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SUMMARY

In order to study the effect of fuel properties on carbon
deposition in Jet-propulsion-engine combustors, an investigation
was conducted with seven fuels - kerosene, Diesel fuel oil, tol-
uene, xylene, 62-octane gasoline, a commercial solvent, and
AN-F-32 (JP-1) - in an I-16 engine at static sea-level condi-
tions and a constant rotor speed. Data are presented comparing
the total carbon deposited by each fuel and curves are presented
showing the distribution of carbon deposits among the 10 cham-
bers of the unit. Additional data show the reproducibility of
results and the effect of a reduction in exhaust- jet-nozzle area
on the carbon~forming tendency of kerosene.

With the exception of Diesel fuel oil, carbon deposition in-
creased with increasing aromatic content of the fuel. A Diesel
fuel oil, with an aromatic content of 19 percent, produced carbon
denosits exceeding those resulting from the two 100-percent-
aromatic fuels (toluene and xylene). No definite relation
between carbon deposition and volatility was established in this
investigation,

INTRODUCTION

An investigation to determine the effects of fuel properties
on the performance of Jet-propulsion engines is being conducted at
the NACA Cleveland laboratory. The general obJjective of this work
is to provide data that may be used as a basis for determining Jjet-
propulsion-fuel specifications.

A preliminary investigation planned to ascertain gpecifically

the carbon-deposition tendencies was made of seven fuels having
widely different properties. Several runs at the same conditions
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were made with two fuels in order to determine the reproducibility
of the test results. The investigation was made in an I-16 jet-
provulsion engine, which was used for the investigation reported in
reference 1. The engine was operated at static sea-level conditions
corresponding aprroximately ‘o normel take-off for the I-16 engine.

EQUIPMENT AND FUELS

A detailed description of the test equirment and drawings of the
I-16 jet-propulsion engine are presented in reference 1. All of the
runs were made with an exhaust-jet nozzle having a cross section of
approximately 120 square inches except one run in which a nozzle hav-
ing e cross section of 114 square inches was used. The standard fuel-
injection nozzles for the engine (21.5 gal/hr, 80° spray angle) were
used in the investigation.

The physical pronerties and chemical composition of the test
fuels - kerosene, Diesel fuel oil, toluene, xylene, 62-octane gaso-
line, a commercial solvent designated solvent 1, and AN-F-32 (JP-1) -
are listed in table I. The commercial solvent used in this investiga-
tion was part of the same batch (solvent 1) used for the study
reported in reference 1. The particular fuels used were selected to
determine the effects of volatility and composition on carbon deposi-
tion. The over-all boiling range represented by the fuels is approxi-

mately 110° to 680° F.

PROCEDURE

Tests were made at conditions approximating zero ram at sea level
for the I-16 Jet-propulsion engine. For each fuel the rotor speed was
held approximately constant at 16,000 rpm (indicated) for 2 hours.

The carbon deposited on the combustion-chamber liners was deter-
mined by weighing the liners before and after each run. Carbon
deposits were removed by immersing the liners in a bath containing 6 N
(approximately) hydrochloric acid maintained at a temperature of 150° F.
From 6 to 9 hours were required to remove all carbon (end oxides) and
to leave a clean surface. After this treatment the surface of the
liners had an etched appearance distinctly different from that of new
liners; consequently, before use new liners were treated in the acid
bath to obtain an etched surface.
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DISCUSSION OF RESULTS

Reproducibility of data. - Results of four runs with kerosene
and two runs with Diesel fuel oil at substantially the same condi-
tions are presented in figure 1. Although the reproducibility of
carbon deposits in the individual combustion-chamber liners was very

poor, the total weight of carbon deposited in all liners of the engine

was remarkably consistent. For the four kerosene runs (fig. 1(a)),
the range of total carbon deposited was approximately 105 to 119
gramg; for the runs with Diesel fuel oil (fig. 1(b)), the total car-
bon deposited was 356 and 379 grems. The average tail-pipe tempera=
ture observed in these tests was 1090° F.

In general, the larger quantities of carbon were found in
liners 5, 6, and 7, which are at the bottom of the engine; however,
in the runs with Diesel fuel oil (fig. 1(b)) relatively heavy
deposits also occurred in liner 4 (run 12) and liners %, -2, -and 9
(run 9).

Reduced exhaust-Jet-nozzle area. - One kerosene carbon-
deposition run was conducted with an exhaust-Jjet nozzle having &
cross-sectional area of about 114 square inches (fig. 2). The quan-
tity of carbon obtained was 260 grams, or more than twice the amount

found in the runs with the 120-square-inch éxhaust nozzle (fig. 1(a)).

Higger burner operating temperatures, indicated by an increase of
1407 F in the tail-pipe temmerature, may have caused the excessive
carbon deposition,

Fuel comparison. - The distribution of carbon deposits among
the individual combustion-chamber liners for each of the seven fuels
is presented in figure 3. The total carbon deposit for each fuel is
also indicated. The trend of heavy carbon deposition in the lower
liners, which was found when kerosene was used, cannot be generally
anticipated. Some of the liners warped excessively in the runs with
the two aromatic fuels, xylene and toluene. This warping did not,
in general, accompany heavy carbon deposition. .

The relation of the total carbon deposit to the volatility and
the aromatic content of each fuel is shown in figures 4(a) and 4(1b),
respectively. From a comparison of thege figures, the aromatic
content of the fuel (except that of Diesel fuel oil) apnears to have
the greater effect in inducing the formation of carbon. iesel fuel
0il, with a relatively low aromatic content and a high final boiling
point of approximately 680° F, produced carbon deposits exceeding
those resulting from 100-percent aromatic fuels.
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A photograph of combustion-chamber liner 7 after a 2-hour run
(run 12) with Diesel fuel oil is presented in figure 5. About half
of the cross-sectional area of the liner is blocked by the excessive
carbon formation.

SUMMARY OF RESULTS

An investigation of carbon deposition conducted in an I-16 Jet-
propulsion engine at gtatic sea-level conditions indicated that:

1. With the exception of Diesel fuel oil, carbon deposition
increaged with increasing aromatic content of the fuel. A Diesel fuel
0il with an aromatic content of 19 percent produced carbon deposits
exceeding those resulting from 100-percent aromatic fuels.

2. No definite relation between carbon deposition and volatility
was established.

Aircraft Engine Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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TABLE I - PHYSICAL DATA AND APPROXIMATE COMPOSITION

OF FUELS TESTED IN I-16 ENGINE

Spe -~ ]Bydro- Lower Approximate composition
Puel Boiling|cific geng heiting (percent by volume)
ropds |exav- |carbon ke | Parar- | Nash-| Aro- | olo-
fin thene | matic™ | fin
Kerosene |338-52910,805 |0.,176 | 18,500 34 S1 14 1
Diesel 384-680| ,838 | .154 | 18,400 i e
fuel oil
Toluene |224-228( .871 | .096 | 17,500 100
Xylene 273-278| .867 | .106 | 17,600 100
62-octane|110~224| .702 | .,182 | 19,000 76 22 2 Low
gasoline
Solvent 1 307-382] ,769 174 | 18,800 61 38 1 Low
AN-F-32 |320-453] .792 | .,150 | 18,500 12 5
(Jp-1)

i€

Aromatic analyses obtained by A.S.T.M. method ES 45a.

National Advisory Committee
for Aeronautics




665

NACA RM NO. E6KO I Fig.

Carbon deposit, grams

70

10

NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUT ICS
Linerga:fg:ent,
Top
oo
Run ‘(ig.:%zt)' 8 8
1 119 4
== e O
I
A\
T\ \
] Y
ARV
J \/ \\\
i‘ //)\‘\ \\\
'jl \\ (.A/‘\"\
ﬁ //ol pd b A A
'/"r \\\ - \\r\/<
g I ~ T
n 5 6 7 \al/ 9 \1:>

(a) Kerosene.

Figure l.- Reproducibility of carbun-deposition data obtained in I-16 engilne.
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Figure 1. - Concluded. Reproducibility of carbon-deposition data obtalined in I-16 engine.
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Figure 2, - Distribution of carbon deposits in run using kerosene in I-16 engine with reduced

exhaust-jet-nozzle area (run 4).

Total deposit, 260 grams.




NACA RM NO.

E6KO |

Flge.

NAT [ONAL ADV ISORY
COMMITTEE FOR AERONAUT ICS
[fo)
\O
O
Liner arrangement
rear view
Top
Oe®
deposit
Fuel Run (grams)
O K 1, 2, 3, 7 113
§ D:::ﬁn;uel o1l 9, 12 368} (from fig. 1)
Toluene 10 151
Xylene 8 146
70 | V  82-octane gasoline 11 16
. >  Solvent | 5 13
. <]  AN-P-32 (JP-1) 6 104
. /|
: \
| \ \\
. \\ i L
/ \ /1IN
v
5 r—
) 30 —
: \ W
-
: /P\ \“ /ﬁ
] = A N ”
-]
o
] X AN A &
y \ % i
10 \
P
b, ::fiz?:;k“'-<r”"’<\\
-10
1 2 3 4 5 6 7 8 9
Liner

Figure 3, - Distribution of ocarbon de
for kerosene and Diesel fuel oll are averages from the curves shown in figs.

respectively.)

posits for seven fuels tested in I-16 engine.

10

(Curves shown
1(a) ana 1(b),




665

NACA RM No. E6KO I Fig. #

NAT IONAL ADV ISORY
COMMITTEE FOR AERONAUTICS

384-680 DZZZ72227777777 7777777777777 777777777777 7777777770  Diesel fuel oil
338-529 Kerosene
320-453 B 772 AN-F-32 (JP-1)
307-382 P4 solvent |
273-278 Xylene
224228 Toluene
110-224 62-octane gasollne
(a) Volatility.

Boiling range, 0.

100 Toluene
100 Q7777777777773 Xylene
19 Diesel fuel o1l
14 Kerosene
12 AN-F-32 JP-1)
2 62-octane gasoline
1 P73 Solvent |

0 80 160 240 320 400

Aromatic content, percent

Total carbon deposited, grams
(b) Aromatic content.

Fligure 4, - Comparison of total carbon deposited in combustion-chamber liners
from I-16 engine with fuel characteristics.
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Figure 5. - Combustion-chamber liner 7 from |-16 engine after
2-hour run with Diesel fuel oil (run [2).




