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Abstract — Using a hydrogen blended compressed natural gas (HCNG) as a fuel for IC engines has a significant
meaning in terms of achieving a reduction of automotive exhaust emissions as well as preparing for an upcoming
hydrogen economy by constructing hydrogen infrastructure. In addition, a HCNG engine has higher thermal
efficiency than a CNG engine, which is another advantage that makes HCNG fuel considered as a future
alternative for natural gas. Therefore, in this study, idling operation of a 11 litre HCNG bus engine was
investigated in terms of fuel consumption rate and emissions characteristics. The results show that fuel
consumption rate was decreased more than 20% by use of HCNG and all the emissions were significantly reduced
in idling condition.

Key words : CNG, Hydrogen, Idle, Fuel consumption, Emissions, Combustion Stability
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Table 1. Engine Specifications.

Item Specifications

Bore (mm) 123

Stroke (mm) 155
Compression ratio 10.5
Displacement (cc) 11,050
Idle speed (rpm) 600 + 50
Max. power (kW) 213 @ 2,200 rpm
Max. torque (Nm) 1,226 @ 1,260 rpm
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Fig. 1. chematic diagram of the experimental engine setup.
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Fig. 2. COVypm comparison of CNG and HCNG engine
operations.
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Fig. 3. Fuel consumption rate comparison of CNG and
HCNG engine operations.
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Fig. 4. THC emission comparison of CNG and HCNG
engine operations.
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Fig. 6. Exhaust gas temperature comparison of CNG and
HCNG engines.
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Fig. 5. NOx emission comparison of CNG and HCNG
engine operations.

800

700 -

600

400 -

300 -

Exhaust Gas Temperature (°C)
an
o
S}

200 1 1 1 1
12 7 2 -3

Spark Timing (BTDC, CAD)

Fig. 7. Exhaust gas temperature vs. spark timing in HCNG
engine operations.
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of spark timing.

HAR=A FHSE o] 7P dHAoIY dAl=
i‘lﬂ 710l A= AA ot Hypo] AEEo] &
Ut whebA mje o] Ao | A AtE thH|siA]
E}E HCNG A&7} Aarts 2H4E 383t 2
w2 ¢ J=F wE Al Yol 11 7S FHshke

Aol Wastele oA,

ﬂll

FLI

4. 4

rhu

Aol 48 EHUT HONG Ang A]%é
of A2 Qo] 71 wo 1 & m]_ Ql ofe]

ngﬂmln

(1) ofols SHIYHE Lkl COVan7t
TAv| A A HCNG 957} CNG 3¢ H
o $glon sureARAdAE E &
A A5 WY SeIg 5 g

2) ofolE £A2 AT BRY ARLHF
© HONG =7} Ai7kze] u]sh oF 20% 7
= Agpsle] oA ARgel el glotH
uhS- feldk ZoR etk

(3) HONG $1=9] b=l sjubels EA o= &Jut
2710] SIS Wt opet Rapul7)7ks

a2 NOxo} THOR F44 4242 &
Slo] Helrkrnct o AVFHYS BT 5
219ick

(4) Transient mode©]| A /\‘A]Qi EURO-VI #jj7]
FACIAE HONGS] whe: 7| 7hremst &
njgHgst 7|17k @EA17=d B skAlRE ¢t

Journal of Energy Engineering, Vol. 19, No. 3 (2010)



176

1.

olds -
HE ok B4 o Hah7|E X2
Poms FE3| Wk SRS B 4 )
t 0w et

Collier, K., Mulligan, N., Shin, D. and Brandon, S.
Emission results from the new development of a dedi-
cated hydrogen-enriched natural gas heavy duty engine.
SAE technical paper, 2005, SAE 2005-01-0235.

. Fanhua, M., Yu, W., Haiquan, L., Yong, L., Junjun,

W. and Shuli, Z. Experimental study on thermal effici-

Ol4X|=s M193 HM3= 2010

.o]

e

ency and emission characteristics of a lean burn hydrogen
enriched natural gas engine. Int. J. of Hydrogen Energy,
2007, 32, 5067-5075.

. S.Orhan, A., Zafer, D., Nafiz, K. and T.Nejat, V. Internal

combustion engines fueled by natural gas-hydrogen
mixture. Int. J. of Hydrogen Energy, 2004, 29(14), 1527-
1539.

Thipse, S., Rairikar, D., Kavathekar, P. and Chitnis,
P. Development of a six cylinder HCNG engine using
an optimized lean burn concept. SAE technical paper,
2009, SAE 2009-26-031.

Kazuhiro T., Kji K. Yoshitsugu Y. Study on intelligent
idling stop system. FISITA World Automotive Congress,
2000, F20001392.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


