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CARBON DEPOSITION FROM AN-F-58 FUELS IN A J33 SINGLE COMBUSTOR

By Jerrold D. Wear and Howard W. Douglass

SUMMARY

An investigation was conducted using a single combustor from a
4600-pound-thrust turbojet engine to determine the amount of carbon
deposition of AN-F-58 fuels and the effect of carhon formations in
the combustor on the altitude operational limits. Three fuel blends
conforming to AN-F-58 speclflication were prepared in order to deter-
mine the influence of boilling temperature and of arocmatic content on
carbon depositlion. The carbon-forming tendencies of the three
AN-F-58 fuels and of AN-F-32 fuel were compared at simulated altl-
tudes of 20,000 and 35,000 feet, engline speed of 90-percent normal
rated, and flight Mach number of O.

Carbon deposition increesed with increase in srometic content
and with increese in bolling temperature at constant sromatic con-
tent for the AN-F-58 fuels. The values of carbon deposition
obtained with AN-F-32 fuel were exceeded only by the values obtalned
with the AN-F-58 fuel nearest the maximum specification limits of
boiling temperature and aromatic content. Altitude operational
limits of the high-arometic AN-F-58 fuel occurred at slightly lower
eltitudes when the liner and dome assembly contained carbon deposits
than wher 1t did not. The ignition plug was fouled with carbon
after 17 hours of intermittent operation with a fuel approaching
the maximum limits of the AN-F-58 specification at a simulated
altitude of 20,000 feet and 90-percent normasl rated engine speed.

IRTRODUCTION

The potential avallability of AN-F-32 fuel for Jet-propulsion
engines is relatively small because of limitations in bolling range
and composition. In order to increase the potential supply of fuel
for jet-propulsion engines, fuel specification AN-F-58, which has
wlder limits, has been issued. A comprehensive program was under-
taken at the NACA Lewls laboratory to determine the performsnce
charecteristiecs of fuels conforming to specificetlon AN-F-58 in
current turbojet engines and in single combustors from these engines.
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In the single-combustor investigations (reference 1) specisl
attention was given to the influence of physical properties and
composition of AN-F-58 fuels on combustor performance in order to
determine whether the limitations on physical properties and com-
position in the specification require revision.

The investigation reported herein was made to determine the
effects of variations in boiling temperature snd in aromatic con-
tent of fuels, within AN-F-58 specifications, on carbon deposition
in a J33 single combustor. An AN-F-32 fuel was included for com-
parison with three AN-F-58 fuels.

Bach fuel was investigated by meking = series of runs of 2-,
4-. 6-; and 10-hour duration at simulated engine operating condi-
tions of an altitude of 20,000 feet and 90-percent normal rated
engine speed; a 6-hour run wes made at an altitude of 35,000 feet
and S90-percent normal rated engine speed. The effects of varying
boiling temperature end sramatic content on carbon deposition are
generslized by a correlation method reported in reference 2.

One AR-F-58 fuel was used to determine the effect carbon
deposits have on the altitude operational limits of a fuel. The
aeltitude operational limilts were determined using an initially
clean combustor liner and dome and also with a liner and dome that
initially conteined carbon deposits accumulated during 8C hours of
opereting time at a simulated altitude of 20,000 feet and 90-percent
normal rated englne speed.

FUELS

Anslyses and specifications for the fuels used in this inves-
tigation are presented in table I.

Three fuels conforming to AN-F-58 specification were used.
The first of these (NACA fuel 48-249) was a uniform mixture of
geverel tank-car lots of AN-F-58 fuel as received from the supplier.
For purposes of the investigation, this fuel, which bolled between
110° and 560° F and contained 19 percent aromestics, was considered
e base stock. A second AN-F-58 fuel (NACA fuel 48-258) was pre-
pared by blending 92 percent of the base stock with 8 percent of &
mumber 3 fuel oll. The resulting blend boiled between 110° and
590° F and contained 19 percent arcmatics. This blend is herein-
after identified as the high-end-point fuel. Comperisons of these
two fuels (NACA fuels 48-249 and 48-258) were intended to indicate
the effect of fuel boiling temperature on turbojet-engine
performance.
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A third AN-F-58 fuel (NACA fuel 48-279) was prepared by blend-
ing 79 percent of the base stock with 13 percent of redistilled
hydroformate bottoms and 8 percent of number 3 fuel oil., The result-
ing blend boiled between 110° and 520° F and contained 29 percent
aromatics. This blend is herelnsfter identified as the high-
aromatic fuel. Comparisons of NACA fuels 48-279 and 48-258 were
intended to indicate the influence of aromatic content as well as
fuel boiling tempersature on turbojet-engine performance., As shown
in teble I, NACA fuel 48-279 gpproasches the maximum 1iwmit of the
specification with respect to arometic content and final bolling
temperature.

Inasmuch ag the silica-gel determinetion for aromatic content
(teble I) is considered more relisble than A.S.T.M. determinations
for AN-F-58 fuels, all aromatic concentrations referred to are by
the silica-gel method.

APPARATUS AND INSTRUMENTATION

A diagram of the general arrangement of the J33 single combustor
and the auxiliary equipment is shown in figure 1. Air flow to the
combustor was megsured by a square-edged orifice plate installed
according to A.S.M.E, specifications end located upstream of all
regulating valves. The combustor-inlet-air temperature was regulated
by use of electric heaters, The combustor-inlet-air quantities and
pressures were regulated by remote-controlled valves in the labora-
tory ailr-supply and exhaust systems.

A diagrammatic cross sectilon showing the combustor and lts
auxiliary dueting, the position of instrumentation planes, and the
location of temperature- snd pressure-measuring instruments in the
instrumentation pleanes is presented in figure Z. Thermocouples and
total-pressure tubes in each instrumentation plane were located at
centers of equal areas. Construction details of the tempersture-
end pressure-megsuring lnstruments are shown in figure 3.

Fuel flows to the combustor were measured by rotameters cali-
brated for each fuel. Pressure snd temperature deta were obtained
by using mesnometers and potentiometers, respectively.

PROCEDURE
Carbon Deposition

The carbon-deposition characteristlics of each fuel were deter-
mined by meking rumns of 2-, 4-, 6-, and 10-hour duration. The
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weight of carbon reported herein is the total amount that was
deposited on the liner, dome, and ignition-plug assembly during
any one run and represents the change in weight of this assembly
during the run. These components of the combustor assembly were
clean at the beginmning of each run. The amount of carbon deposited
on any one component wes not determined.

The engine operating conditions simulated were those at alti-
tudes of 20,000 or 35,000 feet, at 90-percent normel rated engine
speed, and flight Mach number of O. These conditlons, which were
obtalned from the manufacturer's performance estimates of the
compressor-turbine unlt, are tebulated as follows:

Altitude
(£t)
20,000 | 35,000
Combustor-inlet total pressure, in. Hg absolute . . . 53.9 31.5
Combustor-inlet total temperature, °F . « o o o o « o« 271 221
Mass air £LoWw, 1D/SEC « o « ¢ o o o ¢ o o « o « o o o 2.87 1.66
Turbine-inlet total temperature, °F . . . . . . . . . 1098 1073

Only 6-hour runs were made et the 35,000-foot altitude condition.

Fuel flow for each simulated engine condition was determined
by adjusting the Inlet-air conditions to the desired values and
varying the flow of the base-stock AN-F-58 fuel (NACA fuel 48-249)
until the required average turbine~inlet total temperature was
obtained. These values of weight fuel flow were then used for all
other fuels at the respective simulated engine conditions. The
rates were 124.2 pounds per hour at the 20,000-foot-altitude con-
dition and 78.9 pounds per hour at 35,000 feet.

Effect of Carbon Formations on Altitude Operational Limit

The eltitude operational limit is defined as the sliitude
ebove which the combustor will not deliver sufficlent temperature
rise to operate the turbine at a designated rotational speed. The
data for the selection of the required temperature rise at each
condition were obtalned from manufacturer's estimates at & Mach
nunber of 0.

At each simuleted engine rotational speed and altitude condi-
tion, the fuel flow was increased after ignition in an effort to
ocbtain an average cambustor-outlet (or turbine-inlet) tempersture
equal to or greater than that required for engine operation at
those conditions.

1113
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The altitude operational limits of the high-sromatic AN-F-58
fuel (NACA fuel 48-279) were determined using an initially clean
liner, dome, and ignition-plug assembly. The combustor was then
intermittently operated for 80 hours at simulated engine operating
conditions of an altitude of 20,000 feet and 90-percent normal
rated engine speed. The altitude operational limits of the fuel
were again determined; this time the liner, dome, and ignition-
plug assembly contained carbon deposits accumilated during the
80-hour run.

CAT.CULATTONS
Combustion efficiencies were computed for the runs that pro-
vided the experimental points om the altitude-limit curves. Com-
bustion efficiency is defined as

actual enthalpy rise across combustor
heating value of fuel supplied

Values for obtailning the enthalpy rise across the combustor
were obtained from the charts of reference 3; heating values of the
fuels are listed in table I (net heat of combustion).

The experimental data used to derive enthalpy values from the
charts were: inlet-alr total pressure, considered to be repre-
sented by the average reading of the 12 totasl-pressure tubes located
in section A-A (fig. 2); inlet-ailr total temperature, taken as the
everage reading of the two thermocouples located in section B-B
(fig. 2); average combustor-outlet (or turbine-inlet) ges total
temperature, teken as the average reading of the 16 thermocouples
at section C-C (fig. 2), when the thermocouple values were con-
sldered as true walues of the total temperature.

RESULTS AND DISCUSSION
Carbon Deposition

The smounts of carbon deposited by the various fuels in the
single combustor at simulated engine conditions of altitudes of
20,000 and 35,00C feet, S0-percent normal rated engine speed, and
Mach number of O are presented in table II. Investigations of some
of the fuels were repeated to determine the reproducibllity of the
deta. The average value of the carbon depositions in the two or
more repeated runs on each of these fuels 1s alsc listed in
table II.
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The average values of the carbon deposition from table II are
rlotted against run time in figure 4 for the 20,000-foot-altitude "
condition; carbon deposition is also shown in figure 5 for a run
time of 6 hours and an altitude of 35,000 feet.

As shown in figure 4, the base-stock and high-end-point
AN-F-58 fuels (NACA fuels 48-249 and 48-258, respectively) gave
values of carbon deposition that increase approximately linearly
with run time throughout the range of the experimental program.
The carbon-deposition values obtained with the high-arcmatic
AN-F-58 fuel (NACA fuel 48-279) and with AN-F-32 (NACA fuel 48-306)
began to depart from & linesxr relation after sbout 4 hours of run
time,

Comperison of the date of figure 4 at a run time of 6 hours
with data of figure 5 indicates that carbon deposition decreased
with increase in altitude. Conversion of the carbon-deposition
values to amount of carbon per unit of fuel consumed, however,
results In values that are substantially constant. These constant
values indicate that, for the limited range of run time and the
type of combustor used, carbon deposition varied directly with the -
weight of fuel consumed. This result was not obtained when cerbon
deposition was investigated in an annular combustor (reference 2).
The order of carbon deposition among the fuels was the same for
the different run times at an altitude of 20,000 feet as it was
for the run time of 6 hours at an altitude of 35,000 feet (figs. 4
and 5). For a run time of 6 hours and an altitude of 20,000 feet,
the order of the fuels with increasing carbon and the amount of
carbon deposited (in grems) with each is as follows:

Base-stock AN-F-58 (NACA fuel 48-249) & v v o ¢ 2 « ¢ ¢ o « o « 8.9
High-end-point AN-F-58 (NACA fuel 48-258) ¢« v v ¢ o o « o« o« o 11.3
AN"F"SZ (NACA mel 48-306)' [ ] L] ) ] . . ] ] . [ ] . (') - [] ] 16-5
High-aromatic AN-F-58 (NACA fuel 48-279) .« v ¢« « « o « » « o 19.0

Because the end-point temperatures (590° F) of the high-end-
point AN-F-58 fuel (NACA fuel 48-258) and high-aromatic AN-F-58
fuel (NACA fuel 48-279) are the same, it might be presumed that any
difference in the velues of carbon deposition of the two fuels would
be caused by the differences in aromatic content. The AN-F-32 fuel
(NACA fuel 48-306), however, has an end-point temperature of 446° F
end gives values of carbon deposition between the wvalues obtained
with the two previously mentioned AN-F-58 fuels. Data presented in
reference 2 indicate that the volumetrlc average bolling temperature -
(eritbhmetical average of the boiling temperatures at the 10-, 30-,
50-, 70-, and 90-percent evaporated points) is more indicative of the
temperature effect on carbon deposition of a fuel than is the

~rTT
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end-point temperature. Other data presented in reference 2 show
the effect of change in hydrogen-cerbon weight ratio of e fuel
(resulting from chenges in aromatic content) on carbon deposition.

Volumetric average bolling temperatures of the AN-F-58 and
AN-F-32 fuels used 1n the present carbon-dsposition investigation
were determined from the date of teble II. Carbon deposition of
the AN-F-58 fuels (figs. 4 and 5) increased with increase in volu-
metric average boiling temperature at constant arometic content.
The volumetric average boiling temperature of the high-end-point
AN-F-58 fuel (NACA fuel 48-258) was 17° 7 higher than that of the
base-stock AN-F-58 fuel (NACA fuel 48-249); its average carbon
deposition, at a run time of 6 hours and 20,000~-foot-altltude con-
ditions, was 27 percent hlgher than that of base-stock AN-F-58 fuel
(NACA fuel 48-249). The volumetiric average boiling temperature of
the high-aromatic AN-F-58 fuel (NACA fuel 48-279) was 20° F higher
than that of high-end-point AN-F-58 fuel (WACA fuel 48-258); but
its average carbon deposition, at the previous conditlons, was
68 percent higher than that of high-end-point AN-F-58 fuel (NACA
fuel 48-258). Comparison of these values indicates that the
increase in carbon deposition of the high-aromatic AN-F-58 fuel
(NACA fuel 48-279) over that of the other AN-F-58 fuels was not
entirely due to the difference in bolling temperatures, but was
also an effect of the increase in aromatic conbtent. Although the
AN-F~32 fuel had the highest volumetric average bolling tempera-
ture of the four fuels investlgated, its value of carbon deposil-~
tlon was exceeded by that of the high-aromatic AN-F-58 fuel., This
fact can be explained by the increased aromatic content of the
high-aromatic AN-F-58 fuel over that of the AN-¥F-32 fuel.

An empirical method of correlating carbon-deposition date of
19 fuels with theilr volumetric average boiling tempersture and
hydrogen-carbon weight ratio is presented in reference 2., A plot
of the carbon-deposition dats of the AN-F-538 and AN-F-32 fuels
according to the correlation of reference 2 is presented in
figure 6. The figure is divided Into two quadrants; the left
quadrant contains lines of constant hydrogen-carbon weight ratio
and volumetric average bolling temperature; the right quadrant
contains the welght of carbon deposited. The ordinate of the
chart is obtained by moving up the volumetric average boiling
temperature to the proper hydrogen-carbon weight-ratio curve. The
weight of carbon obtained 1s then plotted against this wvalue of
the ordinate. The same constants relating hydrogen-carbon welght
retio end volumetric average bolling temperature of reference 2
were used for comstructing the left gquasdrant of figure 6. The
hydrogen~-carbon weight ratlios and data for calculating the volu-
metric average bolling temperatures of the AN-F-58 and AN-F-32
fuels were obialned from table I. .
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The carbon-deposition date of the four fuels, at any one
englne condition, can be approximated by one straight line and
demonstrates that the correlation of reference 2 has valid applica-
tion to the fuels studied herein.

During the 80-hour intermittent run made in connection with
the altitude~-operational-limit work, it was Impractical to welgh
the carbon deposits at intervals in order to determine the rate of
carbon build-up. Such a procedure would have involved disassembly
of the combustor and thus might have disturbed the carbon forme-
tions. As an alternative, the liner, dome, and ignition-plug
assembly was therefore photographed at successive intervals.
Several of the photographs are shown in figures 7 to 9. These
photographs indicate that the weight of carbon deposited by the
high-aromatic AN-F-58 fuel (NACA fuel 48-279) on the fuel nozzle
and primery air louvres increesed progressively until the duretion
of the run had resched about 70 hours, at which time the rate of
erosion and burning away of the carbon apparently balanced the
rate of its deposition. Carbon formstions on the liner apparently
epproached a maximm after about 40 hours.

As shown in figure 8(a), the ignition plug was fouled after
17 hours of rumning time at engine conditions of 20,000-foot alti-
tude and 90-percent normal rated engine speed. The ignition plug
wes cleaned without disturbing the formations on the other parts
of the conmbustor assembly. Igpition-plug fouling again occurred
at these engine conditions, as shown in figures 8(b) to 8(d), and
required cleaning In each case.

Effect of Carbon Formations on Altitude Operational Limits

Resgults of the investigation to determine the effects of
carbon formations on altitude operational limits are shown in
figure 10. Because altitude conditions for engine operational
conditions above 60,000 feet could not be simulated, the tailed
date points do not necessarily represent altitude limits at the
particular engine speed. Thé other data points do represent alti-
tude limits. Combustion efficiencies at the experimental points
that determine the altitude-operational-limit curves are included
in the figure.

In general, the operational limits of the high-aromatic
AN-F-58 fuel (NACA fuel 48-279) occurred at lower altitudes (for
given engine speeds) when investigated using the liner and dome
containing carbon deposits from the 80-hour run than when using
en initially clean assembly. The difference was of the order of
2500 feet within the range of 60- to 90-percent normal rated
engine speed.
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In order to preserve as nearly as possible the initial condi-
tion of the liner assembly with regard to carbon deposition, it was
desireble to hold the altitude-limit experimental run time to a
minimum. With this minimum in mind the runs, at glven englne
speeds, were made at altitude increments of 2500 feet until the
highest altitude was determined at which engine operation require-
ments were attained.

A photograph of the combustor assembly (fig. 7), made imme-
diately after the upper curve in figure 10 was established, shows
that the high-sromatic AN-F-58 fuel (NACA fuel 48-279) deposited
very little carbon during the altitude-limit runs made with an
initially clean liner assembly. The condition of the combustor
assembly, with regard to cerbon formestions, after the 80-hour run
is shown in figure 8(d). The lower curve of figure 10 was then
determined with the initial condition of the assembly as shown in
figure 8(d). A photogreph (fig. 9), made of the assembly imme-
diately after the lower curve of figure 10 was determined, indi-
cates that the amount of carbon deposited during the 80-hour run
was actually reduced during the altltude-1iimit rums.

At an englne speed of 53-percent normal rated (fig. 10), the
same altitude 1limit was obteined with the initially clean com-
bustor assembly as with the assembly containing carbon formations,
‘The combustion efficiency was about 9 percent higher, however,
when using the assembly contalning carbon. This difference is
in agreement with data presented in reference 4, which indicate
that combustion efficiency increases with carbon build-up on the
fuel nozzle. The high combustion efficiency obtained with the
combustor conteining carbon deposits (lower curve) at the high
engine speeds cannot, however, be entirely attributed to carbon
because the low altitude at which the datae were obtalned would
also contribute to higher efficlency.

SUMMARY OF RESULTS

From carbon-deposition investigations of three AN-F-58 fuels
and one AN-F-32 fuel in a J33 single combustor, the following
results were obtained:

1. Carbon deposition increased with increase in volumetric
average boiling temperature at constant aromatic content and
with increase in aromatic content of the AN-F-58 fuels as shown
by data plotted on the basis of an empiricel correlation pre-
viously established.
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2. Values of carbon deposition obtained with the AN-F-32 fuel
were exceeded only by the values obtained with the AN-F-58 fuel
nearest the maximum limits of boiling temperature and aromatic
content. For a run time of 6 hours, the velues were 16.5 and
19.0 grams for the AN-F-32 and the AN-F-58 fuels, respectively.

3. Altitude operational limits of the high-aromatic AN-F-58
fuel occurred at altitudes approximately 2500 feet lower when the
liner and dome assembly contained carbon deposits than when it
é1id not.

4, The ignition plug was fouled with carbon after 17 hours of
intermittent operation with a fuel approaching the meximm limits
of the AN-F-58 specification at simulated engine conditions of
20,000 feet altitude and 90-perceént normal rated engine speed.

Lewls Flight Propulsion ILeboratory,
National Advisory Commitiee for Aeronsutics,
Cleveland, Ohilo.
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TABLE I - SPECIFICATIONS AND ANALYSES OF FUELS USED

11

Specifications Analysis
AN-F-58 AN-F-32 AN-F-58 AN-F-32
NACA fuel 48-249 | 48-258 | 48-279| 48-306
A.8.T.M.distillation

D 86-48,

Initlal boiling point | --- - - ——— 110 110 110 336

Percentage eveporated

S ) - 135 157 133 350
10 0 | eememmeeeea- 410 (max.} 157 157 164 356
20 | eeemecemeee | emmmmeme e 192 198 215 360
30 - - — 230 248 273 365
40 a7z 291 327 370
5 000000 | meesmescenen | ceemmemeeeae 314 332 370 3715
60 | eeeee——— — | mmmeman—aeaa 351 373 407 380
70 -f- —— 388 410 437 387
80 - - 427 450 464 394
0 425 (min.) 490 {max.} 473 500 S01 405

Final boiling point 600 (max.) 572 (mex. 560 590 590 446

Residue, (percent) 1.5 (mex.} 1.5 (mex.) 1.0 1.0 1.0 1.0

Loss, (percent) 1.5 (mex.) 1.5 {(mex.) 1.0 1.0 1.0 1.0
Freezing point, °F -76 (msx.) -76 (max.)| <-76 | <-78 | <-76 | -==---
Accelerated gum,

(mg/100 ml) 20 (max.) 8.0 (max.) 2.9 12.4 | 17.3 0.0
Alr-Jjet residue,

(mg/100 m1) 10 (mex.) 5 (max.) 2.6 4.8 8.0 1.0
Sulfur, (percent by

welght) 0.50 (mex.) | 0.20 (max.) 0.03 0.04 0.04 0.02
Aromstics, (percent by

volume) A.S.T.M.

D-875-46T 30 (max.) 20 (max.) 17 17 26 | —mmeme

8ilica gel® n———— 19 19 28 15
Specific gravity = = |[--—-—m——ee- 0.850 (mex.) | 0.769 | 0.775 | 0.808 | 0.831
Viscosity, (centistokes

at -40° F) 10,0 (max.)} | 10.0 {max.) 2.87 2.94 4,26 | ~——=--
Bromine number 14.0 (max.) 3.0 (max.) 13.8 13.3 12,4 | —=emeem
Reld vapor pressure,

(1b/sq in.) [ J [P S.4 5.1 4.8 | cmmmme
Hydrogen-carbon ratlo [ee--m-ccce- |eecmem—ca-a- 0.163 | 0.161 | 0.150 | 0.154
Net heat of combustion 18,200

(Btu/1b) (min,) |--e-eeee——— 18,640 |18,5690 [18,480 18,530
Hydrocarbon anelyses

(percent by volumes

Single~-ring arcmatics 15.0 13.2 14.8 | ====-~

Fused-ring arcmatics 3.0 4,1 12.8 | ~====~

Unfused two-ring

aromatics 0.5 1.5 l4d |---==-
Olefin 7.1 6.2 5.3 | ——=e=-=-
Nonsromatic cyclo-

peraffin ring 15.7 16.7 1£.3 | ~=—=--
Nonaromatic paraffin

end paraffin side

chain 58.7 58.3 51.4 |----=-

®petermined by modified method of reference 5.
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TABLE II - CARBON DEPOSITION OF THREE AN-F-58 FUELS
AND AR-F-32 FUEL IN SINGLE COMBUSTOR

[?imulated engine speed, 90-percent normal rated]

Carbon deposited, grams
Simulated altitude, ft

time
(hr.)—>} 2 4 6 10 6

Fuel |
Base-stock 4.0|] 5.9 9.6 14.8| 5.8
AN-F-58 2.5 6,0 7.8 14.9 | ew=a
(NACA fuel 48-248) | 2,7 6.3 | 9.4 | ==o- | ==m=u-
Average | 3.1 6.1 8.9 14,9 | cem—aa
High-end-point 3.2 7.3 | 10.5 19.7| 7.0
AN"’F-SB 3.5 7-5 12.1 mmmear | woam--

(NACA fuel 48-258)

Average | 3.3 | Te4d |11led | ==w= | ===w=-

High-aromatic 6.1| 11.4|17.2 | 26.7 | 10.1
AN-F-58 7.2| 15,0 | 20.7 ——— | 13,7
(RACA fuel 48-279)

Average | 6.7 13.2 | 19.0 -—==F11l.9
AN-F-32

6.2 12.5 }15.8 | 22.7 | 11.0
(NACA fuel 48-306) | 6.7 11.8 |17.2 | 26,1 11.2

Average | 6.5| 12.2 | 16.5 24.4 | 11.1

oTTT
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Figure 2. - Croos section of single-combmator installstion ebowlng anxiliery ducting and locatlon of temperature- and
presaure-measuring instruments in ingtrumentation planes.
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Fignre 3, - Constrnoction details of temperature- apd pressurs-measuring instromenta.

20063 WY VIVN

gl



i L LR RN AR AR R R LR R R R R R LA L AN ERREE LA AL IRLE LA LR AR AR R AR RRA N AR
2af
F P 3
) PEPDEE
af = 3
: A prd ]
a d :
20f s > ]
w o / ]
g o / // .’/ 3
<916 e > ]
§ : ‘/::::’,/’ ’,/”/,/ u :
2 F ]
e F ,// L] 3
. 3
1 dENBEAB ~
: 7 : :
g 3 //// /’// ' E
8t = Fuel  NACA Boiling Arcmatics 3
» y / fuel ra:n.%e {percent by
F Lz //‘/’, . (°F volume) 3
af Z 4] O AN-P-58 48-249 110-560 19 7
3 {/ g O AN-P-58 48-258 110-500 19 3
- W s A AN-F~58 4B-279 110-590 29 :
F A O AN-F=32 48-306 336-446 15 3
O. Dagsadepnadoaes bovenlagsa bognalpnanlesis phgerleassbagsanas s fasan leacs ot Expaalongeboatsareyi’

0 1 2 s 4 5 6 7 8 ) 10

Rm time, hr

Flgure 4, - Effect of run time on carbon depositien of four fuele in single combustor.
8imulated engine operating conditiona: altitude, 20,000 feet; 90-percent normal ratsd
engine speed; flight Mach number, O,
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Figure 5, - Carbon deposition of four fuels in single combustor. Run
time, 6 hours simulated engine operating conditlons: altltude,
55, 000 feet 90 -percent normal rated engine speed; flight Mach
number Qe
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Flgure 7. - Carbon depositis In single combustor obtained from altitude-operational-limit
determinations made wilth initially clean combustor sssembly. Fuel, high-erometic
AN-F-58 (NACA fuel 48-279). .
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(a) Run time, 17 hours.

Figure 8. - Carbon deposits in single combustor. Fuel, high-aromstic AN-F-58 (NACA fuel
48-279); engine conditions: altitude, 20,000 feet; 90-percent normal rated engine

speed; flight Mach rumber, O.
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(b) BRan time, 43 hours,

Fi 8. - Contimued. Carbon deposits in single combustor. Nuel, high-eramtic AN-F-58
ENACA fuel 48-279); engine conditions: altitude, 20,000 feet; 90-percent normal rated

engine speed; flight Mach mumber, O,
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{¢) Run time, 68 hours.

Figure 8. - Contimmed. Carbon deposits in single combustor. Fuel, high-aromatic AN-F-58
(NACA fuel 48-279); engine oonditions: saltitude, 20,000 feet; SO-percent normal rated
engine gpeed; flight Mach rmmber, O,

(¢) :un time, 80 hours. -

Figure 8. - Concluded. Carbon deposits in single cambustor. Fuel, high-arometic AN-F-58
(WACA fuel 48-279); engine conditions: eltitude, 20,000 feet; 90-percent normal rated
engine speed; flight Mach mumber, O.
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Figure 9. Carbon deposits in single combustor, remaining after altitude-operational-limit
determinations mede with combustor essembly Initlelly conteining deposits from 80-hour
run. Fuel, high-aromatic AN-F-58 (WACA fuel 48-278).
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FPigure 10. - Altitude operational limits of high-arcmatic AN-F-58
fuel (NACA fuel 48-279) as affected by carbon deposits in single

combustore.






