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and David T. Dupree

SUMMARY

The effects of using various fuels and several rake- oOr gutter-
type flame-holder configurations in a Bunbl ebee 18-inch rem jet are
presented and discussed. Studies were made i n the Lewis alti-
tude wind tunnel at pressure altitudes from 10,000 to 35,000 feet
end at ram-pressure ratios equivalent t 0 free-stream Mach numbers
from 0.49 to 1.46.

Beet performance was obtained with a rake-type flame holder,
which has alternate rakes connected to the pllot combustion-chamber
outlet by gutters. The three rakes that were connected by gutters
to the pllot-combustion-chamber outlet appear to have been more
effective as flame holders than the other three rakes.

Use of propylene oxide or a blend of 25- percent propylene oxlde
and 75-percent kerosene rather t han kerosene as fuel resulted in
increased combustion efficlency and better stebility of combustion.
When propylene oxide was used, ignition at higher values of
combustion-chamber-inlet velocity and a wider range of operable fuel-
air rati o were obtai ned than with kerosene. At a fuel-air ratio of
about 0.070, the combuetion efficlency was ralsed from an approxi-
mate value of 59 percent to 85 percent when the fuel was changed from
kerosene to propylene oxide in the configuration,which included the
rake-type flame holder described above.

The combustion efficlency increased as the combustion-chamber-
inlet static temperature was raised from & value of 35° to 130° F.
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INTRODUCTION

In order to determine the altitude performance and operating
range of a Bumblebee 18-Inch ram Jet, a detailed Investigation under
controlled conditions of pressure altitude and equivalent free-
stream Mach number was conducted in the NACA Lewis altitude
wind tunnel.

An extenslve study was conducted to determine the performance
with rake-, gutter-, and can-type flame holders with several fuels.
.The burners, each conslsting of a fuel-injection system, flame
holder, and a combustlon chamber, were developed as & part of the
Bumblebee project conducted by the Applied Physics Laboratory,
Johns Hopkins University, and have asstisfactorily performed in sea-
level investigations (unpublished)}. Operational data for the ram
Jet vnder choking conditions with the best can- and rake-type flame
holders are presented In references 1 and 2, reaspectlively.

The results presented hereln were obtalned from an analysis
of combustion-chamber performance with 3 rake- and 5 gutter-type
flame holders and four fuels. Combustion-chamber performence data
are presented 1ln terms of combustlion efficiency and gas total-
temperature ratio across the engine. Operable ranges of fuel-alr
ratio, pressure surveys at three stations, and effects of combustion-
chamber-inlet conditions on operatlon and efficlency are included.
Comparisons are made hetween operation with AN-F-32, hereinafter
called kerosene, gasoline, propylene oxide, and & mixture of
75-percent kerosene and 25-percent propylene oxide.

APPARATUS AND PROCEDURE

The Bumblebee 18-inch ram Jjet used in this investigation was
mounted above a wing that extended across the 20-foot-dlameter teet
section of the NACA Lewis altitude wind tunnel (fig. 1).
Diffuser-inlet preassures correspondling to those encountered in
flight were obtained by introducing, from the tunnel meke-up alr
system, air that was throttled from approximately sea-~level pressure
to the desired pressure at the engine iInlet. Varlous ram-pressure
ratios across the engine were obtalined either hy changing the pres-
sure eltitude in the tunnel or by varying the total pressure of
inlet air. The temperature of the inlet air was controlled between
32° and 150° F according to the condlitions desired. Measurement of
thrust with the wind-tumnel balance system weas made possible by
incorporation of a sealed slip Jolnt between the make-up alr duct
and the ram-jet diffuser inlet. In order to permlt visual observa-
tion of the combustion~chamber interlor during operation, a peri-
scope was mounted in the tunnel test section downstream of the rem Jet.

AN IENTIXY,
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The main components of the ram Jjet, which 18 described in detall
in reference 1, are & subsonic diffuser contalning & center body
and a bur ner consisting of a fuel-injection aystem and a flams holder,
and a combustion chember. The di aneter of the diffuser at the inlet
is 11.5 inches, the over-all length is 9. 54 feet, and the diffuser
ratio 1s 1.64. The 18-inch-dlameter combustion chamber has several
sections. A 1.33-foot uncooled section was used between the
cambustion-chamber inlet and the flame holder and a 4.29-foot water-
cooled section was mounted downstiream. When two-stage flame holders
were used, the combustion chamber could be varied In length from
5.62 to 7.12 feet by means of 0.75-, 1.25-, and 1.50-Ffoot sectlioms
inserted between stages. For the long combustion chamber, an
uncooled 4-foot section was Inserted hetween the flame holder and
the water-cooled section t 0 glve an over-all length of 9.62 feet.
For most of the data presented,, the combustlon-chamber-outlet
diameter was 17.50 inches; however, for some configuretions a plate
with a 14.75-inch-dlameter orifice wes mounted at the combustion-
chamber ocutlet.

A low-pressure fuel-distribution system, described in refer-
ence 3, was located In the rear section of the diffuser center body
epproximately 1.1 feet ahead of the combustion-chember inlet (fig. 2).
This system was deslgned to dlstribute the fuel evenly to & number
of fuel-injection tubes over a wide range of fuel flows with small
changes i n fuel -i n jection pressure. Forty fuel-injection tubes were
mounted in eight removable groups of five tubes; each group 1s
designated a fuel pattern. Fuel patiterns 1, 4, and 3P, which are
described in references 1 and 2, were used. Numericel designations
for the fuel-injection patterns and flame holders conform to those
used by the Applied Physics Laboratory of John Hopkins Universlty.
Schematic dlagrams are shown for fuel patterns 1 and 4 and fuel
patterns 4 and 3P in figure 3.

Ignition was obtaeined by a vortex-type pllot burner attached
to the downstream end of the diffuser center body. Two ducts bullt
into the diffuser center body supplied the pllot burmer wlth air.
Thias alr was discharged into the pilot burner through two 45° pipe
elbows, which gave a vortex motion to the air (reference 2). The
conbustion chamber of the vortex-type pilot comsists of & truncated
cone 16 inches long that expands in dlameter from 6 inches at the
upstream end to 7 inches at the downstream end. Fuel 1s suppliled
40 the pilot burner through & commerclal spray nozzle that operates
at approximately 1lts rated dellivery of 21.5 gallons per hour at a
pressure drop of 100 pcunds per equare inch. The fuel-alr mixture
in the pilot burner is ignited by & spark plug and the pilot burner
was continuously operated during the investigatlon. A tube through
which hydrogen weae injected was included to eid ignitiom when

necessary (reference 2).
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The flame holders are shown in figures 4 to 7. The rake-type
flame holders are shown in figures 4 and 5. Single-stage flame
holder 71-7 (fig. 4) is described in reference 2. This configura-
tion has three gutters, inclined at an angle of about 45°, which
connect three alternate rakes to a center ring that fits over the
end of the pilot combustion chamber. Similar flamehol ders used
only in the second stage of two-stage flame holders are shown in
figure 5. Flame hol der 71-a (fig. 5(a)), which is a modification
of the conflguration described in reference 4, has six flared-tube
rakes altermately connected by gutters and bars. The bars are of
solid metal 1. 25 inches thick t 0 lessen t he danger of burning away
in the flames originating upstream. The modified 71-4. B flame
holder (fig. 5(b)) has two 0.5-inch plates wel ded on each of the
three bars to Increase the blocking area.

The gutter-type flame holders used in the Investigation are
shown in figures 6 end 7. The flame holders shown i n flgure 6 were
used either alone or as the first stage of two-stage flame holders.
Fl ame hol der 80 (£ig. 6(a)) consists of three 1.75-inch gutters
connected to a center ring that fits over the pllot cambustion
chamber. Flame holder 80-1 (fig. 6(b)) is the same basic type
with three 4.25-inch gutters. The flame holder of figure 6(c) has
slx 2.75-inch gutters comnected to & center ring. The flame holders
shown in figure 7 were used only as downetream stages of two-stage
flame holders. Flame holder 79 (fig. 7(a)) consists of three
4,.25-inch gutters arranged in a Y shape. The flame holder shown
in figure 7(b) 1s made of six scoops mounted on t he combustion-
chamber Wal | , whioch project about halfway to the center of the
cambustion chamber.

The fuels investigated for use in the main dburner were
AN-P-32 (hereinafter called kerosens), AN-F-22 (which is a
62-octane gasoline), propylene oxide, and & mixture of 25-percent
propylene oxide and 75-percent kerosene. Inasmuch as several
batches of kerosene weroused, the ranges of properties O this fuel
and some properties of each fuel are listed in the following table:

1022
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Fuel Heating | Approxi~| Specific |Boiling |Approxi-
value mate gravity point mate
(Btu/1b)| stoichi- (°m) flash
ometric point
fuel-air (°F)
ratio
Kerosene (AR-F-32)| 18,500 | 0.068 [|0.792-0.835]|8362-382| 110
Gasoline (AN-F-22){ 19,000 | 0.067 0.704 2184 -10
Propylene oxide 13,075 | 0.105 0.831 93 -35
25-percent 17,144 | 0.077 |0.802-0.834]|2351-374|-—cencax

propyleneOXi de
plus 75-percent
kerosene

@50-percent point.

In Order to obtain better starting characteristics and & wider range
of pllot stability than afforded by kerosene, propylene oxide was
used as the pilot fuel.

Alr flow through the ergine was calculated from measurements
of total and static pressures and indicated temperatures obtained
with survey rakes mounted in the diffuser inlet. The alr flow and
wall static preassures measured at the combustion-chember inlet were
used to compute combustlon-chamber-inlet veloclities. As an alternate
to the wind-tunnel balance system, & water-cooled combustion-chamber-
outlet rake of total- and statlc-pressure tubes was aleo umed to
determine the Jet thrust.

A rotameter was used to measure fuel flow to the main burmer
and fuel flow to the pilot burner was determined from the pressure

drop acrossthe pilot funel nozzle.

computations incliuded pilot as well as main-burner fuel.

The fuel flows used in all

Combustion efficiency and gastotal-temperature ratio were
computed by methods outlined in references 5 and 6 and included the
heat lost to the ocombustion-chamber cooling water. This heat loss
wasg determined from measurements of water flow and temperature rise

of the water.

The sum of the pressure loss that would occur across

& normal shock at the throat of a convergent-divergent diffuser of
optimum contraction ratio and the msasured diffuser-inlet total pres-
sure was used as the equivalent free-stream total pressure in the
computation Of equivalent free-stream \Mhch number.

SR TR TAYD
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Total-pressure losses across the burner were determined from
total pressures measured with rakes behind the fuel injector and at
the combustion-chamber outlet. A rake ahead of the fuel injector
was used t 0 determine t he distribution Of pressures at that locatiom.

Date were obtalned at approximate pressure altitudes from
10,000 to 35,000 feet and equivalent free-stream Mach numbers from
0.49 to 1.46 over a range of combustion-chamber-inlet static tem-
peratures, static pressures, and operable fuel-air ratios. When
possible, lean and rich blow-out points were determined.

SYMBOLS

The following symbols are used in this report:
f/a fuel-air ratio

Mach number

total pressure drop, pounds per square foot

M
AP
P static pressure, pounds per square foot absolute
q dynamic pressure, pounds per square foot

T total temperature, °R

t static temperature, °F

v velocity, feet per second

Ty cambustion effliclency, percent

T ratlo of gas total temperature at combustion-chamber outlet
to gas total temperature at diffuser inlet, T./T;

Subscripts:

o equivalent free-stream conditions

1l subsonic-diffuser inlet

2 combustion-chamber Inlet

4 combustion-chember outlet

WRSRRYTIAY
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RESULTS AND DISCUSSIOR

Combustion-chamber performence data for a Bumblebee 18-inch
ram Jet wlth varlious configurations operated over ranges of fuel-
alr ratio are presented and discussed. Comparisons are made to
show effects of operation withk four fuels and with several combustion-
chamber-inlet conditions of stetic temperature, static preassure,
veloclty, and fuel-alr ratlo. Ranges of combustion-chamber-inlet
variables over which the englne was operated with some of the fleme
holders investigated are shown in tabl e I. Alac shown are the fuel-
air ratios at the lean and rich blow-out conditions and the con-
comltant cambustion-chamber-inlet variables.

Operation of Various Burner Configurations

Best performance wae obtalned with the configuration in which
rake-type flame holder 71-7 and fuel patterns 1 and 4 were used.
Stable combustion, as defined by regulerity or steadiness of opera-
tion without tendency to blow out wilthin the operable range of fuel-
air ratio,as Wel| as smoothnesas and high efficiency, wer e obt ai ned
W th kerosene as fuel. When fuel patterns 4 and 3P were substituted,
however, unstable and rough burning and & narrow operable rangs of
fuel -air ratio resulted. The three rakes comnected hy gutters to
the center ring were apparently subjected to higher temperatures than
the other three rakes and were burned (fig. 4(b)); the other rakes
were only lightly sooted, which lndiocates less complete burning of
the fuel and concomitant lower r ake temperatures. Visual observa-
tions made with the periscope installation also showed that sometimes
only the three rakes connected to the center ring held flames. The
use of a gutter to comnect each rake to the plliot combustion chamber
when rake-type flame holders are used thus appears desirable.

Rake-type flame holders 71-4B and modified 71-4B (fig. 5) were
also investigated. Each of these flame holders was used as a
secondary stage Or downstream fleme holder in conjunction with a
gutter-type flame holder used upstream. Unstable operation was
ocbtained with either 80 and 71-4B or 80 and modified 71-4B flame
holders. Inappreciabledifference8 were noted i N combustion
stability or gas total-temperature ratlo when gasoline was used as
fuel with flame holders 80 and 71-4B. With gasollne, however, the
minimum operable fuel-air ratio was lower than with keroseme. No
operation was obtained with flame holders 80 and 71-4B Wit hout
combustlon-chamber-outlet restriction. (peration wae obtai ned when
the values of combustion-chamber-inlet wveloclity were reduced by
reatriction of the cambustlon-chamber-ocutlet diameter to 14.75 inches .

WO RN
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by means of the orifice plate, which was used when the gasoline and
lt:erosene)were being compared, but combustion was rough and unstable
table I).

Operation was somewhat improved when the 4.25-inch-gutter flame
holder 80-1 was substituted for the l.75-inch-gutter flame holder
80 upstream of 71l-4B. Burning was stlll rough, however, and there
was aome tendency for the flamea to be held only on the upstreamor
first stage. The belief that some O the inatebility was caused by
the secondary stage belng Ilnoperative was confirmed by visual
observation. Installation of orificee In the fuel-inJjector tubea to
ralse the fuel-discharge pressure to about 50 pounds per aquare inch
gage produced no appreciable effect other than & siight Increase in
combustion stabllity. Changing the distance between flame-holder
steges from 9 to 15 inches and then to 18 inches also made no
appreciahle difference in stability of combustion. Substitution
of fuel patterns 4 and 3P for 1 and 4 did not change stability of
combustion, but d4id increase the range of operable fuel-alr ratio.
When the fuel was changed from kerosene to a blend of 25-percemt
propylene oxide and 75-percent kerosene, however, both stabllity and
smoothness of burning were greatly lmproved.

Low combustion efficiency resulted when 4.25~inch-gutter flame
holders 80-1 and 792 were concurrently used with fuel patterns 1 and 4.
Experiments mede to determine the effect of changing relative
orientations of the two flame holders showed lnappreclable differences
in operation. Positions Investligated were: +the gutters of 79 directly
behind those of 80=1, the gutters of 79 rotated 30° from the first
position, and the gutters of 79 bisecting the angles formed by those
of 80-1.

The use of the configuration with 80-1 and six scoops’resulted
in very rough operation and low cambustion efficlency. The use of
flame hol der 80-1 as a single-stage flame holder resulted in esmooth
operation over a wide range of fuel-alr ratios, but combustion effi-
clency was low (15 to 21 percent) over the entire range. Use of the
gix-radial-gutter f | ane holder as a single-stege f | ane holder yielded
similer results and combustion efficiency varled from walues Of
20 to 35 percent over the range of operable fuel-alr ratio.

Effects of Combustion-Chamber-Inlet Conditions
on Combustion-Chamber Performance

Relations between the combustion-chamber-inlet wariables, combus-
tion efficlency W, combustion-chamber-inlet gtatic temperature t,,

CONPIPERELALS
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combustion-chamber-inlet veloclty V5, fuel-air ratio £/a, and

gas total-temperature ratlio T are presented in figures 8 to 10 for
filame holder 71-7 wlth fuel patterns 1 and 4. Inasmuch as changes
in the combustlon-chamber-inlet static pressure py; have been
shown to have negliglble effect on 7} for most of the range of po
investigated herein (references 2 and 7), pz 18 not considered as
one of the variables that influence 7y.

Static temperature. - The effect of combustion-chamber-inlet
static temperature t; on 1, at approximately constant values
of f/a and V, ie shown in figure 8. These data indicate that
Ty 1increases as ty 1s raised from & value of approximately 350
to 130° F at constent conditions of Vp and f/a, and the rate of
inorease appears to be different for various values of Vo and :l’/a..
This trend of 7y wlth lncreasing iy is similar to trends shown
in reference 8. At an approximate Vo of 213 feet per second and
f/a of 0.040, 10} was Increased from g value of 60 to 77 percent
as ‘ty, was raised from 32° to 125° F. Combustion-chamber stabllity
decreased and the meximum Vo, at which combustion could be mainteined
was lowered from 265 to 213 feet per second as tp; was lowered
from 130° to 35° F with kerosene as fuel.

Fuel-alr ratio and veloclty. - The relatlons between T, and
f/a, "and Vs and 713, =are presented in figures 9 and 10, respec-
tively. At constant ty; and Vy, 7y, decreased as f/a was
raised over the range investigated. For t, of 130° * 20° F and
V2 eabout 260 feet per secomd, 17 was reduced from a value of

about 71 percent to 56 percent a&s f/a was ralsed from 0.045 to
0.059 (fig. 9(a)). Over the same range of f/a and at the same
value of Vo, T appeared to Ilncrease slightly as f/a was raised,
inasmuch &s the grester heat Input counterbalanced the reduced com-
bustion efficiency (fig. 9(b)).

In order to determine the effect of increasing the tlme avallable
for combustion, an experiment was canducted using the 9.62-foot
combustion chamber, hereinafter referred to as the "long combustion
chamber”, in which the length was increased by a factor of 1.71l. An
improvement in performance was obtained with this conflguration. At
an approximste f/e of 0.060 and Vs equal to 225 feet per second,
Np was ralsed from a value of about 69 percent to 82 percent when
the long combustion chamber was used in lieu of the 5.62-foot com-
bustion chamber (fig. 10).

Data in figure 39 were cross-plotted, as shown in figure 10, to
show more clearly the relation between My and Vz. Over the



10 MR NACA RM No. ESIOla

range investigated, %, decreased as V, was increased above &
value of 228 feet per second.

Fuels

The effects of four fuels on combustion-chamber performance are
shown In figures 9, 11, and 12. A comparison of performance with
kerosene and with propylene oxide In the configuration with flame
holder 71-7 and fuel patternse 1 and 4 is presented In figure S.
Effects of the blend of propylene oxlide and kerosene are shown in
figure 11 for the burner with flame holders 80-1 and 71-4B and
fuel patterns 4and 3P. Effects of gasoline and kerosene for the
configuration with flame holders 80and 71-4B, fuel patterns 1 and 4,
and the 14.75-inch-dlameter orifice plate are shown in figure 1Z.
Use of either propylene oxide or the blend of 25-percent propylene
oxide and 75-percent kerosene resulted in increased 1y, better
gtabllity, and smoothness of combustlon. Use of propylene oxide
alsoc resulted in ignition at higher val ue8 of V; and a wider
operable range of f/a. At a pressure altitude of 30,000 feet, the
maximum Vo at which ignition could be obtained with flame
holder 71-7 was ralsed from 350 to 500 feet per second when propylene
oxide was substituted for kerosene in the configuration wlith flame
holder 71-7 and fuel patterms 1 and 4. When the fuel was changed
from kerosene to propylene oxide, 1;, was raised from a value of
59 to 85 percent at f/a of 0.070 and the seme ty and Vp
(fig. 9(a) ). At fuel-air ratios of 0.78 of stolchiometric for the
two fuels, 17}, was raised from a wvalueof 72 to about 84 percent
when t he fuel was changed from kerosene to propylene oxide. The use
of gasoline, however, resulted in inappreclable differences (rig. 12).

Inasmuch as the heating value of propylene oxide is much lowsr
then that of kerosens, T obtained at an f£/a of 0.070 with both
fuels is approxlmately the same, despite the higher nj obtained
with propylene oxide (fig. 9(b)). Higher values of T were
obtained when the blend of propylene oxlde and kerosene was sub-
stttuted for kerosene (fig. 11(b)). This increase in T might be
attributed to the addition of propylene oxide to kerosene, which
guffictently increased the volatility and chemlcal activity to
improve 13, without materially decreasing the heating value. Use
of elther propylemne oxide or the blend of propylene oxide and
kerosene enabled attslnment of burning with good 71} at higher f/a 3
however, and higher meximum values of T were therefore obtalned
with these fuels than wlth kerosene.
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Burning with Inoperative Stage

Performance of the configuration with flame holders 80-1 and
71-4B and fuel patterns 1 and 4 1s presented in figure 13 with both
atages operating and with the second stage inoperative. When very
rough operation was cbtalned, visual observations confirmed the
belief that flames were clinging only to the primary stage (80-1)
and the secondary stage was inoperative. The value of 73 was
reduced from a value of about 54 to 47 percent when the secondary
flame holder beceme Inoperative at an sapproximate f/a. of 0.053
and Vz of about 275 feet per second.

Pressure and Veloclty Surveys

Total-pressure-drop coefficlents across t he combustion chamber
for each flame-holder configuration investigated are presented a8
functions of the combustlon-chamber-Iinlet Mach number Mz In
figure 14. Values of the total-pressure-drop coefficlient across
the various f| ane holders vari ed from about 0.95 to 2.76 over the
range of Mp from 0.08 to 0.32. Each burner had an essentially
constant pressure-drop coefficlent, except the configuration with
flame holders 80 and 79, for which the coefficlent changed from
1.55 at My of 0.10 to 1.86 at Mz of 0.28. For the configura-
tion with flame holder 71-7, the coefficlent had a constant value
of about 1.45.

Profiles of dynamic pressure (] &and air flow per square foot
per second upstream of the fuel injectors and at the combustion-
chamber inlet are presented in figures 15 and 16, respectively. The
dyamic pressures and the radial location of 'fuel-lnjector tubes
are shown in figure8 15(a) and 16(a). Meximum values of q ahead
of the fuel injector near the approximate mean fuel radilus
(£ig. 15(a)) indicate favorable conditions for good fuel-air
mixing. Profiles of g obt ai ned for the choked and unchoked
conditions at the combustion-chamber ocutlet or with and without
burning differed very little. Among the causes of changes in pro-
files on both sldes of the fuel injector are the added diffusion of
the air end injection of fuel, as wellas turbul ence induced by the
fuel injector. The air-flow profiles presented in figures 15(b)
and 16(b) for the conditions corresponding to those in figures 15(a)
and 16(a) indicate little difference in the profiles behind the fuel
injector obtained for choked and unchoked conditions or with and
wilthout burning.

Values of static and total pressures at the cambustion-chamber
outlet at conditions corresponding to those of the previous figures

e
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are presented in figure 17. Data for the unchoked condition wth
burning are unavailable. For the condition wthout burning, the
distribution of total and static pressures 1a relatively flat; when
burning occurs, the values of total and static pressure change but

t he distribution remains relatively flat.

SUMVARY OF RESULTS

From an investigation of a Bunbl ebee 18-inch ramjet in the
NACA Lewls altitude wind tunnel under controlled conditions of
pressure altitude and equival ent free-stream Mach nunber, the
fol lowing results of conbustion-chanber performance were obtai ned
Wi ng several rake- or gutter-type flane holders and four different
fuels:

1. Best performance was obtained with the configuration t hat
conslsted of rake-type flame holder 71-7 and fuel patterns 1 and 4.
The three rake8 connected by gutters to the pil ot-canbustion-chanber
outlet appeared to be nore effective as flanme hol der8 than the
ot her three rakes.

2. Uae of either propylene oxide or a blend of 25-percent
propylene oxi de and 75-percent kerosene instead of kerosene as fuel
resulted in higher combustion efficiencies and better atability of
combustion. When propylene oxi de was used, ignition at higher val ue8
of combustion-chamber-inlet vel ocity and w der operabl e range of
fuel-air ratio8 wexre obtained than with keroesemne. At 8 fuel-air
rati o of about 0.070, the combustion efficiency wae rai sed from an
approxi nate value of 59 percent to 85 percent when the fuel was
changed from kerosene t& propyl ene oxi de.

3. Over the range investigated, t he combustion efficiency
increasged as the conbustion-chanber-inlet astatic temperature was
rai sed from35° to 130° F at constant conditiomse of inlet velocity
and fuel-air ratio. At a combustion-chamber-inlet velocity of
about 213 feet per second and an approximate fuel-air ratio of
0. 040, the combustion efficiency was Increased from 8 value of
60 to 77 percent as the combustion-chamber-inlet static temperature
wes rai sed from32° to 125° F.

4. At the same combustion-chamber-inlet conditions of fuel air
ratio, velocity, static tenperature, and static pressure, approxi-
mat el y equal wvealues of gas total-tenperature ratio were obtained
with either kerosene or propylene oxide. Use of the blend of
25-percent propyl ene oxide and 75-percent kerosene instead of
kerosene resulted in generelly hi gher wvalues of gas total -tenperature

ratio.
Hé T EE. xS
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5. Higher values of fuel-air ratlo and combustion efflolency
attained with elither propylene oxlde or the blend of propylene oxlde
and kerosene resulted in higher maximum values -of gas total-tempersature
ratio across the engine than those obtalned with kerosene.

-

Lewis Fl i ght Propulsion Laborstory,
National Advisory Committee for Aeronautics,
Cleveland, Ohlo.
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FMgore 1. ~ Installation of Bumblebse 18-inch ram jet in NACA Lewls altitode wind twmel.
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Raks-type Mlams holder

Pllot fuel nozzls

L-I‘:llo'o combugtion ohambey

y 73.7&:'09:1 line
/

—Air~iuct outlets

Combuation~chamber-inist

preamra-ourys
station 2
Sperk plug
il N Loz /; :
: \‘
2% Mr flo¥
Center body—j

Figure 2, - Sohematic diagrem Or burner for Bumblehoe 18~inchram Jet ehowd rakn-type £1 holder installed.
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Outer wall

Centar body

Pilot air
duct

Fuel pattern 4

{a) Fusl patterns 1 and 4. (b) Puel patterns 4 and 3P.

Figure 3. « Schematio dlegram of multiple-orifice fusl-injecticn syatem showing fuel-injsction pointe.
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(b} After operation.

Figure 4. - Photographs of rake-type flame holder 71-7.
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NACA RM No. E8I0 la

11-21-47

{(b) Modified flame holder.
Figure 5. - Photographs of original and modified rake-type flame holders 71-4B.
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{¢) Flame holder with sir 2.75-inch-wide gutiers,

Figure 6. - Primary-stage gutter-type flame holders.
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NACARM No ..
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S NACA,
C-20045
11-21-47

(2) Fleme holder 79 with 4.25-inch-wide guttera.

(b) Stx-scoop flame holder.

Figure 7. - Secondary~stage flame holders.
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Figure 8. =~ Effects Of combustion=-chamber-inlet statio t enper at ure on combustlon efficiency
or warious val ues of fuel -sir ratio and combustion-chamber-inlet velooity. Fl ane hol der
71-7 and fuel patterns 1 and 4 with kerosene aa fuel,
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Tamweeenin, NACA RM No. E8101la
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Figure 9. - Effeets of fuel-air ratio, combustion-chamber-inlet
velocity, fuel, and combustlon-chamber length on combustion-
chamber performance, Flame holder 71-7 and f uel patterns 1 snd 4;
combustion-chamber-inlet static temperature tg, 130° % 20° P,
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Figure 10, = Relation between combustion-chamber-inlet velaocity
and combustion efficiency for various values of fuel-air ratio
and two fuels, Flame holder 71-7 and fuel patterns 1 and 4;
combustion-chember-inlet static temperature +tg, 1302 * 20° F,
(Cross plot of fig. 9.)
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Figure 11, = Effects of operation with kerdgsene or & blend of Z256-percent
propylene oxide and 7S5-percent kerosene on combustion-chamber
performance. Flame holders 80-1 and 71-4B and fuel gagterns 4 and 3P;
combustion~chamber-inlet static temperature tg, 130° = 20° F.
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NACA RM No. E8IOla @ENF FDENTYAR
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Figure 12, — Effects of operation with kerosene and gasoline on
combustion efficlency for flame holders 80 and 71-4B with fuel
patterns 1 and 4 and l1l4.75-inch—~diameter orifice plate at
combustion—~chamber outlet. Combus tion-chamber—inlet static
temperature t,, 130° * 20° F,
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Figure 13, = Relatlon between fuel-alr ratio and combustlon
efficiency for two-stage flame holdsr with both stages opersa-
tive Or with secondary atage inoperative with kerosene as fuel,
Flame holder 80-1 and 71-4B and fuel patterns 1 and 4;
combustion-chamber-inlet static temperature tg, 130° * 20° F.
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Total-pressure-drop coefficlent
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Figure l4. -~ Relation between combustion-chamber-inlet Mach
number and total-pressure-drop coefficient across burner for

seversl rake-type and gutter-type flame holders,
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