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KNOCK-LIMITED PERFORMANCE OF N-METHYLANTLINE AND XYLIDINE

BLENDS IN AN ATR-COOLFD AIRCRAFT CYLINDER

By Arthur W. Bull, Edvard G. Stricker, and Jerrold D, Wear

- SUMMARY

In order to compare the antikmnock effectiveness of N-methyl-
aniline amd xylidines as Ffusl additives under severe engino operating
conditions, S-percent concentrations by welght were blended with an
alkylate blending sgent and a virgin-base gasoline., The N-methyl-
aniline was also blended In a 5-percent concentration with a base
fuel containing 75 percent (by welght) virgin-base gasoline and
25 percent toluene, All blenfs contalned 4 ml TEL per gallon. The
kniock-limitoed perfcrmance of each of these aroratic-amine blends
was compared with the kmock-limited performance of the leaded base
fuels in an air-cooled alrcreft-engine cylinder. As a fuel anti-
knock additive, N-methylaniline was eqmal to or better than xylidines,
Nelther N-methylanilino nor xylidines is of value as a fuel antiknock
additive 1in the lean-mixture region.

INTRODUCTION

Engine tests to determine the antiknock effectlveness of
Belected groups of research fuels are being conducted at the NACA
Cleveland laboratory. As part of this program, N-methylaniline and
xylidines when blended wlth an alkylate blending agent and a virgin-
base gasoline were tested in an alr-cocled alrcraft-englne oylinder
to compare under severe engine operating conditions their antikmock
effectiveness, The resultes of these tests and also tests of a tlend
contalning N-methylaniline, virgin-base gasoline, and toluene are
reported herein. All fuels tested contalned tetraethyl lead.

FUELS

The two arcmatic amines were blended with each of two base
fuele before being tested. A fifth blend of N-methylaniline and
75 percent virgin-base gasollne and 25 percent toluene was tested.
The composltion of the test fuels are given in the followlng table:
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Aromatic Totra-~

amine in ethyl
Aromatic amine |blend (by] Base fuel lead in

weight) blend

(percent (nl/gal)
N-Methylaniline 5 Virgin-base gasoline 4
N-Methylaniline S Alkylate btlending agent 4
N-Methylaniline 5 75 percent virgin-base 4

gasoline plus 25 per-
. cent toluens (by welght)

Xylidines S Virgin-base gasollne 4
Xylidines S Alkylate blending agent 4

AFPARATUS AND PROCETDURE

Tests were conducted with a full-scale aircraft-engine cylinder

momted on a CUFE crankcaso,

The apparatvs Is described in detail in

reference 1, The mcst important alteration to the apparatus des-
cribed in reference 1 is the iInstallation of a thermocouple embedded
in the cylinder head about one-sirteenth inch from the camburstion~

chamber wall at the exhaust end zone,

An autamatic potentiometer

regulator was attached to thls thermocouple and controlled the
cooling-air flow to maintain the temperature constent at the thermo-
couple. This alteration vas found desirable because previous tests
had indicated that better reproducibility of the knock limlt, partioc-
ularly in the lean region, was obielnod when the vemperature of the
cylinder wall at the point nearest the knocking zone was held constant,

The exhaust system of the test setup was also modifled so that
the engine could be oporated with olther atmospheric or reduced

exhaust pressure,

The flxed englne operating conditions were:

Ccmpression ratio ,
Engine speed, rpm .,

Condition of fuel-alr mixture . .
Inlst-mixture temperaturs, °F , . .
Spark advance, both plugs, degrees B.T.C.
Cooling-alr tomperature, F ., . . . . . . .
0il pressure, pounds per square inch . . .

0il-in temperature,

Cylinder-head temperature et exhaust end zone, °F

o

Ezhaust back pressure, inches mercury absolute

. T1.46
. 2000

Prevaporilzed

. 240
20, 30
90 15

L L] 65

. 185

. 350
15+0,2
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The exhaust pressure of 15 inoches of merocury was chosen because
of the eximstence of a critical relation between manifold and exhaust
pressures and knock-limited power in the lean region where the mani-
fold pressure is not very different from the exhaust pressure.

Camplete m:!.tture regponse ourves were obtalned for the test
fuels at spark advances of 20° and 50° B,T.C.

DISCUSSION OF RESULTS

The results of the tests are presented in figures 1 to 5 and
table 1, Figures 1 and 2 compare the knoock-limited performance of
the amine and virgin-base blends at spark advances of 20° and
50° B,T.C,, respectively, These figures show that at a spark
advance of 20° B,T.C., the N-methylaniline inoreased the knock
limit of virgin-base gasolline at fuel-alr ratlos above 0,067 where-
as the xylidinss increase the performance only at fuel-alr ratloa
above 0,09,

At the more severe condition (spark advance, 50° B,T.C,), the
N-meothylaniline improved the knock~limited performance of virgin-
base gasoline above a fuel-air retio of 0,095; xylidines improved
the base-fuel performance above a fuel-alr ratio of 0.106.

The behavior of the amine and alkylate blends (figs. 3 and 4)
was similar to that of the amine and virgin-base blends differing
only in the fuel-alr ratios at which poerformance lmprovement began
and in the magnitude of the improvement. The Iimprovement in power
caused by the addition of elther amine was greater in the alkylate
blends than in the virgin-basoc blends. In all cases examined the
blond containing N-methylaniline was equal to or greater than the
xylidine blond over the entlre mixture range.

The gain or loss 1n power of the base fuel due to the addi-
tion of the amines 1s indicated by the data in table 1,

The addition of toluene to the virgin-base gasoline (fig. 5)
had 1little or no effect on the Improvement due to the addition of
N-moethyleniline, These data are included in table 1 for campari-
son wlith other tests.
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Figure l. -~ Knock=-limited performance of virgin-base fuel blends at spark advance of 20° B.T.C. ob-

tained on full-scale aircraft-engine cylinder. Compression ratio, 7.46; engine spead, 2000 rpm;
inlet-mixture temperature, 240° F; cylinder-hoad tesperature at exhaust end zone, 350° F,

"ON ¥¥V VIVN

8Zv93

‘614



NAT'ONAL ADV‘SORY L) AARAS RAAR! RAAAI RARE RAd LARRS MAAR) SAAA "": 3Ill SRR AERS LA AR AARARAARES AR AAARS ARRAN AARAN GARAL RS RARAS AAAAY RAREY RAAAY LAR
COMMITTEE FOR AERONAUTICS 3
s of :
3 3 N E
H 3 L] — E
s, F = o 3
s oF “f
I o 1| an:
= EX = F e
= m: \3;_ /U,/n./L/ »E - |—1
o —0' p
T .o : 3 =
= E [~ 5
O 3 P K
: of S DR . el
= 2
L~ : |-
£14 o] :
n// 0
. L~ 5
.
P 3 1
g ;// o /:F 3
. L1 b 3
CI Zai s
: “F
) ’v'farn X N
E L1
2 F q E
20 3 O Virgin-bese gasaline ¢ ¢ al TEL/gal 3 F ° ;:"9:”':“‘ 9'”::"‘ . ;.Lr:s:(“' 3
irgin-vase e I - ne s ma——
T R AR R i 3 3 O VI Tatnes " ai"Tels gl 3
: 3 -2f .
< ] E ]
gw ea 1 wf v
3 E ..4/ 1 3 E Lo
- =T 3 [—1
F | 1
1o F — > 20 =
3 ,.D’l/ E praiPre 3
A - : et -
- o b -
AR\ el ] b g L 47
> 3 T 4 3
:E - -+
£ . E .
-3 E -3
©budindidon bbb bbb Lo RS o I T oo dinbidededondnado ol b, PO
.04 K .08 07 .08 5] .10 NI 12 . .04 .05 .08 .07 .08 .09 <10 - bl 12
. Fuel-air ratio
(a) Virgin-base gasoline plus 4 m) TEL per gallon (b) Virgin-base gasoline plus 4 ml TEL per galion
and virgin-base gasoline plus 5 percent N-methy}- and virgin-base gasoline plus 5 percent xylidines
aniline plus 4 m]l TEL per gallon, plus 4 m) TEL per galion,

Figure 2, - Kn~ck-limited performance of virgin-base fuel blends at spark advance of 309 8,.T.C. gb-
tained on full-scale aircraft-engine cylinder. Compression ratio, 7.46; engine speed, 2000 rpm;
inlet-mixture temperature, 240° F; cylinder-head temperature at exhaust end zone, 350° F,

‘614

*ON ¥Y¥V VIVN [

8zZv93



r—m'sﬁm a2 ARAA RARR I RS RARAI SAREI RARES RARS TTY TYYY VYT 3y ™ TTIT v
COMMI TYEE_FOR AEROMAUTICS
1 f
I} ’t
< y . 3
i .E /}/‘, I -
A P E .
fia .
3 F A -1 -
;; .E—q <”’/ -
H _M . 5
A -
=
| of
Lot -~
z . < { .4 > .
¥ L1
54 I"T‘. 3 4 4
*__ © Alkylate ¢ 4 nl TEL/pa! . o Alhylate « 4 ol ‘TE/gul _;
' SRR - i ”g E bt 1INy ST I
» { = l
y i '
. F 3 3 3
3§ /LA e =
st 3
7w} Wt
i = ARNDS =
Rl ""”L“‘ g » X .62 207 2 .3 ) o

08 -0 07 0 09 .10 h

plus 5 percent N-methylaniline pius % m) TEL
per gallon,

08
. Fuel-alr ratio
(a) Alkylate plus % ml TEL per gallon and aikylate (b)

Alkylate plus 4 mi TEL per gallon and alky:ate
plus 5 percert xylidines plus 4 mi TEL per
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Figure 4. - Knock-limited performance of alkylate fuel blends at spark advance of 30° B.T.C. obtained
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mixture temperature, 240° F; cylinder-head temperature at exhaust end zone, .350° F.
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DOSTRAGY

To compare antiknock effectivencae of N-methylaniline and xylidines ae fuel additions
undor sovere ongine oporating conditions, 5% concontrations wers blonded with an alkylato
blonding egent and o virgin-baeo gasolins, N-mathylanlines was also blended in 5% concen~
tration uith & base fuel contalning 75% virgin-basa gasoline and 25% toluenc. All blends
contained 4 ml TEL por gallon. Knock teats on air-cooled alrcraft engine cylinder showed,
that as a fuel antiknock additivo, N-methylaniline was equal to or better than xylidines.
Neither is of value in the lean-mixture region.
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