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products minimize the synthetic component of the existing 
range of food products with simultaneous saturation with 
physiologically functional ingredients (PFI) and providing 
original rheological and organoleptic properties, increasing 
the competitiveness of the resulting products [1]. Daily 
consumption of organic vegetable raw materials (berries, 
fruits, vegetables, etc.) physically does not make it possible 
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The object of this study is the process 
of thickening organic polycomponent 
compositions based on Jerusalem 
artichoke, apples, pumpkin, cranberry, 
and dogwood to produce high-level 
semi-finished products employing the 
proposed equipment and technological 
solutions implemented in a unified 
reactor. Conventional thickening devices 
have a steam heat supply system, which 
leads to overheating of certain layers of 
raw materials and prevents the mobile 
properties of the apparatus under the 
conditions of significant execution of 
organic properties of raw materials. The 
introduction of apratur-technological 
solutions could provide the competitive 
advantage of the reactors by heating 
the film-like emitting electric heater 
using a mixing device with a heating 
surface. Increasing the total area of 
heat exchange to 1.24 m2 (prototype – 
0.98 m2). There is a decrease in specific 
heat consumption by 20 %, specific metal 
capacity by 47 %, and the duration of the 
process by 30 %. We have determined 
rheological properties in the thickening of 
the organic polycomponent composition 
of the paste at a temperature of 55 °C and 
a shift rate within 3.0…4.5 s-1, effective 
viscosity is in the range of 22...3.5 Pa•s. 
In this case, the kinetics of boiling in an 
improved reactor are by 27 % smaller than 
that in the basic structure R-P-150 m. 
According to organoleptic indicators, the 
composition "B" has a pleasant harmonious 
taste of all components. The results of 
the studies are relevant for practical 
implementation in the temperature 
range from 35 °C to 55 °C. The hardware 
and technological solutions form the 
competitiveness of mobile reactors for the 
thickening of plant semi-finished products 
under conditions of elimination of the 
steam component and an increase in the 
surface of the heat exchange of the mixing 
device. Providing preference in operating 
duration with the simultaneous use of 
Peltier elements to convert secondary heat 
to the autonomous work of exhaust fans in 
the motor compartment
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1. Introduction

Consumer cooperations in many countries of the world 
are daily under changing living conditions (environmental 
and economic factors, hostilities, extreme situations, etc.), 
increasing the demand for quality organic polycomponent 
condensed ready-made semi-finished products. Organic 
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to form a daily diet since it is characterized by seasonality 
and complex conditions of transportation, storage, consumer 
demand, etc. Thus, production complexes need to implement 
the search for innovative equipment and technological solu-
tions aimed at intensification of resource-efficient process-
ing of organic raw materials into polycomponent ready-made 
semi-finished products (pastes, powders, etc.), ensuring the 
competitiveness of production [2]. The feasibility of produc-
tion of organic polycomponent semi-finished products is the 
possibility of use as independent products. Also, use in the 
form of natural ingredients with original rheological and 
organoleptic properties in various food recipes, minimizing 
the content of synthetic ingredients, as they have no benefit 
for rational and preventive nutrition [3]. The quality of the 
heat-mass-exchange processing of organic plant raw materi-
als is influenced by the degree of resource efficiency of the 
production cycle, in particular the equipment and technolog-
ical performance [4]. It is the equipment and technological 
component responsible for preserving the initial properties 
of organic raw materials, the duration of heat treatment, 
the possibility of rational blending, etc., and is the key to 
the competitiveness of the enterprise. Confirming the rele-
vance of experimental and practical studies aimed at finding 
and implementing innovative equipment and technological 
solutions aimed at intensifying the process of thickening 
of organic polycomponent semi-finished products of high 
degree of readiness by improving the structures of conven-
tional vacuum reactors. This could lead to the formation of 
competitive advantages of the production complex with the 
expansion of the range of high-quality organic polycompo-
nent semi-finished products of high degree of readiness of 
high degree of readiness for people in European countries.

2. Literature review and problem statement

The modern production of competitive assortments of or-
ganic polycomponent semi-finished products of high degree 
of readiness must meet international standards and have 
reasonable value, providing confidence from consumers [5]. 
Semi-finished products of high degree of readiness are char-
acterized by the possibility of self-use and as natural recipe 
ingredients to maintain daily norm in preventive nutrition. 
Study [6] reports the results of studies on establishing the 
level of berry consumption as one of the factors for im-
proving human health, namely help in protecting against a 
number of diseases, especially cardiovascular. But there are 
unresolved issues related to the determination of rational 
volumes of consumption of vegetable raw materials and their 
consistency. The reason for this may be objective difficulties 
associated with the need for complex studies, which are 
complicated by the presence of full material and technical 
base, complicating research in this area. The option to over-
come appropriate difficulties may be to partly resolve them 
in interconnected research with the possibility of forming 
a generalized model, which will give a scientific and prac-
tical idea for the introduction of innovative equipment and 
technological solutions. In particular, it is established that 
consumption of berries/apple juice for a human lipid profile 
to healthy volunteers (36 women and 14 men) with a recom-
mendation to consume 300 ml of juice a day for 21 days. Reg-
ular consumption of berries/apple juice can be an important 
strategy for reducing the risk of cardiovascular disease due 
to positive lipid profile modulation and other adult health in-

dicators, confirming the relevance of plant raw material pro-
cessing. Daily use of polycomponent semi-finished products 
will make it possible to form a resistance to the impact of the 
ecological environment, including when people are under ex-
treme conditions (doctors, servicemen, internal interrupted 
persons, volunteers). The ultimate quality of organic poly-
component semi-finished products is the main component of 
the competitiveness of the resulting range, necessitating the 
equipment and technological improvement of the production 
component, taking into account the mobility of use, ease of 
use, including secondary energy. This approach is used in [7] 
regarding studies to determine the feasibility of efficient 
processing of organic vegetable raw materials, taking into 
account the level of conservation of PFI, resource efficiency 
of the equipment and technological component and obtain-
ing original rheological-organoleptic properties. However, 
the needs of consumer cooperatives should also be taken 
into account. All this suggests that it is advisable to conduct 
a study on the efficiency of use of innovative equipment and 
technological solutions to obtain competitive products.

Most technological operations for the processing of 
vegetable raw materials are implemented on conventional 
heat-mass-exchange equipment, which is energy and met-
al-intensive; the reason is the use of intermediate heat car-
riers [8]. Complicating performance, in particular, it does 
not allow the technical mobility of the production complex 
to be realized at the expense of large volumes of working 
chambers, in particular in vacuum evaporation apparatus, as 
well as overheating of certain layers during heat treatment. 
Thus, providing significant losses of beneficial PFI and 
organoleptic properties, and therefore the decrease in the 
purchasing capacity of the obtained range of products and 
the competitiveness of the production complex as a whole. 
The option of overcoming appropriate difficulties can be to 
find innovative engineering solutions to minimize the metal 
component of the equipment. However, this requires a series 
of hardware and technological design experiments. All this 
gives reason to argue that it is advisable to conduct a study 
on the search for innovative solutions to increase the tech-
nical and economic indicators of production [9]. One of the 
popular innovative ways of intensification of the thickening 
process (boiling/concentration) is the replacement of inter-
mediate heat carriers in a uniform way of heat supply due to 
flexible film electric heaters. Thus, by reducing the energy 
and metal consumption of conventional vacuum equipment 
under vacuum with the simultaneous ability to give it uni-
fied properties (mobility). Thus, [10] shows the peculiarities 
of concentration of plant raw materials in the conventional 
evaporation apparatus in the temperature range from 15 °C 
to 35 °C and the replacement of the steam method of heat 
supply by electromagnetic waves. However, it is difficult to 
form an appropriate frequency of electromagnetic waves, and 
therefore the need to use value electromagnetic generators 
with certain structural features that complicate the mobility 
of evaporators. It should be noted that modern production 
trends, in particular farm companies, require the use of 
unified mobile equipment with the possibility of direct use 
at variable production facilities, confirming the relevance of 
research in this direction. Also, the authors of the work do 
not emphasize the effects of changes in rheological proper-
ties under the conditions of low-temperature concentration 
and do not consider the possibility of the effect of geometry 
of the design of the mixer on the intensification of the boiling 
process, in particular due to the heating of the surface. These 
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actions are relevant because they can artificially increase 
the usable surface of heat exchange and design a rational 
stirrer to ensure intensive mixing of organic raw materials 
during thickening, confirming the relevance of research in 
this direction.

In addition to conventional reactors (vacuum evaporators), 
film evaporators, characterized by the speed of the heat 
exchange process, are also widely used to boil natural raw 
materials. But the issues of efficiency of implementation 
of equipment and technological solutions are unresolved 
to minimize the impact of intermediate heat carriers not 
energy and metal consumption as a whole. The reason for 
this may be objective difficulties related to the use of conven-
tional equipment, and the implementation of actions aimed 
at increasing resource efficiency are quite costly. The option 
to overcome appropriate difficulties may be to improve the 
existing thermal equipment under the conditions of elimi-
nation of intermediates, reducing metal capacity and imple-
mentation of the possibility of using secondary thermal en-
ergy for technical needs. This approach is used in work [11], 
which provides the calculation of the film evaporator com-
pared to the conventional evaporation apparatus with the 
installation of the duration of concentration – 200 s, and in 
the evaporation apparatus – 3600 s. The difference between 
comparable apparatus is the geometric design of the mixer 
(blades), but the conditions of its technical use (film current 
or volumetric raw materials) should be taken into account. 
All this gives confirms the feasibility of conducting research 
on the proposal of innovative equipment and technological 
solutions when improving the reactors. For example, [12] im-
plemented boiled fruit and vegetable puree in a temperature 
range from 5 °C to 65 °C and, accordingly, a blade rotation 
frequency (5…200 s-1). This does not mean a preliminary 
determination of the impact on the rheological properties 
of the heat transfer coefficient, which does not provide the 
complete picture of the implementation of the concentration 
process. Most scientific and practical research is aimed at 
determining individual equipment and technological indi-
cators for thickening vegetable raw materials. In particular, 
the effect of the acidity of the natural plant polycomponent 
blend (peach, papaya, and mango), depending on the thick-
ening temperature and determining the structural and me-
chanical properties of the resulting semi-finished product, 
is determined in [13]. But when implementing the process, 
the authors do not cover the technique of heat supply, so it 
is difficult whether it is possible to give mobility to the pro-
posed evaporator structure. Work [14] shows a technique of 
low-temperature boiling of apple juice under the conditions 
of formation of uniform heat supply in order to preserve the 
initial properties of PFI. Confirming the relevance of com-
plex studies in the hardware and technological direction for 
the search for innovative solutions aimed at forming unified 
(mobile) properties. Work [15] presents a comparison of the 
processes of concentration of barberry juice in a closed cycle 
with a conventional thickening in the evaporation apparatus 
under the conditions of use of intermediate heat carrier. In 
the course of research, a decrease in the implementation of 
the process of heat-mass-exchange boiling from 460 min to 
350 min at the same rate of raw material flow (0.014 kg/s) 
was confirmed in the case of thickening of up to 35 % of 
dry matter (DM). However, considering the need for pro-
duction complexes in the mobile properties of equipment, 
the full cycle of boiling cannot correspond to the features 
of the process implementation, and therefore further apar-

taur-technological studies should be carried out. The ob-
tained condensed semi-finished products of high degree of 
readiness can be used in the recipes of various foods, for ex-
ample in the technology of dessert dairy products with fruit 
and berry dressing. The resulting clots of the product have 
a dense, uniform consistency and a pure pleasant taste with 
an attractive color and aroma of fruit and berry filler [16]. 
Confirming the wide range of use of condensed organic 
semi-finished products of high degree of readiness.

Taking into account the analysis of literary research in 
the direction of innovative equipment and technological 
solutions, there is a need for further experimental and prac-
tical studies aimed at:

– determination of ways of formation of unified proper-
ties of reactors for thickening under conditions of replace-
ment of an intermediate steam component with a uniform 
heat supply on an electrical basis;

– taking into account the possibility of artificial increase 
in the usable surface of heat exchange, which is relevant 
especially under conditions of low-temperature treatment, 
which is required during resource-efficient processing of 
organic raw materials;

– providing conditions for the use of secondary thermal 
energy for technological needs, including the autonomy of 
structural elements of advanced reactors.

This is only possible in the implementation of complex 
studies aimed at determining polycomponent properties, fea-
tures of change in the structural and mechanical properties, 
the resulting kinetic of thickening under conditions of com-
parison with the technical properties of conventional equip-
ment. This approach to intensify the process of thickening 
of organic polycomponent semi-finished products of high 
degree of readiness with the possibility of using in a full diet.

3. The aim and objectives of the study 

The purpose of this study is to improve the reactor for 
the thickening of organic plant polycomponent semi-finished 
products of high degree of readiness. By intensifying the 
process of thickening of organic polycomponent semi-fin-
ished products of high degree of readiness with the possi-
bility of use as independent products and various recipes 
of food. The obtained improved thickening apparatus will 
be characterized by mobility for farm production and hotel 
and restaurant complexes; lack of intermediate heat carriers; 
ease of use when receiving competitive products directly at 
the place of use.

This will make it possible to process an organic poly-
component composition on the ground under the conditions 
of rational heat-mass-change conditions of thickening for 
the preservation of PFI, reducing transport costs, including 
storage with the simultaneous elimination of seasonality of 
consumption.

The following tasks were set to achieve the goal:
– to design innovative equipment and technological 

solutions aimed at intensifying the process of thickening 
of organic polycomponent compositions at the places of 
harvesting and processing under conditions of rational 
heat-mass-exchange conditions for the preservation of PFI, 
reducing transport costs, including storage with the simulta-
neous elimination of seasonality of consumption;

– to confirm under the conditions of experimental and 
practical testing of the effectiveness of the proposed equip-
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ment and technological solutions of an improved design of a 
unified reactor for the thickening of organic polycomponent 
compositions into semi-finished products of high degree of 
readiness.

4. The study materials and methods

The object of our study is the process of thickening of 
organic polycomponent compositions based on Jerusalem 
artichoke, apples, pumpkin, cranberry, and dogwood to 
produce high-level semi-finished products of high degree of 
readiness using the proposed equipment and technological 
solutions implemented in a unified reactor. The introduc-
tion of the proposed decisions will allow for competitive 
advantages under the conditions of direct use at production 
complexes, minimizing raw materials and PFI losses, elimi-
nation of a steam component, ensuring the simplification of 
the use under rational conditions of processing of organic 
raw materials.

Design of innovative and equipment technological solu-
tions to improve the vacuum reactor for thickening under 
the conditions of additional heating of the surface of the 
mixing device, thereby creating competitive advantages of 
the device. This will reduce the temperature effect on the 
initial properties of vegetable raw materials.

Laboratory-practical testing studies of proposed equip-
ment and technological solutions aimed at intensification 
of thickening of organic polycomponent semi-finished prod-
ucts of high degree of readiness on the basis of a unified 
apparatus for thickening were implemented at laboratory 
and production complexes of the State Biotechnological 
University (DBTU). Our research will make it possible 
under real conditions to determine the practical competitive 
advantages of the proposed solutions for the production of 
condensed organic polycomponent semi-finished products 
of high degree of readiness with original rheological and 
organoleptic properties. The improved design of a unified 
reactor is characterized by automatic control of ratio-
nal boiling modes on the basis of Oven automation tools 
(Kharkiv, Ukraine) and unified properties, in particular 
mobility. The description of the improved design of a unified 
reactor for thickening has a specified principle of operation 
of the experimental and practical model and the process of 
experimental and practical testing, which were implemented 
in accordance with standard procedures in order to maxi-
mize the preservation of the initial properties of organic raw 
materials. Experimental data on the kinetics of heating of 
organic polycomponent paste-like semi-finished product of 
high degree of readiness were obtained by measuring the 
duration of the process by the placed thermocouples in the 
working chambers of an improved reactor and the basic 
structure R-P-150m (MZ-2S-316).

The determination of the rheological properties of or-
ganic polycomponent compositions under the conditions of 
boiling in a unified reactor was carried out at the laboratory 
rotary viscosimeter “Reotest-2” (Germany) in the cylin-
drical measuring device by Cuet. Determination of the ob-
tained properties of condensed polycomponent semi-finished 
products of high degree of readiness based on Jerusalem 
artichoke, apples, pumpkin, cranberry, and dogwood with a 
variable ratio of components was carried out by the expert 
board at DBTU on a 5-point scale.

5. Investigation of competitive efficiency of the proposed 
equipment and technological solutions to implement the 
process of thickening of organic polycomponent semi-

finished products

5. 1. Development of innovative equipment and tech-
nological solutions for the intensification of the process 
of thickening of organic polycomponent compositions

Analysis of the equipment and technological component 
of conventional vacuum-evaporated apparatus allowed us to 
identify the main directions of improvement based on the 
introduction of innovative solutions aimed at:

1) the need to replace the heat supply technique, which 
in most cases is realized by the use of a steam component, 
which is characterized by uneven heat supply, and therefore 
the probability of overheating of certain layers of raw mate-
rials;

2) formation of unified properties of reactors for the 
thickening of organic polycomponent semi-finished products 
in places of technological purpose (farmlands, technological 
production and hotel-restaurant complexes);

3) the intensification of the process of heat-mass ex-
change by improving the design of the mixing device, the 
outer surface of which is additionally heated, as well as 
ensuring the structural feature of the reactor for the use of 
secondary energy.

Under laboratory-practical conditions, a model struc-
ture of a unified reactor (Fig. 1) with the possibility of 
direct use in variable technological capacities for the thick-
ening of organic polycomonent compositions to produce 
semi-finished products of high degree of readiness was 
designed. Heating the working surface of the apparatus (2) 
and the mixing device (3) is realized by the film-like resis-
tive electric heater of radiation type (1) (FlREhRT [17]). 
Additional heating of the outer surface of the moving 
device provides an artificial increase in the surface of the 
usable heat exchange of the device by 0.26 m2. At the bot-
tom, the model structure of the reactor has an automatic 
locking pipe to discharge a condensed semi-finished prod-
uct (4), and the working chamber itself (2) is mounted 
on locking racks (5), connected to a mobile platform (6). 
Mounting the reactor working chamber on the mobile 
platform (6) makes it possible to ensure the mobility of 
the structure for use directly under the conditions of pro-
duction capacity (at the places of harvesting of organic 
raw materials, production shops, hotel and restaurant 
complexes, etc.).

The mobile platform (6) makes it possible in the techni-
cal zone to smear the motor compartment (7) with a drive 
shaft with coupling connectors (8) to transmit rotational 
motion to a mixing device (3). Reducing the weight of the 
lid (17) under the possible upper location of the engine. 
There is also a compartment with a vacuum pump and a gear-
box of a lifting rod (9). It should be noted that low-tempera-
ture autonomous fans that work from Peltier elements (16) 
are mounted in the structure of the mobile platform (6) 
to prevent the overheating of motor compartments. These 
elements are mounted in the high-temperature area of the 
reactor cover and under the conditions of transformation 
of secondary heat into low-voltage energy for the operation 
of exhaust fans. In addition, for the safety of the use of an 
advanced reactor, the moving platform (6) has a hand stop-
per (brake, 10).
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The qualitative implementation of the heat-mass-ex-
change treatment of the organic polycomponent mixture 
into semi-finished products of high degree of readiness is 
realized by the automatic control unit (11), which makes it 
possible to control the thickening temperature, the speed of 
rotation of the mixing device (3).

The lifting of the reactor cover (17) is realized by the 
interaction of the guide lifting rod (12) and the connecting 
rod (13) intended for lifting the lid. To ensure the sanitary 
treatment of the work surfaces, the improved design has a 
built-in spray with a technical pipeline (14), which is con-
nected to the water supply equipment in the production cy-
cle. The proposed design has a standard shut-off equipment 
for vacuum evaporators (15), and on the lid (17) there is a 
loading hopper (18) for the introduction into the semi-fin-
ished product of the recipe possible ingredients, depending 
on the conditions of use. The lid (17), in turn, has a rubber 
seal to prevent depressurization during vacuum pump oper-
ation and is fixed by means of cap locks (19).

The process of thickening of organic polycomponent com-
positions in the advanced model structure of a unified reactor 
is characterized by a conventional technological process (for 
example, with the basic structure R-P-150m (MZ-2S-316) 
under the conditions of consideration of thermophysical 
features of raw materials. Moreover, the unified properties 
of the improved reactor allow it to be used directly in the 
technological cycle without being tied to stationary places, 
intermediate heat carriers, and technical highways, unlike 
traditional designs;

4) to confirm under the conditions of experimental and 
practical testing the effectiveness of the proposed equipment 
and technological solutions of an improved design of a uni-
fied reactor for the thickening of organic polycomponent 

compositions into semi-finished products of high degree of 
readiness.

5. 2. Experimental and practical testing of hardware 
and technological solutions in the improved design of the 
unified reactor

The basic features of the implementation of the heat-
mass-exchange process of thickening of organic raw mate-
rials are minimization of the duration of the technological 
cycle under conditions of uniform heat supply and artificial 
increase in the surface of heat exchange, which is implement-
ed in the improved reactor structure. In particular, during 
the thickening process, it is necessary to preliminary deter-
mine the rheological properties of raw materials, especially 
when it comes to polycomponent compositions with the sub-
sequent determination of the resulting organoleptic prop-
erties of semi-finished products of high degree of readiness.

The experimental verification of the improved structure 
of a unified reactor with a mixing device, the outer surface 
of which was additionally heated by FlREhRT (Fig. 1, 
pos. 1, 3) was carried out under the conditions of condensa-
tion of the polycomponent composition. The base consisted 
of organic raw materials: Jerusalem artichoke, apples, pump-
kin, cranberry, and dogwood in the ratio (30:25:20:15:10 – 
composition “B”). As a result of the studies, the dynamic 
characteristics of the viscous properties of the polycompo-
nent paste under the conditions of variable shear rate within 
the temperature range from 30 °C to 60 °C (Fig. 2) were 
obtained.

Fig. 2. Change in the dynamic viscosity of organic 
polycomponent paste-like composition in a temperature 

range from 35 °C to 55 °C (solids content – 30 %):	
–35 °C; –45 °C; –55 °C

An analysis of the characteristics of changes in the dy-
namic viscosity of the organic polycomponent paste-like 
composition confirms preliminary prognosis for decreased 
viscosity with increasing temperature, but the temperature 
itself is a major factor in maintaining the initial content 
of PFI. The initial viscosity value is 440 Pa·s at 35 °C, 
292 Pa·s at 45 °C and, respectively, 118 Pa·s at 55 °C. The na-
ture of polycomponent pastes corresponds to the non-New-
tonian liquids and after exceeding the shear effort (20 s-1), 
they begin to behave in the same rheological properties. For 
example, when concentrating an organic polycomponent 
composition of the paste at a temperature of 55 °C and a 
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shear speed within 3.0…4.5 s-1, the effective viscosity is in 
the range of 22...3.5 Pa·s.

To determine consumer interest in the obtained organ-
ic polycomponent semi-finished product of high degree of 
readiness from Jerusalem artichoke, apples, pumpkin, cran-
berry, and dogwood, additional organoleptic evaluation was 
performed (Table 1).

According to organoleptic indicators, all the proposed 
compositions of organic polycomponent paste-like semi-fin-
ished products of high degree of readiness have original 
features and are interesting for consumers. However, the 
composition “A” has a monochrome taste and smell of Jerusa-
lem artichoke and apples with a slight taste of cranberry and 
dogwood, and the pumpkin is almost not felt. “B” is a pleas-
ant harmonious taste of all components without the clear 
taste of pumpkin, and the composition “B” is characterized 
by a pronounced taste and smell of cranberries and dogwood 
with a simultaneous pleasant taste of other components.

Practical testing of the improved structure of a unified re-
actor with a mixing device is implemented under the conditions 
of experimental and practical determination of kinetics in heat-
ing the organic polycomponent paste-like semi-finished prod-
uct of high degree of readiness. In particular, on the example 
of the composition “B” under the conditions of comparing the 
results with the base design R-P-150m (MZ-2S-316) (Fig. 3).

Fig. 3. Experimental data on the kinetics of heating 
an organic polycomponent paste-like semi-finished 
product of high degree of readiness: 1 – improved 

design of a unified reactor with a mixing device; 	
2 – basic structure R-P-150m (MZ-2S-316)

It is determined that the duration of reaching 
the stationary boiling point of the organic poly-
component composition when condensed in the im-
proved design of a unified reactor with the mixing 
device is 225 s. And in the base structure – 310 s, 
respectively. According to the comparative equip-
ment and technological parameters of the afore-
mentioned devices (Table 2, in the calculations we 
neglected the losses of heat to the environment), 
this is due to the general decrease in metal con-

sumption due to the electrical heating of working surfaces 
by 33 %. In addition, the technological duration of the thick-
ening process is reduced by 30 %.

Our data in Table 2 indicate an increase in the efficien-
cy of the improved vacuum reactor for the thickening of 
organic raw materials compared to the basic structure. The 
specific heat consumption of the improved construction of 
the vacuum reactor was found, which is reduced by 20 %. 
This result is achieved by increasing the heating area of the 
apparatus by using the heating of the mixing device. The 
specific metal consumption of the structure is also signifi-
cantly reduced by 47 %. The additional heating of the outer 
surface of the mixing device makes it possible to increase 
the surface of heat exchange by 26 %, with the duration of 
the thickening process decreasing by 30 %. As a result of 
the studies, the technical indicators of the improved vacu-
um reactor for the thickening of organic raw materials were 
identified (Table 3).
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Table 2

Comparison of the equipment and technological parameters of the improved unified reactor with a mixing device with the base 
structure R-P-150m (MZ-2S-316)

Indicator R-P-150m (MZ-2S-316) Organic raw material thickening reactor

Heating surface F*=0.98 m2 F=F*+Fstirrers=0.98+0.26=1.24 m2

Mass m*=380 kg m=m*–mshirts+mPpREnVT=380–138+10=252 kg

The heat of heating the device
Qap=m1∙cc(t2–t1)+m2∙cc(t3–t1)= 

=200∙0.48(52–20)+138∙0.48(143–20)=11219.52 kJ
Qap=m1∙cc(t2–t1)= 

=210∙0.48(52–20)=3225.6 kJ

The heat of heating the product Qpr=m·c·(tk–tn)=240·3.7·(52–20)= 28 416 kJ Qpr=m·c·(tk– tn)=240·3.7·(52–20)=28 416 kJ

Total heat consumption Qzag=325 655.52 kJ Qzag =317 661.6 kJ

Heat treatment time τ=Q/F·k·Δt=325 655.52/0.98·1454·91=2511 s τ=Q/F·k·Δt=317 661.6/1.24·1620·91=1737 s

Specific metal capacity m=M/F=380/0.98=387 kg/m2 m=M/F=252/1.24=203 kg/m2

Specific heat consumption  
during heating

qp=Q/m=39 635.52/240=165.1 kJ/kg qp=Q/m=31641.6/240=131.8 kJ/kg

Product heating time  
(from experimental data, Fig. 3)

τ=310 s τ=225 

Note: * – information on the basic structure R-P-150m (MZ-2S-316) was taken from paper [18]

Table 1

Data of organoleptic evaluation of an organic multicomponent paste-like 
semi-finished product of a high degree of readiness

Paste  
indicator 

Characteristic

Composition «A» 
(25:25:25:15:10)

Composition «B» 
(30:25:20:15:10)

Composition «C» 
(20:25:15:20:20)

Appearance Homogeneous multicomponent paste-like mass 

Taste  
and smell

Monochromatic 
pronounced  

Jerusalem artichoke, 
apples. With a slight 

tang of cranberry and 
dogwood. Pumpkin is 

almost not felt

Pleasant harmoni-
ous taste of all  
components  
without an  

obvious taste  
of pumpkin

A pronounced taste and 
smell of cranberries and 

dogwoods with a  
simultaneous pleasant 

taste of other  
components

Color Light yellow
Light red with a 
certain shade of 

yellow
Light red

Consistency Homogeneous viscous and smearing organic matter
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Table 3

Specifications of the advanced model of vacuum evaporator 
with a unified mixer

Characteristic Indicator

Geometric capacity, m3 0.325

Working capacity, m3 0.15

Heating surface, m2 1.24

Drive power, kW 0.55

Surface temperature, °C to 140

Agitator speed, min–1 18

Weight, kg 252

Experimental and practical testing studies of the im-
proved design of the unified reactor confirm the effective-
ness of the proposed equipment and technological solutions 
for the qualitative implementation of the process of thicken-
ing of organic polycomponent compositions into semi-fin-
ished products of high degree of readiness.

6. Discussion of the efficiency of introducing equipment 
and technological solutions based on the improved design 

of a unified reactor

The proposed equipment and technological solutions are 
the key to the formation of competitive properties of mobile 
reactors for the thickening of plant polycomponent semi-fin-
ished products of high degree of readiness under conditions 
of elimination of a steam component, an increase in the 
surface of the heat exchange of the mixing device. Thus, 
providing a significant advantage in operating duration, in 
addition, the use of Peltier elements made it possible to use 
secondary heat on the autonomy of exhaust fans in the motor 
compartments of the mobile platform. Such actions in gener-
al will make it possible to place advanced reactors directly 
at processing complexes (farmlands), processing/production 
and hotel-restaurant complexes forming the processing of 
natural raw materials according to consumers. The com-
plexity of using conventional reactors for condensing [18] is 
associated with the presence of a steam component, which 
greatly increases the energy and metal consumption of ex-
isting non-mobile equipment. Including increasing the cost 
of transportation/storage and processing of organic raw 
materials, leading to losses of valuable PFI. For example, 
experimental and practical studies of boiling natural puree 
in a conventional vacuum-evaporated apparatus with an im-
proved mixer, whose heating of the inner space was also im-
plemented at the expense of the steam have been implement-
ed in [19]. However, such design solutions, in addition to 
the artificial complication of the operational use of vacuum 
evaporators, can lead to hydraulic shocks due to a significant 
difference in concentration and vapor temperature. There-
fore, the rejection of intermediate media not only increases 
the performance of the devices for thickening but also makes 
it possible to reduce metal intensity, to ensure uniform heat 
supply and mobility of the structure. For example, in [20], 
one of the practical solutions of the vacuum evaporation on 
the basis of the electrical method of heat supply and, accord-
ing to comparative equipment and technological data, the 
improved apparatus has significant competitive advantages. 
Unlike [10] where the concentration of plant raw materials 
is realized in the conventional evaporation apparatus in the 

temperature range from 15 °C to 35 °C under conditions of 
replacement of the steam technique of heat supply to elec-
tromagnetic waves. Thus, reducing the metal consumption 
of the structure of the evaporator, and the introduction of 
the electrical technique of heat supply will make it possible 
to form a clear stabilization of the temperature range and the 
mobility of the improved reactor.

In the course of the introduction of the proposed 
equipment and technological solutions, an advanced mod-
el structure was designed of the reactor for the thickening 
of organic raw materials, which has an increased surface 
of heat exchange due to the heating of the mixing device 
(0.26 m2, Fig. 1, Table 1). The improved reactor is char-
acterized by a lower duration of entering the stationary 
regime (225 s, Fig. 3), unlike the conventional reactor 
with steam heating – 310 s, respectively. Thus, to a large 
extent reducing the operating duration of thickening as a 
whole, which will preserve valuable PFI and organoleptic 
properties.

The experimental and practical testing of the improved 
reactor structure for the thickening of organic raw materials 
was implemented on the polycomponent condensed composi-
tion “B” (Table 1) on the basis of Jerusalem artichoke, apples, 
pumpkin, cranberry, and dogwood. In the course of research, 
the change in the structural and mechanical properties of 
organic pastes in a variable temperature range was deter-
mined, from 35 °C to 55 °C (above, the thickening tempera-
ture was not raised for maximum preservation of PFI. It was 
established that when the organic multicomponent composi-
tion of the paste is thickened at a temperature of 55 °C and a 
shear rate in the range of 3.0...4.5 s-1, the effective viscosity 
is in the range of 22...3.5 Pa·s (Fig. 2). After thickening, the 
semi-finished products were evaluated for their organoleptic 
properties (Table 1). Composition “A” had a single-toned 
pronounced taste and smell of Jerusalem artichoke and ap-
ple with a slight aftertaste of cranberry and dogwood, and 
pumpkin is almost not noticeable. Composition “B” had a 
pleasant harmonious taste of all components without a clear 
taste of pumpkin, and composition “C” was characterized 
by a pronounced taste and smell of cranberry and dogwood 
with a simultaneous pleasant taste of other components. 
Confirming all three options of polycomponent semi-fin-
ished products for further sale to consumers, as products of 
a high degree of readiness with original organoleptic and 
rheological properties.

The obtained equipment and technological and opera-
tional properties of the improved reactor structure (Fig. 1) 
have the advantages presented in the reduction of the spe-
cific heat consumption of the improved structure by 20 % 
by increasing the area of heating of the device by 26 %. The 
specific metal consumption of the structure is reduced by 
47 % (Tables 2, 3). Confirming the efficiency of the pro-
posed engineering and technological solutions under the 
conditions of use of an improved structure in the working 
temperature range of thickening within 35…55 °C for re-
source-efficient processing of organic raw materials and 
conservation of PFI. One of the restrictions in the study of 
thickening modes of organic polycomponent compositions 
is the clear stabilization of the temperature of the heating 
surface, which in this case is minimized by the use of the 
mixing device with the heating surface (Fig. 1, pos. 3). The 
disadvantage is the difficulty of using mobile vacuum reac-
tors by large processing enterprises, but the work is focused 
precisely to ensure mobility of equipment. At the same time, 
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we note that neglect of the above recommendations will 
reduce the competitive properties of the use of an advanced 
reactor structure for the thickening of organic raw mate-
rials. The practical introduction of the improved design of 
a unified reactor will make it possible to form competitive 
advantages, first of all, by direct use in technological needs 
in places of collection of organic raw materials, production 
complexes, etc. The rejection of the steam component also 
effectively influenced the general technical and operational 
and technological properties, providing an increase in the 
range of organic paste-like semi-finished products of high 
degree of readiness at affordable cost.

Further studies of the thickening of organic polycompo-
nent semi-finished products in the improved reactor struc-
ture will be aimed at increasing the efficiency of the use of 
Peltier elements for the technological needs of the mobile 
apparatus.

7. Conclusions 

1. The introduction of heating of the working cham-
ber of the reactor with a film-like resistive electric heater 
of radiation type allowed us to eliminate the component 
of intermediate heat carriers with a decrease in the total 
metal consumption of the apparatus. Additional heating of 
the stirring device with the aforementioned electric heater 
increased the total heat exchange area to 1.24 m2 (proto-
type – 0.98 m2). This also led to a decrease in specific heat 
consumption by 20 %, specific metal capacity by 47 %, and 
process duration by 30 %.

2. Experimental and practical testing of the improved re-
actor for the thickening of organic raw materials allowed us 
to determine the nature of changes: rheological and organ-
oleptic properties, kinematic features of heating of a paste-
like semi-finished product and hardware-technological and 
technical parameters of the reactor under conditions of 
comparison with the basic structure. In particular, when the 
organic polycomponent composition is thickened at 55 °C 
and a shift speed within 3.0…4.5 s-1, the effective viscosity 
is in the range of 22...3.5 Pa·s. According to the results of 
organoleptic evaluation, the composition “B” has a pleasant 

harmonious taste of all components without the clear taste 
of pumpkin (all other compositions are also for practical 
implementation to consumers). In addition, a reduction in 
the specific heat consumption of the improved structure is 
achieved, by 20 %, by increasing the heating area by 26 %. 
Reduction of the specific metal consumption of the structure 
by 47 % and reduction of the technological duration of the 
thickening process by 30 %.
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