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RESEAPCH MEMORANDUM

KNOCK-LIMITED POWER QUTPUTS FROM A CFR ENGINE USING
TINTERNAL, COOLANTS
III - FOUR AIXKYL AMINES, THREE ATKANOLAMINES
SIX AMIDES, ARD EIGHT HETEROCYCLIC COMPIUNDS

By Harry S, Imming and Donald R. Bellman

SUMMARY

Investigatione were conducted to determine ths antikmock
effectivenens of various additlive-water solutlons used as Internal
coolants in conjunction wilth AN-F-28, Amendment-2, fuel in a
modified CFR engine, FEach internal-coolant solutlon was Injected
at a coolant-fuel ratio of 0,50 and contelined 70-percent water and
30-percent by weilght of each of the following compounds:

Alkyl amines
Isopropylamine
Iscbutylamine
tert-Butylamine
Monoamylamine

Alkanolamlnes
Ethanolamine
Diethanolamine
2~Amino~2-methyl~l-propancl

Amides
Formamide
N-Ethylformamide
I-Ethylecetamide
N-Ethylproplonamide
N,N~Dimethylformamide
N,N-Diethylacetanide
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Hetercocyclic crmpounds
2,2-Dimethylothylenimine
Moxrpholine
Pyridine
Z-Methylpyridine
3~Mcthylpyridine
4-Mothylpyridine
Z2,6-Dinethylpyridine
2-Vinylpyrldine

Resulte of Investigations are also presented for AN-F-28,
Amendment-2, fuel run with no intermal coolant and with water alone
as the Internal coolant at coclamt-fuel ratioe of 0.35 and 0,50,
Three of the alkyl aminss, the six amides, and six of the hetero-
cyclic compounds railsed the xnock limit of the base fuol more than
an equlivalent emount of water at most of the fuel-air ratios investi-
gated. ZEthanclamine and Z-amino-2-methyl-l-projpansl raised the knock
1imit more than an equivalent amownt of water at fuel-alr ratioe
greaver than 0,093, The 21 compounds investigated were less effective
1n raising the knock limit thar monwmetbylemine, dimethylemine, and
ethylenediamine, wh'ch were provicusly Investigated.

INTRODUCTION

An investligetion of the antliimock effectliveness of various
additive-water solutions when used as Internal coolanta has been
conducted at the NACA Cleveland leboratory. Wine compounds have been
previously run in a CFR engine and the resulis are presented in reof~-
erences 1 to 3., Of thse nine campounds, moncmethylamine, dimethylamine,
ani ethylonediamine permltted the greatest inecreases in knock-limitod
power, From conslderations of the physical properties, however, tha
usge of these compounds as intermal cooclants would be restricted., For
example, moncmethylamine and dimethylamine are gasesus at room temper-
ature and have limited solubllitles In water. Ethylonediamine, an
well as monomethylamine and dimesthylemine, is corrosive in contact
wlth copper.

In an offort to find a gond antiknock-ccolant additive with more
desirable physical properties than those of the nine coupounds
previously investigated, water solutions of four aliyl aminos, three
alkanolamines, six amides, and elight heterocyclic compounds were
invostigatod and the results arc presanted.
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INTERNAT, COCLANTS AND BASE FUEL

Fach additive~water solution contained 3C-percent additive by

welght,

presented in the following tsable:

Boiling pointe and sclubilities of the pure additives are

I Physical propertles
Additive jBoiling Solubility
' point {a)
* (°C) {Water  TAlcohol|REther
Alkyl amines
Isopropylamine 34 <« <o =]
Isobutylamine €8 ‘@ © ®
tert-Butylamine 45 © i oo =
Monoamylamine |
(mixed isomers) 84-110 8 et Rt
Alkanolaminoe i
Ethanolamine 1172 oo o v8s
Diethanolarine ' 268 =™ =] 88
2-Amino-2-metliyl-l-propanol| 165 - U
Amides 1 :
Formamide 211 i © | 88
N-Ethylfornanide 188 oS o @
N-Ethylacetamide 205 o _ - P
N—Ethylpropianamiéeb' ------- ——————— -f—--—— ---------
N,N-Dimethyifornarxide 155 5 s 8
N,N-Diethylacetamide 187 8 g <]
Heterocyclic co—poundse .
2,2-Dimethylettylenimine 71 O P —— | -----
Morpholine 128 = t 5 8
Pyridine 115 o P -
2-Methylpy>ridine 123 . vB < [ ©
3-Methylpyridine 144 o =] I co
4-Methylpyridine - 143 =] co Ly
2,6-Dimethylpyridine 143 fo cold; s )
‘{ s hot I
2-Vinylpyridine 159 ves , ve | vs

8The following abbreviatione are used to indicate the solu-

bilitles of the additivea: o, infiniteiy soluble;
ve, vory soluble; s, soluble; ss, alightly soluble;
vag, very siightly scluble.

PNo data are available for this compound.
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In addition to runs made with additive-water solutions as internsal
coolants, runs were also made with water alune as the internal coolant,

The additive-water solutions were prepered at thls laboratory from
comnercial-grade cumpounds and distllled water, The 2,2-dimethylethylon-
Imine and the feri-butylamine compounds werzs not avallable commeorcially
and were prepared at thls laboratory. The correct concentration of
2,6-dimethylpyridine could be maintained only at temperstures of 20% C
or lesa. This solutlon was kept in an ice bath while belng run.

The merits of the Internal~cvolant solutions were dstermlined by
the offect of the coolant on the knock-limited performance of AN-F-28,
Amendment-2, fuel. A single batch of this fuel waos used in thle prosent
investigatlion and in the Investigations reported in references Z and 3.

In order to avold confiaion, the followlng definitlicns are uped:

(1) Fuel: AN-F-28, Amendment-2, used as base fusl

(2) Water-fuel ratlo: welght ratio of water containing no
additive to AN-F-28, Amendment-2, fuel

(3) Additive~water ratio: weight ratio of pure additive to water

(4) Internal codlant: elther pure water or additive-water solution

APPARATUS AND PRCCEDURE

The engine, auxiliary equipment, and procedure of Investlgating
the ihternal coolants were the same as described in reference 3, The
addltive-water solutlons were run at a coclant-fuel ratio of 0.50.
Water alone was run at cooclant-fuel ratios of 0.35 and C,50 by welght.

The following enzine condltions were malntained constant through-
out the program:

Engine 8peed, IDHM. & « ¢ o s + 5 + & & 4 s 0 a2 4 s s e « » » 2500
Comprenslon Y&tioe o o« o o « o « o s s o o « o« + ¢« 2 & » s s ¢ 1.0
Spark advanco, 4eg BaT.Co v o + v o & v s s s v+ & o o v » o 30
Inlet-air temperature, “F .+ . o 4 o s o o « o + o + o o o « o 250
Jacket tempasrature, OF . . . . . . ¢ 4 ¢ 4 4 4+ s e e ¢ s o+« 250
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PRESENTATION AND DISCUSSION OF RESULTS

Knook-limited lndicated mean effective pressures and indicated
gpecific fuel consumptions plotted againet fuel-air ratio Pcr fusl
wilth and without water as an intermal coolant are presented in
figure 1. Similar data for fuel with internal-coolant solutions
containing 70-percent water by weight and 30Q-psrcent of each of the
21 additives are prescnted in figures 2 to 4.

The following table Indlcates the reproducibility of the data
by giving ratios of arithmetical-mean dsviatlon to average knock-~
limited indicated mean effective pressure (expressed as percentage)
es detormined from the runs of fuel alone and wlth water as an
internal coolant:

Ratio of arithmetical-mean deviation
Number %o knock-limited imep
Water-fusl of (percent)
ratio
runs Fuel-air ratio
0.05{0,086;0.,07|0,56810,09{0,10
0 4 3.4 |3.3 ,2.8 [3.8 2.0 2.7
0.50 2 femmm——e 5.5 {1.0 | .8 [2.0 }1.8

The wvalues in this table were detsrmined from runs made at intervals
throughout the program and indlicate that a good degree of reproduci-
bllity was obtained. The reproducibility of the lknock-limited
performance when using internal-coolant additives, however, was not
checked because of limited supplles.

The results obtalned in this investigation erc presented in
table I in terms of the ratios of the knock-limited Indlcated mean
effective pressures obtalned when using coolant additlves to those
obtalned when using water alone at two different water-fuel ratlos.
The upper and lower values were determined by the following ratios:

upper value,

knock~limited inep of 0.50 (0.30 additive + (,70 water) + 0.50 fuel
knock-limited imep of 0.35 water + C.85 fuel
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lower value,

knock~limited imep of 0.50 (0.30 additive + 0.70 water) + 0.50 fuel
knock=-limited imep of 0.50 water + 0,50 fuel

An upper value above 1.00 indicatea that the addition of the
additive ralsed the lmock limit, 7This improvement in knock-limited
performance can be attributsd to the effect of the additive as an
antiknock agent and to the improvement In cooling resulting from the
addition off-more Internal coolant per pound of fuel, A lowsr value
above 1,00 indlicates that the addltive ralsed the kmock limit a
greater amount than an equivalent amount of water. As before, this
improvement may result from the antikmock quality of the additive aam
woll aa the cooling properties. Fram this dlscusslon,an upper value
above 1,00 together with a lower value below 1.00 theiefore denotes
that the additive raised the knock limit but not as much as an -
equivalent amount of water.

Monoamylamine, diethanolamine, 2,2-dimethylethylenimine, and -
morpholine were lesa effsective than water as internal coolants for
all values of fuelw-air ratio. Ethanolamine and Z-amino-2-methyl-
l-propanol were more effective than water as Internal coolants at
fuel~alr ratlios greater than 0,083 but were less effective than
water at lower fuel-gir ratios. The alkyl amines {with the excep-
tion of monosmylemine), the amides, and the heterocyclic compounds
(with the exception of 2,2-dimethylethylenimine and morpholine) were
more effective than water as internal coolants for moat values of
fuel-air ratlo.

The bar graph (fig. 5) compares at fuel-air ratiocs of 0.06,
0.08, and 0,10 the effectiveness of the intermal-coolent additives
run during thls investigatlon with that of six inbernal coolants
previously reported in reference 3, The values used In the graph
are ratlos of the knock~limited indicated msan sffectlve preassure
pormitted with an additlive-water sclution as the intermsl coolant
to that pexrmitted wilth water alvne as the intermal cooslant at a
coolant-fuel ratio of 0.50., Monomethylamine, dimethylamine, and
sthylenedlamine are more effective as internal-coolant additives
than any of the other 24 compounds,

SUMMARY OF RWSULTS

The results of Investigatlone of water solutions of four alkyl
amines, three alkanolamines, six amldes, and elght heterocyclic
compounds as intermal-coolant additives in a CFR englne may be
gsumarized as followss
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1., Three alkyl amines, thé six amides, and six heterccyclic
compounds were more effective than water as internal coolants for
most values of fuel-zlr ratio.

2. Monoamylamine, dlethanolemine, 2,2-dimethylethylenimine,
and morpholine were less effectlve than water as intermal coolants
for all values of fuel-air ratlio, Ethanolamine and Z2-amino-
2-methyl-l-propancol raised the knock limit at fusl-alr ratios
greater than 0,093,

3, The 21 compounds inveatlgsted were less effective in
ralsing the knock limit than monomethylemine, dimethylamine, and
ethylenedlamine, which were previously investigsted.

Adrcraft Engine Regearch Laboratory,

Fna Aok
.I.‘GU.LU---I.&J- .ﬂ.u.V.LUU.LJ ULB.LI.LLIJ.UUGU 4 UL AOLUL U

Cleveland, Ohio.
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TABLE I - SUMMARY OF ANTIKNOCK EFFECTIVERESS OF VARIOUS
COMPOUNDS AS INTERNAL-~-COJOLANT ADDITIVES

LCFR engine; AN-F-26, Amendment-2, fuel; englno speed, 2500 rpm;
comvression ratio, 7.0; spark advance, 30° B.T.C.; inlet-alr temper-
ature, 250° F; Jjacket temperature, 250° F. Tor each additive there
are two rows of values, The vpper value is ths ratio

inock-1limited iuep of 0'50-(Q;§9~E§glﬁiz? + 0.70 water) + 0.50 fuel
Imocl-11nlted imep of 0.35 water + 0.65 fuol

The lower wvalue 1la the ratio

knock-limited imen of 0.50 (0,30 additive + 0.70 watoer) + 0.50 fue%]
knoslk-limited imep of 0.50 water + 0.50 fuel

Fucl-air ratio®
0.050.06]0.07[0.08{0,09]1.10

Alkyl amines _ }
Isopropylamine 1,0141.24;2.30]1.14)1.12[1.01
«9711,0011.1012L.07) .98 .99

Isobutylamine - 1,17|1.23}1.39 1.28[1.32 1.09
1.12{1.0811.18|1.20|1.15|1.07

Addlitive

tert-Butylemino 1.0541.,16}41,37(x.21)1.21 (1,02
1.00,1,02)1,17(1.14}1,07|1.00

Monoanylamine (mixcd isomera)}! .84 .96-1.09 1.0411,02 .92'
L80!0 .84y ,931 .87t ,9C1 ,90

Alkanclamines
Ethanolamine 0.77,0.86|1.13{1.04|1.u9(1.25
74| 78] .96} .98 .96{1.23
! Diethanolamine - 89 aanfaaan] (821 .77 .75 |

.66!—-"- ~m=w! 58| 67] .72

2-Amino-2-methyl-l-propancl 77) e Los .97/1.081.04
.74} .76! .81| .91} .95|1.02

8The compounds wero not considered ag fuels and the heats of
combustion were neglected in computing the fuel-air ratics,

NATIONAL ADVISORY COMMITTEFR FOR AFRONAUTICS
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TABLE I - SUMIARY OF ANTHINOCK EFFECTIVENESS OF VAﬁIOUS

CAMPCUNDS AS INTERNAL-COOLANT ADDITIVES - Conbinued

Additive Fuel-alxr ratica

. 0.051}0.06/0.0710.08}0.091{0,10

Amides : ' P
Formawmide 1.041,04!1.30{1.15]|1.27}1.13
.99 .92j1.111,1141,12{1.10
! N-Ethylformanide 1.,0712.1941.33|1.26(1.2411.07
1.022.,0541.13{1.2111.,09}1,05
N-Ethylacetanide .95 01,18{1.26]1.20(1,22{1.04
.95 |1.0441.08}1,12§2.07¢1.02
N-Ethylproplonanide 1.03i1.22!1.38!1.2511.281.09
.99li.0811.17(1.16/1.1211.08
N,N-Dinethylfornamide : C9311,1111.2641.,1311.,12| .96
.59 .9811.07(1,068| .99 .94
N,N-Diethyiacetanide ,9311.1011.2811.1811,10: .96
.85 .97i1.0¢{1.12] .96! .94

-Hbterocyclic compounds
2,2-Dimetiiylethylsnimine 0,3215.9¢111,0510.9911.03|0.97
791 .80y .93 .93! .9rf .85

Morpholine .79 .8811.,06}1.01| .©8] .89
.76} .77y .90| .95 .85] .87
Pyridine .9A|1,16!1,38{1.27|1.25{1.03
.94(1,021,17{2,19{1,10{1,01
2-Methylpyridine .96/1.12{1.37|1,30|1.25}1.06
.92| .99,1.16{1.22|1,10!1.03

]
3-Methylpyridine | .93[1.12;1.32(1,19/1.26;1.05
| .89} ,9911.12}1.12{1,1C|1.03
4-Methylpyridine .96 1.12‘1.38 1,32{1.27{1.06
.92| .98{1.18}1.24/1,12;1.03
2,6-Dimsthylpyridine .90/ 1,13}1.37{1.25{1,281.05
-86] .99,1.16/1.17:1.15/1.03

I
2~Vinylpyridine 1.0611,2411,31[1.24/1.22{1.07

1.0511.09}1.12{1.16/1,07/1.04

87he compounds wore not considered as fuels and the heats
of combusticon were negiected in computing the fuel-air
ratios.

NATTONAL ADVISORY CQY¥MITTEE FOR AERONAUTICS
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1imited performance of AN-F-28, Amendment-2, fuel. CFR engine; engine speed, 2500 rpm;
cempression ratio, 7.0; spark advance, 30° B.T.0s} inlet-air temperature, 2850° P; Jacket
temperaturae, 250° F.
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rig#ra 36 = Ralative knock-limited fDHn"l sraitted by various internal-ooolant additives at acolanst-fuel ratio

“:I,uu Engg aArq ratios of ck-llpitad indicated mean effective preasurs gmined with additive~
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