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Binvwicme roncmpyxuii 6axyym-eunapHux
anapamis 015 KOHUEHMPYBAHHI MAOMb NPode-
My cmabinizauii menaoniosedenns no 6cii nogepx-
Hi mennoobminy. Ile noscmwoemovca mnasemicmio
napoeoi 060J0HKU, WO YCKAAOHIOE PiGHOMIpHE
menaonideedenns. Taxoxnc ceped nedonixie € 6i0-
CYymHicmo MONCAUBOCMI PAUIOHANBLHOZ0 30iNbULEH -
HS NOGEPXHI MENTIOOOMINY, WO 8 CEO010 Uepey 6NaU-
eae na mpueanicmv mepmiunoi 06podKuU ma axicmo
npooykuii. I3 memoro ycynenns ocHoBHUX HeDOTi-
Ki8 8aKYYyM-8UNAPHUX aAnapamisé 3anponoHo8aHo
cnoci6 menaoniogedenns 3i 30inbWIENOI0 NOGEPX-
Heto obiepieanns. J[ns po3e’azanns nocmasieHux
3aedanv 3 YOOCKOHANEHHS 3ANPONOHOBAHO BUKO-
PpuUcCmosyeamu Cy4acHi eHyuKu nai6K06i pe3ucmue-
Hi eJleKmpoHazpieaui GUNPOMIHIOBANLHO20 MUNY
(T'TIPEnBT). Bonu xapaxmepu3yromvcs HU3bKOM0
iHepyilinicmIo, MemanioeEMHICMI0, NPOCMOMOI0
asmomamusayii ma oocayeosysanns. Taxuil enex-
mponazpieau 30amen 3abesneuyeamu piGHOMIp-
HiCmb mMennoeoz0 nomoxy ma npuimamu 0yoo-
aKy eeomempuuny Gopmy menaonepedasanvroi
nogepxui.

Bionogiono 0o rxoncmpyxmueno-mexnono2iy-
HO20 pimenns 3amicmo napoeoi o6oaonxu 006iepi-
B8AHHA NPONOHYEMBCA 30IUCHIOBAMU MENT0IZ0NbO-
eanum I'IIPEnBT, axuil maxosc po3mawio8yemocs
Y NOPONCHUCMOMY NPOCMOPi 6ana MIWATNKU MA
nonamei. Taxum wunom 3abe3neuyemovcs 30iav-
wennsa noeepxmi mennoobminy 6io 3,7 m> 0o 4,15 M3,
moémo na 12 %.

Buseneno 3menwenns epanuuHoi Hanpy-
2u 3cyey 3i 30invUEHHAM memnepamypu: AKw0
t=10 °C, mo 0y=79 Ila; éionosiono t=70 °C, 6y=12
Ia. E¢exmuena 6’a3xicme oas t=10 °C cmano-
eumv Mep=392 lla-c, ona t=70 °C M,y=2 IHac. ¥
X001 anpobayii modeavozo 3pasxa BBallT niod nac
xonyenmpyeanns (50...65 °C) eusnaueno weuo-
xicmo 3cyey: 0,5...2,5 ¢'. Epexmuena 6’asxicmo
nepeéyeac 6 mexcax 2,0...4,5 Ila-c. Yoocxonanenuii
BBallT xapaxmepu3dyemovcsa CKOpOHEHHAM mMpuea-
Jl0cmi 6UX00Y HA CMAUIOHAPHUT PEHCUM NOPIBHAHO
3npomomunom (M3C-320) na29%. E¢pexmusnicmo
KOHCMPYKMUBHO-MeXHIUH020  plulenHs  Nio-
meepodcyemocs U 3MEHWleHHAM 6d2u anapa-
ma na 35 %, numomoi memanoemnocmi na 42 %,
mpusanocmi 00pooxu na 12 %

Kntouogi caosa: xonuenmpyeanns, opeaniuna
npooyKuyis, 6aKyym-eunapruil anapam, nacmo-
nodi6nuil naniepabpurxam, enyuxul naieKo6ull
pe3ucmuenuii elekmponazpieay
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1. Introduction

food industry market due to their wide application spec-

Concentrated semi-finished products based on natural
organic raw materials constitute a significant share of the

trum, in particular, to meet the daily growing demand of
population in natural foods. This demand is caused by the
rapid deterioration of the ecological state of many countries



in the last decades and by the desire to consume high-qual-
ity products with the reasonable component: good value for
money. This proves the appropriateness of searching for in-
novative approaches to the intensification of the concentra-
tion process through improving the equipment for its imple-
mentation [1]. The basis for the production of concentrated
semi-finished products is natural, in particular, organic raw
materials, which causes the need for its processing directly
in the places of growth. This is primarily due to rapid inev-
itable physical-chemical reactions associated with losses of
its initial properties, including natural value, and a decrease
in transportation costs [2].

In order to ensure the qualitative characteristics of pro-
cessed food raw materials, the appropriate technologies are
constantly improved, which allows a significant decrease in
the duration of processing.

Ensuring the quality of raw materials, processed into
food products, needs constant improvement of the appropri-
ate technologies, which allow considerable reduction of the
duration of processing. The use of new energy-saving equip-
ment will ensure the preservation of the initial properties of
raw materials and will provide the competitive features to
the obtained products [3]. The quality of the obtained organ-
ic concentrated semi-finished products is directly influenced
by the structural-technological component. During the pro-
duction of high-quality natural concentrated semi-finished
products, significant attention should be paid to thermal
exchange processes, which are mostly realized in highly
productive and metal-intensive equipment. In many cases,
structural implementation does not fully provide the ap-
propriate quality of the obtained products due to complex
engineering and technical communications and resource
efficiency. This necessitates the search for innovative solu-
tions to improve the concentration processes, in particular,
by increasing the heat exchange surface area.

The relevant task is to implement the innovative design
and technological solutions related to the improvement of
the process of concentration of natural raw materials for
further production of various food products on its basis. It is
possible to solve the problem by improving the basic struc-
tures of vacuum-evaporators by increasing a heat transfer
surface and changing the way the working chamber is heat-
ed. In turn, this will ensure the thermal stabilizing action of
the process and resource efficiency regarding a decrease in
metal capacity of the equipment, which will allow obtaining
the competitive high-quality assortment of concentrated
natural semi-finished products.

2. Literature review and problem statement

Paper [4] proves the necessity of expanding the market of
high-quality plant products of natural origin. This raw ma-
terial has a natural content of biologically active substances
(BAS) and has original flavor properties. Thus, it can ensure
obtaining a competitive product of plant origin for function-
al purposes and expand its assortment. This concerns the
production not only of ready-to-eat food products, but also
of concentrated semi-finished products of high readiness de-
gree. The use of concentrated paste-like semi-finished prod-
ucts from fruit and berry raw materials ensures the expan-
sion of the assortment of food products and allows creating
the original flavor properties of the obtained products. To
implement the above-mentioned, it is necessary to introduce

the substantiated technological modes and modern equip-
ment that will ensure maximum preservation of the natural
properties of the obtained semi-finished products.

In recent years, more and more attention is paid to the
development and implementation of functional products
containing vegetable materials. Paper [5] examines the role
of trust, health awareness and prices in shaping consumers’
intentions to buy functional products. It was established
that the shaped intentions of consumers to purchase such
products arises in connection with its high quality. This
causes the introduction of innovative methods and apparatus
solutions in terms of spreading plant semi-finished products
during the subsequent production of functional products on
their basis.

Paper [6] analyses the efficiency of using various plant
semi-finished products during blending into the unified
functional semi-finished product of enhanced quality with
regard to the necessity of taking into account the proper-
ties of each component and of compliance with reasonable
technological operations during their processing, since raw
materials quickly lose their initial properties. According to
data in article [7], most heat and mass exchange processes
are implemented on obsolete technological equipment using
high temperatures and are resource intensive. The reason for
this is high performance, continuity of technological pro-
cesses, complexity of technical communications, which com-
plicates their maintenance [8]. Paper [9] indicates the need
for the production of concentrated berry products to obtain
functionally physiological semi-finished products, which
will ensure an increase in the level of the consumer’s im-
munity. This necessitates an innovative approach to solving
technological and design tasks to improve the production
of concentrated semi-finished products for manufacturing
functional products.

The concentration of natural semi-finished products is
performed in single-case and multi-case vacuum-evapora-
tors, rotary-film apparatus and drying chambers [10]. Most
of them have industrial drawbacks: complicated temperature
control, existence of thermal ways, and insufficient heat
exchange surface due to the need for placing the separation
zones. This causes the complexity of technical and techno-
logical service, low resource efficiency, competitiveness and
quality of the obtained products. Today, to produce concen-
trated semi-finished products, it is appropriate to use various
resource efficient structures of infrared drying chambers [11],
the use of which will make it possible to obtain a powdered
semi-finished product of high degree of readiness with as-
signed geometric dimensions and functional properties.

The studies on determining the impact of the quality
of obtained products and the use of its consumption were
carried out in paper [12]. Article [13] studies sensory deter-
mining of the influence of the quality of obtained products
on rational consumption efficiency. It was noted that in most
cases color is the first factor that influences the choice of
a consumer, then flavor and physiological properties. This
causes the need for maximum preservation of the original
properties of natural raw materials during heat treatment,
as well as their rational formulation blending in the com-
position in order to give an attractive color and artificially
enhance physiological properties of natural raw materials.
Morally obsolete technological equipment for the produc-
tion of concentrated high-quality semi-finished products
remains the main problem. Ukrainian vacuum-evaporators
are characterized by the complex stabilization of thermody-



namic parameters: pressure and temperature in the working
chamber of the unit. This greatly affects the quality of the
obtained products, causing the need to improve the methods
for their stabilization to ensure the guaranteed quality of
the food mass under conditions of uniform heating. One of
the ways to solve this problem is to replace steam shells with
modern electrical heating elements that are able to provide
a high-quality level of temperature stabilization during con-
centration and to enhance the operational performance of
the obtained equipment.

Paper [14] deals with the issues of the technology of se-
lective energy supply in the concentration of food solutions.
Considering the material contained in the paper enabled
the authors to create modern low-heat design of the vacu-
um-evaporator, in which the process can be implemented
using the temperatures of up to 35 °C. However, the com-
plexity of maintenance of electromagnetic generators re-
quires the use of the qualified personnel and complicates the
operation of the unit. So, the problem of finding innovative
modern methods for heating vacuum-evaporators remains
unresolved.

The issues related to the influence of the concentration
process on chemical, rheological, microstructural and ther-
mal properties of food raw materials, including pear syrup,
described in article [15], remain open. The above research
results prove the necessity to determine structural and me-
chanical properties of raw materials during the concentra-
tion, since this will ensure a high-quality structural approach
to the implementation of heat and mass exchange treatment
and will allow the enhancement of the structural compo-
nent of the process. Thus, the research of the authors [16]
determined the behavior of the flow of baby puree based
on plants at different temperatures (5... 65 °C), focusing on
their time properties in the range of shear rate (5... 200 s™).
In article [17], the effect of pH, temperature and addition
of glucose on the rheological behavior of fruit puree from
peach, papaya and mango was found. That proves the need
to study structural and mechanical characteristics, both in
terms of the product quality and for the purpose of reliable
calculation of the nodes of the designed unit.

The research into the development of the method for
low-temperature concentration of apple juice, including
freezing, as described in [18], determines the need for
low-temperature treatment of raw materials with clear stabi-
lization of the temperature field. This, in turn, preliminarily
proves the appropriateness of the use of modern heating ele-
ments with the high-quality temperature control.

Modern solution on the implementation of the concen-
tration process is presented in paper [19]. It is a system of
juice concentration with the closed cycle, provided by the
liquid dried layer. Barberry juice was used for the research
and compared with the usual concentration process. The
non-glazed solar collector with the flat plate was used for
the purpose of simultaneous regeneration of the drying
solution. Experimental evaluation of the designed system
was carried out at different flow rate of circulation air. The
results showed a decrease in concentration duration from
480 min to 360 min at the flow rate of 0.014 kg /s, a decrease
in dehydration efficiency by 40 % and an increase the rate of
moisture evaporation by 33 %. This proves the effectiveness
of the proposed system, but the issues of modernization of
the existing vacuum-evaporators remains unresolved.

Thus, paper [20] provides the results of generalized heat
and mass exchange treatment indicating the undesirable for-

mation of the film during boiling. This is due to overheating
of surface layers and a rapid change in physical and chemical
properties of raw materials, thus of its quality. To prevent
this, it is proposed to increase the heat transfer surface by
ensuring the heating of a stirring device and increasing the
heat transfer surface. This proves the relevance of the re-
search in this direction.

The modern design and technological solution for im-
proving the basic structures of vacuum-evaporators is to
increase heat transfer surfaces, which will provide resource
efficiency, specifically, a decrease in process duration and
structural metal capacity of the unit, enhancement of the
competitiveness of obtained high-quality concentrated or-
ganic semi-finished products, which can act as additives in
the production of new products. In particular, the introduc-
tion of concentrated semi-finished products to the formula-
tion composition of confectionery and bakery products can
ensure the enhancement of food and biological value [21].

In paper [22], the expediency of processing fruit and ber-
ry raw materials into the concentrated semi-finished product
with its subsequent introduction to the formulation of food
products was analyzed. This solution ensured an increase in
the nutritional value of finished products, thereby proving
the need to find the ways to improve the concentration pro-
cess, first of all, due to the structural improvement.

Our analysis has revealed the main problematic compo-
nents of production of high-quality concentrated semi-fin-
ished products. These include the issues related to the
stabilization of thermal influence (pressure — tempera-
ture), temperature of treatment and deforming forces
during stirring raw materials, as well as substantiation
of technological modes in general. It is also necessary to
take into account the structural and mechanical properties
of raw materials, their components and disperse phase in
general. Solution of the mentioned structural and techno-
logical drawbacks during improving and designing modern
equipment will allow ensuring the optimum concentration
process with reduced metal capacity, duration of treatment
and will improve the operation conditions. The ways to
eliminate these shortcomings can be the replacement of a
heating steam shell with low-inertia electric heaters, in-
creasing the heat transfer surface, improving the stirring
device and ensuring its heating. Improvement of the basic
assembly of MZS-320, most often used at canning enter-
prises in Ukraine, due to an increase in the heat transfer
surface will increase resource efficiency of processing
raw materials, ensure the proper quality of the obtained
semi-finished products and their competitiveness.

3. The aim and objectives of the study

The aim of this research is to improve the vacuum-evap-
orator by increasing the heat exchange surface for man-
ufacturing food semi-finished products of high degree of
readiness with determining the effectiveness of the design
and technological solution that was made.

To achieve the aim, the following tasks were set:

—to develop the improved model design of the vacu-
um-evaporator with the increased heat transfer surface;

—to conduct the experimental and calculation research
using the model structure of the vacuum-evaporator with
the increased heat transfer surface (VEHS) to prove its
effectiveness.



4. Materials, methods to study concentration of organic
raw materials, and experimental setup

Implementation of these tasks according to the purpose
of the research was carried out at the Scientific and research
center “Innovative biotechnologies and equipment for making
food products with high wellness properties” of Kharkiv State
University of Nutrition and Trade (Ukraine). Experiments
were conducted on the developed improved model structure
of the VHES. The paper provides a detailed description of
the experimental model of the VHES, as well as materials
and methods for studying concentration. During this heat
and mass exchange process, the standard calculation and
experimental procedures with the use of automatic measuring
devices of the “OVEN” company (Ukraine) were used.

Rheological properties of the model samples of puree
were determined at the rotary viscosimeter “Reotest-2” in
the cylindrical measuring device on Cueto.

5. Vacuum-evaporator with increased heat transfer
surface to implement heat and mass exchange process

5. 1. Development of the improved model design of the
vacuum-evaporator with increased heat transfer surface

To ensure the improvement of the VEHS, the main de-
sign and technological drawbacks existing in the Ukrainian
market of vacuum-evaporators were preliminarily taken into
account, specifically:

— considerable metal and energy capacity of the network
of the systems of steam supply, specifically, the existence of a
steam shell in the units;

— duration of the technological process of heat and mass
exchange treatment under conditions of using the standard
heat exchange surface and the design of a stirrer.

To eliminate the above shortcomings, the design and
technological solution to increase the heat transfer surface
by upgrading the design of a stirrer was proposed. In addi-
tion, the replacement of the steam shell with modern electric
heaters was foreseen.

To solve the first task of the research, the model of the
design of vacuum-evaporator with the increased heat trans-
fer surface (VEHS) with a vertical working technological
capacity 1 was improved (Fig. 1). The model is designed for
concentration. In order to reduce metal consumption, heat-
ing is implemented only by the flexible film resistive electric
heater of the radiation type with the thermal insulating out-
er surface 2 (FFREhRT) [23]. The use of the electric heater
does not require an additional use of steam, existence of any
heating shells, piping networks and heat generators.

The upper part of the unit is a heat-insulated separation
space for condensation and removal of the secondary vapor.
The lid of the unit 3 has a standard control and safety arma-
ture 4, mounted in the basic assembly of the vacuum-evap-
orators of the MZS brand, including observation window 5.

The heat exchange surface is increased as a result of the
improvement of the design of the stirring device 6 by its
heating of the FFREhRT and placement of six flow sepa-
rators 7. The improvement of stirring the on-wall layer of
the raw material on the main surfaces of concentration (the
cylindrical wall and the bottom) was provided by springing
of loaded ribs 8. In this case, six flow separators provide
intensive stirring the internal mass of concentrated raw ma-
terials. Heating of the stirring device 6 is powered due to the

hollow inner space and contact platform 9 in the upper part
of the unit. The proposed design solution allowed obtaining
and increasing the useful heat exchange surface by 0.45 m>.
The VEHS is unloaded by the automatic device 10,
mounted in its lower part around the rotating shaft of stirring
device 6, which allows automatic opening of the lock shut-
ter 11. This is implemented by the removal of concentrate by
guides 12 to further realization of the semi-finished product.
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Fig. 1. Diagram of the improved model vacuum- evaporating
unit with increased heat exchange surface (VEHS):

1 — vertical working technological capacity; 2 — flexible
film resistive electric heater of the radiant type with heat-
insulating outer surface (FFREhRT); 3 — unit lid; 4 — control
and safety fittings; 5 — observation window; 6 — improved
stirring device; 7 — flow separators (6 pcs); 8 — springing
ribs; 9 — contact platform of power of the FFREhRT;

10 — unloading automatic device; 11 — automatic lock
shutter; 12 — guides for product removal;

13 — electric drive with worm gear; 14 — racks

The improved stirring device 6 is rotated by the electric
drive with the worm gear 13. The VEHS is placed on racks 14.
The obtained secondary vapor in the process of boiling ar-
rived by the pipeline to the casing-pipe condenser or was used
to heat the technical fluid according to the sanitary needs of
the line. The principle of the implementation of the techno-
logical process in the VEHS is typical of the basic assembly
MZS-320, which is distinguished by the heating system with
increased heat exchange surface and its decreased duration.

5. 2. Experimental and calculation studies of the model
design of the vacuum-evaporator with increased heat ex-
change surface

At the second stage of the task for testing the improved
design of the VHES, the structural-mechanical characteris-
tics of the puree-type semi-finished product, depending on



temperature, were determined (Fig. 2), since coordination of
the interaction of rheological properties with design features
(a stirring device) is an integral part during boiling of plant
raw materials. Analysis of the obtained data proves a decrease
in boundary shear stress within measurement boundaries
with the increase in temperature by six times. If =10 °C,
00=79 Pa; relatively ¢=70°C, 6y=12 Pa. This also allowed
determining the dependence of the value of effective viscosity
(Mef) on temperature. Thus, for =10 °C 1,~392 Pas, and for
t=70 °C m,=2 Pass. It should be noted that an increase in
temperature causes significant deterioration of all rheological
characteristics of decreasing the indicators of dynamic viscos-
ity of the puree-like semi-finished product.

m— 80

400

®,, Pa Ness Pa‘s _B, Pas

07— 70N 350 |-140

06— 60l \\ 300 120

05— 50 \\“\\\ 250 =100
| A N~ |

04— 40 > \ ~< 200 [~ 80

03— 30 150 [~ 60

02— 20 ™N 100 |~ 40

01— 10 50 20

t,°C
ol o o L o
10 20 30 40 50 60 70

Fig. 2. Dependence of structural-mechanical properties of puree
on temperature: @ — boundary shear stress (6¢);
m — plastic deformation (n.); A — effective viscosity at unity
value of velocity gradient (B); ¢ — rate of structure ruining (m)

In the course of testing the model sample of the VEHS
during concentration (50...65 °C), it was determined that
shear rate was 0.5...2.5 s and effective viscosity was within
2.0...4.5 Pa-s. Thus, the rheological properties of the pu-
ree-like semi-finished product were established according to
the pre-selected mode parameters.

To determine the effectiveness of the proposed design
and technological solutions in accordance with the second
task, kinetics of heating the puree-like semi-finished product
in the improved VEHS and the basic structure of MZS-320
was preliminarily established (Fig.3). The analysis of the
presented curves proves the effectiveness of the proposed

design and technical solutions in terms of increasing the heat
exchange surface. The duration of achieving the stationary
mode (52 °C) of the improved VEHS is 575's, so a decrease
in the duration of achieving the stationary mode by 29 %
compared to the prototype is ensured. This proves a decrease
in the heating duration and, respectively, in the duration of
processing the puree-like semi-finished product due to in-
creasing the heat exchange surface.
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Fig. 3. Kinetics of heating the puree-like semi-finished
product: 1 — VEHS; 2 — MZS-320

Due to a decrease in the energy consumption compo-
nent, the improved VEHS, in addition to resource efficien-
cy, is characterized by environmental friendliness. This is
due to a decrease in the volumes of consumption of electric-
ity of thermal power plants, resulting in reduced emissions
of COy into the atmosphere.

Table 1 shows the comparative characteristic of the
basic structure of the MZS-320 and the improved model
prototype VEHS.

Bases on the analysis of data from Table 1, the effective-
ness of the proposed structural solution to increase the heat
exchange surface and increase resource efficiency in general
was proved. This is proved by the decrease in the weight of
the unit by 35 %, in specific metal capacity of the unit — by
42 %, in the duration of treatment by 12 %; by an increase in
the heat exchange surface by 12 %. According to other design
and technical indicators, the improved VEHS also has sig-
nificant advantages in maintenance and operation. It ensures
the solution of the main problem of vacuum-evaporators in
terms of stabilization of heat supply on the entire surface
of heat exchange. An increase in the heat exchange surface
ensures a decrease in the duration of achievement of the sta-
tionary mode (heating up to 52 °C within 575 s) and thermal
treatment in general (Fig. 3), making it possible to consider
indirectly obtaining high-quality concentrates. Boiling with-
in 50...65 °C ensures maximum preservation of vitamin C,
and consequently other physical-chemical compounds.

Table 1
Comparative characteristics of improved VEHS compared to the basic structure MZS-320
Power consumption MZS-320 VEHS
WCight of the unit m*:1,700 kg m:mMzS_gzofms;,mﬁmppREth*1,7007620+2O:1,1OO kg

Specific consumption

45=Q/m=1,120,798/1,600=700 k] /kg

4=Q/m=651,137/1,600=406 k] /kg

Treatment duration

1=Q/Fk-At=1,191,033/3.7-1,454-91=4,065 s

1=Q/Fk-At=1,969,245/4.15-1,454-91=3,586 s

Area of heat exchange surface F=37m?

F=FMZS*320+Fxtimzrs=3-7+0-45=4-15 m?3

Unit heating

Q=m,-c (& —8)+m, c, -(ty—t])=900-0.48x
x(52-25)+620-0,48- (142 +80) = 33,452 kJ

Q. =my-c,-(t;—{)=900-0.48-(52—25)=11,664 k]

Product heating

Qi=m-s(ti—t,)=1,600-3.7-(52-40)=2,552 k]

Qim-s-(ty—t,)=1,600-3.7-(52-40)=72,552 k]

General amount

Q42,053,504 k]

Q4,=2,009,433 k]

Specific metal capacity
of the unit

m=M/F=1,700/3.7=459 kg/m?

m=M/F=1,100/4.15=265 kg/m>

Note: *Comparative data of basic structure of MZS-320 were taken from literature source [24]



During the studies, the main technical parameters of the
improved VEHS were determined (Table 2).
Table 2

Technical parameters of the improved vacuum-evaporator
with increased heat exchange surface

Technical parameter Value
Volume of technological capacity, m? 1.0
Power of the rotation drive engine, kW 0.35
Temperature of tglc; 126],::21}11; lg);:{lgnge surface from up to 150
Rotation rate of the stirrer, min ! 47
Weight (unloaded), kg 1,100

During the experimental and practical studies, the
main technical and operational indicators of the improved
FFREART, which prove the efficiency of its further imple-
mentation, were obtained. The result will be the improve-
ment of the design and technological parameters of the
existing lines of concentration of natural raw materials. In
addition, resource efficiency and uniform impact on the raw
material with clear stabilization of the temperature field due
to the use of the FFREhRT will be ensured. This, in turn,
will provide high quality of the obtained semi-finished prod-
uct and price and good value for money.

6. Discussion of the obtained results of concentration of
organic raw materials in the improved vacuum-evaporator
with the increased heat exchange surface

The main problem during manufacturing high-quality
concentrates is the use of obsolete technological equipment
with complex stabilization of thermodynamic parameters:
pressure and temperature in the working chamber of the
unit. This largely affects the quality of the obtained prod-
ucts. Today, research into heat exchange during boiling of
natural raw materials, specifically, vegetable juice, is going
on. The stirring device with steam heating of the heat trans-
fer shell and simultaneous vapor forcing into the stirring de-
vice was improved [25]. The drawback of the steam heating
system is metal intensity, inertial non-uniformity of heating.
The decision to force steam into the lower part of the hollow
stirring device is likely to result in a hydro shock due to
the steam condensation during heating of vegetable juice.
All this greatly complicates the operation and automation
of the technological process and the unit in general. One of
the ways to solve this problem is to replace the steam shells
with a modern electric heater with a high-quality level of
temperature stabilization during concentration. The use of
the FFREhRT allows eliminating the heating steam shell,
the network and the steam generator.

Providing heating of the improved stirring device with
six flow separators — FFREhRT — increases the total useful
heat exchange surface by 0.45m3 (Table 1). An increase
in heat exchange surface ensures a decrease in duration of
reaching the stationary mode (52 °C — 575 s) by the VEHS
and thermal treatment in general (Fig. 3), making it possible
to consider indirectly that high-quality concentrates are
obtained. Boiling within 50...65 °C provides maximum pres-
ervation of vitamin C, and consequently, other physical and
chemical compounds.

The issues of the introduction of low-temperature boiling
and determining structural and mechanical properties under
conditions of stirring remain open today. This caused the
need to study structural and mechanical properties during
testing the VEHS with an improved stirring device. It was
found that in the range of 10...70 °C a decrease in shear stress
from 79 to 12 Pa is ensured. In this case, effective viscosity
at t=10°C is n,=392 Pa-s, at =70 °C n,~2 Pa-s (Fig. 2).
Comparison of the kinetic curves of heating the puree-like
semi-finished product of the improved VEHS with the
prototype (MZS-320) proves the reduction of duration of
reaching the stationary mode by 29 % (Fig. 3), in particular,
efficiency of structural and technical indicators: a decrease
in the weight of the unit by 35 %, of specific metal capacity
by 42 %, of treatment duration by 12 %. The heat exchange
surface increased by 12 % (Table 1).

The main advantage of the design and technological
solution is the introduction of modern engineering develop-
ments of the intensification of concentration processes. This
will lead to the improvement of the technical parameters of
vacuum-evaporators, an increase in their competitiveness
and a decrease in the cost with the guaranteed quality of ob-
tained products. It should be noted that the effectiveness of
the VEHS is obtained through the use of FFREhRT, which
in the complex of the implemented design solutions will pro-
vide for clear stabilization of thermal influence, simplicity of
maintenance and simplification of the automation of boiling
process.

Implementation of VEHS is recommended only in the
proposed temperature ranges (50... 65°C) to ensure re-
source-efficient processing of raw materials into high-qual-
ity concentrated semi-finished products of the high level of
readiness. It the recommended parameters are not taken into
account, it will lead to the inevitable decrease in the quality
of obtained products.

In future, it is planned to conduct detailed research
into the implementation of the concentration process in the
improved unit. The possibility to develop the generalized
structure of changes of structural and mechanical properties
depending on the kind of raw materials and technological
modes will be determined. The impact of the implementation
of the proposed solution on the obtained quality of concen-
trated semi-finished products of high-degree of readiness
will be studied by determining the change in color formation
of products.

7. Conclusions

1. Heating the technological capacity of the developed
model of the design of the vacuum-evaporator with the in-
creased heat exchange surface by the flexible film resistive
electric heater of the radiation type with the heat insulating
outer surface was proposed. The stirring device is heated in
the same way, which ensures an increase in the useful heat
exchange surface by 0.45 m?®.

2. The determined structural and mechanical proper-
ties prove an increase in boundary shear stress within the
measured limits: if =10 °C, 8p=79 Pa; respectively ¢=70 °C,
090=12 Pa. Effective viscosity at =10 °C is n,~392 Pas,
at t=70 °C ny=2 Pass. In the course of testing the model
sample of the VEHS during concentration (50...65 °C),
shear rate was established: 0.5...2.5 s7!. Effective viscosity



ranges within 2.0...4.5 Pa-s. Analysis of the kinetic curves of  prototype (MZS-320). The effectiveness of the design and
heating the puree-like semi-finished product reveals that the  technical solution is proved by a decrease in the weight of the
improved VEHS is characterized by a decrease in duration  unit by 35 %, specific metal capacity by 42 %, processing du-
of achieving the stationary mode by 29 % compared to the  ration by 12 %. The heat exchange surface increased by 12 %.
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