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Prediction of Matching Performance of Two-Stage Turbo-charging System Design
for Marine Diesel Engine
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Abstract: The International Maritime Organization (IMO) has adopted several regulations for the prevention of air pollution from
ships. In addition, there is a requirement for shipping liners to reduce greenhouse gas emissions. Accordingly, we need to take
measurements to ensure that the steps taken are both efficient and environmentally friendly. It has been determined that the appli-
cation of the Miller cycle in diesel engines has the effect of both reducing the amount of NOx and improving thermal efficiency.
However, this method requires a considerably larger charge air pressure. Therefore, we consider a two-stage turbo-charging system,
which not only results in a high charging pressure, but also improves the part load performance with an exhaust-gas bypass sys-
tem or the application of the Miller cycle. Because of complications associated with the two-stage turbo-charging system, it is
complex and difficult to realize a design that optimizes matching between diesel engine and turbo-chargers. Accordingly, it is nec-
essary to perform a quantitative analysis to determine the effects and optimal conditions of these different systems in the early
stage of system design. In this paper, we develop a simulation program to model these systems, and we verify that the results of
this program are reliable. Further, we discuss methods that can be employed to improve its efficiency.

Keywords: Air pollution prevention, Marine diesel engine, Two-stage turbo-charging, Exhaust gas bypass, Matching performance
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Figure 2: Schematic Diagram of a turbo-charged two- stroke

diesel engine with exhaust waste gate
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Figure 3: Comparison of operation point on compressor map
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Table 1: Specification of Two Stroke Diesel Engine tested

Item Specification
Engine type 6S60ME-C 8.2
SMCR, optimized rating 9930kw x 91.5rpm
Mean effective press. 16.0 bar
Max. combustion press. 170.0 bar
Press. before turbine 3.7 bar

Table 2: Specifications of Turbocharger tested

Item Specification
T/C maker ABB
T/C model A 170-L37
Turbo charging Constant press.
system charging

Surge margin

at 100% engine load
Bypass ratio

of exhaust gas amount

18.5%

6.1% at 100% load
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Figure 5: Flow chart for two stage turbocharger matching
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