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PERFORMANCE OF PURE FUELS IN A SINGIE J33 COMBUSTOR
IIT - FIVE HYDROCARBON GASEOUS FUELS AND ONE
OXYGENATED-HYDROCARBON GASEOUS FUEL

By Arthur L. Smith and Jerrold D. Wear

SUMMARY

Investigations of pure gaseous fuels, five hydrocarbons and one
oxygenated hydrocarbon, were conducted in a single tubuler-type combus-
tor in order to determine possible relations between combustor performence
and fuel properties. The fuels tested were propane, ethane, ethylene,
ecetylene, 1,3-butadiene, and ethylene oxide. Combustor tempersture rise
and combustion efficiency were determined for each fuel over a range of
heat-input and air-flow rates at two inlet-air total-pressure conditions
and one inlet-air totel temperature. Date were obtained with two fuel-
iInjector configuretions. Combustor blow-out limits were obtalned for
some of the fuels over the ranmge of test conditions.

At the more severe operating conditions investigated, the data in-
dicated an increase in combustion efficlency with an increase in maximum
burning velocity, an increase in flammebility range, and a decrease in
minimm spark-ignition energy. The fuels that exhiblited the highest
combustion efficlencies, in general, were ethylene oxlide and acetylene;
while those exhibiting the lowest combustion efficiencies were propane
and ethane. Gaseous-fuel penetration and distribution in the primary
combustion zone markedly saltered combustion efficiencies; when fuel-
injector capacity was varied, higher efficiencles were generally obtained
with a smaller-capacity fuel injector.

INTRODUCTION

Research is being conducted at the NACA Iewls laboratory to obtain
information on the relstive effects of such factors as fuel-spray evap-
oration, turbulent-flame spreading, and chemical-reaction rate on the
performance of turboJjet combustors. Part of this research is designed
to provide information on the combustion characteristics of pure liquid
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and gaseous fuels and, particularly, to determine whether combustor per-
formance can be related to physical or fundamental combustion properties
of these fuels or both. ' .

The present investigation is the final phase of a three-phase pro-
gram on the performance of pure fuels in a single J33 combustor. In the
first phase of this program (ref. l), combustor performance was deter-
mined with five liquid hydrocarbon fuels, which represent a range of
physical and fundamental combustion properties. The dete indicated an
approximately linear increase in temperature rise and combustion effi-
ciency at constant heat input with increase in meximum burning velocity.
However, the.range of fuel properties consildered was too small to estab-
lish a conclusive correlation. Accordingly, a second investigation
(ref. 2) was conducted with 13 liquid hydrocarbon and nonhydrocarbon
fuels having e wider range of physical and fundamental combustion prop-
erties. An approximate correlation was obtained between combustlon effi-

clency at a constant heat input and the parameter ux/lv;/3, vwhere u,

is the maximum burning velocity and Iy 1is the latent heat of vaporiza-
tion at the normal boilling point.

The results reported in reference 2 suggest that the rate-controlling
process changes with fuel properties. For exsmple, the combustion rate
of a low~flame-speed fuel might be limited by 1its flame speed; whereas
the combustion rate:of a high-flame-speed fuel might be limited by its
vaporization characteristics, ¥For gaseous fuels, where the vaporization
step is elimineted, the results of reference 2 suggest that the effect
of fuel type on combustion efficiency might be treated solely in terms
of meximum burning velocity. Accordingly, the present and final phase
of the program on the performance of pure fuels in a single J33 combustor
was conducted with gasecus fuels.

The combustion performances of propane, ethane, ethylene, acetylene,
1,3-butadiene, and ethylene oxide were investigated over a range of alr-
flow and fuel-flow rates_and at two inlet-air pressures (14.3 and 8.0
in. Hg abs). The inlet-air temperature was held constant at approximately
200° F. The effect of fuel-air distribution and mixing on combustor per-
formance was investigated.by using two different modified commercial
nozzles.

The performances of the fuels are compared on the basis of combus-
tion efficiency at = heat-input value of 200 Btu per pound of air. The
effect of physical properties on combustor performance was minimized
to some degree by using gaseous fuels; consequently, the varlations in
performance were consldered only in terms of fundamental combustion
properties of the fuels. The fundsmental combustion properties examined
for possible relatlons with performaence are.spontaneous-ignition temper-
ature, minimum spark-ignition energy, flammability range, end maximum
burning velocity. The results are compared with those obtailned in ref-
erences 1 and 2. : :
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FUELS

Fundamental combustion properties of the six gaseous fuels used in
the investigation are summarized in teble I. Purity values listed in
the teble were obtained from the supplier.

APPARATUS AND INSTRUMENTATTON

With the exception of the fuel system and fuel nozzle, the gpparatus
and instrumentetion used in this investigation were the same as those in
reference 2.

A diagram of the general arrangement of the single J33 combustor
and the auxiliary equipment is shown in figure 1. Air flow to the com-
bustor was measured by a square-edge orifice plate installed according
to A.S.M.E. specificaetions and located upsiream of all regulating valves.
The combustor inlet-air flow rate and pressure were regulated by remote-
controlled valves in the laborstory air-supply and exhsust system. The
air supplied to the combustor had a dew point of either -20° or -70° F.

A disgremmatic cross section showing the combustor and its auxiliary
ducting, the position of the instrumentation planes, and the location of
temperature- and pressure-measuring instruments in the instrumentatlion
planes is presented in figure 2, Thermocouples and total-pressure tubes
in each instrumentation plane were located at centers of equel annular
area. Construction detalls of the temperature- and pressure-measuring
instruments are shown in figure 3.

The fuel system used in the present investigation 1s illustrated
schematically in figure 4. The gaseous fuels were drawn from cylinders,
through a reducing valve and a steam-fed heat ‘exchanger into the combus-
tor. For tests with ethylene oxide, the reducing valve was replaced by
a fine-mesh-screen flash-back arrester. A water-trap flash-back arrester
was placed downstream of the reducing valve for tests with acetylene.

Fuel-flow rates to the combustor were measured by rotameters. The
rotameters were calibrated with air at temperature and pressure condi-
tions that provided densities spproximately the same as those of the
test fuels at the test conditions. Appropriate density corrections were
then applied to the rotameter measurements.

Two fuel-nozzle-injector configurations were used to obtain a vari-
ation in iInjector characteristics. The swirl parts were removed from a
commercial hollow-cone swirl-type nozzle. Six equally spaced holes were
drilled at an angle o« from the axis of the nozzle (see the following
illustration). The normal discharge orifice (0.016-in. diam.) was not
altered. ’ '



The variations in injector design were as follows:

NACA RM E55K04a

Angle, o, | Hole diameter,
_ o deg in.
Configuration 1 (small-capacity nozzle) 57 1/16
Configuration 2 (large-capacity nozzle) 45 1/8

PROCEDURE

The performances of the six gaseous fuels were determined at

followlng combustor operating condlitions:

Inlet-air

Inlet-alir

Inlet-air Inlet-air

total pressure,|mass flow,|total temperature,|veloclity,
in. Hg ebs 1b/sec oF £t/secd

14.3 Q.6 200 79

.8 105

1.0 132

1.3 170

8.0 0.36 200 80

«56 130

73 170

8Baged on combustor meximum cross-sectional area of 0.267

sq ft measured 12% Inches downstream of section B-B

(fig. 2).

the

The procedures for establishing test conditions and recording data

were .identical to those described in reference 2.

Reproducibility of

the data was determined from occasional tests with propane and the small-
capaclty fuel nozzle., Tests with 1,3-butadiene were limited because of
the small quantity of this fuel available. o '
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CATICULATTIONS
Combustor Temperature Rise

The combustor temperature rise was determined as the increasse in
gas temperasture from section B-B to C-C (fig. 2). The temperature at
B-B was the average indication of the two iron-constantan thermocouples;
the temperature at C-C was the arithmetic average indication of the 16
chromel-alumel thermocouples. The indicated thermocouple readings were
taken as true values of the totel temperature.

Combustion Efficiency
Combustion efflciency was defined as

Actual enthalpy rise across combustor
(Fuel-air ratio)(Lower heating value of fuel)

The equetions and charts of reference 3 were used to calculate combustion
efficiencies for the hydrocerbon fuels. The combustion efficiency for
ethylene oxide was calculated by using the procedure presented for
oxygenated-hydrocarbon fuels in reference 2.

RESULTS

Combustor performance data for the six gaseous fuels obtained in a
single J33 combustor are presented in table II. In order to place the
performances of the various fuels on a comparsgble basis, heat input
(product of fuel-air ratio and lower heat of combustion of the fuel) was
used in place of fuel-air ratio as one independent varisble. Relations
among heat input, combustor tempersature rise, and combustion efficiency
for each of the fuels are shown in figures 5 to 10. The cwrves of con-
stant combustion efficiency were calculsted for each fuel. Combustor
blow-out points are also shown in these figures.

The reproducibility of the test data is indicated in figures 5(a)
and (b). Combustor performance data were obtained periodically with
propane fuel over a period of five months, during which time the com-
bustor was disassembled and cleaned seversl times. The average percent-
age deviation of the combustion efficiency of individual data points
from the curves faired through all the data was sbout +1 percent; the
maximum deviation was sbout 4 percent. Accordingly, differences gresater
than 2 percent among fuels may generally be consldered as real differ-
ences, while differences less than 2 percent fall within the reproduci-
bility range. Blow-out data could be checked closely at the time
obtained, although compareble deta obtained over a period of time varied
to some degree,

LA
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The data of fligures 5 to 10 show, in general, a progressive increase
in temperature rise with heat input up to the rich blow-out point or
facility limiting points. However, rich-bhlow-out points for propane
(fig. 5), ethane (fig. 6), and 1,3-butadiene (fig. 7) sometimes occurred
at a heat input higher than that required for maximum temperature rise.
Heat input at rich blow-out decreased, in general, with increase in
inlet-air mass-flow rates and with decrease in inlet-air total pressures.
Rich-blow-out points were not obtained for some of the fuels because of
limitetione imposed by the facilities. These points and the rich-blow-
out points determined are indicated by asslgned symbols.

It
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Meximum tempersture rise usuwally increased with an increase in inlet-
air total pressure and & decrease in inlet-air mass-flow rate. For a
given fuel, the maximum temperature rise obtalned with the emall-capacity
fuel nozzle was generally greater then that obtained with the large-
capacity fuel nozzle. The highest combustor-temperature-rise value,
sbout 2000° F, which represents an instrumentation limlt, was dbtained
with ethylene and acetylene.

Combustion efficlencles increased, in general, with increase in
inlet-air total pressure and with decrease in Inlet-alr mass-flow rates
for all the fuels tested in this investigation. Representative combustion-
efficlency data, which illustrate the effect of fuel-injector configura-
tion and heat input on combustion efficiency, are presented for one .
inlet-air reference velocity and two inlet-air total-pressure conditions -
in figure 11, The curves, which &re presented for ethane, ethylene oxide,
and acetylene, show the tendency toward lower combustion efficiencies
with use of the large-cspacity fuel injector. The one exception was
ethylene oxide. For this fuel the small-capacity fuel injector tended
to give lower cowmbustion efficiencies,  In figure 11, combustion effi-
cilency passes through a sharp maximum with increase in heat input for
ethane with the small-capacity fuel injector at the high inlet-air total-
pressure condition, but the curve remaine relatively flat for acetylene.
The performance of propane was similar to that of ethane, while the per-
formances of the remaining fuels were similsr to that of acetylene. The
spread in combustion efficiency among fuels increased as the severlty of
the test conditlions increased.

DISCUSSION

The objective of the investigation reported herein is to relate the
combustion performences of the various fuels fto fundamental combustion
characteristics of the fuele, One representative combustion performance
parameter, combustion efficiency at a heat-input value of 200 Btu per
pound of air, was chosen for making comparisons among the fuels. The
heat-input value of 200 Btu per pound of air was the maximum heat-input _ )
value st which data were availsble for all fuels. _ o
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Comparison of Combustion Efficlencles of Gaseous Fuels

In figure 12, combustion efficiency at a heat-input value of 200
Btu per pound of air is plotted against sir-flow rate for each fuel.
Data are presented for two inlet-air total pressures (8.0 and 14,3 in,
Hg abs) and for two fuel-injector configurations. At low inlet-air mass-
flow rates the combustion efficiencies of all the fuels are high, in most
cases 90 percent or greater. Thus, differences in the fundemental com-
bustion properties of the test fuels are of negligible importance at this
condition. An increase in inlet-alr mass-flow rate and, consequently,
air veloclty resulted in a decrease in combustion efficiency and an in-
crease in the variastion in combustion efficiency with fuel type. The
high-performsnce fuels (ethylene oxide and acetylene) were less affected
by changes in inlet-air mass-flow rates than the other fuels. At severe
operating conditions the fuels that exhlibited the lowest combustion ef-
ficiencies, in general, were propane and ethane, while those that exhibited
the highest combustion efficlencles were ethylene oxide and acetylene.
The difference between ethane and ethylene oxide was approximately 46
percent at the low inlet-alr total pressure and with the large-capacity
fuel nozzle and a high inlet-air mass flow rate. In figure 12 it may be
seen that the performance order of the fuels changed with operating con-
ditions; consequently, po single correlation between combustion efficiency
and fuel properties would be effective over the entire combustor operating
range,

The tests with different fuel Injectors showed that changes in the
fuel-distribution petterns in the combustor altered not only the combus-
tion efficlency of the combustor but also the magnitude of the efficiency
differences between the fuels, At the same fuel-flow rate, the small-
capacity fuel injector with its wider cone angle and higher pressure drop
may have distributed the gaseous fuel to form the more homogeneous fuel-
air mixture pattern in the primery combustion zone that resulted in the
higher combustion efficiencies observed.

Comparison of Combustion Efficiency with
Fundamental Combustion Properties

Some fundamentel combustion properties of fuels that may affect
combustor performance are spontansous-ignition temperature, flammability
range, minimum spark-ignition energy, snd maximum burning velocity. An
increase in flemmebility range or maximum burning wvelocity, or a decrease
in minimum ignition energy or spontaneous-ignition temperature might be
expected to effect increases in the rate of the combustion process. The
veriation in combustion efficiency &t a heat-input value of 200 Btu per
pound of air with fundamental combustion properties of the gaseous fuels
is shown 1n figure 13, Minimum spark-ignition-energy data were estimated
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from the curves of reference 4 at the pressures used in the combustor
tests. Data are presented for two inlet-alr total pressures (8.0 and
14.3 in. Hg abse), one inlet-alr temperature (200° F), one inlet-air
reference velocity (170 ft/sec), and two fuel-injector confilgurations.
The data indlcste an increase In combustion efficiency with en increase
in meximum burning velocity (figs. 13(a) and (b)), a decrease in minimum
spark-ignition energy (figs. 13(a) and (b)), and an increase in flamma-
bility range (figs. 13(c) and (d)). There is no satisfactory relation
between spontaneous-ignition temperature and combustion efficiency (figs.
13(c) and (d)), although a slight trend toward a decrease in combustion
efficlency with increase in spontanecus-ignltion temperature is noted.

In references 1 and 2, similar combustion performsnce dsta were
obteined with liquid hydrocarbon and nonhydrocarbon fuels in the same
combustor but with a different fuel injector. In reference 1, there was
some evidence of a relation between combustion performence of liquid
hydrocarbon fuels and maximm burning veloclty. No well-defined relation
between combustion performance and minimum spark-ignition energy was in-
dicated, slthough there was a qualitative trend toward increasing combus-
tlon efficiency with decreasing minimum spark-ignition energy. Similar
results are reported for liquid hydrocarbon and nonhydrocarbon fuels in
reference 2, That is, of the fundamental combustion properties consid-
ered, maximum burning velocity provided the best correlation with com-
bustion performance. Since minimum spark-ignition energy has been
related to meximum burning velocity (refs. 4 and S5), relations similar
to those estaeblished with maximum burning velocity would be expected.

The fact that generally more satisfactory correlations have been observed
with meximum burning velocity may be atitributed to the grester inherent
errors associated with cobtaining minimum-spark-ignition-energy data.

Comparisons of the variation in combustion efficiency with maximum
burning velocity for the gaseous and ligquid hydrocarbon and nonhydro-
carbon fuels for the same operating conditlons are presented in figure
14, The solid curve 1s faired through all the liquid-fuel data from
references 1 and 2, while the broken curves are falred through all the
gaseous-fuel data ohtained in this Investigation. Combustion efficiencies
from references 1 and 2 were obtalned at a heat-input value of 200 Btu
per pound of alr, Combustion efficlencles for both the ligquid and the
gaseous fuels increased with an increase 1n meximum burning velocity et
severe conditions. At a given value of maximum burning velocity, the
combustion efficiency obtained with a gaseous fuel was, in general,
appreciably higher than that obtalned with a liquid fuel. The improve-
ment in combustion efficiency with the use of gaseous fuels might be
attributed, at least partly, to the elimination of the fuel-vaporization
step. The influence of the fuel-vaporizatlon step on the over-all com-
bustion process is also indicated by the correlation cobtained with liquid
fuels in reference 2 in which an improved correlation was obtailned by
considering both maximum burning velocity and latent heat of vaporizaetion.

3899
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Since combustion efficiencies of the gaseous fuels were affected by
changes in fuel-injector configurations, the differences in performance
of the 1liquid and gaseous fuels cannot be attributed solely to the elim-
ination of the fuel-vaporization step. The effectiveness of mixing
apparently must also be considered.

SUMMARY OFF RESULTS

The following results were obtaiﬁed from an investigation of the
effects of fundamental combustion properties of six pure gaseous fuels
on the performance of a single tubular combustor.

1. At severe operating conditlons, the data Indicated an incresase
in combustion efficiency with an increase in maximum burning velocity
and flammebility range and a decrease in minimum spark-ignition energy.
The fuels exhlbiting the highest performsnce were ethylene oxide eand
acetylene, while the fuels exhibliting the lowest performances were pro-
pane and ethane.

2. An increase in inlet-air mass-flow rate or decrease in inlet-zir
pressure generally decreased combustlon efficlency and Increased differ-
ences 1n combustion efficiencies among the fuels.

3. The combustlion efficlencles obtained with a smaller-capacity
fuel injector were higher, in general, than those obtained with a larger-
cepacity fuel injector.

4, Combustion efficiencles obtained with the gaseous fuels were
generally higher than those obtained with liquid fuels in a previous
investigation at the same comwbustor operating conditions.

Iewis Flight Propulsion Iaboratory
National Advisory Commlittee for Aeronautics
Cleveland, Chio, November 7, 1955
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TABIE I, - FUNDAMENTAL COMBUSTION PROPERTIES (F GASEQUS FUELS
Fuel Estimated| Lower Minimum | Spontaneocus|Flamma- Maximmum
purity, heat of |ignition | ignition bility burning
percent combus- lenergy, temperature|range, velocity,
tlon, Joules in sir, percent cm/sec
Btu/1b (a) stoichio-
() metric,
(rich
minus
lean)
{c)
Propane 99.8 |919,929 |2.50x107% 920 174.3 €39.0
Ethane 95.0 |%20,416|2.40 882 165.0 €40.1
Ethylene 95.0 [920,276(1.24 914 440.9 ©68.3
Acetylene| 100 d20,734 0.51 581 633.0 fi140.0
1,3-Buta- 98.0 |819,180(1.60 784 255.0 €54,5
diene
Ethylene 99.5 h11,748 0.87 804 997.2 f90.0
oxide

8Refs, 4 and 5.

Prer. 6.
CRef. 7.
dper. 8.

€Ref. 9.

Tpata from ref. 10 corrected by a factor from ref, 2.

8Rer. 11.

hper. 12.
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TAELE II. - PERFORMARCE DATA FROM SINGLE COMBUSTOR CPERATING WITE EYDIROCARBON AND
OXYGENATED-HYIROCARBON GASEQUS FUELS

[Conbustor-inlet total temperature, 660° F

(a)

Propane; fuel-nozzle configuration 1

Run | Mir Combustor-| Fuel | Fuel- |Fuel- Fuel Heat Mean com-i Mean tem- | Combustion Remaria
flomw, inlet flow, [ air nozzle temper-| input, bustor- perature effioiency,
1b/sec | reference | Jb/hr| ratic |differ- at%;e, Btu/1b | ocutlet riss percent
locity ential temper- thraugh
nominal), preassure, a, combustor,
rt/sec 1v/Bq in. op
Combustor~intet total pressure, 14.3 in. Hg abs
1] 0.8587 19 . 18.8 c.0a72 4.8 99 143.7 1218 658 97.9
2 .558 1¢.8 082 s.8 gz 185.2 1410 746 104.8
3 589 25.1 OI1E 12.8 81 231.4 1685 305 102.3 Inlet preasure unsteady
41 .536 32.1 01650 17.8 as 298.4 1730 1013 95.9 Resonance, blowm-out
S 586 45.7 0233 25.3 &7 424.7 2000 1340 87.0 Inlet presaure unsteady
8(1.301 - 170 21.0 ~O0OLS 10.5 K:. 89.3 920 262 72.85
7| 1.5%2 28.8 0081 1&.2 84 121.2 1045 385 2.4
811.302 38.7 0078 19.1 83 152.1 1160 SO0 a3.1
9| 1l.502 £3.9 Re .29 25.5 83 186.8 1270 ELS as.8
10 | 1.299 28.4 o 16.0 100 121.2 1098 i35 50.0
11 | 1.299 55.1 -00751 19.5 . 109 149.7 1175 5186 a7.o
12| 1.301 44.1 Q094 26.1 114 187.8 1278 €15 63.7
15| 1.500 64.9 0158 39.7 117 278.2 1345 ase 64.7
14 | 1.299 73.0. -0150 45.5 99 296 .4 1335 &7 59.0 Blow-out
15| 1.513 2¢.9 -QUs3 12.9 112 105.2 1005 343 a1.1
18 | 1.297 36.9 .0073 20.3 109 157.7 1185 628 84.3
17| 1.286 51.0 - 3C.8 99 217.8 1550 eag 81.6
18 ) 1.295 58.0 .0125 35.8 o4 248.1 1360 [.3:1.1 72.8
19} 1.285 66.0 0142 40.5 a3 202.4 1555 634 €4.0
20 | 1.297 87.9 .0145 42.3 a1 289.8 1310 651 56.4 Blow-out
el .898 7% 18.5 0077 5.8 a1 152.7 1266 801 i
22 .598 26.0 -0121 15.8 81 240.8 1610 948 105.6
23 583 33.3 .018§ 18.2 8l 311.1 1825 1164 100.5
24 595 58.8 .0187 22.8 81 372.1 1940 1278 93.8 Rescnance
25 583 45.7 0214 27.2 81 428.7 2030 1589 88.7 Resonance, blow-cut
26 800 15.3 0071 5.0 140.9 1220 857 100.0
27 <600 £26.8 .0l24 14.5 T8 247.0 1635 975 104.0
28 .800 40.5 <O1B7 25.1 77 373.5 1940 93.4 Resonance
29 1 1.5%05 170 16.7 0055 6.0 | 71 70.6 865 204 7.2
3¢ | 1.502 36.5 0078 20.3 ki) 155.1 1180 526 a5.8
31| 1.300 43.3 0108 30.0 T4 209.9 1320 €80 83.9
32 597 79 16.9 .0078 8.0 73 156.3 1265 608 94.%
33 .597 24.5 L0114 12.8 k-] 227.8 1555 801 105.7
34 -587 57.4 0174 20.8 = 3458.8 10875 1,3 .7 Resonance
35 { 1.500 170 22.8 0048 10.8 T4 7.1 980 00 T6.7
568 |1.303 34.0 0072 18.3 Th 144.2 1145 488 B85.0
37 (1.301 46.7 .0100 28.0 T® 199.3 1315 65y 85%.0
38 . 799 105 $.0 0051 1.6 L 62.5 01 78.1
38 -800 18.1 0068 6.0 T 111.0 1075 417 83.%
40 .801 2%..8 0078 10.0 TL 150.7 817 104.6
41 -799 30.6 0108 16.0 T2 211.8 470 ai2 99.4
42 - 799 40.2 0140 23.8 - T2 278.4 1678 lo17 96.4
43 -800 6.0 0194 3.7 T2 387.2 18456 1187 83.3 Blow-cut
44 598 ™ 8.5 0039 1.4 T 78.3 936 25 86.8
45 .538 14.4 Q087 4.1 T4 155.0 11680 520 08.7
[13 .538 20.0 - 8.8 T4 161.3 1390 0o 103.5
47| .598 24.8 20114 13.0 75 228.0 1570 %10 104 .4
48 597 55.6 .0156 18.0 7 511.7 1785 6.0 8light resonance
49 598 42.6 .0188 24.5 ke 394.2 1975 1315 1.5 Blaw-out
80 .887 132 14.7 -0041 5.1 1 81.7 a7a a1 64.3
51| .888 2.1 0058 9.8 Tl 117.3 1110 453 96.8
52| 1.000 ar.2 0078 14.8 n 160.56 12mQ as 105.5
53 | .9399 £0.3 .qa1g 22.7 TL 225.0 1480 820 93.6
S4 .988 45.6 0127 27.2 T 262.5 1580 800 835.5
55 ) 1.003 63.1 0178 357.4 T0 348.2 1815 953 7.5 Blow-out
56 | 1.299 170 28.5 Q048 10.8 8 95.7 55 295 78.4
S7|l.297 Sd.4 Q074 18.7 71 147.0 1250 480 8d.1
58 § 1.501 52.8 .0113 32.0 T 224.6 1545 &86 78.4
69 1 1.308 67.8 0144 41.5 7 286.4 1368 TO8 64.3
60 [ 1.30% 69.4 0148 £2.3 T 285.0 138G 00 61.% Blow-cut
81 11.502 4.3 .0052 11.8 72 105.4 800 300 70.8
62 | 1.304 37.3 .0a79 0.1 T2 158.2 1005 505 78.1
65 11.302 53.6 0114 51.3 T2 £27.3 1155 853 72.2
84 | 1.303 87.2 Q143 39.7 72 285.6 1120 817 54.7 Resonance, blow-out
85 .997 132 17.5 .0049 6.0 75 97.4 815 314 70.68
&6 997 2&.0 0067 1.7 T2 135.0 1020 517 86.1
67 -997 3L.3 .0087 17.6 72 175.8 1200 698 100.8
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TABIE IT. - Contimmed. FPERFORMANCE TATA FROM SINGLE COMBUSTOR OPERATING WITE HYTROCARBON
AND OXYGENATED-HYTROCARBON GASEOUS FUELS
[Combustor-1inlet total temperature, 660° K|

(2) Concluded. Propane; fuel-nozzle configuration 1

Run | Alr Conbuator- Puel Fuel-| Fuel- Fuel Heat Nean com-| Mean tem- | Comdustion Rerarios
flow, inlet flow, air nozxle temper- | input, bustor- perature efficiency,
ib/sec | reference | Ib/hr| ratiof differ. a.uga, Btu/1b | cutlet rise percent
z’o}.ocl.ty) ential tamper- through
nominal pressure & coubs;tor
rt/sec ’ 1b/aq in. tus;. ’
Ccabustor-inlet total pressure, 14.3 in. Eg abs - Concluded
68 [ 0.799 105 14.1 | 0.0050 4.1 72 97.5 ass 555 89.90 Inlet presaure unstesdy
&89 197 19.4 .0088 7.7 72 135.0 1055 534 97.%
TQ - T86 36.8 .0129 1.6 T2 258.0 1445 944 4.
71 530 79 9.9 L0047 1.9 72 92.7 a5 355 88.3 "
72 .53¢ 10.4 .0048 1.9 75 6.5 B840 340 86.1
73 553 15.9 L0074 4.6 -3 146.6 1085 586 5.3
T4 598 31.1 L0145 15.8 K] 288.2 1565 1066 g96.3 Resonance
75 |1.000 132 39.9 L0111 23.2 7. 221.0 1485 azs 96.8
76 - 79 1é.2 .0086 4.1 78 131.2 1185 524 100.7
77 .601 35.5 0154 18.€ 78 307.3 1800 1140 99.5 Slight rescnance
78 | 1.303 17Q 22.8 0049 11.3 gs 56.8 880 290 T4.3
79 | 1.504 36.3 0077 19.5 101 154.3 1170 511 85.7
80 | 1.304 58.5 o 34.7 105 248.8 1385 706 75.6
a1 : 1352 14.3 0044 3.6 88 a7.9 240 67.5
82 502 21.6 0066 9.3 a7 132.3 1115 454 86.2
a3 .904 71.6 0220 43 95 438.2 1835 974 60.2 Blow-out
a4 .798 106 12.4 L0043 2.8 91 85.7 960 299 86.5
as .798 6.6 .00935 14.1 83 184.7 1420 760 106.0
a6 .798 44.0 0153 25.0 80 305.3 1710 ql.7
87 598 k:-| 10.8 0050 1.9 a8 §9.8 1030 569 g2.1
a8 598 16.8 -0078 5.8 90 156.2 1275 614 100.0
as 586 35.9 0188 18.0 103 514.3 177 1115 4.9
80 597 8.3 -0225 26.2 120 447.8 1985 1325 a1.8 Resonance, blow-out
Combustor-inlet total pressure, 8.0 in. Hg abs
91 | 0.718 105 17.9 | 0.0Q62 9.8 82 138.1 1035 380 88.9
82 .718 24.4 -00g5 15.4 82 1688.6 1175 520 70.9
93 -TLT 27.1 -010S 17.4 a8z 208.8 80 523 63.9
94 <TIT 30 0117 20.4 a2 2355.4 1158 475 52.0 Blow-out
9% .T16 8.7 0131 19.9 a2 222.0 1160 57.5
96 <T2T 15.2 -0058 T.4 75 115.8 g70 312 867.1
97 727 22.5 0085 il.9 7S5 169.8 1115 68.3
88 727 25.3 0097 16.2 75 192.5 1180 517 68.4
1] -T27 29.2 L0111 20.2 s 1160 497 57.0 Blow-out
100 562 130 T.8 00358 2.5 T4 76.7 845 185 58.5
101 562 10.8 0053 4.2 T4 106.3 870 3510 72.5
102 13.2 -0065 5.4 74 128.9 1075 415 0.1
103 562 15.6 0077 7.8 75 155.7 1185 525 86.4
104 .5362 20.8 -0103 12.1 75 204.7 1565 a8.7
105 ~582 25.8 0118 15.9 7S 254.4 1400 740 81.8
108 582 51.6 0156 18.86 7B 311.3 1350 650 57.9 Blow-ocut
107 730 170 14.4 7.1 70 108.0 s25 254 €0.2
108 . T29 0.4 0078 11.6 Kl 1100 440 T1l.4
109 -728 28.6 L0109 1a.¢ 70 e1r.2 1140 480 56.5
110 .T28. 8.4 0108 18.7 7a 216.0 1180 498 58.8
111 T30 30.9 L11s 20.5 ~ 254.8 1120 £60 50.0 Blow-out
112 554 80 8.2 -0064& 2.7 75 127.8 1130 470 82.4
554 10.7 0084 4.2 75 166.6 1280 623 95.3
114 353 14.0 0110 6.7 ki 219.4 1450 7.7 80.6 .
118 354 18.0 ~034&L g.8 s 281.2 1 970 91.3
116 554 22.4 -0LT8 13.6 b 351.0 1778 1112 85.¢4 Blow-out
117 .7126 170 20.5 -.0078 11.8 72 155.1 1050 429 69.7
118 .727 28.5 -0lo8 19.1 19 215.4 1150 4489 57.8
119 561 130 12.9 L0064 56.7 79 127.2 1075 412 al.2
120 560 20.7 0103 1a.2 73 4.7 1575 na as.7
121 <544 9.2 -004&7 2.7 106 4.1 215 66.9
122 -558 2.8 - 3.3 57.1 830 269 68.7
125 .558 15.3 -0076 7-0 104 151.€ 1855 494 82.3
124 .558 27.4 .01356 ig.2 104 271.8 ' 1405 742 T1.2
125 <ThT 170 15.9 .0Q058 T-7 101 117.6 . 825 263 55.7
126 . T25 15.1 .0058 4.0 115.2 935 269 58.1
.725 i%.1 Q073 10.7 s8 145.6 1080 399 88.9
128 =725 . 25.6 0098 16.7 g7 195.2 1178 514 &§7.0
129 -725 21.7 .Ql08 18.2 98 211.7 1180 499 60.1
Q -7 35.6 -0128 21.8 256.7 1120 457 45.6 Blow-out
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TARLE IT. -~ Continued. FPERFCRMANCE DATA FROM SINGLE COMBUSTCR OPERATING WITH HYDROCARBON
AND OXYGENATED-HYDROCARBON GASEOUS FUELS o

[ombustor-inlet total temperature, 650° F

(b) Propane; fuel mnozzle configuration 2

Run | Air Combustor-} Fuel Fuel- | Fuel- Fuel Heat Moan com-} Mean tem- | Combustion Renarks
Ilow, inlet flow, air noxrle temper- | input, | dbustor- psrature effiociency,
ib/sec | reference | 1b/hr | ratio | differ- ature, | Btu/ib | outlet riae percent

eloelt: ential op temper- through .

nomi , pressure, ature, combustor,

tt/sec in/eq in. op oy

Combustor-inlet total pressurs, 14.3 in. Hg abs
151 | 0.595 78 30.8 0.01435 3.0 as 284.4 1875 1018 84.9 Inlet pressure unsteady
152 .593 16.5 0077 .15 735 152.7 1260 587 4.4
133 500 25.2 .0108 20 72 214.3 1475 .33 98.4
134 .598 32.0 <0149 1.13 72 298.2 1776 1118 100.7
138 .598 40.3 .0187 1.57 72 378.5 1830 1271 $3.Q Resonance
136 .586 47.1 .0219 1.61 T2 456.1 2050 1388 88.1 Rlow-out
137 602 33.3 .0154 1.13 73 508.9 1770 11089 96.7
158 | 1.299 170 18.2 .0035 ] T4 €9.0 &85 80.7
1359 | 1.287 24.4 .Q052 o T4 104.0 ] 327 78.1
140 | 1.298 38.7 .0083 A T4 1684.8 1095 434 88.8
141 } 1.299 48.6 0104 1.61 T2 207.1 1185 84.8
142 11.298 58.9 0126 5.13 71 251.3 1245 591 £0.8
143 [ 1.298 80.4 -0129 3.55 71 257.7 1235 575 57.5 Blow-out
144 .600 79 7.0 .0052 o 78 64.4 08 245 £3.7
145 .601 13.8 0063 .05 18 124.8 1125 466 $3.8
146 .598 18.3 .0085 15 78 165.2 1335Q 887 100.8
147 .598 25.8 0120 -39 78 238.6 868 8%.1
148 587 35.Q 0154 .73 78 506.1 1725 1064 s2.8
149 -598 44.0 0204 1.61 17 408.4 1968 88.2 Resonance
.596 47.Q .0219 1.7 78 438.3 S 1379 87.2 Resonance, blow-out
151 .768L 105 7.9 .0028 -} 79 56.0 880 221 97.0
152 +500 11.5 .0040 ] 79 79.3 850 $1.3 -
153 .800 1e.7 .0068 [} 79 138.1 170 510 4.5
154 800 28.3 .0088 .38 79 185.7 1560 TO 92.0
185 . 796 37.8 L0132 1.13 78 2683.3 1576 168 91.7
186 197 50.5 .0178 2.10 T8 350.8 1756 .2
157 .799 57.2 .0189 2.64 78 596.0 1790 1132 77.8 Blow-out
158 | .887 132 0. | .0030| o ™ 0.6 880 224 90.9 .
189 | 1.000 20.2 0056 o 78 1l2.0 1060 8g.3
160 | 1.000 33.3 0093 58 79 184.5 1265 807 84.0
181 887 49.0 0157 1.6 79 £72.2 1480 76.9
182 | 1.001 64.2 .0178 3.5 70 355.1 1485 8683 - 66.2 Blow-out
183 | 1.302 ir0 15.7 0054 [+] i) 86.8 880 29 BO.8
164 ) 1.300 26.6 0057 [+} 79 113.2 98 338 74.4
185 §1.298 37.T 008l <15 T8 180.8 1090 [ -] 87.6
lse 1 49.7 .C106 1.37 il 10.9 1160 500 80.5
167 | 1.304 £6.% 0143 .72 79 284.0 1225 865 51.8 Blow-out
Coambustor-inlet total pressure, 8.0 in. Ex abs -

168 f0.725 170 14.2 | 0.0055 0.20 72 108.8 895 251 52.8
lgg 726 20.2 0077 .29 T3 154.3 940 278 45.2
170 «T25 26.2 .0100 1.03 b 199.8 960 302 38.1
171 .559 150 a.7 0043 0 15 88.5 888 295 84.5
172 .559 15.0 .0075 05 78 148.8 1080 399 87.4
173 .B61 20.5 .0102 5S4 76 202.7 1160 498 82.7
174 | .560 27.3 02356 1.03 75 265.8 1225 584 54.0
17s 5680 50.6 -QLS2 l.22 5 30l.¢ 1230 589 40.9 Blow-out
176 JT24 170 9.8 0038 Q 76 Th.9 855 198 B4.5
177 JT25 1.7 L0045 Q 7 89.1 ars 214 58.4
178 725 13.4 0051 0 77 102.2 ago 229 55.5
179 . 729 16.2 0058 o 77 115.2 888 254 50.6 Blow-out
180 358 80 7.9 .0082 ] 72 125.2 1078 416 84.6
18l |* .366 10.7 .0084 .05 72 166.4 1230 2 87.3
lag 355 14.1 0321 .28 72 220.4 1395 1 85.8
183 <352 17.1 0135 -29 T 269.4 1535 874 as.2
184 355 21.4 0187 1.03 72 353.0 1705 1043 85.9 Blow-out




3899

NACA RM E55KO4e

ORI 15

TABLE IT. -~ Continued. FERFCRMANCE DATA FROM SINGLE COMBUSTCR OPERATING WITH EYDROCARBCN

AND OXYGENATED-HYDROCARBON GASECUS FURIS
[Combustor-inlet total temperature, 660° H

{c) Ethane; fuel-nozzle configuration 1

Run } Air Cczbustor-| Fuel | Fuel- | Puel- Fuel Heat Kean com-| Mean tem- | Combustion Remarks
flow, inlet flow, | air norzle .| texper-| inmput, | bustor- perature efficlency,
1b/saec | reference | 1b/hr | ratio | differ- ature, Btu/ib | cutlet rise - percent
zeloc:.t,y) ential Sp tempar- through
nominal pressure ature ocmbus tor
ft/sec 1b/8q in. °p’ op
Coabustor- inlet total pressure, 14.5 in. Hg abs
185 | 0.598 79 15.9 | 0.0068 5.6 78 151.6 1160 .532 96.2
188 ~599 19.2 .0C89 16.5 78 181.3 1355 694 98.3 Fuel flow unsteady
1871 -598 19.8 -0092 10.6 79 187.8 1385 724 $9.2
188 .80CQ 26.5 .0123 16.8 78 250.3 1575 915 96.1
189 801 35.6 -Q155 2.8 78 317.0 1755 1085 92.7
190 .598 42.6 0197 28.7 78 402.9 1975 1514 89.7
191 .602 45.% 0208 32.3 7a 428.8 2045 1588 80.1 Blow-out
192 -T37 108 14.5 -0051 5.6 105 .4 1048 588 835.6
193 7968 21.2 -0074 12.90 76 151.1 1247 592 98.5
194 .797 30.7 -0107 15.8 75 218.4 1475 817 97.2
195 =787 41.6 OZ4S 268.0 75 287.4 1685 1027 92.0 HReaonance
196 -797 S5.4 -0186 56.5 3 380.3 1878 85.9
197 | .787 56.1 .0195 38.3 75 368.8 1147 78.4 Blow-out
198 [ .999 132 15.4 L0043 8.5 75 B81.2 965 304 86.4
199 .998 24.0 -0067 15.7 5 158.1 1165 503 a3.2
200 [1.001 34.5 .0086 2.2 75 195.4 1375 7n §5.7
201 -897 £7.8 L0133 32.1 . 75 271.5 1575 §12 88.5
202 -980 81.0 0170 43.1 75 546.4 1645 987 76.5
203 .980 63.2 .0176 45.2 s 358.8 1800 940 70.1 Blow-out
204 [1.299 i70 17.7 -0038 8.0 T7.1 880 200 &4.0
205 [1.298 28.2 0060 17.5 76 125.2 1060 404 82.1
206 [1.300 £1.7 .008g 28.5 76 182.1 1265 808 85.5
207 |1.298 §6.1 0141 47.3 76 288.4 1395 735 66.7
208 |1.298 3.8 .0150 50, 76 505.4 1555 694 59.8 Blow-out
Compustor-inlet total pressure, 8.0 fn. Hg abe
208 | 0.555 &0 15.0 Q.0102 7.9 79 207.6 1405 738 92.0
210 554 17.2 - 1l.2 79 275.8 1595 936 89.7
211 554 0.8 0153 14.2 78 353.0 1745 1085 a7.5
212 352 2.4 . 15.9 78 376.8 1760 1104 T9.4 Blow~cut
215 -.887 130 ‘15.9 0068 A.4 80 141.5 1150 492 a7.7
214 -558 22.1 .0110 15.5 80 224.7 1390 729 84.0
215 .558 31.9 Q159 25.8 a0 J24.5 1410 747 60.6 Blow-out
216 .558 29.1 .41 21.0 80 295.4 1430 T6T 68.2
217 +725 170 14.6 0056 12.4 a0 114.2 1075 418 80.9
218 -126 20.6 .0078 22.4 78 169.6 1175 518 8l.2
219 . 727 34.4 0131 25.0 78 268.0 1185 525 50.5 Blew~out
220 .127 30.35 .0116 22.3 77 2568.86 1215 555 60.3
(a) Ethene; fuel-nozrle configuration 2
Combustor-inlet total pressure, 14.5 in. Hg abs .
221 |0.600 79 14.5 0.0067 a.16 75 137.3 1175 517 $5.0
222 -800 12.3 0057 .05 75 115.9 1075 420 90.7
225 -598 2.7 .0101 &4 75 205.6 1510 =3 94.7
224 .602 29.5 0138 1.13 75 277.8 1580 sl 87.5
225 -602 56.6 0168 1.57 75 545.2 1815 1188 90.7
226 .602 £8.1 L0222 2.5¢9 75 455.8 2035 1377 84.4 Blow-~out, resonance
227 .802 105 14.7 L0051 [} 76 104.2 1030 570 88.5
228 787 £5.8 -0083 34 76 1€9.2 1265 598 80.0
229 .798 354.3 L0220 1.13 76 243.9 1480 88.8
250 800 48.6 .Ql62 2.84 76 344 .2 1725 1065 83.2
251 779 59.0 .0205 4.25 76 418.5 1810 1153 - T5.3 Elow-out
252 .997 152 15.5 0043 o 77 88.0 960 301 84.8
253 | .997 28.7 R 64 77 158.7 1198 536 80.7
254 ;1.000 4.2 -01235 1.91 7 250.5 1410 750 77.9
235 |1.000 67.1 187 5.6 77 580.7 1585 9355 65.9 Blow-out
236 {1.302 1720 7.5 0037 g 78 75.5 885 228 T4.T
237 |11.297 40.8 .0087 1.37 78 177.5 1080 425 §0.85
238 11.298 64.8 .0139 5.04 78 283.1 1270 &l0 £5.9
259 11.297 3.0 -O1B& 5.75 TE 518.0 633 51.8 Blow-out
Combustor-inlet total pressure, 8.0 in. Hg nba_
240 |o.580 130 15.6 {0.0077 0.39 75 158.1 1085 422 87.3
241 .559 18.2 -0095 54 72 194.5 1185 502 65.7
242 859 26.6 .0l42 1.52 72 289.7 1265 805 54.3
243 .569 30.2 -0150 2.10 72 308.4 1260 589 50.2 Blose-out
244 . 726 170 168.3 .0063 .29 71 127.6 920 258 50.4
245 -725 21.5 .0083 1.27 71 168.4 955 256 4.2
246 725 27.8 .0107 1.27 b 217.4 985 323 57.7 Blow-out
247 554 80 13.5 .Qlae .29 78 216.2 1535 676 80.8
248 -554 15.5 -Q122 29, 78 48.4 1470 811 85.3
249 554 22.8 0122 1.03 78 366.0 1620 1lo32 75.9
250 554 24.1 .0189 1.52 78 586.4 1670 1013 70.7 Blow-out




TPABLE II, - Contlnued,

OXYGENATED-HYDROCARBON OASEQUS FUELS
[Co-blutun.-jnlet total temperature, 560° R:l

{e) Ethylene; fuel-nozele configuratien 1.

PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYDROCAREOM AND

Run | AT Combus tor- | Fuel | Fuel- | Fuel- Fuel Heat Maan gom- | Mean tem- | Combustion Remarks
flow, { inlet flow, | alr nozzle temper- | input, | bustor- | peratura efficlency,
1h/sec | refarenae | 1b/hr | ratic | differ- ature, |Btu/lb | cutlet rise percent
Eelccit{) ential Sp tomper- | through
nominal), presaurs, a » con tor,
ft/seq 1b/sq 1in. m{"; b%;
Combustor-inlet totil pressure, l14.5 i{n. Hg ake
251 |0.800 105 112.7 | 0.0044 5.0 73 89.8 1010 351 96.8
282 | 798 20.3 0071 11.0 75 143.7 1210 5582 96.9
253 . 800 23.7 0100 18.6 75 202.9 1420 758 98,1
254 .799 58.7 Q138 27.1 15 281.3 1640 978 1.5
206 . 799 53.0 .0l84 37.5 . ki) 375.0 1885 laaz 8a.1
258 | 787 86.B- 0232 £5.0 78 472,82 2155 1454 87.8 Resonance
257 .787 75.2 0282 55.8 78 533.5 2310 1649 87.1 Resonance, fusl flow limited
858 599 79 la.a L0057 4.5 71 115.% 1125 482 100.3
288 .598 34.8 .0le2 24.0 78 3989.68 1770 1111 ag.9
280 | .597 45.1 0210 34.0 77 4298.0 2080 1419 91.1 Rasanarice
281 .897 €1.1 .0285 45.8 77 §578.6 2415 1754 - 86.2 Resanence
262 | .597 74.8 L0348 54.98 76 08,5 2880 2001 i 82. & Hescnanoe, temperature limited
283 |11.G610 132 12.8 0038 4.8 76 71.5 225 265 | 81.3
284 {1,000 26.9 L0078 17.0 5 152.2 1245 385 7.8
265 | 1.001 44.8 L0194 30.9 4 252.2 1586 895 82.8
286 | ..998 63.0. .Q176 48.0 T 357.8 1870 1210 ! 91.1 ,
287 1 998 75.4 .0209 55.8 = 420.2 2035 1378 : 88.4 Puonanno, fuel flow limiteqd
25 [1.000 170 5.7 | 0029 5.8 73 59.8 820 05 ! B4.4
269 11.986 30.1 0084 19.3 75 1%1.2 1130 AT | 90.4 |
270 {1.266 45.8 .0098 |, 54.6 k-3 200.1 14k5 756 | 87.0
271 11.2%7 §75.5 0162 88,7 71 329. 4 1738 i o074 ! 86.8 Fual flow limited
Combustor-inlet tobal pressure, 8.0 in. Hg abs
272 |0.354 80 11.8 0.0081 6.5 9 185.6 1330 667 91.7
273 .353 15.9 0128 10.5 78 254.6 1530 as7 88.7
274 +354 15.7 0154 1%.4 79 314.5 lead 1087 87.5.
275 | .554 25.8 Q203 18.9 19 415.1 194Q 1877 84.2
276 554 30.2 L0237 22.9 Bg 432,68 2106 1442 g82.8
77 384 342 0283 28.4 80 545.2 2225 1562 80.4 Blow-out
278 354 54.9 L0274 28.4 B0 S54.8 2860 1597 80.7 Blow-cuzs
279 583 130 l2.8 .0062 7.1 72 126.3 1125 452 21.8
280 .583 16.8 .00B3 11.1 12 168.7 1280 617 2.9
281 .BS6 24.1 .0120 17.4 72 245.3 1495 2354 88.3
as2 .558 32.9 0159 25.8 71 325.9 1708 1044 n5.8
283 | .BS§ 3.4 D217 33.0 71 4.8 1965 1308 80.8
284 .558 48.1 .0239 aT.4 71 438.5 2055 1384 T9.2 Blow-mut%
285 | .78 1% 15.0 0050 8.2 72 10%.1 998 340 5.4
-] . T12% 24.8 D101l 17.% na 204.8 12338 Ly 78.8
287 . T25 4.7 0171 .1 71 348.8 1528 170 as.7
288 | .725 9.9 0191 40.2 88 3688.% 1595 938 E4.0 Blow-out

5683
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TABIE IT. - Continued.

[Combustor-inlet total temperature, 660° R]

{f) Bthylene; fuel-nozzle

configuration 2

17

PERFORMANCE DATA TROM SINGLE COMBUSTOR OPERATING WITH HYTROCARBON
AWD OXYGENATED-HYTROCARBON GASEOUS FUELS

CG-3

Comustor-| Fuel Fuel- Fuel Mean com-|{ Mesn tem- | Combustlon Remarks
inlet flow, nozrle temper- bustor- perature efficiency,
refersuce | Ib/hr differ- ature, outlet rise percent
veloclity ential oy temper- through
noxinal), ssUre, a » combustor,
£t/8ec g}sq in. w.s; oF
Conbustor-inlet total pressure, 14.3 in. Hg ebs _
79 11.5 o 75 1075 415 94.1
15.6 -4 3 1220 5680 85.2
1.9 -4 T4 1425 T64 94.8
28.7 1.0 74 16838 975 94.5
55.5 1.5 T4 1800 1140 80.8
1085 43.5 2.4 T4 1995 13535 88.8
52.9 3.8 5 2210 1949 83.8 Resonance
66.4 5.5 75 2460 1800 835.6 Temperature limited
12.1 53 76 1015 554 101.9
20.2 -4 78 2215 558 97.7
28.5 -7 77 1420 761 96.3
39.0 1.9 77 1835 g78 g2.5
50.8 3.5 7T 1855 1194 88.9
§2.2 4.9 78 2075 1415 87.7
83.2 9.3 80 2440 irer 8¢.9 Resonance, blow-out
132 135.7 ] : al 955 296 84.2
2€.7 P el 1190 532 95.6
42.8 2.1 a1 1488 825 48.2
£1.0 4.6 81 1785 11355 87.9
72.9 7.5 81 1985 13536 as.2
170 94.1 11.3 alL 2300 1641 86.5
96.3 12.35 a2 2335 1675 86.5 Blosr-out
21.1 [s] ;] 880 326 87.7
35.9 -6 82 160 505 85.7
50.5 2.8 82 1565 TOS 82.4
85.6 8.5 a2 1565 805 85.0
84.6 2.3 a3 1785 1126 al1.9
106.5 13.8 a3 1965 1308 89.8 Blow-out
Combuster-inlet totel pressure, 8.0 in. Hg abds
130 14.2 [+] .3 71 1088 438 75.9
18.5 .8 g2 1295 636 86.4
24.0 1.2 71 244.0 1445 785 83.1
31.1 2.1 71 515.1 1635 a2 ar.s
35.0 3.0 71 356.3 i1 1108 835.3
170 43 .3 4.5 71 £40.6 1940 1278 79.2
468.0 4.9 71 486.9 1985 is22 75.8 Blow-out
15.6 Q 72 125.6 875 316 64.6
25.8 -6 72 201.5 1160 495 62.8
32.9 2.5 75 257.5 1550 *§90 69.1
ea 41.0 5.7 75 320.2 1465 805 85.8
52.0 5.8 73 406.2 1576 915 50.0 Blow-out
0.7 -3 8l 169.6 1260 800 85.8
14.3 -5 80 229.4 1445 788 aa.e
19.0 1.0 80 3505.92 1670 1012 88.0
27.2 1.8 80 4354.7 1978 1518 82.9
35.8 3.0 80 585.8 2270 1811 77.8 Blow-out
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TABLE II. - Continued. PERFORMANCE DATA FROM SINGLE COMBUSTOR OFERATING WITE HYDROCARBON -
ARD OXYGENATED-HYDROCARBON GASEQUS FUELS

[Combustor-inlet total temperature, 660° E}

(g) Acetylene; fuel-nozzle configuration 1 _

Runjdir Combus tor-| Fuel ] Fuel- | Fuel- Fuel Haat Mean com- | Mean tem- |[Combustion Aemarks -
flow, inlet flow, | air nozrzle temper-| input, | bustor- perature effiolency, N
1b/sec | reference [ 1b/hr } ratic | differ- ature, | Btu/1lb | cutlet rise percent :

rlocif,y eutial oy temper- through
nominal}l, Eumn, . ature, cowbus tor,
ft/aec /8q in. op oy
Combustor-inlet total pressure, 14.3 in. Hg abe -

334 0.796 105 15.2 0.004E S.4 T2 85.2 1023 385 .8 -

338 .802 19.6 . 11l.2 [:3:] 140.6 1210 650 98.1

336 801 2.5 -0078 15.8 -] 161.9 1280 a1s 96.5

337 . 800 25.8 -00B3 15.0 €7 171.7 1315 655 96.6 Fuel flow limited

538 599 ks 11.8 L0054 5.8 a0 11.3 1075 414 92.3

339 599 18.6 <0077 . 61 158.2 1240 580 81.7

340 800 21.5 0099 12.4 83 206.1 1400 T4O .7

341 598 25.1 -0318 15.6 a8 241.1 1515 ass .4 Puel flow limited

342} 1.C01 is2 18.2 -0034 44 84 70.5 925 ° 258 g2.8

343] 1.C00 17.6 0049 8.2 84 101.4 1015 381 B5.5

3441 1.000 24.8 £ 031 -] 15.3 a5 241.4 11956 536 95.0 Fuel flow limited

546) 1.305 im0 12.0 0028 4.5 a3 52.9 880 205 54.8

348 1.256 18.2 0033 9.3 a3 80.% 960 3q1 91.8

347 1.286 24.6 . 0053 15.8 83 109.3 1070 411 5.4 Fuel flow limited

Coabustor-inlet total pressure, 8.0 in. Hg abe )

348] 0.556 130 15.2 | 0.0QBE 8.8 €7 136.8 1165 508 92.8

349 .585 18.0 0090 12.4 -] 186.8 1330 871 $1.1

350 550 1.7 -0108 15.9 &6 223.9 1440 781 89.4

381 .58¢9 e5.1 0115 17.8 65 258.2 1490 831 8.0 Puel flew limited

382 729 170 135.3 .OQ51 8.8 65 105.1 1055 377 as.o Puel flow erratle

393 . 726 18.4 el 11.1 68 15Q.4 1126 480 89.5

554 .726 21.8 .C083 16.9 &5 171.3 1265 o8 89.3 Erretic fuel flow

355 .724 22.9 .0088 17.8 [:13 182.5 13510 .BS0 0.2 Puel flow limited, erralle

586 354 80 5.8 0201 19.4 99 415.7 1925 1264 81.7 -

357 354 19.0 .0l4g 15.2 98 308.7 1680 1021 86.7

358 -554 4.4 0113 9.4 86 254.7 1465 B8OT 88.3

359 354 10.8 - 6.3 87 172.5 1295 &38 3.8

{(h) Acetylene; fuel-norzle configuration 2 )
_= _
Combustor-inlet total pressure, 1l4.3 in. Ng abs B

560} 0.596 79 11.8 | 0.0055 ] 11 114.2 1100 439 85.6 )

361 596 18.5 - 0086 .05 110 178.3 1305 [ 133 21.4

562 597 29.2 .0138 -g8 110 28l.6 1610 /W ar.8

583 .597 41.5 -0193 2.10 1le 4004 1920 1259 84.3

384 .587 54.5 0253 5.82 215 525.0 2280 1598 54.1

368 587 2.9 .0X59 7.81 116 702.5 2655 1993 81.3 Temperature limited

368 . 799 105 12.5 0044 o] 108 90.2 1030 370 102 .4

387 .800 21.3 0075 05 107 152.0 1240 582 8.3

358 800 35.3 0123 1.1%3- 108 254.2 1545 885 0.1

369 -800 50.4 0LTS 3.08 104 362.9 1870 1210 6e.8

370 .800 88.1 0237 8.46 102 490.4 2710 1850 8s.8

371 . 955 132 15.1 -0057 Q 88 7158.7 940 20.0

372 998 24.8 L0089 o 89 2.2 1180 519 3.4

375 .988 47.8 .01L3% 2.84 95 276.6 15530 929 81.3

34 998 58.2 -aQ182 4.30 97 536.7 1800 1139 a9.5

37% 995 75.7 0211 T.91 96 £37.7 2060 1400 85.7

376 987 0.3 Q52 11.01 -1 521.8 2265 1624 86.1

377 <997 102.4¢ + 0286 15.51 108 592.0 2470 1809 B85.8 Temperature 1imited

378{ 1.288 170 ls.9 Q036 [«] 105 76.1 860 il 28.0

379| 1.296 31.8 0088 .15 107 141.4 1180 499 88.3

380 | 1.293 8.7 .0100 2.10 110 208.2 1370 86.9

381 1.295 82.8 .0138 5.28 118 279.7 86.0

582 1.287 6.3 0163 8.11 117 358.8 17685 1198 | 86.2

563 | 1.298 95.1 0203 12.11 118 421.7 10 13 86.4 Fuel flow limited

384{ 1.298 45.9 . 2.58 110 2035 .4 1368 88.%

sas . 798 105 57.8 Q201 4.5 105 416.8 2005 1344 87.0

588 800 az.9 0387 8.71 1035 594.2 2470 1808  85.6 Temperature 1imited

Combustor-inlst total prassure, 8.0 in. Hg abs T il - = el

387] 0.588 130 11.7 | 0.0068 0.05 6 120.5 1085 435 90.0 - e

388 .558 7.1 0085 78 66 178.2 1280 620 B3.§

309 .558 25.0 .1115 l1.22 79 237.4 1450 788 85.3

390 .S57 30.8 0152 2.28 315.6 1685 1024 85.1

381 »SB7 38.5 .Qle2 5.47 88 397.7 8% 1208 81.2

382 687 46.0 0224 4.94 95 475.4 2065 20.4

-1 .558 69.5 ~0548 9.65 99 T17.2 2840 1978 78.7 Temperature limited -

394 .558 52.8 .0283 6.65 100 544.7 2245 1583 80.4

398 T4 170 12.8 ~0048 e 835 99.7 1018 357 88.5

398 728 18.6 .00TL -2 « 147.4 1170 9 BE.53

397 <728 52.0 0122 2.4 ag 253 .4 1465 |3 a.g

398 <725 46.2 Q177 4.94 91 366.9 1770 1110 a0.2 ~

599 <7268 56.1 L0814 8.22 123 il 1980 1320 80.3 Exhxust limited

400 .552 80 10.8 Q085 ~29 ag 176.2 1285 62 83.0

£01 .352 15.1 Q120 -5 a7 247.8 1470 814 B4£.5

354 20.3 - 0158 1.03 a7 330.5 1716 1052 835.8

403 382 51.1 Q245 2.285 92 508.6¢ a 1452 78.2

404 554 50.6 0240 2.49 97 497.6 2110 1453 74.8

405 554 38.0 -Q283 3.23 108 548.2 2285 1624 77.1

408 352 42.35 a534 4.30 119 691.9 2485 la24 74.8 Temperature limlted

e
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TABLE II. - Continued. PERFORMANCE DATA FROM SINGLE COMBUSTOR OPERATING WITH HYTROCARBON
AND OXYGENATED-EYIROCARBON GASEQUS FUELS

[Combustor-1inlet total temperaturs, 660° El

(1) 1,3-Butadiene; fuel-nozzle configurstion 1

Bun | ALr Comtustor- | Fuel [ Fuel- | Fuel- Fuel Heat Hean com- | Nean tem- | Combusiion Remarks
£liow, inlet flow, | air noxxle temper-| inpot, [ bustor- perature efffoiency,
1b/sec | reference | 1bh/hr| ratioc | differ- ature, | Btu/lb | cutlet rise percent
velcelty entisl oy temper— through
{ ), . ure, ature, combus tor,
sea 'sq in. oy oy
Combuatar-inlet total pressure, 14.5 in. Hg abs
407 § 0.804 79 21.7 | 0.0100 [+] 83 191.7 1400 T4 §9.1
408 808 28.4 QL0 12.3 -2 ieas 964 100.8
408 802 40.2 -0188 19.1 101 356.3 1890 1235 93.1
410 501 48.4 0224 25.1 429.8 2385 1475 94.5
411 598 65.1 L0302 34.3 nr 578.1 2450 1784 ar.é Blow-cut, iniet preasure nrsteady
€12 -B00 16.6 0077 &3 100 147.2 1255 5 101.8
415 | 1.303 170 50.3 0129 31.8 105 6.8 1485 6.8
414 1.304 5.0 0109 8.7 7 208.6 1 T4L 91.2
415 | 1.302 i4.9 -5 22.4 ;2 185.8 127y 85.0
416 1.302 31.1 -0066 17.1 pai 127.0 1170 514 101.%
417 [ 1.302 22.8 -0048 2.1 117 3.3 968 80.9
418 | L.303 18.4 0039 5.6 11 75.2 a8 0.3
£19 -799 108 TL.1l 0247 37.0 17 AT&.T 2250 7.4 Rescnance
420 - 603 54.8 .0190 23.2 101 364.2 1545 1268¢ 85.2 » Inlet p unsteady
421 805 45.68 ~0158 4.5 g4 504.3 1770 1107 96.6 » inlet pr ady
422 .801 18.7 0085 6.0 a8 124.5 1160 100.6 Rescuance, inlet pressure unsteady
423 | 1.001 132 85.8 0182 55.1 128 348.7 1850 s1.8 Resooance, inlet prsssure unsteady
424 { 1.001 £7.2 0151 2.7 131 251.2 1800 941 7.8 Resonance, inlet pressure unatesady
495 -89 47.7 -013% 4. & 125 254.8 1850 5.4 Rezonance, Lnlet pressure unsteady
428 1.002 32.0 0089 16.1 107 170.2 1345 &85 202.5 Resocoance, inlet presaure unsteady
427 | 1.001 20.4 L0087 6.8 96 108.8& 1060 420 6.3 HBescoangs, inlet presyure unateady
Combustor-inlet total pressure, 8.0 in. Eg abs
428 a.723 170 29.8 110 266.3 698
429 7235 26.4 108 345.8 1340 sTa Blow-ocut
430 723 2¢.0 101 307.8 1570 712
431 <728 22.9 95 216.6 135G 699
432 127 a.7 a5 158.4 1080 429
433 -560 1s0 12.5 114 227 .4 1440 781
434 -56S 16.5 116 274.5 1620 981 Inolat pressure unateady
438 588 24.5 1s 415.5 1710 1048 Inlet pressure unatesdy, blow-out
553 22.7 111 358.49 1738 1078
437 558 9.8 11s 189.4 1545
438 354 80 8.2 a3 7.6 145% 794
438 -353 8.6 5 208.4 1825 960
440 355 1.s 88 342.0 180% 1142 Fuel flow erratic
44F 353 i5.3 108 .404.6 2005 1542 Fuel flow erratic
42 18.8 109 545.4 2183 1 Blow-out
{3) i,3-Butadiene; fuel-noxzzle configuration 2
Combustor-inlet total pressure, 14.3 in. Eg abs .
443 | 0.601 T 15.8 |0.0078 o 114 148.9 1198 536 90.7
444 601 3.3 0154 .88 128 295. 1758 10768 6.4
A4S -600 44.1 0204 1.2z 154 392.0 1890 | 1232 84.9 Fusl flow limited
446 | 1.303 170 17.0 0038 -3 s 89.5 8gg 235 85.2
447 1.286 53.7 0072 o 128 138.7 1080 420 5.7
448 | 1.297 39.8 0085 15 134 163.7 110G 445 87.9 Fuel flow limited
449 793 108 ir.3 .0080 [+ 128 115.1 108s 429 92.d4
450 ~789 35.7 0124 =73 133 257.8 1470 a0g 8.1 Yuel flow unsteady
Combustor-inlet totel pressure, 8.0 in. Hg abx .
451 § 0.557 13¢ 22.2 |0.0112 1.0 as 212.8 1510 113 T8.2
452 587 27.1 2134 1.5 94 256.9 1405 T46 75.0
453 S87 54.7 0271 — 58 519.8 1760 520 57.8, Blow-cut
454 =729 im0 1€.8 -Q063 o 100 120.7 11 i2x 58.3
455 729 52.3 0123 -8 110 256.0 1145 236 2.5
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TABLE II. - Concluded. FERFORMANCE DATA FROM SINGLE COMBUST(R COFEBATING WITH HYDROCARBON
AND OXYGENATED-HBYIIROCARBON GASEOUS FUELS

[Coubustor-inlet total temperature, 660° Rl

(k) Ethylene oxide; fuel-nozzle configuration 1

Run |[Alr Combustor-| Fuel | Fusl- | Fuel Fuel Heat Mean ocm- [ Mean tem- | Combustion Remarks
Llow, inlet flqw, | alx nazzle temper- | input, | bustor- perature efficiency,
1b/sea | reference lb%r ratio | differ- ature, | Btu/lb| ontiet rise percent
loeity) ential oy tempor- thrauslé
nominel pressure al ¢ stor
tt/sec ’ 1b/sq in. 5;’ 87 ’
Cozbustor-inlet total preassure, 14.3 in. Hg abs
456 1.510 170 28.5 | 0.0056 10.8 90 66.0 885 223 80.1
AT 1.510 30.1 0084 13.2 115 75.1 920 259 83.1 Fuel flow limited
458 1.511 22.4 0048 8.8 112 55.8 450 188 85.7
459 596 T 19.4 .a0g0 T8 100 106.1 1080 417 87.2
480 . 600 6.6 .Qll8 10.3 a7 139.1 1175 515 94.9
461 .596 31.1 0145 14.3 96 170.5 1265 625 5.8 Fuel flow limited
462 »596 15.5 - 3.3 103 74.0 960 298 96.8
B
483 .809 105 52.8 .Q113 15.3 118 1352.3 1155 437 93.5 Puel flow limited
484 .808 27.2 11.2 109 109.8 07O | 413 92.5
485 -809 20.6 Q0T 8.7 103 B82.5 965 508 81.2 .
466 804 12.5 N 2.4 !_9 50.8 880 193 84.3
467 1.007 152 35.8 .0083 16.2 86 108.0 10890 4156 94.8
468 1.003 26.8 0074 1.2 102 85.58 p: 2] 321 84.0
469 1.008 1g.2 0053 7. 104 82.0 §0a 256 81.6
Combus tor-inlet total pressure, 8.0 in. Hg abs
470 | 0.750 170 22.0 | G.Q082 11.8 107 95.0 985 326 a2.1
471 - 750 35.7 .0125 19.3 111 148.4 1180 501 8.4 Fuel flow limited
472 - 761 28.3 -010s 15.8 11 122.9 1070 411 a7.1
473 751 14.8 <0055 8.9 108 64.1 870 50 79.6
474 .559 130 30.2 .0150 15.9 108 176.6 1280 . 821 90.0 Fuel flow limited
475 [3:1-0] 28.6 .0127 15.3 110 148.7 1158 52¢ 88.8
476 558 21.2 0108 10.4 110 125.9 1105 443 a71.2
477 .559 1l.7 .0088 4.0 105 £8.3 ass 251 79.7
478 .858 17.1 0085 8.0 105 98.8 1035 378 96.1
478 352 80 29.8 0235 16.2 110 276.4 1580 898 8€.1
480 351 24.2 0192 2.2 108 225.1 1416 89.3
491 - 19.0 0160 9.6 105 175.8 1508 644 25.1
482 .351 11.9 0084 4.5 102 116.7 1078 £16 4.4 Inlet pressure unsteady
483 .351 16.8 0133 7.9 102 155,48 1240 579 45.3
(1) Ethylene oxtde; fuel-nozzle configuration 2
Combustor-inlet total pressure, 14.3 in, Hg abs
484 | 0.5685 T 40.3 0.0188 1.86 106 221.1 1455 797 95.9
5 .596¢ 59.0 -0276 3.57 105 525.1 1762 1078 90.7"
466 598 T34 0342 5.28° 7 96 &0%2.7 1850 1293 B9 .4 Tuel flow limited
487 <588 24.5 <0114 .39 a3 135.7 1ls0 528 99.¢
488 599 13.0 -Q060 .38 g2 7.0 947 a8e 104.8
489 1.507 170 12.8 0027 Q 0 31.5 TS la2 108.6
490 1.308 55.5 .0118 2.59 108 1358.4 1158 487 87.8
491 1.294 73.5 0157 4. 78 125 184.8 1280 624 a7.8
492 | 1.303 36.6 -0078 -39 14 g1.8 1001 543 92.1
493 1.305 22.7 ~0048 106 S6.7 B8gs 209 94.3
494 897 132 64.5 .0180 3.57 126 211.0 1510 762 83.1 Fuel flow limited
495 .998 &7.7 -OL35 1.57 ig0 146.4 1158 872 a35.9
496 .587 34.5 0096 .58 118 106.3 428 g4.1
497 .999 24.Q 67 o] 111 74.9 913 2986 95.5
498 1.002 .8 0028 <G 109 35.8 788 161 104.5
499 -799 105 T4.2 D258 4.79 114 2717.0 1535 1038 9l.4
500 799 56.8 .0184 2.55 116 215.4 1558 810 94.5
501 - 799 54.8 0121 .64 114 237.3 1155 537 96.8
502 -798 25.6 -0082 Q 107 85.3 981 376 88.56
503 .796 15.0 <0045 Q 104 48.4 ass 6 al.4
Combustor-inlet total pressure, 8.0 in. Hg abs
504 | 0.560 130 84.1 | 0.0417 4.10 104 490.1 2114 k 1453 a3.5 Fuel flow limlted
505 558 87.1 086 5.43 111 336.4 17133 1088 a7.8 .
506 .558 35.9 .0178 1.78 210.5 1378 716 86.4
507 555 22.8 0114 -29 114q 134.2 1148 482 89.9
508 .558 12.1 .0081 108 71.0 917 254 5.2
504 77 170 1.5 0298 8.12 1135 548.1 1700 1042 8l.5 Fuel flow limited
BlC . T27 B4.4 0208 £&.69 111 244 .5 1436 778 B4.5
611 727 368.1 -0158 2.01 104 161.8 1208 551 a7.5
Bgl2 - 2.4 .0Q8S 2.93 106 10Q.1. 1012 335 47.8
§13 .T27 11.2 20043 104 50.3 50 187 27.5
514 «727 59.5 23 B.43 104 286.8 1430 828 0.2
518 <556 80 42.3 L0552 7.4 120 389.4& 182y 1180 82.2
516 «35§ 3l.4 0246 4.7 127 208.9 1620 962 08.3 Fuel flow limited
517 552 5.9 .0189 2.7 112 221.6 1425 770 93.6
518 554 12.0 0094 5.4 107 110.9 1085 426 95.6 Inlet pressure unsteady
519 .3852 16.6 0131 1.5 109 153.4 1260 604 101.8 Inlet pressurs unsteady
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