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Summary. The results of the investigations of high-speed conveyor loading with bulk cargo are given. It
is established that directional compressed flow produces dynamic pressure resisting the centrifugal motion of
the load during its rotation and ensures the efficient filling of the screw conveyor operating space. Parameters of
the guiding platform which application provides the feed velocity flow corresponding to the axial velocity of
cargo transportation by the screw conveyor at the assigned coefficient of its filling is substantiated.
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Statement of the problem. The stability of transport-technological systems for bulk
materials transportation is determined by the reliability and stability of the bunkers operation
[1, 2]. This applies especially screw conveyors (SC), where their fill factor and, relatively,
effectiveness are generated in the loading area and depend on both loading hole parameters
and operating modes of the SC [3, 4]. For high-speed SC, at their bunker loading,
achievement of the fill factor rational values and ensuring the calculated effectiveness is
complicated by the effect of centrifugal forces occurring during the rotation of the screw
operating element. It is possible to reduce the centrifugal forces influence and increase the
screw conveyor fill factor by generating directional flow, which vertical velocity component
resists the centrifugal forces occurring during the screw conveyor rotation and the axial
component corresponds to the speed of the bulk transportation by screw conveyor. Therefore,
the investigation of the processes of high-speed conveyor directional loading resulting in SC
effective loading is important.

Analysis of the available investigation results. To provide the given coefficient of
high-speed SC filling the forced loading systems, particularly, feeders of various types are
used [1, 4]. However, their application significantly increases the cost of bulk transportation
and can be suggested for vertical screw conveyors loading. For horizontal screw conveyors
loading it is efficient to use gravity loading systems where the bulk after exiting from the
bunker acquires certain kinematic energy [3, 4, 5, 7]. At the direct bulk drop, the increase of
particles velocity height wise the flow causes its dilution preventing the effective high-speed
SC loading [5, 6, 7, 8].

The objective of the paper is to provide bunker loading of high-speed SCs by
generating directional compressed flow of the bulk cargo with high kinetic energy of the flow
in order to resist the centrifugal forces from the SC rotating operating element complicating
their filling with bulk cargo.

Statement of the problem. Such compression can be reached by application of
inclined guiding platforms installed in the flow path [9]. Moreover, the use of guiding
platforms makes it possible to coordinate the horizontal component of the SC filling velocity
with the axial speed of cargo transportation.

Let us consider the bulk cargo outflow from the bunker with the implementation of
compressed directional flow, Fig. 1. We choose coordinate system Oy in such a way that the
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axis Oy is directed horizontally towards the directional outflow, the axis Oz — upward
vertically, and the origin of coordinates O is placed at the beginning of the outflow hole outlet
at point A, Fig. 2.
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Figure 1. Implementation of directional Figure 2. Diagram for calculation of the of
compressed flow compressed flow implementation using

guiding platform

Then the coordinates of the outlet edges are A (0;0) and A, (b;0), where b is the outlet
length.
Let us assume that at the point A, the initial velocity of the exiting from the bunker is

If we accept the linear distribution of velocities along the hole length, then the velocity
change of the bulk cargo outlet is expressed by dependence

Voo (Y) :V201+(VZO2 _Vzol)’ y/b. (1)

The part of the cargo, which at the moment of intersection of the discharge hole ( A A,)
of the bunker has the acceleration speed v,; resulting in its velocity change in time according
to the dependence

Vi) =v,e +0t, (2)
where g — is gravitational acceleration.

The equation of the guiding platform for cargo direction towards its feed by conveyor
in the coordinate system yOz is as follows

2(y)=-h,—(H-h)-ytga=—(h, +ytge, ), 3)
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where hand h, —is the smallest and largest distance from the bunker hole to the edges of the
guiding platform; «,, is the inclination angle of the guiding platform, tgea, = (h, —h,)/b.
The finite collision velocity of i-th particle v,;(y)with coordinate vy falling to the

guiding platform is assigned by its drop height and determined from the condition of kinetic
and potential energy equality

va(y) = v +29-hi(y) . (@)

Thus, the distribution of particle velocities along the guiding platform, which we
denote as B,B,, is described by the dependence

ve(y )= i) +29(h +y tga,). 5)

From the known dependence h=wv,t+gt>/2, we determine the particle flight time
from the discharge hole A A, to the guiding platform B,B,

= (\/ Voo +20h = v )/g- (6)

Let us consider the impact of the separated particle in the flow with directional area.
Since at free falling the flow of particles is diluted, the flow density decreases and at the
initial moment the first particles contact with the surface separately, and the following ones
fall onto particles sliding along the guiding platform as continuous flow.

For the case of the flow dropping to the horizontal platform, Fig. 3, the condition of
momentum conservation for separated particles is

Mg, —Mvg_ =F -At, (7
where vg;_ and vy; are vectors of the particle velocity before and after its contact with the
platform; F. is average impact force; At; is collision time. When the cargo contacts with the
platform without rebound vg;_ =v g, Vg, =V =0.

If drop height is low then the preceding particles in the flow are effected by the
following ones and we consider that there is continuous impact contact of the flow with
platform.

Let us distinguish the cargo volume dV with the elementary mass dm and bulk
density p,

The elementary cargo volume dV with height dh=dz=v,;(y)-dt, having mass
dm=p, dV =pdS-dz, where pp is the bulk density of the diluted stream passes through

the normal line to the flow the platform A, with the area d S = xd y during time dt.
The bulk densities of the compressed and diluted cargo are connected by dependence.

PrViB (y! Z) = Povz0 (y) (9)

ISSN 2522-4433. Bicrux THTY, N2 3 (91), 2018 .. cveeeeee oo e oo e et eee e et e e e e e e et e e e e eee e e 9D



Directed loading of the high-speed screw conveyor from the bunker

Hence, taking into account (8), the dependence for determining the cargo bulk flow
through the platform area A contacting with the guiding platform is

dQ,, =dm/dt = ppv,5(X,y)dS (10)
For the flow case, equation (7) becomes
ve(y)dm=dF,(y)-dt. (11)
From the general solution of (10) and (11) and taking into account (9) we get
dFy = pev,e(Y) - ve(y)dS. (11)

Considering (1) and (5), the normal stresses causing the cargo flow to the horizontal
platform, located from the bunker hole at a distance h = h, =h,, from which the bulk cargo

flows at a speed v, , are

o5 (Y) =Py Vo (VVE(Y) +2gh . (12)

Thus, for v,,(y) =v,, = const the impact force on the horizontal platform is

F.=poQ /v +2gh, (13)

where Q is volume flow, Q=dV /dt=v,,S .

Let us consider the flow particles collision from the inclined guiding platform B,B,
(Fig. 2, Fig. 4).

dz 7 \ ‘ lv'r_v.
dz 'x : J VV;] \ Vlt(xa},) O / / : ‘ Vi
RN A W v,

Figure 3. Diagram for stress determination during the Figure 4. Diagram for determination of stresses
cargo drop to horizontal platform and velocities during the cargo drop to inclined
directional platform

The condition of the momentum conservation for the elementary massdm during the
contact interaction is

dm[Vg_(y)— Vg, (y)]=dF, -dt=(dF, +dF, )dt, (14)
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where dF, and dF, are relatively normal and tangential force components from the impact
interaction of the mass dm with the platform. Suppose the instantaneous friction coefficient
isequal x,.Then dF, = dF,.

Let us assume that there is no bounce of particles from the guiding surface under
conditions of continuous flow. Therefore

Vig, =Vg, -COS@ - |; Vg, =—Vg, -sina-k .

The projections of the normal and tangential components of the impact force on the
coordinate axis yOz are dF, =dF, -sina, dF, =dF -cosa; dF, =-u, dF, -cosa;

dF, =pu,dF,sina.

Thus, the vector equation of momentum conservation (14) in case of decomposition
into the coordinate axis will is as follows

DY :(-vg, cosa)-dm = (d Fosina —u, dF, COS“)‘dt : (15)

> Z:(vg, sina+vg_)-dm =(dF, cosa + 1, d Fy sin a)-dt.
From the system (15) we get

dF,-=vg_cosadm/dt. (16)

The elementary flow mass with the height dz dropping to the inclined platform
dS; =dS/cosea isdm=p,dz-dS; -cose .

Thus, during the interaction of the cargo incident flow from the guiding platform
inclined at angle a, the normal stresses on it equal

s (¥) = PoVyoVas 1 €0S° @ = poV,0|Vig (V) +29(hy + ytga) /cos® a. (17)

The impact strength on the inclined platform at v,,(y) =v,, =const is

b
Fo = poQ [[\v2 +20(h;+ytga) dyl/(beosa). (18)
0

The particles velocity distribution after impact contact with the inclined platform is

Vo (y) = VA () +2g(hy + ytg @) - (sin & — p1, coser). (19)

Let us assume that the selected element of the flow with mass dmand width dy,

starts its movement from the limiting point B, of the inclined platform with the coordinate
y=0.
Its initial velocity is

v, (0)=/vZ, +2gh, - (sina — u, cosa). (20)
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When moving along the inclined platform the selected element gains acceleration and
its travelling speed at free slipping movement is determined from the energy conservation
condition

(21)

2 2
Vo —V .
dm[ ny "1J=Ah~gdm—w=Y'g(tga_ﬂn)dm'
2 cosa

Thus, the law of cargo velocity change with the initial coordinate y. along the
inclined platform is, Fig. 5,

Vn(yc) = an\/1+ 2knycg(tga — My )/Vrfl ! (22)

where k., is the coefficient, taking into account the effect of constant cargo refilling when it

moves along the inclined guiding platform k, =0,6-0,7 .

Dependences of the cargo feed velocity to the conveyor and its horizontal component,
depending on the guiding platform inclination are shown in Fig. 6.
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Figure 5. Diagram of velocity distribution during
the particles drop on the guiding platform: v, (y) -

before the contact with the platform; Vyp (YY) —
after the contact; v (y) — cargo velocity change
with the initial coordinate y = o along
the platform, inclined at angle « = 50°

Figure 6. Dependence of the flow velocity change
at the outlet from the guiding platform v_(b) = v11(a)

and its horizontal component v, (b) = vy(a) from

the angle of the platform mounting ¢ = a (degrees)
at v, =0,2m/s, ;=05

The limitation of the guiding platform mounting angle follows from dependence (22).
The value of the angle a, in which the horizontal velocity component at the outlet from

the platform v, (b) =v,(n)-cosa, = maxis maximum and is determined by the condition

dv,, /da =0 or in expanded form

dfyv2 + g(hy +2ytga)(sina — u, cosa)} .

(18)

da
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Conclusions. The use of guiding platforms for compression of the cargo drop from the

bunker and its direction to the conveyer loading zone providing increase in the loading rate of
high-speed screw conveyors and correlation of cargo feed velocity with its transportation
velocity is substantiated in this paper.

The dependence of the dynamic pressure on the guiding platform on the outflow rate

from the bunker outlet hole and the cargo drop height is determined, control of the cargo feed
parameters to the conveyer operating area by the angle the guiding platform inclination
depending on the cargo rheological properties is substantiated.

The investigation results form the basis for engineering calculation of the high-speed

screw conveyors bunker loading using the directional cargo feed systems.
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HAITPAMJUIEHE 3ABAHTAKEHHSA HIBUIAKOXITHUX 'BUHTOBUX
KOHBECEPIB 3 bYHKEPA

Poman Poraruncekmii; Tapac Iesemok; Osiena Poratuncbka;
ITaBJjo JlechbKiB

Teproninbcokutl HayioHalbHULU MexXHIYHUU yHigepcumem imeni leana Ilynios,
Tepnonins, Ykpaina

Peziome. Posensanymo OynkepHe 3a8aHMANCEHHA WBUOKOXIOHUX 2OPUBOHMATLHUX MA  NONO2UX
28UHMOBUX KOHBEEPIB CUNKUM 8AHMAICEM, 8 AKUX, YHACAIOOK Oii 6I0YeHmposux cul 8i0 0b6epmants 28UHM0O8020
P00O0Y020 Opeany ma po3piOACeHHs: NOMOKY NpU U020 BLIbHOMY NAOIHHI, 3MEHULYEMbCA KOepiyieHm 3an06HeHH s
ma npooyKmuseHicms Komeecpa. 3 Memoio ix niosuwenus 3anponoHOSaHO pPO3PIOHCEHUN NOMIK 6AHMANCY
VWINbHIO8AMU NOXUNIOI0 HANPAGIAIOUOI0 NAOWAOKOI Ma nooagamu to2o 6 30Hy 3a6aAHMAdCEHH s 31 WGUOKICIIO
nooaui, wo y3200J4CceHa 3i WBUOKICMIO MPAHCROPMYBAHHA GAHMAIICY 26UHMOBUM KOHBEEPOM. I3 ymMosu
36epedcents IMIYIbCY NOMOKY 8AHMANCY BUSHAYAEMO MUCK A CUNLY, AKI Oilomb HA HANPAMHY HAOWAOKY, Ma
PO3n00IN WeuoKocmeli NOMoOKy No Niowaoyi 3a1exdcHo 8i0 NPoOYKMUEHOCMI KOHBeEpd, ucomu ma Kyma
8CTMANOBNIEHHs Naowaoku. Bemanoeneno, wo cuna yoapy eanmasicy 00 noxunoi HanpsamMHoi naowaoku npamo
NPONOPYItIHA MACO8Ill 8UMpPAmMi 8AHMANCY, WEUOKOCMI 1020 3IMKHEHHA 3 MNIOWAOKOK ma O0OepHeHO
NPONOpYitiHa KOCunycy Kyma ii ecmanoenenns. Busnaueno payionanvhe 3HaA4eHHs Kyma 6CMAHOGIEHHS
RAOWAOKYU 3ANENCHO BI0 KOeiyicHma 306HIUHbO20 Mepms 6aHMAdCy 00 NOBEPXHI NIOWAOKU, NPU AKOMY
20PUBOHMANLHA CKAA008A WBUOKOCI 1020 CX00JICeHHs 3 NIOWAOKU makcumanvha. Ilokazano, wo 63acmHum
Ppo3miuyeHHAM OyHKepa ma HANpAMHOI NIOWAOKU MOJICHA pe2ylioeamu KiHeMamudni napamempu nomoky ma
1320001CYy8amMU WBUOKICMb NOOAY] BAHMAICY 31 WBUOKICMIO 1020 MPAHCNOPMYBAHHS UBUOKOXIOHUM 28UHMOBUM
KOHBEEPOM | MUM CAMUM HIgenr08amu Oio 8i0YeHmposux cul 8i0 obepmanns 2eunma. Pezynioemamu oocnidocens
3aK1A0AIOMb  OCHOBY — OSl  [HIICEHEPHO20 — DO3PAXYHKY — KEpOBAHO20  OYHKEPHO20 — 3A8AHMANCEHHS]
BUCOKOEDEKMUGHUX UBUOKOXIOHUX 2BUHMOBUX KOHBEEPIB 3 MAIOI0 eHep20- Ma MAMEPIANI0EMHICMIO.

Knrouoei cnosa: cunxkuii sanmagic, OyHKep, 28UHMOGI KOHBEEPU, HABAHMAICEHHS, CHPAMOBAHU NOMIK.
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