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The ships are the sources of air pollutions that account for about 60 to 80% of all pollutants. 
Among these substances, the most harmful to nature are emissions from the exhaust gases of internal 
combustion engines [1]. The main shipboard source of environmental pollution is the main and auxiliary 
combustion engines of the power plants. Diesel engines dominating as the main marine engines and diesel 
generators are prefera-ble in terms of fuel efficiency, service life, and the ability to operate on heavy fuel 
oil (HFO). 

The reducing of the amount of harmful substances in the exhaust gases is an effective method for 
the greening of ship engines. Exhaust gas recirculation (method known as EGR - Exhaust Gas 
Recirculation) is carried out by bypassing exhaust gases from the manifold to the receiver. The EGR 
technology is one of the advanced methods for reducing NOX and SOX. But this method has a negative 
effect. The usage of EGR increases specific fuel consumption (SFC) of the engines [2].  

As a result, it is justified to use the technologies of utilization of recirculation exhaust gas heat for 
cooling engine intake air to improve the environmental and fuel efficiency of the marine diesel engine 
using EGR systems. These technologies allow to increase diesel fuel economy by cooling the combustion 
air with waste heat using chillers (WHUCh). 
  The effectiveness of the application of proposed technical solution was analyzed on the basis of 
EGR system typical for MAN low-speed two-stroke diesel engines in accordance with the Tier III 
environmental conditions. Recirculation is provided by bypassing part of the exhaust gases purified from 
harmful gases in the scrubber after cooling in the heat exchanger-gas cooler.
Provided schematic solution with the use of the heat-using circuit of the ACh for the two-stroke engine 
6G50ME-C9.6, responsible for Tier III environ-mental conditions. To analyze the system parameters and 
characteristics of the diesel engine, the CEAS [3] software package was used. The next initial data were 
used for the calculation: power – Nе = 9288 kW; engine load – NMCR = 90%; SFC – gе = 166.0 
g/(kWh); speed – nе = 96.5 rpm; EGR system.
  The calculation of the engine characteristics was carried out on the operating mode during the 
voyage of the ship from Odessa to Shanghai. In the Fig. 1 there are changes of the climatic conditions 
during the voyage (temperature of sea water tw, ambient air temperature ta, relative humidity φa and 
absolute humidity da).
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Fig. 1. The variation of climatic conditions (temperature of sea water tw, ambient air temperature ta, 
relative humidity φa and absolute humidity da) during the vessel trade voyage Odessa-Shanghai. 

  The solution with using the ACh was developed and analysed (Fig. 2). During the usage of the 
EGR system, some of the exhaust gases (10 - 40%) go into the scrubber recycling system (SRS). In it, 
they are purified by spraying water through nozzles. Then the exhaust gases are cooled in the heat 
exchanger - gas cooler (heater of water for refrigerant generator of ACh), condensed vapor from exhaust 
gases is drained through condensate trap and cooled gases are fed by the fan to the scavenge air receiver, 
where gases are mixed with the scavenge air coming from the turbocharger [4].

Fig. 2. Scheme of EGR-technology for the two-stroke diesel engine  
6G50ME-C9.6 with ACh. 

The calculation of the operating parameters of the heat-recovery contour based on the absorption chillers 
was carried out according to heat balances.  

Q0 = (сa ξ∙Δta )Ga ,)     (1) 
The refrigeration capacity is calculated as: 

where Δta = tamb – ta2 – decrease in air temperature; ta – air temperature at the inlet of engine 
turbocharger, С; ta2 – temperature of cooled air at the air cooler outlet, °C; сma – specific heat of moist
air, kJ/(kg·K); Ga – air mass flow rate, kg/s; ξ – specific heat ratio of the overall heat (latent and sensible 
heat) to the sensible heat removed from air during cooling.  
The heat coefficient ξ is the ratio of the cooling capacity Q0 (the amount of heat removed from the cycle 
air) to the amount of heat expended Qg supplied to the ACh from the exhaust gases or charge air: 

Fig. 2. SSSScheme
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ξ = Q0 /Qg      (2) 
The values of the cooling capacity Q0.15 required to cool the air at the engine inlet were 

calculated based on the decrease in its temperature from the current temperature in the engine room ta1 
(ta1 = tch + 10 °С) to ta2 = 15 °С by the value Δt15, available cooling capacity Q0rg(0.7) - taking into 
account the transformation of the available heat of exhaust gases Qh.rg into cold to the ACh: 

Q0 = Qh.rg ∙ ξ      (3) 
SFC with EGR system on the route is 168-170 g/(kWh). In this case, the RC is Kr = 13-15%. A 

total mass of the exhaust gases flow rate Gg = 18-20 kg/s and the flow of recirculating flue gases is 
Gg.r = 2.8-2.9 kg/s. The mass flow rate of “fresh” air to the engine turbocharger is Ga = 16-17 kg/s 
without EGR system and with EGR system Ga.egr = 13-14 kg/s. For the engine 6G50ME-C9.6 according 
to the calculations using the CEAS software package when cooling intake air for every 10 °C a reduction 
in specific fuel consumption is 0.109 g/(kWh·K) for every 1 °C air temperature drop.
The results of analysing the operation efficiency of recirculation gas heat-recovery ACh with coefficient 
of performance  = 0.6, 0.7 show the following cooling capacity received: Q0.rg(0.6) = 595-640 kW ( =
0.6), Q0.rg(0.7) = 690-750 kW ( = 0.7). 

The th1 temperature has been selected taking into account the risk of low-temperature corrosion. 
This method reduces the temperature of the air that enters the engine turbocharger: Δta(0.6) = 7.4-17.2 оС 
( = 0.6) and Δta(0.7) = 9.3-21.5 оС (  = 0.7). In turn, this leads to decrease in the specific fuel 
consumption SFC. 

Decrease in the temperature of intake air due to its cooling by the chillers leads to decrease in 
SFC and to the total fuel economy ∑Вf.

This happens during the vessel route due to decrease in the temperature of intake air at the 
turbocharger cooled by ACh using the heat of RG at different coefficients of performance is the following 
(Fig. 3): ΣBf(0.6) = 14.7 t (for = 0.6), ΣBf(0.7) = 17.2 t (for = 0.7) and ΣBf(0.7) = 16.5 t (for = 0.70). 
This technology allows to reduce harmful emissions more than 0.2-0.3% for SOx and NOx, but for the 
system with EGR and = 0.7 is: ΔgNOx(0.7) = 26.3-39.1% (4.7-6.7 g/(kWh)); ΔgSOx(0.7) = 9.6-14.3% 
(1.1-1.5 g/(kWh)). Meanwhile, it should be emphasized that this enhances CO2 emissions by ΔgСO2(0.7) 
= 1.5-1.7% (6.3-9.4 g/(kWh)).  

Fig. 2. Variation of SFC of engine with EGR system without using its heat for engine intake air cooling ge.gr, with 
using its heat for engine intake air cooling ge.gr at different coefficients of performance  = 0.6 and 0.7 in ACh and 
SFC ge – due to engine intake air cooling to tc2 = 15 °С and ∑Вf.gr(0.6), ∑Вf.gr(0.7) summarized along the vessel 

route.

For the price [5] of heavy fuel oil IFO380 370 $/t the savings in consumed fuel cost during the ship route 
Odessa-Shanghai are 5439 $ (  = 0.60) and 6364 $ (  = 0.70). A vessel on this route makes up to 12 
voyages per year. Then the annual savings in fuel cost will be  65268 $ ( = 0.6) and  76368 $ ( = 0.70).  
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Conclusion. It has been determined that the thermopressor allows to increase the air pressure 
between the compressor stages by 4–9%, as a result of which the compression work in the compressor 
stages decreases; increase the amount of the working fluid in the cycle by gw = 2–4%, and, as a 
consequence, increase the specific power of the gas turbine by 3–10%. 
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