XapuoBi TeXHOJOTi] |

| 109

UDC 641.1 + 641.51
DOI https://doi.org/10.32782/tnv-tech.2024.3.11

FEATURES OF DIGESTIVE BOILERS IN THE RESTAURANT
BUSINESS AND FOOD INDUSTRY

Kryvoruchko M. Yu. — PhD in Technical Sciences,

Associate Professor, Associate Professor at the Department of Design, Engineering
and Land Surveying of the State University of Trade and Economics

ORCID ID: 0000-0002-7378-1050

Antonenko A. V. — PhD in Technical Sciences,

Associate Professor, Associate Professor at the Department of Standardization and
Certification of Agricultural Products of the National University of Life and Environmental
Sciences of Ukraine

ORCID ID: 0000-0001-9397-1209

Rasulov R. A. — PhD in Technical Sciences,

Associate Professor, Associate Professor at the Department of Design, Engineering
and Land Surveying of the State University of Trade and Economics

ORCID ID: 0000-0003-4140-3386

Ratushenko A. T. — PhD in Technical Sciences,

Associate Professor, Associate Professor at the Department of Food Technology
of the Open International University of Human Development “Ukraine”

ORCID ID: 0000-0001-7998-1080

Gorkun A. O. — Master,

Postgraduate Student at the Department of Hotel, Restaurant and Tourism Business
of the Kyiv University of Culture

ORCID ID: 0009-0002-0370-4823

Tonkykh O. H. — PhD of Economic Sciences,

Associate Professor, Associate Professor at the Department of Tourism, Hotel and
Restaurant Business of the Kyiv National University of Technologies and Design
ORCID ID: 0000-0001-7823-4761

The article describes the features of thermal cooking technological equipment. The paper
examines the peculiarities of the interaction of thermal cooking equipment with food raw materials
and food products and gives an overview of the application for various technological processes
in the food industry and restaurant establishments. Despite the large number of scientific works
devoted to the topic of technological equipment, in particular cooking equipment, in Ukraine
this is an insufficiently covered topic that needs research, given the current conditions in the
national economy. The structure and principles of operation of digestive boilers with direct and
indirect heating in catering establishments are considered. The use of boilers makes it possible to
speed up the cooking process; specific energy consumption and heat loss are lower compared to
stoves. During cooking in modern pans, heat losses exceed 50% of the used power of the burner.
The working chamber of the boiler is surrounded by a steam-water shell, where superheated
steam under pressure effectively transfers the heat of the contents of the cooking vessel through
the entire surface of the wall. The tight lid on the cooking container prevents heat loss from
above. Cooking boilers are installed in canteens, restaurants, and other food outlets with a large
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number of visitors. Electric boilers with indirect heating are equipped with a steam generator
to produce steam from distilled water. The heating elements are TENs, which are fixed on the
flange with a common block. The block is attached to the steam generator body using screws.
In restaurants, mostly electric and gas boilers are used, less often — steam boilers. Performance
indicators of boilers depend on the mode of operation and correct operation. All performance
indicators affect the efficiency of the boiler or depend on it. The operational characteristics of
the boilers are improved if the cooking vessel is heated by two groups of heaters located near
the bottom and walls, and if the thermostats are correctly set, which prevent violent boiling of
the liquid, including when the working chamber is not completely filled. The coefficient of useful
action increases with an increase in the load factor of the cooking vessel during heating of the
contents of the boiler to boiling, as the specific heat exchange surface decreases.

Key words: technological equipment, cooking equipment, TEN, digestion boiler, turbine
valve, steam valve, vacuum valve, restaurant establishments.

Kpueopyuxo M. IO., Aumonenko A. B., Pacynoe¢ P. A., Pamywenko A. T., Iopkyn A. O.,
Toukux O. I. Ocobnuseocmi cmpasoeapunbHux Komie y pecmopannomy GizHeci ma xap4osii
npomucnosocmi

Y emammi onucano ocobrusocmi mennogoco 6apuibHO20 MeEXHONOSIUHO20 YCINAMKY8AHHS.
Y pobomi posensnymo ocobnueocmi 63aemoO0ii menyiogoco 8apuIbHOZ0 YCMAMKY8AHHA 3 NPO-
0060ILYOK) CUPOBUHOK) MA XAPHOBUMU NPOOYKMAMU MA OAHO 02150 3ACMOCYBAHHS O/ PI3HUX
MEXHON02IUHUX NPOYECI8 Y XAPUOBIll NPOMUCTIOBOCI MA 3aKAA0AX PECMOPAHHO20 20CNO0APCMEA.
Hesgaoicarouu na 6enuxy KitbKicmv HAyKOGUX Npayb, NPUCGAUEHUX meMi MexXHON02IUH020 001a0-
HAHH3l, 30KpeMa 8apuiibHO20 YCMAamKy8ants, 6 YKpaiui ye HeOoCmamHtvo 8UCSImieHa memd, sKa
nompebye 00CNIONCEHHS, 8PAXOBYIOUU CYUACHI YMOBU 6 HAYIOHANbHIU eKOHomiyi. Posensnymo
6y008y ma npunyunu Oii cmpagosapuIbHUX KON 3 NPSAMUM I HENPAMUM HASPIBOM Y 3aKAA0AX
Xapyyeanns. Buxopucmanus xomuie oac 3mMo2y npUCKopumu npoyec 6apinus, numomi eumpamu
eHepeii ma empamu meniomu Meni, nopieHsHo 3 naumamu. Iio uac 6apinus y cyuacnux kacmpy-
15X mennogi empamu nepesuwyroms 50 % 6i0 suxopucmarnoi nomyxcrhocmi kongopku. Poboua
Kamepa Komia omouena napogoosHol 000I0HKOI0, 0e nepeepima napa nio muckom eqhekmugHo
nepeoae meniomy Micny 6apunbHoi EMHOCMI Kpi3b ycio hosepxio cminku. Llinbna kpuwika na
sapunvbHill emMHocmi 3anobicac empamam meniomu 3eopu. CmpagosapuibHi KOmMiu 6CMaHo6mio-
HOMbCsl 8 [0ANbHAX, PECIOPAHAX, THULUX NYHKMAX XAPYYBAHHS 3 8EIUKOK KIILKICMIO 8i08i0Y8aYI6.
Enexmpuuni xomnu 3 Henpsimum HA2piGaHHAM OCHAWEHI NAPO2EHePamopoMm 05l GUPOOHUYMEA
napu 3 oucmunvosanoi 6oou. Haepieanonumu enemenmamu € TEHu, sixi 3akpinaoroms Ha ¢ranyi
cninvhum 610kom. bnok npueonyiomes 0o xopnycy napocenepamopa 3a 0ONOMO20I0 26UHMIS.
B 3axnadax pecmopannozo 20cno0apcmea nepeadlctHo GUKOPUCIMOBYIOMb eleKMpUdHi i 2a306i
Komau, piowe — naposi. Toxkasuuku podomu KOmiie 3aneicams 6i0 pexcumy pobomu ma npa-
BUIbHOI excnyamayii. Yci nokasHuku pobomu enaueaoms Ha KoeQiyicum KopucHoi 0ii komna
abo 3anexcamuv 6i0 Hb020. Excniyamayitini xapaxmepucmuky KOMi8 NOKPAWyIOmvcs, AKUO
BAPUNILHA EMHICMb HASPIBAEMbCA 080MA SPYNAMU HASPIBAYIE, PO3MIWEHUMU DL OHUWA ma cmi-
HOK, ma 3a YMOBU NPABUTLHO20 HALAUIMYBAHHS MEPMOpeYIamopis, AKi 3anobieaioms Oypxiu-
60MY KUNIHHIO PIOUHU, 8 MOMY YUCTI NI 4ac HENOBHO20 3aN08HeHH s poooyoi kamepu. Koeghiyicum
KOpUCHOT O1i 3pocmac 3i 30iIbUWeHHAM KOeIYIEHMa 3a6aHmaddcet s 8apuibHOL EMHOCHI nid yac
Hazpieants emicmy Komua 00 KUNiHHA, OCKITbKU 3HUIICYEMbCS NUMOMA NOSEPXH MENNI000MIHY.

Knrouoei cnosa: mexnonociune ycmamkysanns, eapuivie ycmamxyeanns, TEH, cmpasoea-
PUnbHUL Komei, K1anax-mypOoinka, naposeull KNanaw, aKyyMHULl K1anaH, 3ak1aou pecmopau-
HO20 20Ccnodapcmaea.

Introduction. Cooking is a process of hydrothermal processing of products in
order to bring them to culinary readiness. During cooking, proteins are denatured and
coagulated, the collagen of the connective tissue of meat and fish raw materials is
transformed into gluten, the majority of vegetative microorganisms die, and enzymes
are inactivated.

The medium for cooking is water, broth, milk, sauce, juice, syrup, moisture and
saturated steam. Regardless of the intensity of the heat flow during cooking, overheating
of the product surface does not occur, semi-finished products are gradually heated evenly
throughout the entire volume to the state of culinary readiness.

The cooking process can be accelerated by increasing the temperature and pressure
in the cooking vessel. The disadvantage is the increased thermal destruction of the
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product components, which worsens the quality of culinary products. The rate of
nutrient transition into cooking water depends on the difference in their concentrations
in the environment and near the surface of the product. Thus, cooking is not only a heat
exchange process, but also a complex mass exchange process.

Cooking can be done in the main way and in steam. Cooking in a large amount of
liquid is characterized by a significant concentration difference between the product and
the medium. If the products are immersed in boiling water, the output of the culinary
product increases, since a smaller amount of extractive substances passes into the water.
For the preparation of broths, on the contrary, they seek to transfer more nutrients into
the environment, so the raw materials are put in cold water, and then brought to a boil.
During steam cooking, the surface layer of the product is dehydrated, which reduces the
loss of mass of finished products.

Formulation of the problem. Let's consider the dynamics of temperatures during
the cooking of products in a digestive cauldron or in kitchen utensils. During heating
of the cooking medium, its temperature rises to 100 °C. Next, the product is fed into
the cooking container and the temperature of the cooking medium drops rapidly. The
heating device must have sufficient power to quickly restore the temperature, otherwise
the productivity of the equipment decreases, and the quality of culinary products
deteriorates.

After restoring the cooking temperature, the intensity of heat supply to the cooking
medium is reduced. In specialized cooking devices, this happens by automatically
adjusting the power of the heaters. During cooking in a plate dish, the power of the
heating elements is changed manually. After the heaters are completely turned off, the
product is brought to readiness using the accumulated heat. In this way, for example,
porridge is prepared in the conditions of restaurants.

Cooking boilers are designed for cooking food products in a large amount of liquid;
sometimes used for steaming. The design of the boilers should ensure that the product is
heated to no higher than 100 °C and ensure the regulation of the cooking mode within
the limits of the boiling temperature. The technological environment of food boiling
boilers is water or broth with a temperature of 100 °C.

The aim of the study. The purpose of the work is a scientific study of the principles
of operation of thermal cooking equipment in restaurants and the food industry.

The object of the research is thermal cooking equipment and the principles of its
operation.

The subject of the study is digester boilers with direct and indirect heating.

Analysis of recent research and publications. Scientific substantiation and
development of competitive technological equipment is an urgent task, the solution of
which will allow expanding the range of food products and obtaining products with
specified properties.

The research of the following domestic and foreign scientists made a significant
contribution to the solution of fundamental issues of technological equipment for the
creation of food products: O.0. Grinchenko, A.B. Horalchuk, A.M. Dorokhovych,
I.Yu. Zhigalenko, A.V. Ziolkovska, M.B. Kolesnykova, H.M. Lysyuk, L.P. Malyuk,
L.M. Mostovoy, N.Ya. Orlova, M.I. Peresichny, P.P. Pivovarova, N.V. Prytulska,
G.B. Rudavska, M.R. Ennis, J.C.F. Murray, G.O. Phillips, W.C. Weling, P.A. Williams
et al. [1-10].

Presentation of the main research material. Cooking pots are used to prepare
soups (first dishes), main hot dishes (second dishes), side dishes; cooking hot drinks,
sweet dishes; boiling products for further use in the production of cold dishes and
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snacks; boiling large amounts of water or milk; preparation of some universal semi-
finished products (broths, sauces, etc.). With the help of special perforated inserts, it is
possible to cook with steam. The technological medium of boilers is water or broth with
a temperature of 100 °C.

The use of boilers makes it possible to speed up the cooking process; specific energy
consumption and heat loss are lower compared to stoves. Yes, even during cooking in
modern pans, heat losses exceed 50% of the used power of the burner. The working
chamber of the boiler is surrounded by a steam-water shell, where superheated steam
under pressure effectively transfers the heat of the contents of the cooking vessel through
the entire surface of the wall. The tight lid on the cooking container prevents heat loss
from above. Cooking boilers are installed in canteens, restaurants, and other food outlets
with a large number of visitors.

The most widespread universal boilers, in which to cook any food products, prepare
broths, soups, heat milk, prepare dairy culinary products, boil meat, fish, vegetables,
prepare compotes, etc. Specialized devices designed for the preparation of certain types
of food products (pasta products, sausages, etc.) have a simpler design — these devices
are also classified as digestive boilers.

In restaurants, mostly electric and gas boilers are used, less often — steam boilers.
Solid-fuel and liquid-fuel boilers are in demand in army and field conditions, as well as
high-altitude hotels. According to the structural feature, such boilers are also modular
and non-modular (island). The most common are boilers with a cylindrical cooking
vessel or with a cooking vessel in the form of a parallelepiped. Boiling containers are
stationary and tiltable (with the help of a worm mechanism, the cooking container
rotates around a horizontal axis). Boilers with a cooking capacity of up to 250 dm® are
in demand in the restaurant industry.

A design feature of boilers with direct heating is direct contact of the heating
element or combustion products with the wall of the working chamber or the working
environment. It is advisable to use such boilers at those enterprises where the cooking
processes are auxiliary and short-term.

Cooking boilers with direct heating are electric, gas and solid fuel. They are simple
in design and operation, but have significant disadvantages:

— uneven temperature distribution on the working surface;

— there must be local overheating of the surface and a high probability of the
product burning;

— low efficiency;

— the thermal regime is difficult to regulate;

— due to unevenness of the temperature field on the surface of the working chamber,
it is difficult to automate the brewing process;

— during work, constant monitoring of personnel and periodic mixing of the product
in the working chamber is required.

Electric boilers with direct heating are divided into four groups according to the type
of heater. The first group includes boilers with a closed-type electric heater installed in
the bottom of the cooking vessel. With this way of placing heating elements, there is
a high probability of products burning: power regulation in electric boilers with direct
heating is carried out in a discrete way, that is, by turning off or turning on a certain
number of heaters, which creates zones of local overheating of the working surface.

Equalization of the temperature field is possible by increasing the contact area of the
heating elements with the working surface. This makes it possible to reduce the specific
power of heating elements and reduce the probability of product burning. The named
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structural solution is used in boilers of the second group, in which flexible tape heaters
are used.

In boilers with band heaters, it is difficult to heat the bottom of the cooking vessel.
When the working chamber is incompletely filled, a large part of it heats up without
contact with the product. It is possible to effectively distribute the heat in the cooking
vessel in boilers of the third group, in which the technology of sprayed semiconductor
resistive layer is applied.

The electrical resistance of the resistive layer increases rapidly in a narrow
temperature range and stabilizes at a certain level. The use of a resistive layer facilitates
the automation of the apparatus, as the system becomes self-regulating.

Devices with a semiconductor resistive layer exist only as experimental samples.
Mass distribution is hindered by the technical complications of uniform sputtering of
the resistive layer and application of electrical insulation. The fourth group includes
specialized cooking devices, where the heating element is immersed in the cooking
medium inside the cooking container. Boilers with an immersed heater are mass-
produced in the form of highly specialized small-sized devices for cooking sausages,
dumplings, and pasta. To avoid contact of the product with the heating element and
to reduce the possibility of product burning, the raw materials are placed in special
perforated containers or mesh baskets. During the operation of such boilers, the cooking
liquid should be changed in time to avoid thermal destruction of extractive water-soluble
substances.

Fire boilers with direct heating work on gas, solid and liquid fuel. In these boilers,
it is difficult to achieve uniform heating of the wall of the cooking vessel, so there is a
high probability of products burning. During fuel burning, combustion products heat the
outer wall of the cooking vessel. Combustion products have a maximum temperature
(about 1000...2000 °C), which decreases during movement in gas ducts and at the exit
is at least 300 °C. This leads to overheating of the working chamber.

There are ways to soften heat exchange:

— dilution of fuel combustion products with air, but this leads to a decrease in
efficiency);

— use of a cooking vessel made of materials with a high coefficient of thermal
conductivity and an increase in the wall thickness to 10...15 mm;

— use of a multi-layer structure with an aluminum layer. Operation of fire boilers
with direct heating is possible only with constant monitoring of the cooking process by
personnel.

In steam boilers with direct heating, the energy carrier is moist saturated steam
that moves inside the steam heat exchanger located directly in the cooking vessel.
The cooking vessel is not in direct contact with the heater. The wall of the steam heat
exchanger is in direct contact with the cooking medium. Similarly to electric boilers,
products are placed in mesh baskets. Thus, steam digester boilers with direct heating of
the medium are used in restaurants as highly specialized heating devices.

Most of the digester boilers offered on the market today have indirect heating of
the working chamber with the help of a steam-water jacket. The intermediate coolant
between the heat generator and the wall of the cooking vessel is saturated steam with
a temperature of up to 110 °C. Under conditions of constant pressure in the steam
envelope on the wall of the cooking vessel, an isothermal field is formed, since the
isobaric process is simultaneously isothermal for moist saturated steam. The use of an
intermediate coolant in cooking devices with a shell creates a uniform temperature field
on the wall of the cooking container.
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Electric boilers with indirect heating are equipped with a steam generator to produce
steam from distilled water. The heating elements are TENs, which are fixed on the flange
with a common block. The block is attached to the steam generator body using screws.

The lampshades must be completely submerged in water. In the air, they overheat
and quickly fail. The operation of heating elements in air is called "dry running". To
avoid this phenomenon, it is impossible to allow the water level in the steam generator
to decrease. The water level in the steam generator is regulated using a level tap.

An additional wall is placed around the cooking vessel of the boiler at a distance of
10...40 mm. It is hermetically connected to the cooking vessel by welding. The closed
space formed is a vapor envelope. A steam generator is located below the shell. A drain
tap is mounted from the bottom of the cooking vessel. The unit "cooking container-steam
shell" is covered with thermal insulation and a decorative casing. In small-capacity
boilers, this unit is placed on a fork-shaped bed, which makes it possible to rotate the
cooking vessel around a horizontal axis using a worm gear or drive. This facilitates and
accelerates the unloading of the finished product.

The steam generator with heating elements is filled with water to the required level
through the filling funnel. The water level is regulated by the level tap. Measurement
of pressure in the steam envelope and control of the technological process is carried
out using an electric contact manometer or pressure switch. A double safety valve is
provided to protect the shell from bursting under high pressure or crumpling during
pressure reduction.

When the heaters are turned on, the water in the steam generator heats up and boils.
Moist saturated steam moves up in the steam jacket, gives the latent heat of steam
formation to the wall of the cooking vessel and condenses. The temperature of the
cooking vessel increases and as it approaches the boiling point, the vapor pressure in
the shell increases.

During the boiling of water in the working chamber, the pressure in the shell increases
to such a level that the needle of the electrocontact manometer reaches the upper fixed
contact needle. This leads to a short circuit in the electrical contact relay and the boiler
power is automatically reduced. Relays are also provided in the steam generator. They
turn off the heating elements when the water level in the steam generator drops below
the permissible level.

Consider steam boilers with indirect heating. There are two design options for these
digester boilers. Both designs involve the use of centralized steam supply. In the first
version, the wall of the working chamber is heated by primary steam coming from the
boiler room. The formed condensate from the shirt flows through the non-return valve
to a special pipeline. A purge valve is provided to remove air from the shirt.

In the second version of the design, secondary steam is used, which is generated in a
built-in steam generator using a steam tube heat exchanger. The primary steam moves in
the heat exchanger, heats the water in the steam generator. Secondary steam is formed,
which enters the steam-water jacket of the boiler.

Condensate from the jacket enters the steam generator, and from the heat exchanger —
into a separate pipeline. Air is removed from the shirt and the heat exchanger in separate
ways: a blow-off valve is provided for the heat exchanger, and air is removed from the
shirt through a filling funnel. The main purpose of the watering can is to fill the steam
generator with water.

The design using primary steam is more reliable than with a heat exchanger. A scheme
with a steam-immersed heat exchanger that generates secondary steam is advisable if
the primary steam is supplied with a pressure of at least 500 kPa, otherwise the surface
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of the steam heat exchanger will not be sufficient. Technical means for the operation of
safety systems and regulation of equipment are called fittings. Safety fittings include:
double safety valve, turbine valve, safety explosion membrane. regulating fittings —
electric contact manometer, pressure switch, devices for draining condensate. The safety
valve includes a pressure gauge and a level control valve. For shut-off valves — water
drain valves, steam valves, non-return valves, purge and air valves.

The turbine valve is installed on the hermetically sealed covers of the working
chambers. The device prevents the pressure in the cooking vessel from increasing by
more than 2.5 kPa (0.025 atm) above atmospheric. As a result of an increase in the
pressure in the working chamber above the atmospheric pressure, the steam-air mixture
from the cooking vessel comes out. The steam enters the spiral grooves of the turbine,
where the force of the steam is divided into two components: horizontal and vertical.
The horizontal component determines the rotational movement of the turbine. The
vertical component of the force lifts the valve. Raising the valve reduces the working
length of the turbine groove and the steam output increases. In an extreme situation, the
turbine lifts and rotates the cargo sleeve. The sleeve pushes the upper valve up; due to
this, the size of the opening for the release of steam into the atmosphere increases.

Even rotation of the ring on the rod indicates the proper operation of the valve. Too
high a speed of rotation of the ring means a critical increase in pressure. It is necessary
to reduce the intensity of heating.

A strong release of steam behind a stationary ring indicates sticking of the turbine
to the valve body. This is an emergency that means the valve is malfunctioning. It is
necessary to completely stop the cooking process. In some designs, it is possible to
manually lift the turbine with a special lever if the turbine is stuck to the housing. This
technique is also used to equalize the pressure in the working chamber with atmospheric
pressure before opening the lid.

The electric contact manometer is designed to regulate the pressure level in the
boiler shell and the cooking mode. A movable pointer (manometric) arrow indicates
the amount of pressure in the shirt, two fixed arrows are set on the minimum and
maximum pressure marks. During the operation of the boiler, the manometric needle
moves and when in contact with the needles or the electrical circuit is closed. This
causes the heaters to turn on or off (or supply gas to the burner) To prevent deformation
of the outer wall of the boiler shell as a result of pressure changes during steam
heating or cooling, the shell is equipped with a double safety valve, which includes
steam and vacuum valves.

A steam valve prevents the shell from bursting as a result of increased pressure.
When the critical pressure is reached, the steam lifts the spool with the cargo sleeve
and escapes to the atmosphere. The vacuum valve is designed to equalize the pressure
inside the shell with atmospheric pressure after the boiler is turned off, which prevents
the shell from crumpling. When the pressure decreases, a vacuum is created in the shell,
the spool of the vacuum valve rises and air enters the shell from the outside. The double
safety valve is designed for the safe operation of the "boiler-steam jacket" unit under
excess pressure up to 50 kPa. Some valves of this type are additionally equipped with a
lever for manual lifting of the steam valve with a cargo sleeve. This makes it possible to
remove air from the steam jacket, that is, to carry out blowing.

Conclusions. Performance indicators of boilers depend on the mode of operation
and correct operation. All performance indicators affect the efficiency of the boiler
or depend on it. The operational characteristics of the boilers are improved if the
cooking vessel is heated by two groups of heaters located near the bottom and walls,
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and if the thermostats are correctly set, which prevent violent boiling of the liquid,
including when the working chamber is not completely filled. The coefficient of
effectiveness increases with the increase in the load factor of the cooking vessel
during heating of the boiler contents to boiling, as the specific heat exchange surface
(ratio between the heating surface and the useful volume of the boiler working
chamber) decreases. And vice versa, the efficiency of the boiler decreases under
operating conditions with an incompletely filled cooking tank: reducing the boiler
content by 1 dm’ reduces the efficiency by 0.5%. In modern models of boilers,
a mode of softened heat treatment of raw materials at temperatures of 75...80 °C
is provided. As a result, 50% more ascorbic acid and other biologically active
substances are stored in vegetables. Generalized information about modern
innovative constructive solutions of digester boilers indicate a significant expansion
of the scope of application of these thermal devices.
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