IOP Conference Series: Materials Science and Engineering

PAPER « OPEN ACCESS

Research of movement process of fiber suspension in accelerating unit
of wet grinding disintegrator

To cite this article: S A Mykhaylichenko et al 2018 IOP Conf. Ser.: Mater. Sci. Eng. 327 042070

View the article online for updates and enhancements.

Bringing you innovative digital publishing with leading voices

to create your essential collection of books in STEM research.

This content was downloaded from IP address 62.76.93.7 on 19/10/2018 at 10:05


https://doi.org/10.1088/1757-899X/327/4/042070
http://oas.iop.org/5c/iopscience.iop.org/635449181/Middle/IOPP/IOPs-Mid-MSE-pdf/IOPs-Mid-MSE-pdf.jpg/1?

MEACS 2017 IOP Publishing
IOP Conf. Series: Materials Science and Engineering 327 (2018) 042070 doi:10.1088/1757-899X/327/4/042070

Resear ch of movement process of fiber suspension in
accelerating unit of wet grinding disintegrator

S A Mykhaylichenko, N N Dubinin, A E Kachaev, S| Goncharov, A A Farafonov

Belgorod State Technological University named aft&€s. Shoukhov, 46, Kostyukov
St., Belgorod, 308012, Russia

E-mail: nndubinin@mail.ru

Abstract. At the present stage of development of building emiat science, products
reinforced with fibers of various origin (mineralrganic, metal and others) are commonly
used. Determination of the optimal structure ardahemical composition of the fiber depends
on a number of requirements for filler, binder, asttier miscellaneous additives, etc. The
rational combination of physical and chemical cosipon of the primary matrix of the
product (e.g., binders, cement) with dispersioaméotropic fiber of filler not only contributes
to the strength of products, but also stabilizesrtimternal structure: prevents the occurrence
of internal stress of the cement stone, incredsesdhesive interaction of particles of cement
at the contact boundary with fibers, etc.

1. Introduction.

To improve the dispersion of the solid phase infitth®us suspensions, wet grinding disintegratoes a
used. However, not all disintegrators can effetyivdisperse the fibers in a liquid medium.
Technologically fibers must be processed at twgestaAt the first stage, in the agitator mixer,-pre
mixing and fiber fuzz are made. At the same tirhes hnecessary to take into account concentration o
the solid phase in liquid relying on technologioadulation of production of the reinforced products
Then, a final dispersing of fibers in a liquid mei is produced using rotor aggregates of integrated
hydrodynamic [1]. The combination of various typdésnechanical impacts on the fiber in the liquid
contributes to the destruction of the core of tiberfin its both transverse and longitudinal cross-
section.

2. Main part.

There is such disintegrator construction [2, 3pimich addition of dispersion of fiber suspensioms t
the “dry” grinding process is possible. Fig. 1 skotlve mill chamber of the disintegrator, which is
equipped with an accelerating unit. This unit detees the productivity at the accelerating stage of
fiber before its complex hydrodynamic processinge BD-model of this unit is shown in fig. 2
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Figure 1. Construction of mill chamber of disintegrator gyped with accelerating unit:
1 - outer rotor?2 - inner rotor;3 — accelerating unit.

Figure2. 3D-model of accelerating unit with toroidal-ellippipes mounted on shaft of disintegrator
inner rotor: 1 - rotating annular channel; 2 - tdad-elliptic channel.

Geometrical parameters of the accelerating unitkanematic properties of the fiber suspension
are related with basic equations of motion of @ais incompressible liquid, which can be combined
into a unified mathematical model which allows ¢toeuantify the work of the accelerating unit. The
description of the mathematical model of movemdriib@r suspension in the accelerating unit of the
disintegrator of wet grinding is as follows.

Let us assume that a viscous incompressible flufiber suspension — is flowing vertically
downwards in the annular rotating channel of theskrating unit of the disintegrator as shown in
Figure 1. Pre non-dispersed organic fibers, comatett by volume of not more than 10%, were mixed
in the agitator mixer with water.

To solve the problem, let us consider the statypnakisymmetric swirling flow of an
incompressible viscous fluid that contains a smaatiount of impurity in the form of fibers. The
movement of the suspension is carried out in aeccarel with Figure 2: at the entrance to the
accelerating unit - in the rotating annular charofehe constant cross section - section 1; abthket
of the accelerating unit - in a shrinking toroi@dliptic channel - section 2.

Initially, direct-flow movement of the undisperstder slurry input to the rotating annular channel
on the loading site in the disintegrator is an madel distribution. In the rotating annular chantie
circumferential movement of the accelerating unft tbe medium is superimposed on this
circumferential movement of the medium, which issed by the centrifugal forces. As a result, the
trajectories of the motion of the particle of thater and the fibers in this section are helicaddin
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It is clear that at the beginning of the rotatinghalar channel, there is a site of the primary
alteration of motion of two-phase flow. Its lengtfil be determined by the ratio of the intensitads
convective and diffusion mechanisms of transfethim peripheral speed. As soon as the distribution
component of the circumferential velocity will conin to the law of rigid body rotation, this sitellwi
end. In view of the relatively small cross-sectgire of the flow and a modeling character of these
calculations, the site of alteration movement @& guspension in the accelerating unit will not be
considered.

For modeling the process of flowing of the fibespension in the vertical rotating annular channel
of the accelerating unit, the stationary equatiohgsothermal axisymmetric subsonic flow of an
incompressible fluid in a centrifugal field, whidnder the axisymmetric Navier - Stokes equations fo

an incompressible medium can be written as [4]uaes:
du dv 1 dp

u—+v_—=-— > a +vV2 (1)
u%+v%—w72= ;ZP+V(VZU—1) 2
ui—j+v2—t+w7w=v(vzw—%). ()
The flow continuity equation can be represented as:
@ty e =0 )

Here,z, r - the cylindrical coordinatesi, v, w- axial, radial and circumferential flow velocity
the selected coordinate system, mplsy - density and pressure of the fiber suspensiapedively,

%, Pa;V? - plane Laplace operator defined from the equation
=2 ,09 190 (5)

0z or?2 r or

Let us solve equation (1-4) in a sequence, usiegrbthod of substitution and easy self-similar
solution of the problem (the entire distributionvdfich depends on the one variable coordinateef t
swirling flow of a viscous fluid in the annular aireel. Do that using the equationg(r) =
Ur),v(r) =V(r),w(r) =W(wr). This is denoted as; - inner radius of the annular area that is
equal to the diameter of the shaft of inner rotor,. - outer radius of the annular area. Then the flow
pressure is:

2
p(z7) =pp@) + 5= (rF — D). (6)
Here,o - angular velocity of the accelerating unit, rag/s(z) - linear function of pressure af

The strength of the internal friction of the flohat is acting om, in the direction of flow depends
upon the axial flow velocity:

2yt (250, ~ (025D, | = 2mhan s (n 552 ar ™

whereh,, - the height of the annular channet, U(r) - axial veIOC|ty of the suspension flow
channelm/s dr (r) - change of the radius, m; - the dynamic viscosity of the fiber suspensi@as.
During stationary flow of the two-phase flow, thars of the two forces is zero. Therefore, on the
basis of Gauguin’s assumptions and Poiseuille [dihe equation can be written:
d (Tl dU(r)) PPy (8)
ar ar h,u
whereP,- the pressure of suspensions at the bottom (eartlppthe annular space, MPa,;

P; - the pressure of suspension in the upper (primzat) of the annular space, MPa.
The solution (8) vanishes wher r, andr = r,; therefore:

U@r) = 2 _42) 4 Tz(“) In (%)] (9)

The radial component of the veIOC|ty does not ddpen z and is directly proportional to
coordinater. Then from (1), let us find that:

V(r)——=

20 _yy2y(r) = 0. (10)
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The solution of equation (10) in the XY plane idueed to the form (assuming tlgét= 0):

V(r) = 2vV?r. (11)
From equation (2.3), let us determine the valuiefcircumferential velocity with radius r:
hm
W(r) = \/U(r)a) Ty (12)

From expression (12), it is obvious that an inceea$ the height of the annular channel of
accelerating unit circumferential velocity of uruissed fiber suspension is due to the increase of
twisting flow.

With the increasing radius from to r, on the inner channel wall, a layer of two-phasevfisill
form. Growth of circumferential velocity of the qension flow stops when its value equals the value
of the circumferential speed of the inner wall oteerating assembly. Adhesion will occur in the
layer of the suspensions to the inner wall of theekerating unit; processes of transportation and
providing required acceleration to flow will not keéective. So, the height of the annular chanrel o
the accelerating unit is an important constructiakeie that determines the effectiveness of its work

Substituting equation (9) in (12) to determine éx&l flow velocity, one will obtain:

P,—P; 2 r2-r2 r hm
o [(rl —-r2)+ ln(:—i) In (E)] W TR (13)

It means that with increasing pressure of two-plilasein a rotating annular channel, the value of
the district forces increases: the flow intensiv@hists that confirms the functional significandetize
accelerating unit and allows one to determine #ilaevof its rational design parameters for stagisl.
result of modeling of the flow of the fiber susp@nsin a rotating annular vertical channel, epwks
the flow velocity components were obtained for theee planes. The velocity profile of the fiber
suspension in the accelerating unit is shown inifeic.

Resistance forcEsacts on the suspension in the flow on the suspensibich is proportional to
the velocity of the transverse displacement

F, = 2--mBf, (14)

W(r) =

wherem - fiber weight, kg;l - fiber length, m; d, - fiber diameter, my = % - transverse

coordinate of fiber at the center of gravity of siam; B, - resistance coefficient of the fiber side
surface in a rotating flow is determined by formj4a

_ amTp
Bs = LIn (7,4Re)’ (15)
hereRe- Reynolds number is defined by the formula:
Re = %2 (16)

u
where(v) - absolute velocity suspension flow in m /' s, vihéan be defined as:
() = Ju2(r) + v2(r) + w2(r). 17
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Figure 3. Epures of the velocity of the fiber suspensiothim booster unit disintegrator.

Due to the low concentration of fibers in the lidphase, slidably individual fibers as they move in
the longitudinal direction (along the axis OZ) arglected. Let us assume that in this directioy the
are moving with the speed equal to the absolute Wielocity determined from equation (17). Then the
basic equation of the dynamics of fibers movemerst iadial direction, which takes into account only
the centrifugal force of inertia and resistancéhefmedium, can be written as:

d?r (§F: dr
m-m—mT—ZBSE. 8§1
HereU, - centrifugal speed of fiber m/ s, determined as:
U = wsr, (29)

wherewg - the angular velocity of rotation oriented fibémghe annular space, rad frs; arbitrary
radius of gyration of the fiber in the annular chelnp m.
Using (18) and expression (19), while reducing (B}he mass fibers, let us obtain:

2
% = w?r — 2B %. (20)
Analytical solution (20) has the form:
r=e't, (21)
Substituting (21) into (20), one gets:
yZe’t + 2ye¥t — wZe¥t = 0. (22)
An algebraic solution of equation (22) will be reaimbers:
Y12 = —Bs £/ BZ + w?. 123
The general solution of equation (22) will be praed as the following distribution:
r(t) = Cie?* + Cyet. (24)
whereC; , - integration constants determined from initiahditions:
t=0; r=Ty; ar _ 0.

dt

{C1V1 +Cy2 =0,
C]_ + Cz =T10-
Substituting (26) to (28) defines constant intagratonstants:

Thus, from (24) with initial conditions:
(25)
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( _n BS+ Bz+ws
Bz+w5
<C ro Bs— /Bz+ws (20)
, =

2

/Bz+(us
Based on the analytical studies from (18) to (2&),us obtain an equation for determining the
radial velocity of the fiber suspensions in a rioflow at any radius of the annular channel:
Vy = y1Cre¥1t + y,Ce2t, (27)
After substituting all components of the equatior§30), let us finally get:

vo="0l s _ [p2 1 w2y BB H @ <_BWBSZ+“’§)t_
%4 (S S ws) 2 2 e
v B + w;

2 2
(B + —Bz+ws) Bs+ |B2+w? < Bs+ /Bs+ws)t . (28)
Bz+w5

The obtained expression for the radial velocitytted fibers in the liquid phase determines the
relationship between the kinematic characteristtsuspensions, and structural and technological
parameters of the accelerating unit. Due to inéngaRe of the velocity of the two-phase flow and
fibers in the radial direction, the turbulent migiis observed due to expression (15) for redudieg t
coefficient of resistanci; of fiber in a rotating flow.

On the basis of the structural features of the lacaing unit and considering equation (9) for the
movement of a viscous fluid in a vertical annuldrarnel, one can write an expression for
determination of the fluid flow rate:

_ (PP | 4 4y _ TE-TE
Qy = " aun, (ry —11) ln(r—z)]' (29)
1
The average rate of suspension in the pipe ofnhalar cross-section is equal to:
17 = _170, (30)

wherev, - maximum speed in the middle section of the aamethannel, m/s.
Then taking into account (30), expression (29) ¢ake form:

Qy [(rz —riy -2 e “)] (31)
T1

Because the values of andr, are of the same order and differ slightly from reather by
influence of centrifugal force, the suspension nmeet in the vertical pipe of the accelerating usit
neglected. To determine the speed and consumatadenpters of the movement of two-phase flow in
the accelerating unit at the section of the toreédiéptic pipes, it is necessary to consider that:

Qy =2 n,0,, (32)
where Q,, - suspension flow rate at the vertical annulattisec kg/s;n, - number of toroidal-
elliptical pipes, piecesy, - suspension flow rate through the toroidal-eltipipe, kg/s.

With a probable method in [5], [6], [7] for detemiig velocityv, let us select the equation and
factors in this solution so as to satisfy the baugiatondition at the pipe wal.= 0. Let us direct axes
Y and Z along the principal normal axes of the sresction of the toroidal-elliptic tube (Figure 3),
and obtain a solution in the form:

v =AY? + BZ? + v,, 33j
whered4 andB - geometric coefficients.
Expression (36) satisfies the equation:
24+ 2B = —% (34)

On the inner surface of the toroidal-elliptic pipes O; then:
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AY?2 +BZ? + v, = 0. 5§3
Let us reduce (35) to the equation of the elliptazass-section pipe:
vz 72
=t 1=0. (36)
Then the coefficients can be represented and eaftlibs:
A=-2; B==-2" (37-38)

Solving consistently equations (36-38), let us wbéa expression for determining the flow rate of

the viscous fluid in the pipe axis of the ellipticaoss section:
PZ—P]_ a2b2

Y0 = Spou (@2eb?)’ (39)
Thus, expression (39) on the basis of (36) takes:fo
vz z2
U=UO’(1—;—E). 140

Analyzing (43), one can argue that there is ane@m®e in geometric parameters a and b of the
elliptic cross section of the accelerating unitgspspeed of the undispersed fiber suspension by
centrifugal force, and therefore it can be argugdH{at the pressure of the suspension increases to

Now let us determine the flow rate of suspensiagonubh the pipe of the elliptical cross-section.

The surfaces on which speed v is constant - edfibtiylinders:
Y2 z?

atpeE=h (41)
Half-axes are determined by the formulas:
a?=a?=;  p?=p2T— (42)
0 0

Consequently, the fiber suspension flow rate thihooge pipe of an elliptic cross section is
determined from the expression:

Q,=pfv-ds=—p== ) vdv. (43)
0
After integrating (43), one can finally obtain:

Q, =2, (44)

Expression (44) is a particular case for the catouh of the flow rate of the toroidal-elliptic @p
and is obtained by integrating the equations ofionodf the suspension inside the accelerating unit
disintegrator [8-10].

3. Conclusion

Thus, the mathematical model that describes théomof the fiber suspension in the accelerating uni
of the wet grinding disintegrator is obtained. Thedel describes the nature of the suspension of
movement in all areas of the accelerating uniteddmg on its design and technological features.
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