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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS
TECHNICAL NOTE NO., 1616

KNOCK-LIMITED FERFORMANCE OF SEVERAL BRANCHED
PARAFFINS AND OLEFINS

By R. S. Genco and I. L. Drell

SUMMARY

The knock-limited performance of 2,2,3,3-tetramethylpentene,
2,4-dimethyl-3-ethylpentane, 2,3-dimethylpentane, and 2,3-dimethyl-
2-pentens, individually blended in several base fuels was determined
in F-3, F-4,and supercharged 17.6 engines, Temperature sensitivity
of the fuels is shown by compression temperature-density curves com-
puted from knock deta at five compression ratios on & modified
F-4 engine; these curves are also presented for blends of
2,3,4~trimethyl-2-pentene and 3,4,4-trimethyl-2-pentene, whose knock-
limited performance was previously reported.

The engine conditlions of this investigation are roughly class-
ified as to degree of severity and this concept is used in compering
these compounds with other selected hydrocarbons.

Of & group of high-performance paraffins, the 2,2,3,3-
tetramethylpentane blend was the best for high knock-limit at con-
ditions of mild or moderate engine severity, but at more severe
conditions 1t was the pooresgt of the group; at severe conditions
(F-3), the triptane blend was the best; at very severe conditions,
more severe than F-3, the relatively insensitive fuels such as
isooctane were thought to be as good as or better than any of the
others. For high antiknock performance in blends over a fairly
wide rangs of engine severity, triptane may still be consldered the
best liquid paraffinic hydrocarbon known.

INTRODUCTION

An investigation to determine the antiknock effectiveness of
selected compounds as blending agenbs for aviation fuels is being
conducted at the NACA Cleveland laboratory. As part of thils study,
the NBS (National Bureau of Standards) Hydrocarbon Fuel Research
Laboratory nas prepared and submitted to the NACA for investigation
in engines 13 paraffinic and 5 olefinic hydrocarbons of high purity.
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Enock~limited-performance data on most of these hydrocarbons are
presented in references 1 and 2,

New knock date on alx NBS hydrocarbons are presented hersin
and ratings of all the NBS hydrocarbons submitted are compared, ,
Blends of each hydrocarbon with reference base fuels were investl-
gated on four small laboratory engines; information was thus pro-
vided on the followlng knock-limited-performance factors: F-3 and
F-4 ratings, mixture response in the F-4 and 17.6 engines, lead
sugceptibllity and Inlet-air-temperature sensitivity in the
17.6 engine, and compression-alr-temperature sensitivity in a
modified P-4 engine as shown by compression temperature-density
curves,

FUELS, APPARATUS, AND METHODS

Fuels, - The National Bureau of Stendards provided 7 to 10 gal=
lons of each of the following fuels:

2,2,3,3-tetramethylpentane 2,3~-dimethyl-2-pentene
2,4-dimethyl ~-3-ethylpentane 2,3,4-trimothyl~2-pentene
2,3~dimethylpentane 3,4,4-trimethyl ~-2-pentens

The three paraffine and 2,3-dimethyl-2-pentene were individuvally
blended in & concentration of 20 percent by volume with 8 reference
fuel with and without 4 ml TEL per gallon. All six of the hydrocarbons
were individually blended in a concentration of 25 percent by volume
with a base fuel consisting of 87,5 percent S plus 12.5 percent n-heptane
plus 4 ml TEL per gallon in the final blend,

The two trimethylpentenes were rum only in the modified F-4 englne;
F-3, F=-4, and 17.6~-engine data for these two compounds are reported
in reference 2.

Apparatus. - A description of the ¥-3, F-4, and 17.6 engines mey
be found in reference 3. The modified F-4 engine 1s equipped with a
four-hole cylinder, dual ignition, and a shrouded intake valve. A
pressurized-water coolant system was used with the Jacket-outlet tem-
perature maintained at 250° F,

Methods, ~ The following table presents an outline of englnes
(except F-3), engine variables, and fuel composition:
2
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Engine variables Fuel composition
Com~ | Coolant| Inlet- | Spark Base fuel |Hydro- |[THEL in
Englne|pres-| temper-|air advance carbon | blend
sion |ature |temper-|(deg in blend| (m1/
ratio| (°F) |ature |B.T.C.) (percent| gal)
(°rF) by
volune)
17.8] 7.0 212 100 30 S 0, 20 0
250 S 0, 20 0
100 S 0, 20 4
250 S 0, 20 4
250 87.5 percent S{ 0, 25 4
+ 12.5 percent
n-heptane
F-4 | 7.0 375 225 45 |87.5 percent S| 0, 25 4
+ 12.5 percent
n-heptane
‘Modi-
fled
P-4 | 5.0 250 250 20 |87.5 percent S{ 0, 25 4
6.0 + 12,5 percent
7.3 n-heptans
8.7
10.0

The engines were run at a speed of 1800 rpm, All blends were tested
with an F-3 engine conforming to Army specification AN-VV-F-746,
Amendment-l..

Opersation of the F-4 engine conformed to Army specification
AN-VV-F-748a, Amendment-l, except for the use of two independent fuel
gystems and the detectlon of inciplent knock by a magnetostriction
intermal pickup and a cathode-ray oscllloscope.

RESULTS

F-4 mixture-response curves for the hydrocarbon blends are pre-
gsented in figure 1; F-3 ratings and rich (fuel-air ratio F/A of 0,11)
F-4 ratings are given in table I. The F-4 ratings in terms of per-
centage S plus 4 ‘ml TEL in n-heptane plus 4 ml TEL were obtained from
reciprocal imep plots and converted to Army-Navy performance numbers
as described in reference 4.



4 NACA TN No. 1616

A summery of F-3 and rich F-4 ratings for all the NBS hydro-
carbons submitted, arranged to facilitate comparison on the basis
of molecular structure, is presented in table II in texrms of the
ratio of performance number of blend to performance number of bese
fuel, This ratio was used to put all the F-3 data on a more com-
parable besls lnasmuch as several base fuels with slightly different
composition and performence were used; for simplicity, the F-4 data
were put on the same basis. Data for isooctans blended with the
bage fuel consisting of 85 percent S plus 4 ml TEL in M plus 4 ml
TEL are also included in table II; the F-3 value was estimated by
linear interpolation between the performance numbera for the base
fuel and for 100-percent S plus 4 ml TEL (25 percent isooctane in
the bese fuel is essentially the same as 88,75 percent S plus 4 ml
TEL in M plus 4 ml TEL).

The 17.8-engine mixture-response curves for the hydrocarbons
blended in two bese fuels with and without lead and at two inlet-
alr temperatures are presented in figures 2 and 3. Indicated meen
effective pressures at five fuel-air ratios and imep ratios of blends
relatlve to base fuel In the 17.8 and F-4 englnes are given in
table III. From the data in table ITI, relative inlet-air-temperature
sensitivity and relative lead susceptibility in the 17.6 engine were
computed and are shown in tables IV and V, respectively.

The data for the modifled F-4 engine are presented in figures 4
and 5 as curves of knock-limited alr flow against fuel-air ratio,
From this data, compression-alr densitles and temperatures at five
fuel=alr ratlos were computed and the resulting faired curves are
shown in figure 6. The 2,4~dimethyl-3-ethylpentane blend was not
run in the modified F-4 engine because of the limited quantity of
thls fuel. Table VI presents average compression-alr-temperature
sensitivities of blends and of blends reletive to base fuel in terms
of the ratio of kmock-limited compression-air densities at compression
temperatures of 1400° and 1700° R,

DISCUSSION

Methods of comparing fuels, - Because fuels may rate in a
different order when tested under different oconditions, comparing
the knock-limited performance of different fuels and generallzing
therefrom is difficult. From a consideration of chemical kinetilocs,
1t 1s believed that the knock-limited power of a glven fuel-air
mixture is a function of the temperature history of the unburned
gag In the cylinder from the initial conditlions up to the time of
knock and that the effect on the knock-limited power of changing

934
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any engine condition is primarily the effect of the corresponding
change iIn this temperature history. Unfortunately, the rapildly
changing gas temperatures in the cylinder cannot yet be acourately
measured. Another difficulty to be overcome before the compariscn
of fuels can be put on an exact basis that will take account of
any engine condltions is that the temperature history assoclated
with given operating conditions is to some extent also a function
of the fuel,

Two approximate methods of correlating the seffects of at
least a few engine variables upon knock limit will be used in this
report in meking generel comparisons of the fuels. The conventional
method compares the knock-limited power of the fuels at several sets
of conditions that are presumed to cover the ordinary range of engine
severity. An exact definition of engine severity, according to the
preceding discussion, would have to Pe in terms of temperature his-
tory (perhaps for several reference fuels); in other words, engine
severity is a multidimensional concept, & function of several inde-
pendent variables. However, as the term is commonly used (and as it
will be used in the rest of this report), the degree of engine
severity 1s designated by words such as "mild" or "severe" that
correspond to rough units on a one~dlmensional scale. The combining
of several independent veriables into a single entity in this way
can, of course, result only in an approximation. The reason that this
approximation is of any use at all is thought to be that in the range
of engine conditions ordinerily used most of the varilation in engine
severity 1s probably caused by one varisble, namely, temperature,

A further aspproximation may be made by assuming that the effect
of fuel-air ratio is primarily a temperature effect and thus Includ-
ing it in the engine-severity factor. In the following sectlons, the
combined effects of the different engines, operating oconditions, and
fuel-air ratios have been roughly classified as to degree of severity,
and this concept has been used to simplify the comperison of the fuels. .

The other method of meking over-all comparisons of fuels uses
plote of compression-air density against compression-eir temperature;
these plots are suggested in reference 5 in place of the more funda-
mental end-gas density and temperature. References 5 and 6 show the
usefulness of such & plot in correlating the effects of compression
ratio and inlet-air temperature on knock limit., The followlag formulas
are ?sed in computing the coordinates for such a plot (reference 5
or 6):

A A(r-1)

P = =
nvc nvd
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T = T,r 7-1
where
p compression~-air density, pounds per cubic inch
&  inteke-alr flow, pounds per minute
n Iintake c¢ycles per minute
v, engine clearance volums, cubic inches
r compression ratlo
vy engine displacement volume, oubic inches
T compression-air temperature, °R
inlet-air temperature, °R

7 ratlo of specific heat of charge air at constant pressure to 'bha.t at
congtant volune (A retio of 1.4 was used.)

Classification of engine conditions. - Empiricelly, one engine
condition is sald to be more severe than another when at the “more
severe"” condition meny fuels rate lower relative to & fuel like
isococtane whose knock-limited power is kmown to be comparatively
Insensitlive to changes in conditions. In other words, the relative
severity of dlfferent englne conditions might be determined by knock-
testing a group of fuels baving widely differing sensitivities and
then compering the oxders of ratings under the different comditions.

In order to classlfy the engine conditions used in this report,
table VII was complled, which lists for each condition thé order of
the ratings of blends of 11 fuels from this report, references 1
and 2, and unpublished data. The use of F-3 ratings in this compi-
letion might be questioned because they are not true knock ratings,
but in view of the approximate nature of this discussion they were
included.

The double line in table VII emphasizes the fact that the data
for the 25-percent blends in the mixed base fuel cannot be directly
compared with the data for the 20-percent blends in S reference fuel,
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Because the 25-percent blends were not rum with an inlet-alr tem-
pereture of 100° F in the 17.6 engine, data for the 20-percent
blends in S reference fuel are glven to show the change in the
order of rating that is obtalned in passing from an inlet-air tem-
perature of 250° to 100° F.

With some exceptions, the order of rating of a relatively
ingensitive fuel like isooctane goes down in passing from the left-
hand colwms to the right-hand columns (table VII), whereas the order
of rating of a relatively sensitive fuel like 2,2,3,3-tetramethylpentane
(shown to be sensitive in fig. 6 and table II) goes up from left to
right. The conditions are therefore thought to be roughly in order
of engine severity, and the F-3 (and lean F-4) conditlons may be con-
sidered, relatively, to be severe; the rich F-4 (and the lean 17.6-engine
condition with 250° F inlst alr, which gives nearly the same order of
knock ratings) may be considered moderate; and the rich 17.6-engine
condition with 100° F inlet air may be considered mild. The rich con-
dition at 250° F and the lean condition at 100° F in the 17.6 engine
give an order of ratings intermediate between the mild and moderate
degrees of severity, but, for simplicity, comparison will be made
meinly at the three degrees of severity. The terms "very severe" and
"very mild" will be used to designate conditions more severe than F-3
and more mild than the rich condition at 100° F in the 17.6 engine,
reapectively.

Comparison of fuels at various levels of engine severity. - Table II,
which compares all the NBS hydrocarbons submltted, shows that the
2,2,3,3~tetramethylrentane blend gave the highest F-4 rich rating and
the lcwest F-3 rating of the entire group of 14 high-performance paraf-
fins; it was also the best at all the 17.6-engine conditions (table III).
In other words, the 2,2,3,5~tetramethylpentane blend gives excellent
knock~limited power at moderate or mild engine conditions but is rela-
tively poor at severe conditions. The triptane blend was the best under
the severe (F-3) conditions.

At least a half dozen aromatics (references 4 and 7) are better
in blend performance than 2,2,3,3-tetramethylpentane at both F-3 and
rich F-4 conditions but no aromatics are known to have F-3 blend per-
formance quite ae good as triptane and a few other paraffins., However,
methyl tert-butyl ether is better in blend performance than eny of the
peraffine at the severe F-3 conditions as well as at milder conditions
(unpublished data).

Of the 14 blended paraffins, those least sensitive to changes in
engine severity as shown by the relative changes in ratings in going
fron the more severe to the less severe conditions in tables II and VII
(the fuels in table VII are roughly in order of sensitivity) were
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isopentane, neohexane, 2,3-dlmethylpentane, 1sooctane, and 2,2,4,4-
tetramethylpentane; those most sensitive to changes in engine sever-
ity were 2,2,3,3-tetramethylpentane, 2,3,3,4-tetramethylpentane, and
2,2,3,4~tetramethylpentane, Over the range from F-3 to 1l7.6-engine
conditions, the triptane blend was intermediate in engine-severity
sensitivity. Reference 6 shows, however, that at very severe condi-
tions stralght triptane becomes highly sensitive to engine severity
and gives lower knock-limited power than S reference fuel.

From the date of reference 6 and from the trend shown in
table VII, it seems likely that at sufficiently severe conditions
blends with relatively insensitive fuels like isooctane would have
a knock limit equal to or higher than that for blends with triptane
and other relatively sengitive hydrocarbons.

Some of the blended olefins, such as 3,4,4-trimethyl-2-pentense,
geem to be 1In general less sensitlive to engine severity than some
pareffins, such as 2,2,3,3-trimethylpentene, However, all five
blended olefins were more sensitive than the insensitive paraffins,
such as igooctane, At very mild conditions, blends with the most
sensitive olefins are probably as good as if not better in lmock-
limited power than blends with any of the paraffins, and especially
if the blends are unleaded. Thus, the unleaded 20 percent
2,3~-dimethyl-2-pentene blend was better in knock-limited power than
the corresponding 2,2,3,3~-tetramethylpentane blend at fuel-air ratios
above 0,115 in the 17.6 englne with an inlet-air temperature of 1000 F
(fig. 2(a)). The blend performance of 2,4,4-trimethyl-l-pentene is
probably better than that of 2,2,3,3-tetramethylpentane at mild con-
dltions by an even greater margin inasmuch as 1t is thought to be
more sensitive than 2,3-dimethyl-2-pentene (table II) and inasmuch as
under moderate (F-4 rich) conditions i1t was far better in knock-
iimited power than 2,3-dimethyl-2-pentene and equal to the corre-
sponding triptane blend (table II).

When the date in table II are examined for possible relations
between molecular structure and knock limit of the blends, only one
such relation seems to be general, namely, the well-known rule that
lengthening any chain in a paraffin lowers kmock limit. (Even this
rule is merely an approximation whether applied to any chain or to
the longest chain in a compound; several exceptions have appeared in
unpublished American Petroleum Institute data.) Thus, the blend
with 2,4-dimethyl-3-ethylpentane has poorer F-3 and F-4 wvalues than
the blend with 2,3,4-trimethylpentane, from which it may be consid-
ered to differ by addltion of a carbon group to the center side
chain; similarly, 2,3-dimethylpentane is poorer than diisopropyl,
erd 2,2,3« and 2,3,3-trimethylpentanes are poorer than triptane.
Other generalizations concerning structure and kmock limit of par-
affins that have sometimes been used 1n the past, such as the effect
of adding a carbon to form a new side chaln, of centralization, and
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of compactness, show some exceptions when they are tried on the data
of this report. The 2,3-dimethyl-Z2-pentene blend has & poorer F-3
rating than the 2,3-dimethylpentane blend and the same trend may be
seen 1n the case of the ¥-3 ratings of the blends of the other ole-
fing as compared to the paraffins from which they differ in struc-
ture only by the double bond. This rule does not, however, apply at
the less severe engine conditions,

Compression temperature-density curves. - The ordinates in fig-
wre 6, the compression-alr densities, may be regarded as propor-
tional to the imep values that would have been obtalned if the data
had been run at variable inlet-air temperature and constant com-
pression ratio. Variable compression ratlo was used only because
the engine severity could be more quickly changed in this way; the
game temperature-density curve would presumably be obtained elther
way (reference 5).

The severlty of the conditlons of the modified F-4 engline was
estimated by noting the compression temperatures at which the rela-
tive order of the compression-alr densities of the six fuels in
figure 6 was about the same as the relative order of ratings for
the same six fuels in table VII. The degrees of englne severity
that have been designated mild, moderate, and severe for this report
were thus estimated to correspond roughly to compression tempera-
tures of 1300°, 1450°, and 1600° R, respectively, at lean fuel-air
ratios (0.085 or 0.070), or 1450°, 1600°, and 1750° R, respectively,
at rich fuel-alr ratios (0.10 or 0.11l) in the modified F-4 engine,
The agreement between the relative order of ratings and the order
of compression densities was far from perfect (as expected because
of the crudity of the entire analysis), but nevertheless these tem-
perature values were chosen to 1llustrate more concretely the effect
of engine severity on knock limit. If these values are assumed
correct, then conditions corresponding to the rich modified F-4
compression-air temperature at the left-hand side of the plots
(about 1300° R) might be designated as very mild, and conditions
corresponding to the lean modified F-4 compression-alr temperature
at the right-band side of the plots (about 1700° or 1800° R) might
be designated as very severe,

The compression temperature-density curves for the five hydro-
carbon blends and the mixed base fuel show the same general trends
previously discussed. The 2,2,3,3-tetramethylpentane blend is the
best in knock-limited power at mild conditions but eventually beccmes
one of the worst at very severe conditions; in general it has the
steepest curve, which means that it is the most temperature-sensitive.
The base fuel is the worst in knock-limited power at very mild condi-
tions but becomes the best at severe conditions; in general 1t has the
least slope, which means that it is the least temperature-sensitive.
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When the entire range of engine severity is considered, the three
olefins fall In between these two extremes both with regard to
kmock-limited power and temperature sensitivity. However, when
only that part of the plot is oonsidered which corresponds roughly
to the range between F-3 engine conditions and the conditions in
the 17.6 engine at an inlet-air temperature of 100° F, the curva-
ture of some of the olefin curves is such as to place them at or
near the bottom of the group.

Inlet-air-t rature gsensitivity in 17.6 engine, -~ The relative
tempereture sensitivity in the 17.6 engine is presented as in pre-
vious reports to provide a measure of the percentage change in knock-
limited power with change in inlet-air temperature from 100° to 250° F,
computed as a ratio for blend relative to base fuel. The data in
table IV show the 2,2,3,3-tetremethylpentane blend to be relatively
ingensitive, which seems to contradict the results obtained frocm the
modified F-4 temperature-density curves,whose slope at any point is
a messure of the absolute temperature sensitivity at that perticular
condlition of engine meverity. These two measures of temperature
sensitivity are on an entirely different basis but even when put on
a similar basis, as by comparing tables IV and VI, a disorepancy still
remains. The following factoras are all thought to contribute to this
discrepancy: difference in base fuel and percentage composition;
difference in range of severity covered; differences in rich-pehk fuela-
alr ratio for the 17.6-engine mixture-response curves with inlet-air
at 100° and 250° P; and experimental error and the approximate nature
of the analysis, which permita only rough general comparison at best,

Lead susceptlbility in 17.6 ine. ~ Lead susceptibilities for
the 25-perceﬁ¥ Eie_ﬁﬁs in S reference fuel of the four hydrocarbons
investigated in the 17.6 engine (table V) were roughly about the same
as for S reference fuel,

CONCLUSIORNS

The following conclusions were drawvn from a comperison of
laboratory-engine date for a group of high-performance paraffins
and olefins in blends with base fuels:

1, At conditions of mild or moderate engine severity, a blend
containing 2,2,3,3~tetramethylpentans has & higher imock limit than
corresponding blends of all other paraffine investigated, but, at
more severe conditions, it is the poorest of the group.

2. At severe oconditions like those corresponding to F-3 ratings,
the triptans blend has the highest knock limit of the group. For high
antilnock performence in blends over a falrly wide range of engine
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severity, triptane may still be consldered the best liquid
pereffinic hydrocarbon known.

3. At very severe conditiovns, more severe than F-3, the
relatively lnsensitlive fuels such as isococtane are thought to
be as good as or better than any of the others in antikmock
performence.

Flight Propulsion Research lLaboratory,
Natlional Advisory Committee for Aeronautics,
Clevelend, Ohlo, March 4, 1948.
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TABLE T — F—4 AND F-3 RAPINGS OF BYNROCAREBON BLENDS
x
<
(Blend compoai.t:.on) F—4 ratings F-3 ratings .
percent by volume - — -
(/A = 0.11) H/—l Perforn- &
Tetra- |8 +4ml Perform- gal ance o
Bydro- | 8 8%.6 peroent | othyl | TEL/gal in anoe nunber
Compound earben l‘:i g-';"—‘ g + 1§i5 lead o~-hsptans + | number
aI'08! nl 4 =l TEL
fusl a-heptane (n1/gal) ( pemon{-?'l
87.5 perosnt B +
12.5 percent n-heptans 0 0 100 87.5 111 0.83 119
2,2,3,5-Tetranathyl~ 25 0 75 >100 8166 0.20 107
pentane
2,4~-Dlnathyl-5-athyl- g2 127 o4& 116
peantane
2,53-Dimethylpentans 88 112 «80 118
2,3-Dinethyl-2-pentene 89 116 ] 100
2,2,8,5-Tetrans thyl- 20 80 0 4 1.14 128
pensans
2,4<Dinethyl-S-ethyl- 2.20 140
pentane
2,3-Dinethylpentana 2.76 146
2,3-Dixathyl-2-pentens . lo8
2,2,3,5-Totranothyl- 20 80 o 0 94,6 64
pantans
2,4-Dlmathyl-S-sthyl- Pgp. 6 B6
pentane b
2,5=Dimethylpentane b96.2 68
2,5=Diaethyl-2-pentene 92.0 78
Satimated perforpance nuuber = of hl:_m x performancs mugber of S + 4 ml TrL/pal.

hCmta.ne number,

-
=

§
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TABLE II - COMPARISON OF F-3 AND F-4 DATA FOR 14 PARAFFINS

[The values 1n this table are compu

ted from values in an
references 1 and 2 un-

Performance-number ratio

Structure Compound relative to base fuel®
F-3 F-4(F/A=0,11)
C-Q-C-C Isopentane 1.09 1.08
c (2-methylbutane) .
C-S-S-C Diisopropyl 1.09 1.16
(2,3-dimethylbutane)
C-g-C-C Neohexane 1.09 1.09
C (2,2-dimethylbutane)
36
C=¢=C~C Triptane Ll.15 1.30
¢ (2,2,3-trimethylbutane)
c-g-g-c-c 2,3-Dimethylpentane Po.99 bi,01
c-g-g-g-c 2,3,4=-Trimethylpentane 1,03 l1.18
¢ ¢
C-5~C-C-C 2,2,3-Trimethylpentane 1.10 l1.28
C-g- -C-C | 2,3,3=Trimethylpentane 1.05 1.23
C-$-C-¢-C | Isooctane ©1.09 1.10
c c (2,2,4-trimethylpontane)
—

8The base fuels (85 percent S 1in

same knock ratings.

M,

“!ﬂ:ﬁ,”

and 87.5 percent S in
n-heptane, both containing 4 ml TEL/gal)} had approximately the

brhese values were computed from values Iin Table I.

Cpstimated valus.
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AND 5 OLEPFINS IN LEADED 25-PERCENT-BY-VOLUME BLENDS

unpublished Nabtlonal Bureau of Standards report and from
less otherwise noted ]

Performance-number ratio
Structure Compound relatlive to base fuela
F=3 F-4(F/A=0.11)
v [
c-g-c-g-c 2,2,4,4-Tetramethylpentand 0,99 0.98
c-g-g-c-c 2,2,3,3-Tetramethylpentand P ,90 b1.39
C
¢
c-q-g-g-c 2,2,3,4-Tetramethylpentane «99 1.25
C
C-g-g-g-c 2,3,3,4=Tetramethylpentans «92 1.28
C
£-G-0-C=C | 2,4-Dimethyl-3-ethyl- b .96 b .,13
C ¢ & pentane
C
c-g=g-c-c 2,3-Dimethyl-2-pentene b0 .84 1,04
c-gzg-g-c 2,5,4-Trimethj1-2-pentene «85 92
C-ng-g-c 39494=-Trimethyl-2-pentens «89 «96
c-gsc-§-c 2,4,4-Trimethyl-2-pentene «90 l1.06
C=g-c-§-c 2,4,4-Trimathyl-l-pentene .88 1.30




NACA TN No.

1616

TABLE III ~ SUPERCHARGED 17,6 AND P4

Compound

Blend composition
(percent by volume)

Hydro-
carbon

)
refere
ence
fuel

87.5 percent

S + 12,5
percent
n-heptane

Tetra=~

ethyl

lead
(ml/gal)

Inlet-~
air

tempera-~
ture

(°r)

17.6 engine

2,2,3,3-Tetramethyl -
pentane
2,4-Dimethyl-3-ethyl-
pentane
2,3-Dimethylpentane
2,3=-Dimethyl~2-pentene

20

80

250

2,2,3,3-Tetramethyl~
pentane ’
2,4-Dimethyl=3~athyl=
pentane
2,3=Dimethylpentane
2,0=-Dimethyl=-2-pentene

20

80

100

2,2,3,3=-Tetramethyl-
Pentans
2,4~Dimethyl-3~ethyl-
pentane
2,3=-Dimethylpentane
2,53-Dimethyl~2~pentene

20

80

250

2,2,3,3=Tetramethyl=
pentane

2,4=-Dime thyl~3-ethyl-
pentane

2,3-Dimethylpentane

2,3-Dimethyl-2-pentene

20

80

100

2,2,3,3~Tetramethyl~
pentane
2,4=Dinethyl~3-ethyl~
pentane
2,3~Dimethylpentane
2,3=Dimethyl~2«pentene

25

75

250

F~4 englne

2,2,3,3~Tetramethyl -
pentane
2,4=Dimethyl~3-eathyl=-
pentane
2,3=Dimethylpentane
2,3-~Dimethyl-2-pentene

26

75

2256

84mep ratio

= imep of blend

Tmep oI base ruel’
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BNGINE DATA FOR HYDROCARBON BLENDS

imep | ®imep | imep | 2imep | imep {&imep | imep| Simep | imep | Bimep
ratio ratio ratlio ratio ratio
Fuel-alr ratio
0.065 0.07 0.085 0.10 0.12
17.6 engine
184 l.12 183 1.24 201 1.20 234 1.32 2354 1.31
162 .89 161 1,00 168 1.00 178 1.01 178 1.00
155 .95 154 <96 158 .54 166 .94 168 .94
162 «99 1680 <29 170 1.01 193 1,09 205 1.15
244 1.23 236 1l.22 239 1.27 244 1l.27 247 1.27
204 1.03 197 l.02 182 1.02 189 .98 189 97
185 <93 180 e 93 179 +95 181 «94 182 «83
2256 l1.14 216 1l.12 219 l.17 237 1l.23 247 l.27
308 1.19 303 1.18 348 1.31 366 1.34 361 1.32
261 1.01 259 1.01 271 1.02 275 1.01 270 « 99
249 «96 249 «97 261 .98 262 .96 258 «95
246 .95 244 .95 266 1.00 309 1.13 316 l.16
375 1.23 374 1.25 376 1.28 374 1.29 365 1l.29
306 1.00 302 1.01 298 1.01 291 1.01 284 1.00
204 «96 290 <97 286 97 277 «96 269 +95
347 l.14 342 1,14 350 1.1% 358 l.24 347 1.23
226 1.26 226 l.26 285 1.35 270 1.39 265 1.37
187 1,04 1980 1,06 204 1,08 209 1.08 206 1.07
185 1.03 185 1.03 198 1.08 201 1.04 197 1.02
185 1,03 192 1.07 211 l.12 225 1.16 232 1.20
F=4 englne
ll2 0.83 125 0.83 187 1.06 242 1.31 254 1.39
132 1.056 143 1,05 174 1.07 193 1.09 1i¢6 1.10
130 « 26 144 «96 174 .98 185 1.00 184 1.00
g4 «75 108 « 79 lag2 .88 168 .95 182 1.02




TABLE IV - INLET~AIR-TEMPERATURE SENSITIVITY OF HYDROCARBON BLENDS RELATIVE TO
5 REFERENCE FUEL

Eﬁgina, 17.6; compression ratio, 7.0; engine speed, 1800 r

; outlet-coolant

temperature, 2120 P; spark advance, 30° B.T.C.

Blend composition | Tetra- " Relative temperature
(percent by volume)| ethyl sensitivity
Compound lead (a)
Hydro- S refer-|(ml/gal) Puel-air ratio
carbon ence fuel 0.,065]0.,07{0.,085| 0.1C|0.11
232,3,5=Tetramethyl=-
pentane .20 . &80 (4] 1,10 11.07[1.06 10.5710.56
2,4-Dimethyl-3-ethyl-
pentane 1.04 {1.02|1.,02 | ,98| .97
2,3-—Dimethylpentane £ 99 97|21 oOl 1.01 +99
2,3-Dimethyl-2-pentene 1l.15 |1l.13|1.15 |1.,14}1.09
2,2,8,53-Tetramethyl~
pentane 20 8o 4 1.03 [1.06]|0.98 [0.96 |0.97
2,4-Dimethyl-3~ethyl-
pentane «99 [1.00]1.00 |1.001{1,00
2,3-Dimethylpentane 1.00 [1.00]1.00 |1.00 [1.00
Rs3-Dimethyl-2-pentene 1.20 |1.,20]1.20 |1.09[1.06
E imep of blend (inlet-air temperature, 100° F)
Imep of blend (inlet~alr temperature, 2500 F)
%Relative tempsrature sensitivity =
imep of base fuel (inlet-air temperaturse, 1000 F)
Imep of baese fuel (Inlet-alr temperatwre, 2509 F;
- imep ratio for blend (inlet-alr temperature, 100° F)
Imep ratio for blend (inlet-alr temperature, 2500 F)

81
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TABLE V - LEAD SUSCEPTIBILITY OF HYDROCAF

S REFERENCE FUEL

T

934

@mEina, 17.6; compression ratio, 7.0; engine speed,olaoo rpm; outlet—coolant
F; apark advance, 30° B.T.C,

tempera ture, 212

Inlet-alr Blend composltion Relative lead susceptibility a
temper- | (percent by volume) P Py Ry
Compound (°F) carbon | ence. fuel | 0.065[0.07][0.08s]0. 10[0. 11
2,2,3,3~Tetramethyl—-
pentane 250 20 80 1.07 |1.04]1.09 |1.02]1.01
2,4-Dime thyl-3~ethyl-
pentane . 1,08 |1.01]1.02 {1.00| .99
2,3-Dimethylpentans 1.02 11.02|1.04 [1.03{1.00
2,3-D1methv1—9—ﬂnntenn 97} .96] .99 11.04[1.01
2,2,3,3~Tetramethyl-
pentane 100 20 80 1,00 11.0211.00 11.0211,02
2,4-Dimethyl-3-ethyl—~
pentane . 97 «99] .97 11.02]1.04
2,3~ Dimethylpentans 1,03 11.0411.05 |1.01)1.02
2 ,3-Dime thyl-2-pen tenq 1.00 | 1. 1.02 |1.00| .97

8Relative lead susceptibility =

imep of blend (with 4 ml TEL/gal)

imep of blend (with O ml TEL/zal)

imep of 8 (with 4 ml TEL/zal)
imep of 8 (with O ml TEL?gali

JJmep ratio for blend (with 4 ml TEL/zal)

“Imep ratio for blend (with O ml TEL/gzal)

"ON N1 VIV¥N
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ARTH UT - ﬂnan':‘qc_Tmu',n TRMZUDLTDRA TITRE mu-rm'rin-mv OF UYDROCARBON TITNDS
AL LIS W W RLA {wi=3 8 AR LAWRD TUNRE Wil LLVLLL Ul JIAWLALDVE LUV

YT
IN A XODIFIED F—4 EN3INE

[pompreaaion ratlo, wvarlable; engine speed, 1800 rpm; coolant temperature, 250° F; inlet-
alr temperature, 250° F; spark advence, 20° B, T.C, |

Compound Average compresaion*alr—temperature senaltlvity over the range of]
1490° to 1700° R
Blendl Blend®
Base fusl

Fuel-air ratloa

(a) 0,065| 0.07| 0,085| 0.10} 0,11 | 0.065]| 0,07 | 0.085] 0.10} 0.11
87.5 percent 8 + 12.5 percent 1.17 | 2.16| 1.22 | 1.12} 1.10] 1.00 | 1.00 [ 1.00 | 1.00] 1.00
n-heptane
2,2,3,3~Te trame thylpentane 1.97 | 1.90| 1.68 [%41.41]%1.46] 1.68 | 1.64 | 1.50 [d1.26]d1,33
2,3-Dimethylpentane 1.24 | 1.24] L.26 |%1.25|%.24 | 1.06 | 1.07 | 1.23 |41.12|%1.13
2,3~Dime thyl-2-pentene 1.64 | 1.80}1.55 | 1,23{d1,2011.40 | 2.38)2.37 | 1.10/91.17
2,3,4-Dime thyl-2-pentene 1.60 | 1.65{ 1.56 | 1.44| 1,36 | 1.37 | 1.41|1.38 | 1.29| 1.24
3,4,4~Trime thyl~2-pentens 1.2¢ {1.51]1.34 | 1,34 1.825] 1.10 | 1.13 [1l.20 | 1.20| 1.14

-]

8511 blends contaln 25 percent compound plus 75 percent (87.5 percent S in n-heptane) plus 4 ml TEL per gallon.

- knock-11mited compreasion-air density of blend at 1400° R
bTBmperature sengltivity of blend =:EE3EE:IIEIE3H'E3Eg%3EEI3E:EIF”33EEI%%"BT’EIEEH‘ET_IV5UE—F

Imock=-1imited compressjon-air denni%x of blend at 1400° R
CTemperature sensitivity of blend ock-ITmited compressicn-alr denslty o end &

relative to base fusel =

knock-limited compression-alr denasity of bmse fuel at 1400° R
kncek-limited compression-alr density of base fusl at 1700° R

dExtrapolatad value,

6

oz

"ON NL YOVN

9191



9,4

NACA TN No. [616

TABLE VII -~ ORDER OF KNOCK RATINGS OF 11 PURE-HYDROCARBON BLENDS

[For each fusel there are two rows of values:
relative to base fuel except in case of F-3 ratings, where it is performance-
number ratio of blend relative to base fuel; second row is relative order of

ratincs of fuels under each sat of conditions.

firat row 1s imep ratio of hlend

(Best fuel is 1, worst fuel

21

is 11.)]
Ratings

Compound 25-percent b%ggg In mixed base 20-percent blend 1n S

F—-4 17.6 engine 17.6 englne | 17.6 engine

(2500 patri) (2509 F air) (100° F air)

(a) F-3 Fuel-air ratio Fuel-alir ratlo

0.085| 0.11} 0,065} 3,11 0,065 0,11 | 0.065} 0,11

b 1,00 | 1.00 1,00 1.00 1.00 §©0.95 |%0.94 [20.93 }©0.93
Vixed rese fusl 3 4 9 9 11 9 10| 11 1

é c c

1.09 | 1,04 1,08 [*1,05 1.07 1,00 1.00] 1,00 1.00
Isooctane ) 5 & 5 7 & 7 7 8

2,3~-Dime thylpentane .98 .96 1.00| 1.03 1.Q2 .86 .95 .86 «95

4 5 8 8 10 7 9 10 10

2,4-Dime thyl-3-ethylpentane .88 | 1,05 1.10f 1.04 1,07 1.01 .99 1.00 1,00
6 2 5 6 8 5 8 8 9

Triptane 1,151 1.13 1.28] 1.24 1.28 1.13 1l.24 | 1.20 1.19
1 1 2 2 3 2 3 2 S

2,2,3,4-Tetrame thylpentane .99 » 85 1.241 1.12 1,26 § 1,04 1.23 | 1.17 1.19
5 7 4 4 4 4 4 4 4

2,3,3,4—Tetrame thylpentane .92 . 87 1.28] 1.13 1.30 § 1,10 1.27{ 1.17 1.19
7 6 3 3 2 3 2 3 3

3,4,4-Trimethyl-2-pentene . 89 75 .97 .99 1.13 .93 1.07] 1.10 1.18
g 10 10 10 & 10 6 6 6

2,3,4-Trime thyl-2-pentene .85 .69 .93 .94 1,08 .B1 .92 .99 1,99
10 11 11 11 g 11 11 9 7

2,2,3,3~Tetrame thylpentane .90 «83 1.39] 1.26 1.37 1,19 1.32] 1.23 1.29
8 8 1 1l 1 1 1 1

2, 3~Dime thyl-2-pentense .84 75 1,02] 1.03 1,20 .95 1.16} 1.14 1.23
11 g 7 7 5 8 5 S 2

2411 blends contain 4 ml TEL/gal.

P The mixed base fuels (85 percent S in M,

were approximately equlvalent in knock rating.

and 87.5 percent 8 in n-heptans)

CEstimated from plot of reciprocal indicated mean effective pressure against percentage

leeded S 1in n-heptane.

dEstimated from Plot of performance number against percentage leaded 8 in M fuel.
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(a) 2,2,3,3-Tetramethylpentane,
Figure 1. - Knock-limited mixture response of leaded 2&-percent blends
hydrocarbons in base fuel consisting of 87.5 percent S plus 12.6

percent n-heptane in F-4 engine.
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(b) 2,4-Dimethyl-3-ethylpentane.
Figure 1, -~ Continued. Knock-limited mixture response of leaded 2&-percent
blends of hydrocarbons in base fuel consisting of 87.56 percent 8 plus
12.6 percent n-heptane in F-4 engine,
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Figure 4, - Effect of compression ratio and fuel-alr ratio on knock-
linited air flow for base fuel consisting of 87.56 percent 8 plus 12,5
ercent n-heptane plus 4 ml TEL per gallon in modified F-4 englne.
nlet-aiT temperature, 250° F; enging speed, 1800 rpa; spark advance,
20° B.T.Ce; coolant temperature, 260° F. .
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Figure 6., - Continued, Effect of compression ratioc and fuel-alr ratio
on knock-limited alr flow for 20-percent blends of hydrocarbons in
base fuel consisting of 87.6 percent B plus 12.5 percent n-heptane

33

plus 4 ml TEL per gallon in modified F-4 engine. Inlet-air tempera- °

ture, 260° F; engine speed, 1800 rpm; spark advance, 20° B,T.C.;
soolant temperature, 250° F.



34 NACA TN No. 1616

- Compression 3
<004 O 8.7 .
o i; 3-3 ]
C .0 =
E v 8.0 ] 3
.066 F //‘7 3
F ¥ 3
.048_ [ -t
2] 5 A 3
s 2 - E
S 040 - =
3 3 - - E
o 3 < .
h 0032: % /’O .-
s F |8 3
-} - =
2 024 F ° — 7 i E
e B = :
{ o -
a L~ 3
q  .0l6F —F .
:. QA_/‘/ E
:\J\ I —
.008 | =
E NACA -~ 3
o-lll.l Al L i e b er a1l ea el Xyt iir et el ia e iesialagiidtg llllllllllllL

«06 .08 «0%7 .08 «C9 10 011 12

Fuel-air ratlo
(¢} 2,3-Dimethyl-2-pentene,

Figure H. = CQontinued. Effect of compression ratio and fuel-air ratio
on knock-limited air flow for 256-percent blends of hydrocsrbons in
baese fuel consisting of 87.6 percent £ plus 12.5 percent n-heptane
plus 4 ml TEL per gallon in modified F-4 engine. Inlet-air tempera-
ture, 260° F; engine speed, 1800 rpm; spark advance, 20° B.T.C.;
coclant temperature, 28500 F.
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Figure 6. - Continued. Effect of compression ratlo and fuel-alr ratio
on knoek-limited air flow for 25-percent blends of hydrocarbons in
base fuel consisting of 87.5 percent 8 plus 12.5 percent n-heptane
plus 4 ml TEL per gallon in modified F-4 engine. Inlet-alr tempera-
ture, 260° F; engine speed, 1800 rpm; spark advance, 20° B.T.C.;
coolant temperature, 250° .
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Pigure 5. - Concluded. Effeot of compression ratioc and fuel-air rasio

on knock-limited air flow for 26-percent blends of hydrocarbons in
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plus 4 ml TEL per gallon in modified F-4 engine. Inlet-alr tempera-
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Figure 6. = Effect of compression temperature on knock-limited
compression-air density for leaded 25 percent hydroecarbon
blends in a base fuel consisting of 875 percent S plus
12,5 percent n-heptane in modified F=-4 engine., Inlet-air
temperature, 250° F; engine speed, 1800 rpm; spark advance, 20°
B.T.C.; coolent temperature, 250° P.
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Figure 8. =~ Contlinued.

Compression ratio
(¢) Puel-air ratio, 0.085.

Effect of compression temperature on knock-
limited compresslon-alr denslty for leaded 25 percent hydrocarbon
blends in a base fuel conslisting of 87.5 percent S plus 12,5
percent n-heptane in modified F-4 engine. Inlet-air temperature,
2500 F; engine apeed, 1800 rpm; spark advance, 20° B.T.C.;
coolant tempersature, 250° F.
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Figure 6. - Concluded. Effect of compression temperature on lmock=-

limited compression-aelr density for lesded 25 percent hydrocarbon
blends in e base fuel consisting of 87.5 percent 8 plus
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temperatwre, 2500 F; engine speed, 1800 rpm; spark advence, 20°
B.T.C.; coolant temperature, 2500 R,



