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SUMMARY

The knock-limited performence of blends of 0, 50, and 100 per-
cent by volume of 2,2,3-trimethylpentane in 28-R fuel was determined
with a modified -4 engine at three sets of condlitions varylng from
severe to mild at each of three compression ratios (6.0, 8.0, and
10.0). A comparison of the knock-limited performence of 2,2,3-
trimethylpentane with that of triptane (2,2,3-trimethylbutens) is
included..

The knock-limited performance of 2,2,3-trimethylpentans was
usually more sensitive to elther compression ratio or inlet-air
temperature then 28-R fuel, but the ratio of the knock-limited
indicated mean effective pressure of a given blend contalning
2,2,53-trimethylpentane and 28-R to the indicated mean effective
pressure of 28-R alone was not greatly affected by compression
ratio 1f the engline operating condltions were mild. Although
2,2,3-trimethylpentane in general had a lower knock-limited
performance then triptane, the characterlstlics of the two fuels
wore somewhat similar.

INTRODUCTION

At the request of the Army Ailr Forces, Alr Technical Sexrvice
Command, a gensral program is belng conducted at the NACA laboratory,
Cleveland, Ohlo, to investigate the knock-limited performance
of a selected group of high-performance cowponents of avlation
fuels. In reference 1 the effects of campression ratio end inlet-
air temperature on the knock-limited performance of triptane
(2,2,3-trimethylbutans) were emphaslzed. The present paper describes
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the relative effects of compression ratio and inlet-alr temperature

on the knock-limited performance characteristlics of 2,2,3-trimethyl-
pentane based on CFR engine tests conducted durlng October 1944. The
relative merits of 2,3,3-trimethylpentane and triptane are discusased.

A correlation-of the effects of compression ratio and inlet-air temper-
ature on the knock-limited performance characterilstics of 2,2,3-tri-
methylpentane according to the method proposed in reference 2 1s.also
presented as a substantiating check of the proposed method.

APPARATUS AND TEST P’«OCEIURE

A CFR engine coupled to a 100-ho-eepower, dirsct-current, cradle-
type dynamometer, the seme as that in the first phase of this program
(reference 1), wes used to obtain the data presented herein. At each
of three campression ratios, 6.0, 8.0, and 10.0, data were obtained at
three sets of operating conditions: :

Inlet-elr Coolant Spark advance
Condition temperature temperature (deg B.T.C.)
(°F) (°F)
1 (severe) 225 375 45
2 (medium) 250 250 30
3 (mild) 150 250 30

Except for compresslon ratio, engine condltions 1, 2, and 3
correspond to the F-4, modified A, and modified B condltions, respec-
tively, used in reference 3. Other engline conditiona correspond to
specification CRC-F-4-443. On each day, blends of O, 50, and 100 per-
cent by volume 2,2,3-trimethylpentane in 28-R fuel were tested at ome
of the three compression ratios and a single operating condition.

Because of prelgnition difficultles essoclated with the prevall-
ing high power levels, the data for the 100-percent blend at a com-
pression ratlo of 6.0 and at low Inlet-alr temperatures are Ilncomplete
in the rich-mixture reglon.

RESULTS AND DISCUSSION

Enock-limited performence date for the blends ere shown in
figures 1, 2, and 3 and are tabulated in teble I for four fuel-air
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ratios. These data indicate that the ratio of the knock-limited
indicated mean effective pressure of either 2,2,3-trimethylpentane
‘or the 50-percent ‘blends to the indicated mean effective preassure
of 28-R fuel was not greatly affected by compression ratio at mild
engine opereting conditions (condition 3). As the severity of
engine conditions was increased (cemditions 2 and 1), the percentage
increase in knock-limited power resulting from the substitution of
2,2,5-trimethylpentane for 28-R rapidly deoreased. A 100-percent
blend of 2,2,3-trimethylpentane at condition 1 gave an improvement
from 100 to ‘150 percent (depemding on fuel-air ratio) at a compres-
slon ratio of 6.0, whereas at.a-ocompression ratio of 10.0 the
greatest permissible gain was 24 percent.

Table II shows the effeot of compression ratio upon the tem-
perature sensitivity of 2,2,35-trimethylpentane and 28-R blends.
As the compression ratio was lncreased, all the blends showed more
and more change in knock-limited indlcated mean effective pressure
with an accompanying variation in inlet-alr temperature of 100° F.
The percentege lmprovement in power, when the compression ratio
vas 6.0 and the inlet-air temperature was lowered from 250° to-
150° F, for 2,2,3-trimethylpentane was about the same as or a little
lower than for 28-R fuel; at a oompresslon ratio of 10.0, the
percentage ilmprovement afforded by 2,2,3-trimethylpentene due to
this lowering of inlet-alr temperature was nearly thred times the
improvement obtained with 28~R fuel. ;

Figure 4 18 a cross plot of compression ratio agalnst knock-
limited indicated mean effective pressure at mild, medium, and severe
engine conditlions for blends of 0, 50, and 100 percent 2,2,3-tri-
methylpentane and 28-R fuel. These data indicate that, if
2,2,3-trimethylpentane blends are used in a high-compression-ratio
engine, the other operating conditions must be mild 1f the benefits
in inoreased knock-limited .indlcated mean effective pressure of
2,2,3-trimethylpentané are.to be realized. . (C£f. figs. 4(a) and
4(c5.) The study of triptene (2,2,3-trimethylbutane) blended with
28-R (reference 1) resulted in a similar conclusion.

On the assumption that the compression-gas density and temper-
ature can be used in place of the demnsities and temperatures which
directly influence the knocking reaction, a correlation was drawn
in reference 2 of the effects of campression ratio and inlet-air
temperature upon the knock-limited performance of a CFR engine. In
order to obtain this correlation, the knock-limited compression-air
density, when the pistdn is at top center, was plotted egainst the
compression-alr temperature as caloculated by adiadbatic formulas,

In terms of cylinder displacement end compression ratio, the
compression-alr density was calculated from the following equation:
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where |
P compression-air dansiﬁy, éounds.per cublc inch
A 1intake-air flow, pounds per minute

n- intake.cycles per minute

r engine compression ratio f .

va engine displacement oubic inches’

Although the effects of engine oporating-characteristics,
such as fuel vaporization, heat trahsfer.to the- cylinder walls,
fuel-alr ratio, and preflame reactioms, were not taken into account
when the equation for calculating -compression temperature was
derived in terms of adlabatic compresslon, a satlsfactory correla-
tion ‘'was obtained. The equatlion for determining the approximate
temperature was defined In reference 2 as follows:

(7-1)

r

T = T,

where
T compressicn—airftemperéture, OR

T, intake-air temperature, °R
7 ratlo of specific heats of charge at constant pressure and
constant volume

An applicatlion of this corrslation is shown in figure 5. A
three-dimensional graph illustrating the progressive change in the
relatlon between knock-limlted compression-alr denslity and temper-
ature with fuel composition ls shown in figure 6. The usually greater
slope of the 2,2,3-trimethylpentane curve over the 28-R curve, espe-
clally apparent at lean mixtures, indlicates the Increased sensitivity
of 2,2,3-trimethylpentene to elther compression ratlo or inlet-air
temperature.
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A general indication of the relative merits of 2,2,3-tri-
methylpentane and triptane at two fuel-alr ratlos is given as a
function of compression ratio in.figure 7. (The triptane data
for this flgure were taken from reference 1.) As shown in .ref-
erence 4 and_.by the results of research in other laboratories,
2,2 »3=trimethylpentane goenerally has a lower knock-limlited per-
formance than triptane, although the characteristics of the two
fuels are' somewhat similar.

CONCLUDING REMARKS

Knock-limited teste at severe, medium, and mild operating
conditions with a modified F-4 engine of 2,2,3-trimethylpentane, °
triptane (2,2,3-trimethylbutene), and 28-R fuel indicate the
following

1. The knock-limited performance of 2,2,3-trimethylpentane
was usually more sensitive to elther compression ratio or inlet-
alr temperature than 28-R fuel but the ratlo of the knock-limlted
indlcated mean effective pressure of a given blend contalning
2,2,3-trimethylpentene and 28-R to the lndicatod mean effective
pressure of 28-R alone was not greatly affected by compression
ratio if the englne operating conditiomns were mild.

2. Although 2,2,3-trimethylpentane in general had a lower
knock-limlted performance then triptane, the characteristics of
the two fuels were samewhat similar,

3. These tests provide further evidence that a satisfactory
correlation of the effects of compresslon ratio and inlet-air
temperature upon the knock-limited performance of fucels in a CFR
engine can be cobtalned by plotting the knock-limited compression-
alr denslties at the various conditions against the compression-
alr temperatures. .

Alrcraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, January 10, 1945,
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TABLE I - EFFECT OF COMPRESSION RATIQ ON THE KNOCK-LIMITED PERFORMANCE OF 28-R FUFL WITH ARD

WITHOUT THE .\DDITION CF 2,2, S~-TRIMETHYLPENT/NFE .\T THREE SETS OF ENGINE CONDITIONS

[Condition 1: Inlet-air tamgprature, 2252 F; coclant temperature, 3759 Fj
spark advance, 45° B.T.C.
Condition 2: inlet-air tem“eratura, 250° F; coolant temperaturs, 250° F;

3Jpark advuuez, ° 3.7.C.
Condition 3: inlet-air temperatuze, 150° F; coolant temperature, 250° F;
i : spark advance, 30° B.T.C. i ;
imep ratio® I
Percentage
2,2,3-tri- | FfA =0.0625 | F/A = 0.070 F/a = 0.080 F/A = 0.110
methylpentand Gonditica | Ccondition Condition Coniition
in 28-R% 1] 27 3t 1| 2] 3 1] 2 3 1] 2] 3
Campreasion ratic, 6.0
0. 1.0G|1.00 l.OOl 1.00{1.G0}1.063} 1.0G{1.00{1.0C0 {1.00{1.00{1.00
50 1.3711.48]1.461 1.3711.5911.42] 1.5011.52]1.43 |1.46}1.43}1.46
100 i 96)2.55 2.51’ '2.5412.66§2.52 | 2.46]2.49]2.35 | 2.41)2.22]| -—~-
Compreossion ratio, 8.0
0 -Tl.oo 1.0C[1,0C ] 1.00]1.00]1.007 1.00]1.0C]1.00 |1.00]1.00]1.00
50 ! .28]1.4311.49}1.261.33}1.50] 1.25/1.53)1.46 }1.45{1.49}1.43
100 11.6711.97(2.4 1.60{2.04]2.52| 1.82}2.3412.36 |2.43]2.3712.18
' Comprassion ratio, 10.0
0 .00]1.00{1.00 | 1.00}1.00]1.0C| 1.0011.00{1.00 |1.00{1.00§1.00
50 .00{1.16]11.4511.00{1.11]1.48] 1.00{1.20]1.46 ]1.11|1.43{1.51
100 11.06}1.3912.21 | 1,00/1.30;2.25] 1.0911.59|2.40 }1.24]2.38{2.48
8,11 blends leaded to 4.53 ml TEL/gal.
bim.ep ratio = ;EE%ZE}EEQ.
28-R *National Advisory Committee

for Aeronsutics
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TABLE 1T - EFFECT OF INLET-AIR TEMPERAI'URE JN THE ANOCK LIMITS JF BLENDS CONTAINING

Z,2,3-TRIMETHYLPENTANE AND ZCG-R FUEL AT TEREE COMPRESSION RATIOS
EF-é engine operating at medified coniitions: inlet-air temrereturss, 150° and
250° F; coolant lemwporature, 250° F; spark alvance, 30° B.T.C.]

ercentago F/& = 6.0625 | F/A = (.07 | F/A=0.08C i F/A = 0.09C |

2,2,3-tri- imep | imep imep [im-p | imep _ |imep imep _ | imep
pethylgentane ratiol|differ-| raticd diffen ratio jdiffer- ratioPl d1ffer-

in 28-R? onop® ence” | : ence® enceC
Compregaion ratin, 6.0

0 1,197 35 | 1.181 34| 1.12] o6 [ 1.08 19

50 1.17 47 | 1.10 311 1.05 1 16 | 1,02 7

100 1.17 80 1.11 53 1.02, 12 1.02 1 12
Comprassion ratio, 8.0

e 1.27| - 36 | l.25| I5; 1.18; 30 [1.1C 23

50 1.32 62 1.4% , 7 1.23 . 56 | 1.07 20

100 1.55 146 1.55 ! 155 ! 1.28 0 106 1.13 55
Comnression ratio, 10.0

b 1.51 44 11,51y 45| 142" 46 11,22 % 29

£9 1.87 83 2.91 59 1.7¢ 0 106 [ 1.47 | 79

106 2.40 | 169 1 2,591 184 ! 2.3 211 [1.85 | 186

#A11 hlends leaded to 4.53 ml TFL/gal.
imep ratiy = 1map150/1m39350.
Cimep diffsrence = inepicy ~ imevosgy.

¥ational Advisory Committee
for Asronautica
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Figure 1, - Knock-1limited performance of blends of 2,2,3-trimethylpentane and 28-R fuel

in CFR engine at compression ratio of 6,0. Engine speed, 1800 rpm; oil temperature, 165° F,.
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Figure 1, - Continued,
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compression ratio of 8,0. Engine speed, 1800 rpm; oil temperature,
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(a) Fuel-air ratio, 0.0625.

Figure 6. = A correlation of blend concentration, compress=
ion temperature, ana knock-limited compression~air density
A(r-1)/nvy for blends of 2,2,3-trimethylpentane and 28-R

fuel. Data calculated from figures |, 2, and 3.
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Figure 6. - Concluded.
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Figure 7. - A comparison of the relative effectlveness of triptane
and 2,2,3-trimethylpentane when blended with 28-R fuel. Inlet-
alr temperature, 225° F; coolant temperature, 375° F; spark
a%vance, 450 B.T.C.; engine speed, 1800 rpm; oll temperature,
165° F.
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