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NACA FM No. E7BOL

NATIONATL. ADVISORY COMMITTEE FOR AERONAUTICS
RESEARCH MEMORANDUM

FUEL TESTS ON AN I-16 JET-PROPULSION ENGINE
AT STATIC SEA-LEVEL CONDITIONS

By Rey E. Bolz and John B. Melgs

SUMMARY

The effect of fuel compogition and boiling point on the per-
formance of the type I-16 Jet-propulsion engine wes Investigated.

Tests were wmade on 14 fuels embodylng different types of
hydrocarbon and having boiling points lying within the range of
1500 to 650° F. ZEach fuel was tested in an I-16 engine at static
sea-level conditions at 13 rotor speeds varying from 11,000 to
16,500 rpm. Perforwance was based on speed, thrusi, fuel flow, air
flow, tall-pipe temperature and pressure, and temperature rise and
pregsure drop acrosse the combustion chamber.

The results show that for the I-16 englne tested at statlc sea-
level condltions:

Fuel composition and boiling range have a negligible effect
upon engins thrust, rotor speed, and gas temperatures for the prin-
cipal types of hydrocarbon fuel when used for short perlods of time.
The effect of fuel types on the psrformance and relliasbility of the
engine over long perlods of operation was not determined. Operation
of the engine using fuels containing very high percentages of ero-
matics and olefins resulted in visible black smoke in the exhaust
gases. The smoke from the aromatics wes much more dense than that
resulting from the olefinic fuel.

INTRODUGTION

A program to investigate the effect of fuel composition and
volatility on Jet-propulsion-ergine performance and to obtain data
that mey be useful for establishing effective Jet fuel specifications
is being conducted at the NACA Cleveland laboratory. Ae part of
this program, 14 fuels were investlgated including hydrocarbons of
the paraffin, naphthene, aromatilc, and olefin classes. The fuels
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were alsc selected to represent e wide boiling range, 150° to 650° F,
in order that the effect of boiling point as well as fuel composition
on the performance of the I-16 engine at static sea-level opsration
might bs determinsd. The melection of fuels was limited by the
neceasity of choosing only fusls readily obtainable In sufficient
quentity. Performance was based on engine thrust, fuel flow, air flow,
tall-pipe temperatuare, tall-pipe pressure, temperature rise acroes the
cowbustion chamber, and pressure drop across the combustion chamber.
The effect of the fuels 6n engine 1ife, engine atarting performence,
end carbon deposits wam not investlgated.

EQUITPMENT

The general arrangement of the tést-engine installation in the
test cell 1s shown in figure 1. The I-16 Jet-propulsion engine, tail
pipe, and nozzle were rigldly movnted on a floating fremework sus-
pended from the ceiling of the test cell by four rods connected to ball-
bearing pivots. Four guide rollers wers used to restrain lateral
motlon of the floating frame aesembly. The tail pipe of the engine
extended through the test cell, A seal in the wall of the test cell
nminimized air leskage into the room without restricting the longi-
tudinal movement of the assemwbly. All fuel lines and manocmeter leads
were Joined to the engline by rubber-hoge connectlons o provide flexli-
bility.

The test cell Iltself was & large reaesonably alrtight chamber.
The air supply to the engine entered the test chamber through an
18~inch A.S.M.E, standard metering nozzle. The alr leakage 1ntd the
cell was measured and included in the calculaticons of the air flow
to the engine.

Figure 1 alsco shows the mechenism for measuring statlic thrust.
In this instrument the thrust exerted by the suspended engine wes
transferred by the crank-lever arrangement to a diaphregm in an air
chamber. The thrust was indicated by a manometer connected to the
alr chamber and the menometer readings were converted intc pounds
thrust by means of a dead-weilght calibration of the thrust meter.

A rotameter was used for measuring rate of fuel flow and was
calibrated for sach fuel tested. A chronometric tachometer measured
the rotor epeed and Bourdon geges indicated lubricatling-oil pressures,
fuel-supply pressure, and fuel-nogzle pressure.

The location of the thermocouples and pressure tubes in the I~16

engine is shown in figure 2. Iron-consbantan thermocouples wore distri-
buted around the front and rear compressor inlets and thermocouples
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were placed iIn the compréssor-outlet elbows leading to comwbustion
chambers 4 and 9. Seven shlelded total~-pressure tubes in the expan-
sion Joint Just back of the compressor outlet gave a survey of the
total pressure of the air entering the combustion chamber. Three
total-presgsure tubes (f£ig. 3{a)) and three shislded thermocouples
(fig. 4(a)) were Installed in the exit of combustion chamwbers 4 and
9. An integrating total-pressure rake (fig. 3(b)) and seven shielded
thermocouples (fig. 4(b)}, both in an equal-area traverse, werse
placed in the tall pipe at the nozzle entrance. The thermocouples
uged in the high-temperature and high-velocity gas streams were
designed to minimize radiastion and conduction loceses. No attempt
has been made, however, to compensate for the inabllity of the
thermocouples to convert 100 percent of the kinstic energy of the
gaseg Into thermal energy

FUELS

Data on physical properties and spproximate chemlcal composition
of the test fuels ars given in table I. Solvent 1 and solvent 2
are two commercial hydrocarborn solvenis that correspond roughly
to two kerosene cuts with ths aromatic hydrocarbons removed. Hot-
acld octane, dilsobutylene, methylcyclohezane, and benzene are rep-
resentatives of the four general classes of hydrocarbons boiling in
the gasoline range. Benzene, Xylene, cumene, and solvent 3 ( a com-
mercial varnish solvent) are sromatice with different boiling ranges
from 170° to 408° F. Hastings naphtha and Wood River olefinic stock
are rich in naphthenes and olefins, regpectively.

TEST PROCEDURE

The standard test for sach of the 14 fuels consisted of runs at
10 consecutively increassing speeds ranging from 11,000 to 16,500 rpm,
which 1s the rated sneed of the rotor. The speed of 11,000 rpm was
selected because 1t was the lowest speed at which the nscessary
fusl-menifold pressure could be obtainsd. About 20 minutes were
required for each test.

Three check runs at decreasing speeds were algo made for each
fuel. A reference test was run each test day using solvent 1 from a
single batch. These reference teets indicate that there was no
change In engine operation from day to day other than the normal
experimental deviation, which averaged about 3 percent with a maxi-
mum of about 5 percent.
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RESULTS AND DISCUSSION

The performance data obtalned in the fuel teste were all cor-
rected to standard sea-level conditlons at the engine inlet and the
corrected valuss were used throughout in this paper.

The over-all pekformance of the I-16 Jet engine when operated
at static condltions and at sea level using the 14 fuels is shown
in figures 5 to 9. TFigure 5 showsa the meagured thrust exerted by
the engine plotted egainst the heat input per bour, that is, the
fuel flow multiplied by the lower heating value of the fuel. The
use of heat input Instead of fuel flow as the basis for comparison
eliminates heating value as a variable. The results shown in fig-
ure S5 Indicate that the effect of elther fusl composition or bolling
polnt on the performance of the engine at static sea-level condlitions
is negligible. The epread of the data (a maximum of about 6 percent)
cannot be atiributed to the differences in fuels because the spread
In the daily check curves for solvent 1 1s of the same magnituds.
The solvent 1 check runs taken over the entire test period are shown
in figure 8.

Figure 7 presents the rotor speed plotted againet heat input
for the 14 fuels. This curve agaln indicates the negligible effect
of fuel composition or bolling point on engine performence. The
variation in these data is a meximum of 3 percént, which also checks
the varlation in the data from the check runs on soclvent 1 shown in
figure 8. The speed data are more accurate than the thrust data
because the instruments for measuring speed are more accurate.

Engine calibratlon curves of speed against thrust and speed
againat alr flow plotted for all the fuels (figs. 9 and 10) indicate
that over the period of the 1nyestigation the engine characteristics
were constant.

Values of tail-pipe temperatures (fig. 11) and total pressures
(flg. 12) were used to calculate the engine thrust; a 95-percent nozzle
efficiency was assumed. The values of the calculated thrust checked
the values of the measured thrust within 1 percent over the entire
operating range and indicated good agrecment smong the thrust, tem-
perature, and pressure meesurements. The date in figures 11 and 12
further support the result that no measurable difference 1n engine
performance occurred for the fuels tested.

Figure 13 shows both the thrust specific fuel consmmption and
the fuel-air ratio for each fuel tested (corrected to a standard
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heating valus of 19,000 Btu/1b) plotted against the rotor speed.
Each of these factors is a ratio of two measured gquantitles and as
such is subJect to the combined error.

The average btemperature rise in two combustion chambere as
determined by the chromel-alumel thermacouples (fig. 4(a)) in the
turbine inlet and the chamber inlet is shown in figure 14 for three
fuels. The thermocouples in the turbine were dlfficull to maintain
end for many of the runs one or two of the three thermocouples
wore Inoperative. For the tests using the three fuels shown plotted
in figure 14, all three thermocouples in the turbine entrance were
operative. The date indicate a very high combustlion efficiency
(vetween 96 and 100 percent)} over the range of fuel flow and con-
conitant rotor speeds tested. The accuracy of the data depends on
how well the temperature at the combustion~-chamber exit is repre-
sented by the three thermocounle readings taken.

Figure 15 shows the combustion-chamber total-pressure drop in
percentage of chamber-inlet total pressure to the chamber plotted
againgt speed. The curve shows a congtvant percentage pressure drop
with an increase 1n engine speed, which, of course, means that the
pressure of the alr at the inlet to the combustion chamber Increased
with speed at about the same rate as did the pressure loss in the
chamber. This pressure loss 1s the sum of the frictlonal pressure
drop, whilich Increases with density and veloclty, and the momentum
pressure drop, which increases with inlet velocity and fuel-air ratilo.

The wvariation of combustion-chamber inlet total pressure with
rotor speed 1s also shown in figure 15. From this curve the prsssure
ratio of the compressor at an engine speed of 16,000 rpm was com-
puted to be 3.47.

Observation of the exhaust gas during engins operation showed
that only the use of aromatic fuels (benzens, Xylene, cumene, and
the highly aromatic solvent 3) and the olefinic fusl (diisobutylens)
resulted in heavy smoke in the exhauvst. The emoke formed from the
aromatics was much more dense than that formed from the olefinic
fuel. Tests indicated that a minimm of about 30 percent aromatics
in a nonaromatic fuel was necessary to cause traces of visible smoks.
The smoking tendency of fuels discussed had no effect on the thrust
or efficlency of the engine during the ghort teste of approximaitely
20 minutes.
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SUMMARY OF HESULIS

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

1. Fusl compositlon and bolling range had & negligible effect
upon engine thrust, rotor speed, and gas temperatures for the prin-
cipal types of hydrocarbon fuel when used. for short periods of time.
The effect of fuel types on the performance and reliabllity of the
engine over long periods of operation was not detexrmined.

2. Operation of the engine uming fuels containing very hilgh
porcentages of aromatics and olefins resulied in visible black amoke
in the exhaust gases. The smoke from the aromatics was much more
dense than that resulting from the olefinic fuel.

Aircraft Englne Research Laboratory,
Nationael Advisory Committee for Aeronautics,
Cleveland, Ohlo.



TARIE I - PHYSICAT DATA AND APPROXTMATE COMPOSITION OF FURLS TESTED IN I-16 JET ENGINE

Boiling| Specifici Eydrogen-|Lower Approximate compogition
Fusl ragge grevity | carbon  |heating (porcent by volume) ]
n) T | Tetafy) | Perattin Napithens| Aronetic| Olottn

Hot-acid octane® 174-257| 0.715 0.188 | 19,200 100
Diisobutylene® 210-216{ .726 | .167 | 19,000 100
Mothylcyclohexans® 207-212( - .773 170 | 18,500 100
Benzene® P 170-175! .883 .084 | 17,400 100
XyleneP 273-278| .B&7 J106 | 17,600 100
Cumene? 293-349| .863 J15 | 17,800 100
Solvent 3° 357-408] .861 121 | 17,800 90
62-0ctane gasoline 113.233] .689 182 19,000 76 22 2 Low
Hastings paphtha 139-318| 756 170 | 18,700 80-90 5 Low
Wood River olefimic stock[g01-620| .819 71 | 18,750 ' 30
Kerapens "~ |302-488| .809 164 | 18,500 45 25 28 2
Solvent 1 307-382] .769 174 | 18,800 62 36 2 Low
Solvent 2 370-485] .792 174 | 18,700 62 33 5 Tow
Disgel fuel oil 350-655| .829 61 | 18,400 40

8fuels in gasoline boiling range representing the four clasges of hydrocarbons.
DAvomatic fuels with verious bolling ranges.

Netional Advisory Commlbtee
for Asronautice

TOTLE °ON W VOV
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