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Вказані особливості потребують надійного автоматичного регулювання режиму 

в охолоджуваному приміщенні. В роботі виконано загальні теплотехнічні розрахунки 

теплового навантаження на приміщення  та холодопродуктивності холо-

дильної машини в залежності від температури навколишнього повітря.  

Холодопродуктивність розраховано за змінною температурою конденсації. Ре-

зультати розрахунків наведено у графічній формі в єдиній координатній площині на 

прикладі літнього періоду з різними вихідними параметрами (рис. 3).  
 

 

Рис. 3 – Загальні добові характеристики комплексу «охолоджуване приміщення – 

холодильна машина» у літній період 

Аналіз результатів показав, що теплоприпливи і холодопродуктивність однакові 

тільки 2 години (19
00 – 2100

). У цей період холодильна машина працює в оптимальному 

режимі. В інші години холодопродуктивність є більшою за теплоприпливи. З метою 

енергозбереження холодопродуктивність підлягає регулюванню методами які викорис-

товуються у малих холодильних машинах.  
 

Науковий керівник – д-р техн. наук, професор Морозюк Л.І. 
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THE USING OF GAS-DYNAMIC COOLERS AT CRYOGENIC 

TEMPERATURES 

Tyshko D.P., post-graduate student, department «Cryogenic Technique» 

Odessa National Academy of Food Technology 

The gas-dynamic devices, to which, in particular, the vortex and resonant cooling de-
vices are referred, energy of the compressed gas is transformed into heat and is discharged 
into the environment through the walls or in the form of the escaping gas. Thus, there is a 
main flow temperature drop at the outlet of the device. Vortex tubes have a set of conclusive 
operational and structural advantages: high reliability, low inertia, compact and easy to manu-
facture. These features led to the spread of the vortex tubes and pulsation coolers in various 
fields: from vacuum technology and medicine, to cryogenics [1, 2].  
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Especially it is easy to "fit" in the low-temperature setting circuit vortex devices, be-
cause they are versatile and capable of cooling and heating the gas stream, to serve as an ejec-
tor, the separator and the oscillator. Use of disposable pressure difference in the vortex cooler 
reduces the cost of the refrigerant at the cryogenic processes of rare gases. 

A major obstacle to the use of gas-dynamic device in cryogenics is relatively small 
size of the devices, which are dictated by the physical properties of the working medium, and 
operational parameters, special designs and high-precision equipment needed to create a 
small-scale vortex device. 

Let`s consider the issues related to the adverse effect of the scale factor on the exam-
ple of the vortex devices. Cryogenic technologies for the production of rare gases have rela-
tively low consumption of processed products, low temperature and high pressure streams. 
Each of these parameters when these conditions lead to a reduction in cross-section of the 
nozzle input FC. This parameter is a basic structural factor of gas-dynamic device since it is 
linked to the main dimensions of the flow (Fig. 1). 

Fig. 1 – Size and basic relations characterizing the flow of the vortex tube 
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In accordance with equation (1) eС = 2,05…2,06. The pressure ratio, typical for the rare gas 

technologies, several times exceed the critical level. For this case, when e > eС cold flow pres-
sure P2 has no influence on the gas outflow conditions and there is a definite relation between 
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where Т1 [К] and Р1 [Pа] – temperature and pressure of the compressed gas upstream 

of the nozzle; 
M

R
R 0* =  – gas constant of the working fluid [J / (kg K)]; R0 = 8314 [J / (kg K)] 

– universal gas constant; М – molecular mass. 
Conversion to the cryogenic field of application is almost always accompanied by the 

miniaturization of devices. It is known that reducing the size of the gas-dynamic coolers re-
duces their effectiveness. If the vortex tube with a larger diameter dT0 has temperature of the 
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cold stream of Т20, then at the vortex tube dT < dT0 temperature of the cold stream is higher 
than Т2 > T20. This regularity is expressed by 
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where e – pressure ratio; k – adiabatic index; Т1 – initial gas temperature; m – empiri-
cal coefficient.  

In the interval dT = 40…10 mm scale factor of influence is m = 0,005 [1]. In the transi-

tion to the small vortex chamber dT = ® 4 mm the value decreases to m = 0,008. Area of di-
ameters dT <3 mm has not been studied, even for the "high temperature" of the vortex devic-
es. Creation and research of similar devices for cryogenic temperatures is associated with a 
number of design and operational obstacles. Increasing demands for precision machining 
equipment, particularly in the manufacture of the nozzle of the cochlea (Fig. 1). To reduce the 
impact of border effects is required to provide a minimum surface roughness of the flow part. 
It is necessary to consider the impact of heat flows. To reduce the cross section of elements in 
contact with the cooled gas and less conductive materials are used.  

Gas-dynamic cooling are less efficient than expanders are. However, in circumstances 
when there is overpressure, this disadvantage is offset by constructive and operational ad-
vantages of such devices. One possible area of application of vortex tubes is cryogenics. 

By reducing the temperature, an effective separation of mixtures in phase separators is 
achieved. A particularly promising direction is the use of technologies for rare gases produc-
tion, which already have pressure differences. In this case, the cooling of gas flow is provided 
without additional energy expenditures. 

 
Scientific adviser – prof. Symonenko Yu.M. 
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DEVELOPMENT AUTOMATION OF WAREHOUSE TRANSPORT 

Ihnatiev S., postgraduate  

Odessa National Academy of Food Technologies  

Nowadays, humans guide nearly all vehicles. This creates a number of problems. It 
can briefly describe as the human factor. Let us limit the overall concept of «vehicle» and 
consider only transport in warehouses of break-bulk cargo. 

Since e-commerce are developing, there is creation of appropriate locations for goods 
storage and transshipment. The largest retailers in the world, such us Alibaba group, Amazon 
and Ebay have many thousands of items in their warehouses. Ukraine has this kind of trading 
floor too. The biggest one of which is «Rozetka». On these locations, there is a huge amount 
of orders processing, building and loading every day. E-commerce has become very popular 
among the global community. It has created need for intermediaries, which would be involved 
in the delivery of goods from the store to the customer. Postal services are deal with this 
assignment. Their number has recently increased. «Nova Poshta», DHL Express, Intime, 
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