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There are many areas f or further improvement of internal combustion engines in order to 
increase their efficiency, despite the high economic parameters, which are the result of a fairly high 
organization of the working processes of modern engines [1]. In this case, a rational reserve for 
increasing efficiency is to improve systems serving the internal combustion engine, for example, the 
charge air cooling system improving. Today, there are several approaches to charge air cooling, on 
the one hand it is the use of surface air coolers. The heat exchange surface of such air coolers is a 
tubular-lamellar or tubular-finned structure. On the other hand, it can be applying of the contact 
cooling method: the forced air enters the humidification tower, in which water is injected by several 
nozzles to lower the air temperature and humidify it [2].

The authors propose to use thermopressor systems for charge air cooling. The effect of 
thermo-gas-dynamic compression occurs when the air is cooled in the thermopressor [3, 4]. This 
effect consists in increasing the gas pressure in the process of instantaneous evaporation of water 
injected into the air flow, which is accelerated to a speed close to sonic. At the same time, heat from 
the charge air is removed for water evaporation, as a result of which the air temperature decreases 
[5]. The thermopressor is a compact jet device, which in terms of dimensions significantly 
outperforms other surface and contact type coolers, in addition, provides a certain pressure increase 
[4].

For modern marine medium-speed engines, as a rule, a three-circuit cooling system is used. 
A diagram using a thermopressor as a charge air cooler for the main turbocharger is illustrated in 
Fig. 1.

Fig. 1. Cooling system of a medium-speed main marine engine using a thermopressor
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Air is sucked in by a single-stage turbocharger and compressed to a pressure less than the 
pressure at the inlet to the internal combustion engine cylinders. After that, the air with high 
temperature and pressure enters for evaporative cooling in the thermopressor. At the same time, due 
to the effect of thermo-gas-dynamic compression, the air temperature is significantly reduced, and 
the pressure rises to the required value corresponding to the engine inlet. The final temperature 
reduction is carried out in the charge air cooler.

The calculation of the thermopressor system was made for the main ship's marine engine of 
-1).

An analysis of the study results of the use of a thermopressor in charge air cooling systems (Fig. 2, 
Pa, and 

Pa at a water temperature for 
injec

Fig. 2. Dependences of the total air pressure at the thermopressor outlet without friction losses P'tp, the total 
air pressure at the "real" thermopressor outlet Ptp, air temperature tair on the pressure ratio in the 
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Cooling of the charge air with a thermopressor reduces the power consumed by the 
supercharged compressor and, accordingly, the power of the internal combustion engine increases. 

inle

Thus, the use of a thermopressor in charge air cooling systems makes it possible to reduce 
the power consumed by compressors by 1 17%, thereby increasing the power of the internal 
combustion engine up to 1%.

Conclusion. 
The principle of cooling the charge air of the internal combustion engine with a 

simultaneous increase in pressure is proposed, which makes it possible to reduce the power 
consumption of the standard turbocharger while maintaining the total compression ratio.

For the purpose of contact cooling of the charge air as well as environmental humidification 
of the charge air at the inlet to the ICE cylinders (in order to reduce the emission of nitrogen oxides 
NOx), a method of fine water spraying in the charge air by a thermopressor is proposed. This 
technology makes it possible to eliminate the need for complex water spray systems with nozzles 
located throughout the entire flow section.

The use of a thermopressor in charge air cooling systems makes it possible to reduce the 
power consumed by compressors by 1 17%, thereby increasing the power of the internal 
combustion engine up to 1%.
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