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Abstract: The mathematical model for the process of oily raw materials pressing with single-screw o1l press has
been developed which makes it possible to calculate the main design parameters of an oil press for extracting
o1l from o1l 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 o1l have the same density, they have no chemical interaction, the process of o1l filtration occurs
under 1sothermal 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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INTRODUCTION

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

The current works on the expression process can be
briefly summarized as follows: a lot of attention was paid
to the problems connected with the pressure developing
during expression. Thus, theoretical equations for the
distribution of pressures in screw presses were proposed
by Alekseev. Experimental data on the distribution of
pressures was obtamed by Medvedev. The empirical
equations connecting the pressure to the output of the oil
(oilseed cake) were proposed by Markman. The research
of Koo enabled to identify an empirical equation that
comnects o1l output with pressure, duration of the
expression, oil viscosity and its content n the raw
material. In the researches by Sokolovskyy et al. (2009)
the expression process is considered as filtration in a
deformable porous medium (Vasilenko et al., 2012).
Development of theoretical and technological bases
for complex processing of oilseeds (Frolova et al,
2014).

The literature data mdicates that despite a significant
amount of research, 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 equipment that would intensify all stages of
a rational, resource saving technological process
(Sokolovskyy et al., 2009; Gurtas and Evranuz, 2000).

The development of suitable technologies for the
processing of agricultural 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 by Davies (2010).

The degree of seeds humidity during shattering
affects the effectiveness of shuttering, this process and
its mathematical model have been studied by Shittu and
Ndrika (2012).

A comparative analysis of the effect on the output
of oil from the melon seeds, the parameters of the seeds at
leaching have been studied by Ndidi (http://www.waset.
org/publications/1 0002551 /comparative-study-of-the-
effects-of-process-parameters-on-the-yield-of-oil-from-
melon-seed-cococynthis-citrullus-and-coconut-fruit-
cocos-nucifera).

The kinetics of water absorption by melon seeds
have been studied by Addo and Bart-Plange (2009). The
data presented in this article will be useful for the design
of the sorption process and equipment.

MATERIALS AND METHODS

To study the mechanism of heat and mass transfer
during the pressing of oilcrop seeds (flax, rapeseed,
camelina, safflower), a mathematical model of the process
was developed (Fig. 1).
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Fig. 1. Principle diagram of the screw press: 1) Raw materials receiver; 2) Screw shaft; 3) Pressing cage lattice and 4)
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Fig. 2: Effect of pressure on the oil drain coefficient

Transferring of oil raw materials occurs in pressure
zone 1 of the screw production with the pressure required
for the oil expression process. Zone 2 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 system of fiber in the form of a porous
skeleton and oil that fills its free space.

If we assume that the working space in the second
zone is completely 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
mcreases by the same amount which allows us to
consider the entire two-component system  as
mcompressible medium. It 15 obvious that pressure at the
outlet from the injection zone will determine the amount of
“free” o1l m raw material which will be taken as one of
initial parameters in mathematical description of the
filtering process (Fig. 2).

Due to, the complexity of the phenomena occurring
during the raw materials processing in pressing cage
zone of the screw presses, analytical approaches for
mathematical modeling of o1l expression n a general
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setting are not applicable (Vasilenko ef al., 2014). In
comection with this, we make assumptions that greatly
simplify formulation of the problem and allow us to derive
the calculated dependencies corresponding to physical
essence of the occurring processes.

Following by Vasilenko and Kopylov (2012),
Ostrikov et al. (2012), we assume that the porous skeleton
and o1l have same density, they do not have chemical
interaction and the process of o1l filtration occurs under
1sothermal conditions.

Since, viscosity of the filtening medium 15 sufficiently
large and dimensions of the pores through which mobile
phase occurs 1s small and the filtration process 1s
considered to occur under laminar motion. In this regard,
we use Darcy’s law to describe the process of oil
expression, considering that mnertia 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 Darcy’s law says:

)

K_dP(z

V. (z)=-—x (1
Where:
A = The velocity of the fluid m a porous medium
v = The dynamic viscosity

dP(z)/dy = The radial pressure gradient

K = The 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 inFig. 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 occurs into atmosphere,
radial pressure gradient is determined by the excess
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Fig. 3: Analytical model of expression zone

pressure P(z) near fixed channel wall and assuming its
consistency along the length of the filtered layer is
defined as:

®E)_pym @

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

P(z):Per“Z 3

where, Pyis pressure on the inlet to the filtration zone and
coefficient at the exponent is determined through the
pressure P at the end of the pressing cage with a length
Lz

4

The flow of oil entering the elementary parallelepiped
through its left side during the stationary mode of press
operation 1s equal to:

m(z) =V, xhbxe(z) (5)
Where:
V,ws = An average speed of o1l along the channel
section
hand b = The height and width of the channel
c(z) = The local volume concentration of oil in the
peeling

Flows of the target component directed outward from
the considered elementary volume are equal to: with
filtrate:

m,(z) =V, (2)xc(z)xbxdz (6)

with meal:
m(z+dz)="V

AV

<hbxe(z+dz) 7

The flow balance equation for the elementary
parallelepiped under consideration will be:

m(z)=m,(z)+m(z+dz) (3)

If C(z) is a continuous function, then:

c(z+dz)= c(z)+d(;(zz)dz ()

Then taking into account Eq. 1 and 3, the relation
(Eq. 9) takes the following form:

dc(z) :Le
Zave’ d(z) Ml]_

“xe(z) (10)

Separating variables in Eq. 10, we obtain a
mathematical model of filtering process in the pressing
cage:

de(z) _ LS (10
C(Z) “‘11 Vzave

Elo)=e (12)

Integration of Eq. 11 with account of the
single-valued conditions (Eq. 12), gives the following
dependency for the distribution of “free”™ oil along the

pressing cage:

KxP;

N(Z)‘Coxm{m

x(1-e“)} (13)

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

N B Kx(P;-B,) 14
N(Lf)_coxeXp|:M><h2x—\[Zpra ( )

With the help of Eq. 13, it is possible to find
concentration of the filtered oil at any peint of the
pressing cage (Eq. 15):

KxB

xh? X a

Ny (2)= Cox{ - (15)

)
e LLthVm.P xa

gkt

An average imtegral value of the fltered oil
concentration along the length of the filtration zone:
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A (16)
L h

Tt is necessary to calculate productivity of the screw
press with oil. Using Eq. 15, an average value of the
filtered o1l concentration according to Eq. 16 1s:

- A( o KF }
B B bV a ’ MXhZXVZ *a
| PR NS T & (17)

o 0
L.xa . 2 %P
' Ao — "
Mxh*>V_<a

where, G(a, z) 15 mcomplete gamma-function.
According to the flow rate equation, a press capacity for
the filtered oil will be:

C. =V, x5 %G (18)
where, S; = 1xL. s a cross-sectional area of the screw
channel; G,=V,x8xC,,v, an average value of the filtering

speed along the entire length of expression zone which
was determined by its mtegral average value:

Lg
¥, = v zrd (19)
Lf ]

Substituting Eq. 1 into 14 after integration, we obtain:

7, - (PP (20)
Lexuxhxa

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

s A( < }
~ B ~ p)‘hzvmp ®a ’ “)(hzxvz xa
KlnR) | o] :

weha Lea | B,
uxh*xV_ xa

zcp

2D

It productivity of the press is set to oil, then on the

basis of relation (Eq. 21) it is possible to verify the value

of permeability of oil raw materials and then other

parameters of the filtration process. The following mitial
data were used for the calculations:

¢ Diameter of the pressing cage: d=0.07 m
¢ Screw pitch: H=0.025m

¢ Screw channel height: h = 0.008 m

*  Screw chammel width: b = 0.0248 m

s Length of the expression zone: 1., = 0.1 m

Let us determine the length of a screw channel in the
filtering zone by Eq. 22:

L; =mxL, (22)

It 18 necessary to calculate the number m in pressing
cage and the length of the flight screw L,. Since:

m=te- 01 _y (23)
H 0025

L, = ,\/HZ H{md® ) = ,/0.0252 +(3.14x0.67°) = 0.221

(24)
Then, the magnitude L; according to Eq. 22 1s equal to:

L, =4=x0.221=0.884

Then:
5, =0.0248+0.884 = 0.0219m°

If the screw press has a mass productivity of
G = 6.67x10” kg/sec according to raw materials, then
assuming feed density equal to p = 867 kg/m’, its
corresponding volumetric productivity will be:

V =Gip =6.67<107/867 =7.60x10° m’ fsec

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

V... = V/bxh =7.69x10/0.0248+0.008 = 0.0388 m/sec

According to the pressure at the inlet to the filtration
zone p, = 0.5 MPa from Fig. 2, we determine o1l drain
coefficient p = 0.645 which corresponds to free oil
concentration equal to C; = Pxp = 0.645%867 = 559 kg/m’.
For pressure P, = 1.5 MPa at the end of the screw work
zone, we find the value of coefficient:

P 1
n-% 3,1
(25)
a=—Tt 05 5oy
L, 0884

and on pressing temperature 105°C the value of oil
dynamic viscosity p = 0.0056 Pasec. We use the found
values and experimental value of the screw press
performance G, = 31.8x10* kg/sec.

On the basis of dependence (Eq. 21) the permeability
value of meal was identified K = 2.9x10™ m?® the
value of which does not contradict the data of this
research.
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Verification of the characteristics with pre-extrusion
processing of raw materials followed by o1l expression
made it possible to simulate the filtration process.
Figure 4 shows the dependence of filtering speed change
along the length of the screw channel pressing cage,
obtained from Eq. 1 and 3:

Vi(z)= LSl (26)
txh

The results of the calculations are consistent with the
data of tlus research. Figure 5 shows the nature of the
change in the free oil content in meal C/C, along the
length of the screw chamnel, obtamned by Eq. 13.

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

%) g B

Co )_ KBe™  gnifra (27)
dz m. IEPf
ea‘Jh VZBVB
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Fig. 4:Filtering speed change along the length of
the screw chamnel: P, = 1.5 MPa, P; = 0.5 MPa;
m = 31.8e-4 k/sec
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Fig. 5: 01l content change in meal along the length of
the screw channel: P, = 1.5 MPa, P; = 0.5 MPa;
m = 31.8e-4 k/sec

RESULTS AND DISCUSSION

The results of calculations according to Eq. 27 are
shown in Fig. 6. At a distance z = 0.15 m from the
beginmng of the screw channel, the maximum rate of
change in the o1l content is observed in meal.

Figure 7 shows dependence of the change in the
dimensionless concentration of filtered oil along the
length of the screw channel, obtained on the basis of
Eq. 17. Differentiating Eq. 17 on z we will obtain the
following:

ea+ae ac

K, =

Where:
KP;

2
M‘h (chp

(CEYCYdz
&

06 07

Zz

Fig. 6: Change rate of dimensionless oil concentration
in meal along the length of the screw channel:
P, =1.5 MPa; P;= 0.5 MPa; m = 31 .8e-4 kfsec
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Fig. 7. Change in the average concentration of the
filtered o1l along the length of the screw
channel: P, = 1.5 MPa; P;= 0.5 MPa, m = 31 .8e-4
kisec
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Fig. 8 Change rate of the dimensionless average
concentration of the filtered oil along the
length of the screw channel: Py = 1.5MPa;, P;=0.5

MPa; m = 31.8e-4 kisec

The results of the calculations in accordance with
Eq. 28 are obtained in Fig. 8 Note that i this case the
maximum value of the function 1s shifted towards lugher
values of z (z,,.~0.2) comparing to Fig. 6.

Note that in the example of calculation, fraction

of the unfiltered oil at the outlet from expression zone is
C(Lp/C,=0.187.

CONCLUSION

Thus, the developed mathematical model of o1l
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 obtammed solutions
were verified by the machine method for adequacy 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 also on
physico-mechanical properties of the pressed material. It
1s revealed that the mam amount of o1l 15 expressed at the
first and second stages of the pressing cage. The meal
skeleton has the ability to resist deformation and reduce
the porosity, resulting in the reduced oil output.

RECOMMENDATIONS

Thus, analysis of mathematical model and realization
of constructive solutions that it provides will allow:

¢ To exclude the possibility of heating the chamber
with electric heaters due to the effect of dissipative
forces

¢ To obtain a wide range of vegetable oils from oil raw
materials due to the adjustable size of the gap
between the plates

»  To reduce metal mtensity, due to smgularity of the
pressing cage design

» To ensure alignment of the pressing plates
connection with each other and guarantee reliability
of the assembly as a consequence

+ To intensify the process of pressing oil out of oil
seeds through the selection of the optunum
parameters of the working chamber and adjustable
gap for the outflow of the o1l cake

+  Toadjust the oil press settings for a wide range of oil
crops due to the possibility of adjusting the gap
between the plates

*  To reduce the
expressed oil

amount of pulp m the

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 therapeutic and
preventive action). The developmental work based on
those results will reveal new technological selutions in
the field of creation of the new technological equipment
for various branches of the foed industry. The developed
recommendations and proposals for the use of the results
have already been applied mn the ongomng imnovative
projects for the construction of oil presses and other
equipment.
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