- ek

View metadata, citation and similar papers at core.ac.uk

brought to you by .{ CORE

N”V 1 O 1932

232 . -

TECHNICAL YMOTES

NATIONAL ADVISORY COMMITTEE FOR AWROFAUTICS

Ho. 434

INFLUENCE OF SEVERAL FACTORS ON IGNITION LAG
IN A COMPRESSION-IGWITION ENGINE

By Harold C. Gerrish and TFred Voss
Langley Memorial Aeronsutical Laboratory

Fit CO PY
10 b refurned to '
the files of the Langley

Memoral Aeronautical .
Laboratory. - SRR

Washington A
November, 1932 b


https://core.ac.uk/display/42804915?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

i IMNIIU.' TG Nh

76014255849

NATIONAL ADVISORY COMMITTEE FOR AEROHAUTIGS
IECENICAL NOTE NO. 434

INFLUEHCE OF SEVERAL FACTORS ON IGNITION LAG IN
A COMPRESSION-IGNITIONW ENGINE

By Harold C., Gerrish and Fred Voss
SUMHKARY

This investigation was made to determine the influ-
ence of fuel quantity, injJection advance angle, injection
valve~-opening pressure, inlet-air pressure, compression
ratio, and engine speed on the time lag of auto-~ignition
of a Diesel fuel o0il in a single-cylinder compression-
ignition engine as obtained from an analysis of indicator
diagrams, Three cam-operated fuel-injection pumps, two
pump cams, and an automatic injection valve with two dif-
ferent nozzles were used, Ignition lag was considered to
be the interval between the start of injection of the fuel
as determined with a Stroborama and the start of effective
combustion as determined from the indicator diagram, the
latter being the point where 4.0 X 107€ pound of fuel
had been effectively burned.

For this particular engine and fuel it was found that:
(1) for a constant start and the same rate of fuel injec-
tion up to the point of cut-off, a variation in fuel guan-
tity from 1.2 X 107% to 4,1 X 10 ¢ pound per cycle has no
appreciablo effect on the ignition lag; (2) injection ad-
vanco angle increases or decreases the lag according %o
whether density, temperature, or turbulence has the con-
trolling influence; (3) increase in valve-opening pres-—
sure slightly increases the lag; and (4) increase of inlet- .
alr pressure, compression ratio, and engine speed reducocs
the lag.

INTRODUCTION

Considerable attention has been given during the past
ten years to the delay period, usually termed "ignition
lag,!" occurring in condression-~ignition engines between
injection and burning of the fusl., This lag is found to
occur when fuel is burned in bombs, on heated surfaces,
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and in internsl-~combustion engines, 'Thlé lag is of con-
-siderable importance in regerd to6 engine performance. If
ths delay is $t00 long, = large guantity of fuel will bDe
ignited simultaneously with the consequent 1iability of
breakage of engine parts. . Burning. of the fuel immediately
upon injection wounld permit combustion to be controlled
and the desired form of cycle to be obtained by controlling
the rate of injection. Engine performance would be consoc~
gquently improved and the life of the engine parts length-
enod, '

No particular factor has boen definitely shown to con-
trol 1gni€ion lag, 2lthough various factore influence it.
A su¥vey of the rocent literature gshows that the chemical
compositlon of thao fuel has a greater offect than.ainy of"
its physical proportios, However, the lag may be influ~
encod by mechanical and thermal meoans, :

The purpose of this 1nvestigation wag to dotormine by

analyseos of indicator diagrams takon from a compresm.on-

ignition engine the 1influonce of- fuel guantity, injection
advance angle, injoection valve-oponing pressure, inlet-air
pressuro, comprossion ratio, and ongine speed on the time
lag of auto-ignition of a Diesel fuel oil,  This time lag
ig considered as the interval between the. appearance of

the spray at the fusl-injection valve nozzle and the time
when analysis of the indicator diagram shows that an arbi-
trary welght of fuel has been effectively burned., In speak-
ing of fuel burned or of combustion, "effective" will be
inmplied and will mean -the combustion of the guantity of fu-
ol deducible from the indicator diagrams and will not in-
clude that dlssipated as heat losses. This investigation
was conducted by the National Advisory Committes for Aero-
nautics during the spriag of 1932,

AFPARATUS AWD MEBTHOD -

For this analysis indicator cards were obtalned from
sovoral invostigations made on tho N.A.C.A. universal test
engino described in reforonce 1L, Tho cylinder head used
had a combustion chambor formed between the horizontally
opposed inlet and oxhaunsgt valves as shown in Figure 1,

Tho combustion chanbers: were.idsontical for all tosts except
that three different spacer. rings wero usocd betweon tho
cylinder and the’ hoad to. change the compros51on ratio,.

For & conmpression ratio of 12,6 the head shown as (a) was
usod; for a compression ratio of 15,3 the head shown as
(b) was used,
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Three fuel inJection pumps Were used during. this in-
vestigation. Ong was a Bosch pump and the others were No.
7 and No. 7-A putips, develcped at this laboratory. The
Bosch pump is described in reference 2, The o, 7 pump is
the pump described in reference 3. The No. 7-A pump is
similar in design but has a larger plunger diameter. Two
different pump cams were used with the dlaboratory punps,.
Reference 4 shows the pump-plunger displacement resulting.
from the use of these cams with No, 7 pump. Two fuel-
injection nozzles were used with the automatic injection
valve, Both nozzles had six orifices in one plane so di-
rected as ‘to form a fan-shaped spray coincident with the
largest section of the combustion chamber. These nozzles
were designed according to the proportional~area princi-.
ple described in reference 5, The orifice areas of theso
nozzles were slightly different, being 0,00072 and 0,00079
square inch. The nozzle having the smaller area was used
for both the 12,6 and 14,8 compression-ratio tests; the
other nozzle with the larger orifice area being used for
the 15,3 compression~ratio tests.’

The .fuel used was a commercial grade of Diesel fuel
0il having a specific gravity of O, 847 and a ‘Saybolt Uni-
versal viscoslty of 41 seconds at 80° ¥, -

A .4-inch Roots~type supercharger with a pulsation-
dampening tank was used in the tests of varying the inlet-
alr pressure.

. FPigure 2 shows a typical indicator diagram taken with
a modified Farnboro engine indicator. (Reference 6a) The
samount of fuel burned at different positionsg during the
.cycle was determined by the method described in a report
on the analysis of indicator diagrams now being prepared.
The time of spray start was Qetermined by observing with
e Stroborama the spray injecting into the atmosphere., It
was found for the injection systems used that neither air
pressure nor engine speed had an appreciable influence on
the start of injection. )

The, inveetigation was divided into four sections to
...shaw the effect of: (l) variable fuel guantity, (2) va=
- riable injection advance aigle (I.A.A,), (3) variadle
inlet-air’ preseure, and (4) variable speed. Tests were
nade, under (2): for varlous inlet-air pressures, compres—
sion ratios, and ‘injection valve-opening pressures, Com-
pression ratios of 12.5, 14,8, and 15.3 and valve-opening
pressures of 3,000, 4,650, and 5,600 pounds per square
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inch were used The fuel quantity was varied from

142 X 10™% to 4,1 X 10~ % pound per cycle; inlet-air abso-
. lute préssures from 20 to 40 inches of mercury; and engine
speads from 1,000 to 1,750 rep.ms All test data except
taose for the variatle speeds Were taken at 1 500 r.pe.n.

RESULTS AND DISCUSSION

Analysis of a largo number of indicator diagrams has

shown that the determination of the actual start of combus-

tion is quite difficult, Figure 3 has been prepared to
show the effect oh ignition lag of counsidering different
quantities of fuel turned as the start of combustion; An

inspection of the figure shows that all curves have thé
sane trend irrespec¢tive of the amount of fuel burhed. The

least quantity of frel burned that gives the smallest vari-

ation of the time lags from a smooth curve is 4.0 X"107¢
pound., Sinmilar results have beea obtained in other indi=
cator diagran analyqes and therefore ignition lag is de~
fined in this report as the period between the .start of

fuel injection and the time when 4,0 X 107% pound of fuel'”

Las been burned.

It is realized that the ignition lags '‘bdsed on tﬁie
definition are longer than i1s the case when no fuel is
burned. However, owing to the small amount of fuel that '

is burned during the delay period and to the composite in-

dicator diagram being analyzed, it is dlfflcult to obtaln
definite trends by considerling the start of combustion to-
occur when smaller fuel gquantities are burned.o

The results of the investlgatlon are shOWn in Flgures'

4 to 9. The figures, however, camnnot be correlated be—
cause each represents a series of runs made under diffep-
ent engine conditions. - -
Tuel guantity.- Figure 4 shows the effect of fuel =
uantity on ignition lag. These curves Wersg obtained un-

der test conditions which were constant for each curve,

except that the quantity of fuel injscted was varied by

changing the time .of cut-off of the fuwel “spray. The curves

show that for a consﬁant ‘start and’ the sang: rate of ‘injec-
tion up to the point of crit-off & variation:in fuel quan-
tity from 1.2 X 107%* to 4.1 X 10 %pound per. cycle has no
appreciable effect on 1gn1t10n lag, . .. = S

*
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Iniection advance ggg;g.— Figures 5 and 6 show the
effect of I.A.A., oOn ignitlbn lage It will be noted that
the curves in Figure 5 and those in Figure 6 for..all inlet-
air pressures of less than 38 inches of mercury’ are con-
cave upward. Above this pressure the curves are .concave.
downward, This reversal in trend of the curves is appar-
ently independent of compression ratio for the same effsct
is noted for two compression ratios., (Soce fig. 6.,) The
variation in the ignition lag shown in the figures is prob-
ably dus to combinations of the effects of density, turgu-~
-lencoe, and tomporature of the air, Neumann (reference 7)
found that as the difference betweon the air temporature
and ignition température of the fuel, which decreases with
donsity, incrszasss thoe ignition lag decroases and also

that the lag-decroases with incroased turbulence, Dicksoce
(reference 8) found the lag" to decroase by increasing tho
IoA.h, from. 0° %o 12:5° in oné engine, but in another with
a roro dofinito and ordeérly air flow an increase of I.A.A.
frpm 15° to 24° increased the lag.

. Valve—opening;preesureo~ Figure 5 also shows the ef-
gfect of valve- -opening pressure (voeoeDeYy on ignition lag

- £or two different ‘fuel pumps. In both cases it is seen
taat an increase in'v, oop.'resulte in a slight increasse in
lag. Increasing the v.o0.p. increases the rate of injec-
tion (reference 2) and the fineness . and uniformity of at-
omization of the spray., - (Reference %.). An increase in
the rate of injection tends to increase the lag becauss
of the increased quantity of fuel present in the enginse
-cylinder which requires 'a greater quantity of heat to be
-absorbed by thé fuel to attein its ignition teomperature.
A decrease in drop size should -deersase the lag because
less time would bes required for the smaller liquid parti—
cle to abtain its ignlblon teqperature.- _ .o

"Inlet—air pressure.- The'effect.of_variahle-inleteair
pressure is shown in Figure 6. It will be noted that as
the pressure increases the ignition lag decreases, This
change was not due entirely to pressure, because the inlet-
air temperaturs increased From 80° to 125° P. for. this
range of inlet-air pressure on account of the heat added
to the air by supercharging., The combined effect of thess
two factors probably controlled the reduction in ignition
lage A cross-plot of these curves skows that ignition lag
decreases lineally with increase in inlet-air pressure,
For a large range of inlet-air pressures this statement is
not strictly true, as shown in Figure 7. However, the
deviation is small and for all practical purposes it nay
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be concluded that iénit;on 1ag decraases 11neally with
increéase in inlet-air pressure, These résults substanti-
ate those obtained by Mucklow (reference 10), who found
that the ignition lag incresased lineally as the 'inlet-air
pressure was reduced below-atmospherlc, the slope ‘of - his
curvo increa51ng, hcwaver, with the power output. '

, _ gompression ratio.~ Figure 8 shows the effect of com=
pression ratio on ignition lag, It will be seen that the
lag is reduced by increasing the. compreasion ratio. The
main reason for this decrease is. probably the greater
difference at large compression ratios between the temper-
ature of the compressed air at ignition and the ignitioh
temperature of the fuel. (Reference 7.) It should be
recalled that during this serles of tests different fuol
pumps and injection nozzles were used, but it is believed
"that althouzh these factors may influence the lag, their
offect is small compared with that of compression ratio.

Bngine speed.— Figure 9 shows .that.ignition lag de~
creases a8 the engine speed 1g 1ncreased from 1,000 to
1, 750 T.pems The effect is due to the comblnatlcn ‘of the
.,influence of s&ir temperature, turbulence, &nd initial rate
of injection. The first two factors increase with engine
speed and reduce ignition lag, whereas the 1atter (refeor-~
ence 2) also increases with enginse speed’ and, as‘dlscussed
under the section ol valve~opening pressure, increasss
the lage.

In this test, indicator diagrams were taken for engine
spoeds from 1,000 to 1,750 r.p.mo,, the I.A, A, varying fronm
3 to 11 crank degroes, -4n inspection of the unsupercharged
results of Figure 6 for a compression ratlio of 15,3 shows
that for this range of advance angles the variation ia lag
ig smalls Thersfore, the curve of lag against speod was
drawn considoring the advance angle to be constant.

Dicksee (refersnce 8) found the same effect for engine
speeds above BOO r.p.m,, but for lower speeds he found
that the ignition lag decreased,
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CONCLUSIONS

Ignition lag, when defined as the period between ths
start of. fuel injectlon and the point at which analysis
of the indicator diagram shows that 4,0 X 107€ . pound of
fuel has been effectively burned, shows a aefinite trend
of- the influence ofnseveral engine factors.

Lo For a constant start and the same rate of fuel
injection up to the point of cut- of f a variation in fuel
quantity from 1.2 X 107% to 4,1 X 10™* pound per cycle
tas no appreciable effect on ignition lag.

2., Injection advance angle increéases or decreases
the lgnition lag according to whether density, temperature,
or turbulence has the contro‘ling influence,

3.- Increase 1n valve-opening pressure slightly in-
creases the lage .

4. Increase in inlet-air pressuro, coupression ratio,
and engine speed reduces the lago . ‘

peo t

Longley Memorial Aeronautlcal Laboratory,
National Advisory Committee for Aeronautlos,
Langley Field, Va,, QOctober 19, 1932.
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