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Summary. The matheratical model of the lydiodynanic fald of vortical moton of honogerneons and cortizma-
o1s medmm has been developed, and the dymanues of heavy and easy parhicles of senunal teclmoloziral mass
i the certrifizal field of kyrdw-prewmatic separator has been deternured.
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INTRODUOCTION

Lt present, the industry of production of seed of wvegetable and gonrd cultures in Ukraine is
one of the least mechanized and raost labowr corsuraing . The problern of lack of ecquipement, which
exists in the industry of mechanization of processes of obtaining the seeds needs the solufion by
means of creation of new highly productive nachines for the econornies of different formns of
manazement (specialized seed producing enterprises, industrial producers of vegetable and gourd
products as well as swmall farmer econories).

The developrrent of technological equiprment for the mechardzed process of obtairing the
seeds of vegetable and gourd culhwes includes deep analytical research of all the processes which
take place it a roachine, in order to make a correct choice ofite technological paratve ters, construe-
tion and working organs.

The roajority of existent technological lines and equipenent used at present lose the substantial
arnount of szed and technological serninal mass which canbe utilized after the completion of tech-
nological process. The problem of processing the fechnological mass is wgent enoughy taking into
account the increase of econorde efficiency of the process of obtaining the seeds of wegetable and
gourd cultures, the losses reacking 20%% [1] of the amount of all the selected seed. One of the ele-
e nts of solution of this problem is the ne cessity of theoretical grounding of the pocess of obtairarg
the zeeds of melon and cucurrber with the parpose of corfirrmation of theoretical pre-corditions.



3a Sergiy Pastashenko, Mykola Ogivenko, Eaminners Dreszer

ORBRIECTE AND PROBLELS

The choice of & sepmrator for the technological line of obtaining and processing the seeds
depends on the plosical, mechanical, size and mass properties of both garden-stufts and ground
serninal mass with seeds.

Conducting of analytical and theoretical research on literary sources [1, 3] made it posable
to define the basic methods of separa tion (hodranlic, pre wmatie, mec hardeal, corrbired) that provide
the efficient extraction of seeds from vegeable and gowrd culhires.

Each of these methods of separation has its advantages and disacheantages. But the quality
of the obtaimed seed will mainly depend on the accordavce of the selected method of separation
of the ground mwass with the biological featares of cultore. The machine [J] offered by the authors
for ohtairing the seeds and the processing of technological mass of wegetable, melon and gourds
cultures will realize the corabined method of separation combining two methods: hydranlic and
prearnatic (Fig 1), that allows to achiewe a high degree of clearning melon and cumumber szeds in
the coraposition of a technological line. Examining the hydraulic method of separation of freshly
extracted seed, it is possible to notice that the hard particles of the seminal technological mass, being
in the strearn of liguid that is resolved ina chamber, are subjected to the actions of centrifugal foree.
Thus, the particles of a greater volurne mass (standard seed as a mle) are caried to periphery, and
the particles of less volwrne mass (particles of peel, pulp non-standard seeds and other melnsions)
rige and o out through the weathering opening as wastes. & prearnatic wethod provides intensnee
friction of lavers of liguid due to batbotatior, which enables to wash out ranens and jellyelike filin
and guarantes the best cleaning of seed of vege table and gourds cultures (rmelon and cacurber) in
a hyrdro-prenrnatic separator.

The construction of the separator with the circuitous supply of water is more rational in
cornparison with the existing ones fiom the point of view of technical and econornic approackss
to its estirnation.

In spite of the simplicityof the construction, the matheratical model of workof the separator
iz complicated enoughy, there fore we will conduct the analyhical reszarch in two stages. On the fivst
stage, we will determine the homdvodymarnie field ofvortical motion of horaogeneons and continnons
toe dinrn with sotne density, and on the second one, the actoal dynarnics of heavar (standard seed)
and eagy particles (pulp, ernply seed and other inclusions) in the centrifugal field of ligud. For
the deterrniration of optiranrn stactural parareters of the s parator, it is necessary to explore the
process of work of the separator depending on the ot of water supply and pre ssure, circle rate
of movvement of strear and speed of weathering of liguid rediom.

Fi. 1. Hrdro-prenmahe separator:
Bodyr of sepatator;, 2. Waterwrith particles of frat, seed ate.; 3. Seed; 4. Tubes for water supply,
5. Weathering fimnrel;, &, Was tes,
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The research on the processes which take place in a machine with the ciremitous supply of
water are described in the works of marey seientists [4, 5, 6], In the cylinder systerm of coordinates,
the raoton of such medinm in & general view 1z descrbed by the syetern of the Mavier-Stocks
equations [4]. Howewer, the research on wertical hydrodymaraics in a wiscid liguid with serodnal
technological mass has not been done wet.

RESULTE OF RESEARCH

O the first stage, a liguid medinn with different inclusions iz considered hormogeneons,
viseid and incompressible one. It iz known that the motion of such medinn in a general view is
describied byrthe systemm of the Havier-5 tocks equations, whichin the evlinder syetern of coordinate s
(¥, z, ¢ looks like:
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where: & ¥ w - accordingly radial, circuitons and axial speeds; v - kinernatics viscidity,
p - density of liguid, Fr, Fg, F - projections of mass forces on the axis of coordinates; # - tire;
¥ - pressue,

The systern of equations of motion (1) should be added by the equation of indissoldblity for
e ompressible liguid:

w 1
+?+;—+—— 0. (2

We break upall region of motion of liguid medinn in teo parts: below the feed pipes and
dhoree the feed pipes. Ina lower regior, the rmotion of logwid changes along the axis of z and at z=0,
we consider that the medinn is at rest. Inan overhead region, we consider that the redinrn raomes
with identical axial speed along the coordinate =.

First of all, we consider the motion of liguid in a lower region. Tne to the penmanent mode

of wotion of rmass the tirme derivatives are equal to zem(% D] Taking into account the avial and

syrnane frical character of construction of the hodro-prenrnatic separator, we consider that the dertva-
tives on the coordinate (the angle) ¢ are equal fo zero. The mass forces are also equal to zero, ths
Fr = Fp= Fe=10 Further, due to a lowalue, we ignore the axial and radial motion of liguid. &z
a regult of the accepted assumptions the system of equations (1), () will look like:
v lav v av
—t—— St & 3
at ra ¥ 8t =
where: r - radial coordinate (R =r=R;
2 - axial upward coordinate, on which the point 0 is located in the certer of the
circle (hottorns of the separator) (D=z=H).
Equation (3) - should be followed by mazitonn termns:
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Vo, ® (4)
M, © (5)
Ml o (6)
Ve F¥) (N

where: f{¥) - certain fimeion of radins »
We azarch the solution of eguation (3) b the method of drvision of wariables, considering:

Fir.z) ¥ {z). (%)

Putting (2) in to equation (3) and diading the variable s we will get:
a*rq{rj+1arq{r] T ] 1 Rz 1

it g
a roa PR & W ®
where A —a constantvalue.
Lufter the traveforenations of egquation (9) we will get:
B r]  18F]F) . 1
+= +F{r]| i | T 10
at oy A Al ][ r*} (1o

Lecording to [5] the solution of eguation (100 looks like:
Firh= CJ i) + G T (A, {11
where I (AF), F(A) - the Bessel's functions,

i, G, - permarent inte grations.
If we acceypt that Ry =0, then frowm (11} it follows that & =0, As s result, from a matirn

cordition (30 we have:

FAR) = C(AR) = 0, (12)
Butas C #0,
__,r||:§":| = I:I: {13}

where: £, - zeros of funetion J(Z 0, £, = AR,
Further, detertniving &, we will use the approximation to £= 1 [6, 7]:

-ﬁ{ﬁlzé-m(rﬁ %EJ (14)

Then, according to (137 we get, that

cod| £ Erz i and £ 3x Z 4 mn |, from whick we find:
2 " 3
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E %{H an), n 12,
Congecue ntly,
2, o 1van) (15)
£ 4K
Taking into corside ration the obtained results (149, (15 with (100 we will get:
F";{J-] C‘hhﬂ{_ﬁhr], (18]

where C, -constant walue.
Further, with (2) we have:

AW ) o i1

¥

x—F

The salution of borderline task (17 looks like:
sh[A,z]

v
212) A AA] (1E)
where sh[dz] - function of hoperbolical sine .
Surrning up all the specific solutions we have Fir, 23 =1, 09,00,
where I, (r) 1z (16), and I, () 12 (18).
Conseque ntly, the solution of borderline fask (3 — (7} will look like:
u Al
g 3e.0) i) n”]sﬁ{ﬂ ) (19)

For obtaining the approximate wvalue of wortical Ao we will be liraited in (19) by one met-
ber of the row and adopt n=1I:
sh 3z z
3y AR,

F‘:{J’,ZJ Cu_' L[ZE]SE{S—I]H-
Atz =H with (19} we have:

vina) S0 Te) i)

O the other hand, according to [6], every continuous function that has the continons first
and second dematiees and fulfills the maxioum conditions of task Chere to terra () and (3)) can
be arranged in a vow that evenly meets:

500 Shoa{ag)

{200

b - a constant walue here
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We consider that in our case:

Flri=g 2{ar) (21)

Equating the charges of licguid (water) from two tubes and according to (21, we will find the
arnount of water supply O

Qr2Z

{fj Fa
el EE [ 2 (), (22
L]
where: & - conditional thickress of the fat flooded strearn in a dim sheam,
I, - speed of streamw flowing from a tube, d - distneter of tbe.
From (220 we hase:

a0 Smd®

i ¥, .
' "ERF

- (23)
a5 [ J {ar)dr

For the field of circuitons speed in a separator now we get the following presentation:
& ﬁffiﬂ
7{2) mifgﬂtfrJ % @49
% & sﬁr[s—ﬂ- H J
A&,

e

We consider that
16RF

=1, then (24) looks like

Flzr]= F';J'L[——J—. (25)
4 R, Sj{ S HJ
In Fig. 2 and Fig. 3 the dependernce is represented as:
£ 5_}1'2
¥{zr) AR,
S Sm '
I
' ‘[z-cJ Sﬁ[cmﬂ HJ
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The maitnurn cireular speed of strearn is ackieved at z=0 and R}{
V, mis

1T

o4

B2

Fiz. 2. Depardence of cirmlar speed on the radms of capacity of hydvo-pnaimatio
sepatator at a differert arnort ofwrater sapply

r
N

Fig. 5. Dependence of ciroular speed onthe capacity of hypdio-preamatic sepatator
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The szed of e lon can be approxitnatel we xamined as triavial ellipecid (Fig. 4) with serisres:

Fice 4. Chatt of seed of melon

We accept a2, 11dmm; £ . 55w 2, L6k then the volume of ellipsoid is
ecual o

4
V.. E;z-am-ﬁm-cmmus}m* 425 8m° (26)

Radins of medinm egquialent on volame:

Y A b sm]f"‘g 4,68 ki = 1,466 5m, (27
Ilass of pip (ecquralent rmedinm):
moep W (2a)

where o, - density [m_ =06 g].

Desveloping the mathernatical model of pip dymaraes forther we will examine the dymarmdes
of the ball equivalent to it. The ball, being in hydro cyclone, will take part in two motions: falling
and radial moving. Falling of the ball was explored in detail earlier [4, 6]. The radial motion will
be cansed by centrifiugal foree:

'F,ri
=
¥

4
£ E"”u{.ﬁ'.: F'a] {25

where Fis circuitous speed of stearn of Houid media; o - iz density of Lguid; » iz radial

coordinate of the ball.
Lt relative raotion in a lipoid the ball experiences the resistance:

adr
£ ogxfr—. 20
s ST (30)
The equation of motion of ball in radial direction looks like:

4 g% 4 e i
gfrrf{p: pJF ;rrf{pc Fﬁ]T Sz o (31)
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Exawiring the perrnanent mofion, we get:
¥
¥

dr 4
bzvnp— TR A A (32)

Dirviding the wariahles in(32), we will write down:

rdr 24! I( B F dt (33)
FHF 9 vl g '
Integrating (33}, we will ind the time of radial waw

ﬁ[ £ JT b (34)
2*’02 e Ay "'2{1']

The tirne must be equal to the tiree of ball falling to the bottorn of the plant.

We will mark that in (34) the circuitous speed depends not ordy on a radial coordinate bt
alao on z, therefore, an approximate estirnation of tiree of the radial way includes sorae rean value
of speed on a height (the depth).

Lot this tirne the particles of peel must ererge to the free swrface of liguid in the separator and
get to the weathering furme]l. Howewer, this proce ss goes faster, as the growth of bubbles and radial
motion of weatherivg ¢helpes the flowing. For determination of the parameters of weathering, the
chart of weathering of liguid wedin over the edge of the funnel 1o presented in Fig. 5.

The basic paratreters of the perrnane nt motion of weathering ave the height of raising of liguid
dhoree the edge of the furmel (k) and the speed of motion of medinra (u,). The analytical solution of
this task iz not available et [7]. Therefore, we will apply the approximate solution.

We will write dowr the equality (e quationg of the liguid expenses by finding &) and chages
of weathering owver the edge of furmel O

G m{ R R owil, 2w, (35)

where: Wy - 13 average speed of liguid rse.

5
L
S Cr T q[

TTT T T I T T T, g o]
wa R";\

- Fiz. 5. Chart of weathering of

1 ez liquid cver the edge of farmel:
1 -arall of tank of hydve- pren mabe

L. ) separator, 2 - fimmel, 5 - hqmuid

Cormraon decision (35) at {4 = {, ghves a correlation:

wo{ &' RP| 2P, (36)

For the athitrary coordinate v we will get the expression for radial speed:

RS r (37)

w{r] 1w,
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We will find the kinetic eneigy of radial motion of Houid in the layer b

5 wp bt R .
K ;rpgfrj'm*{r]dr ﬁ J’r{Rf r*] & (38
i & &7 &
Caleulating the integral in (32), we get:
ﬂ' 2 2 2
E kR Rt (32
The potential enegy of the layer of liguid abosee the level of furmel
E_ﬂ
Pomp (R R 5 (40
The s of kinetic and potential energies:
E &+P Zpfr? Rf]-[gfr2+%ﬁvf} (41
We will find the height of raising of liqgmd shove the edge of the funnel:
h 1 (42)
2o W,

where g, m-% g @

With (41) we will find:

“ & ..
Efu) ﬂ[hmﬁj], )

where A ﬂ&#
2wy LR

Inaccordance with the principle of acbdeve rent of raindrorn of ene gy Flug), we will find the
value of u, from the condition of )

12 ]

w | 2hg a1
s -

Ther, for the height of the layer we will get from expression (420
2
y hel G (45)
2aRow, |\ 2ATR e

hecepting 0, = 0,510 7/ g= 9,81/ R =0,05m,

&, The equation for the weathering speed of weathering

g:*:‘n,svf%2 R =005 by we geth= 5,5 00 T 5,5 ke, w, = 0,46 %
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CONCLUSIONE

The size of the cerntrifugal circnlar speed depends on the araount of water supply throngh the
spravers. With the increase of water supply frorm 2...10 Vrin, the circular rate of the moverent of
strear grows from 0,1 to 0,7 mis, which enables to accelerate the process of washing the seeds of
vegetable and gourds culhares (roelon and cusuriber) in a hordro-poe wroatic separator from roue us,
prlp and other inclusions.

bz a result of research and mathematical treatinent of results of the model of cireular motion
of ligmid, it was determmined at what arnount of water sopgply (0 = 5. Elimin ) the most effec tre rate
of morverment of Hguwid reediow (V =03, 0,6 rfz) is achieved.

The process of weathering of lyguid cormpound medintn (rrixtore of water, seed, juice, par
ticles of peel and pulp) cver the edge of furme] has been considered, that rate it possible to define
the caleulation height of raising of liquid aherve the edge of fanmel b = 5,510 m = 5,5m and the
speed of motion of medinm w, = 0, 46%%  The obtained values of parareters of b, 1, correspond
to those chserved at the work of the plant and provide for the remmoseal of wastes after the hyrdro-
premrnatic s paration of seed.
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MATEMATYCZNE OPRACOWANIE HYDRODY NAMIKI OD3RODKOWET
HYDRO-PHEUMATY CENEGO SEPARATORA

Streszemnde; Cpracosr o rode] matermatyeony oczysmozanial separadi nas ion Ay prEy pomocy sepatatora
hydranliceno-pnaamatyemeso . Metoda pomarala cdd=elid flakae czptek ciglach od lekkichw nasiomach,
wkorzys by ae s e odirodkoars,

Siowa Khwrowe: sita odérodlkosra, hdroprenmatyesny separator, chob ka nasion, warnarie Mavier5Stocksa



