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TECHNICAL NOTE NO, 710

A COMPARISON OF IGNITION CHARACTERISTICS OF DIESEL FUELS
AS DETERMINED IN ENGINES AND IN A CONSTANT-VOLUME BOMB

By Robert F. Selden
SUMMARY

Ignition-lag data have been obtalned for seven fuels
injected into heated, compressed air under conditions
simulating those in a compression-ignition engine. The
results of the bomb tests have been compared with similar
engine data, and the differences between the {two setsy of
results are explalined in terms of the response of each
fuel to variations in air density and temperaturs.

INTRODUCTION

Barlier tests with the N.A.C.A. high-teunperature
bomb (reference 1) have shown that the ignition lag at
the highest bombd temperature is roughly twice that for
the same fuel in an N.A,C,A, high-speed Diesel engins hav-
ing a2 comparable air density at top center. The minimum
engine ignition lags reported by Schweitzer (reference 2)
are in substantial agreement with those obtained with the
bomb,

It has been reported (reference 3) that the C.F.R,
engine fuel ratings are in substantially the same order
when either the critical-compression-ratio (C.G.R.) or
the ignition-delay method is used,., The fact that the
C.C.R. method involves loanger ignition lags than the de-~
lay method indicates that the bomd would also give com-""""
parable ratings provided that the greater air turbulencs
in the engine wasg not an influential factor, On this
basie, tests were made in the bomd with fuels of differ-
ent lgrpition gualities, or different cetane numbers, to
determine the limitations of this apparatus for rating
fuels. The test conditlons included bPomd temperatures of
870° and 1,155° ¥, and air densities of 0.59, 0.89, and
1.18 pounds per cubic foot. ' B
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The engine data with which these results are compared ¢
were obtained with an N.A.C.A, displacer-type compression-
ignition engine at 2,000 r.p.m. and & compresslon ratlio of
14.5 (reference 4),

FPURELS TESTED

Seven fuels have been tested in the bomb, three of
which were obtained by adding an ignition accelerator to
a single base fuel designated T, Diesel in the tabdble and
the figures. IBthyl nitrate was used for two of these
fuels and a commercial Diesel dope for the third fuel.
The four other fuels used in the bomb were selected from
among elght fuels tested by .this laboratory in a compres-
sion-ignition engine., The properties of the eight previ-
ously tested fuels are listed in table I; the propertlies
of the thres fuels wlth added ignition accelerator are t
not evailable, With the exception of the N.,A.C.A, engine i
data (the ignition lags, the maximum pressures, and the
maximum rates of pressure rise), all the data in this ta-~
ble were furnished through the courtesy of the Unilted
States Naval Bnglneering Experiment Station, Annapolis,
¥d. The cetane ratings were obtained by the procedure
recommended in refersence 3, using the constant ignition-
delay method with a modified magnsetic pick-up.

RESULTS AND DISCUSSION

The ignition lage obtained both in the bomb and in
the N.A.C.A., engines depend upon a slight increment of
pressure to denote ignition; whereas the cetane numbers
cited depend upon an ignition denoted by the attainment
of a certain rate of pressure rise after ignition. The
two methods can give comparable results only if the rate
of pressure rige and the smallest detectable pressure
increment are determined by the true ignition lag and are
not influenced by the viscosity, the surface tension, the
distillation charscteristics, or other physical proper-
ties of the fuel, The bomb records obtained 1n this study -
would be ideally suited to test the validity of this
point were 1t not for the fact that theilr pressure and :
time scales are too condensed to permit an accurate de- [
termination of the initial rates of pressure rise, That
the lags and the cetane numbers- for the usual range of
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Dicsel fuels are in general agreement 1s lndicated by the
small deviation in cetane equivalent from one lznitione
indication method to another (references 3, 5, and 6).

The records reproduced in figure 1 are typical and
show the effoct of ignition lag on combustion. Both rec-
ords were takeon under identlcal conditions except for zas
temperature. I¥ ig evident that, in spite of a much
longer ignition lag, the low-temperature record indicatos
complete combustion in about half the time required at
the higher temperature. Thisg result is believed %o be
good eovidence that slow burning in a compression~ignitlon
engine is not entirely a matter of inadeguate mixing of
fuel and air. Such mixing should have been Just as sat-
isfactory, in a given time, at one bomb temperature as
another, irrespective of whether or not combustion was
taking place. If anything, the earlier combustion at the
higher bomd temperature should have increased the rate of
mixing and therefore the rate of pressure rise becauss of
the induced convection currents., The high rate of press-
ure rise,. in addition to the vibrations evident in the
low—-temperature record, is an excellent reason why long
ignition laecs are not nermlssible in an envine. '

The ignition 1ags for each fuel and test conditlon
shown in figure 2 are averages of the most consistent val-
ues obtained for several fuelwalr ratiocs ranging from
0.0400 to 0.0167. 'In general, the ignition lags for all
fuel—~air ratios were reproduceable and in agreement within
0.0003 or 0.0004 second or better. Thisg varlation in the
ignition’ lags is too great for checking to within one or
two cetane numbers,.as mey be ‘seen from flgure 2 and from
the corresponding cetane values in tadble I. In fact, this
variation would have to be reduced by a factor of =2t least
10 in order to check to within one cetane numbar,.'as is
now possible with the C.F.R. Diesel and the various igni-
tion indicators that average a great many cycles. Further
improvements in the bomb instrumentation and operation
should conslderably reduce thse. existing variation 1ia lag.
The optical indicator (reference 1) used in the bomb tests
was not completely satisfactory either optically or me-
chanically at the high temperatures employed in these
tests.,

.Figure 2 shows the same tsndency for the ignition
lags of all fuels to converge with increasing .alr densiw
ties and temperatures as they do with a decreasing injec=—
tion advance angle (refecrence 7). Whon ignition accurs
before top center, docreasing the injection advance angle
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is egquivalent to using a constant advance angle and in-
creasing the compression ratioc which, in turn, is equiv-
alent to inereasing the air temperature and density in
the bomb, Michailova and Neumann (reference 8), as well
as Schweitzer (reference 2), have also noted this ten-
dency for all fuels to approach a limiting lgnitlon lag.

In addition to the relative ignition-lag order for
fuels under specified engine conditions, the change in
this order with decrease in compression deansity and tem-
perature may become of interest in the rating of fuels for
aircraft Diesel engines reguired to operate above the
critical altitude of the engine. This change in the bomd
rating order with air density is illustrated by the curves
that cross in figure 2, A similar change with temperature
1s shown in figure 3 by the divergence of the Marine
Diesel fuels from the trends exhibited by the other fuels.

No particular difficulty 1in obtaining sultable fuels
for aircraft Diesel engines 1s expected, howsever, for sev-
eral reasons: () Some margin in ignition quality will
always be necessary to secure good starting characteris-
tices; (b) sufficient margin in ignition guality will not
greatly increase the initial fuel cost; (c) the increase
in ignition lag with altitude can be wholly or partly
compensated by an increase in injection advance angle
(reference 9), the rate of pressure rise being the only
limiting factor; and (d) the possible variation in lag
becomes smaller the greater the air temperature and den-
sity or the higher the cetane egulvalent of the fuel, as
igs shown by figure 2. PFor these reasons a change 1lIn rat-
ing order will not be serious, particularly if the fuels
prove satlsfactory under sea-level conditions and the
change in rating order occurs at a relatively low density
or tempeorature, Such a change is evident iIn figure 2 for
the L, fuel plus 5 percent ethyl nitrate and the L,

fuel plus 2 percent commercial dope &t 807° F. The type
of change shown by the No, 3 furmace oil and the Marine
Diesel fuel at the same temperature, however, might be
objectionable. In any case, if the fuel-ignition require-
ments warrant such a procedure, the fuel ratings can be
determined under simulated altitude conditions elthsr in
a suitable bomdb or in an engine.

In figure 3, the ignition lags of several fuelse in
an N.A.C.A. engine and in the bomdb at two temperatures are
shown plotted against their respective cetanse numbers,
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All the bomb data correspond to an air density of 0,89
pound per sguare inch, this value being approximately the
maximum density ln the engine.

The ignition lags for the Marine Dlesel fuel in. the
bomb were much too great to.be consistent with .the lags
for the other fuels.. This: frregularity became smaller the
higher the temperature and,-of course, must disappear al-
together in the C.F.R. Diesel 8ince the rating méthod
stipulates a constant ignition lag for a2l1ll fuels, Dotted
curves have been drawn between the points for the other
fuels on the assumption that these curves most nearly ap-
proximate the curves that would be obtained with mixtures
of the reference materials - cetane and alpha methyl-
naphthalene., Both curves show the same tendency to flat-
ten out toward the right of the figure, as they must in
order %o avoid crossing in the region of fuels of high
ignition quality.

In the case of the N.A,C.A. engins data, the Marine
Diesel fuel is again slightly irregular but the deviation
is in the opposite sense from that observed in the bomb,
This deviation, though small, 1s believsd to be greater
than the experimental sesrror in view of the consistency of
the other data, Thls ressult indicates that the effective
temperatures prevalling in the N.A,C.A. engine are some-
what higher than those in the C.F.R. engine. The engine
and the bomb data also show thaet the lower the temperaturs,
the greater 1s the variation in ignition lag per cetane
number, particularly in the lower cetane region. Other
conditions being equal, therefore, the higher the effoce-
tive air temperature and density in an engine, the less
sengsitive that engine should be to the ignition quality
of the fuel. T

CONCLUSIONS

1. The rating order for certain Diesel fuels, as in-
dicated by the ignition lags ian the bomb, may change with
variations in elther air temperature or density.

2. Usually, the lower the air temperature and density
at which ignition takes place, the greater is the spread
between the ignition lags of two fuels,

3. With the exception of the Marine Diesel fuel, the
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rating order obtained with the bomd was the same as that
with an engine,. “

Langley Memorial Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Fileld, Va., April 28, 1939.
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¥.L.0.A. Technicsl Note ¥o. 710 : Table 1
TABLE I{a) - PROPERTIES OF DIESEL FUELS

oylinder . Flash
Fuels Ignition lag, Cetane |pressure, bslance{ Maximum rate Speocific point,;
N.A.C.A, eéngine] number (l%.uphre.sm of pressure rise srarity, closed. oup
gaecg ! N ___ggé ;§

E_fg. S Iurgn-oe omﬂ‘_ N 259.9 ]jgﬁ s o

percen a:
25 percent 8 % .00083 42.5 8715 440,000 . 799 | below
cofane gasoline 80
Ho, 3 furnace oil
&nd 1 percent ethyl
nitrate « 000835 47.7 960 650,000 875 125
Navy submarine } -
T=0-20% 00079 49.2 930 600,000 .852 188
Marine Diesel® »0005T7 58,0 930 . aao 000 . +BA&3 182
Navy airoraft M306 00075 59.9 935 : 610,000 - | -
Ly Diesel® . 00071 62. 920 520 000

and 1 percent .
isoamyl nitrate + 00054 &8. 950 280,000

Baybolt : )
Fael Gl:g% Pot;.rt universal barbodn gro:s iinj. mwrimﬁlgsatuz\ thegonh-ntl.cn
els D n residue ea ny
(.8 ) %8 . kgg—'{&&'i‘. (percent) s :h‘elb o;nt volumoﬂ

_ (sec, N(sec . Lol . roen
No. & Turnaoe olRfiistwtl =65 B | 0,022 . I%E_Q'. 1
75 percent and K
25 percent 8 8 10 42 35 0% 19,775 L T1 T6.7
octane gasoline
No, 3 furnsce oil
and 1 percent 10 =25 57 38 <126 19,257 130 63.5 2,6 16,5 | 17.4
ethyl nltrate
Navy subrarine .
T-0=20 12 10 65 39 - « 025 19,660 57 67.3 6.9 15.8 | 10,4
Marine Diessl® 14 15 61 38 017 19, 578 61 0.9 2,3 17.2 9.6
Navy alrcra.rt K30 - - - - - . - - - -
Ll Diesel® ' 28 25 93 44 .010 20, 042 186 - - - b
Ly and 1 percent h28 25 86 43 4 .062 19 696 85 75.3 .3 18.2 8.1
iscamyl nitrate

TABLE I(bj - DISTILLATION GHARAOTZRISTICS OF DIESEL FUELS

First
op | 50c [L0ce,l 20cq] ch 40cq Oca Ql80cg[90cq | End point| Recovered
Fuels %EF.) OF) [(°F)(OF. }|OP. )| CF.) (°Ft} 6“:".) 33?) OF.) ﬂ‘.? (°p!‘-1) ?Percent.)
No. & furnace oll®| o715 |42k 456 4701484 | &9T| 52| 527| 547( 581 640 98.7
75 percent and
25 percent 8 B 135 (169 | 182| 224| AT 550 | 560 570 580( 59&] 617 658 97.8
octane gasolline
Ho. 3 furnace oll 212 1428 | 442 A62| 476(490 | 504| 518 | 534| 556 590 |, 6aT 98.3
and 1 percent }
ethyl nitrate i
%{2 ggbm.ar:.ne 421 |A51 | 475 492| 508|521 | 535 | 545 | 558| 574 | 600 661 98.7
fgarine Dieseld 408 (440 | 453 | 4T2| 4931509 | 525 | 541 | 559| 582 | 619 673 98.4
Ravy nlrcrart M306 - - - - -] - - - ) - - - - -
Ly Dieseld 529 [|540 | 546 | 554 5611568 | 575 | 582 | 5901 602 | 622 672 98.4&
Lj and 1 percent 188 20 | 545 ) 554| 561|568 | 575 | 583 ;591 | 601 | 622 660 98.0
1goamyl. nitrete
“Fuels tested in the boab,
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870°F. Bomb temperature
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Figure 1.~ Effect of ignition lag on combustion. L] Diessl fusl plus

5 percent esthyl nitrate; alr density, 1.18 pownds per cubic
foot; foal-air r‘tio. 0.033.

1 %
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OLL “OF 930K TWOTUROR]

180 x 1074 T ‘A Boab 870° F,
ex10™* - —
o Yo. 3 furnace oil \ O Mo. 3 furmmgs oll
O Mevy submsaring 7-0-230 X 2 g HMavy subwarine 7-0-20
10 A MNarins Diesel N A Marins Diesel
+ Ly Diessl \\ + I n:;.;:
1 nitrat 80 Y A [ us 1 parcont
v g plus 2 poroant o':hw mtnt: N h in ), nitrate
X 17 plusz B peroent ethyl mitxs \ o 75pmmmth1p1uﬁpmmt'
120 5 In plus 3 percens oommsrcial dope g
N 7 No. 3 furmace 01l plus )
52 ~ peroont othyl miirete
~ N < Navy alroraft M 300
.
200
g \
- - 44
‘? *\ \\ 2.
80 -
4
'g 1\}\\\.N"'\ gﬂ
\‘ - | Bomd E
E ” \ N N te@m?un ey
™~ B ] |
\\\ﬁ\ 870° ¥, E
\1 —, »
| ] N Bowb 1,185°F.
40 —
4\ \"‘N—. \
20 N,
=1 A
20 ] — Y ~
— 1,155°7. S
.4 13
N.4.0.4.
o Measel — |
o 8 .B 1.0 1.2 1.4 =
Alr density, 1b./ou.ft. | 1
Tigurs 3.~ Effeot of air temperabure and dansity on ‘O 20 40 80 a0 100
ignition lags in & bomb, _ g.F.R. ostans number

Tigure 3.~ Cesparisen of N.A.0.A. engine and bowd ignition lags.

¢'e el¢y



http://www.abbottaerospace.com/technical-library

