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FUEL INVESTIGATION IN A TUBULAR-TYPE COMBUSTCOR OF A TURBOJET

ENGINE AT SIMULATED ATLTITUDE CONDITIONS
By Adelbert O, Tischler and Ralph T. Dittrich

SUMMARY

As part of a preliminary study of fuels for turbojet englnes,
a series of 11 fuels, which ranged in volatility from gasoline to
Diesel oil end which included hydrocarbons of the paraffinie,
naphthenic, olefinic, azd aromatlc types, was tested In a single
tubuler combustion chamber of & turbojet engine under inlet-alr
conditlons that simulated engine operation et two engine speeds
at an altitude of 40,000 feet. Tests were also conducted at two
additional Inlet-alr conditions. Temperature-rise data at various
fuel-alr ratlos were cobtalned for each set of alr-flow conditions.
No vaeriations In cambustor -geometry or fusl nozzle were made In
this investigation.

At the three most severe operating conditions, it was found
that combustion efficiencies cbtained with varlous fuels decresased
as the boiling temperatures of the fuels increased, At inlet-air
conditions simulaiting engline operation et an gltitude of 40,000 feset
and an engine speed of 10,500 rpm, the differences 1in combustion
effliciencles for fuels of different boillng points, however, were
insignificant.

For fuels bolling wlthin the gasollne boiling renge, the
hydrocarbon type of the fuel was observed to have only a small
effect on the combustion efficlencies. In general, the combustion
efficiencies appeared toc decrease as the degree of umnsaturation
of the hydrocarbon increased.

INTRODUCTION

Although an investigation with various fuels in a full-scale
I-16 turbojet engine operated at sea-level conditions showed high
combustion efficlencies at all engine speeds lrrespective of the
fuel used (reference 1), differences in englne performance with
different fuels may exist at high altitudes where altltude-wind-~
tunnel lnvestlgations have shown that the combuation efficlencies
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of the fuel decrease considerably. In order to evaluate the effects
oft fuel volatility and hydrocarbon type on the combustion effi-
clencies in turbojet-engine combustors, fuel tests were made at the
NACA Cleveland laboratory in single turbojet-engine combustors oper-
ated at simulated eltitude conditions. Results of fuel teste in an
I-16 combustor have been reported in reference 2, The results of an
investigation of different fuels in a single I-40 combustor at vari-
ous simulated engine conditions sare reported herein.

The cambustion efficlencies of the fuels tested were compared
at each of two sets of simulated altitude conditions: (1) altitude,
40,000 feat; engine speed, 7000 rpm; and (2) altitude, 40,000 feet;
engine apesed, 10,500 rpm. In order to substantiate the conclusions
indicated by the runs at simulatod altitude operating conditions,
the results of runs at two additlonal sets of combustor inlet-air
conditions are also reported. These additional runs were orig-
inally bssed on inlet-air conditions at an altitude of 40,000 feet
and en engine speei of 10,500 rpm but in order to lncrease the _
severity of the teats the inlet-alr temperature was reduced in one
cagse and both inlet-alr temperature end pressure were reduced in
the other,

In order to show the effect of individusal inlet conditions,
that 1s, inlet-alr vressure, inlet-ailr temperature, and inlet-alxr
velocity, on the combustion efficiencies in the I-40 combustor,
runs in which each inlet-ailr parsmeter was Ilndividually varled
from the conditions at an altitude of 40,000 feet and an englne
gpeed of 7000 rpm were made for & range of- fuel flows with &
reference fuel. The reproducibility of the data was debermined by
repoated tests of the reference fuel at each set of conditions.

No varlations in either the combustor configuration or the
fuel nozzle were made during these runs.

The data reported, as well as the previous fuel Investiga-
tions reported in references 1 and 2, are part of a preliminery
survey of the fuel problems for the turbojet englne. The results
of these progrems serve primarily to indicate the directions for
future research,

FUELS

The 11 fuels tested in the I-40 combustion chamber are llsted
in teble I. The fuels are listed in four groups, each group
arranged in order of increasing boiling range. The flrst group
of fuels listed, gassoline, kerosene, and Diesel oll, comprises a
geries of typical petroleum fueis. The second group comprilses



NACA RM No. E7Fl2 . : : 3

paraffin-naphthene mixtures. Hot-acid oltene is a mixture of
branched paraffinic hydrocarbons; solvert 1 and solvent 2 corre-
spond t0 a low-boiling and a high-hoilirg cut of kerosene from
which the arcmetic hydroc rbons have be..r substentially removed.
In the third grouy are aromat.c hydrocarbons, Solvent 3 is a
hydrocarbon mixture that contains approrimately 90 percent aro-
matic hydrocarbons, Methylcyriohexane .end diisobutylene are &
naphthene and an olefin, reejscilvely; both of these fuels boil
within the gesoline boiling rangs.

ADARATUS

Alr-supply s;stem. - fn air system was regquired in which the
alr mass flow, the preseuwrs in She bwrrer, and the alr temperature
could be indspendently coritrolled. The air system is diagrammat-
lcally shown in Tigure 1.

The alr mess flow vas measured wiih & thin-plate orifice and
controlled by regilating valves. Part of the alr could be passed
through a ccmbinesion € lsctric and ste:im heater. Butterfly mixing
valves were autoratica’tlyr ccntrolled to mix the alr streams in
propertions nececsary to obtaip any deslred downstream temperature
up to the cayscity of the heaters (230" F at an air flow of
1.0 1b/sec). Tue hot gases Trom the ccmbustor were cooled by a
water spray in the exkaust duct. The Liressure in the combustor
was controlled by a pitterfly velve. ‘he exhanat gases could be
ejected eitheyr into an exhaust system where a vecuum of 25 inches
ofs mexrcury was availuple or to the atmouphers.

Combust.on chumber. - The burner used in these fuel runs ‘was
& single corbustion chamber from an I-40 turbojet engine. The
combustion chamber of this engine is »f clrculasr cross section
and of decresasing Glameter in the dirsction of ailr flow, The
chamber -contains :a removeble perforated liner of cylindrical shape
that separates the combustlon zone fom the passage for the sec-
ondary air. The cuter shell, the ccabustor liner, and the fuel-
injeccion nozzle used wnre the same gs those used in an I-40 engline.
The fuel nozzle was a 40-gellon-per-hour, 80-degree spray-sngle
nozrls., The inllet section of the combustor was modifled to permit
the instellation of the combugtor In.a straight run of pips. The
teail end of the zombustor shell and liner were cut at a plane
‘#here the ghell. and liner cesse %o have a cirocular cross section.
At this plane the shell and liner f1it snugly so only a small
amount of air, which is normally used to keep the liner cool,
could pess botwsen thé combustor shell and the liner. A flange
welded to the shell at this plene connected the combusticn chamber
to the exhaust dueting. (See fig. 2.)
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Instrumentation. - The instrumentation in the inlet-air duct
was the same in all series of fuel runs. The pressurs of the ailr
passing intoc the cumbustor was measured with & total-pressure rake
and static taps lcoated 2 feet ghead of the fuel-injeution nozzle
in & 6-inch-dlameter duct. The temperature of the incoming alr was
measured with an iron-constentan thermocouple mounted in the iIntake
duct near the inlet-pressure rake.

For the fuel Investigation at a aimulated altitude of
40 000 feet with simulated engine speeds of 7000 and 10,500 rpm,
6-inch-diameter duct dl-feet long was Installed directly behind

the combustor. This arrangﬁment pormitted the hot exhaust gases
to blow directly into a circular exhaust duct of approximately the
same sectionsl diameter as the combustor liner. Night radiation-
shielded chromel-alumel thermocouples, so spaced &s toc cover
centers of equal annular areas of the exhaust duct, were located
in & sectlon of—the duct about 28 inches downstream of the fuel
nozzle, at & position that roughly corresponds to the positlon of
the turbine mechaniem In the I-40 engine. This combustor setup

is ghowa in figure 3(a).

For the othexr two series of runs, a conical section of duch-
ing, which diverged the flow from the combustor-liner diameter to
a duct with an 8-inch dlameter, was used Jjust behind the combustor.
. The inlet ducting and the evhaust ducting for this setup, vwhich
was lagged with 2 inches of inculation, are shown in figure 3(b).
Twelve radietion-shielded chromel-alvmel thermocouples, spaced
as shown in figure 4(a), wore located 73 inches downstream of the
fuel nozzle., Ths design of the thermocouples used is shown in

figure 4(b).

PROCEDURE

For each rum the alr flow, the pressure in the combustor, and
the Inlet-air temperature were held constant at the values that
simulated engine operatjion at the reference conditions chosen.

The fuel flow was varied through a series of values so the tom-
perature rise through the combustor varled from 500° to about
1400° ¥, At each point the fuel flow was measured with a calil-
brated rotemeter; the thermocouple temperatures were measured with
an electric potentiometer; and the pressures -ahead of and behind
the combustor were measured with mancmeters.

As g criterion for comparing the fuels, the experimentally
determined tempersture rise of the gases passing through the
combustor was plotted agalnat the theoretical heat input per
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pound of alr., The theoretical heat input per pound of air was
equivalent to the over-all fusl-air ratio of the combustor multi-
plied by the lower heating value of the fuel, The experimentally
determined temperature rise was taken as the difference between
the arithmetic average temperature of the downstream thermoccuples
and the Inlet-alr temperature. The observed temperatures were
total temperatures. Besause the diffsrences between total and
static temperatures would be negligible at the velocities in the
exhaust duct. no account was taken of stagnatlion effects. Com-
bustion efffclency was teken as the ratio of the theorsetiral to
the actual.fuel flow required to cbtain a given temperature.

A series of preliminary runs was made fo indicate trends in
severity as each of the Inlet perameters was Individually varied.
These runs wore based on the condltions &b an altitude of
40,000 feet and an englne speed of 7000 rpm.

Four series of fuel runs were made at the operating condi-
tions listed in table IT. In order to minimize the effects on
the combustion sefficlencies of certaln seemingly uncontrollable
factors, such as the geometric position of the combustor liner,
dome, and shsll, end the amount of carbon deposlt in the com-
bustion chamber, and beceuse 1t was found virtually Ilmpossible
to duplicate combustion efflcisncles for a particular fuel and
set of operating conditionsg wilthin 10 percent if the combustor
was disasserbled, cleaned, and reassembled between runs, fuels
that comprised logical groups were consecutively tested. The
combustion chamber and nozzle were not disturbed during runs on
a gingle group cf fuels. Solvent 1 was run with each group of
fuels for the first two series to facllitate comparison of
results for fuels not Irnciuded within the same group and to
determine the reproduclblllty of the results.

RESULTS AND DISCUSSION
Effect of Combustor Inlet-Alr Conditions on Temperature Rise

The veriatlions of the temperature rise with the heat input
per pound of air for different combustor inlet-alr pregsures,
inlet-alr velocitlies, and inlet-alr temperatures are given in
figures 5, 6, and 7, respectively. These results bear oubt the
general conclusions of reference 3, In which a comprehensive
investlgaticn of the effects of varying the inlet parameters on
the combustion efficiencies of an ennular-type combustor were
reported.



6 KACA RM No, E7F12

The results of varying the inlet-alr total pressure at con-~
stant inlet-alr temperature and velocity (fig. 5) indicate that the
best combustion efficlencies occurred at the highest pressuvres. A3
the cambustor inlet-air presaure wss lowered from 11.0 to 7.0 inches
of mercury sbsolute, the coubustion efficiencies for solvent 1 mark-
edly decreased. MNombustion could be maintainsd only with difficulty
&t preasures below 7.0 inches of mercury absoclute.

The results of Clgure 6 show the effect of chenge in inlet-alr
veloclty on the temperature rise, The average velccity of the
inlet air in thse 6-inch-diameter inlet clo.ct at & simulsted altlitude
of 40,000 feet and simnlated engine apeed of 7000 rpm is ebout
117 feet per second, A reduction in inlet-alr veloclty from 117 to
74 feet per second did not greetly affect the temperature riss but
an increase in velocity from 117 to 21S fest per second resulted
in a reduction in temperature rise and the appearance of a
temperature~rise peek of only 625° F at a heat input of 350 Btu
per pound of air (fuel-eir ratio, 0.018). An inetrease in fuel
Input beyond this value resulted in a lower average temperature at
the thermocouples.

The effect of change in inlet-air temperature.is shown in
figure 7. In general, somewhat higher combustion effliclencles
were obtained when the inlet-alr temperature was increased from
76° F to 228° F. This effect was particularly noticeable at low
heat-input values (low fuel-air ratios).

Serles 1

The results of fuel teets &t conditions corresponding to
operation of an I-40 combustor at an altitude of 40,000 feet and
en engine speed of 7000 rpm erxre glven for severasl groups of hydro-
carbon fuels 1un figares 8 to 1l2. It was difficult to reproduce
experimental resulta with the seme fusl from day to day at theae
conditions. Because of this difficulty, solvent 1 was run with
each group of fuels, The resvlts for three ssparate runs with
solvent 1 are shown in figure 8 to Indicate the degree of repro-
Gucibility in these runs.

The experimental results for three typlcal petroleum fuels
of different boiling ranges are shown in figure 9., -For a com=-
bustor temperature rise of 1000° F (a temperature rise of 900° 7
1s required to.meintain a speed of 7000 rpm In an I-40 engine at
an sltitude of 40,000 ft), the combustion efficiency of gasolira,
with & bolling range of 113° o 233° F, was about 75 percent; for
kerosens, boiling range 302° to 486° F, it was 68 percent; and
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for Diessl oil, bolling range 350° to 655° ¥, it was 63 percent.
Although some of the differences are not as lerge as the spread
in reproducibility of results, these results 1ndicate that under
these conditions of combustor copersatlon the combustlon efficiency
decreases as the volatlliity of the fuel decreases.

The combustion efficiencles for hot-acid octane, solvent 1,
and solvent 2 were 78, 75, and 73 percent, respectively, for a
tempeérature rise of 1000° T (fig. 10). These results also show
that the best combustion efficiencies are obtained with the most
volatile fuels,

Temperature-rise data for two aromatlc hydrocarbons, benzene
and xylene, and for solvent 3, which contained about S0 psrcent
arometic hydrocarbons, are given in figure 11l. Benzene, with a
beiling renge of 170° to 175° ¥, burned onlg slightly better
than golvent 1, with a bolling range of 307° to 382° F. Com-
bustion efficiencies for xylene were lower than those for benzene
but for solvent 3, which hes a higher boliling range than xylens,
the combustion efficiencles lay between those for benzene and
Xxylene ex‘cept at quite high heat inputs.

Results for the combustion of methyloyclohexane, a naphthene,
and diisobutylene, an olefin, both 6f similar boiling ranges, are
shown in figure 12. The com'bu.stion efficiency for methyleyclo~
hexane was somewhat better than that for dijsobubtylene. Becauss
of thse limited avellabillity of test fuels of different pure hydro-
carbon types, it was imposslble to select fuels within the same
bolling range to ‘represent each of the four classes of hydro-
carbons. Variations in the bolling ranges of the fuels compared
partly masked the effect of the hydroca.rbon type on the combustlon
efficiency.

In order to 1llustrete the decrease in combustion efficlencies
for fuels of increasing boiling range at inlet-alr conditions
correspondirg to an eltitude of 40,000 feet and an engine speed
of T00C rpm, thé cambustion efficiency for each fuel for a tem-
perature rise through the combustor of 1000° ¥ is shown plotted
against the midboiling point of each fuel in figure 13. Hot-acild
octane, solvaent 1, end solvent 2, fuels of high saturated (paraffinic
and naphthenic) hydrocar‘bcn content have high combustion efficlencles;
whereas xylene, an unsaturated (a.romatic) hydrocarbon fuel, apparently
has the poorest combustion efficiency with respect to its boiling

range.
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Sories 2

In ordexr to show the extent to which the affect of fvel prop-~
ertles on the combustion performence of the different fuels was
dependent—upon the inlet-alr conditions, & meries of rwuns was made
at a gimulated altitude of 40,00C feet and simulsted engine speed
of 10,500 rpm. At this engine apeed, the inlet-air preasure, vem-
perature, and velocity are higher than at 7000 rym. The results
of this series of runs are shown in filguvres 14 to 17,

The reproducitility of the data with solvent 1 is shown in
flgure 14, The reproduclbllity wes better than for the previous
serles of runs because of the less severe inlet-alir conditions;
the combustion efficiencles undsr these inlet-alr condltions were
much higher than for the preéevious runs., The resulls for gasoline,
kerosens, and Diesel oil, ms well as solvent 1, are shown in
figure 15. No significant d4ifferences in the combustion effil-
clencles for these fuels of dlfferent volatility appeared under
the higher engine-speed conditlons. The combustion efflclencles
weore about 88 percent for & temperature rise of 1000° F. A tem-
perature rise of g7s° ® is required at 40,000 feet and 10, 500 rpm.
Likewise the results for two fuels of low unsaturatedrhydrocarbon
content (fig. 16) and for three aromatic fueis (fig. 17) show no
significant variation of combustion efficiencies at these condi-
tions. Because of these results, methycyclohexane and diiso-
butylene were not tested at these conditions.

For purposes of comparison with the dats of the previous runs,
the combustion efficiencies of the fusls for & combustor tempera-
ture rise of 1000° F &t an altitude of 40,000 feet and an engine
speed of 10,500 rpm are also plotted aga1nst fuel midbolling noint
in Pigure 13. The poorest combuation efficiepncy with raspect to
fuel bolling point was agaln obtalned with xylene fuel,

Series 3

Becasuse the varlation in cambustion performance for different
fuels tested at simulated engine operating conditions was, In
certain ceges, of almost the same order of magnitude as the lrre-
produclibility of the data for a single fuel, the results of two
series of runs previously mede with scomewhat different exheust-
duct instrumentetion are reported In the followling sections.
These data substantiate the concluslions tentatively Indicated by
the simuleted altitude investigation. In series 3, the alr welght
flow, as in the runs at 40,000 feet and 10,500 rpm, was 1.0 pound
per second, and the inlet-alr total pressure was 21.0 Inches of
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mercury sbsolute; the inlet-air temperature, however, ves
reduced from 225° to 80° F. Reducing the inlet-eir temperature
at constant air weoight flow and pressure alsc reduced the inlet-
alr veloclty. The effects on combustion efficiency caused by
these two changes in inlet-air conditions tend to counteract
each other, :

- Thé results of these runs are plotted in figures 18 vo 22.
The data for several rums of solvent 1 (fig. 18) show an average
scetter of about 30° F. At these conditicns, the combustio
efficiency for the solvent 1 fuel increased with increasing heax
input. The efficiency of combustion at high fuel-air ratios wes
even higher than for the previous runs &t the same air flow and
pressure but with & higher inlet-air temperature. The:apparent
higher efficiencles may poesibly be accounted for by the fact
that in thils investigation a group of thermocouples sbout 73 inches
dovnstream of the fuel nozzle was used; whereas, the thermocouples
had been located only 28 inches downstream.of the fuel nozzle in
the previous investigetion. At high fuel-alr retios, and partic-
ularly at low-pressure condltions, combustion maey be taking place
beyond the position of the first group of thermocouples.

The test results for gesoline, kerosene, and Diesel oll are
shown in figure 19; the results for sclvent 1 and solvent Z are
plotted in Tigure 20 and the results for benzene, xylene, and
solvent 3 are plottsd in figure 21. The temperature-rise curves
have been drawn as straight 1lines bscause of the limited number
of experimental polnts. Thess results, in general, bear out the
conclusion that the best combustion efficlencies are obtained
with the most volatile fusls. ZXylene fuel ageln burned with
combustlon efficiensies gimilar %o those for the less volatile
solvent 3 fuel,

The results for benzene, methylcyclohexane, and dilsobutylene
are plotted in figure 22, The naphthene (methylcyclohexene) burned
better than the olefin (diiscbutylene), which, in turn, burned
better than the aromatic hydrooar%on (benzenes except at high
heat~input values,

Series 4

In order to increase even further the severity of the condil-
tions for the fuel testa, another serles of tesis was madje, this
time with combustor inlet-air pressure decreased from the value
in the series Just described to 15.0 inches of mercury abscluts,
Inlet-~alr welght flow was maintained at 1.0 pound per second
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and inlet-air temperature at 80° F. In this cese the inlet-air
velocity was lncreased. Towelring the inlet-alr pressures and
increaging the inlet-air velocity both tend toward severe cambus-
tion conditions.  The group of typlcal petroleum fuels (gasoline,
kerosene, and Diesel oil, fig. 23),the fuels of low aramsatic-
hydrocarbon content (solvent 1 eand molvent 2, fig. 24), and the
group of aromatic fuels (benzens, xylene, and solvent 3, f1g. 25)
agein 1llustrate that decreased velatllity causes decreased com-
bustion efficlency under severe conditions of combuator operation.
The data for benzere, methylcyolohexané, snd dilsobutylene (fuels
boiling within the gasoline bolling resnge, fig. 26) sagain indicate
that alightly better combusti-n might result from saturated hydro-
carbons (methycyclolhexane) than fram unsaturaeted hydrocarbons
(diisobutylene) and from unsaturated hydrocarbons than from azo-
matice. As before, however, these indicated differences for
various fuel types of similar volatillity sre small.

The combustion efflciencies for a tempeoraturs rise of 1000° F
through the combustior under the last two sets of conditions are
plotted against the midbolling point of each fuel in figure 27.
The efficlencies in both cases decrease with lncreased bolling
point. Xylene agaln shows poor combustion efficiencles.

General Consideraetions

At the simulated altitude of 40,000 feet and an engine speed
of 10,500 rpm, the &ifferences in combustion efficiencies for the
various fuels were not significant, but as the severity of the
operating condlitions was increased, these differences became more
pronounced. At an inlet-alr pressure of 20.5 inches of mercury
absolute and sn inlet-alr temperature of 225° F, the combustion
efficiencles for all fuels were high (about 88 percent for a tem~
perature rise through the combuastor of 1000° F)and the differences
in efficiencies for fuels of different boiling renges was of the
seme order of magnitude as the experimental uncertainty. At the
same pressure but with en inlet-air temperature of 80° ¥, the com-
bustion efficiencies of the fuels for a temperature rise of—1000° F
through the combustor varled with boiling range of the fuel from
87 percent for fuels boiling in the gssoline boiling range to about
78 percent for Disssl oil. AL & pressure of 15 inches of mercuxry
absolute with en inlet-alr temperature of 80° F, the ccmbustion
efficiencles were about 4 percent lower than at a pressure of
21 inches of mercury for eech fusl., At an inlet-alr pressure of
11 inches of mercury absolute with an inlet-alr temperature of
80° F, the combustion efficiencles decreased from about 75 percent
for fuels bolling in the gascline range to about 63 percent for
Diesel oil (boiling range, 350° to 655° F).
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The results dilscussed were obtained with the original
I-40 liner configureticn and fuel nozzle. It is evident that at
high altitude conditions the fuel nozzle, which was designed to
deliver 40 gallons of oil per hour at 100 pounds pressure,
dellvere fuel In a range of flows far below its rated capacity.
It 1s likely that under such conditlions the. spray characteristlcs
of the fuel nozzle are poor. In such a case the effects that
weore ascribed to fuel volatility may be, in fact, an effect of
the changlng viscosity of the fuel. An increase in the wviscosity
of the fuel, which would generelly accompany an increese ln fusl
boiling range, would probebly result in poorer aspray from the
fuel nozzle and thus result in poorer combustion efflicienciles.

SUMMARY OF ‘RESULTS

From an investigation of 11 fuels in a tubular-type combustor
of a turbojet engine at simulated engine operating conditions, the
following results were obtained:

1. The effect of fuel properties on ccmbustlion efficlencies
in the combustor was found to depend on the cambustor operating
conditlons,

2. No significant differences In the cambustion efficlencies
of dlfferent hydrocarbon fuels tested In the single combustor were
observed in these preliminary fuel tests at simmlated altitude
conditions corresponding to engine operation at an altitude of
40,000 feet and an engine speed of 10,500 rpm.

3. Tests at a simuleted altitude of 40,000 feet and simu-
lated engine speed of 7000 rpm, on the other hand, gave combustion
efficienclies that progressively varied with decreasing volatlility
of the fuel Trom 78 percent for hot-acld octane to 63 percent for
Diessl o0il for & temperature rise of 1000° ¥ through the, burner,
These resulis indlcated that for high altltude, low engine-speed
operation, volatility ils e principal factor iIn Jet-fuel perform-
ance; the hest combustion efficiencies were obtained with fuels
of the highest volatillty, that is, lowest bolling~temperature -
rangs, These conclusions are substantiated by the results of two
other series'of runs at gevere inlet-air conditions,

4., For hydrocarbon fuels, chemlcal structure, or hydrocarbon
type, was of secondary lmportence 1ln determining fuel performance.
For fuels bolling within the gasoline boiling range, the hydro-
carbon type of the fuel was observed to have only & small effect
on the combustion efflciencies. In general, the cambustlon
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efflclencles appearsd to decresse as the degrse of unsabturation of
the hydrocarbon increased; that ls, paraffins and naphthenes gen-
erally burned sligatly better than olefinic hydrocarbons, which, Iin
turn, burned somewhat better than aromstic hydrocearbons.

Flight Propulsion Research Luboretory,
National Advisory Committee for Aeronautics, -
Cleveland, Ohio,
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TABLE I - PHYSICAT. PROPERTIES OF FURLS TESTED IN SINGLE TUBULAR COMBUSIOR

Fusl Type Boiling|Specific |[Hydrogen- |Lower Hydrocarbon content, percent
of range |aravity |carbon heating
fuel (°r) ratio value |Paraf- |Naphthenic|Aro- l0le
(Btu/ib) [£inic matic [Finio
“Gasoline Petroleum |113-233| 0.69% | 0,182 | 19,000 | 76 22 2 | low
Lerosens fractions302-4861 .809 164 18,500 45 25 28 2
Diesel oll 350~-655| .829 .161 18,400 |rrmmmm femmae———ia 20 fmmmu-
Hot-acid Paraffin
octane an-d- 174"257 01715 0.188 194 am 100 o= s P - | e meas ] oo -
Solvent 1 naphthene|307-382} .769 174 18,600 62 36  emern|acees
Solvent 2 mivtures |370-4B5( ,792 174 18,700 62 33 2 | low
Benzene Avometic - |170-L75| 0,883 0.084 17,400 |~remam|wmemeammaa]| 100 [;eran
Xylens 273-278| .867 .108 17,600 |mmerma|cemenm—ee 100 |-=m==
Solvent 3 337-408/ .881 121 17,800 |ammmas [<ocmmmmees TO R p—
Methyl-
eyolohexane|Naphthene {207-812| 0.773 0.170 18,500 {~wwm-= 100 mman |
Diiso~ . '
butylene Olefin 210-216| 0.726 D.l67 19,000 f--=mm=frommmmm—| ———— 100

®62-octane gasoline , vnleaded.

Netilonal Advisory Committee
for Aeronautics
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TABLE II - OPERATING CONDITIONS FOR FUE[L TESTS IN SINGLE TUBULAR CCMBUSTOR

Simlated

Run Simlated Combustor inlet air
series | altitude engine Weight Veloclity | Temperature | Totel
(£t) speed flow {£t/sec) (°F) pressure
(rpm) | (1b/sec) (in. Hg
abs. )
1 40,000 7,000 0.62 117 80 11.0
2 40,000 10,500 1.0 128 225 20,5
3 e | —————— 1.0 99 80 21,0 .
4 --------- Tt llo 1.38 30 15.'0

Kationzl Advisory Committee
for Aercnautics

T
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Fig. 4
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(a) Location in 8-inch-diameter exhaust
duct.
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(b} Thermocouple design.

Figure 4, - Details of chromel-alumel exhaust-gas
thermocouples.
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NACA RM No. E7FI2 Fig. 5

Combustor temperature rise, p
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Fig. 6 NACA RM No. ETFI12
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1600
NAT IONAL ADVISORY Combustion efficlency,
COMMITTEENI-A'G! AERONAUT ICS peroent
/f
1500 .
4
100 //
1400
Intet-air /
t
.ﬂ?s;;t\ll‘l /, //
1300 76 7
g )
/
1200 /
[ 9
°. / 80 y/ }(
g % 1
P> Ve
: 1100 ,’/ Vi /ﬁ //
8 A
£ ,, //ﬁ/ /! P
g 1000 / ,//f/ / 7’//
'E' / //Z} ) /'/
4 7 D 7
E‘ / 7 /f 7
[ 900 7 v o 7 "e
i/ A
4 /7 // // e
rd / o
// 4 / / d
800
A Z T~
Vi // /
. /
/
A / AV
fco 7 ~
%
/ // / _
/' Ve
600 /V/, A -
Vv
r/ /{/
Y/ 14/
500 / o
(o' V4
'/
/4
el 72
300]_50 200 240 250 320 160 400 K40 420

g i3

Heat lnput, Btu/lb air

7. = Effect of lnlet-alir temperature on temperature rise, Inlet-air total pressure
inches of mercury absolute; inlet-air veloclty, 1.7 feet per second; fuel, sdlvent

i.



Fig. 8 NACA RM No. ET7FI2
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Fig. 12 NACA RM No. E7F12
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1600 NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUTICS A
/
/
1500
/
Vi
Combustlon efficlency, /
perceat
1400
Bolling range
(°F)
O Sélvent 1 07-382 b
1300 [} Gasoline ?_13-?_?2 va '/
2 Kerosene 302-43 / /7
Diegel o1l 350-655 P
0| / /
y4 Al Z
. 1200 ¥ 4 I
o / /
o Z s Z
T ) 4
5 1100 7 >
s / 4
© 7
] / /) i //
+ 3000 4 —
o
'3 l/ BI‘/ '/
-l V4 rd
E / / d
8 A 2] _
900 /
4 %
/
A 7 L
/ / L7
800 ', P ¥
I‘ :/ /
&£ ’ A
/ / s
700 D~
/ / 7
L W — -
/ "
/] / 'd
600 v
LY g z
VA I
500 oL o
/ / L/
400
120 160 200 240 280 320 360 oo Mo Lso
Heat input, Btu/lb alr
Pigure 1;. - Teaperature rise for three tTypical petroleun fuels and eolvent 1. Inlet-air weight
flow )

air ‘Eanperature, 225° r,

pound per second; inlet-alr total pressure, 20.5 inches of mercury absolute; inle



Fig. 16 NACA RM No. E7TFI12
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Fig. 22 NACA RM No. ETF12
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