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A Study on Diesel Engine Performance Improvement
by Applying Two Stage Turbocharging System

Pil Ku Kim

Department of Marine System Engineering

Graduate School of Korea Maritime and Ocean University

(Supervisor : Prof. Jong Ho Kim)

Abstract

In recent years with demands from the market, lower emissions
and higher engine output are main focus on the modern diesel
engine designs. In order to optimize the diesel engine efficiency,
thermodynamic study with diesel engine development for wider range
of flexibility is continuously required. For satisfying the requirements,
there are some potential changes on diesel engine power density and
corresponding turbocharging system to improve the performance. Two
stage turbocharging system can be one option for the application on

the diesel engine.
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This study analysed new performance of two stage turbocharging
system comparing from the conventional basic turbocharging system.
Several studies have been carried out by means of test bed and
actual running data at site. These activities show the potential of

Two stage turbocharging on diesel engines.

The new turbocharging technology contributes to engine
performance improvement by applying different configuration of
turbocharging system components. In this paper an introduce of each
component detail, test method and test result from data measurement
were described. Additionally ' considered  better optimization with
combining other technologies such as Variable Turbine Area(VTA),
Variable Turbine Geometry(VTG) and Miller cycle. Last but not least,
the possibility of installation the system for the limited space around

engine is one challenge for future application.

Key word : Two stage turbocharger, Miller cycle, VTA, VTG,

Diesel engine performance
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Figure 2.3 Radial turbocharger
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Figure 3.3 Low pressure turbocharger

Figure 3.4 High pressure turbocharger
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Figure 3.5 Turbocharger nozzle ring
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Figure 3.11 NOx and SFOC (be) over pressure ratio ()

for single stage and two stage turbocharging system
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Figure 3.14 Compressor map of single stage and two stage

at equal impeller wheel diameter
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Table 4.1 Specifications of engine, turbochargers

for two stage turbocharging performance test

Description Specification
Engine type Diesel, Two stroke
No. of cylinder 4

Bore 500 mm

Stroke 2200 mm

Power 7440 kW

Speed 123 rpm

Pscav 6.5 bar

Turbocharger type

HP turbocharger

LP turbocharger

Radial with VTA

Axial with VTA

Model

TCR22-V

TCA66-V

Measurement

EDS online equipment

Figure 4.1 Test engine with two stage turbocharger

Collection @ kmou

_4’]_




412 43 I

A 2R 2 A

Lo

A =4

dolg SAHL Az F3} 100%, 75%, 50% oA AWstR o™ 75%,
= € AXA @A "B zZsto] At 35717
o2 At 19 5719 &4 21S ST Figure 4.2+
ol Zrd &% o= HolHet dAlzm SAE HolHE
o AlEdleld T2 o3 tlolE et HA| 4 o]
=

Air flow (kg/s)

18.0

B Simulated

17.0 - -Measured
Y66 ~ ‘ 1 stage ‘ ‘ 2 stage ‘
13.0 N = B :
11.0 8. -
9.0 N —
?-0 . l
5.0 ;
75%

un— -
100% 75% 50% 50%
Engine load (%)

_42_

Collection @ kmou



Pscav(bara)
7.0

s Simulated
- -Measured

6.0 ~
- / 3
5.0 N N
a.0 - "
- " a-— 3
N i
2.0 : :
75% 75% 50% 50%

100%

Eqv. turbocharging eff. (%)

78.0
76.0 ™ e Simulated |
74.0 —@ Measured |

?2_0 - q ._/_ K \ — -
70.0 _~ar” .
68.0 & N =
66.0 — — ;'--" e
64.0 _—
62.0 —
60.0 LA
58.0
56.0 . __C .

75% 75% 50% 50%

100%
Engine load (%)
Figure 4.2 (a) Engine overall measurement

(To be continued)
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(To be continued)
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Table 4.2 Engine and turbocharger specification for power plant

application
Description Specification
Engine type 18V48/60 Four stroke engine
No. of cylinder 18
Bore 480 mm
Stroke 600 mm
Power 1,050 ~ 1,200 kW
Speed 514 rpm
MEP 23.2~26.5 bar

HP turbocharger LP turbocharger
Turbocharger type Axial Axial
Model TCA77 TCAS88
Measurement EDS online equipment
ISO condition
Air temperature 25°C
Air pressure 1000- mbar
Cooling water temp’ 25°C
Relative air humidity 30%
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Collection @ kmou



Figure 4.6 Commissioning 18V48/60 with two stage turbocharger
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Figure 4.7 Layout 18V48/60 with two stage turbocharger

Figure 4.8 Power house single stage turbocharging system

and two stage turbocharging system
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