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Nowadays Refrigeration Systems (RS) consume large amounts of electric-

ity. That’s why RS pay significantly to the running costs of businesses with sub-

stantial cooling requirements. Improving simple operational practices with min-

imum cost can contribute to reduction energy costs by 20% or even more. It be-

comes more important as a price is placed on greenhouse gas emission in future 

years and as energy prices rise. Its importance also relates to an increased focus 

on reducing fugitive emissions from industrial systems such as refrigerant gas. 

It leads to a peak load on energy capacity in the summer, and has a dis-

astrous effect on climate change, which in own turn leads to an increase in the 

maximum summer temperatures and their duration for the season. The latter fac-

tor causes an increased demand for cold, but at the same time an inevitable in-

crease in the condensation temperature. Often it is accompanied by a destabiliza-

tion of the refrigeration machine performance, up to an extreme fall in cooling 

capacity. As a result, the economy and the environment suffer. 

There are many ways to solve problem. One of them is the air condensers 

use with additional sections for refrigerant subcooling after the receiver, depend-

ing on the climatic conditions at the place of installation and on influence va-

riables which are derived with the dimensioning (yearly temperature variations, 

RS load characteristics). In this case, a slight subcooling of the refrigerant can 

be achieved, which leads to a cooling capacity increase (usually by 3-5%). 

The deluging water circuit guided through the upper side of both coils 

ends in an open channels which provides water on the outside of the fines where 

it is partially evaporated. Due to this, the temperature of the circulating air is re-

duced to the temperature by a wet bulb thermometer, which in own turn reduces 

the condensation temperature by several degrees (Δt = 10-5°C). It is noticeable 

at low relative humidity, and in regions with a damp climate discussed measures 

do not help. 
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Fig.1 Relative humidity, dry bulb and wet bulb temperatures for July 2018: 

(a) Odessa, (b) Kiev. 

Use of the second stage of the compressor is inefficient, because the summer 

period of operation in the two-stage mode is still not so long. 

In this paper we consider the RS flowsheet which is proposed by Professor 

I.S. Badylkes, in the compressor a part of the vapor compressed is expanded in the 

ejector nozzle and is pressed the vapor from the evaporator to a higher pressure, 

which restores the design mode of the compressor operation.  

a b 

Fig.2 Booster Vapor-Compression Refrigerating Systems (а), booster scheme 

of Badylkes (b) 

However, a positive effect is observed only in the case of very large differ-

ences in evaporative and condensation temperatures, and the effect of this work is 

not sufficient, because of the cold production process, a fairly large amount of the 

working steam is removed. 

Therefore, the most appropriate way to solve the problem is to include the 

ejector booster stage according to the technological flowsheet which is proposed by 

the staff from our institute. Booster Vapor-Compression Refrigerating Systems is 

thermodynamically the most reasonable. In this case, the condensate first expands 

in expansion valve to some intermediate pressure. As a working medium, ballast 

steam is used from the liquid separator installed after the first throttling.  

Depending on the operational mode of the refrigeration machine, an increase 

in the Q0 / Ne index by 20-60% is observed, with the positive effect of the ejector 

switching can be defined in any mode of its operation. The use of an ejector is eco-

nomically feasible, does not require large capital investments and frequent main-

tenance. Ejector has a high degree of reliability, since the jet device does not have 
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moving parts. It can be used to the same extent both for the design of modern RS 

and for the retrofitting of operating RS. It is ensure a whole-system approach is 

used. RS is designed for year-round efficiency. Heat gain in the system is avoided 

by using ambient cooling, insulation, shading, minimizing air infiltration. RS is  

designed for part-load performance using. 

                      
Fig.3 The calculation results of Booster Vapor-Compression Refrigerating 

Systems based on refrigerant R-290(propane). 
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