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BIIJIMB KOHCTPYKIIIi BHYTPIIIIHHOI'O HATPIBAYA
HA KIHETHUKY CYINIHHA BUHOTI'PAJITHUX BUYABKIB
Y MACOOBMIHHOMY MOAYJI

B.O. loranos, €.M. SIkyuieHko

Hasedeno  pesynvmamu  00CiiodnceHb  KiHemuKu — 8010208Miany ma
memnepamypu 6 mpoyeci cywinua v iwianum menioniogeoennam (3TI-cyuinns)
BUHOSDAOHUX GUWIBOK V Macoobminnomy mooyti (MOM) i3 enympiwHiv
Hazpie auem .

Kniouoéi cnosa: cywinHa, KOHOYKIMUGHA CYWAPKA, KiHEMUKd, 8 UHO2paoHi
BUYAB KU.

B/MAHUE KOHCTPYKIIMU BHYTPEHHET'O HATPEBATEJIA
HA KHHETUKY CYIIKX BUHOI'PAJIHBIX BBIZKUMOK
B MACCOOBMEHHOM MOAYIJIE

B.A. IToranos, E.H. SIkymenko

IIpug edenvl pe3ynbmamol UCCLE)08AHUL KUHEMUKL 81420 CO0ePHCAHUL U
memnepamypovl GUHOZPAOHLIX —BbINCUMOK 6 npoyecce CYWKU — CM eUAHHbIM
mennonoosodom (CIII-cywixa) ¢ maccooomennom mooyie (MOM) c enympennum
Haepesamenem.

Kniouesvie cnosa: cywki, KOHOyKmuHas — couika, — KUHeMukd,
BUHOZD AOHBLE 8 bIXCUM KU.

EFFECT OF DESIGN OF INTERNAL HEATER ON THE DRYING
KINETICS OF GRAPE POMACE IN MASS TRANSFER MODULE

V. Potapov, E. Yakushenko

The paper presents the results of a study of the drying process of grape
pomace in the mass-transfer modules (MTM) with conductive heat supply, allowing
to obtained a highly porous, fast recovery dried foods at high rates of efficiency and
quality.

Next modules, that differ arrangement and design of the heater, were
investigated in experiments: internal flat heater; inner tubular heater, the heater,
which is located on the mass transfer surface. The results of these experiments allow
to find, that the greatest intensity drying provides byinner tubular heater.

Empirical equation, which describe the kinetics of water content and allow
to calculate the drying time in the MTM with conductive heat supply, has been
proposed.
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The diffusion coefficient of moisture and its dependence from temperature
were found after regression analysis of the experimental drying kinetics.
Keywords: drying, conductive dryer, kinetics, grape pomace.

Formulation of the problem in general. The priority direction of
the Ukrainian agriculture in the near future is the policy of resource
conservation. Modern food processing enterprises of Ukraine are inherent
production with high energy costs. The most energy costs and material costs
processes are the heat exchanging processes of ©ood industry, that indicate
the problematic task for their carrying out.

The problem of food stuff enriched with various dietary
supplements, is extremely relevant for Ukraine in terms of economic and
environmental crisis. This led to an increase in morbidity caused by largely
existence deformation of food rations. Fruits, berries and vegetables are a
major source ofvital human organic substances - vitamins, minerals, pectin
and others. Consumption of fiuits, especially berries, is seasonal, so most of
the year they are consumed in canned form. The downside industrial
processing of fruits (sterilization, pasteurization, homogenization, tooling
etc.) is the destruction of vitamins and other biologically active aromatic
and moreover the high level of waste. Need for fruit and berry products for
baby food in Ukraine is satisfied not more than 20%.

Production ofthe powders obtained by different methods ofdrying,
allows to implement waste-free processes processing of agricultural
products, which is one of the most promising ways of rational use of
agricultural raw materials. Nonstandard products can be recycled in
powders because the powder has low humidity, and it is almost entirely
terminated biochemical processes that prolong the preservation powders in
2 - 3 times concerning the term of preservation of fresh raw materials.

For production of a powder of fruits berries and vegetables, are used
various types of heat drying (spray, roller, conv eyor, conductive, tunnel,
etc.) and in the case of grinding it is used various grinders, crushers impact,
which provide a relatively homogeneous product. The grinding in such
crushers are carried out from blows of hammers on material particles,
particle strikes on crusher housing, and particle collision and friction. Thus
the stage ofthermal drying and grinding leads to lost much of vitamins and
other biologically active substances, during the drying process are formed
decomposition products with an unpleasant odor and caramelization
products, resulting in changing taste, color and aroma.

The high quality of fruit and vegetable powders can be obtained by
freeze drying of juice and puree. The main advantage of method of
sublimation is that the biological, physical and chemical changes in the
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product are minimal, vitamins are stored at 96...98%. Freeze drying not
often applied in the food industry because ofits high cost [1].

Analysis of recent research and publications. For example MHT -
drying process is carried out in the functional capacities [2] with the mass
trans for surface, less then surface evaporation which made from vapor tight
material. Reducing the external surface of the mass transfer creates
conditions in which the rate of evaporation of moisture in the product
exceeds the rate of removal of'steam from the functional capacities, leading
to a sharp intensification of the drying process and the formation of a
porous structure.

In this connection it is of practical interest in the study of ways of
drying in the mass transfer modules (MTM) with the conductive heat supply
to produce highly porous, fully recovered product, including powders. Due
to the possibility of obtaining of powder with low final moisture content
(5...6%) in a relatively short time (1.5...2 hours), drying in MTM is an
alternative to freeze drying because of high quality and low power
consumption [1].

In scientific work [4] determined that use internal heaters in MTM
can increase drying efficiency index on 20...30% relative to the conditions
of convective heat trans for to MTM. The above defined goal ofthis work.

Purpose of the article - the study of the kinetics of drying grape
pomace in mass transfer modules with different types of internal heaters.

The main materials of research. During the research grape pomace
were used. The study included conducting such experiments: defining
opportunities in the course of the drying process in MTM with non vapor
permeable barrier (heater) that dividled MTM in half research drying
kinetics during conductive heat transfer (flat internal heater inside MTM,
inner tubular heater inside MTM, heater located on the outside surface of
the mass transfer MTM) (Fig. 1); study the kinetics of the temperature of
the material in the drying process with conductive heat trans fer.

Study of drying kinetics were performed using MTM with
dimensions in the plane 0f 200 x 120 mm, the size ofthe gap between the
plates 0.5 and 3.5 mm and variable thickness MTM - 30 and 60 mm.
Kinetics moisture content were measured by the direct way during the
drying process so the drying chamber with MTM, filled with grape pomace,
were placed on el ectronic scales. The kinetics of the average temperature of
the material in the drying process was determined by averaging the
temperature in the center, on the surfice of the MTM and the inner surface
of the heater. Temperature was measured by thermocouples connected to
the device MIT-12TC.
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Fig. 1. Scheme of the mass transfer module with a variety of heaters:
a) flat surface heater; b) internal flat heater; c) inner tubular heater;
1 — material; 2— MTM; 3 — heater

The drying process was investigated in the temperature range of the
internal heater 60 to 90°C at a constant temperature of air, which had not
been heated and had ambient temperature. The temperature of the internal
heater were maintained constant for the whole period of drying by heater
power regulation. In this series of exp eriments, the air speed was the same —
5 m/s, were used MTM thick 60 mm a gap between the plates 1 mm. In
MTM grape pomace were loaded with the same weight, it is allowed to
avoid the influence of the initial moisture content to the outcome of
experiments. Experiments were repeated three times for each temperature
heater.

Fig. 2 shows the kinetic curves of moisture content and temp erature
during drying grape pomace in MTM with the internal heater. The results
showed that the internal heater temperature significantly affects to drying
time. When you change the temperature from 90 to 60°C, the drying is
increased in 2 times. There is a change in the shape ofkinetic curve, which
can be observed depending on the drying speed ofmoisture. This led to the
conclusion that at low temperatures the intensity ofmass transfer reaches a
maximum more later than under high temperatures.

As in a traditional convection heat transfr during MHT -drying on
the obtained thermograms can distinguish three typical stages: heating,
maximum speed drying and declining drying speed.
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Fig. 2. Drying kinetics of grape pomace in mass transfer modules with
conductive supply of heat at different temperatures of the internal heater

(L=5 m/s, t,;20°C): 9-9-90° C;©-0-80° C;>%-70°C;H-8--60°C

There is a big difference between these kinetic curves from those
which observed under conditions of convection heat transfer to MTM,
significant reduction (almost 2 times) heating period, so on the kinetics
curves this period is not fixed — drying rate is constantly decreasing. This is
due to the fact that under conductive heat transfer the thermal resistance of
the heat source to the material much smaller, than ffom drying agent to the
material in the case of convective heat trans fer. As result, moisture quickly
moved inland from the heater to the mass transfer surface, causing a great
rate drying at this stage.

In the second stage, a layer ofmaterial with low moisture content are
appeared near the internal heater and maximum evaporation zone moves
closer to mass transfer surface. The heat flux can not transfr from the
heater due to increased thermal resistance ofdry layer and the temperature
ofthe material is significantly reduced.

After evaporation of most ofthe free water in the capillaries begins
the third period, when the temperature ofthe material gradually grow closer
to its equilibrium value. It should be noted that the average temperature of
the material at the end of drying is lower than the temperature of the internal
heater as dried material creates a thermal resistance between the heater and
drying agent.
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Fig. 3. Scheme of the mass exchange module: a) convective heat input;
b) conductive heat input; 1 — drying chamber; 2 — MTM 3 — internal heater;
4 — external heater;5 —fan; 6 — product; j — heat flux; j,, — mass flow

A similar view has with kinetic relationships between moisture
content and temp erature in the drying in MTM with other types ofheaters:
flat surface heater and internal flat heater. The results of these experiments
allowed to find, that the greatest intensity drying provides by inner tubular
heater. This is due to the fact that with the flat surface heater the heat flux
directed towards with mass flow, as in a traditional convection heat trans fer
(Fig. 3).

The inner flat heater creates the vapor tight barrier between mass
trans or surfaces of MTM, resulting in complicate diffision into the bulk
material and the drying rate decreases, especially in the third stage.

To approximation of the experimental data was used the equation
proposed in the monograph [5]. Approximation error data determined in
dependence (1) within 5...7%:

; T_J”_
W(T,Tm)=Wp+(WO+Wp).e 0[0 R? )

where W —moisture content, kg/kg;
a,, — diffusion coefficient ofmoisture on the initial temperature of
the material, mz/s;
n — empirical coefficient;
R — halfthickness MTM, m;
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W, — equilibrium moisture content, kg'kg;
W, — initial moisture content, kg/kg;
T, — average temperature of the material over the entire drying
period, K;
T, — initial temperature o fthe material, K;
7 —drying time, s.

After data regression analysis were obtained a,, value and n value
for different types of internal heaters. The relevant data are presented in
Table 1. This made it possible to offer a simple formula to determine the
drying time of grape pomace in the MTM with of conductive heat trans fer
from the internal heater.

@

_ 2
T(Tm)=—ln{(Wk Wp)} R

W= ] (1)
m0 To

Calculations by this formula show that under the same conditions at
the drying heater 70 °C MTM using internal tubular heater is 10% less than
with internal flat heating element, and nearly 30% less than the flat surface
ofthe heater.

Table
The coefficients of mass transfer during drying MTM with different
types of domestic heaters

Heater type g, nr'/s n
flat surface heater 1.74 -107 9.3
internal flat heater 2.46-107 7.0
inner tubular heater 2.43 107 8.3

Conclusions. Thus, on the basis of study effect of design of the
internal heaters to drying in MTM on the kinetics of grape pomace, we set
the reducing the period of heating material almost in half causing the
greater speed drying in the first stage, compared with drying in MTM with
convection heat transfer. The greatest intensity drying observed in the case
ofiinternal tubular heater, which is 10% higher than with internal flat heater,
and 30% higher than the flat surface of the heater. The equation for
calculating the duration ofthe drying grape pomace in MTM with internal
heaters were obtained.
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MOJEJIOBAHHSA PO3IMOBCIOIKEHHSA TEIIJIOBUX
ITPOMEHIB BIJl CETMEHTHUX PE®JIEKTOPIB

FO.M. Topmocos, C.FO. Caeako

Hocriooceno poznodin  mewiomu Ha  NPUUMAYEB 810  CHPOWEHHS
8i00usanvHOi noeepXHi pednexmopie y iH@pavepsoHux anapamax Xxapuosoi
NPOMUCIOBOCNT 308 0AKU  3aMiHI  KpUgoniHiiHOi  popmu  pednexkmopa Ha
ceaM eHmoBamy y 6U2na i NPAMONIHIIHUX IO I3KI6 .

Knrouod croea: pegnexmop, sunpominiosay, ¢i0oueanhs, iHgpauepeone
BUNPOMIHIOBAHHA .

MOJAEJIMPOBAHUE PACITPOCTPAHEHUS TEIIVIOBBIX
JYYEHR OT CETMEHTHOI'O PE®JIEKTOPA

FO.M. Topmocos, C.FO. Caenxo

Hccredosano pacnpederenue meniomuvl Ha HpuemMHuKe OM YHPOWEHUs
ompasicamelbHoll No8 PXHOCMU peuennopos 68 UHPPaAKpacHvlX annapamax
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