
-

-

»

100-

19-20 2022

2022



; 621.

  

-

- -

, , 2022 - 113

.

, 2022



    -
, 19 -

3

- -
-

:

-

-

-
-

;
.-

. - ;
-
-

. - ;
.- .

-
-

- . . . 



    -
, 19 -

7

1.
2. C

C
3. Dincer, I., Rosen, M.A. Exergy: Energy, Enviroment and Sustainable Development, 

second ed. Elsevier, Oxford, UK, (2013).
4. Labay V. Yo. Mathematical Modeling of an Air Split-Conditioner Heat Pump 

Operation for Investigation its Exergetic Efficiency / V. Yo. Labay, V. Yu. Yaroslav, 
O. M. Dovbush and A. Ye. Tsizda // Scientific Journal Mathematical Modeling and 
Computing ( ), Vol. 7, No 
1. Lviv: Lviv Polytechnic National University. 2020. Pp. 169 178.

5. Labay V. Yo. Mathematical modeling bringing the operation of air split-conditioners 
heat pumps to the same internal temperature conditions / V. Yo. Labay, V. Yu. 
Yaroslav, O. M. Dovbush and A. Ye. Tsizda // 

), Vol. 8, No. 3. Lviv: Lviv Polytechnic National University. 2021. 
Pp. 509 514.

MODELLLING OF THE BOILING PROCESS
IN NOZZLE WITH PROFILED DIFFUSER PART

Serhii Sharapov, PhD, assistant professor, senior lecturer, SumDU,
Danylo Husiev, post graduate student, SumDU

In modern world the main problem of all industries is energy conservation and 
environmental protection. Currently created two-phase jet devices, although they have significant 
advantages over single-phase, but due to the complexity of the work process that takes place in 
them is little studied. Recent European and world studies have focused on the operation of two-
phase jet devices on different refrigerants or carbon dioxide. Main disadvantage is the cost of the 
working environment (refrigerant) and its safety and environmental friendliness.

Recently, studies have begun to suggest the use of water or water vapor, as well as steam jet 
ejectors, as the working medium for active flow [5-7]. However, as is well known, water also has 
negative properties, including the formation of scale, which is inevitable under such conditions of 
the working process. However, this is solved quite simply, and the authors of [8] suggest the use of 
ethers and aqueous solutions that have neutral properties and do not interact with the passive flow at 
the chemical level.

Increasing the efficiency of the process of outflow from the nozzle of the active flow of a 
two-phase jet apparatus directly depends on the geometric shape of the expanding part of the 
nozzle. Based on theoretical and experimental studies of an active flow nozzle with straight walls of 
its expanding part, a range of opening angles was obtained in which the flow does not separate from 
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the nozzle walls. Nozzle geometry profiling makes it possible to maximize the efficiency of the 
working fluid outflow process from these nozzles and the efficiency of the working process of a 
two-phase jet device as a whole.

To create a nozzle with a profiled diffuser part, it is necessary to create a mathematical 
model and a calculation program in which it is possible to determine the flow parameters in 
characteristic sections as accurately as possible and determine the length of the nozzle to obtain the 
required value of the flow pressure at the outlet of the nozzle.

The possibility of increasing the efficiency of two-phase jet devices by profiling the diffuser 
part of the active flow nozzle was considered. As shown by numerical and experimental studies of 
active flow nozzles with straight walls of the diffuser part, which are close in shape to Laval 
nozzles, their maximum possible efficiency is at the level of 95-97%. At the same time, in certain 
operating modes of a two-phase jet apparatus, in such nozzles, separation of the boiling-up flow 
from the channel walls is possible.

The most effective way to eliminate this phenomenon is to profile the expanding part of the 
active flow nozzle. Thermophysical model of the outflow of a boiling liquid from expanding 
channels with a different shape of the diffuser part of the nozzle presented. Nozzles with a 
parabolic, logarithmic and elliptical shape of the diffuser part were selected for profiling. The 
proposed model is based on a method that allows one to indirectly determine the average flow 
parameters based on the solution of the inverse problem. During the solution, unknown quantities 
are determined by obtaining experimental data on the flow rate, jet impulse, static pressure 
distribution and are supplemented by the numerical results of solving the system of balance 
conservation equations.

The results of mathematical modeling of profiled nozzles according to the proposed model 
and nozzles with straight walls of the diffuser part are presented. The obtained results of a 
numerical study are compared with the results of an experimental study of nozzles with straight 
walls obtained by the authors earlier. A comparative analysis of the effectiveness of the use of such 
nozzles and nozzles with straight walls of the diffuser part has been carried out. As a result, 
analytical and graphical data were obtained, allowing us to conclude that it is advisable to use 
nozzles with a profiled diffuser part.
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INNOVATIVE METHOD OF IMPROVEMENT OF CENTRAL AIR 
CONDITIONING SYSTEMS

Byshmanov V., Phd st Krushelnytskyi D.

In the context of accelerating scientific and technological progress, the task of increasing 
the energy efficiency of air conditioning systems is of great national economic importance.
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