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ANALYSIS OF EQUIPMENT FOR PRODUCING POWDERED
FOOD PRODUCTS

V. Potapov, A. Borysova, I. Pedorych

The problem of rational selection of equipment for the production of powder
products from high-moisture raw materials is considered, which is that in the
process of drying liquid raw materials using various methods of heat supply,
energy-intensive multi-unit installations are used, which is reasonable for large
enterprises but not effective for small processing plants.
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AHAJII3 OBJIATHAHHS AJ1s1 OTPUMAHHSA
HOPOMIKONMOAIBHUX XAPYOBHUX ITPOAYKTIB

B.O. Iloranos, A.O. bopucosa, L.IL. Ilexopuyu

Enepeoepexmusna  nepepobka NpoOyKmieé  Xapuyeawus,  AKICHI
Xapaxmepucmuku 306epicanHs € aKmyauibHUM HAYKOBO-MEXHIYHUM 3A80aHHAM. I3
Memor NOO0BHCEHHST MepMiHie 30epicanHHs Xapuo60i CUPOBUHU, OMPUMAHHS
NPOOYKmMYy 3 HOBUMU AKICHUMU 8IACMUBOCMAMU BUKOPUCIOBYIOMb 3HEB0OHEHHS, U0
Modice 30ICHIOBAMUCS YeHMPUDY2Y8AHHAM, NPECYBAHHAM AOO KOHYEHMPYBAHHAM i3
nioseoeHHAM mMennogol enepeii — GuUNaprosamHsm, cywinHaMm. Ha cboeoomni 6
Xapuosiil RPOMUCIOBOCHI € AKMYATbHUM OMPUMAHHS NOPOUIKONOOIOHUX NPOOYKMIE
i3 piokoi abo 6ucoxkoson02oi cuposunu. Ilopowikonodibni npodykmu 00380JI0Mb
iCMOMHO pO3WUPUMU XAPYO8i pecypcu, 3HAYHO NOJINUWUMU ACOPMUMEHMU HOBUX
6uU0i6 Xxapuyosux 6upodie. Y Hux y KoHyemmposamomy euciali 30epedceHi 6ci
iHepedienmu, wo 6x00amv 00 CKAady euxioHoi cuposunu. Hauibinbw nowupenumu
cnocobamu cywlinHa piOuH, wo 8UKOPUCIOBYIOMbCA 8 XAPYO8Ill NPOMUCIO8OCH, €
KOHOYKMUGHUL, ~ KOHGEKMUGHUL, CYWIHHA Ni0 OIi€l0  eHepeemuyHux noJis,
cyonimayitinuil, po3nu08aIbHe CYWIHHI, 6aKYYMHe, KoMOIHosaHe. Budinsioms mpu
NOCHIOOBHUX Nepioou CYWIHHA. NepeMiyeHHs 002U 00 HNOBEPXHI NPOOYKMY,
6UNAPOBYBAHHS 6002U 3 NOBEPXHI MA NepeMiljeHHs 60a02U Y Gueasidi napu 6io
NOBePXHI NPoOyKmy 6 nogimpanui nomik. I[lo€oHanHA OeKitbKoX pi3HO8UOI8
Meni06020 GNAUBY HA HNPOOVKM O0380JSE pe2yirgamuy  0102ICb  YCepeouHi
npodykmy. Y maxux anapamax yuxkiiuHo NOEOHYEMbCA NPoyec KOHBEKMUBHO20 abo
KOHOYKMUBHO20 HASPIBAHHSA, 4 NOMIM 8AKYYMYBAHHA. 3A80AKU YbOMY 8i00Y8AEMbCS
iHmMeHCuQiKayiss 306HIUHBLO20 MA BHYMPIUIHLO20 MENTOMACOOOMIHY, CKOPOUYEMbCSL
mepmin  nepebicy npoyecy ma NONEPEONCYEMbCS NepecpiBanHs NPOOYKNy.
OnmumanvHutl pedcum CyWinHA NOBUHEH 30IUCHIOBAMUCS 34 MIHIMATbHUX UMPAM
menia U eHepeil ma noxsieamu 8 MAKCUMATbHOMY —30epenceHHi  XIMIKO-
TNEXHON0STUHUX NOKAZHUKIE AKOCMI CUPOBUHU, WO BUKOPUCIOBYEMbCA 0TI CYULTHHA.
YV npoyeci cywinns 6ucokosonoeoi cupogunu i3 3acmocy8aHHAM PISHUX CROCODI8
nooayi menia 6UKOPUCMOBYIOMbCA 0A2AMOKOPNYCHI YCMAHOBKU, WO NPU3600UMb
00 3HauHux enepeozampam. OCMAHHIM YACOM HAYKOBI PO3GIOKU CHNPAMOBAHI HA
600CKOHANEHHs  Cnocobie  cywinns, ki 6  3ab6e3neuysanu  MAKCUMALbHY
ehexmugnicmb  Xapuoeux I CMAKoBUX nepegaz NPoOYKMYy, a MAKOIC GUCOKY
egpexmuenicmos mennomacooominnux npoyecis. OOHUM i3 MemoOie supiuleHHs Yici
npobremu € UKOPUCMAHHSL PAdiayilinO-KOHBEKMUBHO20 CHOCOOY MennioniogeoeHHs
V  BUNAPIOBATILHO-CYUUTLHOMY —anapami, w0 00360UMb CYMMESD 3HUBUMU
eKcniyamayituni  eumpamu  Ha  npoyec U OMpUMAamu  GUCOKOAKICHUL
NOPOUWKONOOIOHUT NPOJYKM.

Knrwuoei cnosa: nepepodxa, npoOykmu Xapyy8awHs, CYWIIHHA, GAKYVM,
mennoniogeoenHs, meniomacooOMin.

137



AHAJIN3 OBOPYJAOBAHUA JJIA IIOJTYUYEHUSA
IIOPOHMIKOOBPA3HBIX IIMIIEBBIX ITPOAYKTOB

B.A. Iloranos, A.A. Bopucosa, WU.II. Ilenopnu

Paccmompena npobnrema payuonanvhozo noobopa o06opyoosanus 05
NonyueHUs NOPOUKOOOPA3HbIX NPOOYKMOS U3 BbICOKOBIANCHOSO CbIPbs, KOMOPAs
cocmoum 6 mMoM, Ymo 6 npoyecce CYWKU JICUOKO20 Cbipbs € UCHOAb3IOGAHUEM
PaziuuHelX  cnocobos  nooauu  Menaa  NPUMEHSIOMCS  dHepeo3ampamuble
MHO20KOPHYCHblE YCIMAHOBKU, YMO ABIACMCA Yeneco00pasHblM Ol Npeonpusmuil
601bWOL  MOWHOCIY, HO HeIPDEKMUSHO O MeAKuUx nepepadamvléaruux
npou3B00Cma.

Knrouesvie cnosa: nepepabomka, npooykmvl NUMAHUA, CYWKA, BAKYYM,
menionoo0600, MenioMaccooOMeHn.

Statement of the problem. In modern conditions, due to the rapid
rise in energy prices, the problem of energy efficiency in the production and
economic activity of enterprises is becoming particularly topical. At
present, in the food industry, a two-stage process is usually used for the
production of liquid or powdered products of high moisture: first, raw
material is concentrated by vacuum evaporation, and then dried to final
humidity in the spraying dryers. This technology is characterized by high
energy consumption, and is economically feasible only at high productivity,
which is primarily connected with technical difficulties in the operation of
vacuum evaporating machines and spraying dryers for low productivity. At
the same time, the demands of the equipment market require the
development of compact and universal equipment, which would combine
vacuum concentration and drying operations during the processing of
products of low-capacity agricultural enterprises [1].

Review of the latest research and publications. Recent studies
have been conducted to improve methods of drying, which would ensure the
maximum efficiency of the food and gustatory benefits of the product, as
well as the high efficiency of the process.

For modern methods of drying [2], the intensification of heat and
mass transfer processes, which is achieved in different ways, is
characterized by an increase in the contact surface between the drying
product and drying agent; decrease in relative humidity of the drying agent;
application of combined heat supply; increasing the speed of movement of
raw material and the drying agent; combination of dehydration with various
technological processes: freezing, blasting, dispersing, etc.

The objective of the research. Analysis of the processes and
equipment for obtaining a powdered product of high humidity from food
raw materials.
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Presentation of the research material. In order to extend the
storage life of food raw materials, to obtain a product with new qualitative
properties using dehydration, which can be done mechanically
(centrifugation, pressing) or concentration with a supply of thermal energy
(evaporation, drying). Quantitative ratio of water and dry matters in the
product significantly influence on the choice of drying parameters and the
storage conditions of a dry product [3-5].

Drying is not only a complicated process of heat and mass transfer,
but also a very complicated technological process. The dried food product
should possess high quality indicators, both organoleptic and physico-
chemical. The method of drying depends on the properties of raw material
and the final product. The optimum drying regime should be carried out
with minimal losses of heat and energy, and lies in maximal maintenance of
chemical and technological indicators of quality of raw materials used for
drying [6].

In the process of drying from food, moisture is removed by
evaporation, water vapor is released. This is a rather energy-intensive
process, because the change in the aggregate state of moisture consumes a
lot of heat. There are three consecutive drying periods: movement of
moisture to the surface of the product, evaporation of moisture from the
surface and movement of moisture in the form of vapor from the surface of
the product into the air stream.

There are several classifications of drying methods on various
grounds. By the way of the influence of the drying agent — natural and
artificial, by pressure of air in the drying chamber — atmospheric and
vacuum. By the way of heat supply to wet material the dryers are classified
to: convective - thermal energy is transmitted by convection, conductive —
thermal energy is transmitted by heat conduction, thermal radiation -
thermal energy is transmitted by thermal emission, high-frequency —
thermal energy is converted from electrical and the product is dried inside,
combined — heat transfer is performed by means of combinations of the
above-mentioned methods; depending on the direction of movement of the
drying material and drying agent: direct-flow, reverse-current, cross-
sectional; by the type of a drying agent — devices using heated air;
installations using flue gases; installations used in the mixture of air with
flue gases — installations using superheated steam; for circulation of a
drying agent — plants with natural and forced circulation; by the method of
heating drying agent — installations with steam carriers, with fire burners,
with liquid fuel burners, with gas burners; on the multiplicity of using
drying agent — with one-time and repeated use of heated air; by the type of a
drying facility — for solid materials, liquid materials, and paste-like
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products; by operating mode - periodic and continuous operation.
According to structural features: tunnel, chamber, tape, drum, roller, mine,
and others [7].

The choice of the method of drying depends on biochemical and
structural-mechanical properties of the raw material, its state when
dehydrated (whole fruits, chopped, liquid products), and the properties of a
final product and the economic effectiveness of the process.

One of the promising areas of drying is food powders production.
Powders allow to expand food resources, significantly improve the
assortment of new types of food products, in which all concentrated
ingredients that are part of the raw material are preserved [8; 9]. At the
same time, there are different methods of drying used to produce powders
from liquid products and products of high humidity.

The most common methods of drying liquids used in the food
industry are conductive, convective, drying, under the influence of energy
fields, sublimation, spray drying, vacuum, combined [6; 10-12]. Drying of
liquids is often carried out by a conductive method, which is based on heat
transfer of the material during contact with the hot surface. For this method
of drying, the air is necessary only for removal of water vapor from the
dryer. Quality of the obtained dry product is characterized by high
organoleptic characteristics. Advantages of conductive drying [13] are the
speed, which is explained by high heat transfer coefficient between the hot
surface and the material, low energy consumption and low cost of
equipment. However, this method has limitations for products with low heat
resistance, since under the influence of uneven heating the structure of raw
materials is violated.

Convective drying is the most common method because heat comes
to the surface of the product from gaseous heat carrier, which is removed
from the drying chamber with evaporated moisture. At the beginning of the
process, the moisture evaporates from the surface of the product, and then
from its inner layers. This method is used for liquids containing
thermolabile substances, since prolonged action of high temperatures leads
to their inactivation. Using this method, liquids are sprayed out in a stream
of hot air at a temperature of about 150 °C for 2-3 seconds. During this
time, there is no overheating of the liquid. The disadvantage of spray drying
is expensive equipment of large size, increased electricity costs. The
disadvantage of dried products made by traditional methods of drying is
their poor restoration [10].

Ultrasonic drying of liquid food products proceeds under intense
acoustic oscillations. The advantages of this method include the possibility
of accelerating the process by 2-6 times in comparison with the conductive
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method without significant raise of temperature of the material, which is
especially important during the drying of thermoplastic easily oxidized
products. However, this method requires the use of expensive equipment
[2], which, in its turn, essentially increases the cost of manufacturing the
final product.

A known method for obtaining a dry product comprising spraying a
pre-condensed product with the subsequent drying of the received droplets
in a stream of hot air in the presence of an acoustic field, while low-
frequency harmonic oscillations are imposed on the gas-liquid mixture of
the product [14]. The disadvantage of this method lies in its complexity and
high level of energy consumption associated with the necessity for pre-
condensation of the product, the subsequent removal of moisture by hot air,
heated to 170...180 °C, which violates acoustic harmonic oscillations at a
relatively low sound pressure.

One of the innovative methods of drying liquids is the method of
sublimation drying [15]. The drying of frozen liquids in a freezing chamber
is carried out by sublimation of ice into steam in a vacuum chamber,
passing physical state of moisture in the form of water. The resulting
products differ in quality, low moisture content, high amount of nutrients,
solubility, nutrition, but are sensitive to moisture and oxygen. Such dryers
are very complex and expensive equipment, complex in operation and have
increased electricity costs.

The use of infrared radiation is a promising area in food products
drying. The essence of infrared radiation is the violation of atoms and
molecules, which occurs during their thermal motion. The body absorbed by
such radiation will be heated due to the increase in thermal motion of its
atoms and molecules. In this case, energy is transferred from a body with a
large potential for heat transfer to a body with a smaller potential. As for
food products, infrared radiation penetrates in them to the depth of about
6-12 mm. Not much of the emitted energy reach this place. However, it
should be noted that at a depth of 6-7 mm, the temperature of the product
increase, which is dried much higher than that during convective drying
[18]. This happens due to the influence of infrared short-wave beams on the
product that has a deeper impact on the molecular structure. The peculiarity
of infrared drying of products lies in the fact that we choose such
wavelength of radiation, which affects only water in the product. This
radiation is not absorbed by the product itself that makes it possible to carry
out the drying process at sufficiently low temperatures of 40...60 °C. Due
to this, vitamins and biologically active substances are stored in the product.
Therefore, the original color and taste remain unchanged. Such
characteristics of the drying process of products with the use of infrared
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radiation lets us presuppose that this direction is currently one of the most
promising among the other methods of drying food products. This method
of drying preserves up to 90% of vitamins and other useful substances in the
product. In order to restore all former qualities of the processed product, it
is necessary to soak it for only 10-20 minutes. At the same time,
organoleptic, physical and chemical indices will almost completely
correspond to the source product [16; 17].

The optimum drying mode [10; 12] should ensure obtaining of the
product with the best quality parameters. The quality of the final product
depends on the temperature, durability and method of drying. To reduce the
consumption of fuel and energy resources during the drying of liquid food
products, preliminary removal of water from raw material (condensation) by
evaporation in evaporating plants (multi-body or single-body with thermal
compression) is used. Then the product is dried in a drying chamber, which
has a device for distribution and transformation of the coolant into steam.
During the work of this installation, the main amount of moisture from the
substance is removed in the evaporation apparatus, and the rest — in the
drying chamber using water vapor as a coolant. The disadvantage is the use
of water vapor in the drying chamber that leads to an increased temperature
at the outlet of the coolant.

Spray drying is one of the main methods for obtaining powdered
materials from wet raw materials. This method anticipates spraying of the
product with the formation of a large number of finely divided particles,
which are instantly dried in a stream of hot air. The rate of the process flow
under the influence of high temperature positively affects the quality of the
final product. The main disadvantage of this method is large dimensions of
drying facilities and increased heat consumption.

Vacuum drying is one of the rational methods, because the amount
of heat required for the process reduces and, as a result, decreases the
energy intensity of the process.

An installation for obtaining a dry product, which contains a multi-
body vacuum evaporator and a drying chamber with a device for separating
the product from the coolant and the device for heating the latter, is known.
The drying chamber is equipped with a device for distribution and
transformation of the coolant into steam. During the work of this
installation, 80% or more of the moisture from the substance is removed in
the evaporation apparatus, and the rest of the moisture — in the drying
chamber using water vapor as a coolant [19]. There are some drawbacks.
Use of water vapor as a coolant in a drying chamber increases the
temperature at the exit of the coolant from the drying chamber that may be
undesirable for thermolabile products. Decrease in the temperature by
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vacuuming of the drying chamber reduces density of the steam, as a result,
deteriorates the process efficiency, and increases the cost of the equipment.
Use of water vapor as a coolant in the drying chamber, combined with the
use of the device for converting coolant into steam, leads to the fact that the
start and stop of the process become complicated and stretched over time.

The installation for obtaining dry milk from "LUWA" company is
known. It contains a multi-body vacuum evaporator with rotary-film
apparatus, a chamber with the devices for heating and supply of the coolant
and a system for cleaning the waste coolant. The rotary-film apparatus
allows receiving a highly concentrated, and in some cases dry product at the
outlet of the evaporator. The waste coolant after passing the purification
system from solid particles of the product, taken from the drying chamber,
is released into the atmosphere with a temperature, which is significantly
higher than the ambient temperature leading to heat losses. The fact that the
drying chamber and the multi-body vacuum evaporator are presented as
separate autonomous units is one of the disadvantages of this installation
that leads to the increase in a number of units of installation and metal
capacity of the equipment.

There is a method for obtaining a dry milk product, which involves
mixing milk with vegetable oils, vitamins, heating, homogenizing, drying,
condensation of the mixture in a vacuum, while drying is carried out by
spraying in a stream of air at an inlet temperature of 125...130 °C [20]. The
disadvantage is the complexity and high-energy consumption due to the use
of heating, condensation, spray drying in the flow of hot air.

The other method for obtaining dry milk that includes spraying of
the product with subsequent drying, is characterized by spraying of the
filtered steamed milk through a filter under pressure, followed by drying in
a vacuum shaft [21].

As we can see, a number of different installations are known for
obtaining a dry product from wet raw materials by preliminary
concentration and spraying. All of them have one major drawback, which is
a two-stage process: first, raw material is concentrated by vacuum
evaporation, and then dried to its final humidity in spraying dryers. This
technology is characterized by energy consumption and is economically
feasible only in case of its high productivity, which is primarily connected
with technical complexity of the operation of vacuum evaporating machines
and spraying dryers with low performance [1].

Combined processes joining several methods of drying or cyclic
change of modes are also of interest to scientists. The combination of
several varieties of thermal effects on the product can affect humidity inside
the product. Such apparatuses cyclically combine the process of convective
or conductive heating and then vacuuming. Under such processes, the
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intensification of external and internal heat and mass transfer occurs, the
term of the process shortens and the product overheating is prevented [22].

Conclusion. The main drawbacks of the processes of drying raw
materials of high humidity applying various methods of heat supply are the
use of multi-body installations that results in significant energy
consumption. Modern methods of obtaining powdered products from liquid
raw materials or those of high humidity are carried out by means of a two-
stage process in which raw material is first concentrated by vacuum
evaporation, and then dried to its final moisture. Such methods are
economically feasible only under high performance that is connected with
technical complexity of the operation of vacuum evaporators and spraying
dryers.

Investigations of small agricultural processing companies
demonstrated an urgent need for small-sized equipment, in which the
processes of vacuum concentration and drying could be effectively
combined.

One of the prospective methods for solving this scientific and
technical task is the use of the method of radiation-convection heat transfer
in an evaporative-drying apparatus that will sufficiently reduce operational
expenses of the process and obtain a high-quality powdered product [22].
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DEVELOPMENT OF EQUIPMENT FOR IMPLEMENTATION
OF THE COMBINED PROCESS OF JERUSALEM
ARTICHOKE PEELING

D. Dmytrevskyi, D. Horielkov, R. Lazurenko, O. Procenko

Qualitative indicators of raw materials are analyzed. The necessity of
preserving the vitamin and mineral content of Jerusalem artichoke tubers during
processing is proved. The analysis of the basic methods of realization of process of
cleaning of vegetable raw materials is presented; their main advantages and
disadvantages are analyzed. The device for the combined cleaning of Jerusalem
artichoke tubers has been designed. The machine design is described in detail. Main
advantages of using the developed machine are identified.

Keywords: Jerusalem artichoke, combined peeling machine, heat treatment,
mechanical treatment, quality of peeling, percentage of loss of raw materials.

PO3POBKA OBJIAJTHAHHS JIUISI PEAJIIBALII
KOMBIHOBAHOI'O CITOCOBY OYNIIEHHS
BYJIbb TONIHAMBYPA

A.B. ImurtpeBcbkuii, I.B. l'opeaxos, P.C. Jlazypenko, O.1. Ilpouenko

Posgumokx ma 60ockoHaneHuss npoyecy oduweHHs POCAUHHOL CUPOBUHU €
AKMYATbHUM HAYKOBO-MEXHIYHUM 3a80anusam. OOHuM i3 HAUOIIbUl NePCneKmugHUX
HanpamKie inmencugixayii npoyecy odUWeHHs 06804i8 € pO3pPOOKA KOMOIHOBAHUX
npoyecie ix nepepobru. Yoockonanenns npoyecy ouuujenusi 06ynvh 3acHosane Ha
NOECOHAHHI npoyecy nonepeonboi mepmoobpoOKU Moninambypa napoio ma npoyecy
NnoOANbUWO020 MEXAHIYHO20 OoouuujeHns. Jloedeno HeoOXiOHicmb CMBOpeHHs.
001a0HanHA O1A peanizayii KOMOIHO8aH020 npoyecy oyuujenns oeouis. I[Ipogedeno
EeKCNepUMEHMAanbHi  OOCTIONCEeHHsI OISl GUBYEHHs GNIUGY NAPAMEmpI8 Npoyecy
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