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APPLICATION OF VIBRATION
EFFECTS IN BIOFUEL
PRODUCTION

The considered effective way of processing by-products
of biofuel production. The increase in the productivity of the
technological line is achieved through the introduction of new
vibration equipment for the primary purification of raw glycerin.

This study proposes a new approach to determine the
efficient operation of a new machine, which is useful for the
purification of glycerol based on the combinatorial process of
centrifugation and vibration separation. The mathematical
mechanical-rheological evaluations are developed based on the
experimental results.

Has been proposed to evaluate the rheological
characteristics of raw glycerin purification based on the
experimental testing. A compression device has been used to
determine the value of the unilateral deformation of this material,
which allows simulating a condition of a material at various
technological modes of processing. In this study, the changes of
material properties under centrifugation and vibration separation
processes in a vibrocentric machine have been investigated.

At a choice of optimum technological parameters of
processing of food masses by means of vibration methods of
rheology are widely applied. In particular, the interaction of the
working body of the machine with the treated environment.

In order to find the optimal parameters of the
technological  regime, the process was considered
comprehensively from the standpoint of mechanics and rheology.
The methods of mechanics describe the interaction of the
working body with the treated environment as a mechanical
object; rheology, in turn, allows you to reveal the internal
processes in the environment.

The system under study can be attributed to the elastic-
viscous medium, which is described by a phenomenological
model consisting of interconnected elastic and viscous elements.

Keywords: raw glycerin, optimal parameters,
compression device, rheology, effect of vibration, biofuel,
catalyst.

Analysis of last researches. At present,
one of the main problems in the productive sectors
of the national economy is the efficient supply of
energy and saving of material resources.
Therefore, the economic crisis, the state of the
environment, energy security problems require the
search for alternative energy sources.

Petroleum products pollute the
environment and cause the release of significant
amounts of carbon dioxide, which causes a
greenhouse effect and, as a result, can lead to
global warming. From year to year, oil fields are
depleted and oil products become more
expensive. Rising diesel fuel prices are leading to
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rising food prices, which is already a threat to the
food security of the Ukrainian state. Therefore, it is
important to search for and study non-traditional
energy sources and the use of their by-products
[1, 2].

Problem formulation. According to the
Energy Strategy of Ukraine for the period up to
2030, according to which the demand for diesel
fuel in 2010 should increase to 8 million tons.
Based on this, the production of biofuels from
rapeseed is planned to gradually increase.
Accordingly, the vyield of by-products of this
production will increase — waste water and raw
glycerin.
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Purification of raw glycerin is a complex
energy-intensive process, which consists of
mechanical, physico-mechanical and physico-
chemical methods of processing. Therefore, it is
important to search for structural and technological
schemes of equipment to solve the studied
process [3, 7].

Efficient processing of raw materials using
vibration effects and subsequent use of glycerin
will increase profitability of biodiesel production.

Presentation of the main research
material. The following technologies are used in
the production of biofuel:

- cyclic using catalysts with the following
parameters: reaction temperature 65°C,
atmospheric pressure, time from 20 minutes to 2
hours, the amount of catalyst 1,5% by weight of
oil, methyl ether yield up to 85% of the volume of
biofuel;

- non-catalytic cyclic (using solvents) for
parameters: reaction temperature 30°C,
atmospheric pressure, time from 5 to 10 minutes,
solvent tetrahydroferan, methyl ether yield up to
98% of the volume of biofuel;

- multi-reactor continuous with process
parameters: reaction temperature from 80 to
160°C, pressure from 2 to 3 atm., Time from 6 to
10 minutes, the amount of catalyst up to 1% by
weight of oil, the yield of methyl ether up to 98%
from volume of biofuel.

The most efficient biofuel production
technologies are cyclic with the use of catalysts
and multi-reactor continuous. Non-catalytic cyclic
uses expensive and aggressive solvents, requires
additional equipment and highly skilled workers
and is environmentally hazardous.

The choice of biofuel production
technology depends on many factors: the volume
of production, type and quality of raw materials,
methods cleaning. For volumes of biodiesel
production from 500 to 5000 tons per year, cyclic
technology with the use of catalysts is preferred, in
addition, it is better suited for processing low-
quality raw materials. With production volumes of
more than 5,000 tons per year, multi-reactor
continuous technology is better suited. Given the
lack of large biofuel plants in Ukraine and the low
quality of raw materials, it is the cyclic scheme with
a catalyst that is used (Fig. 1).
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Fig. 1. Cyclic scheme of biofuel production
technology
(with catalyst)

To implement the primary purification of
glycerol, it is proposed to use vibrating machines
for purification of liquid inhomogeneous raw
materials, which provides separation of raw
materials by physical and mechanical properties of
the material due to rotation of the perforated drum
around its axis and oscillation of the container
(settling tank) and removal of the fractions on the
corresponding branch pipes.

The proposed designs [4, 5, 8, 9, 10]
implement the idea of combined interaction of
vibration movement of the container and the
rotational movement of the perforated drum on the
process load.

Such designs of machine drive
mechanisms make it possible to set the oscillation
frequency of the housing and the speed of the
perforated drum independently of each other,
which can be used for cleaning a wide range of
liquid inhomogeneous materials. As a result of the
combined vibrocentric and gravitational action on
parts of the product there is a significant
intensification of the separation process
(purification), in particular when the separation of
raw glycerin, this process is 3-5 times faster than
when using the actual settling. Previous studies
have shown that the quality of the starting product
improves to some extent — the mass fraction of
pure glycerin increases to 81-83%, respectively,
reduces the amount of non-volatile organic residue
to 2-3% [6].

Various scientific researches have been
devoted to the study of the rheological behaviors
of glycerol under some stress and temperature [3].
Has been presented that a linear relation between
the concentration and the temperature of the
mixture should be considered to model the shear
stress behavior, which depends on the glycerol
concentration.
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Although the influence of structural and
mechanical properties of the material and the
conditions of their deformation under vibration
conditions is significant, it is also worth paying
attention to the previous technology of material
processing. Thus, [6] dealt with the phenomenon of
structural relaxation of the material after its
preliminary thermomechanical treatment.

The stress of the material and its shear rate
are important indicators in rheology. These indicators
characterize the viscosity and elasticity of the
dispersed material (suspensions and emulsions)
during the deformation process. Suspensions and
emulsions in rheological models should be
considered as two-phase systems, while their
viscosity is determined. Consideration of the
parameters of the machining of the material, such as
pressure and force, is crucial to model the
rheological characteristics accurately. Otherwise, the
assessment of materials’ rheological characteristics
would be significantly complicated and inaccurate [3].

The  deployment of  vibration-based
technologies is steadily growing to process various
materials. The effectiveness of vibration-based
processes depends on the construction of the

equipment, modes of material processing, and
rheological properties. Although the impacts of
vibration in the separation of heterogeneous

dispersed systems significantly intensify this process,
there is a research gap about studying the vibration
influence on the rheological characteristics of the
material.

A few types of research like have been
performed to distinguish the vibration influence on
the rheological characteristics of glycerol [8].

The mechanic-rheological methods [3] are
widely used to select the optimum technological
parameters of material processing based on
vibration-based processes. This is mainly because of
the simultaneous consideration of the interaction of
the machine’s mechanical characteristics and the
material's  rheological characteristics in the
mechanic-rheological methods. In this paper, the
new mechanic-rheological studies are proposed to
identify the effective operating modes of machine
introduced in [6], which is useful for glycerin
purification based on combinatorial centrifugation
and vibration separation processes. Developing
mathematical evaluations based on the experimental
results is one of the most important contributions of
this paper. Test results illustrate the advantages of
the proposed method.

The main contribution of this work is the
development of a new method for estimating the
rheological characteristics of raw glycerin. The
compression device is used to perform this method.
That allows establishing clearly the characteristic of
unilateral deformation of glycerin at various
technological modes of processing.
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Compression device is used to find the
magnitude and time of deformation of glycerin at
different parameters of technological influence.
Afterwards, the stress and viscosity of glycerin are
calculated from the Kelvin-Voigt equation.

The crude glycerin, as the testing material of
this study, is an elastic-viscous medium (non-
Newtonian fluid). The Kelvin-Voigt rheological model
is usually used to describe the unilateral deformation
of such materials, as shown in Fig. 2 [3]. This model
consists of Hooke and Maxwells elements
characterizing the elastic and viscous properties of
the material, respectively. The mathematical
expression of this model could be presented as Eq.

(2):

o =Ee+ne. (D)

The feasible solutions of Eq. (1) depend on
material processing technology. It might have several
processing stages. Each processing stage leads to
some deformation in the material as a result of
mechanical influence on the material. In addition,
some deformations would be done during the next
technological stages of processing. The stress of the
material, including strain and shear rate terms, are
very important because in the proposed case,
complex vibration and centrifugal technology are
used to purify glycerin in this research.

The deployment of this technology combines
combining two technological stages highlights the
effectiveness of the Kelvin-Voigt rheological model.
The glycerin’s modulus of elasticity is considered to
be 4,35 GPa.

The controlling of vibration settings is an
effective means of controlling the dynamic state of
the dispersion process. The vibration causes an
intense mutual movement of the particles, which
sharply increases the speed of each patrticle relative
to their centers of mass. In this case, the properties
of the dispersed systems depend on the ratio of the
mass of the particles and their acceleration. The
magnitude of the coupling force would be much
smaller than the value of the vibration impulse.
Therefore, it is concluded that the technological
parameters of the vibration source have a significant
impact on the rheological properties of the material.

Based on the above explanations, it is
necessary to modify Eq. (1) to reflect changes in the
rheological characteristics of the material accurately.
The modified mathematical modeling should
represent both centrifugal and vibrational effects on
the material.

In this paper, the general mathematical
model of deformation of a viscoelastic material,
which is developed for the new glycerin purification
method.

In this paper, the compression device was
used to determine the value of deformation, which
characterizes the properties of the material at
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different technological stages. This device has been
developed at the National University of Food
Technology, Ukraine, as shown in Fig. 2. The
compression device consists of a cylindrical body,
which its bottom part is fixed on the vibrating plane. A
1 dms3 dose of glycerin is loaded inside the cylindrical
body, between the pressing and bottom plates.
Moreover, the compression chamber has been
shaped like a cylinder: 10 cm diameter and 13 cm
height, while a pressing shaft provides the
compression of glycerin.

A measuring microscale has been used to
identify the value of the material’'s deformation during
the compression. The temperature of the glycerin
has been considered to be 60°C based on the data
of [3], which is controlled using a heater. The
developed construction of the selected compression
device is very successful because it could be used to
search for materials’ rheological coefficients at
different processing.

Fig. 2. The compression device for
determining the rheological coefficients

In the experimental tests, the vibration
frequency sweep from 10 rad-s1to 120 rad-s has
been applied. In addition, different material’'s
compression forces have been examined. For the
centrifugation process, the compression pressure
(Pc) is assumed to be about 57-10° Pa.

The vibration pressure (Py) is utilized to
estimate the force influence on the material during
vibration separation. It should be noted that the
vibration pressure is dramatically dependent on the
value of the angular speed (w) of the vibrating
machine. The required vibration pressure (P,) is
generated using the vibration plane of the
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compression device. Therefore, for further research,
it is essential to determine the magnitude of the
vibration pressure, particularly based on the
designed and implemented experimental set-up.

Firstly, the magnitude of the oscillatory force
(Fv) for vibration machine should be determined
multiplying the vibration acceleration (a;) and the
total mass of the oscillating part of the vibration
machine. Then, the vibration force’ value is divided
by the size of the area of the vibration separator, and
the vibration pressure (Py) on the glycerin would be
determined.

In the proposed approach to determine the
rheological coefficients of raw glycerin purification,
the duration (t) and the magnitude of deformation (¢)
of the material are determined using the
compression device. Then, the deformation’s
magnitude against the deformation time would be
evaluated based on the measured experimental
results. Furthermore, different rheological properties
of various conditional materials are studies in this
paper.

As discussed, it is possible to identify the
value of modulus of elasticity (E) as a function of o-
E-'. Afterwards, the value of stress of the material (o)
could be calculated using the value of E.

Test results infer that the vibration greatly
accelerates the value strain of the glycerin. The
comparison of test results shows that the maximum
value of strain would be &, = 1,8-10° mm-mm? at t =
0,15 s under the vibration-based process, while the
maximum value of strain is & = 1,310 mm-mm- at
the time t = 0,30 s under centrifugation-based
process. The faster and higher strain is achievable
by applying the vibration-based process [9, 10].

It was assumed that some values can be
neglected to calculate the rheological coefficients.
The typical calculations of rheological coefficients for
raw glycerin purification at the specific parameters
(Pc = 57-10% Pa and P, = 77-10° Pa) are presented to
clarify how the proposed method could be
implemented.

The general characteristics of the rheological
coefficients for glycerin under different non-vibration
based and vibration-based process are shown in
Table 1.

Table 1.

Rheological coefficients for the glycerin at different processing at 2= 57-10° Pa and
A =77-10° Pa

No. | Coefficient Value
Centrifugation Vibration separation
1 n (Pas) 5.6-107 2.8-107
2 o (Pa) 5.59-10° 7.74-108
3 |E (mm-mm?) 1.3-103 1.8-103
4 A(sh) 76 153
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Conclusions.

The proposed biofuel production line
allows to effectively purify by-products, in
particular crude glycerin, for further use in the
food, pharmaceutical, medical and other fields.

Centrifugal, filtration and vibration action
on the liquid technological environment in the
developed vibrating machine allows to reduce
processing time in 3-5 times in comparison with
traditional methods of processing.

In this paper, a new methodology has
been proposed to evaluate the rheological
characteristics of raw glycerin purification based
on the experimental testing. A compression device
has been used to determine the value of the
unilateral deformation of this material, which
allows simulating a condition of a material at
various technological modes of processing. In this
study, the changes of material properties under
centrifugation and vibration separation processes
in a vibrocentric machine have been investigated.
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NMPUMEHEHUE BUBPALIMOHHbLIX 3®DPEKTOB
NP NPON3BOACTBE BUOTOIMJIUBA

PaccmompeH  aghgpekmusHbili  criocob
rnepepabomku noboYHbIX npodykmos
npouszsodcmea 6buomornnusea. YeenuueHue

rpou38ooUMENIbHOCMU MEXHOI02U4YeCcKoU JTUHUU
docmuezaemcsi 8HedpeHuUeM H08020
subpayuoHHo20 obopydosaHusi Orns nepeuyvyHoul
OYUCMKU CbIPO20 2fluyepuHa.

B asmom uccnedosaHuu npednazaemcsi
HoebIl nodxo0d Onisi onpedenieHusi 3¢hheKmusHbIX
pexumos pabombl MawuHbl, 4Ymo Moxem b6bimb
uccronib308aHO Ofii OYUCMKU  2/luyepuHa rpu
KOMBUHUPO8aHHOM npoyecce
ueHmpucghbyauposaHusi u subpayuoHHOM
pasleneHuu. Ha ocHose aKcriepuMeHmarnbHbIX
pesynbmamos pa3pabomaHbl MamemMamu4yecKkue
MexaHUKO-Peosioau4eckue OUEHKU.

lpednoxeHo ouyeHUMb peosioeauyecKue
XapakmepucmuKku OYUCMKU CbIp0o20 2iuuepuHa
Ha OCHog8e JKcriepuMeHmaribHbIX —UCrbImaHul.
HAns onpedeneHusi eenu4yuHbl OOHOCMOPOHHEU
Oeghopmayuu 3mozao Mamepuana 6nbino
ucrosb308aHO  KOMIPECCUOHHOE  yCcmpolicmeo,
ymo ro3esosisem MoOesiuposamb  COCMOSIHUE
Mamepuana npu pasfiudHbiX MeXHOMI02U4eCKUX
pexumax obpabomku. B amom uccnedosaHuu
paccMompeHbl U3MeHEeHUs1 ceolicme mMamepuarna
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npu npoueccax ueHmpucgyaupoeaHusi u
subpocenapauyuu 8 uccriedogamesibCKol MauluHe.

lpu sblbope ornmumarsibHbIX
MmexHo/I02UYeCKUX napamempos rnepepabomku
nuwiesbix Macc C oMoWbo 8ubpayUuoHHbIX
Memodo8  WUPOKO  MpUMeHsitomcss  Memoob!
peonoauu, 8 4YacmHocmu  83aumodelicmeue
paboyezao opeaHa MauwiuHbl co cpedol, Komopasi
obpabambigaemcs.

C uenb  roucka onmumalsibHbIX
napamempos MmeXxHO/102U4eCK020 pexuma
rnpouecc  paccmampueasics  KOMIJIEKCHO  C
nosuyulti  MexaHuku U peonoauu. Memoobi
MexaHUKU ornucbigaom 83aumodelicmeue
paboyezo opeaHa ¢ obpabambigaemol cpedod,
KaKk MexaHU4YecKUuM Ob6BEeKmoM, peosiozusi 8 C80H
oyepedb, [10380/15€M  B8bIIBUMbL  8HYMPEHHUE
npouecckl 8 camoli cpede.

Uccnedyemyro cucmemy MOXHO omHecmu
K ynpyeao-esi3kol cpede, 4YmMO Ornucbigaemcsi
gheHoMeHo02u4eckol Modersbio, cocmoswel u3
83aUMOCBS3aHHbIX YIpyaux U 8513KUX 3/IEMEHIMO08.

Knrodeeblie cnoea: cbipol 2ruuepuH,
onmumarsibHble napamempbl, KOMIPECCUOHHOE
ycmpoticmeo, peosoausi, aghghekm esubpayuu,
buomonnueo, kamanusamop.

3ACTOCYBAHHSA BIBPALINHUX E®EKTIB
NP1 BUPOBHULTBI BIOMNMANUBA

PosensHymuti egekmusHul crocib
nepepobku nobiyHUXx npodykmie eupobHuUymMea
bionanusa. 36inbuweHHs npodykmusHocmi
mexHOonoaiyHor TIHIT docsizaembes
8rpo8adKEHHAM HO8020 sibpauyitiHoeo
obnadHaHHs Onid MepeUHHOI O4YUCMKU CUPO20
eniyepuHy.

Y OdaHomy docnidxeHHI nponoHyembcs
Hosull nidxi@ Onsi  8U3HaYeHHs] egeKMUBHUX
pexumie pobomu MawuHU, WO Moxe 6ymu
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8UKOpUCMaHO Orid O4YUWEeHHS e/iuyepuHy 3a
KomMbiHOBaHO20 rnpouecy uyeHmpucghyeyeaHHs ma
8ibpauyitiHo2o PO30ineHHs. Ha OCHO8I
eKcriepuMeHmasbHUX pesynbmamie po3pobreHo
MamemMamuyHi MexaHIiKo-peosio2idyHi OUIHKU.
3anpornoHoeaHO  oyiHUMU  peosioaiyHi
XapakmepucmuKu OYUWEHHS CUpO20 eniuyepuHy
Ha OCHO8I eKkcrnepuMeHmarsnsHUX eurnpobyeaHs.
Ans  eusHa4yeHHA 8e/UYUHU  OOHOCIMOPOHHBOI
Oegpopmauii ubo2o Mamepiany byno
suKkopucmaHo  KomrpecitHult  npucmpit,  Wo
0o3eosnisie modentoeamu cmaH Mamepiany npu
Pi3HUX MeXxHOroeiYHUX pexumax obpobku. Y
oocnidxeHHi posensHymo 3MiHuU enacmusocmel
Mamepiany rpu npoyecax ueHmpughyaysaHHs ma
sibpocenapauii y AocriOHIl MalluHi.

lpu subopi onmumarsbHUx
MeXxHO02i4YHUX napamempie nepepobku
xap4yosux mMac 3a dornomozol  8ibpauiltiHux

memodie WUPOKO 3acmocosyrmbCs Memoou
peoroaii, 30kpema 83aemodiss poboyHoz2o opaaHy
MawuHu 3 cepedosulieM, uio obpobissemncs.

3 wmemorw  nowyky — onmumarbHUX
rnapamempige MEeXHOJI02IYHO20 PEXUMY poyec
po3asis10ascs KOMIIEKCHO 3 r1o3uuill MexaHiku ma
peoroaii. Memodu MexaHiku onucyrme
83aemo0it0 pobo4020 opeaaHy 3 cepedosuliemM, W0
0bpobrisembcsi,  peosiozida, Yy €80  4Yepey,
dosgonsie  susgUMU  8HYMPIWHI  npoyecu 8
cepedosullj.

JocnidxysaHy cucmemy MOxHa 8idHecmu
0o MPYXXHO-8’93K020 cepedosuuya, sKe
onucyemscsi (heHOMEHOJs102iHHO MOOes, Wo
CcKrnadaembcsl 3 83aEMOMO8’A3aHuUX MPYXHUX ma
8’A3KUX esleMeHmig.

Knroyoei cnoea: cupuli eniyepuH,
onmumaribHi napamempu, KomnpecitiHul
npucmpid, peonoais, egpekm 8ibpauii, bionanueo,
Kamarnizamop.
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