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EFFECT (F DISTRIBUTION (F BASKET-HOLE AREA ON SIMULATED ALTTITUDE
PERFCRMANCE OF zsl-mca-nmm ANNULAR-TYFE TURBOJET COMEUST(R

By Walter T. Oleson and Thomas T. Schroeter

SUMMARY

The performance of a 25%-1nch—diameter annular-type turbojet

combustor wae Investigated with 11 combustor-basket designs at
conditions similating stetic (zero ram) operation of the turbojet
englne over a range of altitudes and engine speeds. The Inves-
tlgation was conducted to determine the effect of the distribution
of basket-hole area on the altitude operationsl limits of the
engine &s impoeed by the combustor. Total-pressure drop was
recorded for each combustor configuration. In one of the basket
canfigurations, the effect of fuel-nozzle spray angle and the
effect of fuel-nozzle flow capacity on sltlitude operational limits
was determined. Illustrative informetlon was cobtained with a few
cambustors on combustion efficlency, combustor-cutlet temperature
distribution, and fuel-manifold vepor-lock characteristics. Gen-
erel observatlons were mede of all the configuratlons regarding
the character and sppearance of the flames, the extent of efter-
burning, and the durebllity of the beskets.

The results of the investigation lndicate that the manu-
facturer's stepped cylindrical basket had altitude limits between
5000 and 12,000 feet higher throughout the englne speed range
than the menufacturer!'s stepped conical besket. A study of sys-
tematic arrangements of the alr passeages in the walls of the
stepped cylindrical besket indicated that highest altitude opera-
tional limits and best combustion efficlencies were achleved when
the air passages were introduced greduslly so that the first
20 percent of total besket-hole area was achieved in about half
or more of the basket length. Varylng the spray angle and flow
capacity of the fuel nozzles from 45° to 80° and from S to
7.5 gallons per hour, respectively, made little difference cn the
altitude operational limits of omne of the configurations.

UNCLASSIFIED
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INIRGDUCTION

An investigation of the perfaormance of turbojet engines with
enmuilar-type combustors in the NACA Cleveland altitude wind tummel
indicated that the combustors camnot supply the thermal energy
- required for engine operation sbove a limiting altitude for each
engine epeed. Consequently a general program to determine, to
analyze, and to improve the altitude performence of various models
of annular-type turbojet-emngine combustors was instituted at the
Cleveland laboratory. The performence characteristics of several
models of annulear combustors and of NACA modifications to those
models heve been determined at simmlated eltitudes; the combustors
generally performed as described in reference l.

The altitude performance of a 25%-inch-diamter anmular turbo-

Jot cambustor with each of eleven combustor flame-tube or basket
configurations was investigated during 1946 and ig reported herein.
Two of these eleven configurations were designed by the manu-~
facturer end the other nine represent HACA modifications to one

of the memifacturer's designs. The NACA modifications consisted
in redistributing the air pessages in the basket walle so that the
effeoct of this design variable on performence might be studied.

The pexrformance of these eleven configurations wes investigeted
in & mammer similar to that described in reference l. The prin-
cipal criterion for performance in each case was altitude opera-
tionel limite; that is, each configuration was investigated over a
range of similated sltitudes and engine speeds to determine the
maximm altitude at each engine speed at which the cambustor could
rroduce the exhaust-gas temperature required by the turbine for
engine operation. Cambustor totel-pressure drop wes determined
for each configuration. Data on the variation of combustion effi-
clency with eimmlated engine speed, with simlated altitude, and
vith fuel-air ratio and data on the gas temperature distribution
at the combustor outlet are alsoc included for certain specific
configurations. In one of the besket configurations, the effect
of fuel-nozzle spray angle and the effect of fuel-nozzle flow
capaclty on performence were examined. In addition, information
concerning the flow characteristics of the fuel manifold, the
character of the flames, the extent of afterburning, and the
durebllity of the baskets is presented.

APPARATUS

A diagram of the combustor instellation is shown in figure 1.
The laboratory systems provided combustion air, which was metered
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with an adjustable crifice, fuel (AN-F-28, Amendment-3), which was
meegured with a calibrated rotameter, and s2ltitude exhaust.
Canbustion-air flow and pressure were controlled by regulating
velves and the temperature of the cambustion alr was adjusted with
electric and fuel-fired heaters. A plenum chamber and 2 screen
ingtelled in the setup provided a uniform veloclty and temperature
distribution at the inlet to the combustor.

A longitudinel section of the annular combustor and suxilisry
ducting used in the investigation are shown in figure 2.

Instrunentetion

Temperature- and pressure-messuring instruments were located
at four qross-sectiomsl planes (fig. 2): (1) ‘combustor inlet;
(2) combustor outlet corresponding to turbine inlet; (3) and (4)
exhaust sectlon where thermocouples were installed to check for
afterburning. The crientation of the instruments in the four
planss is presented in figure 3, and construction deotaile are
shown in figure 4. The thexrmocouples and total-pressure probes
were located at approximate centers of equal asreas., Chromel-
alumel thermoccouples (supplemented by lron-constentan thermo-
couples at plane 1), which were comnected to calibrated self-
balancing indicating potentiometers, were used to measure
temperatures; comuon-well water menometers (connected to total-
head tubes or wall-static-pressure teps) were photographed to
record pressures.

Baskets

Diggrams of the longltudinal half gections and sir-passage
errengementa of the 1l stepped-becket desgligne investlgeted are
shown in figures 5 and 6. The backet design types are designated
oylindrical (fige. 5(a)) and conical (fig. 5(b)). The cylin-
drical basket comeists egsentislly of two concentric annular
chambers; the shells forming the chambers ere composed of four
cylindrical sectione commected by meene of corrugated spacer
strips that admit cooling air paraliel to the walls of the com-
bustion basket. At each successlve section, the spacerse increase
the width of each chember by approximetely 3/16 inch, of which
approximetely one-third is open ares. For admitting eir into
the cambustion chamber, the ghells of the bascket are perforated
with holes that incresse progressively downstream fram 7/32 to
11/16 inch in diemeter (fig. 5(c)).
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The hole arrangement in the stepped comical basket (fig. 5(b))
is the same as that in the stepped cylindrical basket; however, the
open area at each step 1s slightly larger than that in the cylin-
drical basket. The construction of the two baskets 1s similar, the
mein differences being that the ammular chambers of the conical
beeket are 3/4 inch emaller at the upatream section than those of

the cylindrical basket (1% as compared to 2% :l.n.) and that the

eteps of the conical basket are tepered. The baskete used were
actual flight models.

Sketches of the 11 air-passage comfigurations investigated are
shown in figure 6. A total of 9 modificatians were made to the
cylindrical basket by blocking rows of holes with Inconel strips
wolded to the basket. In all the modifications, half of the first
open step formed by the corrugated spacer strip was blocked. In
modifications 7 and 9 the ccmbined area of holes in the first
section wvas made approximetely equal to the hole area of the first
row of holes in the ummodified cylindrical basket. In modifica-
tion 8, 72 additional rows of holes were added in the third and
fourth sections and the third open step was fully blocked. In
modification 9, the third section was 3 inches longer than the
gection of the urmodified cylindricel basket between the first
and second rows of holes. The cumlative open area along the axis
of the baskets is shown in figure 7 for each of the basket air-

rassage arrangements.

Fuel Menifolds

Each of the two enmmlar chambers of the basket was provided
with a fuel manifold and the same manifolds were used throughout
this investigation. The fuel wes supplied to the manifclds through
separate Inlete located at the bottom of the cambustor. Fuel was
injected through 60 hollow-come, spray-type nozzles, 36 on the
outer manifold end 24 on the inmer manifold. Fuel-injection
nozzles rated at 5 gallons per hour (at a pressure differential
of 100 1b/eq in.) with a 45° spray angle were used in all of the
runs except in the part of the investigation that was conducted
with 7.5-gallon-per-hour, 45°-gpray-engle nozzles and 6-gallon-
per-hour, 45°- and 80°-gpray-angle nozzles, as will be noted.

PROCEDURE

The cambustor investigation was conducted with combustion-
ailr flow and combustor-inlet air temperature and pressure

LRt
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simleting zero-rem operation of the turbojet engine for altitudes
from 20,000 to 65,000 feet and for engine gpeeds from 4000 to
12,000 rpm. The combustor-inlet temperature and pressure, the
cambustion-air flow, and the combustor-outlet temperature required
for operation of the turbojet engine at each altitude and engine
speed were estimated by the menufacturer and are presented in
Plgure 8.

The altitude operatiocnal limits were determined with fuel
nozzles having a S-gallon-per-hour capacity and 45° spray angles
for each design except the conical basket. For the conical basket,
6-gallon-~per~-hour, 80°-gpray-engle nozzles were used in every case.

The altitude operational limits of modification 2 were a&lso
determined with fuel nozzles having flow ca.pacit:!.ea of 6 and
TS ga.]lonsperhoura.nd.aeprayangleofdps « In addition, the
operational limits with this modification were determined with
B=gallon-~per-howr nozzles in the immer smmilus and 7.5-gallon-per-

“hour nozzles in the ocuter annulus, and a.'Lso with fuel nozzles

having 6~gellon-per-hour capecity and an 80° spray angle. Addi-
tional miscellensous nozzle changes were mede, but the date for
the nozzles described are sufficlent for illustrating the results.
In thege tests of fuel nozzles, modification 2 was slightly
altered in that the first step in the basket was entirely open.

The veriation of cambustion efficlency wlith fuel-elr ratic
and altitude was determined with the cylindrical besgket at each
of the sim:lated engine speeds of 11,000 end 12,000 rpm (normel
and military rated englne speed, respectively). The variation of
canbustion efficiency with altitude and engine speed was also
Investigated with the stepped conical design and with modifica-
tion 9. The frictional-preseure drop for various inlet-alr
velocitlies and densltles was establisghed from nonburning runs
wlth eech basket deslgn.

Ignition of a fuel-air mixture in the combustor wae obtained
within the following range of conditions:

Adr flow, pounds per 26COI¥l ¢« ¢ ¢ o ¢ o ¢ ¢ o
Inlet-air pressure, inches of mercury g2ge .
Fuel flow, pourds por HOUYr o« ¢ ¢ o o ¢ ¢ o @

R
Bow

Ne o

00

After ignition had been obtained, the combustion-air flow and
the inlet-air temperature and pressure were set at the desired test
condition with the fuel flow adjusted to meintain combustion. For
some of the combustion-efficiency runs, the fuel flow was varled
over a range within the conbustible limits and for others an attempt
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was made to obtain the required cambustor-outlet temperatures
within close limits. During the altitude-operatiomnal-limit deter~
minations, the fuel flow was increased with all other conditions
maintained constant until elther the required cambustor-outlet
temperature rise was atteined or the combustor-outlet temperature
decreased with a further increase in fuel flow.

Aversge inlet and oublet velocities were calculated from
measured air flow, areas, av static pressures, and average
temperatures at planes 1 and 2 (fig. 2), respectively. The fuel-
manifold pressure differential was taken as the difference between
the measured fuel-manifold pressure corrected for elevation of the
gage to the center of the menifold and the average static pressure
at plane 2 (fig. 2). The combustion efficlency is defined as the
ratio of the average ges-temperature rise through ths combuetor
to the theoretical temperature rise for the same fuel-alr ratlo.
Valuss of the theoreticel temperature rise were cbtained fram
reference 2 for a fuel having a lower heating velue of 18,700 Btu
per pound and a hydrogen-carben ratio of 0.175. The fuel used was
AR-F-28, Amendment 3. The mean temperature deviation is defined es
the average of the aritimetic differences between the individusl
and average thermocouple indicetions.

The following eymbols are used:
air density at plans 1, pounds per cublc foot
2 828 denglty at plane 2, pounds per cublc foot

AP combustor total-pressure drop (plane 1 to plane 2), inches
of mercury

Py
o

q inlet dynamic pressure, inches of mercury ebsolute

The inlet dynamic pressure was calculated from the combustion-alr
flow, the average inlet-air temperature and static pressure, and
the maximm oross-sectional area of ‘the combustor (420 sq 1n.),
which in the =z tus was equal to the cross-sectional area at

plane 1 (fig. 2).
RESULTS AND DISCUSSION
Altitude Operational Limits
The results of the altitude-cperational-limit determinations

for the 11 bagket designs are presented in figumre 9 and compered
in figure 10 in plotes of simnlated altlitude against simulated

0ob®
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engine speed. In flgure 9, the combustor-ocutlet temperatures
obtained 2t each point where dsta were recorded are Included. In
each plot, the altitude operatiocnal limlts are defined by & curve
thet separates the altitudes for which the combustor can yproduce
the required combustor-outlet temperatures from the altitudes where
1t cannot produce this temperature. The eltlitude-limit curves are
faired between the data polnts according to the temmperature
required for operation of the engine. The minimm and maximum
1imiting altitudes and ths limiting altitude at S000 rpm for the
11 bagket designs are as follows:

Bagket design | Englne speed | Minimm |Iimiting |Maximmm
range for 1imiting |altitude | 1imiting
minimmm altitude |at altitude
limiting (£%) 9000 rpm (£t)
altitude (£%)

(zxym)

Cylindrical 4500-5000 36,000 56,000 59,000

Conical 4500-5000 28,000 48,000 54,000

Modification 1| 4500-5500 39,000 54,000 55,000

Modification 2| 5000-5500 41,000 54,000 56,000

Modification 3| 5000-6000 39,000 54,000 (1)

Modification 4| 5500-6500 36,000 48,000 (1)

Modification 5| S5500-8500 35,000 | 53,000 (1)

Modification 6| 5000-8500 41,000 54,000 (1)

Modification 7| 4000-5500 43,000 57,000 59,000

Modification 8 4000 43,000 58,000 59,000

Modification 8| 4000-5500 46,000 61,000 63,000

1No rung were made &t engine speeds higher than S000 rpm.

The comparatively low altitude limlts obtalned with the comi-
cal basgket as compared with the cylindrical besket are attrlbuted
+to the decreased cross-sectlonsl arees end resultent higher
velocitles wlithin the conlcal basgket. On the basis of results
to be presented later in this report, the effect on performance
of using 6-gallon-per-hour, 80°-gpray-angle fuel nozzles with the
conical deslgn instead of the S-gallon-per-hour, 45° spray-sngle
fuel nozzles 1s considered inglgnificant,

Effect of axiel sir-passage disgtribrtion. - Some insight as
to the effect of the axiel distribution of the alr peseages In the
basket walls on altitude operational limits can be obtained by
campering the curves of figure 7 with the altitude operational
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limits shown in figure 10 for the corresponding basket designs.
From figure 10 it is clearly evident that modifications 7, 8, and 9
have higher altitude limits over the engine speeds examined then
the other configurations and that modification 9 bhas the highest
altitude limit of all. According to figure 7, the outstanding
difference between modification 9 and the other configurations is
that in modificatiom 9 the first 20 percent of the entire air-
bessage area In the basket walls occurs in 63 percent of the basket
length as measured from the fuel-nozzle end of the combustor. In
the other modifications this firet 20 percent of open area occurs
in between 42 and 46 percent of the baesket length, and in the
original configurations, 20 percent of the open area is reached in
only 28 percent of the length. A further difference in axiasl dis-
tribution of air passages between modifications 7, 8, and 9 and
all the other configurations is that in modificetions 7, 8, and 9
the initial open erea is about 1 percent and is achieved in the
first 4.5 percent of length; whereas in the other configurations
the initiel open area 1s 2 percent or more in the same length.
Modification 4 had lower altitude limits than most of the other
configurations and its alr-passage distribution was unique in
that no area was open for 21 percent of the basket length and

that the greatest part of the open area was in the last 58 per-
cent of the basket length.

If these relations between axial distribution of air passages
and altitude operational limits are gemeralized, 1t appears that
for good altitude operational 1limits the air passages should be
introduced slowly and regularly and to the extent thet 20 percent
of open area will be achieved in half or more of the basket length.
It appears that at any fuel flow that will be used, the combustor
ghould have a zone of fuel-air mixture favoreble for cambustion
aend that thls zone should be meintained for as long a time as
Possible. This explanation seems reasonable when it is considered
that the combustor is required to operate stably and efficiently
over e range of fuel-alr ratios that utilizes only 15 to 40 per-
cent of the total air flow for combustion; the rest of the alr is
used for dilution end probably actually quenches combustion.

Effect of nozzle size and sprey angle. - Figure 11 shows the
effect on altitude operational limits of varying fuel-nozzle flow
capaclity In the range from 5 to 7.5 gallons per hour in modifica-
tion 2 and figure 12 shows the effect of varying the spray angle
from 45° to 80° in the nozzles having a capacity of 6 gallons per
hour. It may be seen that for the flow capacities and spray angles
investigated, variations in flow cepacity and spray angle affected
the altitude operational limits only slightly, the observed results
being barely outeslde estimated experimentel reproducibility of
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about 1500 feet. If any trend is noticeable at all it is thet the
ocperational limit of modification 2 increased as nozzle flow
cepacity was increesed. Mlscellansocus invegtlgations of different
fuel nozzles in some of the other modifications agreed with this
observation.

Combustion Efficiemy

The combustion efficlency veried in the same manner asg that
for other ammular combustors (ccmpare, for example, reference 1).
An Increase in eltltude or a decrease in engine speed resulted in
reduced efficiency. For each alr flow correspording to a similated
altitude and engine speed, the cambustion efficlency increased with
increasing fuel-eir ratlo to & maximmm wvalue and decreased with
further increase in fuel-eir ratio.

Typical data illustrating the varletion of combustlon effl-
clency with simideated altitude and engine speed are presented in
Pigure 13 for the conlcal basket, the urmodified cylindrical basked,
and modification 9. The officliency decreases wilth increasing alti-
tude, the rate of decrease belng larger as the operational limits
are approeched. The date also Indicate that an improvement in
altitude operational limits as a result of a design change usuelly
means an Improvement In cambustion efflciency as well.

The variations of cambustion efficlency witk fuel-alr ratlo
are 1llustrated in figure 14 for the ummodified cylindricel basket.
The fuel-gir ratio that has been found by experimental results to
give the temperature rise required for engine operation i1s indi-
cated on each curve. The meximm combustion effliciency occurred
at fuel-air ratios of approximetely 0.013 and between 0.016 and
0.017 for similated englne gpeeds of 11,000 and 12,000 rym,
regpectively, at the silmilated altitudes indicated.

Combustor-Outlet Temperature Distributlion

Combustor-ocutlet temperature distribution for each of three
different camblinations of similated englne speed and galtitude are
presented in figures 15{a) to. 15(c) for the ummodified cylindrical
basket and in figures 15(d) to 15(f) for the modification with the
highest altitude limits, modification 9. Ome essentisl difference
between modification 9 and the ummodified backet 1s that In modi-
Tication 9 the sdmisgsion of seconfary or dilution air 1s sccom-
plished farther downstreasm in the basket thanm it is in the uwmmodi-
fied basket. From a comparison of figures 15(a) to 15(c) with
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figures 15(d) to 15(f), 1t i1s evident that the shorter distance for
mixing of the gases befcre they leave the combustor has resulted in
a more uneven outlet temperature distribution for modification 9.

In the following table, the mesan of the local temperature
deviations from the average cambustor-ocutlet temperature at each of
& number of combinstions of simmlated altitude and engine speed isg
ligted for these two cylindrical baskets:

Altitude | Engine speed | Mean temperature deviation
(£t) (rpm) at cambustor outlet, °F
Ummodified | Basket modi-
basket fication 8
35,000 4,000 128 | c;mmcemmcea-
5,000 118 188
8,000 | enemccecw-- 162
11,000 1685 | amcccmccece-
12,000 200 | cmmcccmccae-
40,000 4,000 | -~emecmeea- 215
5,000 | =~cmmccee-- 197
6,000 577 S [
8,000 205 158
11,000 201 e ———————
12,000 202 PO ——
45,000 4,000 | wecommcnoe- 224
5,000 | =e==- ————— 196
6,000 153 198
7,000 115 188
8,000 211 164
10,000 230 cmmram——————
131,000 240 255
12,000 248 | cecmcccccon=
50,000 8,000 225 180
9,000 247 cemcammna -
10,000 245 = | cmmccccmaen-
11,000 281 293
12,000 275 | mewcecccncccaw
55,000 8,000 e ————— 185
9,000 17] | cemmeeweeceea
11,000 304 345
12,000 355 | emcnena- ——
60,000 9,000 cemmeman. 255
10,000 cemnmmm——— 308
11,000 T 335
12,000 425 = | wmcma ——————
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These date are representative of the trernds for 211 the con-
Tiguratione investigated, and show that et any altitude temperature
dlstribution 1s least uneven at engine speeda of &bout 7000 or
8000 rpm and is most uneven at the highest engine speeds. The data
also show that temperzture dlsiribution is progressively more
unsven &as altituvde is increased &t a given engine speed. The tabu-
lation also serves further to 1llustrate the greater outlet tem-
perature deviations assoclated with basket modification 9 as cam-
pared with the urmodifled cylindrical configuration.

For the conlcal basket, seven thermococuples per reke were
employed ingtead of the usual four at stations 70°, 150°, 2500
330° from the top of the combustor (clockwise lool:lng upstream S
At each station, the points at which temperatures were recorded
were radlally placed so ag to occupy centers of equal aresa.
Cambustor-outlet temperature is plotted in figure 16 ageinst radial
distence at each of these stations for the conical basket at simu-
lated engine speeds of 8000 and 11,000 rpm and an altitude of
35,000 feot., These data serve to 1llustrate that two peaks appear
in each outlet temperature traverse &s a result of the docuble flame
annulus.

-

Totel-FPressure Drop

A correlation of combustor Inlet-to-outlet total-pressure~
drop date (planes 1 to 2, fig. 2) with the ratio of inlet-to-outlet
denslity 1s presented In figure 17 for the conicel basket. The cor-
relation obtalned is typlcal of those for the 11 besket designs and
simllar to those dlscussed in reference l. FPressure drops for the
11 basket deslgns are compared in figure 18. There 1s no obvious
correlation between pressure drop and altitude operatlional limits,
and In view of the fact that alr-passage distribution is different
from besket to basket this lack of correlation 1s not surprising.
It has been shown at the Cleveland laboratory in systematic experi-
ments with a 60° segment of an amnular combustor that air-passage
distribdbution, quite independently of pressure drop, is a principal
factor in determining the altltude performance of a turbojet
combustor,

Fuel-Manifold Cheracteristica

In this investigation, vepor lock in the fuel manifold
occurred frequently es a result of the higher altitudes inves-
tigated and the consequently low fuel flows and pressures. The
reduction in fuel flow from the rated or calibration wvalue for the
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same pressure differential across the fuel manifold ia considered a
good Iindex of the extent of vapor lock. In figure 19, the ratio of *
measured fuel flow to calculated fuel flow is plotted against fuel-
manifold pressure for various inlet-air temperstures. The date
serve illustrative purposes only, as the significant parameters of
fuel temperature, inlet-air pressure, and inlet-air velocity were
neither held constant nor varled systematically in these runs. The
Plot indicates that the tendency of the fuel manifold to have vapor
lock increased regularly with an increase in inlet-air temperature
and with a decrease in the pressure in the fuel manifold. In other
words, some minimum manifold pressure muet be maintained to prevent
vapor lock at any inlet-air temperature.

Vaepor lock engenders reduced altitude operational limits end
reduced combustion efficilency end is particularly troudblesome in
that it produces very poor combustor-outlet temperature distribu-
tion &8 a result of uneven fuel distridbution. This poor tempera-
ture distribution 1s aggravated by the fluid head in the fuel meni-
fold. At low average fuel pressures in the manifold, the fluid
head will cause even lower then average pressures in the top of
the fuel menifold and will thus cause a more uneven fuel flow from
the manifolad.

Cheracter of the Flames

Direct observation of combustion with the stepped baskets
showed that the flames were steady and were yellow or white in
color at low e2ltitudes and graduslly changed to blue st high alti-
tudes, with the blue color eppearing first at the upstream end of
the basket. Cycling combuslion, sometimes accompanied by uncon-
trolleble pressure fluctuetions, was often cobserved at high alti-
tudes and bigh fuel-alr ratios. The flames occaslonslly blew out
during the runs but only at simulated altitudes above the opere-
tional limits and with Pfuel-alr retios ebove those resuliing in
the maximum obtalnable combustor-ocutlet temperature. Combustion
in the outer amnulus wee frequently intermittent and acccmpenied
by afterburning at altitudes near the altitude operational limit.
Comparieons of the average gas temperatures at planes 3 and 4 with
the average cambustor-ocutlet gas tempersturse at plane 2 are shown
in figure 20 for all 1l basket designs. A previcus investigation
indicated that appreciable efterburning occurs only at conditions
adverse for combustion, and the same trend is observed in figure 20
where most of the data follow the line of 45° slope. Any evidence
of afterburning indicated in figure 20 is attributed to the rela- *
tively high altitudes at which most of these runs were conducted.

193 ry
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Durability of Basgkets

© The stepped baskets were dealgned to s2dmit smeil} emounts of
cooling air parellel to the walls. The cooling air was provided
to lmprove the durabllity of the baskeis, which had been subJect to
considerable warpage and corrosion before the manufacturer incor-
porated the steps. Warpege of the stepped beskets during this
investigation was confined slmost completely to ‘the area covered by
blocking strips in verious modiflications and to the exiremsly narrow
areas between the numerous holeg in the downstream part of the
basket of modificetion 8. A circumferential wrinkle thet developed
in each shell was much lese pronounced then those that were observed
in baskets without the step construction. The discoloration of the
beskets was slight. The effectiveness of the basket cooling was
demonstrated by the failure of a2 peper label on the outside of cmne
basket to burn; most of the lebel was even uncharred efter 17 hours
of combustion runs.

SUMMARY OF RESULTS

The investigation of the altitude performence of a 25%‘—1:1311-

dismeter ammuler turbojet combustor with different baskets indicated
that:

1. The manufacturer's stepped cylindricel basket had altitude
limits between S000 end 12,000 feet higher throughout the engine
speed range then the menufacturert's stepped conicel basket.

2. A study of systematic arrangements of air passages in the
walls of the stepped cylindrical besket indicated thst highest
altitude limits were achieved vwhen air passages were introduced
gradually and to the extent that 20 percent of the total open ares
was achieved in half or more of the basket length.

3. For a change 1n fuel-nozzle capacity from 5 to 7.5 gallonse
per hour and for a change in fuel-nozzle gpray engle from 459 to
80°, the variation in eltitude coperational limits was cnly about
1500 feet.

4. Combustion efficlency for a glven combustor decreased with
an increase in altltude or s decrease in englne speed. Combustion
efficiency was usuelly improved when sltitude operaticmal limits
were increased by altering combustor configuzation.

5. Combustor-outlet temperature distribution beceme more
uneven as altitude was Increased st & glven engine speed.
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Temperature distribution becams more even as engine speed was
increased from a low speed up to an intermediate speed (8000 rym)
and became progressively more une‘ven as the speed was increased to
maximum.

6. No obvious correlation between cambustor total-pressure
drop and altitude operational limitas was found. In view of the
fact that alr-passage distribution differed from basket to basket
this lack of correlation is not surprising.

7. The tendency of the fuel manifold to have vyapor lock
increased regularly with en increase in inlet-eir temperature and
with a decrease in the pressure in the fuel menifold.

8. As altitude was increased at a given engine speed, the
combustion progressed regularly from steady cambustion with yellow
or white flames at low eltitudes to cycling or intermlttent com-
buetion with blue flames frequently accompenied by afterburning at
high altitudes.

9. The walls of the stepped. besgkets eppeared to be very
effectively cooled.

Flight Propulsion Research ILaboratory,
National Advisory Commlttee for Aeronsutics,
Cleveland, Chio.
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