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NATIONAL ADVISORY COMMITTEE FUR AERONAUTICS
RESFARCH MEMORANDUM

FUEL TESTS ON AN I-16 JET-PROPULSION ENGINE
AT STATIC SEA-LEVEL CONDITIONS
By Ray E. Bolz and John B. Me!'gs

SUMMARY

The effect of fuel compoaition and beiling point on tke per-
formance of the type I-16 Jet-prorulsion engine waus investigated.

Tests were made on 14 fuels embedying different types of
hydrocarbon and having boiling noints lying within the range of
150° to 650° F. Each fuel wea tested in an I-1€ engine at stetic
sea-level conditiona at 13 rctor speeda varying from 11,000 to
16,500 rym.  Porformance was based on speed, tlirust, fuel flow, air
flow, tall-pipe temporatire and preassure. and temperature rise and
proasure drop acrogs the corbusticn chauber.

The results show that for 1-16 engine tested at static sea-
level conditiona: r

Fuel cowmposition and boiling range have a negligibie effect
upon engine thrust, rotor speed, and gas temperatures for the prin-
cipal types of hydrocerbon fael when uscd for short periods of time.
The effect of fuel tyres on the perfcrmance and reliebility of the
engine over long veriods of operation was not determined. Operation
of the ergine using fuels containing very high percentages of aro-
matica and olefins resulted in visible dlack smoke in the exhaust
sases. The smoke from the aromatics was much mcre dense than that
resulting from the olefinic fuel.

INTRODUCTION

A program to investigate the effoct of fuel composition and
volatility on Jet-propulsion-ergine rerformance and to obtain data
that may be useful for establishing effective Jet fuel specifications
is being conducted at the NACA Cleveland laboratory. As part of
this program, 14 fuels were investigated including hydrocarbons of
tho paraffin, nuphthone, aromatic, and olefin classes. The fuels
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were also selected to represent e wide boiling range, 150° to 650° F,
in order that the effert of bulling point as well as fuel comyposition
on the rerformance of the I-16 crngine at static sca-level operatlion
might be deteimiiied. The selection of fuela was limited by the
necessity of choosing cnly fuels readily obtainable in suffliclent
quantity. Perforrance was based on englae thrust, fuel flow, alr flow,
tail-pive teaverature, tall-vipe pressure, tempurature rise across the
combustion chember, and pressure drop ucross the cumbustlon chamber.
The effect of tne fuels en engine 1lifo, eungtue atarting verforumence,
and carbon deposits waz not ‘nvestligated.

IZQUIPMENT

The general arrancement of the testeenglne Ingtailation in the
test cell 8 shovn In [igure 1. The I-16 Jet-pronulslcon englne, tall
pipe, and nozzle were rigidly movnted on a floating frumework sus-
perded I'rom the cellfag of tie test cell by fuur rods connected to ball-
bearing pivots. Four guide rollers weore ised o restraln lateral
motlon cf the flcaztiug frame assembly. Tue tall pipe of the engine
extended through the test celi. A seal In tue wall of the test cull
minimizoed alr leakags lato the room without restricting the longi-
tudinal movement of the aswezmbly., All fuel lines and manopeter leads
were Joined to the crgine by rubdber-hoee conuectlons to provide flexi-
bility.

The test cell !toulf wasd a lerge rezgonsbly alrtight chamber,
The alr supply to the crgine enterod the test chember through an
13-inch A.5 .M.E. standord metering rozzlo, The air leckage into tle
cell was mousured and fucinded in the calculatlons of the air fiow
to the englne.

Flguru 1 also shous the mechanlism {or measuring static thrst.
In this Instrument the thrust exerted by the suspendod engine was
transforred by the crank-lover arrangement to a diaphregn Iin an air
chamber. The thrust was Indlcated by a prnometer ~onnected to the
alr chambeor and the manomoter readings were ccnverted into pounds
thrist by means of a duadewoight calibration of the thrust moter.

A rotumeter wao used for wmeasuring rate of fuel flow and wus
calibrated for euch Muvl tested. A chronometric tachometer measurcd
the rotor speed and Bourdon guges ludicaicd lubricating-oll prossurcs,
fuel-supply pressurc, and fuel-nczzle pressure.

Tne location of the thermccouples and pressure tubtes In the I-16
englne ls shown In flgure 2. Iron-ccnstantan thermocouples were dlstri-
buted around the front and rear comnressor Inlets and thormocouples
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were placed in the compressor-outlet elbows leading to combustion
chambers 4 and 9. Seven slielded total-vressurc tubes in thé expan-
sion Joint Just back of the compressor ontlet gave a survey of the
total pressure of the air entering the combustion chamber. Three
total-pressure tubss (fig. 3(a)) and three shielded thermccouples
(flg. 4(a)) were installed in the exit of combustion chambers 4 and
9. An integruting tctal-pressure rake (f!g. 3(b)) and seven shieolded
thermocounles (fig. 4(b)), both In an equal-area traverse, were
placed In the tall pipe at the nczzie entrance. The thermceouples
uged in the high-temperature and high-velocity gas streams were
designed to minimize radiation end conduction losses. No attempt
has bteen wmade, howover, to comnensate for tue Ilnabllity of the
thormozouples to convert 100 porcent of tke kinetic energy of the
gascs into thermal ernergy.

FUELS

Data on rhysicul proverties and apnroxinate chemical composition

of the test fuels nre glven in teble I. Solvent 1 arnd solvent 2

are two ccmmercial hydrocarbon solvents that corrcspond roughly

to two kerosene cuts w'th tne aromat!c hydrocarbons removed. Hot-
acld octane, dijpobutylene, rmothylcyclchexare, and benzene are repe-
resentatives of the four general classes of hydrocarbons doiling in
the gasoline range. Benzcne, xylene, cumeno, and solvent 3 ( a com-
rercial varnish solvent) arc aromatics with different boiling ranges
from 170° to 408° F. Hastings naghiha and Wood River olefinic stock
are rich in naphthencs and olefins, respectively.

TEST PROCEDURE

Tho standard test fur cach of the 14 fuels consisted of runs at
10 consecutively Increesing spucds ranging frow 11,000 to 16,500 rpm,
which 18 the rated speed ol the rotor. The speed of 11,000 rpm was
s¢lected becausc it was the lowest speed at which the necessary
fuvl-manifold pressure could be obtained. About 20 minutes were
required for cach test.

Three chock runs at decreasing speeds were also made for each
fuel. A referonce test was run cach test day using solvent 1 from a
single batch. These refcrence tests indicate that there was no
change 1n engine operation from day to day other than the normal
experimontal deviation, which averaged about 3 percent with a maxi-
mum of about S percent.
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RRSULTS AND DISCUSSION

The nerformance data obtained in the fuol teats were all cor-
rected to standard scea-levol conditions at the engine inlet and the
corrected values were used throughout in this paper.

The over-all performance of the I-16 Jot engino when operated
at static conditions and at sea level using tho 14 fuels is shown
in figures 5 to 9. Figare 5 shows the measiured thrust exerted by
tho engino ploutted against the Leat input ner hour, that is, the
fuel flow multiplied by the lower hLeating valie of the fuel. The
uso of heat input Iinstead of fuel flow 28 the basis for comparison
eliminates heating valuo as a variable. The results shown in fig-
ure 5 indicate that the effect of eitlier fuel comrosition or boiling
voint on the performance of the engine a’ stat!c sea-levol conditions
is negligiblo. The sproad of the data (2 maxiaum of about 6 perzent)
canrot be attributcd to the differences in fuels because the spread
In the dnily check curves for solvent 1 is of tho same magnitudo.
The solvernt 1 check runs taken over the entiro teet period are shown
in figure 6.

Figure 7 presents the rotor speed piotted agninst lcat input
for the 14 fuols. This curve again indicates the negligiblo cffect
of fuel ccmposition or bolling point on engine performance. The
varletion in thceo data is a maximum of 3 per:ent, which also checks
the variation in tle deta frem the check runs on solvent 1 shown in
figure 8. The speed data are more accurate than the thrust data
tocause the instruments for measur:ng specd arc mere accurato.

Engine callbration curves of apced ugainat thrust end speed
against air flow plotted ror all the fuels (fice. 9 and 10) indicate
that over the pericd of the investigation the eng’ne charucteristics
were constant.

Valucs of tail-vu!pe tumperatures (fig. 11) and total pressures
(fig. 12) wore used to calculate he engine thrust; a 3S-percent nozzle
cfficlency wes assumed. The values of the calculated thrust choecked
tho valuvs of tho measured thrust within 1 percent ovor the entire
opurating range and indicated good agrevmunt among the thrust, tem-
perature, and rressure measurcments. The data In figures 11 and 12
furthor svpport the result that no measurable difference in cngine
performance occurrevd for the fuels tested.

Figure 13 shows both the thrust specific fuel consvmption and
the fuvl-air ratio for vach fuel tested (corrected to a standerd
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heating valuo of 19,000 Btu/lb) plotted against the rotor speed.
Each of theso factors {8 a ratio of two measured quantities and as
such is subJject to the combined error.

The avcrago temperature risoc in two coxbustion chambers as
dotormincd by the chromel-alumel thermocouples (fig. 4(a)) in the
turdbine inlot and the chamber inlet is shown in figure 14 for three
fuols. Tho thermocouples in the turbine wore difficult to maintain
and for many of tho runs one or two of tho three thermocccuplecs
were inoperative. For the tests uaing the three fuels shown plotted
in figure 14, all three thcrmocouples in the turbins entrance were
operative. The data indicate a very high combustion efficicncy
(between 96 and 100 percent) over the range of fuel flow and con-
ccmitant rotor specds tested. The accuracy of the data deponds on
how well the temperature at the couwbustion-chamber oxit is repre-
sented by the three thermocourlo readings taken.

Figure 15 shows the coxbustion-chamber total-pressure drop in
percentage of charber=inlet total pressure to the chamber plotted
against snced. The curve shows a ccnstant porcentage nressure drop
with an Incrense in engino sprced, which, of course, mecans that the
pressure of tho air at the Xanlet to the coxbustion chamber increascd
with speced at anbout the samv rate as did the pressure loss in tho
chazber. This pressure loss is the sum of tho frictional pressure
drop, whici increcascs with density znd velocity, and tho momentum
pressure drop, which incrvases with inlet velocity and fuel-air ratio.

The variation of combu:sticne-chamber inlet total pressure with
rotor speed 18 also shown in figure 15. From tiais curve the pressure
ratic of the compressor at an engine specd of 16,000 rpm was com-
puted to be 3.47.

Obgervaticn of the cxhaust gas during engine operation showsd
that only tho use of aromatic fuole (benzene, xylcne, cumene, and
the highly aromatic solvent 3) and the olefinic fuel (diisobutylene)
regulted in heavy smoke in the exha:st. Tho smoke formed from the
aromat ice was much more dense than that forwmed from the clefinic
fuel. Tests indicated thal a minizum of about 30 percent arocatics
in a nonaromatic fuel was nocessary to cauce traces of visible smoke.
The smoking tendency of fuels discussed had no effect on the thrust
or eofficlency of the enizine during tho short tests of approximatoly
20 minutus.
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SUMMARY OF RESULTS

The data show that for the I-16 Jet-propulsion engine tested
with 14 different fuels at static sea-level conditions:

1. Fuel composition and boiling range had a negligible effect
upon engire thrust, rotor speed, and gas temperatures for the prine
cipal typves of hydrocarbon fuel when used for short periods of time.
The effect of fuel types on the performance and reliability of the
engine over long periods of operation was not determined.

2. Ogeration of the engine using fuels containing very high
rercentages of aromatice and olefins resulted in visidle black smoke
in tho exheust geses. The sxoke from tho aromatics was much more
dense than that rosulting from the olefinic fuel.

Alrcraft Engine Reuscarch Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Figure 12. - Vsriation of tall-pipe total presaure with heat input for different fuel:
I~16 jet-propulasion engine. Dsta oorreoted to stan-

at ststio sea-level conditiona.

dard sea~level oonditions.
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