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The aim of this work is to develop the injection system for natural gas Engll'lE
aleiiiners i e aoqmrmiren sraums e ) booerde slea bano T,
ﬂperated with |ean rn:nucturf:“:1 In this worka pmpased gas lﬂ_]EEtOl‘ is desngned
et iRt AT e ol Juinmeny ar “ilet iAo
and constructed 10 operate with the same fuel purnp aﬂachedmme nngmal
wopbeonyg Blag a soq e s ot ogore e e mee divee oanapanlr e 2
Diesed engire. The'gas injector is h}fd!"z'll.l]l{:al]}’ c-p-eraled by the fuel {}f the
i R AT P b tor W L S TLUR 18 o Ll IR L I T T e R T N Y | L C P
Diesel fuel pump dunng the effective stmlce The hydrauh-:: force opens the gas
el s aley 28 vhdrier A e L oo ed s aenistlon e
valve and Iet the nalura] gas fuel to pass lﬂtﬂ- the cylinder. The natural gas fuel
carm mn b ot T s T el gk b e e g s Bl nogt
is introdaced into the cy]mder either by direct IH_]E:EUDII or by manifold'
WAL P A o 11 AT R+ S IR I TN (I TR £ 91 SR S T
infection at two different speeds 1500 and 1750 rpm, The gaseous fuel flow
wtipre o] bowoe bap bt s g ody e B marsher Bloeor w30 009
rate “can be ‘controlled either by varying Diesel pump rack pos.ltlc-n or by
Lty oy st Ao e el 1artan A seatenr ooy Lanc b ol yorar 15 WL
inceeasing the inlet gas pressure. A control gate at inlet aif mamfaid 15 nsed to
i emyiynins o bt e A e g ab o Ere A o cttee Sl din
control the air fuei ratio to different lean limits, Aﬂﬂe cylinder four stroke
Rbite s by 1 bl fdied et stine g, geading o) AT B e R MR
Diesel engine of type USHA 5.9 hp at 1500 rpm was used and prepared in the
Pl pomtesnt pys aotienei Do e ik, mtete” LV} el nuly el e s
test rig. The engine is modified to suit the ﬂpﬂratmn with natural gas The

B P A I TS Bt IS PR [T S I L) T I PP A N T Af
modification of the engine includes the place of the gaq ll"l_]E'ﬂCIT denreases the
SFRU LR ST NIRRT

compression  ratio from 16.5 to 13, introducing electrical system for spark p ug
it bty noepel, e ah ealY aen if sigyadli A% W R Y D it s
and modification of the injection timing. The engine is tested on the original

AR e 13 T4 B oA AT LI L ATV 38 EOOR TN S o T TPt 1w ST Y PN SR 1 DT YR
Diesel enfgmc at 1500-rpm speed and the medified natural gas engine tested at

fatit AT Rl S A e T L Jl‘""“’"lv*"-' AL T2 I *Ji‘i Pt I Lol S ;"'l; -
two conditions, the first condition used diree{ pas injectiaon of natural gas into

i L T R T Ty B s R N o [ T L RN N L N Ti R TR At
the cylinder, the second condition used the ndireet gas IH_]f:Ethﬂ info the inlet

air manifold. All tests for lT‘.}ll-e: taod fied Pf{atu:!'zﬁ “g*a:z:r éﬁé}meﬁiﬁ:ﬁ:{ at :.p;ed;
1500-rpm and 1750-rpm.

A simulation study to calculate the gaseous fiel injection flow rate is
intraduced. A mathematical simulation of the gas injector performance has

been made to calculate the Diese] oil pressure in the injector, the valve lift and

the rate of gas injected during (he injection cycle as a part

T



of the whole injection system and solved by finite difference methods with the
aid of computer program.

The cxperimental fests showed that the engine pcrfnrmajicc of the manifold
gas injection is nearly like the original Diesel results. 'T'he experimental results
showed that Operating with direct gas injection into the engine would produce
the same engine power but with 6% less 1n thermal efficiency and within the
gmission pollution limits, In direct gas injection the mixture is operated lean at
part Ioad and near stochiometric at full load. The excess air factor in direct gas
injection 1s equal tol.1 at 65% of the engine load and 1500-gpm speed, while in
the case of manifold injection #=1.24 at the same load and speed. The engine
performance with the munifold gas iIIjEiL;li{}Il 15 better than with direct injection;
nearly the same as Diesef engine thermal efficiency and better pollution results
than direct gas injectior. The pollution results for both direct and manifold
injection shows that the CO % is lower in case of manifold gas injection and
not more than 0.28% at full load. The NOx emission in marifeld injection is
higher than direct injection. -

A significant comparison between thecretical gas flow rate calculation and the
experimental pas flow rate is traced at different Diesel pump rack positions and
different infet gaseous fuel pressure. As expecied the rate of gaseous fuel
introducing the eylinder 15 increased lby increase the pump rack pbsit{c-n of the

Diesel pump and by increasing the inlet gaseous fuel pressure,



