis of the
apparatus to the walls) significantly decreases due to the
inhibitory effect. Therefore, the gas flow in the transverse
direction does not significantly impact on the separation
of particles by their size.

The equation (1) defines the removal of fine particles
from the weighed layer in the case of theirs low velocities
in comparison with the average gas flow velocity. In the
case of the relatively constant velocity v, this equation
has the precise analytical solution, which can be obtained

ky[c* —cp(y,t)], (1)

F2 CHEMICAL ENGINEERING: Processes in Machines and Devices



using the Laplace transform [11] with respect to time .
The corresponding originals and their mappings can be
given in the following forms:

Cs

L[Cp(y’t)]:Cp(y’s);L(C*): ’

(5.1 v
6cp v, t
L|:al’:| = SCp (y’s)_cpo()’)’

where Y, s — new parameters of the vertical coordinate
y and time ¢ respectively; C, — reflecting function for the
fine fraction concentration; c,o(y) — distribution function
of the initial concentration.

After applying transformations (2), the equation (1)
takes the following form:

sC,,(y, s)—cpo(y):vacp(y’s)-l-k{c*—Cp(y,s)}. 3
oy s

Identical transformations allow obtaining the follow-
ing first-order heterogeneous ordinary differential equa-
tion with respect to the vertical coordinate y:

_ k. c.
c+3 ke =1{c y—“}. )
O K

Previous research of the two-phase flow indicates the
fact, that the trajectories of fine particles are aligned by
the channel height. Consequently, the gas flow does not
significantly affect the shearing of particles to the wall. In
this case, considering v = const, ¢,y = const, the differen-
tial equation (4) has the following general solution:

1 ke, s—k
Cl? :S_k[cp() _SJ+A'eXp(_V Zj’ ®)

where A — the integration constant determined from the
boundary condition:

c,(0.t)=c, (6)

which can be rewritten after the direct Laplace transform
in the following form:

in

C,(0.5)=Llc, (0.1)]= 7 ©

The last two formulas contain the initial concentration
¢, of the disperse phase.

The substitution of the boundary condition (7) into the
formula (5) allows obtaining the following expression for
the integration constant:

U (cpo —’“*j. ®)

s s—k K

Hence, the general solution (5) takes the following
form:

cn sk, . C,—C. sk,
C,=—e " +[C'+ 20 J(l—e v ]. ©)
s s s—k

Using the inverse Laplace transform to elements of the
obtained expression:

cim sk ok, y
L Le v =c,e VH -2
s v

1%

R

where H(f) — Heaviside step function, allows finally
obtaining the expression for the distribution function of
the disperse phase concentration:

k ]
bty 2
Y

+(c0—c$)ek’{1—H[t—‘):ﬂ. v

4 Results and Discussion

A general solution of the nonstationary problem of the
disperse phase concentration during the pneumoclassifi-
cation process of mechanical mixtures can be obtained
ubder the condition cpi” = Cpot

cp(y,t):c* +(cl,0 —c*){exp(—kyjH[t—yj+
1% 1% (12)

sl 1]}

It should be noted that this solution approaches the fol-
lowing curve asymptotically with respect to time:

. k
c,.(y)= Pg}ocp(y,t): c. +(cp0 —c$)exp[—v y). (13)
This equation describes the equilibrium state as a re-
sult of the solution of stationary problem of fine particles
concentration.
Introducing the dimensionless coordinates

k vt
v y
and criteria
C C. _ C .
C,=——;a=—;C,, =— (15)
€0 €0 €0
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allows rewriting the dependencies (12) and (13) in the
following universal forms:

E,,(I],z'):a+(l—a){e"’ H(r—1)+

(16)
+e [I—H(r—l)] };

¢,.(m=a+(-a)e” a7

presented graphically in Figures 2, 3.
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Figure 2 — The surface of changing the fine particles concentra-
tion in a weighed layer by the height of the apparatus and time
for different values of equilibrium concentration
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Figure 3 — Universal characteristics of changing the fine
particles concentration in a weighed layer by the height
of the apparatus for the equilibrium state
References

Figure 2 discovers the existence of the dimensionless
time 7o = 1 as a limit value, when the concentration de-
creases by the height. Consequently, due to the depend-
encies (14), the related time is determined by the follow-
ing formula:

=20 =2, (18)

5 Conclusions

Mathematical model of the pneumoclassification pro-
cess is developed. As a result, the nonstationary problem
of investigating the operating processes in gravitational
pneumoclassifiers is solved. The analytical dependence
for the fine particles concentration is obtained. As a par-
tial result of the solution of stationary problem, the ex-
pression for equilibrium concentration is determined.
Additionally, the critical time is discovered, when the
concentration decreases by the height, as well as the re-
lated expression for its calculation is obtained. Overall,
the possibility of effective separation of components in
gas-mechanical mixtures is proved.

The results of the abovementioned research allow pro-
posing the engineering technique for calculations of ver-
tial-type gravitation pneumoclassifiers.

The further research will be aimed at the implementa-
tion of the developed mathematical model in the process
of designing the module separation equipment.
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Po3B’si3aHHs HecTallioHapHOI 3a1a4i PO BU3HAYEHHsI KOHIEHTPAIil ANCIepCHOL

(¢a3u y npoueci nHeBMokIacudikanii MexaHiyHux cymimei

ITaBnenko I. B.l, Oxumenko M. H.l, JIntBuHEeHKO A. B. 1, Boriko 1.2

' Cymchknit neprxaBHuil yHiBepcHTET, Byl PiMcpkoro-Kopcakosa, 2, 40007, m. Cymu, Ykpaina;
2 Texuiunmii yaiBepcuteT M. Kommne, Byn. Jlitas, 1/9, 040 01, M. Kommne, CnoBaydnHa

AHoTauisi. Po6oTa mpucBsiueHa ZOCTiIKEHHIO mpolecy kiacudikamii ra30IUCIIEpCHIX CUCTEM Yy TpaBiTaIliitHUX
nmHeBMOKIacudikaropax mnpusMatudHoi Gopmu. Meroro poOOTH € BCTAaHOBJIEHHA pPOOOYMX MapameTpiB
JOCIIJDKYBAHOTO HPOLECCY, B OCHOBI SIKOTO € IONEpeIHb0 PO3podiieHa MaTeMaTHYHa MOJENb TiAPOANHAMIKH PyXy
ra30UCHEPCHOTO TOTOKY y BEPTHKAIGHOMY KaHali 3MIHHOIO mepepidy. SIK pO3BHTOK ILBOTO JOCIHiMIKEHHS,
3aCTOCOBaHO (Di3MYHY MOJIENb, 3aCHOBAHY Ha IMPOIECI KIHETHYHOTO BHHECCHHS CyMillli, 00YMOBJICHOTO BHHECCHHS
IpiOHUX YaCTHHOK B3B)XCHOTO IIAapy, IIBMAKICTh SKHUX MEHIIA 3a MIBHIKICTh Fa30BOT0 MOTOKY. LI MOJeNbs Takox
ypaxoBye iHepUilHUIA edeKT, 0OOYMOBICHHH KIHETHYHOIO €HEPTi€0 MHCIEpPCHOI (a3u, IO BUHOCUTHCS 3 MOBEPXHI
3BakeHOro miapy. LIIIsxoM MaTeMaTHYHOrO MOJECTIOBAHHS i3 3aCTOCYBAaHHSAM KOMOIHALii HpsAMOro i obepHEeHOTro
nepeTBopeHb Jlamaca po3B’s3aHo JiHiiHE HeoqHOpiHE qudepeHIliaTbHe PIBHIHHS NEPIIOro MOPSAKY y YaCTHHHUX
MOXITHUX, 10 OMKCY€E HECTAI[lOHAPHHI MPOIIeC 3MiHM KOHIICHTpAIli AucriepcHoi (a3u ra3oMexaHiuHOi CyMilln mo
BUCOTI KaHATy. Y pe3ynbTaTi JUil HEeTPHUBIAIbHUX TPAaHWYHUX i MOYATKOBHX yMOB BIIEpIIE€ OTPHMAHO 3aralbHHI
PO3B’A30K, IO TO3BOJIMIIO PO3POOHUTH MaTeMaTHYHY MOJIENIb HECTALlIOHAPHOI 3a/1a4i PO BU3HAUCHHS KOHICHTpAIIil
mucriepcHoi Qasu 'y mHeBMoknacudikaropax. Po3pobneHa MaremMaTndHa MOJENb IO3BOJISIE BCTAHOBHTH 3MiHY
KOHIIEHTpamii ApiOHOi (pakiii ra3oaucnepcHoi CyMiln Mo BHCOTI poOovYoro 06’eMy amapata, a TaKOX OIIHUTH Yac
nporecy mHeBMoknacugikamnii. 30kpemMa, BCTAHOBJIEHO, 10 KOHILEHTpAIlis AUCIIEPCHOI (a3H 3 4acOM 3MEHIIYETHCS
10 BHCOTI amapary, o CBIIYUTH PO MOXIIMBICTH €()EKTUBHOTO PO3JIIICHHS KOMIIOHEHTIB ra30MeXaHiqHOi CyMilli.
TakuM YMHOM, OTpPHUMaHI pe3yJIbTaTH HO3BOJISIOTH CTBOPUTH IH)XKEHEPHY METOAMKY PO3pPaxyHKY BEpPTHKaJbHUX
rpaBiTalifHUX MTHEBMOKIACH(}IKaTOPIB MPU3MAaTHYHOT POPMHU 31 3MiHHHM ITOTIEPEYHHUM TIEPEPi30OM.

KiwuoBi ciaoBa: mHeBMOKIacu(pikaTop, B3BaXEHWH map, ApiOHA ¢pakiis, arioMeparisi, MaTeMaTHYHE
MOJIEITIOBaHHS, TepeTBopeHHs Jlamraca, ¢pynkuis Xesicaiia.
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