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USE OF INNOVATIVE METHODS IN FRUIT DRYING

Kakhkhorov Siddig Kakhkhorovich,
Bukhara State University, professor
siddikkahhorov@gmail.com
Ilhomov Khurshid Ilhomovich,
Bukhara State Pedagogical Institute ,
basic doctoral student (PhD)
Khurshidllhomov.@gmail.com

Abstract. The article discusses the main aspects of drying fruits and vegetables as an effective, long-
term proven method of reproducing all the nutritional and medicinal properties of fruits and vegetables
under appropriate conditions and storing them for a long time. Although the use of renewable energy devices
requires considerable investment, they are economically viable. Sulfur, nitrogen, and carbon oxides released
into the air due to traditional fuel-based energy are spread over long distances. In addition, they mix with
rainwater, turn into acid compounds, and fall to the ground in rain, having a negative effect on plants and
soil. All over the world, it is recommended to eat an average of 40-50 grams of dried fruits per day in winter
and spring. These products make up 10-15% of the total consumption of fruits and vegetables.

Keywords: renewable, energy, biosphere, solar energy, bioenergy, convection, drying, air drying,
infrared drying, vacuum sublimation.

HNCIIOJBb30BAHUE NTHHOBAIIMOHHBIX METOJOB ITPU CYLIKE ®PYKTOB

Aunomauus. B cmamve paccmompenvl OCHOGHble ACNEeKMbl CYWKU (DPYKMOs U o06oujeli Kax
aghexmuenoco, 0a6HO NPOBEPEHHO20 CHOCOOA BOCNPOU3BEOCHUSI BCEX NUWEBbIX U JIe4eOHbIX CBOUCE
@dpyKkmos u osowjell 8 cOOMBEMCMBYIOWUX YCIOBUAX U UX OAUMENbHO2O XpaHeHus. Xoms ucnoav3osanue
VCmpoUucme  60300HOGNISIEMOU  SHepeul  mpedyem 3HAUUMETbHbLIX UHGeCMUYUL, OHU IKOHOMUYECKU
JHCU3Hecnocobmvl. OKcudvl cepwvl, azoma u yaiepood, 6vlopacvléaemvie 6 6030YX U3-3d MPAOUYUOHHOU
9HepeemuKl, OCHOBAHHOU HA MONIUGE, PACNPOCPAHAIOMCS Ha bonvuue paccmosnus. Kpome moeo, onu
CMEUUBAIOMCS C Q0AHCOEBOU 8000, NPEBPAYAIOMCS 8 KUCTIOMHbLE COCOUHEHUS U C 00HCOEM 8bINAOAIOM HA
3EMJII0, OKA3bIBAsL He2AMUGHOEe 6030elicmeue HA pacmeHnus u nougy. Bo ecém mupe 3umoil u ecHou
pexomenoyemest cvedams 6 cpeonem 40-50 epammos cyxo@pykmos 6 Oenv. Idmu npooyKmuvl COCMAGISIOM
10-15% om obwezo nompebrenus Gpykmos u 06ouyeil.

Knrwuesvie cnosa: 60300H061s5€Mble UCMOYHUKY DHEPSUU, dHEpeemuKkd, Ouocghepa, conneunas
oHepeusl, OUOdHEpeemUKd, KOHBEKYUs, CYUIKA, GO30VUIHAS CYWIKA, UHPPAKPACHAS CYWKA, BAKYYMHAS
cyonumayus.

MEBAJIAPHU KYPUTHIIJIA UHHOBAIIMOH YCYJUJIAPUJIAH ®OUJAJTAHHAIII

Annomauyus. Maxonada mesa 6a cab3agomuapnu KypUMUWMHUHE ACOCULE JICUXAMIAPU Meda 6d
cabzaeomaapHune 6apya 03yKasuii 6a 00PUSOP XyCyCUAMAAPUHY MESUWIY WAPOUMAapoa Kauma uwiiab ea
V30K MyOO0amiu CAKIAUWIHUHE CAMApany, Y30K UWUIap 0asoMuod MACOUKIAHeaH YCYulapu cugamuoa
myxoxama Kuaunaou. Kaiima muxnanyeuu suepeus manbarapu Kypuimaiapuoau goudaranumea oup xaoap
canmoxIu mabnaz capgranca-oa, yiap uKmucoouu scuxamoan V3uHu oxkaauou. Awvaneuti éxuneu Ounau
uwaiouean dHepeemuKxa mygaiiu xagoea YUuKaémean OaMuHeYyeypm, a3om, Yenepoo OKCUOLapu Y30K
macogpaza mapkanaou. bynoan mawxapu, ynap émeup cysérapu ounan Kywuaubd, Kucioma oupuxmanapuea
auranaou xamoa émeup maprubuda epea mywuod, YCUMIUKIApea, MynpoKKa caibuli mavcup Kypcamaou.
Jlynéoa bapua unconnapea Kuui 6a 6axop mMascymuoa Kypumuiean mesaiaphu kKynuea ypmava 40-50 epamm
UCMEbMON  KUAUWHU mascusi  Kuiaou. Ywby maxcyriomiapuume meea 8a cab3asomuap ymymull
ucmevmonunune 10-15 gousunu mawxun Kuraou.

Kanum cyznap: kaiima muxianaouean suepeust, ouocghepa, Kyéui snepeusicu, Ouosnepeusi, KOH8eKyusl,
KYypumuui, Xaeo Kypumuiiu, UHOPAKU3UL Kypumuid, 6axKyymiu cyonumMayus.

Introduction. Drying is a thermophysical process aimed at reducing moisture from the product. At the
same time, this process is also a technological process, during which it is necessary not only to remove
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excess moisture, but also to preserve the useful substances, vitamins, aromatic and taste qualities of the
product.

Today, there are many high-temperature automated devices for drying fruits. However, their use will
be associated with large capital investment and high energy costs. Processing small amounts of fresh fruits in
peasant and farm conditions is less efficient. Disadvantages of existing drying devices are: from an
ecological point of view, pollution of fruits and the environment with toxic substances from fuel combustion;
uneven heating of the fruit mass and high drying speed, which leads to excessive drying, deformation and
cracking of the material, as well as high energy costs.

A natural and forced convective method of drying agricultural products is used in fruit processing,
which is related to heat transfer methods, material properties, types of moisture binding to the material, and
energy consumption.

Renewable energy is continuously renewable in the Earth's atmosphere and globally inexhaustible.
They are solar energy, wind, bioenergy, ocean, sea and river water, underground geothermal water. The main
advantage of renewable energy is its inexhaustibility and ecological purity. In the world, energy types are
divided into two (Figure.l).

In  Uzbekistan, the wuse of renewable alternative energy sources has great
prospects, effective work has been carried out in this regard and scientific experiences have been
collected [1,3].

The use of natural fruit drying in the open air under natural light conditions requires high labor costs,
is not environmentally friendly, and has low productivity.

Therefore, renewable energy that ensures compliance with the requirements of saving energy and
resources and maintaining environmental cleanliness the need to develop devices and technical means for
drying fruits on the basis of sources determines the relevance of the work topic.

Natural drying is the simplest and most common method of drying fruit raw materials in the open
field on farms. During natural drying of the moisture of the raw material takes place in the open air under
natural light conditions, without influence on the intensifying processes (temperature of the product and
drying agent - air, humidity, etc.).

In the summer season, wet fruits (apples, apricots, grapes, tomatoes, cherries, mulberries, melons and
other citrus fruits) are dried in the open air under the influence of light.

In the natural drying areas in the open air, the temporary storage of the product should be clearly
marked, in special places, and the parts should be laid out on a clean floor and placed on trays (2-Figure).

The drying time varies slightly depending on the type of product and the drying method. For example,
halved apricots are ready in 5-10 days, whole apricots in 10-15 days, halved peaches in 8-12 days, grapes in
20-25 days (untreated), and those treated with alkali in 6-10 days [1,2, ].

Disadvantages of natural drying compared to artificial drying:

- the long duration of the process depending on the geographical location, weather conditions, time,
time of year and external environment. Materials and fruits are dried to equilibrium moisture with natural
convective drying;

- as well as the availability of enough nutrients and vitamins in dried products, if there is little
pollution;

- despite its simplicity and cheapness, natural drying is limited to a small amount of raw fruit
processing.

If there is an artificial forced chamber method of drying fruit raw materials, it is necessary to choose
the right drying method and the optimal option of the drying device (apparatus) according to the technical
conditions of the process.

In the artificial drying of fruits, the following drying methods are used depending on the method of
supplying heat energy to the product: convective, conductive, thermoradiative, drying by heating with the
help of high-frequency current (microwave oven), sublimation, combined.

The artificial method of drying plants or construction materials is carried out in special devices (drying
plants or chambers), according to their structure: chamber, belt, conveyor, shaft, tray, roller, shelf, corridor,
contact-roller (using high-frequency current) types.
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According to the convective drying method, heat is transferred from the heat source used for drying to
the drying surface using a heat carrier. Air, water vapor, and flue gases are used as heat carriers. This method
is the most common, and the work of most of the chamber and shaft drying plants is based on the
construction (Table 1).

Technical description of the drying line

Table 1.
1 Productivity, kg/h 225;
2 Weight of loading products at one time, kg 200;
3 Duration of drying, hours 5,5-6,0+8
4 Camera temperature, 0C
5 In the center 70
6 In the periphery 66
7 Overall dimensions, m, 6x3,3x6

However, this drying method also has a number of disadvantages:

- high energy costs (1.6 to 2.5 kWh of electricity is required to reduce moisture from one kilogram of
raw fruit and turn it into steam);

- it will be difficult to manage the drying process in gas and harmful substance-liquefied layer,
because it is impossible to take samples and check during the drying process;

- a sudden increase in temperature leads to caramelization (chemical change of the composition) of
sugar in raw fruit.

The device consists of a heat generator (1), a drying chamber with two autonomous sections (2) and
communication (3) for the release or circulation of steam-gas mixtures. The heat generator is equipped with a
gas burner (4) for burning natural gas. The movement system of the working agent is equipped with two
ventilators: air transfer (5) and gas-air mixture return (6) or loss through the device (8) through the pipe (7),
smoke exhaust devices (11). Cleaning of gas-air mixtures in the heat generator was also taken into account
(Figure 2).

The working sections of the drying chamber (2) are equipped with bars (9) for serving the working
persons.The sections are hermetically bounded to each other and covered with an insulated shell. Each
chamber has rollers and hermetically closing doors.Sections of working chambers are divided into columns
(bases) (10). Each section is equipped with shelves in the form of shelves. Under the soles are meshes made
of stainless material [2].

A wood-fired special cabinet dryer has a number of advantages in drying various products. Their
structure is special channels in the lower part of the abinet, which are used for heating. They are made of
brick or iron pipes, and the diameters of the pipes and the chimney of the oven are denser. and it is located
under both cabinets.
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Figure 2. Technological line of IR-convective drying of agricultural products. 1-heat generator;
2-drying chamber; 3-circulatory communication; 4-gas burner; 5 - fan for air transfer; 6-fan for air
return; 7-pipe for removing gas-air mixtures; 8-device; 9-fence; 10-columns; 11-fumigation device; 12-
drying device for primary treatment of raw materials.

The walls are brick, and they serve as the base for the drying cabinets. The exhaust pipe has slits for
temperature control. Controlled doors or slits are left in the wall of the base of the section to allow cold air to
enter (Figure 3).

/2
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Figure 3. Drawing of a wood-heated special cabinet dryer: 1-pallets; 2-suction pipe; 3-exhaust
pipe; 4-fire place; 5-slot for cold air intake.

Drying cabinet (1 or 2 depending on the corners of the dryer) can be made of boards, bricks or other
materials. If two cabinets are placed, a barrier is placed between them. The bottom of the cabinet is an iron
sheet, and it is placed 20-30 cm below the back wall, the reason for this is that there is an iron cap and a slot
on the top of the cabinet to control the ventilation so that hot air can reach the drying cabinet from the
compartment. The function of the front wall of the closet is performed by a tightly closed wall. In the special
lines of the cabinet, at an angle, the sieve is installed on the back wall in a step-like manner [3,4].

Due to uneven moisture in the product, high quality of the final product cannot be achieved, the
product in contact with the heated surface dries out, which leads to deformation and cracking of the product.
Roller and tray drying plants based on this product-intensive drying method have high energy costs (1.5 to
1.7 kWh of energy is used for 1.5 kg of reduced, removed moisture).

Despite a number of advantages of this method (low number of conveyors, drying facilities and
equipment, flexibility of process control, etc.), drying with infrared rays in its pure form is characterized by
uneven heating of the product, low efficiency of infrared radiation generators. The freeze drying method is
one of the most effective methods in the fruit drying process. It can be divided into two stages: in the first
one, the moisture freezes and rises to the surface with the help of a deep vacuum, and in the second one, due
to intensive heat supply, the moisture evaporates (ice bypasses the liquid state and turns into steam). This

SCIENTIFIC REPORTS OF BUKHARA STATE UNIVERSITY 2024/4 (109) 64



PHYSICS

technology has not been widely used due to the complexity of designing tunnel drying plants, low
productivity, high capital cost, production costs and electricity consumption (from 3.9 to 1 kWh per 3 kg of
moisture removed) [8,9,10].

Dielectric drying method based on the dielectric properties of water and dry substances (a wet product
is more prone to heating than a dry one). During the drying process, wetter material heats up more than drier.
Heating is based on the phenomenon of polarization (location in a certain direction) of fruit molecules.
During drying, the fruits are placed between the electrodes of the heating condenser, and these electrodes
have opposite charges. Controlled heating of the material occurs under the influence of a high-intensity
electric field. Evaporation of moisture occurs throughout the volume of the product, and a pressure gradient
occurs inside the particle, which accelerates the transfer of moisture. To remove evaporated moisture, it is
necessary to continuously blow air through the layer of raw fruit [9,10].

Dried raw materials are cooled in refrigerators. Compared to convective and contact drying, the
advantages of high-frequency flow drying are the ability to regulate and maintain a certain temperature, and
are characterized by a significant increase in the drying process. All this requires a large amount of
electricity (from 5 to 1 kWh for 2.5 kg of moisture removed). Disadvantages of microwave drying plants are
the complexity of the equipment, metal consumption, and environmental risk as a result of the harmful
effects of microwave radiation on people. These devices require specialized personnel to maintain and
constantly monitor the background of microwave radiation, as well as the use of high voltage, which is
dangerous for maintenance personnel [10].

Therefore, the introduction of new methods and advanced technologies to the process of drying fruits
is the most important task to increase the efficiency of drying plants. Strict requirements are imposed on it:

- the quality of dried fruits (maintenance of product components, nutrients, vitamins, aromatic and
taste qualities);

- the possibility of drying fruit raw materials with different moisture ranges; use of drying equipment
to dry various fruit raw materials;

- high technical, economic and technical and technological parameters in comparison with analogues;

- minimum weight, overall dimensions and high power of mobile dryers;

- simplicity, high reliability and safety of the drying equipment; the possibility of automated control of
the drying process;

- reduce energy consumption. These features are an important requirement for improving or
developing a new design of drying equipment.

Therefore, the development of energy- and material-saving dryers for farmers and small farms that use
cheap alternative sources of heat energy, such as the sun, while maintaining product quality, remains
relevant. With the method of drying fruits using heat from renewable energy sources, the fruits receive heat
from the infrared rays of heat. Infrared drying, along with strong heating of the surface of the product,
creates a significant temperature gradient that prevents moisture from moving from the inside of the fruit to
the surface. Here, the necessary intermittent irradiation is necessary, during which the surface of the material
quickly heats up and dehydrates during the irradiation, and the moisture from the inner layers of the product
slowly moves to the outer layers during curing.

The analysis of existing means and methods of fruit drying showed that chamber dryers with a
convective heat supply method are the most common among private farmers and farms. Based on the
analysis, it was found that dryers do not provide adequate energy consumption, they are characterized by low
thermal efficiency and increased specific cost consumption. Therefore, it is desirable to dry small fruits in
dryers based on solar energy (solar dryers), which provide uniform heating of fruits and an energy-saving
drying mode that does not cause deformation and cracking of the material. The use of solar dryers is
especially useful for individual farmers and farm conditions, where small quantities of fruit need to be dried.

The choice of solar dryers is determined by the scale of production, the climatic characteristics of the
area, the type of product to be dried and the cost of additional energy.

Under the drying unit there is an air channel, through which air is supplied through an inlet mesh
window (air pressure or suction mode). In clear sunny weather, the heat-dissipating top of the glass window
should transmit sunlight well.

The structure of the combined Solar mini fruit-vegetable dryer-greenhouse device: The device consists
of a "hot box" with a length of 1500 mm, a width of 720 mm, a front part of 600 mm, and a height of the rear
wall of 900 mm. The unit has glass-framed doors on both sides and mesh windows that provide natural
ventilation [4], (Figure 4).
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Figure 4. Solar mini fruit and vegetable dryer. 1-glass frame window; 2-set rack; 3-heat-
dissolving top glass; 4-exhaust fan; 5-door with glass frame; 6-air intake mesh window

Three rows of sliding mesh racks are installed in the device chamber. The surface of each row of racks
is 1 m2 (two 0.5 sg. m.), the product to be dried is placed under the two rows. The upper rack serves as an
umbrella that protects the product from direct sunlight, and in some cases it can also be used to dry fruits and
vegetables.

Depending on the ripening and season of the product, according to each square meter of the device, in
turn - 25-30 kg of apricots, 10-15 kg of cherries, 25-30 kg of tomatoes, 25-30 kg of raisins, 5-10 kg of
melons, etc. can be prepared [4,6].

Based on the research conducted on drying with the help of solar devices working with solar energy, it
can be said that natural drying lasts a long time, if the weather is unfavorable, the product will perish. For
artificial drying, 0.5 kg of fuel is used for each kg of raisins. Solar devices do not require energy. But it
requires more space than artificial drying.

Disadvantages of the radiation dryer are the direct impact of sunlight on the dried material, uneven
heating of the fruit mass. High drying speed leads to excessive drying, deformation and cracking of the
material [11,12,13].

The following table shows the relevant indicators of different dryers (2-Table).

Table 2.
Dryers It's open Radiation dryer | Chamber dryer | Combined
in the air
Product per m2 15-20 15-20 15-20 20-25
Build time (day) 17-20 7 9 6-8
Productivity kg/m2 0,25 0,65 0,5 0,9

In order to ensure uniform drying in all main installations, the air temperature is regulated by changing
the width of the space due to the horizontal movement of the shelves.

Conclusion. Therefore, in the conclusion, the considered options for the constructive solutions of solar
dryers from renewable energy sources are to control the temperature change of drying during the day, to
create means of controlling the variable flow of solar radiation-energy entering it. Accordingly, the solar
dryer should consist of a variable capacity air flow, a rotating device or a flat glass window to improve the
morning and evening solar flows, and special drafts to remove excess heating power in the afternoon. Thus,
technical solutions on this topic use only certain characteristics of solar energy, not taking into account the
numerous spatial and temporal relationships between its parameters. Therefore, it is an urgent issue to create
and develop the optimal option of solar fruit dryer for use by private farmers and farms. This problem should
be solved taking into account the theoretical rules of solar energy, the latest achievements of specialists and
engineering.
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