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AN EVATUALION OF THE KNOCK-LIMITED PERFORMANGE

OF TRTPTANE

By Heary C. Barnett

SUMMARY

An annlyocis is made of data obtainedl 1n an experimental lnvestl-
gution of tho knock-llwmited perFforwauce of tirlptane. Data obtained
in the F-3 and -4 retlug engines, two full-scals alr-cuoled alrcraft
cyliunders, and flight tests of a full-scale multicylinder engine are
discussed. As a weans of evaluailng tripiane, use 1s made of the
relatlon between compression densities andi temperatures as well as
tae reciprocal blendin:, equation used in previous WACA reports. The
knock=-limited perfoimeuce of triptane is oxpressed in terms of F-3
oud ¥F-4 retinge, elkylate-replacement values, sensltivity to dif-
ferent degreos of englno severity, and lead susceptibllity.

INITROLUCTION

Tn 1343 the Air Techuical Service Command, Army Alr Forces,
requested the NACA to undortake e program to svalunte the anilkmock
gualities of trivlane. Tnis vropran, conducted et thu Cleveland
loboratory, wos to Iuclude studles of the knock-llmited performance
characteristics of triptanc in laboratory small-scale engines, full-
scale single c¢ylinders, end full-scale multicylinder engines on the
test stond end in flight.

The scope of thls program regquired an extenslive investigation
of fundanental cheractoristico of fuol pexrformaice and for this
reason the quantity of data obtained ls necessarily very large. The
pressent report 1s deslgned not to discuss the eutire triptane program
but 1stler to nresent deta comparing antilmock qualitles of triptanse
with anlikncck gqualities of other fuels. In the presentation of
thege data severel fundamental relations are used and references are
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cited for wmore deteiled Information on these relations. It 1s
emphasized that this evaluetion consllers the edvantages and dis-
edvantages of triptene with regard only to antiknock guality.

CONVENTIONAL EWOCK BANTNGS

On the basis of current knowledge of fuel performance Iin verious
englnes it is 1mmossible to ansl rn a s.ngle value to a fuel end
thereby indicate i1is performrice reletive to otuer fuels in all
engines and at ail opera.ing coadicicns. In the absence of a method
of obtalning a universal retliag, tie must l1ogical approaclk to the
probliem of rating auy IJvel is to tesv twat fuel .n stendard rating
engines at conditious accerted br leboratorles throvghout the Unitsed
States.

Inesm-ch es the F-3 and F-4 rallng xethods fail into thls cale-
gory, the flrst ste»n in the preseuv evaluatlon of triptams 1s to
examine tho F-3 and F-4 data obuslued anc to make a compar.son of
triptune with other higl-antilnock blending agents. The ratings
for this couparison ere shown in the following teble:
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F-3 AND F-4 PERFORMANCE RATINGS FOR VARTOUS AVIATLON

X . et e e e e 2T, COMBONE

Tbata from reference 1; all fuels contain 4 ml
TeT./gel; F-4 ratings are for a fuel-eir ratio

of 0.11.]
Performence number
Fusl
r-3 F-4
Methyl tert-butyl ether >161 >161
Paraffins:
Tyiptene 149 >161
Diisopropyl 142 >161
Hot-acid octane 127 >161
Neohexane 161 159
Iscpentr.ne 325 >138
Alkylais 119 137
Aromatics:
Mixed xylenes 124 >161
Toluens 118 > 161
Cumene : 85 > 161
Bonzene _l__Pe8 |- >161

@The F-3 performance number for a blend containing
40 percent (by volume) isopentene, 60 percent
alkylate, and 4 ml TEL/gal wes 125. The high
vapor pressure of lsopentane prevented any deter-
minetion for blends of higher concentration.

bBy definltion F-3 rating of benzene 1s 87 octane
number, or 68 performance number. Tests have
shown that the additlon of tetraethyl leed to ben-

" zeue does not appreciably change its F-3 rating.

F-3 ratings were determined for all pure fuels (leaded to 4 ml
TEL/gal) with the exception of metlhyl tert-butyl ether and isopen-
teane. The roting of the ether exceeded the upper limit (161) of the
performance-number scale and the isopentane could not be satlsfac-
torily determined because of its high vapor pressure. In the case
of the F-4 ratings only two of the fuels fell below the upper limit
of the performance~mumber Bcele; the relative merits of the various
fuels cannot therefore be obtalned-from these data.
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Sufficient dnta were obteined on the F-4 engine, however, to
permit en extrapolation of the performance-number scale above 1G1.
Tnis extrapolation ls explained in reference 1. Furthermore, before
ratings could be aseigned to triptane end isopeatans (both leeded
to 4 ml TEL/gal), 1t was necessary to estimate the corresponding
values of knock-limited ipdicated mean effedtive pressure, These
values were deiermined by applying deta (from reference 1) for
blends below 100-percent concentratlon to the reciprocal blending
equation described Iin reference 2, By use of these extrapolations
the antiknock rat.ngs of the peraffinic fuels (leaded to 4 ml
TEL/gal) tested in the F-4 engine at e fuel-ailr ratio of 0.1l were
found to be as follows:

Fuel F-4 perfoirmance
number
Triptane 360
Diisopropyl 202
Hot-acid ociane 197
Neohexane £3
Isopentans . lad
Alkylate 137

Inasuuch es the reciprocel bliendiing equation (1reference 2)
applies to nelther arcmatics nor metiyl teirt-butyl ether, nperformence
numbers for these comuounds were not estimated. It should also be
noted that the F:i4 performance numbeis in-tke foregoing discuesion
were not obirined by direct matcnling but by couparison of knock-
limited irdicaeceéd mesn effective priessures with a prev;ously essab-~
lished rating scale (See reference 1.)

The F-4 (rich) date indicate that triptane leaded to 4 ml TEL
per gallon hme a higier rich performence number (350) than any other
paraffinic fuel (leaded) tested. It is vrobable, however, thet some
of the arcmatics and the mothyl tert-vutyl ether have ratings equal
to or greater than the F-4 rating for triptans. The F-3 (lean)
rating of triptano exceeded all of the test fuels exemined except
methyl tert-butyl etler ‘and nootexene. The F-3 rating for nechexans
(leaded ©o 4 ml TEL/gal) remorted in reference 1 is higher then most
ratings for this fuel remorted in uther referemnces.

BLENDING VALUES
As previously stated the F-4 Indicaled-mecn-effective-pressure

retings of several of the paraffinic fuels (ilncluding triptane) were
est_mated by use of the reciprocal blending equation of reference 2.



NACA MR No. E6B20 _ 5

The estimation for triptane leaded %o.4 ml TEL per gellon is i1llus-
trated in figure .l for a fuel-air ratlo of 0.11. In this flgure
tie compositlon (by volume) of tlhe verious blends tested is shown
along the abscissa and the kmock-limited Iindiceted mean offective
pressure 1s showil alung the ordinste, which is an inverted recip-
rocel scale. Tkree curves l1llustrate the manner in which successive
additrons of triptane lucrease the huock-limited perfoimance of
three different bszse stocks. Because of engine limitatious, blends
containing more then 60 pernent triphane were not tested at this
fuel-alr ratio.

The data in figurs 1 show that the relation between composition
and the reciprocal of tle *mnock-l.m*ted indlcated mean eflectlve
pressure is epvroximptely ilincar for the range ol compousltions
oxam.ned end tlint extrayolations of thuse tires curves result in a
common polnt of luterscction representling the knock-limited indlcated
mean effecilve preesuros of 1uV percent triptane. Desta obtained in
a full-scale sinile cylwuder (fig. 2) furtler substantlate tlis
relatlion for trin'ane and othor parorfinic fusls. The data for
neohoxane 1ua figure 2 have not boen proviously published. Deta for
the othei fuels are presented in reference 3. It 1s conciuded from
these datea that triptens 18 no different from otrer paraffinic
fuels with rersaid to tho apnlicability of the reciprocrl biending
equabion.

In odd .tion to serving as a tost of tue blending equation,
exporimontal data (rvfevency 1) obtaired iu the F--3 end F-4 engines
vere usod L0 viepare rerformaace clarts for ternary fuol blends.

Two such cliaxvte are miwvsentcd In fipures 3 and 4 for tornary olouds
containing triplaue; sim:-lar cuerts for cther high-porlormance fuels
aro ¢iven in rorerence 1. Points shown on thuse fisurevs represont
teat bleuds mscd to check tue accuracy of the charts. {Seo refer-
ence 1.) In ousder to compare these charts on a common basis, the
concaept of alkylato-repleceme.at value: has beewn used. The alkylate-
replacement value is dofined as bcrrole of rep.aced. comyonent equiva-
lent to 1 barrel of tlie replacing cowporont. Appliod to the tri-
angular cha»ts (figs. 3 and 4) the alkyiete-roplacement valus is

tho slope of e constant-perfcruence line. In filgure 3, for example,
start with a blend of 92 perceant alkylate and £ percent virgin bese
stock baving aa F-3 reting of 115. Mcve aelong this constaut-
performence linc untll 10 porcent triptens Les been added. It cen
bs sven that tho additlon of 10 peorcont triptane has reoplaced 17 per-
cant alkylate; thus, the slkylote-replacemvnt value of triptans is
1.7. Tho signiflcance of the alkylate-replacoment velue is dis-
cussod in roference 4.
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From the cha:ts presented in reference 1 (F-3 and F-4 data)
tho replecement valuos have been calculated for the high-performince
fuols iuvestigatod. Two sets of values are given: one for the
case 1n which virgin base stock ls the thlrd componsnt, as 1n fig-
ure 3, and ono for tlie case 1ln which one-pass catalytlc stock 1s
tue third component, ms in figure 4. The following table prosents
the values obualned:

Alkylate-replaccment]Alkylate-replacement
High-performence (value wich virg:n value wlth one-pass
compounent basc stock _ ___lecatalytic stock
F-3 F-4 - | _F-3 F-4
Methyl teri-butyl ether| 1.8 ¥2.2-3.8 1.4 ¥6.8-5.4
Pareffine:
Trintane 1.7 2.7 1.5 6.3
Diisopropyl 1.5 1.9 1.6 3.6
Hot-acid octenw 1.2 1.9 1.2 3.9
Neohexene 1.5 1.4 1.5 2.1
Isopentanc 1.3 1.1 1.3 1.3
Aromatlics:
Mixecd xylemes = = |-===--=-- 82.0-2.4 | =--=m-=e= 6.3
Toluene .7 3.8 1.5 86.8-5.8
Cumene 3 82 .,5-2.6 |~mmcmecmn | mmereea-
Benzense 4 2.8 A 6.2

For these fuels the alkylate-replacement value variss with por-
formence mumbur. The partlcular values given ele for blends
having F-4 ratingse of 130 to 150 porformance numbor.

For the firet casce (fig. 3) triptane and methyl tert-butyl
ether heve the highest F-3 replacomsnt values, the other being
slightly higber taen triptane. Under F-¢ conditicns toluens end
methyl tert-butil eticr have the highest values. By both the F-3
and F-4 mochods triptene has a higuer revlacement value than any of
the other paraffinic luels.

For tho second case (fig. 4) toluene, triptane, dlisopronyl,
end neochexane are highest and about oqual in replaceuent value at
F-3 conditions., At F-4 conditiums toluene, methyl turt-bucyl
ethor, berzune, triptane, and mixod xylenes are highest and about
equal 1n ronlacomout velue. In tihis case triptans ls about equal
to or higher than the other rerefirinic fuwels by both the F-I and
F-4 mothods.




HACA MR TFo. E6B20 7

IEAD SUSCFPTIEILITY

Small-scale eniiine data were obtained to provide information
on the lead susceptibility of triptane in comparison with the lead
susceptibility of other hydrocarbon fuels. "These data (refer-
ence 5) are presented In figure 5. In this figure the lead suscepti-
bility 1s defined as followa:

* Imep of hydiocarbon blend + 4 ml TEL/gal

Relative lead susceptibility =P OFf S reference fuel + 4 ml THL /gal

imep of hydrocarbon blend
Imep of S reference fuel

The data in figure 5 show thet the lead susceptibllity of trip-
tane la counsidorubly luver than most of the aromatic hydrocarbous
at both fuel-air ratios and both inlet-alr temperatures shown. The
lyad suscepltlbillty ouf triptone is elightly greater than that of
S rerorence fuel at tho conditions shown.

KEFFECT OF ENGINF OPERATING CONDITIONS

Inasmuch as the order in which a given group of fuels will rate
accordlng to antlknock quality varles with the severity of engine
cperuting conditlions, an NACA program wes conducted to determine
the voriatlion of !mock-limited performaunce of trintane (aad other
fuels) w.th severity of engine condi*ions. Tho detuiled results of
this wrogram are repurted in refercncus 6, 7, and 8.

In the course of the investigation a method of correlating
knock-llmited performance datu at different inlet-alr temvweratures
with oimllar data et different coupreesion ratios was derived. The
dotalled developmont and use of this method is explalned in refer-
ence 9. By thils method the correlation of temperature and
compression-ratio data is effected by plotting compression-alir
denslty agalnst the ccmpression temperature when the plston 1s at
ton centor on the compression stroke. The formulas used for calcu-
lating the density and the temperature are as follows:

imep X iafc X (r-1)
7

A(r-1)
p = ,
nVy F/A x 2.376 X 10
and

T = Tor0-41
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where .

p compression density

A alr flow, pournds per minute

r compression ratio

n intale cycles per minute

Vg engine dlsnlacement volume, cubic luches
F fuel flow, pounds per minule

T compression temverature, °R

To 1inteke-air teumpereture, °r

In the anpl-cation of the courrelatlon to a glven engine aud spark
edvance tie ind.cated specirlc fuel constmotion will depend pri-
marily upon comnresslon ratlo; therefore, in the test results pre-~
sented for variable inlet-aeir temnereture and constant compression
ratio, the density can be regarded as proportionnl to the indicated
mean effective nressure.

Figure 6 (re srence 10) presents the knock-limited indi-
cated meen effective nressures of iriptane at Tivo commiesaion
retlios and flve Inlet-air tenreratures as a function of fuel-axr
ratio. These data were used to computev the donslty-temperature
curves of triptane prousented iu figure 7. At a compression ratio
of 8.0 only three data points were ubtalined at an inlet-elr tew-
perature of 150° ¥ and no data were rocovded at lower inlet-air
temperstures because of nreignition. Thy curve for an inlet-air
temperature of 150° F was therefore caelculated from the deunsicy-
temperature plot establislied from the variable-compression-rotio
tegts. Also, because of prolgnltion difficuliles, the test at an
inlet-air temperatune of 25U° ¥ and a cowpression ratio of 5.0 is
subJect to an error in indicated mean effective nressuro of as much
as 50 nmounds ner equare iuch at fusl-air ratios lcaner than 0.08.

For comperison with trivtane the deus.ty-temperature relatlons
of several other fuels &re included in figure 7, whick shows very
clearly how lhe varlous fuels aie affected by clanges in the severity
of onerntirg conditions. At a fuel-a.r ratio of 0.0G5, for example,
trintare above e compression temperature T of 1500° R is more sen-
sitive to increasing severity of conditions than any of the other
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fuols presented 1n figure 7. It is apparent, however, that up

to a comprossion temperature of 1770° R, triptane is still the

- most.deslrable’ fuel bccause of its greater antilmock value. By

. the. time tho severity of counditions has been increased to a value
corresponding to T = 1950° R, triptens has depreciated so rapldly
‘relative to other fuels that 1t 1s not so dosirable from antiknock
couglderations as 8 reference fuel, toluenc, aviation alkylate, or
dlisopropyl. Imn fact, at 1950° R triptene (leaded to 4 ml TEL/gal)
is only slightly botter than 28-R at this fuel-alr ratlo. At a
fuel-air ratio-of 0.11 (fig. 7(b)) o similar comparison can be
made. Furthermore, if the curve for triptame in figure 7(b) can

" be smoothly extrapolated above T = 1900° R it is noted that all of
tho othor fuols shewn wlll probably be better than triptano at valucs
of T 1in oxcoss of 20G0° R. '

Dcta obtalned on the R-2600 single-cylinder test engine sub-
stantliato the fuct that the performance of triptane depreciates
et sovere opcrating conditlons. In figures 8 and 9, for example,
the singlc-cylindcr teat data (unpublishcd) plotted at two fuel-air
ratios and two condltions of snark timing show that the advantage
in ¥Imock=-li:1ited vorformence to be gulnod by the addition of
20 porcent triptano to 28-R are considerably less at the scvero
conditions than at thc mild condltion. Becausc the cffocts of
cylinder-wull temperature, spark advance, and engline spoed have
not been included in thils corrclation motheod,; no direct comparisons
ol temporature valucs presented in figures 7, 8, and 2 should be
nodo .

MULTICYLTNDER ENGINE TESTS

Tests (rosults unpubliched) wore made ovor a range cf cporating
conditions in an R-1830 ongline mounted on a tcst stand. Tho fuels
usod for theso tosts were 28-R and a blend containings 80 percont
28-R and 20 percent triptans. The final blend contelned 4.6 ml
TEL por gallon.

Over tho range of conditions oxamined in those tests tho
Increase in knock-limited powor of 28-R due to the addition of
20 porcont triptanc veried botween 17 and 29 perccnt at a fuol-air
retio of 0.065 and betwoon 22 and 24 porcent.at a fuel-alr ratlo
of 0.10. Those rosults arc in agrecment with results obtalned 1n
flight tosts of an R-1830 englne (reference 11). :
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SUMMARY OF RESULTS

¥ithin the limltations of this evaluatlon of the knock-llimited
nerformance of triptane, the followling results are apparent:

1. Triptene leaded to 4 ml TEL per gallon has an F-3 perform-
ance number of 149 and an extrapoleted F-4 performance number of 360.

2, In comparison with paraffinic fuels (diisopropyl, hot-acid
octane, neohexans, isopentans, end aviation alkyiaste) triptane had
the highest F-3 rating (with the exception of neohexane) and the
highest F-4 rating. Althoush the F-3 rating of methyl tert-butyl
either {<166) cruld zot bo «ccuratoly dctermined, it wog greater
than the reting of triptane (149). The data for F-4 tests of four
eromatices and methyl tert-butyl ether could not be accurately
extrapolated; 1t is prcbable, however, that ‘some of the arometics
end methyl tert-butyl ethe: have F-4 ratings equal to or greater
then triptane.

3. Small-scele eny,ine data at two inlet-alr tempermtures showed
that the lead suscepntibility of triptane at lean end rich ruel-air
mixtures is considerably less than that of the aromatic fuels with
which it wvas compared. The lead susceptibility of triptane is
slightly greater than that of S reference fuel et the conditions
examined.

4, Counression temperature-density data obtalned on a small-
scale englle and on an R-2600 full-scale single-cylinder test engine
indicate tlat the kiock-limited verformance of triptene at the more
ssvere conditlions is sensitive to chanyges in operating conditions.
In the small-scale enyine tests at severe condltions, triptane leaded
to 4 ml TEL ner gallon had a lower knock-llmited performance than
8 referenco fuel, toiuone, aviation alkylate, end diisoprop;l
(all leaded to 4 ml TEL/gal) at a fuel-air ratio of 0.065. In these
same tests, however, the knock-limited performance of triptene was
apprecliably better than all fuels with which it was compared at mild
conditions end both low and high fuel-air ratios. The R-2600 tests
ghowed that under severo conditions tho lmwprovement in knock-limited
vorformance to be gained by addition of 20 percent triptane to 28-R
fuel was small.

Alrcraft Englno Rcssarch Laboratory,
National Advisory Committee for Aeronsutlcs,
Cleveland, Ohio.
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Figure 1, - Knock-limited performance of triptane in blends
with virgin base stock, One-—pass catalytic stock, and an
aviation alkylate as determined by the F-4 rating method.
Data from reference 1.
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