MR No. EBACG4
M
. N £
—r=

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS™ 7™

WARTIME REPORT

ORIGINALLY ISSUED

January 1945 as
Confidential Bulletin E5A04
SUITABILITY OF ETHERS AS AVIATION FUEL COMPONENTS
THE KNOCK-LIMITED PERFORMANCE OF SEVERAL
ETHERS BLENDED WITH AN-F-28 FUEL
By Henry E. Alquist and Lenoard K. Tower

Aircraft Engine Research Laboratory
Cleveland, Ohio

WASHINGTON

NACA WARTIME REPORTS are reprints of papersoriginally issued to provide rapid distribution of
advance research results to an authorized group requiring them for the war effort. They were pre-~
viously held under a security status but are now unclassified. Some of these reports were not tech-
nically edited. All have been reproduced without change in order to expedite general distribution.

* E-207




' ﬁ—' - [
" IRy
31176 01403 3676 _

NACA CB No. ESAO4

NATIORAL ATWISORY COMMITTEE FOR AERONAUTICS

e —————

XCONFIDERT TATL BULLETIN -

SUITABILITY OF EFHERS AS AVIATION FUEL COMPONERTS
THIE KNOCK-LIMITED PERFORMANCE OF SEVERAL
ETHERS DLENDFD WITH AN-F-28 FUEL

By Henry E. Alquist and Leonard K. Tower

INTROIUCTION

A general research project 1s- belng conducted by the NACA to
determine the suitability of verious ethers as components of avia-
tion fuels. Investigations cowering the physical and chemical prop-
erties of the various ethers and thelr antiknock efrectiveness, as
well as thelr methods of preparation and purification, are included.

The knock-limited periormence of various ethers has been deter-
mined by many laboratories inc'uding those of tho Army, the Navy the
englne manufacturers, and the various laboratories of the petroleun
industry. Some of the sthers have shown considerable promise as
high antliknock blending agents on nonsupcorcharged rating englnes.
Recent NACA tests of certain -camnounds such as methyl tert-butyl
ether (see references 1, 2, and 3) on supercharged engines indicate
that the knock-limited performanco of the ethers sh>uld be thoroughly
investigated.

The knock-limited performance of four aliphatic ethers and two
aromatic ethers blended with AN-F-28 fuel were investigated on a
supercharged CFR engine. The data obtalned fram these tests are
presented herein and mey be usod to extend the evaluatlon of the
antiknock effectiveness of the ethers as components of avlatlon
fuel. These data were obtalned at the Alrcraft Englne Research
Laboratory of the NACA, Cleveland, Ohlo, on July 25, 1944.

:

ATPARATUS ARD TEST FROCEIURE

The experimental blends tested contained 90 percent AN-F-28,
Amendment -2, fuel and 10 percent of the followlng four alirhatic
ethers: methyl tert-butyl ethei, ethyl tert~-butyl ether, 1sopropyl

tert-butyl ether, and di-tert-butyl ether; and the following two
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aromatic ethers: anisole (methyl phenyl ether) and phenetole (ethyl
phenyl ether). The di- tert-butyl ether was prepared by Henry H. Chanan
in the Fuel Synthesis Saction of the Fuels and Lubricents Division.

The other ethers were obttainsd from a commercial source and were dis-
tilled at the Cleveland laboratory. All blends were leaded to 4.6 mil-
liliters of tetraethyl lead per gallon. Data covering the normal range
of fusl-alr ratlos were obtalned on 500 to 700 mlilliliters of the
purified ether samples.

Becauge all tests were run on the same day, only one test of the
base fuel was necessary. The tests were conducted on a high-speed
supercharged CFR engine as described Iin reference l; as in reference 1,
the following engine conditions were malntained constant:

Engine speed, rpm . . e s s s s s e e s s e & s s s s s « 2500
Inlet-airtemperature,oF..................250
Coolant temperature, OF . . + « « « « « « « « « « « s o « o « 250
Compresslon ratlo « « o ¢ ¢ ¢ ¢ ¢ o o o « o o o ¢« o o a o « » 1.0
Spark advance, deg B.T.C. « 6 s s & s 8 o s s a s 8 a e & » 30

RESULTS AND DISCUSSION

Figure 1 presents the knock-limlted performance data for the
six ethers end the base fuel. The aliphatic ethers gave improved
knock-limlted performances over the normal fuel-alr-ratio range,
whereas the aromatic ethers did not show any lmprovement in the fuel-
alr-ratio renge from 0.067 to 0.082. All the ether blends allowed
higher knock-limited performance than AN-F-28 fuel in the extremely
lean-mixture and rich-mixture regions. The performance data on
mothyl tert-butyl ether was limited because of a lack of material
but enough data from reference 1 were used to extrapolate the curve.
The agreement between the rich-mixture performances of the two sets
of data wes satlsfactory.
The experimentally determined bolling polnts, freezing polnts,
and the net heats of combustion of the blend components are listed
In table I. The effect of the various ether blends on the knock-
limlted performance is presented in table II as well as 1n figure 2.
In the consideration of these summaries, reference should be made
to figure 1, because the aromatic ethers show a fuel-alr-ratio shift
of the minimum knock point. It 1s belleved that this shift partly
accountes for the slight depreclation in knock-llmited power exhibilted
by anisole and phenetole between fuel-alr ratlos of 0.067 and 0,082,

Although methyl tert~butyl ether gave the best knock-~limited
rich mixture response, 1sopropyl tert-butyl ether and di-tert-butyl
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ether gave better resulis at lean mixtures. Isoprcpyl lert-butyl
ether ani di-tert—butyl ether also have higher nev heats of combus-—
_ .. stion than methyl tert-butyl ether. (See tabls I.)

Aircraft Engine Research Laboratory;
Wational Advisory Committee for Aeronautics,
. Cleveland, Ohio.
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TABLE I ~ SULMARY OF PHYSICAL ETYER DATA

Test blend Mclecular| Freez-|Boil-{Experi- Calculatedl
(1C percent ether plus structure| ing ing [mental [net heat of
90 percent AN-F-28 fuel) point {point|net heatl|combustion
(°F) | (°F)|cf com— |cf blerd
. bustion (Btw/1b)
(Btu/1p)
AN-F-28 fusl SN, P 18,90C |mmmmmmmm
R S
Methyl tert-butyl ether, 6-3-C~0 | -164 | 131 | 1R,20C 18,820
: !
’*“;i;’,,}i)““e”-ﬂ phenyl ff: —':,- —0-0 | =22 | 206 | 1i,l00 18,45
o .
Ethyl tert-butyl ethesr . C-6-0-C-Gf -137 14C | 15,K0( 18,F6C
' Cc
henetcle (elhyl phenyli,/ . - :
rh:;ﬁns (elhyl phenyl /- 5=0-3-¢f  -2L | 732 | 1k,7C 18,430
f c
Tsopropyl tert-butyl ! °‘.“‘°'¢ -128 | 189 | 15,90C 18, 6¢0
ather | 2 3
c
Di-tert-butyl ether c-{:—o—q—-: ~78 | 211 | 16,200 18,620
C ¢

1Calcu1ated net heat of combustion of blend of 10 percent ether plus
90 percent AN-F-28 fuel.
National Advisory Committece
for Aeronautics




NACA CB Mo, £5A0L _ 5

TABIE II - SIDMARY CF KNOCK-LIMITED PERFCRMANCE DATA

Test blend Relative power?
(%8 gz:g:gi :ﬁﬁgizglgﬁel) Fuel-air ratio Pe;:iﬂ?ig;i:§u§ZOiChio_

0.062]0.038040,11G a2 118.7 | 163.2

FN~-F-28 1.00 |1.00 |1.CC 1,00 1.0C 1.0

¥ethyl tert-butyl ether 1.1¢ j1.11 |1l.21 L.J1 1.1h 1.22

Inisole (metkyl phenvl 1.5 1.0 |1,.08 1.CLy 1.¢c5] 1.C9
ether)

. Ethyl iert-butyl ether 1.0 |1.11 {1.07 1.65 1.13 1.67

Frerstele (ethyl phenyl 1.12 [N.59 |1.13 1.1¢ 1.0 1.1%
rther)

Iscrroryl tert-butyl 1.1% |1.,11 |1.08 1.1% 1.12 | 1.08
ether

Di-tert-bwtyl ether ll.l? 1.C7 |1.G6 1.16 1.09 1.06

imep (1C percent sther plus 7C rercent AN-F-28 fuel)
b imer (AM-7-28 fuel) *
Percentages of stcichiometrir mixtures corresponding to fuel-air
ratios cf 0,062, 0.080, and 0.110, respectively, for AN-F-28 avia-
tion fuel.

fRelative rower =

National Advisory Committee
for Aeronautics
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Figure 1. - The knock-limited performance of blends of 90 percent AN-F-28 fuel and 10 percent
of several ethera. Supercharged CFR engine; compression ratio, 7.0; coolant temperature,
250° F; inlet-air temperature, 250° F; spark advance, 30° B.T.C.; engine speed 2500 rpm.
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(b) Anisole (methyl phenyl ether).

Figure 1, - Continued. The knook-limited performance of blends of S0 percent AN-F-28 fuel and 10 percent
of ssveral ethers. Supercharged CFR engine; compression ratio, 7.0; coolant temperatyure
250° F; inlet-air temperature 250° ¥; spark advance 30° B.T.C.; engine apeed 2500 rpm.
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Figure 1. - Contimued. The Imock-limited performance of blends of 90 percent AN-F-28 fuel and 10 percent
of meversl ethers. Supercharged CFR engine; compression ratio, 7.0; coolant temperature
250° ¥; inlet-air temperature 250° F; spark advance, 30° B.T.C.; englne speed 2500 rps.
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Figure 1. - Contimued. The kmock-limited performance of blends of 90 percent AN-F-28 fuel and 10 percent
of several ethera. Supercharged CFR engine; compression ratio, 7.0; coolant temperature
250° F; inlet-air temperature 250° F; spark advance 30° B.T.C.; engine speed 2500 rpm.
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Figure 1. - Contimued., The knock-limited performance of blends of 90 percent AN-F-28 fuel and 10 percent
of several ethers. Supercharged CFR engine; compression ratio, 7.0; coolant temperature
250° F; inlet-sir temperature 250° F; spark advance 30° B.T.C.; engine speed 2500 rpm.
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Figure 1. - Concluded. The knock-limited performance of blends of 90 percent AN-F-28 fuel and 10 percent
of several ethers. Supercharged CFR engine; compression ratio, 7.0; coolant temperature
250° F; inlet-air temperature 250° F; spark advance 30° B.T.C.; engine apeed 2500 rpam.,
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