¥V 2
mslszgnd1dle Tasmudhudemadhuniossuaduanlmely

W Inde iy

4 v
noniiwuidludiumilavesmsfnmauvdngasiygnimnssumaasuniiugia
MAIFIMNTTUINTOIND
faudindnends ynasnIsiumInerds

d =<
Unsfiny 2539
ISBN 974-635-515-5

AvaAnfveniufiaineds YNaINstiMINgId



APPLICATION OF HYDROGEN AS A FUEL IN AN INTERNAL

COMBUSTION ENGINE

Mr. Kwanchai Choicharoen

A Thesis Submitted in Partial Fulfillment of the requirement
for the degree of Master of Engineering
Department of Mechanical Engineering

Graduate School
Chulalongkorn University
Academic Year 1996

ISBN 974-635-515-5



b4 2
WadeIneniinug mstszgnd 198 Tasmudhusemasluniewudduaninely

Tao weviydo douwsay
a a &
MR AFINTTUATOING
=] o a
CALREAT IEHYYR 599MAAI1N50 AT.Nats AeduITIeN

S 1R v ¢ o P
E)'I‘t'l'l‘ifl'i’lﬂiﬂkl"li’)ll 919138 NATVY mquu

4
Tudiainends gnasnsaiumineds eyialhiuinnidwusaduiidy

drunilavesmsanumuvangas sy iiuda

AMTATTUMTAOUINGTIWUT

N Py Ol ASIUMS

(FOIMNANTINGTE A5, ANAT 9IFUTON)



v

a d £ 4 T a a J S A a‘l Gl v =S
wuwmuauvunawnamﬂ1uwuﬁﬂwﬂ1uﬂsauagmmmwmnmumm

1ieyde Aeuidsey ¢ nisdseynd i lalasimwdumemasluaiessusduaiilnnglu
(APPLICATION OF HYDROGEN AS A FUEL IN AN INTERNAL COMBUSTION ENGINE)
. 71finw : 2.As.NasT AdLINAS, 8. 1SN 1ansddmady waginu ;111 wih

ISBN 974-635-515-5

Anenfinudi LﬂumiﬁnmLﬁfammmmmmuﬁmﬁmmmmmLﬂ?‘@wuﬁt,misnﬁwﬁﬂ“l% wna
lalosaududomas lunmeaedldldianisfuunduliansnzi wazunalalnnauiiflpauians  99.95%
LﬂuL%@Lwaqﬁmmmmmuﬁm UAZANNIEITOUAN 7 YNNmaaesldinsUiudtuNaNe N Asie B oGS
memmms&gmuﬁmLﬁ@lﬁlé\’ﬁwﬁwmLﬂ?‘lﬂwuﬁqaﬁ;@m UAZUINAIINNITNARBINIRANTUIVNBIAINNTYA
sedlafivmnzan Tnefiarsainann NNAYEIAA, nﬁi’l.‘i”jl,%'al.waﬁmwmthm uaznnsanaINLARIEus wenan

JudalsFoumauanssous wazla@aanpteasausmiie I damasisaas i

v & = o o -

nanimanadudadliiiui lalasududamddfisnunsoldluesessusiitanmnisansuidaties

PR TR o N o e 5 o s
nilFAndiuLuEY ssAnsanssdatmunsauiialdunalalnsauilsuindy 0°BTDC nagegaLield

unalalasiauazAndn N uLLTY 43.04-63.26% AN ALILABUTOINAISUNIZAINGN 54.55-60.60% LAYLA

a =) 7 !
WHQ’]HI@L@H@@‘WE}EﬂQW

am nnwﬂé%!\ﬂ




v

el @ @ oy oa a ¢ aa A a oA
WNWWNQUUU“ﬂﬂﬂﬂ'J‘"U1uWNﬁﬂ1Eﬂuﬂia'ﬂﬁ!‘\lﬂ)u!“ﬂﬂ!lﬂulﬂﬂ')

¥ # C615907 . MAJOR ENGINEERING
KEY WORD: HYDROGEN ENGINE/HYDROGEN PROPERTIES/MIXTURE FORMATION/
| ENGINE PERFORMANCE/FLASHBACK/HYDROGEN STOAGE SYSTEM
: KWANCHAI CHOICHAROEN : APPLICATION OF HYDROGEN AS A FUEL IN AN
:INTERNAL COMBUSTION ENGINE. THESIS ADVISOR : ASSO.PROF.KULTHORN
| SILAPABANLENG, Ph.D.THESIS COADVISON : MR.CHATCHAI HONGUTEN, M. Eng.
1111 pp. ISBN 974-635-515-5.
I
:An experimental investigation was carried out on Stratified Charge
Spark Igpition Engine in order to obtain the optimum ignition timing when
using hydrogen as a substitute fuel.A comparison study of speed and ignition
timing was conducted using both gasoline (super) and hydrogen (industrial
grade) a$ fuels.
|

:In each test,in order to obtain the optimum A/F ratio, the ignition
timings }were adjusted to obtain the maximum power without the engine
knocking{

| .

:The results show that hydrogen can be used as fuel providing that
ignitionl! timing is lower than gasoline. The optimum ignition timing for
gasoline| engine using hydrogen 1is found to be close to 0°BTDC. At this
ignitionitiming, the engine reached maximum power with a minimum rate fo bsfc
and no éngine knocking observed. At other ignition timings, the use of
hydrogen|resulted in 43.04-63.26% less power, 54.55-60.60% lower rate of bsfc
and 5 dégree more advanced ignition timing respectively, when compared to
running Wwith gasoline. Further more, the use of hydrogen reduced the amount
of HC by:97.77—98.04% and CO by 99.70-99.80 % in the exhaust emissions.
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Vd ( Displacement volume ) ﬂ?mmsmuﬁmﬂiuﬂizuaﬂqu‘um

4 %
IATOILUA
) 1 o @ o 4 o
1. ( Compression ratio ) = ammqumawmmm?mﬂum
V. ( Clearance volume ) - Ysmasvearteun Indues
A s
IN3DIUA
TDC ( Top dead center ) = Sumisgnguvazegiigudaouy
o ] v o o '
BDC ( Bottom dead center ) = muﬁuagﬂqwmzagﬁgwmﬂma
5°BTDC E GuranadamIoanyy 5 8em

Aougngudeguineuy

Ignition timing = 291N YATTIIA
2w »
Valve timing = pasnnsila-aauloduas lods
i, = Ba313 lnarFanaveieIme
b 4

g = ga3 s lnaiFanaveurema
[A/F] ( Air-Fuel ratio ) = ATTEIUNANTZHITNOINANY

3 =

(FOINAY
(AT, it = SATIHIUNEANTENINOINANY

4

(FONAINUINY]
[A/F] = SATIAIUNAYTZHINDINANY

dy a 9 a
wamaﬂumimﬂﬂmﬂ
[A/ F]actual

A ( Relative Air-Fuel ratio ) s
(a/ F]stoichiometric

M, (Brake Thermal Efficiency) YszanFammiFannuiou

bmep (Brake Mean Effective Pressure) = mmﬁumﬁﬂﬁuﬁmm

B, (Brake Power Output) = 818 0envounS0oUA
F (Brake Load) = MITUDUATDIBUA

T (Torque) = usadinvounseoun

Q" A é’ a o
ANUAUADUFDINAIVUNE

bsfc (Brake Specific Fuel Consumption)

4 s
n (Speed) = ANUISITOYDUATOWUA
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T, (Exhaust Temperature) = UN Qﬁuﬂ’d lorare

= X o" !
pavmgiitihmdedy

T,,(Cooling Water Temperature)

CO(Carbonmonoxide) - unarsUouNouon lad

HC(Hydrocarbon) = unerlalasmsuou
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