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A Numerical Analysis for Predicting Scavenging Characteristics
under Exhaust Gas Recirculation in Marine Engines
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Abstract : This study proposes a fast numerical approach to predict scavenging characteristics of a marine
two-stroke engine equipped with an EGR system. The dynamic mesh combustion model was simplified
using user-defined functions (UDFs) and a reduced mesh, and a time step synchronization algorithm was
introduced to match CFD and experimental timing, reducing the computation time to within a few minutes.
Validation showed that the predicted maximum combustion pressure (Pmax) and maximum compression
pressure (Pcomp) agreed with experiments within 4.60% and 0.98%, respectively. Scavenging temperature,
pressure and blowback pressure were also examined, demonstrating overall agreement with load dependent
experimental trends. Although some deviations appeared at specific loads, the proposed method effectively
predicts scavenging behavior and in-cylinder pressure under EGR conditions and can support future
EGR-engine matching and NOx emission prediction development.
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Table 1 Specifications of the marine engine for

numerical analysis

Parameters Value Unit
Manufacturer Man ES -
Type 2-stroke, cross head | -
Model 5S35ME-B9.5 -
Output at MCR 3,475 kW
Speed at MCR 167 rpm
Bore 350 mm
Stroke 1,550 mm
Number of Cylinder 5 -
Con-rod length 1,550 mm
Zfeal\‘/} gge"tive pressure 16.8 bar
Using fuel oil HFO 700 cSt/50C -
Specific fuel oil 173.0(Tier T mode)
consumption at MCR |176.0(Tier II mode) gkWh
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Fig. 1 Combustion chamber geometry model
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Table 2 Setup conditions and parameters of the

numerical analysis

Parameters Setup conditions Unit
167(fixed, CPP) pm
Load 25 | 50 | 75 | 80 | 100 | %

Engine output 869 |1,738|2,606(2,780(3,475| kW

Engine speed

Exhaust gas temp’ q
at cylinder outlet 2261259 |28512951323 | T

Exhaust gas press’

at cylinder outlet 0.3610.92

1.62|1.75]2.46 | bar

O, concentration

of EGR 17.7

17.7117.5(17.5|17.6 | %
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Experimental results converted into characteristic curves
------- Characteristic curve obtained by linear interpolation
= Characteristic curve converted from numerical analysis time steps
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