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Abstract

The mathematical model for the process of oily raw materials pressing with single-screw oil press has been developed, which makes it
possible to calculate the main design parameters of an oil press for extracting oil from oil crop seeds.

This model of pressing describes the process of moving meal in the pressure zone and expression of oil in the pressing cage of the screw
press, taking into account the following assumptions: porous skeleton and oil have the same density, they have no chemical interaction, the
process of oil filtration occurs under isothermal conditions with laminar conditions of motion.

The developed mathematical model corresponds to physical meaning of the occurring phenomena and can be used to analyze the work of

active presses, and at the design stage.
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1. Introduction

The expression process for many years have been the main process
of the press method for the production of vegetable oils. Today de-
spite the widespread implementation of the extraction method, it
plays an important role in the technical development of fat and oil
industry.

The current works on the expression process can be briefly summa-
rized as follows: A lot of attention was paid to the problems con-
nected with the pressure developing during expression. Thus, theo-
retical equations for the distribution of pressures in screw presses
were proposed by N.D. Alekseev, V.A. Maslikov and D.M. Rub.
Experimental data on the distribution of pressures was obtained by
A.A. Medvedev and G.V. Zarembo and M.R. Shamsutdinov. The
empirical equations connecting the pressure to the output of the oil
(oilseed cake) were proposed. The work of Koo E.S. enabled to
identify an empirical equation that connects oil output with pres-
sure, duration of the expression, oil viscosity, and its content in the
raw material. In the works of V.l. Sokolov, V.V. Dormenko and
N.l. Isaeva the expression process is considered as filtration in a
deformable porous medium [1 3].

The literature data indicates that despite a significant amount of re-
search, there is no complete understanding of oilseeds pressing
mechanisms, and there is no mathematical model that describes the
process with all parameters taken into account. This situation slows
down the use of the improved methods, and also restrains the use of
new promising methods and development of the effective equip-
ment that would intensify all stages of a rational, resource saving
technological process [4], [5].

The development of suitable technologies for the processing of ag-
ricultural products requires complete knowledge of biomaterial
technical properties. We have the following engineering properties
of melon seeds of three species: C. edulis, C. vulgaris and C. lanatus
were researched [6]

The degree of seeds humidity during shattering affects the effec-
tiveness of shuttering, this process and its mathematical model have
been studied [7].

A comparative analysis of the effect on the output of oil from the
melon seeds, the parameters of the seeds at leaching have been stud-
ied [8].

The kinetics of water absorption by melon seeds have been studied
[9]. The data presented in this article will be useful for the design
of the sorption process and equipment.

2. Object and methods of research

To study the mechanism of heat and mass transfer during the press-
ing of oilcrop seeds (flax, rapeseed, camelina, safflower), a mathe-
matical model of the process was developed (Fig. 1).

Transferring of oil raw materials occurs in pressure zone | of the
screw production with the pressure required for the oil expression
process. Zone Il is a filtration zone, where, under the effect of the
created pressure, oil is separated from meal with the use of pressing
cage lattice.

The processed material can be represented as a two-component sys-
tem of fiber in the form of a porous skeleton and oil that fills its
freespace.

If we assume that the working space in the second zone is com-
pletely filled with raw materials, then as the screw rises pressure,
the skeleton volume decreases, and the volume of oil in the space
outside the skeleton increases by the same amount, which allows us
to consider the entire two-component system as incompressible me-
dium. It is obvious that pressure at the outlet from the injection zone
will determine the amount of "free" oil in raw material, which will
be taken as one of initial parameters in mathematical description of
the filtering process (Fig. 2).
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Due to the complexity of the phenomena occurring during the raw
materials processing in pressing cage zone of the screw presses, an-
alytical approaches for mathematical modeling of oil expression in
a general setting are not applicable [10, 4]. In connection with this,
we make assumptions that greatly simplify formulation of the prob-
lem and allow us to derive the calculated dependencies correspond-
ing to physical essence of the occurring processes.
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Fig. 1: Principle Diagram of the Screw Press: One - Raw Materials Re-
ceiver; two - Screw Shaft; Three - Pressing Cage Lattice; four — Outlet.
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Fig. 2: Effect of Pressure on the Oil Drain Coefficient.

Following [10, 11], we assume that the porous skeleton and oil have
same density, they do not have chemical interaction, and the process
of oil filtration occurs under isothermal conditions.

Since viscosity of the filtering medium is sufficiently large, and di-
mensions of the pores through which mobile phase occurs is small,
and the filtration process is considered to occur under laminar mo-
tion. In this regard, we use Darcy's law to describe the process of
oil expression, considering that inertia effects and viscous forces
can be neglected, as well as an axial component of filtering speed.
In the absence of gravity action for an incompressible fluid, the Dar-
cy's law says [1]:

k dp
Ve(z) = —;'f

)
where v is the velocity of the fluid in a porous medium;

p- dynamic viscosity;

dP(z)/dy is radial pressure gradient;

K - Permeability, which integrally takes into account channels
structure of the processed meal in the entire working volume of the
pressing cage.

Let us unfold a screw channel on the plane in the expression zone
and consider an elementary parallelepiped with thickness dz (fig.3).
If the reference point is located on the screw the shaft as shown in
Fig. 3, the upper wall of the channel is fluid-permeable. Due to the
fact that the drain of the cake through the pressing cage lattice oc-
curs into atmosphere, radial pressure gradient is determined by the
excess pressure P(z) near fixed channel wall and assuming its con-
sistency along the length of the filtered layer is defined as

dp(z
~2=P@)/h @

Fig. 3: Analytical Model of Expression Zone.

Since pressure along the screw shaft in the pressing cage increases,
we adopt for the description the following exponential dependence

P(z) = P;- e?* (3

where Pris pressure on the inlet to the filtration zone, and coefficient
at the exponent is determined through the pressure Pyat the end of
the pressing cage with a length L+

a=In()/Ls @)

The flow of oil entering the elementary parallelepiped through its
left side during the stationary mode of press operation is equal to
m (z) = Vge, - hb - c(z) ©)
where V,,,e -an average speed of oil along the channel section;

h and b - height and width of the channel,;

c(z) - local volume concentration of oil in the peeling.

Flows of the target component directed outward from the consid-
ered elementary volume are equal to:

with filtrate

m¢(z) = Vg(z) - c(z) - b - dz (6)
With meal

m(z + dz) = Vyaye - hb - c(z + dz) )

The flow balance equation for the elementary parallelepiped under
consideration will be:
m(z) = m¢(z) + m(z + dz) (8)

If ¢ (2) is a continuous function, then
c(z+dz) =c(z) + —= dc(z) d )

then taking into account equations (1) and (3), the relation (9) takes
the following form:

d k
Vaaveh G0 = =™ (@) (10)

Separating variables in 10, we obtain a mathematical model of fil-
tering process in the pressing cage:

dc(z) _  kPg
c(z) Hh?Vzaye

- e?%dz (11)

C (0) = Co (12)

Integration of equation (11) with account of the single-valued con-
dition (12), gives the following dependency for the distribution of
"free" oil along the pressing cage:
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K - (13)

P az
Zhva (e )]

Obviously, the final concentration of the target product in the meal
at the outlet from the filtration zone is:

N(z)=C, -exp|:

K‘(Pf 7P|<) (14)
w-h?.v,  -a

cp

N(L,)=¢C, -exp[
With the help of equation (13) it is possible to find concentration of
the filtered oil at any point of the pressing cage by the formula:

k- P
p-h? Viep-a

az

Na (Z):Co' 1- (15)

k-P¢
;phzvch-a

An average integral value of the filtered oil concentration along the
length of the filtration zone:

1
L

Rio — (16)

[ Co(z)-d-z

It is necessary to calculate productivity of the screw press with oil.
Using equation (15), an average value of the filtered oil concentra-
tion according to (16) is:

(17)
- N hW,g-a N K-P N =
No =N, {1-2 J&lo,—>" | &|lo—E R

L,-a H-h* v, -a H-h*V, -a

Where 6 (2:2) js incomplete gamma-function?
According to the flow rate equation, a press capacity for the filtered
oil will be:

c =1, -5, -cr (18)

G, =V, S, -Co 1 \/, — anaverage value of the filtering
speed along the entire length of expression zone, which was deter-
mined by its integral average value.

v, =1
Lf

Substituting equation (1) into (14) after integration, we obtain:

(19)

Tvﬁ(z)-d-z

v _ K@ -P) (20)
° L, -2«-h-a

Using relations (11) and (14) in (12), we obtain the working formula
for calculating productivity of a screw press with oil:

@1)

K-(Pe=P) o | et | K-P . E.
SPUNATLL  DAP C  a ha J  { P
u-h-a Li-a wh' Vv -a wh' -V, -a

If productivity of the press is set to oil, then on the basis of relation
(21) it is possible to verify the value of permeability of oil raw ma-
terials, and then other parameters of the filtration process.
The following initial data were used for the calculations:

e  Diameter of the pressingcage- d = 0,07 m;

e Screwpitch- /7 = 0,025 m;

e Screw channel height- B — 0, cog M;

e  Screw channel width- b = 0, 0248 m;

=

e Length of the expression zone - |_, — 0,1 M.

Let us determine the length of a screw channel in the filtering zone
by formula

I_f :m-l_b (22)

It is necessary to calculate the number m in pressing cage and
the length of the flight screw L,

Since

L, 0,1 (23)
m = =91 _ 4
H 0,025

L= H? +(7d") = [0,025" +(3,14.0,67°) = 0,221M: (24)

Then the magnitude Lf according to (22) is equal to

L, =4-0,221=0,884 M

Then
St=0, 0248-0,884 = 0, 0219 m?

If the screw press has a mass productivity of G = 6,67-10-3 kg/s
according to raw materials, then assuming feed density equal to p =
867 kg / m3, its corresponding volumetric productivity will be

V=G/p =6, 67-10°%/867 = 7, 69-10° m¥s.

Average speed of meal in the section of screw channel will be equal
to

V zave=V/b-h = 7, 69-10/0, 0248-0,008 = 0, 0388 m/s.

According to the pressure at the inlet to the filtration zone pz=0,5
MPa from Fig. 2, we determine oil drain coefficient B = 0,645,
which corresponds to free oil concentration equal to Co= B-p =
0,645-867 = 559 kg/m?.
For pressure Pxk=1, 5 MPa at the end of the screw work zone, we
find the value of coefficient

Infk 15

Pf 1no,s

a=—=

L¢ 0,884

=1,24 (25)

and on pressing temperature 105 °C the value of oil dynamic vis-
cosity p = 0,0056 Pa-s.

We use the found values and experimental value of the screw press
performance G,=31,8-10" kg/s.

On the basis of dependence (21) the permeability value of meal was
identified K=2,9-10* m?, the value of which does not contradict
the data of this work.

Verification of the characteristics with pre-extrusion processing of
raw materials followed by oil expression made it possible to simu-
late the filtration process. Fig. 4 shows the dependence of filtering
speed change along the length of the screw channel pressing cage,
obtained from formulas (1) and (3)

— KPe,
Vi(z) = oh edz (26)

The results of the calculations are consistent with the data of this
work.
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Pk=1.5 MPa, Pf=0.5 MPa, G m=31.8e-4 kals
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Fig. 4: Filtering Speed Change along the Length of the Screw Channel.

Fig. 5 shows the nature of the change in the free oil content in meal
C./C, along the length of the screw channel, obtained by equation
(13).
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Fig. 5: Oil Content Change in Meal along the Length of the Screw Channel.

To find the change rate of the dimensionless oil concentration in the
meal along the length of the pressing cage, we differentiate (13):

—Kpg
C(z) .eaZ
dc Co ) KPfe?? earhZvzave (27)
= — . 7
dz nh?uzaye “a I;fz
e AV ave

The results of calculations according to (27) are shown in Fig. 6. At
a distance z = 0,15m from the beginning of the screw channel, the
maximum rate of change in the oil content is observed in meal.
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Fig. 6: Change Rate of Dimensionless Oil Concentration in Meal along the
Length of the Screw Channel.

Fig. 7 shows dependence of the change in the dimensionless con-
centration of filtered oil along the length of the screw channel, ob-
tained on the basis of equation (17).

Pk=1.5 MPa, Pf=0.5 MPa, G m=31.8e-4 Ka/s
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Fig. 7: Change in the Average Concentration of the Filtered Oil along the
Length of the Screw Channel

Differentiating (17) on z we will obtain the following

K1 K1 _K_lcaz
a ae a+ae a

K
[ [I‘(O}%)—Zae_Tl—F(O}%eaz)]e K1 28
Co z%a za Jea, (28)
Where Ki= —t
ph Wzcp

The results of the calculations in accordance with (28) are obtained
in Fig.8. Note that in this case the maximum value of the function
is shifted towards higher values of z (Zmax=0,2) comparing to fig. 6
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Fig. 8: Change Rate of the Dimensionless Average Concentration of the
Filtered Oil along the Length of the Screw Channel.

Note that in the example of calculation, fraction of the unfiltered oil
at the outlet from expression zone is C (Lf)/Co=0,187.

3. Conclusion

Thus, the developed mathematical model of oil expression in a
screw press meets physical meaning of the phenomena and can be
used to analyze the presses operations, as well as their design. The
obtained solutions were verified by the machine method for ade-
quacy to the actual pressing process. The error of the calculated data
from the experimental values according to the absolute value did
not exceed 15%.
As a result, it was found that the productivity of a screw oil press
depends on the assembly of design parameters of the screw shaft,
pressing cage, and on physico-mechanical properties of the pressed
material. It is revealed that the main amount of oil is expressed at
the first and second stages of the pressing cage. The meal skeleton
has the ability to resist deformation and reduce the porosity, result-
ing in the reduced oil output.
Thus, analysis of mathematical model and realization of constructive
solutions that it provides will allow:

e To exclude the possibility of heating the chamber with elec-

tric heaters due to the effect of dissipative forces;



International Journal of Engineering & Technology

149

e To obtain a wide range of vegetable oils from oil raw mate-
rials due to the adjustable size of the gap between the plates;
e To reduce metal intensity, due to singularity of the pressing
cage design; - To ensure alignment of the pressing plates con-
nection with each other and guarantee reliability of the as-
sembly as a consequence; - to intensify the process of press-
ing oil out of oil seeds through the selection of the optimum
parameters of the working chamber and adjustable gap for
the outflow of the oil cake. - To adjust the oil press settings
for awide range of oil crops due to the possibility of adjusting
the gap between the plates,
e  To reduce the amount of pulp in the expressed oil.
The results of scientific research will influence the development of
scientific, technical and technological areas in the field of creating
new food products with programmable properties (including thera-
peutic and preventive action). The developmental work based on
those results will reveal new technological solutions in the field of
creation of the new technological equipment for various branches
of the food industry. The developed recommendations and pro-
posals for the use of the results have already been applied in the
ongoing innovative projects for the construction of oil presses and
other equipment.
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