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Abstract

This article presents a collection-of studies relating to the development of technologies
using hydrogen with. compressed natural gas or Hydrogen-enriched Compressed Natural Gas (HCNG).
Regarding to the issues of mixing ratio, the data show that the appropriated amount of hydrogen
falls between 20-30% by volume in order to balance any tradeoff between engine performance and
emissions. The equivalent ratio can be adjusted to be as low as 0.5-0.6. The ignition timingmust
also be retarded (Ignition Delay) by averagely 5 degrees of crankshaft rotation to compensate for the
change of burning speed. Theuse of 20-30% of hydrogen by volume decrease both HC and NOX
as compared to the use of CNG alone. In terms of the fuel system design, the individually-stored
gas injection system is of interest. It provides flexibility especially for the adjustment of the fuel
composition for optimum ration in any operating conditions. But at present, there is no commercial
development of such system.

mddn  : lalasiau AssTINTRsh daunaNiEpmEs
Keywords : Hydrogen, Compressed Natural Gas, Fuel Mixing Ratio, HCNG

PR N3

* fanusyszamenlyswdlgdiannsedng sarawoot.wat@mahidolac.th 3. 0 2889 2138 sig 4011




"
13& 21SASIBINSIA:IDE uns.ws:uas U 8 aduil 2 nuedu 2557

1. unth

MslgFamaslalasauiudomdma
SaufuAgsITNTRdalusauddulinnsAne
wpuuiey 30 T warandnuasnsidents
Fawaslalasauduidomamnadeniidosan
AansaE Tt T s laefisnsdunay
sznineennAneigenasey lugredunay
fiuneunn (Ultra Lean Mixture) lngnuin sns1aau
auyag (Equivalent Ratio () 9328031813
Sosuresenase s nasTidunauna R
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pmFseEeINaellFase (Actual Mixture) Ten
fde 0.1 dewssudisuiunsld i Famacuia
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(Das, 1990)
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anag (Heywood, 1998)
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41N (Bauer and Forest, 2001; Saanum, 2008;
Silva and others, 2008) feldiusaudans
WaunnaluladfunIsHanwazNTaINLITNES
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TuBaAswgmans fady Fefinnsdnsiden
Talasululftsdosulaonauiuidomacds
ndvdlauntanieiiazlidsslundinann
sl idewmaclalasamdnldasuiunsldide
aaBendsd TagsisuseiululuEoswesns
USulgeanssauzesvainssuddaiunaainnis
WarUuYava9A Uz N 0T BN EIAIANTIAN
Talastau wazanilumlunsuassinsiSaunszan
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WU (Bauer and Forest, 2001; Tunsakul, 2001)
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2. mslBisowao HCNG

Usziiunandiladinisfinsnislddonas
HCNG sausgaidudy Toun 13oeweewFunm
wIadndauveatomaslalasauss CNG viai
mawasowmaslalasausauty CNG azdena
ynlnauTRvesdamadasruinswasuulas
WATAINAADANTIAUVRLATENEUS TalanIy
peiefe Fagwaemsiinadnasalunnsiunlng
youfonds osarnadnasilunisinlng
souBpmadelasauganiidemauialsauuasie
fmuie 7 wh madudanaslalasauazadena
inlwszpznanlunisnlndvewdamanas
HCNG duasninnsld CNG sy Ladessus
azaaefinsUSuuseszuziiarlunisanszide
(Ignition Timing) WnsNzaudnde (Bauer and
Forest, 2001; Tunsakul, 2001) uanaini
Asnanlalasiausuiy CNG feanunsaveny
Lean Limit y5udqeasAdsznavvasiaidy
ausTauzauias u3ede wazyUszdndaanida
AMNSBY (Thermal Efficiency) (Hoehn and
Dowdy, 1974)
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Wownde CNG fovdudamawmnaden
wanzaulumslduitamuanisiiinanlode
TnedamninsaziaiiinasUsznay HC wazfing
o, o Tuvmzifaiy Fawmde CNG fifidn
panmugee 130 dewarilianunsaldeuny
P3DNEUATSnI1dusn (Compression Ratio)
g9 Taglifinnstion (Knock) seein3papusiss
navlFA3esuudfiusEansaniBennusousitu
(Bysveen, 2007) aeslsfinny Uselesiiildainns
$180mae ONG TngrhluazsaiuluBoswass

antlymnsdassinsladesnnainmsigi@ainas

CNG fiuweiasausinusnnaumadngs Wosann
w3nvsus uAaladulagiilaziaddedn
Ind\Aeeiu uenanil Wainde CNG azlianuia
wWaali (Flame Speed) s vnl#lFszazaniunig
wnlnsiinnadufamassziandy q Feifade
fananaanarin il sz ansanlunswnlnsianas
(Tansakul, 2001; Kavathekar and others, 2007)
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FOINEY wazpeny Ledn Limit 7idinannnisld
CNG pghslsinty Jawman Ao USunawes
dowmaslalasauilianzay Tnglunsfnuniisng
Idnan eI SN snaN o maslalasiau
fu CNG Iapfivsunaudomaslalasiaudaus 3%
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\aBeBLF Chevrolet 350 l9uidainas HONG
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Raman and others (1994) l§vihns@nm
nsdifivsnangomasislasauludomas HONG
fdmaau 0% 5% 15% waz 30% lasUSanns uay
naapsAUAIBEud GM Gen-III 2uNA 5.7 5913
WU AANNFUNALRELWSD Brake Mean Effective
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Pressure (BMEP) dduiflolfifomaslalasiau
inntulamzlugdamduauyagyszana 0.75-
0.90 wazldmndnnausuyadmgn 0.65 lunsdl
figomaslslnsiaufiviina 30% lsu3nes

Sierens and Rosseel (2000) I@siauias
\A3D98Us Crusader T7400 (GM 454 Engine) 1%
fudowmads HONG Taafiansaniidnsnsuna
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Usunas wudn diednsnauauyadaglugag
0.75-0.91 mslidewmas HCONG fidrugaeiiiu
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Wi 0.6 M3l damEds HONG Taugidia
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yaufowmaslalasuiiiady nslddamas
Talasauinliasasausdvinauldifddnsdu
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Aanas wanaini Tunsakul (2001) S9lad
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and others (2007) BefnudagiAzosudnosa
#indgu angy Adszansanngsgadiosndau
auyag Ay 0.85 lasuileUsunandainas
Tolasiaugedu indasausdanansarinanulddien
Samsuauyasiiiag frsnauanyadisni
0.7 m3nadi@aindslolasiau 20% waz 30%
Twalaliansietu Adnanaruauyadmaaiile
79.0.6

ANnHaANTIFNEASNaLERe UG BnENa
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Pede and others (2007) a2 Ortenziet and
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U7 3 uansrNuSTUSszEIeUszANB AN
L%ﬁm’m%ﬂuﬂﬁ% (Indicated Thermal Efficiency)
fudnsiemaduiulagaidiuin lugwednn
2IMAFIUAIUTEHIN 1.0 9 1.5 @nsnaduauyad
32N 1.00 B 0.67) oGS CNG wazioinas
HCNG finndaduvesdomasiolnsiauaslian
Uszdndamlndifeedy wazUssdnsamdleasy
aniFaInGs HCNG azgeninild CNG law
WFounae HCNG 28180904aan159eueg
m’%’aﬁﬂumflﬂiu‘*ﬁwﬁmé’mnmmﬂa"auLﬁuqﬁﬁu
pegadiulddn mnRasanednsannedIuLfuy
gegnuosindespudiiield HCNG fifeasinm
Uszansawiiinddsadesninnnsld oG
annsdaznudingel HCNG fidunauradomnas
Talasiauwindu 10% 30% waz 50% asiAsnsn
2IMAdIUANLUIzIN 1.6 (BRmauauya=0.62)
1.9 @ndwanyad=0.63) uaz 2.2 (Fndu
SuyAEi=0.45) snuaFuNanIAnINTuanl i
Iasuaulalasiaudy CNG azgqgliiinngs
wnndiatulpsiensluthaiifidunaasoseinmea
AT DINEIMULLNG
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(Ma and others, 2008)
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anszidafidenarinlfiAnusedadumunisnu
(Brake Torque) gegafiuendnanmesuiiu lag
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ansiindiudpsgusulmsiiu uaziflednau
ypsinslalasiauiinaufivefiBudinndu aen
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NaTRINNIVENY Léan Limit S liiadaeeud
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(Heywood, 1988)

N3ANEYDN Hoekstra and others (1995)
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flgvvwdn Ae MImUANAIUNANTDUTBINES
lalasiaunazing CNG TWiisasaefisnudmun
aneliuiAIaseus (Kavathekar and others, 2007)
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