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Modeling of energy saving methods of soybean drying for oil production
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Summary. The drying process of agricultural
products processing is highly energy consuming. This
problem determines to find new energy-efficient drying
methods. One of the methods of the soybean drying
process is the increase of the contact surface of the drying
agent with the material being dried. It enables to intensify
moisture removal as a result of broken bean surface.
Device of preparation of soybean to drying is designed.
This device executes proposed method of drying.

The device of material preparation is placed in
download mechanism of the dryer. The soybean is cut
there. Then the seed is fed into the drying zone. This
leads to reduction in drying time and energy saving. Dry
soybeans can be used to produce oil.

In order to investigate the effect from the soybean
cutting on its drying, the experimental unit was developed
and tested.

For the analysis of the drying process it is necessary
to study the theoretical foundations of intensification of
the process of the proposed method. It is necessary to
model the heat and mass transfer process.

Key words: preconditioning unit, drying soy bean
effective radius, moisture ratio, evaporation rate, moisture
removal.

INTRODUCTION

Rational drying methods of the grain crops and their
technical implementation are determined by the
combination of thermal, hydrodynamic and mechanical
influences providing the best (rational) process modes for
the output material. The existing provisions of the
thermal and mass exchange theory [1-4] in disperse
medium enable to detect and evaluate the efficiency of
the new methods and directions for drying process
intensification as well as thermophysical effects from
using the mechanical impact (crushing, fragmentation,
surface damaging etc.) on the material.

One of the methods of the soybean drying process is
the increase of the contact surface of the drying agent
with the material being dried, which in its turn enables to
intensify moisture removal as a result of broken bean
surface [5]. This result is achieved by using of the
preconditioning unit (Useful Model Patent No0.87184,
Ukraine) [6].

In order to investigate the effect from the soybean
cutting on drying, the experimental unit was developed
and tested. [7].

When developing and implementation of units for
preconditioning of agricultural materials before drying, it
is necessary to study the theoretical background of the
process intensification with the suggested method and

consider typical aspects of modelling of thermal and
mass exchange aspects.

Performed trials have to be supported by theoretical
dependences and the influence of the mass exchange
factors at the bean cutting on Kinetics of the drying
process as well as physical mechanical and
thermophysical  aspects of the drying process
intensification by the mechanical damage of the soybean
body.

ANALYSIS OF RECENT RESEARCHES AND
PUBLICATIONS

The drying process of the agricultural plant material
was investigated by S.Ptitsyn, M.Lurie, A.Ginsburg,
G.Okun,  O.Krisher, P.Lebedev, A.Golubkovych,
B.Kotov, V.Kovaliov, V.Zelenko, V.Petrushiavichus,
V.Goriachkin [8, 9] and many other researchers. They
established the mechanisms of drying processes,
temperature influence, speed of drying agent and other
important factors as well as the acceptable values of the
drying process duration.

The general ideas of the thermal and mass exchange
theory were developed by the following scientists:
A.Lykov, A.Ginsburg, N.Grynchyk and G.Shubin. The
analysis of physical and technological processes of
thermal exchange during drying process of the various
agricultural materials can be found on the works of
P.Lebedev, G.Filonenko, B.Kotov, I.Kopiev and other
researchers [10-12].

The mechanisms used for drying of the agricultural
materials, preconditioning and devices to reduce energy
consumption during drying were investigated by
R.Rogatynsky, V.Melegov, V.Zelenko, V.Kovaliov,
M.Boiarchuk, V.Sharshunov, V.Didukh, I.Dudarev and
others [13-20]. The mentioned scientists investigated the
preparation of the agricultural material for drying,
mechanisms for moisture removal, developed new drying
methods to ensure the intensive removal of extra moisture
at the lowest energy consumption.

PURPOSE

The purpose of the investigation is the quantitative
evaluation of the possibility to intensify soybean drying
though surface deformation.

MAJOR INVESTIGATION RESULTS
Mechanical soybean deformation by cutting of the

surface leads to creation of the new surface with the value
AS .
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Availability of the “new” additional surface increases

the total surface of the bean:SH =S+AS and

accordingly leads to reduction of the determinative size
of the body - hydraulic radius:

Taking the soybean body as a spherical body — ball,

we  will get: ball surface:S=7z-D*; ball
3 R

volume:V = %; hydraulic radius: Ry :TK'

Thus, equivalent bean radius (half of equivalent
diameter) will be defined with the relation:

3V

Re =3-Ry = @)

S+AS'

Thus, equivalent ball radius as characteristic
dimension will be reduced by soybean splitting.

As known from the theory of drying, [1,2], the speed
of material drying increases at reduction of initial radius
(since the distance of moisture transportation from the
center to the surface is reduced).

Let us evaluate the possibility of soybean drying
intensification by its surface deformation.

The degree of damage and the value of the bean size
change are evaluated with the damage coefficient Kk,
defined with the relation:

S + AS
k = 07 , (3)
S0
where: S, — initial surface , m% AS - surface of the cut
area ( surface surplus), m?.

Equivalent (effective) bean radius will be defined by
the relation :

\

R, =3—.
kS,

(4)

Fig.1. shows graphical dependence of the effective
dimension of the bean R, from the cut depth.
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Fig. 1. Graphical dependence of the effective size of the
bean Rg from the cut depth h

As known, the drying kinetics of the equation
depends heavily from the criteria Biy, and Fop, [3].
Approximate value of the first radical 4 can be defined
from the characteristic equation:

2
soAaa

M M 3 3 -5
by breaking down ctgplconfining to the first two

Bipy -1 _ 1

Clguy = —

elements: ,uiz = 3Bim.

Plugging the obtained values in the drying speed
equation we get [3]:
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where: B — mass exchange coefficient, 1/s; a,, — mass
transfer coefficient, m?/s; up — initial moisture content,

kg/kg; u, —equilibrium bean humidity, kg/kg.
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Fig. 2. Soybean drying curve at different degree of damage and the undamaged bean: 1 — undamaged beans; 2 —

damage depth — 0,5 mm; 3 -1 mm; 4 — 1,5mm
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Having analyzed the equation (5), reduction of the
soybean effective dimension leads to increase of the
drying speed, i.e. deformation of the soybean body (Fig.
2) intensifies the drying process.

The Fig.2. shows kinetic curves ( drying curves) of
the soybean at different damage degree and the
undamaged bean. The dots show experimental findings.
The matching of experimental and theoretical data for the
undamaged and maximal damaged bean is satisfactory.

Let us investigate the influence of the mass exchange
factors at the bean cut on the kinetics of the drying
process. After (deformation) cutting of the soybean, as
mentioned above, the new open area is created. The
moisture is removed from such area faster than from the
rest of the surface. The evaporation intensity is so high,
that the heat energy is taken not only from the surface,
but also from the bean body, cooling it down. From the
point of view of drying mechanisms, the creation of the
“new” surface can be considered as availability in the
bean body being dried the additional mass ( moisture)
removal point or source of moisture removal with the
intensity determined by the mass transfer law. The
intensity of the evaporation source is described with the
Dalton equation [3]:

dG,
dr

=Sp,(P,-FR), (6)

where: B, — mass exchange equation referred to variety
of partial pressure, kg/sm*-Pa; P, P — partial pressure
of the vapour on the humid surface and in the area
accordingly, Pa.

Partial pressure on the humid surface is equal to the
pressure of the saturated vapour at the surface
temperature P, =P(6,).

According to the equation of ideal gas condition
(vapour), partial pressure is defined with the equation:

P=R -T-C, (7

where: R, — universal gas constant (for vapour); T —
temperature; C, - moisture concentration in the air,
kg/m®.

Substituting the value (7) into (6) we obtain:

aG, B
sq, ~ PG -C). (@)

The value of moisture concentration C is connected
with the moisture content of the bean: C=p,-u (p, —
density of the absolutely dry material, kg/m®. Considering
the last equation (8) and (6), we will obtain the following
boundary condition:

-a, p, (%j +(u,-u,)B, 1,=0, 9)

du(r,7) _

=0, (10)

where: u, - equilibrium humidity of the bean, kg/kg, the
value of which determines:
Up = f (p,1). At the same time, in the ball center

du
(—)r—g =0 (symmetry condition).
dr

Equation (9) is the analogue of the boundary
condition of the Il1-d type for convective heat exchange
and defines planeness of the moisture flow from the body
towards its surface and from the surface to the
environment, since the moisture is not accumulated on
the surface.

The availability of the additional moisture removal
source leads to more non uniformity of distribution of the
moisture in the bean. It causes tension in the surface
resulting in body deformation, i.e. “opening” of the cut
area and change of the effective bean dimension as well
as increase of effective mass exchange area.

Since, according to the existing drying theory [2], the
shrinkage value is proportional to moisture content of the
material, the deformation value can be defined as:

IZIo'ﬂE'Uv (11)
where: lg — initial cut size; Bz — linear shrinkage

coefficient (for grain crops By =1,1-1,4;u — moisture

content of the bean, kg/kg).

Since the moisture content reduces, the surface area
will reduce as well. Reduction of the bean surface leads
to opening of the cut area. Thus, for fast “opening” of the
cut area and intensification of the additional source of the
moisture removal, it is appropriate to speed up the drying
process at the initial stage.

Intensity of the moisture removal from the open
surface leads to the surface drying up and deepening of
the evaporation area. Thus, intensity of the additional
source of moisture removal will be reduced with time.
m=m(z).

The impact of the additional surface source of
moisture removal can be considered as follows.

Into the boundary condition we (9) we add additional
element, which includes the additional source of the
moisture removal:

—ampo(du) +p0ﬂ U—Up—& 201 (12)
drjs  anm Po- B

where: My~ maximal intensity of the moisture removal.

mO
Po ﬁ
moisture content of the “humid” surface as analogues to

=u_ will be considered the

M

The value u, -

r-m
the temperature of the “wet” bulb: t =t ——— [3].
a

Thus, replacing in the equation (9) the value u P
with: Mo _,
£o B
[3] (Eq. 13).

, the known solutions can be used
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where: uy, =up—70.

2 B
m(z) =m,-e™, (16)

The known equation of drying kinetics [3]:
_du(@) =KUu(@)-u,t9), (14)  Where: My — evaporation intensity at the beginning of the
dr 2 . . .
v dvi - process, kg/m*-c (maximal) intensity.
where: K —drying coefficient Then, the boarder condition (9) we put in the
m .
. 0 following way (Eqg. 17).

Equation (14) , where Up—Up ~ B : The solution of the differential equation of the
Po mass transfer with the input condition [3] and boarder
du(r) condition (17), is analogous with the solution of the
- =K(@)u(zr) —u, (). (15)  equation of the ball thermal conductivity with available
dr negative heat energy source ( heat energy for surface

Equation of drying kinetics (15), as against the
known one, considers evaporating intensity from the open
surface (evaporation intensity is time-constant).

When evaporation intensity from the open (new)
surface changes with time, it is possible to set, by analogy
with the change of the general drying speed, the
exponential law of evaporation intensity change, namely:

evaporation ) is in the form of the equation (Eqg. 18).

The variation of the average moisture content in
time can be defined by integrating the functional
relationship u(R,z) (Eg. 19).

Fig. 3. shows the curve of relation of moisture
content variation depending on bean radius and in time.

du(R,7) —kz
—amp0dr+,3~p0|:u—up]+m0e =0 @17
R-@. -Bi -sinJPd -~ = R-sing ~
u(r’T)_uP " " " R —Pd,, -Fo, o 9.;1 /un R 7;12-F0
= e 31— 5| A ; e (18)
u, —u | (Bi. =1)-sin./P P P “~ . 7
o—Uy, [( i, —1)-sin/Pd, +/Pd, cos,/ dm] 1 @y 2
2(sin g, —  COS
where: A, = (Sin #in ~ #n #n); Pd, =£R2— mass exchange analogue of Predvoditelev criterion;
My — SiN 41 COS 41y, &y
— my . . o
0, =————— —dimensionless complex ( criterion) of the mass exchange.
IB(UO —u p)

u(@)=u, +(,—u,)-

3.0, -Bi,(tg\/Pd, -[Pd,) 'efﬂxrouiB LL TR (19)
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2
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Fig. 3. The curve of relation of moisture content variation depending on bean radius and in time

Comparing the obtained curves, given that the
additional evaporation surface is available, the upper
layers of the bean dry out faster and the drying time
(change in the mean on moisture content ) reduces from
3600 to 300 sec.

CONCLUSIONS

1. Thus, by means of theoretical analysis and
experimental trials, the possibility of intensification of the
soybean drying process by cutting of the surface is
proved.

2. However the obtained data characterize the heating
and drying process provided the drying agent parameters
are stable (under the experiment conditions).

In order to define the influence of the drying agent
parameters on the nonstationary process of moisture
removal, the additional analysis is necessary.
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MOJEJIMPOBAHUE DHEPI'OCBEPEI'AIOIINX
METO/JIOB CYHIKN CON JIA ITPOU3BOACTBA
MACIJIA

B. Munyx, P. Kupuyk, K. L{p13

AnHHOTALNS. Ipoueccrr CYIIKH OYeHb
HEPrOCMKHE B MIEPBUYHOM nepepaboTke
CeJIbCKOXO3STHCTBEHHOW MPOAYKIUU. DTO MOOYKIAeT K
MTOKUCKY HOBBIX YHEPrOCOCPEraroIuX METOIOB CYIIIKH.

OmHUM W3 METONIOB WHTCHCH(UKAINH Ipolecca
CYIIKH CEMSIH COH SIBJISCTCS YBEJIMYCHHUE [UIOLIA K
KOHTaKTa CYHIMIBHOIO areHra ¢  CYLIalIuMCSI
MarepuarioM. OTO TO3BOJsieT 0olice HMHTCHCHBHO
BBIBOJIUTH BJIAry BCIEICTBHE IOTEPU EIOCTHOCTH
BHEITHEH 0001109k ceMeHu. JlJis peanu3aiuu JaHHOTO

MeTo/la pPa3paboTaHO YCTPOMCTBO TpeaBAPHUTEIHLHON
TTOJITOTOBKH COU K CYIIIKE.

VeTpolCTBO pa3MelacTcsl B MEXaHU3ME 3arpy3Ku
cymmikd. TaM MpOMCXOTUT Haapes IJI0Aa COM B TOTAa
CEeMCHA IOJNAeTCI B 30HY CYIIKH. DTO MPHBOAWUT K
YMEHBIIICHUIO BPEMEHH CYIIKH W SKOHOMHHU SHEPTHH.
[lomyueHHast  BBICYIIEHHas  COsL  MOXET  OBITh
HCIIONIb30BaHa ISl OJIy4YeHHs MacJa.

Jnst uccnenoBanyst BIMSAHUS paccedeHne 60ba con
Ha TOCICAYIOIIYI0 €ro Cymky, Obula pa3paboTaHa
9KCIIEPUMEHTaNIbHAsl YCTAHOBKA U IPOBEICHBI DS
HCCIIeIOBAaHUM C €€ UCII0JIb30BaHHEM.

Jus  amanmm3a  Takoro  Tpolecca  CYIIKA
HEOOXOIMMO  HM3YYUTHh  TEOPETHYECKHE  OCHOBEI
WHTCHCU(UKAIIH TIPOIecca MPEI0KEHHBIM METOJIOM
W pacCMOTPETh THITMYHBIC ACIEKTHl MOJCITHPOBAHUS
TETI0 U MacCOTIEpPEHOCa.

KitroueBeie CJIOBa: npeaBapuTeIbHAS
obpabotka, cymka cou, d5(dexTuBHBIH paguyc,
COOTHOILICHHUE BJIAard, CKOPOCTh HMCIApEHUs, yJaleHue
BJIarH.



