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Introduction

Snce July 2005, the Jgpan Gas Asocidion (JGA) and
Mitsubishi Heavy Indudtries, Ltd. (MHI) have collaborated in a
joint project with New Energy and Indudrid Technology
Development Organization (NEDO) entitled Development of
Technology for UltraHigh-Effidency Naturd Gas Engine
Combined Sysem. The project ams to develop technology
cgpable of achieving target levels of power generation efficiency
(see Chart 1). This pgper reports on JGA adtivitiesin fiscd 2006
and setsout plansfor fiscd 2007.

Chart 1: Devdopment Targetsfor 8 MW-Class Gas Engine

Operation and tests were carried out

it MHI”s Nagasaki R&D Center

Item Development Target
Gas engine Output 8 MW-class Single cylinder 18 cylinder trial unit
(cogeneration Generation 48% (LHV) or higher Combustion system Sub-chamber gas engine
system) efficiency Ignition system Micropilot ignition
Overall efficiency | 80% (LHV) or higher Cylinder diameter (mm) 300 300
NOx emission 320 ppm (O, = 0% Stroke (mm) 420 380
concentration equivalent) or less
Combined Generation 50% (LHV) or higher Revolutions (pm) 679 750
system efficiency Output (W) %085 5750
Indicated mean 213
2. Report on FHisca 2006 Activities offective pressure
Development of ultra-high-efficiency gasengine: establishment (MPa)

of technology for enhancing efficiency through new combustion
system.

Overdl JGA Activities

Confirmed combustion improvement effects of new combustion
system (which combines concentration didtribution control with
exhaug gas redirculaion) usng sngle cylinder test engine, and
obtained resultsindicating targets can be achieved.

*Qutput if indicated meen effective pressureis sameastrid unit
Fgurel.Outlineof Single Cylinder Test Engine

Results achieved by each JGA team are reported below.
HowAndysis TeamActivities

Evauated gas pipe scheme a@imed a practicd gpplication of ar
aupply flow sysem and reflected reaults in design of sngle
cylinder tes engine. Andlyzed didribution of ar-fud mixture in
the cylinder for sub-chamber gas supply system and




high pressure gas jet sysem, and usad reaults of this andyssto
project that the following concentration didribution controls
would be possible for each fud supply method (see Figures 2
and 3).

*  Sub-chamber gassupply system: center rich

»  Airsupply flow system: completely homogeneous,

center rich or center leen (see Figure 4)
»  Highpresuregasjet: center rich
Center Rich Center Lean
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Figure 2: Concept of New Combustion System
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Fgure 3: Concentration Digtribution Control Methods

Fgure4: High Swirl/Center Lean Concentration Distribution Control by
Air Supply How Sysem

Concentration Didribution Andyss Teeam Activities

High-gpeed FID was used to messure the compostion of
concenttration didribution in the cylinder via three methods
completely uniform mixture, use of air supply flow and auxiliary
chamber gas supply (see Figure 5). These messurements were
compared with concentration didribution projections mede by
CFD andyssand the accuracy of the CFD andysswas verified.

Homogeneous

This provided data necessary for studying the new combustion
sydem and endbled evdudion of its impact on engine
performance (see Figure 6).
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Measurements were conducted using two analyzers in parallel.
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Figure6: High-Speed FID Test Resultsand Comparison with CFD
Andysis(Center Lean)



Combudtion Opticd Andlyss Team Activities

The Combugtion Opticd Andyds Team used an in-cylinder
opticd combugtion andyds device (Viso-Tomo) to conduct
opticd combugtion andysis of tests using different mixture
compositions and evauate the location of knocking (see Figures
7 ad 8). It dso examined flame initigtion and reflected the
resultsin adjusmentsto engine operation.

Measure flame light with optical sensor
and data from eight-16-point sensors
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3. Summary of Fiscal 2006 Activity Report

e Usdng CFD andyss high-gpeed FID and Visdo-Tomo,
it was determined that use of ar-supply flow isthe
mog effective of the three concentration control
methods (sub-chamber gas supply, use of ar-supply
flow and high pressure gesjet).

*  Intermsof the concentration distribution concept, it
was determined thet the center-leenformulais
effectivein enhancing resisance to knocking.

»  Spadficationsfor thetrid unit were sdected based on
results of engine pecification optimization tetsand
from the pergpective of concentration digtribution
control.

»  Thenew combustion sysem has opened up the
prospect of achieving target levels of power generation
effidency.

4. Fiscd 2007 Activity Plan

The trid unit, which has dresdy been desgned and
manufactured, will be tested to verify the engine'starget levels of
power generdtion efficiency. The combined system sdlected wiill
be incorporated into the trid unit to verify target levels of power
generation efficiency. Using the trid unit head, Sngle cylinder
tess will be conducted with the am of adjusting the new
combudtion system, and datawill be gathered and eva uated.



