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The object of this study is the heat 
treatment of multicomponent mass-
es, for example, Jerusalem artichoke, 
pumpkin, and black chokeberry, during 
thickening and drying in an improved 
mobile functional apparatus for prelim-
inary heat operations. The engineering 
solution is aimed at the implementation 
of resource-saving preliminary thermal 
operations of plant raw materials on 
mobile functional equipment. The struc-
tural difference of the device for the pre-
liminary heat treatment of plant raw 
materials is the presence of a mobile 
platform with a carousel arrangement 
of rolling containers with changeable 
working elements. The device provides 
simultaneous implementation of thermal 
operations in three functional contain-
ers. The vacuum compartment and the 
steam generator with flexible technical 
lines are connected to functional tanks 
equipped with bubbler disks to improve 
heat transfer. The central platform has 
a microprocessor-based automatic con-
trol unit and a spring mechanism for lift-
ing the cover equipped with Peltier ele-
ments for secondary heat conversion. 
The tanks are heated by a film resis-
tive electric heater. Peltier elements are 
mounted on the inner surface of the cover 
to convert secondary heat for autono-
mous operation of the fan. For prelim-
inary heat treatment of liquid media, 
the functional container is additional-
ly equipped with a stirrer with a heated 
surface (the usable area of the thermal 
surface is 0.28 m2).

The duration of reaching a sta-
tionary temperature regime (50 °С) of 
the multicomponent mass (Jerusalem 
artichoke – 50 %, pumpkin – 40 %, 
and chokeberry – 10 %) in a mobile 
device is 31.4 % less than in a classic 
design. The duration of the drying pro-
cess in the functional device is 40 min-
utes, and in the conventional KVM-150 
device – 60 minutes. A 1.8-fold decrease 
in the specific metal capacity was estab-
lished. Total heat losses are reduced by 
1.24 times, and the usable heating sur-
face is increased by 1.3 times
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1. Introduction 

The implementation of modern approaches in the agro-
food sector ensures the production of food products based 
on plant raw materials and is one of the important directions 

of scientific research aimed at high-quality technological 
implementation under the conditions of resource-saving 
processing of raw materials. The introduction of innovative 
hardware and technological solutions makes it possible to  
improve heat treatment processes while preserving the func-
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tional properties of the raw materials, which is important 
for the creation of semi-finished products with a high degree 
of readiness. The need for mobile technological solutions in 
the processing of plant raw materials is due to the growing 
demand for healthy food products that preserve the natural 
properties of components of plant origin [1]. Processing of 
plant raw materials requires a special approach immediately 
after harvesting in a mature state. Failure to comply with 
technological conditions at the stages from transportation 
to sale of the final product will inevitably lead to the loss 
of its valuable natural properties [2]. In particular, effective 
processing of agricultural products depends on the ability 
of technological equipment to adapt to changing conditions 
and minimize the impact of heat treatment during process-
ing. Thus, according to research data, mobile hardware 
complexes make it possible to reduce the loss of nutrients, 
provide greater flexibility in the application of heat treat-
ment methods, but they require high-quality implementation 
of the automatic packaging process [3, 4]. In addition, the 
increase in the efficiency of technological processes when 
using mobile plants for the processing of plant raw materials 
helps save resources and improve the quality of the final 
product [5].

The growing demand for healthy food products requires 
the improvement of pre-heat treatment technologies, in-
cluding resource-saving processing of plant raw materials, 
as a natural source of physiologically functional ingredients 
with original rheological and organoleptic properties. The 
improvement of the equipment and technological component 
should be aimed at reducing energy consumption, shorten-
ing the duration of heat treatment, and improving the qual-
ity of multicomponent semi-finished products. The design 
and improvement of mobile devices will contribute to the 
flexibility of the use of devices and the preservation of the 
functional properties of raw materials, which meets the re-
quirements of the sustainable development of the agro-food 
sector and increases the availability of functional products 
under various conditions.

2. Literature review and problem statement

The use of national resource capacities for the produc-
tion of functional polycomponent semi-finished products 
of a high degree of readiness with specified structural and 
organoleptic properties is the most effective in the context 
of supporting the agro-industrial sector of the country [6]. 
However, there is a need to introduce various approaches 
to improve technological and hardware solutions. This will 
make it possible to implement resource-saving processing of 
plant raw materials into functional semi-finished products 
that can be used in modern technological processes, which 
requires verification studies [7]. Work [8] analyzes strate-
gies for the development of functional healthy nutrition, tak-
ing into account the adaptation of consumers to the diversity 
of the color palette of products, which contributes to their 
visual appeal. In particular, when processing plant raw ma-
terials with a high content of carotene-containing substanc-
es, it is advisable to preserve the useful ingredients as much 
as possible, and when blending, it will be ensured to obtain 
products with an attractive color – increasing the interest of 
consumers in health products. Therefore, the optimization of 
technological and hardware solutions will make it possible 
to preserve the main properties of plant raw materials in the 

production of functional products. However, the feasibility 
of using one’s own resources for the production of such prod-
ucts or obtaining semi-finished products with a high degree 
of readiness remain insufficiently considered.

Work [9] investigated the effect of berry consumption on 
human health, in particular on protection against cardiovas-
cular diseases. However, questions regarding the importance 
of resource-saving processing of plant raw materials due to 
the seasonality of cultivation, the rapid change of thermola-
bile properties and the short period of use after harvesting 
remain unsolved. This is due to objective difficulties, such as 
the need for complex research, which is complicated by the 
insufficient material and technical base. One likely scenario 
is the adaptation of engineering solutions to the needs of the 
agro-industrial sector, namely the provision of resource-sav-
ing processing of plant raw materials under conditions of 
mobility of equipment and technological implementation. 
This, in turn, will lead to a reduction in costs for transpor-
tation and storage of plant raw materials and will provide 
the possibility of production of semi-finished products with 
a high degree of readiness directly on farms. The second way 
to solve these problems is to conduct interrelated research 
to form a generalized model, which will contribute to the 
implementation of innovative hardware and technological 
solutions. The study found that the consumption of berry 
juice has a positive effect on the lipid profile of a person, 
which emphasizes the relevance of processing plant raw ma-
terials. Regular consumption of multicomponent semi-fin-
ished products may also contribute to increased resistance to 
environmental stresses, which is important for certain pop-
ulation groups, such as military personnel and volunteers. 
The key component of the competitiveness of organic poly-
component semi-finished products is their quality, which 
leads to the need to improve production processes, including 
mobility and efficiency in the use of secondary energy, as 
shown in [10]. The processing of plant raw materials requires 
resource-saving equipment and technological approaches 
since the preservation of physiologically functional ingredi-
ents and the final quality of products depend on the number 
of intermediate and main technological operations. Most of 
the previous operations are implemented on single-operation 
devices with high energy and metal properties and without 
recuperative technologies of using thermal secondary ener-
gy. This leads to a decrease in the quality of resource-saving 
processing of plant raw materials in general, and therefore 
there is a need to improve existing hardware solutions and 
research aimed at increasing the efficiency of innovative 
technologies in the production of competitive products. 
Work [11] reports an analysis of the consumption of natural 
plant products in the daily diet of consumers to meet the 
needs of the body, which is relevant especially for people 
living under extreme conditions. However, the question of 
determining the ways of scientific and practical verification 
of multicomponent compositions not only for individual 
formulations of food products but also for multicompo-
nent semi-finished products of a high degree of readiness, 
remains unsolved. It requires large-scale comprehensive 
research taking into account physical-chemical, rheological, 
and organoleptic properties, as well as their changes in the 
process of technological processing, which is quite a difficult 
task. One of the solutions to achieve the maximum preser-
vation of the initial properties of plant raw materials is the 
implementation of innovative hardware and technological 
solutions aimed at mobility and functionality, in particular, 
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of thermal equipment. This approach will make it possible 
to use devices in the places of cultivation/harvesting of 
raw materials due to mobility. And multi-functionality will 
provide a solution to mono operation through the simulta-
neous implementation of several operations in one apparatus 
(blanching, extraction, drying, infusion, etc.), increasing 
the resource efficiency of the agro-industrial sector and the 
production of semi-finished products of a high degree of 
readiness.

Work [12] summarizes the disadvantages of the equip-
ment for the concentration of plant raw materials in the 
production of blended semi-finished products of plant origin, 
namely the use of intermediate heat carriers with high ener-
gy and metal consumption. Issues related to the possibility 
of intensification of thermal devices for concentration and 
the influence of previous thermal operations with plant 
raw materials on the overall efficiency of the technologi-
cal process are left out of consideration. The reason is the 
technological sector’s use of conventional thermal equip-
ment (single-operational, low resource-efficient, and with 
high intermediate heat carriers). In addition, the use of 
intermediate heat carriers makes it difficult to stabilize the 
temperature field under conditions of a significant duration 
of the process, does not make it possible to ensure mobility 
and resource saving, and reduces the quality of the products 
obtained. To increase the resource efficiency of the brewing 
process, the proposed actions are aimed at improving the 
vacuum evaporation apparatus by replacing the steam jacket 
with a film resistive electric heater of the radiation type 
with the simultaneous use of a unified stirrer to increase the 
usable heat exchange surface. This, in turn, makes it possible 
to qualitatively implement one of the available methods of 
production of functional semi-finished products, which is the 
use of modern approaches in the improvement of equipment 
and technological methods, in particular, to obtain vegetable 
polycomponent semi-finished products of a high degree of 
readiness. Such semi-finished products can be used both in 
finished form and as natural additives to various products 
to increase their nutritional value and reduce the use of syn-
thetic components.

The improvement of the model structure of the mobile 
functional device for the implementation of heat and mass 
exchange processes during the processing of plant raw 
materials requires an analysis of the technological features 
of implementation and design requirements. In work [13] 
it is noted that preliminary heat treatment, including ber-
ries, significantly affects the physical and microbiological 
properties of the obtained products, which is related to the 
thermolabile properties of plant raw materials. The peculiar-
ities of hardware implementation of intermediate thermal 
operations have traditionally been neglected. This is due 
to the fact that in most cases, technological operations are 
implemented on standard equipment, only optimization 
of technological processes is carried out. But this is not a 
guarantee of increasing the resource-saving indicators of the 
agro-food sector under the conditions of the production of 
healthy semi-finished products of a high degree of readiness 
and, in turn, requires the implementation of engineering 
solutions for a high-quality processing and production cycle.

The main heat and mass exchange processes include ag-
ing, blanching, drying, boiling, mixing, and extraction [14]. 
These operations are auxiliary technological operations for 
high-quality processing of plant raw materials, however, 
they artificially increased single-operation resource con-

sumption, increasing the total duration of the technological 
cycle, affecting the quality of operations and plant raw 
materials. One of the reasons is the use of single-operation 
activities in the apparatus, which is connected with the low 
level of modernization of the processing and production 
complex, the decrease in the amount of cultivation of plant 
raw materials and the insufficient level of state support for 
farmland. Therefore, there is a need for a comprehensive ap-
proach aimed at ensuring multifunctionality and mobility of 
hardware and technological solutions for the simultaneous 
stabilization of thermolabile, physiological, and organoleptic 
properties. Thus, paper [15] first considers the physical and 
biochemical properties of food products, after which the 
basics of mass transfer, fluid movement, and heat transfer 
are described. Energy consumption, optimization methods, 
and the influence of thermal processes on the properties of 
products, the activity of enzymes and microorganisms are 
analyzed. Such an approach is relevant during the adap-
tation of modern hardware and technological solutions in 
the improvement of mobile functional apparatus for gentle 
preliminary heat treatment of plant raw materials to ensure 
effective and high-quality processing of plant products. De-
spite the prospects, the limitation of this process is the need 
for special technical solutions aimed at increasing resource 
efficiency and functionality. However, in most cases, prelim-
inary heat and mass exchange operations are implemented 
on specialized one- and two-operation equipment. For exam-
ple, heaters, blanchers, extractors, etc., which in most cases 
are low-efficiency and designed for high-performance flow 
lines due to their continuity, the use of secondary heat carri-
ers, and therefore difficult to maintain. For example, in [16], 
the influence of heat treatment technology in the food indus-
try and the achievement of a long shelf life were considered. 
Understanding the hardware-technological implementation 
of heat treatment depends on the efficiency of heat transfer 
in heat exchange systems, which in most cases depends on 
the functional properties of intermediate heat carriers, which 
are the main reason for the low productivity of the equipment. 
One of the effective solutions for increasing resource efficien-
cy is the elimination of the intermediate component of heat 
exchange (intermediate heat carrier, systems of technological 
networks, and heat-generating devices) and the use of energy 
carriers with an even distribution of thermal energy.

For boiling natural raw materials, in addition to con-
ventional vacuum evaporators, film evaporators are actively 
used, which are characterized by a high rate of heat ex-
change. However, the issues of the effectiveness of the appli-
cation of hardware and technological solutions that reduce 
energy and metal consumption, in particular by minimizing 
the use of intermediate heat carriers, remain unresolved. 
This is due to difficulties with conventional equipment and 
high costs for increasing resource efficiency. One of the solu-
tions is the improvement of existing thermal installations 
by eliminating intermediate heat carriers, reducing metal 
capacity, and using secondary thermal energy for technical 
needs. In [17], a comparison of a film evaporator with a 
conventional apparatus is given, where it is indicated that 
the duration of concentration in a film evaporator is 200 s, 
compared to 3600 s in a conventional one. However, the 
difference in mixer designs and equipment usage conditions 
should be taken into account. These results emphasize the 
need for research into innovative technologies to improve 
reactors. For example, work [18] considered the process 
of cooking baby puree at variable temperatures and blade 
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rotation frequencies, but without taking into account the 
influence of the heat transfer coefficient on rheological prop-
erties, which limits the full understanding of the process of 
thickening of raw materials. Thermolabile properties of plant 
raw materials require ensuring high-quality processing at 
all technological stages in short time intervals after harvest-
ing, which is determined by international requirements for 
food products [19]. Thus, work [20] describes the process 
of concentrating fruit and berry pastes with an initial dry 
matter content of 9...15 % to the final content (29...31 %) at 
a surface load of 0.048...0.121 kg/m2. The reduction of the 
specific energy consumption for heating the volume of the 
product unit was confirmed by calculation: the rotary-film 
evaporator – 547 kJ/kg in 75 s, compared to the basic vacu-
um evaporator – 1090 kJ/kg, respectively, in 1.08 h. Howev-
er, the rapid development of the food industry and the indus-
trialization of many countries also require the rational use of 
energy resources [21] for the formation of resource efficiency 
of functional equipment. Therefore, it is relevant to use na-
tional resources for the production of functional polycompo-
nent semi-finished products, taking into account the optimi-
zation of technological and hardware solutions. This ensures 
resource saving, preservation of usable properties of raw 
materials, and improvement of product quality. However, 
existing equipment is mainly focused on single-operational 
processes, which reduces efficiency and complicates the im-
plementation of innovative approaches. Particularly prom-
ising is the use of mobile multifunctional devices capable of 
performing several heat and mass exchange operations at 
the same time. The implementation of innovative hardware 
and technological solutions for mobile and resource-saving 
processing of heat-labile plant raw materials remains insuf-
ficiently researched. Therefore, experimental and practical 
research aimed at designing multifunctional mobile devices 
that will ensure stable product quality and increase the effi-
ciency of thermal processes in a single system is expedient.

3. The aim and objectives of the study

The purpose of our research is to improve hardware 
and technological solutions aimed at designing a mobile 
functional device for the implementation of gentle processes 
of preliminary heat treatment of plant raw materials. This 
will make it possible to implement auxiliary technological 
processes for the production of polycomponent semi-finished 
products of a high degree of readiness based on plant raw 
materials in mobile equipment and technological complexes, 
which is relevant for high-quality processing of plant raw 
materials.

To achieve the goal, the following tasks were set:
– to propose possible directions for improvement of the 

model sample of the mobile functional device for the prelim-
inary heat treatment of plant raw materials;

– to determine the effectiveness of the use of mobile 
functional apparatus in a number of basic technological 
operations aimed at resource-saving processing of plant raw 
materials.

4. The study materials and methods 

The object of our study is the heat treatment of multi-
component masses, for example, Jerusalem artichoke, pump-

kin, and black chokeberry, during thickening and drying in 
an improved mobile functional apparatus for preliminary 
heat operations. The research hypothesis assumes confirm-
ing the effectiveness of hardware and technological solutions 
aimed at improving the design of a mobile functional device 
for the preliminary heat treatment of plant raw materials. 
Peltier elements for the use of secondary heat are introduced 
into the design, the heat exchange surface is increased, and 
film electric heaters are used, which will significantly reduce 
energy consumption, shorten the duration of the processing 
process and increase the efficiency of the production of poly-
component semi-finished products.

Experimental and practical testing of the proposed innova-
tive hardware and technological solutions in a mobile function-
al device for the implementation of gentle processes of prelimi-
nary heat treatment of plant raw materials was implemented at 
the State Biotechnology University (Kharkiv, Ukraine).

When determining the kinetics of heating in the proposed 
mobile functional apparatus, ripe vegetable raw materials 
were used: Jerusalem artichoke (variety “White”), pump-
kin (variety “Muscat”), and chokeberry (variety “Nero”). The 
raw materials were collected in the current year on the farm-
lands of the Kharkiv front-line zone (with the assistance of 
the Lubotynska and Bogoduhivska communities) to support 
the agro-industrial sector. The use of Jerusalem artichoke of 
the “White” variety, pumpkin of the “Muscat” variety, and 
black-fruited chokeberry of the “Nero” variety for the pro-
duction of healthy multicomponent semi-finished products is 
appropriate due to their high nutritional properties and func-
tional components. Jerusalem artichoke is rich in inulin, which 
helps normalize metabolism, pumpkin provides carotenoids and 
trace elements, and chokeberry is a source of antioxidants and 
vitamins. The use of modern mobile devices makes it possible 
to preserve these properties thanks to gentle heat treatment, re-
duction of energy consumption, and resource-saving combina-
tion of ingredients to create products with increased biological 
value that meet the current requirements for healthy nutrition. 
It is necessary in the daily diet of consumer cooperatives, in-
cluding for people under extreme conditions.

Research on obtaining a multicomponent puree-like 
mass based on the above-mentioned vegetable raw materials 
was carried out under the conditions of wiping on a double 
wiping machine (0.2...0.6 10–3 m). After that, an interme-
diate technological operation was implemented to blend 
the multi-component mass in the ratio of 50 % Jerusalem 
artichoke, 40 % pumpkin, and 10 % chokeberry. Black-fruit-
ed aronia additionally underwent an intermediate thermal 
drying operation as it has a high content of thermolabile 
polyphenols, anthocyanins, and antioxidants, which criti-
cally affect the functional value of the obtained products. 
Studying parameters of heat-labile raw materials will make 
it possible to optimize drying parameters and minimize loss 
of heat-labile substances. For pumpkin and Jerusalem arti-
choke with the main more heat-resistant components (carot-
enoids, inulin), therefore, there is no expediency of carrying 
out drying processes. The obtained homogeneous puree-like 
mass was loaded with a gear pump to the model structure 
of the functional apparatus, followed by boiling to the con-
sistency of a pasty semi-finished product with a dry matter 
content (DM) of 20–30 %. To confirm the reliability of 
experimental data, the research was repeated 5 times with 
a relative error of no more than 3 % using conventional 
methods for processing experimental and practical data on 
thermal processes.
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5. Results of implementation of hardware and 
technological solutions for preliminary heat treatment

5. 1. Improvement of the prototype of a mobile func-
tional apparatus for preliminary heat treatment of plant 
raw materials

Hardware and technological solutions aimed at the in-
tensification of the heat and mass exchange apparatus for re-
source-saving implementation of intermediate technological 
operations of preliminary heat treatment are implemented by:

– the functional apparatus is equipped with a mobile 
platform for the carousel arrangement of roll-in functional 
containers with replaceable working elements. The central 
mobile platform is equipped with an automatic control unit 
based on the “OVEN” microprocessor (Ukraine, Kharkiv), 
a vacuum compartment, a steam generator, and a lifting rail 
with a rotary spring and retractable lid lifting mechanism;

– the use of roll-on functional containers with replace-
able working bodies (mixer with a heated surface, mesh 
trays in a frame deck, and perforated container with internal 
distributors) for preliminary heat treatment of vegetable raw 
materials.

The mobile functional device for the preliminary heat 
treatment of plant raw materials (Fig. 1) structurally rep-
resents a mobile platform 1 with the possibility of a carousel 
arrangement of rolling functional containers 2 with replace-
able working elements.

Fig.	1.	Schematic	diagram	of	a	model	sample	of	a	mobile	
functional	device	for	preliminary	heat	treatment	of	plant	
raw	materials:	1	–	mobile	platform;	2	–	roll-in	functional	

containers	with	replaceable	working	elements;	3	–	vacuum	
separation;	4	–	flexible	technical	highway;	5	–	vacuum	

nozzle;	6	–	steam	generator;	7	–	flexible	rubber	main	line;	
8	–	technical	pipe;	9	–	bubbler	disk;	10	–	automatic	control	
unit	based	on	the	“OVEN”	microprocessor;	11	–	drain	pipe;	
12	–	spring	mechanism;	13	–	rotary	lifting	rail;	14	–	electric	

motor;	15	–	retractable	mechanism	for	lifting	the	cover;		
16	–	cover;	17	–	Peltier	elements;	18	–	autonomous	fan;		
19	–	quick	disconnect	couplings;	20	–	film-like	resistive	

electric	heater	of	the	radiating	type	(FlEHRt)	[22]);		
21	–	technical	separators;	22	–	a	stirrer	with	a	heated	surface

The device makes it possible to simultaneously imple-
ment intermediate thermal operations in 3 functional rolling 
containers 2, equipped with a stirrer with a heated surface, 
mesh trays in a frame deck, and a perforated container with 
internal distributors. In the center of the mobile platform, 
the following is mounted: a vacuum compartment 3 with 
the possibility of connecting a flexible technical line 4 with 
vacuum nozzles 5 (adjustable vacuum up to 16 kPa). There 
is also a steam generator 6 with a flexible rubber line 7 and 

technical nozzles 8. In particular, the functional rolling con-
tainers 2 with mesh trays in the frame deck and a perforated 
container with internal distributors in the lower part have a 
bubbler disk 9. An automatic control unit based on a micro-
processor is mounted on the central platform “OVEN” 10 
for monitoring vacuum, temperature, rotation frequency of 
working elements of functional containers 2, and the system 
of automatic opening of the drain nozzle 11.

In the upper part of the central platform, a spring mech-
anism 12 is mounted, which has a rotating lifting rail 13, on 
which electric motors 14 for the working bodies of functional 
containers and a sliding mechanism 15 for lifting the cover 
16 are mounted.

Peltier elements 17 are mounted on the inner surface of lids 
16 of the functional containers, which convert secondary heat 
(at 50 °C, a low-voltage secondary voltage of 4.0 W is formed), 
which is enough for the autonomous operation of fan 18. This 
allows for forced cooling of the internal working space of the 
central platform. Structurally, the lids have a rubber contact 
seal with snap-on bolt fasteners to prevent depressurization 
during vacuuming and technical windows for introducing reci-
pe ingredients. The working bodies of the roll-down functional 
containers 2 are installed in quick-disconnect couplings 19, 
ensuring their quick replacement and maintenance, including 
disconnection of the electric motor 14 and roll-back of the con-
tainer for further technological operations.

In order to increase the structural efficiency of the roll-in 
functional containers 2, the conventional heat supply of the 
intermediate heat carrier is replaced by electric heating with 
a film-like resistive electric heater of the radiating type 20. 
The inner surfaces of the roll-in functional containers have 
technical separators 21 of the liquid and vapor-air medium 
for the formation of turbulent properties in the wall layers, 
preventing, among other things, overheating of raw materials 
in contact space. In order to intensify the heat processes for 
the preliminary heat treatment of liquids and suspensions, 
the rolling functional container is additionally equipped 
with a stirrer with a heated surface 22 (the usable area of 
the heat surface is 0.28 m2). Thus, ensuring full mixing of 
the liquid medium and uniformity of heating of liquid layers, 
which is especially important during the heat treatment of 
vegetable semi-finished products, in particular multi-compo-
nent ones under conditions of homogeneous mixing.

5. 2. Experimental and practical testing of the main pro-
cesses of preliminary heat treatment of plant raw materials

One of the main auxiliary heat and mass exchange opera-
tions in the processing of vegetable raw materials is the tech-
nological processes aimed at heating and boiling pre-shred-
ded homogeneous puree-like mass. Including thickened 
paste-like semi-finished products of a high degree of read-
iness with subsequent production of functional products 
on their basis without the use of conventional equipment 
for boiling (concentration). The practical verification of the 
effectiveness of the model design of the functional apparatus 
was carried out under the conditions of determining the 
kinetics of heating of a puree-like multicomponent vegetable 
semi-finished product. The kinetics during the process of 
boiling the pureed mass to a pasty state with a final content 
of 20...30 % SR (Fig. 2) were studied under conditions of 
comparison of the implementation of the process in the con-
ventional MZ-2S-316 structure.

The duration of reaching the stationary gentle tempera-
ture range (50 °С) of boiling of the multicomponent mass 

 

22     1      2      3  4      6    7     8   9   11     20   21  
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during boiling in the model design of the functional appara-
tus with a stirring device with a heated surface is 240 s. And 
in the conventional design MZ-2S-316 – 350 s, respectively 
(the decrease is actually 31.4 %).

Fig.	2.	Verification-experimental	data	on	the	heating	kinetics	
of	a	vegetable	polycomponent	semi-finished	product:		

1	–	model	design	of	the	functional	apparatus;		
2	–	conventional	MZ-2S-316	structure	

A study of the preliminary technological operation of dry-
ing black chokeberry to a content of 25 % DM (80 % DM initial 
moisture content, Fig. 3) was carried out. Auxiliary thermal 
technological operation was implemented by using a functional 
apparatus with a rolling functional capacity with a variable 
working body in the form of mesh pallets in a frame deck, under 
the conditions of comparison of the process in KVM-150.

Fig.	3.	Kinetics	of	the	black	chokeberry	drying	process:	
	–	functional	apparatus;	 	–	KVM-150

The duration of the drying process in the functional device 
is 40 min, and in the conventional KVM-150 device – 60 min, 
respectively, which is explained by heating not by an interme-
diate heat carrier, but by an electric heater. In the course of the 
practical test, a comparison of the main technical parameters 
of the functional apparatus with electric heating and func-
tional capacities and the conventional MZ-2S-316 design was 
performed (heat losses to the environment were neglected 
in Table 1).

A comparison of the main technical indicators (Table 1) 
confirms the structural efficiency in reducing the specific 
metal capacity by 1.8 times, total heat loss by 1.24 times. 
The usable heating surface has increased by 1.3 times, other 
indicators also have resource-saving advantages.

6. Discussion of results related to the effectiveness of the 
hardware and technological solutions implemented in the 

mobile functional device

The implemented hardware and technological solutions 
are aimed at increasing the competitive properties of mobile 
functional equipment for the implementation of preliminary 
thermal operations of processing plant raw materials under 
the conditions of elimination of intermediate heat carriers 
and increasing the heat exchange surface. The use of collaps-
ible functional containers and the mobility of the complex 
make it possible to simultaneously implement 3 auxiliary 
thermal operations under the conditions of the location of 
raw material processing at the collection points, reducing 
the operational duration and preserving the heat-labile 
properties of raw materials. The use of Peltier elements to 
power the autonomous fan reduces energy costs for cooling 
the technical space of the central panel of the functional 
device. Paper [12] considered the importance of improving 
functional devices for the processing of plant raw materials 
to combine the processes of preliminary heat treatment, and 
therefore, reducing energy costs and increasing the efficien-
cy of processing. Study [17] shows that the integration of 
the latest technologies for mobile devices, such as the use of 
modular heat pumps, significantly increases productivity, 
and reduces the negative impact on the quality of raw ma-
terials, in particular, due to the optimization of temperature 
regimes. The use of conventional thickeners [7] is complicat-
ed by the presence of a steam component, which increases 
the energy and metal consumption, as well as the costs of 
transportation and storage of raw materials, which leads to 
the loss of valuable physiologically functional ingredients. In 
work [24], studies of boiling puree in a vacuum-evaporator 
with an improved stirrer are reported, but the use of steam 
can lead to hydraulic shocks. Rejection of intermediate heat 
carriers increases operational properties, reduces metal den-
sity, and improves uniformity of heat supply. Paper [25] pres-
ents a practical solution for a vacuum-evaporating apparatus 
based on the electrical method of heat supply, which demon-
strates significant competitive advantages. Confirming the 
importance of improving the designs of mobile devices to 
achieve the maximum effect with the maximum resource 
saving of the agro-food sector.
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Table	1

Technical	parameters	of	the	improved	functional	apparatus	with	rolling	containers	(a	functional	container	with	a	stirrer	with	a	
heating	surface	was	used)	in	comparison	with	the	conventional	MZ-2S-316	structure	

Technical indicator Advanced functional apparatus The classic design of the steamer (MZ-2S-316)

Technical weight of the structure m=m*–mshirts+mPpREnVT=380–120+10=270 kg m*=380 kg

Useful heating surface F=F*+Fstirrers=0.98+0.28=1.26 m2 F*=0.98 m2

The heat of heating the test sample Qpr=m·c·(tk–tn)=240·3.7·(55–20)=31 080 kJ Qpr=m·c·(tk–tn)=240·3.7·(55–20)=31080 kJ

The heat of heating the device Qap=m1·cc(t2–t1)=200·0.48·(55–20)=3360 kJ
Qap=m1·cc·(t2–t1)+m2·cc(t3–t1)= 

=200·0.48·(55–20)+138·0.48·(145–20)=11640 kJ

Total heat consumption Qzag=34440 kJ Qzag=42720 kJ

Specific metal capacity m=M/F=270/1.26=214 kg/m2 m=M/F=380/0.98=387 kg/m2

Note:* – information on the basic design of the MZ-2S-316 is taken from [23].
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We have improved the model structure of a mobile func-
tional device for the implementation of preliminary thermal 
processes during the processing of plant raw materials. The 
structural difference is mobility due to the mobile plat-
form (Fig. 1, item 1), the use of roll-up functional containers 
with changeable working elements (Fig. 1, item 2) with the 
possibility of simultaneously implementing three technolog-
ical operations. The central panel (Fig. 1) has a vacuum com-
partment (3), a steam generator (6), an automatic control 
unit based on the “OVEN” microprocessor (10), a technical 
unit (a spring mechanism (12), a rotary lifting rail (13), an 
electric motor (14) and a retractable mechanism for lifting 
the lid (15). The device works with roll-in functional con-
tainers with replaceable working bodies: a stirrer with an 
additional heating surface (0.28 m2, Fig. 1, item 22), mesh 
trays in a frame deck and a location in the tender part of the 
bubbling disk (Fig. 1, item 9), and a perforated container 
with internal distributors for preliminary heat treatment of 
vegetable raw materials.

We have determined that the duration of exposure to 
the temperature regime (50 °C) for a multicomponent mass 
based on Jerusalem artichoke (50 %), pumpkin (40 %), 
and chokeberry (10 %) when boiled in a model apparatus 
is 31.4 % less than in the conventional structure (Fig. 2). 
The duration of the drying process in the functional device 
is 40 minutes, and in the conventional KVM-150 device – 
60 minutes (Fig. 3). A comparison of the main technical in-
dicators confirms a decrease in the specific metal capacity 
by 1.8 times, total heat loss by 1.24 times, and an increase 
in the usable heat exchange surface by 1.3 times (Table 1). 
The practical significance of our research is the improve-
ment of a mobile functional device for resource-saving 
heat treatment of plant raw materials for the production of 
health-promoting polycomponent semi-finished products 
with high biological value. Thanks to the design features 
of the device (carousel arrangement of containers, heat 
recovery, optimization of heat exchange), energy consump-
tion is reduced, the duration of heat treatment is reduced, 
and the maximum preservation of valuable components of 
raw materials, in particular, heat-labile substances of black 
chokeberry, is ensured. This contributes to the production 
of quality healthy food products adapted to the needs of the 
modern consumer.

One of the limitations during the study of the apparatus 
was the establishment of a clear stabilization of the tem-
perature on the heating surface, which is ensured by the 
use of a stirrer with an additional heated surface (Fig. 1, 
item 22).

The main drawback is the difficulty of using mobile func-
tional devices at high-performance processing enterprises, 
however, in the work, the main attention is paid to ensuring 
the mobility of the equipment. It is important to note that 
neglecting these recommendations can reduce the competi-
tiveness of the improved device design. Further research will 
be aimed at the formation of resource-saving recommenda-
tions for the use of the proposed device, taking into account 
the equipment-technological features and thermolabile prop-
erties of plant raw materials.

7. Conclusions 

1. We have improved design of the mobile functional 
apparatus for the preliminary heat treatment of plant raw 

materials, which has a platform for the carousel arrange-
ment of rolling functional containers with replaceable 
working elements. Providing simultaneous implementa-
tion of thermal operations in 3 functional rolling contain-
ers. In the center of the mobile platform, the following is 
mounted: a vacuum compartment with the possibility of 
connecting a flexible technical main with vacuum nozzles. 
A steam generator with a flexible rubber main line and 
technical nozzles is placed. Functional roll-up containers 
with mesh trays in the frame deck and perforated contain-
er with internal dividers in the lower part are equipped 
with a bubbler disk. An automatic control unit based on 
the “OVEN” microprocessor is mounted on the central 
platform.

In the upper part of the central platform, a spring 
mechanism with a rotating lifting rail is mounted on which 
electric motors for working bodies of functional containers 
and a sliding mechanism for lifting the lid are mounted. On 
the inner surface of the lids, Peltier elements are mounted 
for the conversion of secondary heat (at 50 °С, respective-
ly – 4.0 W) for autonomous operation of the fan. The lids 
have a rubber contact seal with quick-release bolt locks to 
prevent depressurization during vacuuming and technical 
windows for introducing recipe ingredients. The working 
bodies of the roll-in functional containers are installed in 
quick-release couplings. The heating of the roll-on func-
tional containers is carried out by a film-like resistive 
electric heater of the radiating type. The inner surfaces of 
functional containers have technical separators for liquid 
and vapor-air medium. For preliminary heat treatment of 
liquid media, the container is additionally equipped with a 
stirrer with a heated surface (the usable area of the thermal 
surface is 0.28 m2).

2. The duration of reaching a stationary temperature 
regime (50 °C) of the multicomponent mass (Jerusalem ar-
tichoke – 50 %, pumpkin – 40 %, and chokeberry – 10 %). 
When brewing in a model functional apparatus with a stir-
ring device with a heated surface, it is 31.4 % less than in the 
conventional design. The duration of the drying process in 
the functional device is 40 minutes, and in the conventional 
KVM-150 device – 60 minutes. When comparing the main 
technical indicators, a decrease in the specific metal capacity 
by 1.8 times was established. Total heat losses are reduced 
by 1.24 times, and the usable heating surface is increased 
by 1.3 times.
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