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Abstract: According to the research on mathematical model of the influence of constructions of porosity of the wick 

depending on diameter of the wires and impact of porosity, as well as factors such as distilled water and alcohol on coefficient 

of thermal conductivity, on coefficient of heat transfer devices. The conducted analysis of the parameters of influence of 

constructions of high efficient heat transfer device (HEHTD or thermal pipes) on power of density of the heat flow. The carried 

out calculations are necessary for making average temperature heat transfer devices. 
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1. Introduction 

The process of drying fruit in the food industry is 

considered one of the most important processes. In the world 

market, dried products are in high and special demand for 

their quality properties - the level of vitamins preservation, 

color, shelf life, saturation with fructose and sucrose, 

medicinal properties. 

To date, during the growing of fruits, their storage and 

processing before delivery to the consumer, about 20-30% of 

production is lost, which significantly affects the total value 

of entrepreneurs' income. 

On these issues, studies were conducted on the possible 

extension of the storage period of fruit and vegetables for 1-2 

years and, along with this, studies are conducted on 

improving the quality, environmental friendliness and 

ensuring natural storage conditions. 

For the long-term storage of fruits, the technological 

process of drying plays an significant role. Drying is one of 

the improved processes, which depends on many factors. For 

example, the moisture content of the product, overall 

dimensions, the presence of solids, the specific heat of the 

product, and others. Taking this into account, the existing 

drying equipment of the food industry for drying fruit was 

studied and an improved laboratory model for drying fruit 

was developed. 

On the basis of these studies, a drying plant has been 

created by using a highly efficient heat transfer device, where 

the highly efficient heat transfer device operates at the 

expense of solar energy and in which design can be 

distinguished: simplicity of design, exceptional 

maneuverability, ease of regulation and the possibility of 

transferring high heat fluxes over a considerable distance 

wıth extremely low temperature pressure [1, 2]. 

Energy saving processes, its development and implantation 

of highly effective engineering and technologies are indeed 

actual problems in enhancement of small and medium 

business entities. 

Energy expenses on implementation of heat and mass transfer 

processes in the primary processing of raw materials and in the 

manufacture of food products make up 70% of the total energy 

used. Solar energy and wasted heat on the mass heat processes, 

and absence of applying high efficient heat transfer devices 

which are heat pipes (HP) are not adequately effective.  

Thereby, one of the main objectives is to elaborate 

utilization of solar energy and wasted heat in heat mass 

transfer processes the employment of the highly effective 

heat-transmitting devices in different production equipment 

[7, 8, 9]. 
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A heat pipe (HP), a heat transfer device capable of 

transmitting large thermal energy at small temperature 

gradients. HPs are hermetically sealed construction (pipe) 

partially filled with a heat liquid carrier. In the heated part of 

the HP (in the heating or evaporation zone), the heat transfer 

fluid evaporates with absorption of heat, and in the cooled 

part of the HP (in the cooling or condensation zone), the 

vapor flowing from the evaporation zone condenses with the 

release of heat. The movement of steam from the evaporation 

zone to the condensation zone is due to the difference in 

pressure of the saturated vapor, determined by the 

temperature difference in the evaporation and condensation 

zones. The liquid is returned to the evaporation zone either 

due to external influences (for example, gravity), or under the 

action of a capillary pressure difference along the capillary 

structure (wick) located inside the HP (most often on its 

walls). Due to the fact that HPs with a capillary structure for 

fluid return can work independently of orientation in the 

gravity field and in weightlessness, this type of HP is the 

most common [5]. 

The heat input can be carried out by any known method 

(open flame, heat exchange with a heated body, electric 

current, infrared rays, electron bombardment, etc.). In this 

case, due to the thermal resistance of the wall, there is a 

normal temperature difference between the heat source and 

the working fluid. The temperature limit depends only on the 

thermo- (cold) strength of the housing material. 

Zone of evaporation. The density of the heat flux should 

not exceed a certain value, at which the heat transfer crisis 

may occur (draining of the wick, when does not catch up to 

feed new portions of liquid into the evaporation zone). 

Condensation zone. There are two types of condensation - 

a drop or, more often, a film. Usually, the vapor condenses on 

the surface of the liquid film. Between this surface and the 

outer wall surface there is a small temperature difference (i. 

e., the wall temperature is not much, but differs from the 

vapor temperature). The surface of the HP in the 

condensation zone has an interesting property – 

isothermality, because this surface works practically at a 

constant temperature (close to the temperature of the vapor-

liquid phase transition). If a local heat flow occurs at some 

site, the amount of condensed steam in that place increases 

and the temperature is maintained at the same level. 

Transport zone of steam. In the evaporation zone, an 

excessive vapor saturation pressure is created, which is 

expended to accelerate the steam to an axial velocity, to 

overcome the frictional force of the steam flow on the surface 

of the wick and to overcome the vapor viscosity forces. 

Because of this, the pressure along the length of the HP, from 

the evaporation zone drops. In the middle section of the pipe, 

the pressure stabilizes (adiabatic region). In the condensation 

zone, the pressure is restored to near the pressure in the 

evaporation zone. In practice, pressure losses in simple HPs 

are related only to the overcoming of viscous forces [4]. 

2. Method 

Modern HPs have the following characteristics: operating 

temperature from 4 K to 2300 K; Length from a few 

centimeters to tens of meters; Diameter from 2-3 mm to 

several meters; Heat transfer power up to 25 kW/cm
2
; 

resource work up to 100 000 hours. By the form of heat 

carriers, metal (potassium, sodium, cesium, etc.) is 

distinguished for very high temperatures and nonmetallic 

(water, ammonia, acetone, Freon (chlorofluorocarbons 

(CFCs), etc.) for low and medium temperatures. To bring the 

condensate back to the evaporation zone, gravity, capillary, 

centrifugal, electrostatic and etc. energies can be used. [6] 

In the experimental laboratory installation, it is possible to 

determine the operability of the HP. The laboratory heat pipe 

consists of five main parts, as shown in Figure 1, namely: the 

body, the wick, the end cap, the fill tube and the coolant. 

 

Figure 1. Test facility for medium temperature heat pipes. 

1- frame; 2- fastening; 3- tripod; 4,5- body; 6- tubes for outflow; 7- downspout tube connections; 8- thermometers; 9- heat pipes; 10- thermal insulation; 11- a 

heating element; 12- hinge; 13- water; 14-thermo-regulating device; 15-switch 

The calculation of the porosity of thermal pipes can be 

computed from the formula – porosity of grid. 

ε � 1 � �∙�∙�∙	



                                    (1) 

S – bend of the wire [1 ÷ 1, 5], 

N – the number mesh, 

d – the diameter of wire, (in m)  

A study on the mathematical model of the influence of the 
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diameter of the wire of reticulated material and from the 

number is mesh on the porosity of the wick it showed that, 

with an increase the number mesh decreases the porosity of 

wick. 

For the analysis of the influence of material and porosity 

of reticulated wick, and also working agent on the coefficient 

of thermal conductivity, the algorithm of calculation has been 

developed. 

The computed values of the coefficient of thermal 

conductivity depending on material and porosity of 

reticulated wick, and also of working agent it is executed 

according to the formula (2): 

λ��
λ��λ	�λ�	���������λ	�λ�	��

��λ	�λ�	��������λ	�λ�	��
,�� �⁄ �            (2) 

 ! – the thermal conductivity of working agent, 

 " – the thermal conductivity of grid, 
ε  – the porosity of grid, in the portions. 

The results of calculating the dependence of the coefficient of 

thermal conductivity on material and porosity of reticulated 

wick, and also working agent are given in figure 2. 

The analysis of curves showed that, the coefficient of the 

thermal conductivity in the thermal pipes with the utilization 

of heat in mean temperatures with the use of a working agent 

of the distilled water it increases in the comparison of the 

working agent of alcohol 1.7 – 2 and, with the increase of the 

porosity of reticulated wick from 0.6 to 0.84 (in the portions) 

the coefficient of thermal conductivity decreases within 

limits of 1.2 – 1.3 times. 

In connection with the influence of the porosity of 

reticulated wick on the coefficient of thermal conductivity it 

is necessary to consider its influence in the calculations of 

thermal pipes. 

For the analysis of the influence of material and porosity 

of reticulated wick, and also working agent on the coefficient 

of thermal conductivity, the algorithm of calculation has been 

developed. 

The results of calculating the dependence of the coefficient 

of thermal conductivity on material and porosity of 

reticulated wick, and also working agent are given in figures 

2, 3. 

 
Figure 2. Dependence factor of conduction from various factors in a HP 

(Copper match N=4800). 

 
Figure 3. Dependence factor of conduction from various factors in a HP 

(Steel match N=7800). 

The analysis of curves showed that, the coefficient of the 

thermal conductivity in the thermal pipes with the utilization 

of heat in mean temperatures with the use of a working agent 

of the distilled water it increases in the comparison of the 

working agent of alcohol 1.7 – 2 and, with the increase of the 

porosity of reticulated wick from 0.6 to 0.84 (in the portions) 

the coefficient of thermal conductivity decreases within 

limits of 1.2 – 1.3 times. 

For the analysis of the influence of the characteristic of 

reticulated wick and working agent on the coefficient of the 

heat transfer, the algorithm of calculation has been 

developed. 

The computed values of the coefficient of the heat transfer 

of the walls of thermal pipes it is executed according to the 

formula (3). 

K � �
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)*

,� � �+⁄ . �                    (3) 

-� – outside of heat irradiation of thermal pipe, Wt/m
2
. K,  

-+ – inside of heat irradiation of thermal pipe, Wt/m
2
. K, 

./� – the thickness of the wall of thermal pipe, m,  

 0 – the thermal conductivity of thermal pipe, 

.� – thickness of wick,  

 �  – thermal conductivity of wick. 

The results of calculating the dependence of the coefficient 

of heat transfer in the condenser and evaporative part of the 

thermal pipes of the characteristic of reticulated wick and 

working agent are given in figures 4, 5. 

 
Figure 4. Dependences of the coefficient of heat transfer on thw thickness of 

wick in thermal pipes (N=7800, Copper tube, copper wick). 



66 Alijon Abdiraupovich Kholikov et al.:  Analysis of Mathematical Models and Influence of Constructions of   

High Efficient Heat Transfer Devices 

 
Figure 5. Dependence of the coefficient of heat transfer on the thickness of 

wick in thermal pipes (N=7800, steel tube,copper wick). 

Analysis of the curves of the coefficient of the heat 

transfer it showed that, with an increase in the thickness of 

the layer reticulated wick from 3 to 5 mm depending on 

material thermal pipes with the utilization of heat in mean 

temperatures K decrease 1.3 -1.4 times. 

For the analysis of the influence of the characteristic of 

reticulated wick, working agent and design sizes on the 

power of thermal pipes, the algorithm of calculation has been 

developed. 

A study is the influence of different factors on the 

power of the thermal pipes it is produced according to the 

equation 

Q � Fk∆T                                  (4) 

The results of investigating the influence of the factors of 

such as, material and the thickness of wick and also the 

material of working agent to the power of thermal pipes are 

given in figure 6, 7. 

 
Figure 6. Dependency of the heat flow from different factor in thermal pipes. 

 
Figure 7. Dependency of the heat from different factor in thermal pipes. 

Analysis of the results shows that, with the production of 

thermal pipes with the thickness of wick 3.0 mm with the 

copper material the power of heat flux to be 550 W/(m
2
 j) 

and, with the thickness of the layer of wick 4.5 mm the power 

of heat flux decreases to 380 W/(m
2
 j). 

3. Results 

Since the 1960s and 1970s, when it comes to the use of 

HP, spacecraft has been used for heating and cooling various 

devices, appliances. 

Also, studies in this area were researched to the 80's of the 

20th century and several new ideas were created. This article 

discusses the choice of HP corpus with heat transfer agent 

and wick, and experiments, for this particular process. 

At the present time, coolers are used to cool down the 

central processors of computers, which can be called HPs. In 

some developed and hot climates, geothermal energy, such as 

the underground cold climate, is used by roadsides to keep 

the air condensation and maintain the air. 

HPs are used in both agro-industry and solar energy, as 

well as for the use of solar energy and secondary derelict heat 

energy for low-temperature processes of the food produced in 

greenhouses and chemical industries. In particular, the 

Bukhara Engineering-Technological Institute has created a 

solar-powered HP-drier, and scientific researches are 

underway. 

4. Conclusions 

– Analysis of the results of research on the mathematical 

model shows that the development of heat pipes necessity 

depending on the source of the use of the application of the 

mesh wick with a volume of mesh 1dia. Sq. from 75 to 200 is 

effective; 

– When using selected heat with an average temperature of 

the material chosen working fluid water, alcohol or ammonia, 

as well as recommend the use of the compositions by mixing 

them; 

– Curve analysis showed that the heat transfer coefficient, 
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increase in wick mesh layer thickness of 3 to 5 mm 

depending on the material of heat pipes with heat recovery in 

the medium temperature is decreased K 1.3 – 1.4 times; 

– Analysis of the results shows that, when manufacturing 

heat pipes with a wick layer thickness of 3.0 mm made of 

copper heat capacity flow make 550 W/(m
2
·K) and, if the 

wick layer thickness is 4.5 mm then power of heat flow is 

reduced to 380 W/(m
2
·K) in connection with what is 

recommended in the manufacture of the heat pipes receive 

the wick thickness of 2 to 3 mm. 
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