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1. Introduction

The increased demand for a balanced diet in many coun-
tries necessitates providing the body with functional and 
physiological ingredients to stay healthy and strengthen 
immunity, as well as the high-quality resistance to environ-
mental and pandemic factors. In particular, dairy products 

with a high content of biologically active and mineral sub-
stances are important for the health of the body and must 
certainly be consumed in a full diet, regardless of the age of 
consumers [1]. This approach leads to the need to provide 
consumers with the necessary plant nutrients to maintain 
and promote health in the form of quality dairy products of 
natural origin.
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This paper reports the improved model 
of the unit for melting cheese masses. The 
device differs in the technique of heat sup-
ply to working tanks through the replacement 
of a steam jacket with heating by a flexible 
film resistive electric heater of radiative type 
(FFREhRT). The heat exchange surface of 
the working container was increased through 
heating the mixing device by FFREhRT. In 
addition, the unit is distinguished by utilizing 
secondary thermal energy of melting cheese 
masses (35...95 °C) by converting it with 
Peltier elements into a low-voltage power 
supply to autonomous fans (3.5...12 W) in 
order to cool the control unit. Such a solu-
tion would improve the efficiency of the pro-
posed structure, which is explained by reduc-
ing the dimensional and weight parameters of 
the cheese melting unit by replacing the steam 
heating technique with an electric one.

A decrease in the time to enter a station-
ary mode (85 °C) when melting cheese mass-
es was experimentally confirmed: for the bowl 
of the examined unit ‒ 575 s, compared to the 
analog ‒ 725 s. That confirms the reduction in 
the time to enter a stationary mode by 21 % 
compared to the base unit B6-OPE-400.

The estimation has established a 1.2- time 
decrease in the main indicator of resource 
efficiency of the specific energy consump-
tion for heating the volume of a unit of prod-
uct in the improved plant for melting cheese 
masses – 3,037.2 kJ/kg, compared to the base 
B6-OPE-400 – 3,672.5 kJ/kg. The results 
confirm an increase in resource efficiency that 
is achieved by the elimination of steam heat 
networks; the increased heat exchange sur-
face of working bowls by heating the stirrer 
with the help of FFREhRT. The heat transfer 
that employs FFREhRT simplifies the opera-
tional indicators of the temperature stabili-
zation system in the bowl of the cheese mass 
melting unit. The results reported here may 
prove useful when designing thermal equip-
ment with electric heating while using sec-
ondary thermal energy
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Among the favorite dairy products are a variety of pro-
cessed cheeses whose production involves rennet cheeses 
and different cheese products, etc., which require high-qual-
ity heat and mass exchange processing during produc-
tion. Therefore, it is advisable to ensure resource-efficient 
processing of dairy raw materials into processed cheese 
products in compliance with formulation ratios, stabilized 
heat exposure, and the use of secondary thermal energy for 
technological needs. The introduction in the formulation 
of processed cheeses of organic plant-based semi-finished 
products in pasty, powdered, etc. consistency provides for 
the additional enrichment of products with functional and 
physiological ingredients, increasing nutritional value and 
forming original organoleptic properties [2, 3].

The efficiency of the manufacturing complex for pro-
cessed cheeses depends on the quality of heat and mass 
exchange treatment, in particular melting operations, re-
quiring the implementation of modern engineering solutions 
to ensure the resource efficiency of processes. One solution is 
to reduce the metal consumption for cheese melting devices 
by eliminating the steam component and ensuring stabilized 
low-inertial temperature effect by modern electric heat 
carriers. In addition, an appropriate solution is to ensure 
the use of secondary thermal energy for the needs of produc-
tion  (autonomy of certain structural elements, cooling, etc.). 
Introduction and implementation of such effective hardware 
and technological solutions is a relevant task that would lead 
to the execution of high-quality heat and mass transfer pro-
cess. The result of improving the structure of the unit for the 
production of processed cheeses could reduce the hardware 
cost, simplify operation, and improve the competitiveness of 
products.

2. Literature review and problem statement

Paper [4] specifies the percentage of consumers who lead 
a healthy lifestyle with the formation of strong immunity 
in a pandemic, various health defects, and environmental 
challenges. The research was implemented at the online plat-
form built at the beginning of the COVID-19 pandemic to 
promote the ethics of nutrition, cooking, and consumption at 
home. The introduction of IT technologies under quarantine 
is an effective solution but it is aimed at using semi-finished 
products in most cases since preparing high-quality food 
products at home is a difficult task. Study  [5] focuses on 
the uncertainty of the pandemic of the new coronavirus 
caused by COVID-19 but clinical observations indicate the 
decisive role of innate and acquired immunity. Promoting a 
healthy lifestyle could ensure an increase in innate immu-
nity through functional food and high-readiness organic 
semi-finished products, and is a rational strategy to mini-
mize the harm caused to health by viruses. However, atten-
tion is not paid to the need to ensure high-quality health and 
prophylactic nutrition although this is a priority for the food 
industry, due to the need to improve manufacturing systems 
to ensure the efficiency of production in general. Paper [6] 
notes the demand for plant-based diets to strengthen health, 
in particular, various commercially successful plant-based 
dairy and meat products are being designed. However, the 
production of such foods is a complex technological and 
equipment component, which greatly affects the quality of 
the resulting dairy products. This is due to the fact that the 
process of making cheese and other foodstuffs in most cases 

is executed through heat and mass exchange operations that 
require a strict stabilization of temperature exposure. At the 
same time, modern ways of ensuring high-quality heat and 
mass exchange processes characterized by resource efficien-
cy remain to be studied, which, therefore, makes them the 
relevant scientific and practical areas of research.

In [7], the research aims to determine and confirm the 
increase in the nutritional value of processed cheeses when 
adding various vegetable powders to their formulation. It 
was established that the change in the proportion of natural 
functional and physiological composition can adjust the re-
sulting structural-mechanical, organoleptic, etc. properties; 
however, only the technological component of the process is 
considered. Because most industries use hardware systems 
that are not able to fully ensure the appropriate level of pro-
cessing quality and do not have sufficient resource efficiency. 
This is due in most cases to the use of intermediate heat 
carriers, artificially increased metal intensity of equipment 
for the heat and mass exchange melting operations, confirm-
ing the relevance of research into this area. Thus, work [8] 
reports data on the integrated combination of design and 
modeling processes for cheese production to improve the 
environmental and economic indicators in the industry. A 
given model makes it possible to take into consideration the 
prospects of production and resulting consumption based on 
phased consideration. Much attention is paid in the model 
to ways to improve the technological process, ensure energy 
efficiency, and even the cost of waste, but the model does 
not take into consideration the overall efficiency as a result 
of improving the equipment component of the process. This 
is due to the rapid development of modern technologies to 
improve the existing heat and mass exchange systems, en-
suring the efficiency of the process in general, for example by 
eliminating steam systems, reducing waste, using secondary 
thermal energy, etc.

Paper [9] reports a study into determining the effects of 
deformation in the range of 0.196...359 % and temperature 
on the obtained structural and mechanical properties of 
various cheeses; stickiness analysis has made it possible to 
obtain information about adhesion properties. The study 
results confirmed an increase in the rate of cheese melting 
depending on the temperature; at the same time, adhesion 
properties are reduced, and, therefore, the necessary energy 
for the heat and mass exchange process is reduced. The au-
thors of work [10], in order to determine the effectiveness of 
cheese melting, apply computer technologies to analyze the 
effect of duration (0–20 min) and temperature (70–200 °C) 
on the degree and speed of cheese melting. It was found that 
cheddar and mozzarella cheeses melt rapidly at the initial 
cooking stage; melting slows down after about 3‒4 minutes. 
The maximum degree and melting speed were observed at 
a temperature of about 130–160 °C but prolonged cooking 
at high temperatures led to a decrease in melting. However, 
the cited works do not specify the effect exerted by the heat 
supply technique as one of the main factors in the efficiency 
of the process in general; this is due to the use of convention-
al equipment, which in most cases uses steam intermediate 
heat carriers. Consequently, the equipment efficiency of 
the devices is debatable since the consumption of energy 
for melting affects the received quality and ultimate cost 
of products, which renders relevant the research aimed at 
improving resource efficiency.

Therefore, to fully analyze the production of processed 
cheeses, the integrated impact of the equipment and tech-
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nological component should be taken into consideration, 
which could ensure the efficiency of the equipment, as well as 
competitiveness and high manufacturing quality. Increasing 
nutritional value is possible due to the introduction of modern 
technologies and methods of processing organic raw materials 
as a natural source of functional and physiological ingredients 
in the production of semi-finished products of a high degree 
of readiness  [11]. Conventional units that produce processed 
cheeses are characterized by the use of steam heat carriers and 
the possibility of steam entering a working container during 
heat and mass exchange treatment [12]. The disadvantage of 
steam entering the working space of the unit is the need to 
clean it three times, while the use of steam leads to an arti-
ficial increase in metal consumption, and, therefore, compli-
cates the operation, maintenance, and cost of the equipment 
and technological component. Therefore, it will be important 
to implement innovative solutions aimed at improving the 
unit for the production of high-quality processed cheeses. It 
should be noted that the issues regarding ways to increase 
resource efficiency by reducing metal consumption during the 
liquidation of the steam component remain fully uncertain. 
Steam jackets were replaced with electric heating in work [13] 
using an example of an improved design of the rotary evapo-
rator; however, questions remain about the effect of the heat 
supply technique on hydrodynamic properties. Work [14] 
also considers the effectiveness of the use of electric heating 
when post-drying the pre-concentrated food raw materials. 
However, the cited work does not define the effect of the 
thermal-radiation component of the heat and mass exchange 
process in combination with convective; in particular, there 
is a need to analyze the absorbing properties of raw materials 
being processed. It is also advisable to determine the effec-
tiveness of the use of mixer structures with a heating surface 
as one of the solutions to replace the need for steam to enter 
the working capacity of the unit. Electric heating of the work-
ing tank and the stirrer surface with a modern flexible film 
resistive electric heater of radiative type (FFREhRT)  [15] 
could ensure a decrease in metal consumption, as well as the 
stabilized and low-inertia temperature heating compared to 
the conventional unit [16]. Work [17] reports a study into the 
processes of heat transfer and electrical conductivity of ther-
moelectric generators when analyzing the efficiency of Peltier 
elements based on  127 thermocouples. Because of the Peltier 
effect and the heat flow, the equivalent thermal conductivity 
increases by 30.2 % when the temperature difference between 
the hot and cold sides is  100 °C, and the thermoelectric 
generator reaches the maximum output power. However, the 
research is based only on the use of convective heat transfer, 
which makes it difficult to prove the effectiveness of the use of 
Peltier elements in mixed heat supply. Thus, paper [18] reports 
a study into the effectiveness of the use of Peltier elements 
in a low-temperature heat and mass exchange unit; however, 
only the initial and final parameters of ensuring the autono-
my of exhaust elements are specified. Without defining the 
influence of the convective component in the heat treatment 
of experimental raw materials, the cited studies, however, 
confirm the effectiveness of the use of Peltier elements when 
converting secondary energy into a low-voltage power supply 
to fans, which ensures their autonomy. The reported scientific 
and practical results would be characterized by a positive im-
pact exerted on the effectiveness of the heat and mass transfer 
process of cheese melting, and, therefore, could ensure the 
competitiveness of the products to be obtained, thereby con-
firming the feasibility of research in this area.

3. The aim and objectives of the study

The purpose of this work is to improve the unit for melt-
ing cheese masses where the working surface and the stirrer 
are heated by a flexible film resistive electric heater of radi-
ative type, involving a cooling jacket and Peltier elements. 
The proposed equipment and technological solution would 
ensure the improvement of the efficiency of the manufactur-
ing process in general by eliminating the steam component 
of the classic cheese melting techniques while using second-
ary thermal energy.

To achieve the set aim, the following tasks have been 
solved:

– to design a model structure of the improved unit for 
melting cheese masses where the working surface and the 
stirrer are heated with a flexible film resistive electric heater 
of radiative involving a cooling jacket and Peltier elements;

– to determine by experimental and calculation studies 
and confirm the effectiveness of the proposed structur-
al-technological solutions in comparison with the classic 
structures of devices for making processed cheeses.

4. The study materials and methods

Our scientific and practical studies made use of the Re-
search Center “Newest Biotechnology and Equipment for 
the Production of Food Products with High Wellness Prop-
erties” at the State Biotechnological University (Ukraine).

We have improved a model structure of the unit for melt-
ing cheese masses where the working surface and the stirrer 
are heated with a flexible film resistive electric heater of ra-
diative type involving a cooling jacket with Peltier elements. 
The structure makes it possible to investigate rational heat 
and mass exchange modes, taking into consideration the 
influence of the heat supply technique on the dynamics of 
entering the stationary mode, which, in turn, would ensure 
the smooth melting of the cheese mass. The structural-tech-
nological solutions proposed for the unit could be used for 
grinding, mixing, heat and mass exchange treatment, for 
example, dairy products (desserts, mousses, etc.), minced 
meat, pate, etc.

We compared the characteristics of the improved mod-
el structure of the unit for melting cheese masses and the 
conventional unit (B6-OPE-400, Ukraine [19]) according 
to the procedures for the thermal calculation of devices and 
the experimental procedure using the measuring devices 
“OVEN” (Ukraine).

5. Results of the experimental and estimation studies of 
the improved unit for melting cheese masses 

5. 1. Design of an improved model of the unit for melt-
ing cheese masses

The improved model of the unit for melting cheese mass-
es is shown in Fig. 1. The unit is mounted on bed 1, which is 
designed to enable the circular motion of bowls for melting 
mounted on wheels 2. The melting bowls and the surface of 
blade mixer 4 are heated in stages by a flexible film resistive 
electric heater of radiative type (FFREhRT) 3 with a ther-
mally-insulating outer surface.

For the additional grinding of cheese masses, the lower 
part of the blade stirrer is equipped with a fixed cutter knife 5, 
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providing for a homogeneous grinding of the cheese fraction. 
At the bottom of the bowls for melting cheese masses, there 
is an unloading nozzle 6 with an autonomous valve, which 
makes it possible to further transport raw materials according 
to technological needs. In order to ensure the cooling of the 
cheese mass, the bowl is equipped with cooling jackets 7 with 
a coil heat exchanger; during the melting process, there is air 
in jacket 7, providing for additional thermal insulation of the 
heat and mass exchange process.

The structure is equipped with an innovative control com-
plex 11, which hosts engine compartment 12 with a three-speed 
electric motor. The control unit of technological parameters 13 
makes it possible to control the temperature of FFREhRT and 
the technological mass, the frequency of rotation of the stirrer, 
the opening of the valve of unloading nozzle 6. The system has a 
water ring pump 14, which, if necessary, implements the cooling 
process by enabling the injection of liquid into cooling jacket 7 
with a ring heat exchanger. Due to the use of FFREhRT, as well 
as its low metal consumption and low inertia, in contrast to net-
works based on steam heat supply, rapid cooling of technological 
raw materials is ensured. System 11 is connected to technical 
casing 9, inside which there is rotary shaft 10 to transmit the 
rotation of blade mixer 4 through elastic ferrule-finger cou-
pling  16, which is connected by gear rail 17 to the stirrer. The 
proposed technical solution makes it possible to rotate stirrer 4 
at a frequency of 85, 120, and 180 min-1, thereby implementing a 
high-quality process of cheese mass melting. To lift cover 22 with 
seals 24 and a secured blade stirrer 4, the structure of rotation 
shaft 10 includes an internally placed latch rail. To gradually 
change the bowls for melting cheese masses, technical casing 
9 hosts rotating guides 8 for bowls, thereby allowing the devel-
oped machine to work in stages with two bowls placed on bed 1.

To prevent the overheating of control unit 11, the struc-
ture of lid 22 hosts the Peltier elements 18, which make it 
possible to convert the secondary thermal energy of melt-

ing  (35....95 °C) into a low voltage power  (3.5...12 W). 
This energy is enough for the autonomous operation of 
exhaust fans 15 located at the top of system 11. And, for 
the heat and mass exchange processes under vacuum, the 
improved structure has a vacuum connection nozzle 23.

The melting of cheese masses is implemented as fol-
lows: the pre-crushed raw materials, through hopper 21, are 
loaded into the working space of the bowl, then the control 
unit 11 is enabled, thereby setting the necessary technological 

and equipment parameters, in particu-
lar, FFREhRT 3, and blade stirrer 4. The 
heating is enabled with subsequent final 
grinding by cutter knives 5 and melt-
ing of the cheese mass to 85...90 °C for 
15...20 minutes if necessary. To remove 
a specific smell from raw materials when 
melting, a vacuum of 40...50 kPa is con-
nected to the unit through nozzle 23. The 
unit is unloaded through lower nozzle 6 
with an automatic valve, by lifting lid 22 
with blade stirrer 4 and moving the next 
bowl to repeat the process. The used bowl 
is sent for sanitation and cleaning.

5. 2. Experimental and estimation 
studies into the impact of the proposed 
structural-technological solutions on the 
process efficiency 

Our experimental study into the 
process of cheese mass melting involv-
ing the experimental unit aimed to 
establish the basic parameters of the 
process to obtain initial data in order 
to further calculate the device. The 
transitional characteristic of heating a 
working container  (bowl) when melt-
ing cheese masses is shown in Fig. 2.

The comparative analysis of the heat-
ing of cheese mass in bowls confirms the effectiveness of 
the proposed structural and technical solutions to reduce 
the metal consumption by the working bowl and increase 
the heat exchange surface when heating the stirrer using 
FFREhRT. The time for the experimental unit for melting 
cheese masses to enter a stationary mode (85 °C) is 575 s; in 
the analog, this figure is  725 s. That provides for a reduction 
in the time to enter the stationary mode by the experimental 
unit by 21 % compared to the base B6-OPE-400.

Therefore, the decrease in the melting time of cheese 
masses due to the increase in efficiency with a decrease in 
metal consumption and an increase in the heat transfer sur-
face is confirmed.

Fig.	1.	Diagram	of	the	improved	model	structure	of	the	unit	for	melting	cheese	
masses:	1	–	bed;	2	–	wheels	for	the	rotational	movement	of	bowls;	3	–	flexible	

film	resistive	electric	heater	of	radiative	type	(FFREhRT)	with	a	thermally-
insulating	outer	surface;	4	–	blade	mixer	with	FFREhRT;	5	–	cutter	knife;	

6	–	unloading	nozzle	for	processed	cheese	with	a	valve;	7	–	cooling	jacket	with	a	
coil	heat	exchanger;	8	–	rotary	guides	for	bowls;	9	–	technical	casing;	

10	–	rotation	shaft	and	internal	latch	rail;	11	–	control	unit;	12	–	motor	
compartment;	13	–	control	unit	of	technological	parameters;	14	–	water	ring	

pump;	15	–	autonomous	fans;	16	–	elastic	bushing-finger	coupling;	17	–	gear	rail;	
18	–	Peltier	elements;	19,	20	–	clutch;	21	–	loading	hopper;	22	–	cover;	

23	–	vacuum	connection	nozzle;	24	–	cover	seal

 1  2   3   4   5   6   7    8    9  10    11  12 13 14  15   16    17   18    19   20   21 22 23 24 

Fig.	2.	Transitional	characteristics	of	heating	the	cheese	
mass	in	bowls:	○	–	experimental	unit;	□	–	B6-OPE-400
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To determine the effectiveness of the improved model 
unit for cheese mass melting, its characteristic is given in 
comparison with the base structure B6-OPE-400. The cal-
culations were carried out without taking into consideration 
losses to the environment (Table 1).

We have established a 1.2-time decrease in the main in-
dicator of resource efficiency of specific energy consumption 
for heating the volume of a unit of product in the improved 
unit for melting cheese masses: experimental – 3037.2 kJ/ kg, 
base B6-OPE-400 ‒ 3672.5 kJ/kg (Table 1). The effect is ex-
plained by a decrease in the dimensional-weight parameters 
of the unit for melting cheese masses (the absence of steam 
heat networks, etc.), as well as a reduction in the duration of 
heating the unit to the predefined temperature (85 °C). The 
prototype unit ‒ 568 s, and in the conventional one – 720 s, 
thereby ensuring a decrease in the duration of temperature 
effect during the time of cheese melting, thereby improving 
the efficiency of the heat and mass transfer process.

6.  Discussion of the established indicators of efficiency 
of structural solutions in the improved unite for melting 

cheese masses

The reported practical and experimental comparative 
studies into the improved unit for melting cheese masses, 
in which the working surface and the stirrer are heated by 
FFREhRT equipped with a cooling jacket and Peltier ele-
ments (Fig. 1), confirm the effectiveness of its industrial ap-
plication. Using FFREhRT for heating, given its low metal 
consumption and low inertia, in contrast to networks based 
on steam heat supply, provides, if necessary, rapid cooling of 
technological raw materials. In this case, the arrangement in 
the system (pos. 11, Fig. 1) of water ring pump 14 enables the 
injection of liquid into cooling jacket 7 with a ring heat ex-
changer. To prevent the overheating of control system 11, the 
structure of lid 22 hosts the Peltier elements 18 to convert 
the secondary thermal energy of melting (35....95 °C) into 
low voltage power (3.5...12 W) for autonomous exhaust fans.

The practical implementation of the proposed structur-
al-technological solutions would provide high-quality heat 
and mass exchange treatment. We have established the re-
duction of metal consumption of the working bowl due to the 
elimination of steam heating while increasing the heat trans-

fer surface under when heating the 
stirrer with FFREhRT. In particu-
lar, the time to enter the stationary 
mode (85 °C) by devices for melting 
cheese masses is 575 s in the ex-
perimental bowl, compared to 725 s 
in the analog (Fig. 2: experimental 
study). That ensured a 21 % reduc-
tion in the time to enter a stationary 
mode compared to the base B6-
OPE-400. Based on the obtained 
technical characteristics for the im-
proved model unit for the melting of 
cheese masses, in comparison with 
the base structure B6-OPE-400, we 
have determined a 1.2-time decrease 
in the specific energy consumption 
for heating the volume of the product 
unit. Thus, in the improved unit for 
melting cheese masses, this indica-
tor is 3037.2 kJ/ kg, and in the base 
B6- OPE-400 – 3672.5 kJ/ kg  (Ta-
ble 1). Experimentally and practi-
cally, we established a decrease in 
the duration of heating the unit to 

the technological melting point (85 °C); in particular, for 
the experimental unit ‒ 568 s, for the conventional unit  ‒ 
720 s (Table 1). Thus, it reduces the duration of heat treat-
ment of cheese masses, and, therefore, generally indicates an 
increase in the efficiency of the heat and mass transfer process. 
A characteristic feature, compared to existing technological 
and equipment analogs of the units for melting cheese masses 
based on classic devices with a steam component, is the ab-
sence of a heated stirrer and the introduction of steam into 
working volume, reducing the efficiency of the process [20].

One of the main limitations in the melting of cheese mass-
es is the stabilization of temperature influence depending on 
technological needs and formulation composition. To resolve it, 
as an option, there is a need to use low-inertial and metal-free 
heaters, in particular, FFREhRT, taking into consideration the 
temperature range for high-quality heat and mass exchange 
treatment of the formulation composition. Further research 
could aim at determining the rational melting regimes for 
cheese masses whose formulations include the functional and 
physiological ingredients of organic origin (pastes, powders, 
lactic- and bifidobacterial, etc.)  [21, 22]. This, in turn, would 
increase the nutritional value of the products with original 
organoleptic properties, ensuring the competitiveness of the 
products received for health and prophylactic purposes, which 
is relevant in the context of environmental and pandemic chal-
lenges of today.

7. Conclusions

1. We have improved a model of the unit for melting 
cheese masses, which is distinguished by the technique of 
heat supply to working tanks and by heating the stirring de-
vice with a flexible film resistive electric heater of radiative 

Table	1

Comparative	characteristics	of	the	improved	unit	compared	to	the	base	structure	B6-OPE-400

Energy loss B6-OPE-400 Improved unit

Unit weight M*=3,700 kg M=1,150 kg  

Working container 
weight

*
1 350�kgm = m1=140 kg

Specific cost
Qsp=Q/mpr=36,725/100= 

=3,672.5 kJ/kg
Qsp=Q/mpr=30,372/100= 

=3,037.2 kJ/kg

Heating duration τ=Q/F*·k·Δt=32,357/0.75·921·65=720 s
τ=Q/F·k·Δt= 

=32,357 /0.95·921·65=568 s

Working contain-
er’s heat exchange 

surface area
F*=0.75 m3 F=F*+Fst=0.75+0.20=0.95 m3

Heating the work-
ing container for 
cheese melting

( ) ( )
( ) ( )

heat 1 2 1 2 2 1· · – · · –

210·0.48· 85– 20 140·0.48· 85– 20

6,552  43,68 10,920kJ

c cQ m c t t m c t t =

=

= +′ ′ ′′ ′′

= +
= + =

( )
( )

heat 1 2 1· · –

210·0.48· 85– 20  6,552 �kJ
cQ m c t t ′

=

= =′

=  

Product heating
Qpr=mpr·c·(tk–tn)=100·3.97·(85– 

–20)=25,805 kJ
Qpr=mpr·c·(tk–tn)=100·3.97·(85– 

–25)=23,820 kJ

Total Qtot=36,725 kJ Qtot=27,276 kJ

Unit specific metal 
consumption 

m=M*/F=3,700/1.5=2467 kg/m2 m=M/F=1,150/1.9=605 kg/m2

Note: * – comparative data on the base structure B6-OPE-400 are taken from [19]
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type (FFREhRT) with a thermally-insulating outer surface. 
In addition, the unit is distinguished by the use of secondary 
thermal energy of melting (35....95 °C) by converting it with 
the Peltier elements into a low-voltage power (3.5...12 W) 
for autonomous fans to cool the control unit.

2. We have experimentally confirmed a decrease in the 
time to enter a stationary mode (85 °C) when melting cheese 
masses: for a bowl in the experimental unit ‒ 575 s, compared 
to that of the analog, 725 s. Thus, the duration of entering 
the stationary mode is reduced by 21 % compared to the base 
device B6-OPE-400. By estimation, a 1.2-time decrease in 
the specific energy consumption was determined, for heat-
ing the volume of a unit of product in the improved unit for 
melting cheese masses – 3037.2 kJ/kg, while in the base B6-
OPE-400  – 3672.5 kJ/kg. The increase in the efficiency of 

the proposed structure of the experimental unit is explained 
by a decrease in the dimensional-weight parameters (the 
absence of steam heat networks, etc.), energy-metal con-
sumption, and by an increase in the heat exchange surface 
of working bowls, due to the stirrer heated with  FFREhRT.
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