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THE EFFECT OF SOME ENGINE VARIABLES ON [GNITION

QUALLTY IN DIESEL ENGINES.

M. A.ABU EL-ENIN
ABSTRACT.

Ignition delay in compression ignition engines is the
origin of many problems and performance limitations in diesel engines.
Its length affects olmost all the post-ignition processes and the deve-
lopment of combustion in diesel engines . These processes control
the power output , efficiency and general public acceptence of diesel
power . Much experimental work has been directed towards the ignition
delay , and previows researches have led to various expression for its
crediction in terms of fuel and air cherge varisbles.

Measurements of lgnition deloy snd other combustion
phenomens are carried in a direct injection , single cylinder , diesal
engine . The influence of engine speed , load and injection timing
are reported. The measured pressure rise , ignition delay period
decreases with the increase of engine speed or engine load.

On the basis of the experimental resulls obtained for =
fuel has cetane nunber(C.N.)49, Lhe cotimum injection timing of the
engine used is 19 C.A.D. before I.D.C., st the engine speed of 100D
R.P.M. and load of 9 WP,.

The optimum injeection timing is corrosponding to the maximum
efficiency , end it is not necessary occured at the shortesl ignitien
delay period.
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II- INTRODUCTION.

The term ignition quality is used to cover the
ten:'serature versus delay characteristics of a fuel when mdig:iﬁn »
engine . Good ignition quality means a ohort delsy angle at a given
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speed,compreasion ratio , air inlet and jecket terperature. in compr-

easion engines, the time lapse between baginning of injection and

ignition of the fusl is normally tersed ignition log or ignition delsy.
The length of this period is of considerable Ispoctance , ma it affects

olsost all the post-ignition processea end normally subdivided into

iy i phases . Thea phynioal phase of the delmy, imwolv-

i
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fuel jet bresk-up, mixing wd veporizstion is
regarded as being period betwean tho beginning of fuel

and the start of pre-ignition resction st rotes worthly of
jderation . The i phase normally terminetes with the onset
noted by the first spperance of & pressurs rise , Ouring
the delay , chemical reactions , both endotherwic snd
exothersic, «with progress towsrds the general inflossmation of the charge
tha release of energy producing pressure rise, [t i8 difficult to
deow @ distinct line separsting the two phases, they do overloep.

Tgnition delay has been defined im different woye, Ressarchers
ngrie that the start of fuel injection ia the beginning of the delay
pf i, The differepces in defindtionaciss From the criteris vsed ko
the end of dolay, that is , the start of combustion. The two most
edmmonly used du;'l.hl.tl.m are the pressure rise end illuminstion delwey

[1l. The end of the pressure rise delsy is defined by the point at
which pressure rise cussed by combustion s detectsd on 3 cylinder bime
record . While,the -illusinetion delay, marked by the smission of
vinible radistion . [n @ detailed study (2,5 , it hes besn found that
the pressure rise delsy is more reproducible. dlse, it has the greater

engineering wignificence in engine dexign ecpecislly ss relstsd to
itresses wvd noise .
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In the present stucy all rerersnce will be to Uhe pressure riss
daley .

The dolay period seasuted in engimes [4,5] is dependant upen
many warisbles, and in general . no astisfactory general sspression has
heen oeveloped which permits the dels period to be predicted . This
iy pertaps Lo be expected in view of the difficulty of changing one
vorjsble ot a tise during the engine operotion . In the present work,
the engine rumning condilions are controled in en wffort to accomplish
thim . The varisbles studied and presented Ln this paper sre .englne
epeed , lond snd injectlon timing

I11- APPARATUS AND GENCRL EXPERIMENTAL PROCEDURE.

fhe experisental investigeation wes carrled out usino o
single cylinger direct injection , four stroke dissel engine of 1%
o, stroke oo |15 sm. bore . dcomprewmion retio 191] was used . The
mauimun poser iz 15 WP et 1500 N.P.M, .

The sngine s directly coupled to water dynesosetor and electronic
tachosster for messuring the engine output (B.HP, Jand engine speed(R.EM)

A pressurs pick-up, capscitphoe tronaducer, end pfessure brans-
ducer ware used Lo msssure the Cylinder pressurs , injector needle 1ift
and injection pressure . Thess together were chserved wnd recorded by
weans of dosble besm oscillescope and universel camera .
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ihe fuel used is a commerical diceel Ffuel, ik hea o cetang
mumber 49,

Shown in Fig. (1), is & typicel recorded disgram taken during the
experimental progrome on oscillescope scresn. The operating conditions
were ;-mil" w ],m “l.FlH-F ’w -19 Cmﬂaﬂ+hrﬂlI '-ni:t l"hﬂllm
Liming . Refering to fig.(l) , the igniticn delay perind (7,) is
catimated = crank sngle deqree between the initistion of nefdle valve
1ift and beo of combustion preossure rise . The moxime pressure
rise rate (R.P.R.) is calculated from cylinder pressure-crank engle
disgram, and the msount of injected fusl diring the dalay FIIEHH-.;E_
is calculated by using the valve Lift and injection pressure ol .
The general layout of the experimentel plent is shown fig.(2].

V- EXPERIMENTAL RESULTS AND DISCLSSIONS.

& series of tputs are made covering o range of sngine
speed , engine logd end injection tisamg . In the fnitisl tesis, b=
the injection timing is sdjusted so that the noedle wvalve lift { =s
observed an the oscillescope screen) would start at a constant crank-
angle of 19° befors T.0.C. (conetent injection timing) st esch engine
speed and load, while the =ffect af engine losd is studied at different
engint speeds. In Etle necond series of tests, the effects of injection
timing on engine combustion charsctecistics are studied, The engine |o2d
iz kept gonsitant by controling tha Injection pressure st a constant
engine speed of 1000 R.P.M,

[i-1. Effect of sngine speed on the ignition delay|

The results of the ignition delsy, in crank angle deorees
imn milliseconds , are plotted aw a furckion of engine speed on Fig.
‘ignition delsy is 7.8 degrees of crank angle at =nqine spesd
iPiH-l- 1.” El'qil'l lm 'br , *-I -ﬂ ll'ﬂ:l.'lﬂﬂli tﬂ ]ﬂ..ﬁ- 'hI;I‘EGB
-1 0 ]_5-“] EEF‘-“-l- * u“u.' W h Larme '&r ﬂlw‘ Eﬂ‘ .i.I_I'Ilt_'l.Erl
dalgy has been reduced From 1.77 m.sec. ot 750 A.P.H. to 1.178 a.sec.
LF.K. . Thizs is becowne an incresss In engine speed may be
ted to reduce the physical oelay, the Lime reguurec for fuel to
rate and form a cosbustible mixture . Thys if the phvsical pars-
meters are Che soin controling factors in the length of ignition delay,

d br expoctod that an incremse in ewjine speed would reduce the
length of the lonition Jelay period.

Iu=1. Fect of ignitiosn de e coabist Son
H

i%ﬁg

Te load is varied over a wide range lrom & HP, to 14
MP. ., The injection timing Lo meintsined constant at 19 C.A.D. before
T0.€. . The other engine paremeters ore meintained the same a3 in
the tests of speed variation.

The verisble losd seperimental results are in figs.{y through
7} 5 From which ik cen be noked thet the delay period {Id] decrapans
with the increase of engine load . The slope of the curle fig.(4),
is downward . For the ather three tests figs.(5 through 7} the lood
has 3 different affect on delay period (T ). This is believed to be
fus sainiy to the incresse A0 the gue tenflerature with tha increnss




ignition deley. Thiz is beceu
fuel injected during the Illr { It must be also mentioned
thet , the total injected fue :gnu EFi!I is incresse linear by
with uq.tn: loads figa. (4 through 7

For example the delsy period (T,) at engine speed of 1000 R.P.M.
is obviously affected by the load . imm-mm.dm
rises again . The minimum value of [T .} for the other three Loato Figs.
{5 to 7} of spued occcurs ot B0 % of naximum load .

From fig.{4) through Tig.(7) , it can be =een , that maximum rate
of presaure rise (R.P.M.}_ patn ﬂ:.llm @ similar pnth of the fuel inje-
cted during delay period .

Iv-3. Effect of injection timing {Tll on the ignition gualikby;

Combustion charscteristics curves showing the effect of
in jection Liming at constant speed of 1000 R.P.M. and .'lull:tuf'i_llﬂ’..
are shown in Fig.(8) . Also, the period of fuel injection (T.)
conatant doring this test. The engine load is kept conetsnt Er control-
ing the injection pressurs., As shown in Fig.{A}), varying tha :I.nj-ul:lnrl
timing , changes the delay period . The minimum delay period (T ,)
thess test conditions ovours it (T,) equale 21 C.4.0. before T. ode. o

Also the I"uul during the delay perind (F ) increases
with retardation of ( while the (R.P.H.) JlecTeases Eith the ndvance
of 1) . Caclier mﬂtﬁnn results in longer” delsve,

The longest doloy ocours with the esfiier injection whon average
presours ond therefore average btemperabuce during the deley perlod is
lowest .

(R.P.R.Y hlffuctldlnthhu-hnthwthﬁllr“ﬂlﬂw
by piston metich . Early injection gives a veey high (R.P.R,}

Here ;, a long delay occurs, together with inward piston sotion
during the subsequent rapid cosbustion .

V- CONCLUSION. °
From the experimental results iL cun be concluded that)

1- For = certain fusl , the delay period depspds on the engine
load , engine speed ond injection timing .

2- The apparent effect of the incresse in angine speed, is to
incresse the pressure rise ighition delsy in crenk angle degrees, while
the lgrition delay period has been reduced.

3- The incresse in engine losd for conetant engine speed,
resultants in an spporent decrease in the ignition celsy.

g-Earlier injoction resulta in longer deloy pericd secouse of the
lowest awerage pressure and temperature during the deley period .
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5- 0On the basis of the experimental results obtained for a fuel
with a C.N. 49 , the auther suggests that the optimum injection timing
for this type of engine to be 19 C.A.D. before T.0.C. ,when the engine
is running at speed of 1000 R.P.M. and loaded with 9.1 HP, fig.(8).
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T1.{3): The Ittect of Englae Speed on Ignition Delny.
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Fig. (5) Charsctristics of engine at JUOO E.P.M.
for T ll! C.A.D. before 1.0.C.
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Fig. (6) OCharacteristice of engine st 1250 R.P.M.
for 1,219 C.A.D. bafore 1.D.C.
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Fig. (7) Chwracteristico of engine at 1500 R.F.H.
for 1,219 C.A.0. oefore 1/D/C/




[e=]
-

-Burwry uorjsalut jsucebe
A 13391 Ut jsur PEOT juelsuod
W'd"¥ 0001 38 aurbua Jo momuwﬁunuuaua“wm (8) 614

2049
QM«‘U 9z LN 0z nt g
T
33%q - ..\.d.w.\\ Py
n!\\\\c\. \‘. l./!....—.
“\ﬂu . .ﬁm Sy b
" A e [
.0\ %\ .-@ o..lolr
e | \w e N
\\‘.%\\ A e by 0221 9
J.T.n...\ | av ot R 15
\\\~ JOoz=") Sl A £
H 6 =po id
) 16 =pov) { mm
=
s

" M. A. ABU EL-ENIN
-\




