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Abstract. The article covers the task of rational drying of fruits (on the example of apricot) 

using the method of high-pressure exposure to product with its sharp release; the analysis of 

structural changes of dried material at the moment of drying under high pressure; research of 

kinetics of material drying in zone of instantaneous pressure release. 

Local apricot variety (Subhoni) was the subject of the research. Fruits of this variety 

contain up to 25% sugar (sucrose, fructose and glucose). Organic acids are mainly malic and 

citric. Fruits are rich in mineral salts, trace elements, organic acids, pectin substances, and 

various vitamins: A, C, В1, В2, PP. Initial humidity makes 80-85%. 

Results of research of drying apricot fruits process by the so-called thermo mechanical 

method are given. In this method product is subjected to simultaneous infrared heating and 

pressure treatment above atmospheric pressure for several minutes in a special chamber, 

followed by instantaneous pressure release and subsequent convective drying. Theoretical basis 

of increase of moisture removal rate at instantaneous pressure release is given. The rational value 

of pressure, at which the rate of preliminary moisture removal is greatest, is determined. 

Research carried out on the example of drying apricot fruits show that the proposed drying 

technology has a number of advantages: 

- Decrease in duration of the completely drying process by almost 2.0 times compared to the 

traditional convective mode, 

- Accelerated process of moisture removal from the dried object is developed, 

- Reduction of power consumption due to reduction of drying time 
Keywords. apricot fruits, thermo mechanical treatment, infrared heating, pressure, 

instantaneous pressure release, humidity, porous structure. 

      

 

I. Introduction.  

 

The preservation of fruits and 

vegetables by drying is one of the oldest types 

of conservation. Humidity of dried fruits and 

vegetables is 8-25%, which ensures their long 

storage. Drying not only extends the shelf life, 

but also provides high preservation of quality 

and nutrients of the raw materials. In addition, 

the mass of the product decreases by 75-

80%during drying, which significantly reduces 

transportation costs. 

There are various drying methods; 

however, a necessary requirement for all 
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methods is to ensure the high quality of the 

dried product at the lowest production costs. 

Production of agricultural products is 

increasing every year in Uzbekistan, for 

example, 9 945.5 thousand tons of vegetables, 

1 922.2 thousand tons of melons and gourds, 2 

739.6 thousand tons of fruits and berries and 1 

595.2 thousand tons of grapes were harvested 

in 2019 (UzDaily.uz.2020). 

However, currently only 20% of these 

products are industrially processed. Therefore, 

the development and implementation of new 

drying methods that ensure high quality of the 

final product at low costs is relevant. 

In this article we consider the problem 

of rational drying of fruits (on the example of 

apricot) using the method of high-pressure 

exposure to product with its sharp release; the 

analysis of structural changes of dried material 

at the moment of drying under high pressure; 

research of kinetics of material drying in zone 

of instantaneous pressure release. 

Analytical review of the literature. 

Scientific and technical literature gives an 

analysis of the combined thermo mechanical 

method of drying materials: heating the wet 

material under the influence of pressure with 

its subsequent release. So, in the work of 

(Lashkov and Kondrashov, 2011), a review of 

studies on this subject is given, where it is said 

that dehydration at the expense of thermal 

energy accumulated by material was first used 

in the works of V.V. Yagov et.al. in the 

process of drying by pressure “release”. 

Physical basis of this method is the maximum 

use of the effect of intense molar transfer of 

steam that occurs after pre-heating the wet 

material under pressure and its subsequent 

rapid decline. The value of the initial pressure 

determines the depth of heat treatment of the 

material. 

In other works positive experimental 

results were obtained on the application of this 

method for drying wood (Kozhin and 

Gorbachev, 2011) and dispersed materials 

(zeolite, lignin, and peat) (Slijuk and Akulich, 

2015). Thus, in the work (Slijuk and Akulich, 

2015), the application of the combined drying 

method for zeolite using microwave heating 

allowed to reduce the drying time by 1.5 times 

compared to the convective method at the 

same temperature conditions. 

The work (Patent China 

CN102417286B. 2011) implements a method 

for instant drying of fruits, including pre-

heating the fruits, pressure release in the 

drying hopper, repeating the step followed by 

vacuum drying, until the mass humidity of 

fruits and vegetables reaches 10-25%. 

However, existing pressure release drying 

technologies cannot be used for our local raw 

materials. Therefore, the determination of 

rational operating parameters of drying with 

pressure release calculated on local raw 

materials is relevant. 

The purpose of the work is to 

research the process of removing moisture 

from the capillary-porous layer (of half of 

apricot) using a combined thermomechanical 

drying method to produce a dried product. 

In accordance with the purpose of the 

study, the following objectives were set:  

- research of influence and 

instantaneous release of air pressure as drying 

agent during treatment, 

- analysis of structural changes of the 

material to be dried at moment of high-

pressure treatment; 

- research of material drying kinetics in 

the zone of instantaneous pressure release. 

Material and methods of research. 

The object of the study was selected local 

variety of apricot (Subhoni). The fruits of this 

variety contain up to 25% sugar (sucrose, 

fructose and glucose). Malic and citric acids 

mainly represent organic acids. Fruit is rich in 

mineral salts, trace elements, organic acids, 

pectin, and various vitamins: A, C, B1, B2, and 

PP. The initial humidity makes 80-85%. 
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Apricot is a plant mainly aimed to be dried, 

and is widely used in drying (Baymetov et al., 

2011). 

From the fruits uryuk (dried apricot 

fruit with a seed), kaisu (dried completely 

apricot fruit without a seed), kuraga (half 

slices of apricot) are prepared. For our case, 

kuraga with the final moisture content of 18-

20% were obtained. 

Before drying apricots have been 

washed, cut into two halves with the 

separation of seeds and processing the material 

in a solution of citric acid. 

Laboratory installation was created to 

study the combined drying method using 

pressure release and infrared (IR) heating, 

(Fig.1). 

 

 

Fig. 1. Scheme of the experimental 

laboratory setup: 

1 - compressor; 2 - automatic data collection 

system using a personal computer; 3 - 

hermetic chamber for thermomechanical 

processing of product samples; 4 - IR emitters; 

 5 - window for feeding a tray with product 

samples; 6- tray with a product; 7 - receiver. 

 

The base of the installation is a 

hermetic special chamber, in which the tested 

samples of material are placed. The tray for 

material is a container with a mesh bottom 

(dimensions of cells is 6x6 mm, wire diameter 

is 0.6 mm); a hinge of apricot halves with 

thickness of 8-10 mm was placed in the tray. 

The tray is placed on silenced stands. IR 

generators for material heating are above the 

tray. The chamber has a quartz glass window. 

Chamber is equipped with compressed 

air supply system with automatic support of 

preset pressure. The unit has a special valve 

and receiver for moisture removal by pressure 

release. The installation allows heating the 

sample under pressure to 0.8 MPa and pressure 

release. The sample is heated using 1 kW 

infrared sources. 

The installation is equipped with a 

control system and automatic data collection 

of indicators of the heating process and 

pressure release. The main indicators that 

allows controlling and managing the process 

are temperature are humidity of the material 

and pressure in the chamber. 

The source material first processed in a 

hermetic chamber by pulsed infrared radiation 

and pressure with instant pressure release, and 

then subjected to simple convective drying in a 

drying chamber. 

Moisture content of the material was 

defined in accordance with State standard 

33977-2016 (Interstate standard. Products of 

processing of fruit and vegetable. Methods for 

determining the total content of dry matter. 

Fruit and vegetable products. Methods for 

determination of total solid content). 

Modern methods of mathematical 

design of the experiment, methods of study of 

the moisture content of apricot in the initial, 

intermediate and final points of the drying 

process have been used in the work. 

Results of the research and their 

discussion. Number of theoretical and 

experimental studies were carried out to solve 

the problems set. The physical basis of the 

proposed method of fruit drying is a concept 

according to which by increasing the pressure 

and heat treatment the possibility of changing 
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the temperature of the material is created, 

which, in turn, allows the maximum use of the 

effect of intensive molar transfer of steam, 

which ensures the transition of moisture to a 

free state. Due to this, the boundary between 

bound and free moisture during pressure 

release shifts to the region of lower moisture 

content. At moment of pressure release 

throughout the entire volume of the product, a 

rapid advance of moisture occurs; a pressure 

drop between the center and the surface of the 

processed material is created, which 

contributes to the formation of a moisture 

stream directed to the surface of the particle in 

the form of steam. On its way, the vapor-air 

mixture carries liquid droplets and pushes to 

the surface (Lashkov, 2011; Potapov et al., 

2013). 

As we know, the temperature during an 

adiabatic compression process in the 

compressor is related to pressure (Ginzburg, 

1973): 

 

𝑡𝑜𝑢𝑡 = (𝑡𝑖𝑛 + 273) (
𝑃1

𝑃0
)

𝑞−1

𝑞
− 273,                                                        

(1) 

 

where 𝑡𝑜𝑢𝑡- compressor outlet temperature, 0С; 

𝑡𝑖𝑛 - compressor inlet temperature, 0С; P0-

compressor inlet pressure, Pа; P1- compressor 

outlet pressure, Pа; q- adiabatic exponent for 

air (q=1,4). 

 

The calculations performed according 

to this formula showed that with increase in 

pressure from 0.2 to 0.4 MPa, the temperature 

at the outlet of the compressor increases 

slightly, that is, from 40 to 42°C. This means 

that the process in the installation is 

polytrophic and q<1.4; accordingly, the 

temperature of the vapor-air mixture at the 

outlet is almost unchanged.  

The adiabatic conditions of moisture 

evaporation, depending on the purpose of the 

process, lead to a decrease in the temperature 

of the material, change in the concentration of 

liquid in the volume of the dried material, or 

modification or destruction of its structure.  

It should be noted that drying with 

sharp reduction of pressure in adiabatic 

conditions due to positive temperature gradient 

significantly increases efficiency of moisture 

removal from capillary-porous materials. By 

pressure release in the chamber, an 

overpressure inside the material corresponding 

to the temperature of the liquid in the layers of 

the material is formed, as a result of which a 

positive overpressure gradient is created along 

the cross-section of the dried particle. 

Accordingly, when external conditions change, 

pressure relaxation can be achieved (Lashkov 

and Condrasov, 2011; Potapov et al., 2013). 

In the proposed installation, the 

microcapillaries containing water molecules 

are destroyed in the process of increasing the 

pressure of the drying agent in the structure of 

the material to be dried, and in case of sharp 

reduction of pressure, the intensive movement 

of the water molecule from the inner layers of 

the material to the surface layers is 

distinguished. At the same time, the product is 

placed in a hermetic system, in which pressure 

up to 0.8 MPa is created via compressor. The 

material is treated for 4-6 minutes, then the 

pressure is released and the vapor-liquid 

mixture is removed from the system. The 

results of the analyses showed that in this 

treatment method air as a drying agent fully 

uses its potential, at the same time 8-14% of 

moisture of its total amount is removed 

depending on the pressure created. Then the 

material is subjected to simple convective 

drying till moisture content is equal to 19-

20%. 

Drying speed determines one of the 

most important technological parameters - the 

rate of evaporation of moisture from the 

material m, which is expressed by the amount 
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of moisture evaporated from a unit surface of 

the material F per unit time. 

  

𝑚 =
𝑊

𝐹⋅𝜏
                                                               

(2) 

 

Pre-weighed apricot halves were taken 

for the experiments; the thickness of the 

material layer on the pallet was  = 4 mm. The 

material is subjected to heat treatment using 

infrared emitters with a radiation flux density 

q = 1.5 kW/m2. The choice of the radiant flux 

density in the range of 1.5 kW/m2 is due to the 

fact that a decrease in the radiant flux density 

leads to an increase in the duration of the heat 

treatment process, and an increase in the 

radiant flux density leads to overcooking of 

the material layer surface (Patent RUz No. IAP 

03373, 2007). Heat treatment is performed in 

intermittent irradiation mode. The radiant flux 

density and processing time, for various 

pressures, remained unchanged. The initial 

moisture content of the material is Wi = 78.0 ± 

1.0%. 

Material was exposed to IR heat 

treatment at pressures P1= 0,4 MPa, P2= 0,6 

MPa and P3= 0,8 MPa for 6 min, followed by 

instantaneous pressure release till atmospheric 

one. The residual moisture of the material after 

each pressure was Wres1=70%; Wres2=67%; 

Wres3=64%. Thus, the moisture removal rate at 

P1= 0.4 MPa is 1.33%/min, at P2= 0.6 MPa is 

1.83%/min, and at P3= 0.8 MPa is 2.33%/min 

From this it can be concluded that the 

pressure created in the chamber is more 

affected by the removal of preliminary 

moisture from the material. This means that 

due to the creation of a certain pressure and its 

instantaneous release, there is an intensive 

movement of moisture between the center and 

the surface of the processed material in the 

fruits. This, in turn, determines the possibility 

of accelerated movement of moisture from the 

inner layers of the material to the surface. As a 

result, the process of moisture removal is 

accelerated by 1.75 times, if we compare the 

rate of moisture removal at P1= 0.4 MPa and 

P3= 0.8 MPa.  

Further, the material is subjected to 

simple convective drying at the same 

temperature conditions.  

A comparative analysis of the 

experiment results on combined 

thermomechanical and convective drying with 

the above modes showed (Fig.2) that at a 

pressure of P= 0.8 MPa and a thickness of = 

4 mm of the product (curve - 1), the drying 

process is reduced to 40 - 50 min compared 

with the process at a pressure of P=0.4 MPa 

(curve - 3). Thus, it is possible to choose a 

mode in which the processing pressure is P = 

0.8 MPa. 

   

 

 

 

           Fig 2. Kinetics of drying of apricot 

fruit (halves) during preliminary 

thermomechanical processing under 

pressure: 

1-P=0,8 MPа; 2-P=0,6 MPа; 3-P=0,4 MPа 

IR flux density q=1,5 kW/m2. 

 

The drying process was studied using 

mathematical planning methods in order to 
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obtain a mathematical dependence reflecting 

the dependence of the speed and drying 

coefficient, product moisture on influencing 

factors. 

The experimental design for the physical 

dimension of factors ( 𝑃, 𝑡м, 𝛿 ) and in the 

dimensionless expression (x1,x2,x3) is 

presented in Table 1.( Rustamov E.S. et al. 

2020) 

 

Table 1. The experimental design for the 

physical dimension of factors (𝑃, 𝑡м, 𝛿) and in 

the dimensionless expression (x1,x2,x3). 

 

No Indicators  P, МPа х1 tм, 0С х2 𝛿,𝑚𝑚 х3 

1 Maximum 8 +1 65 +1 6 +1 

2 Minimum 4 -1 50 -1 2 -1 

3 Medium 6 0 57 0 4 0 

 

Processing the results of the 

experimental data allowed to obtain the 

following equations for calculating the 

moisture content of the product W, the average 

values of the constant drying rate in the first 

period of the process N, and the drying 

coefficient in the second period of the process 

K. 

𝑊 = 48,3 − 4,625х1 − 0,125х2 + 2,875х3
+ 1,375х1х2 + 

+1,375х2х3 − 0,125х1х3 + 0,875х1х2х3 

 

𝑁 = 0,97 + 0,088𝑥1 + 0,01𝑥2 − 0,0362𝑥3
− 0,0412𝑥1𝑥2 − 

−0,0287𝑥2𝑥3 − 0,00375𝑥1𝑥3
− 0,0212𝑥1𝑥2𝑥3 

 

𝐾 = 0,91 + 0,0925𝑥1 + 0,05𝑥2 + 0,0175𝑥3
+ 0,02𝑥1𝑥2 + 

+0,015𝑥2𝑥3 + 0,0025𝑥1𝑥3 + 0,01𝑥1𝑥2𝑥3

  

The obtained dependences adequately 

describe the apricot fruits drying process and 

allows calculating the values of W, N and K 

with error of up to ± 5.0%, that is, within the 

limits of the change in the parameters of the 

studied process. 

Comparative experiments on the 

convective drying of apricot samples with 

specific energy costs approximately equal to 

those during drying by pressure release at 

P=0.8 MPa and with the same product 

thickness were conducted in order to evaluate 

the effectiveness of the proposed drying 

method. Data on moisture removal from 

apricot fruits are presented in Fig. 3. 

 

Fig. 3. Kinetics of drying of apricot samples 

(halves): 

1 - method of combined thermomechanical 

drying at P=0.8 MPa; 2 –convective method 

 

As can be seen from these data, the 

drying time of the apricot fruit halves to a 

moisture content of Wк = 20% by the 

convective method makes 330 minutes, and by 

the thermomechanical method with pressure 

release and further combined drying makes 

170 minutes. The application of the proposed 

drying method for halves of apricot fruit can 
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reduce the drying time by 1.94 times compared 

to the convective method at the same 

temperature. 

Therefore, based on the data of 

experimental studies, we can conclude that it is 

possible to intensify the process of dehydration 

of fruits by the method of pressure release and 

the use of infrared heating. 

Conclusions. In the thermomechanical 

method, wet material is preheated in a 

hermetic chamber where the pressure 

increases. In case of rapid pressure release 

from the chamber due to accumulated heat, in 

the volume of material active vapor formation 

takes place. The molar vapor stream 

mechanically emits a portion of the moisture 

in the form of liquid particles (droplets), 

thereby reducing the energy required to 

remove the moisture. Organoleptic indices of 

dried products meet the requirements of state 

standard 32896-2014 (Interstate standard, 

dried fruit, put into force in 2016): 

•  appearance and shape – halves of 

dried fruits of regular oval shape with slightly 

wrapped edges; 

• taste and smell – characteristic for the 

fruits of this kind, without extraneous taste and 

smell; 

• color – uniform bright orange, typical 

for well-raped apricots. 

Research carried out on the example of 

drying of apricot fruits show that the proposed 

drying technology has several advantages: 

- decrease of duration of the entire 

drying process by almost 2.0 times in 

comparison with traditional convective mode, 

- accelerated process of removing 

moisture from the object to be dried is 

developed, 

- decrease in energy consumption at the 

expense of decrease of drying time. 
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