
31
1 a.cu63w.
s
3
s
2

-v
Ii

= ZT:L,* t 9 iJ%Y COPYNO.  5
RM No. E8J.29

RESEARCH MEMORANDUM
SIMULATED ALTITUDE PERFOFMANCE  OF COMBUSTOR  OF

WESTINGHOUSE 1QXB -1 JET-PROPULSION  ENGINE

By J. Howard t%ilds  and Richard J%C&f’er@

Lewis  Flight Propulsion  Laboratory
Cleveland, Ohio

CLASSfFICATION CANCELLED

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
November a,1948

.__

UNCL4SSIFtEd
--- ._-. :-m..  . . .- .._ ;f:.f*  - L-:-‘.‘L’.yTw-2 =;5.< \ i



I?ACA RM No. E8529
- ,~~~~~~~~~~~~,~N~~ss'F~E~

IKATIONAL llIsvI%RY co- FOR ARRORAUTICS

RESRARCHMEMORANDUM.

-AL~~IMANCIf OFCCMBUSTOROFWRSTllEKWSE19xB-1

JESPROPULSIOH ENGINE

By J. Howard Childs and Richard J. McCafferty

A 19xB-1 ccmbuetor was operated under conditions simulating
zero-ram operation of the 19xB-1 turbojet engine at various altitudes
and engine speeds. The oombustion efficiencies  and the altitude
operational limits were determined; data were also obtained on the
character of th combustion, the pressure drop through the ccmbustor,
and the combustor-outlet  temperature  and velocity profiles.

At altitudes about 10,000 feet belo-,, the operational  limits, the
flames were yellowand steadyandthe  temperature  risethrotaghthe
oombustor increased with fuel-air ratio throughout the range of fuel-
air ratios investigated. At altitudes near the operational  limits,
the flames were blue and flickering ani the combusfor was sluggish in
its response to changes in fuel flow. At these high altitudes, the
temperature rise through the combustor increased very slowly as the
fuel flow was increased and attained a maximum at a fuel-air ratio
much leaner than the over-all stoichiometric; further increases in
fuel flow resulted in decreased values of combustor temperature  rise
and increased resonance until a rich-limit  blow-out occurred.

The approximate  operational  ceiling of the engine as determined
by the oombustor, using M-F-28, Amendment-3, fuel, was 30,400 feet
at a simulated engine speed of 7500 rpm and increased as the engine
speedwas increased. At an engine speed of 16,000 rpm, the opera-
tional ceiling was approximately 48,OCO feet. Throughout the range
of simulated altitudes and engine speeds investigate.d, the combustion
efficiency increased with increasing  engine speed and tith decreasing
altitude. The ccmibuetion efficiency varied from over 99 percent at
operating conditions simulating high engine speed and low altitude
operation to lees than 50 percent at conditions simulating operation
at altitudes near the operational limits. The isothermEb1 total-
pressure drop through the combustor was 1.82 timea as great as the
inlet dynamic pressure. As expected from theoretical considerations,
a straight-line  correlation was obtained when the ratio of the com-
bustor total-pressure  drop to the combustor-inlet  dynamic pressure
was plotted as a function of the ratio of the combustor-inlet  air



2 HACA RM Ho. E8J29

density to the -ueAor-outlet gas density. The tmnbuetor-outlet
tmerature profile0 were, in general, more uniform for rune in whloh
the teqperature rime wae low a& the cc&u&ion efficiency was high.
Impaction of the ccpnbustor basket after. 36 hotara of operation ehowed
very little deterioraticm and no appreciable oar&on depoaite.

RWRODETIOH

Performance studlee of 12X2-1 turbodet engine oordu&ed. In
the Cleveland.  altitude WI& tunnel (reference 1) illbicated that the
enghe operated estiefaotorllyatlawalt~uberr,butaethe &mlated
8l.tittd.e was inoreaeed at q given rotatIonal speed, engine operation
fdret became eluggleh apd then failed at a oertain altitude. The
engine operational fallurea were chaxaoterized by a decreaee of turbine
apeed ti the appearan08 oflongflamee extetidng f%mthe engine
exhau8-t nozzle; increasing the fuel flow reeulted in further deoelera-
tlon of the engdne and longer azhauat flame8 until combu&ion ceaeed.

similar operation, butwlthlowerlirnit~ altitudeethanthoee
feud with the 1-4, warn obtained In a wind-tunr& imeetlgation
on the 1SB epsine (refereme 1). An dnveetigatlon was made of the
perf'me of the o&uetor lnthe cc&uationlaboratmyardit  wae
ehownthatthealtltude  operatiomlldmlta  of the 12P engine are
lmpoaed by the ccmibuetm (referenoe 2); the 12X&1 engine wea the
same ccmbuetorasthe126  engine. Reference 2aleoreportedthat
perfamance of the 12B ccunbuator was adversely affected by decreaeing
the Inlet-air  preeeure or temperature ad by increaelng the lnlet-
air velocity. The higher cqeee2on ratio of the 19XB-1 oompreeeor
therefcre resulte in comlltiona of the cunbuetor-inlet air in the
12XB-1 engine more favorable to the combustion procese and hence a
higher altitude operational  1Imit would be expected.

The altitudeperformnce  ofthe19XB-luceabustorwae invemtztgated
at the IfACA Cleveland laborstory under oondltiona rlmalating tero-
ram operation of the UXB-1 engins at varfoua altitude6 and rota-
tioIx31 ape&e. ThLe inveetigationwae condwted durLng the period
Deceuiber1945toMaroh1246, The altitude operational limits a&
ocPdbusticm cfflalenclee  in the operattonal range are presented. The
altitllde operatioml limits wsre indicated by failure of the cc&u&or
to eupply the ccaibuetcwr-outlet temperature required for operation of
the englue. Data were aleo obtained on the daraoter aml appearance
of the mm&u&ion, the general condition of the co&u&or, the total-
preeetrre dropthroughthe  ccmbuetor, andthe combuator-outlettmper-
ature ax& velocity profilee.
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l Caubustar

A dmamatic oross se&ion of the oczmbustor installation ie
showninfigure1, The mbustocr i.nthelSB-lengine,wHohisthe
8ame~ as the19B cm&u&or, is approximately19  imhes indiameter
a& fills the annular apauearoudlthe ocurpreseor-turbine  shaft of
a 19XB-1 turbojet engine.
In reference 2.

A description of the oorribustor 5s given

. Apparatus

Adiagramofthe generalsmangement of the Ln&allationis
shown In figure 2. The ocaibustor wa8 ocmneoted to the labczatczy
air supply and exhaust systems ar& the alr quantitLes and pressures
were regulated by remote-oontrol valvea. The exhaustgaseswere
oooledbymeans of water sprays In the vertiual exft pipe,

Fbrregulation of inlet-airtemperatures,a portionoftheair
wasburnedwithga8oUne InapreheateraJPdthenmLseduzlifcmnly
with the rest of the air upstream of the ccrmbustor. The preheater
~88 operated at ccaaditions giving effioient ccxibustion In order to
minimize oontamimtion of the air by oc&ustibles,  The use of such
a preheater to produae a 20C" F rise in the inlet-air teqerature
result8 in a oonsmption of 3.9 peroent of the oxygen, an increase
in the carbon-dioxide oontent of the inlet air by 0.80 percmnt of
the total air weight, andanincmease  inthemoisture  oontentby
0.36 peroent of the total air weight.

The inlet ti outlet ducts were fabrlaated to sintulate the
dimensions a& m&ours of the engine duets lesding to anb Azcrn
the ombustar. Figure 1 shows the longitudiml moss se&ion of
the o&ustor arks adjacent duoting and iSlioates the location of
instrmentation planee. Observatlonwindous for view-the
oambustionwereprovided inthe ocsdmstorhousingas  shuunti
figures 2 and 3. Another observationwindow, located in the
vertioalexitpipe (fig, 2), providedanend~iew of the inelde of
the o~llstor.

Teqerattzre and seloolty profiles at the ocmbustcxr inlet were
made unifombyfirstintrodu~ingturbulenue  tomixthe air thar-
oughlywiththe  exhaust gas frcmthe preheater and thenreruovingthe
turbuleme k a calmhg chamber. (8ee fig. 2.) Maximum dMfer-
enoes between local inlet temperatures and the mean temperature were
about5oFaml ocourred only inrunswithhdgh gmhsattempsraturee.
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The maximum and minimum inlet velocities deviated by about 5 percent
fYom the mean velocity for most runs. The 24 fuel nozzles in the
oonibustor were periodically  oalibrated and replaced when neoessary;
these nozzles were well matched, having maximum deviations  of&3 per-
cent fraan the mean fuel deLlvery when individually oalibrated at a
pressure differential of 25 pounds per square inch.

Instrumentation

The thermocouple  junctions and the pressure taps in each instru-
mentation plane were l-ted, at centers of equal areas, as ahawn in
f i g u r e  4. The letter positions at all instrumentation planes are
arranged clockwise as seen looking upstream. A tabulation of the
number and type of instruments at each plane follows:

I

Instruments

Thermocouples

Total-pressure
tubes

Wall-stat  io
pressure orifioes

Instrumenta

1 Iprobes

8 1 8

4 4 16

5

don plane
3 (

NtmiberlProbee
of per
rakes rake

16 3

l-a 4

Total
number
o f
probes

I 48

32

4

Instrumentation plane 2 (fig. 1) is located at the corabuetor inlet,
whioh has a cross-sectional  wea of 0.647 square foot; instrumenta-
tion plane 3 (fi& 1) is at the combustor outlet where the annular
oross-sectional  area is 0.858 square foot. The pressure taps at
plane 3 were located 1 inch downstream of the thermocouple rakes.
Construction details of the tenrpemture- and preseure-measuring
instruments sxe shun in figure 5.
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Pressure datawere obtsined framphot~phS ofmanmeters.
The themocouples were connected through multiple switches to two
oalibrated, self-balancingpotentimeters,  onewith-100°to 700°F
rangetoreuordths  inlet temperatures  8ndonewith400°  to 2400°F
range toreoordthe outlet temper8tures. Fuelflowstothe  c&u&Or
and preheater were matered separately with o8librated rotameters.
The pressure differential aomss the fuel nozzles webs measured when
possible by a SO-inoh mercury mncmeter; higher pressure differentials
were determined by obtsining the fuelmnifold pressure with a Bomdon-
typeg8geandoOmemtingforthe  c0mbustar-inlet pressure.  Theair
flow to the oonbustor w&s metered by a square-edge oriffoe installed
aomrding to A.S.M.E. spec1fication.S and,located upstream of 8ll
regul8ting valves.

The program was divided into tuo principal ixmestigatiaaer: (8)
determination of altittie operational limits, and (b) determination
Of CWDlbustioYl effiOienUi88. Estimated cambuetor-inlet cond~ti0ns
ami ccmibustor-outlet temperatures oorresp~ndingto  zero-ram
0per8tionf0r the 19X&lengInestv8rlous8ltitudes  andengine
speede were supplied by the manufacturer and axe shown in figure 6.
These d8tswere used to set the ocmbustor operating copditiaae
neoessary to simulate engine Operation at any desired altitude apd
engine speed.

In order to determIne the altitude operational Ifmite, the
oambustor ~8s operated with inlet conditiom! of air flow, pL?essure,
8nd temperature  simulsting  engLne operation at various altitudes
and engine speeds. FOr esch simulated altitude - engine-speed cmndi-
fion the fuel flow (A&F-28, Amendment-3, fuel) was varfed through
a wide r8nge in an attempt to obtain the acmibustor-outlet  tempera-
ture required for nonaccelerating englns operation. If the
required caaribustor-outlet temperature could be obtained, the
simulated altitude and engine speed was oonsidered within the
operational range of the engine; if the required oombustor-outlet
temperature was unobtainable,  the simulated sltitude and engine
speedwas ooneideredwithin  the nonoperational range of the en&m.
In order to obtain general ccmbustar performance information, d8ta
were umally reoorded 8nd the omibuetion &amcteristios  noted as
each of the following events occurred: (1) Anaverage cmbustor-
outlet temperature w&s obtained that was equal to or slightly above
the nonacoeler8ting engine reqiurement; (2) the character of the
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ocmbustion ohanged; (3) 8 maximum obtainable (peak) value of average
combustor-outlet  temperature  was reaohed; (4) same looal outlet
temperatures  exoeed.ed the potenticqeter limit (2400° F) aab were
oonsidered  unsafe for the instrumentation, msking a further increase
in fuel flow inadvisable; a.ni (5) cc&u&ion weed (blow-out). The
sequence and the number of these events varied for different points.

The oombustor was operated over a more extensive range of alti-
tudes and engine speeds than neoessary to determine altitude opera-
tional limits to obtain canbustion  effioienoies. Far each altitude -
engine-speed  oondition selected for study, the air flow and the
pressure and tempersture at the ocanbustor inletwereatained
constant at the values shown in figure 6 and the fuel flew (AN-F-28
fuel) was altered to give an average outlet temperature approximately
equal to that required for nanaccelerating engine operation (fig. 6(d)).
The avewe combustor-outlet  temperature was diffioult to estimate
bemuse the outlet-temperature  distribution was nonuniform; data
were therefore usually reqorded at two ar more fuel flows that gave
average ccmbustar-outlet  temperatures  slightly above and slightly
below the required value. Aninterpolationwasthenmadebetween
the ocsibustion  effioienoies far these outlet temperatures  to.obtain
the oambustion efficienoy for an average combustor-outlet  temperature
equ~&tothenonacoelerating  engine requirement.

Methods ofCalculation

The average dynamic pressures at instrumentation  planes 2 and 3
were ocanputed from the air flow, the fuel flow, &IX% the average
temperatures ani statio pressures measured at these instrumentation
planes. The total-pressure  drop aoross the ccmbustor was obtained
8 8  fO&XUl: Static pressures at instrumentation  planes 2 ani 3 were
measured, the average dynamic pressures were added to these values
to give total pressures at the oombustor inlet and outlet, and the
difference between these values was taken as the total-pressure  drop '
across the cc&u&or.

In order to determiae velocity profiles, the local velouities
at several points were ocanputed from the measured values of total
pressure and temperature at those points together with the average
stat10 preesure at that 01'088 section.

.

The oombustion effiofenoy is arbitrarily defined as the ratio
of the aotual rise in total temperature  to the themetioal rise in
total terature possible with the fuel-air ratio used. The ohazrts

.
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of reference 3 WBTB utilized far them computations. !l!heth-
couple indioations  were tak8n a8 true value6 of the totaltempera-

-. . tures with no cmrrections  being made for radiation or stagnation
effects.

Altitnde operational  rAmits

Ekperim8ntally det8rmin8dmdata obtaimd. to ascertain aMit-
operational limits are smmmrized intabl8 I, Data on ocmbustnr-
outlet conditions are omitted Fran table I for rum inwhich any
of the following events ocourmd: (1) Several individual readings
of cculibustm-outlet  temperatures fell below the potenticanster
limit (400° F) making it impossible to determine acmrately the
average combustor-outlet Wmperature;  (2) large fluctuations
oocurmd in the instrument imlications; (3) blow-out occurred wh8n
the fuel-air ratio was changed to the value indicated; ad. (4) no
o&u&ion was obtainable  at any fuel-air ratio. The rms for
whioh data are mitted are labeled in table I to kdicate whioh of
these phenomena was the cause.

'Phealtitudeoperati~llimitsarepresented  infigure 7 on
a plot of the simulated altitudes m9l engine speeds. The oume
sepszates the region where the cc&m&or-outlet  temperatures
obkiuable were suffioient from the region where the outlet temper-
atures obtainable were insuffioient for uonaooelerating operation
of the BIB-1 engine. For comenieme in referring to table I,
the data points on the figure sre identified by numbers. The
approximate operational oeiling of the engine as determined by the
cceibustor was 30,400 feet at a simulated engine speed of 7500 rpm
and increased as the simulaated engine sp8ed was inoreased. At an
engine speed. of 16,000 rpm, the op8ratiana1 ceiling of the engine
was approximately 48,000 feet.

No ruus were mad8 at otiitious simulating flight velouities
other than zero, but it is eatisated fPcm the data reported here
ani in reference 2 that the altitude operational limits will be at
least 5000 feet higher throughout th8 entire engine-speed range
when a flight velocity of 300 miles per hour is simulated.,

A ccglrparison ie made in figur8 8 of the altitude operational
limits of the oombustar determined herein with(a) the operational
limits obtained in an altitti-wm-tunnel  investigation of the 16X6-1
engine at a simulated flight velocity of 200 miles per hour and
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using AE-F-22 fuel (reference I), and (b) the operational limits
obtained with this sam8 combustor at 19B engin zero-ram conditions
and using AN-F-28 fuel (reference 2). The firstcomparisonshcm
the results of the cc&m&or investigation  to be in fair agreement
with the results of the engine investigation. The curve determined
by the engine investigation would be expected to be higher than the
curve determined by the combustor investigation  b8cEUse 200 mile13
per hour ram was us& with the engine. Ccmparison (b) shows the
benefit to the combustor of changing to a higher compression-ratio
c~easor, whloh is the main difference between the 19B and the
19X&l turbojet  engines. The eensitivity  of the combustor to the
compressor performance is accounted. far by data preeented in ref-
erence 2 showing the effects of inlet-air preseure, temperature,
&ad Velocity on ccmitmstor performance.

Combustion Efficiencies

Results of the ccgibustion-efficiency  investigation are
eummRlrized in table II. 'Lines of cormtent combustion efficiency
(dashed lines) are shown on 8 plot of simulated altitudes and engine
speeds in figure 9. At each data point on the figure, the ccmbustion
effioiency far that point'is specified. The constant combustion-
efficiency lines were obtained by interpolating  between the data
poirrts. The solid curve on figure 9 represents the altitude opera-
tional limits a8 determined herein. Throughout the range of sirnu-
lated altitudes and engine speeds investigated, the ccunbustion
efficiency  increased with increasing engine speed and with d8Crea8ing
altitude. For 8xEUIlph9, at all altitude Of 20,000 f88t th8 CCmbustiOn
efficiency was 64 percent at 7000 rp, 76 percent at 10,000 rpm, and
98 percent at 14,000 rpm; at sea level the combustion efficiency  was
93 percent at 7000 r-p and 99 percent at 10,000 rpm. Combustion
efficiencies below 50 percent were obtained at altitudes near the
operational limits.

Available Aoceleration

The amount by which the cmibustor temperature  rise obtairrable
exceeds the temperature  rise required for nonaccelerating engine
operation is an index of the available acceleration.  For many eimu-
la-ted altitudes and engine speeds, data showing the maximumtempera-
ture rise obtainable appear in table I. The differences  between
these maximum value8 of temperature rise obtainable and the corre-
eponding values of temperature rise required far nonacoeleratikq
engine operation at the same altitude and engine-speed  conditions
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are indicated in figure 10 beside each data point. The data points
are located in figure 10 by the coordinates  of simulated altitudes
and simulated8ngine  speedstithe  dashedlines indicate constant
values of available acceleration (indioat8d by the parameter, temper-
ature rise obtainable minus temperature  rise required) obtained by
interpolating between the data points. The solid curve in figure 10
represents the altitude operational limits and is therefore a curve
of zero available acceleration.

Combustion Characteristics

Various types of resonant combustion were observed during the
investigations. The resonsn~e was ch8ract8rised by flickering of
the flames, vibration of the combustar and adjacent dwting, and
fluctuation of the outlet-temperature indications. The combustion
during each run is described by a letter designation in table8 I
end II.

For any simulated engine speed at altitudes to within about
10,000 feet of th8 operational limit, nonresonant yellow-flame
combustion occurred and the ccmbustor supplied a temperature  rise
fer in excess of that required for engine operation; the co&u&or
temperature rise increased with fuel-air ratio throughout the range
of fuel-air ratios investigated, As the simulated altitude was
increased at any constant simulated engine speed, blue-flame
combustion gradually appeared and then resonance appeared and became
pronounced as the operational limit was approached.  At altitudes
near the operational limit, the combustor showed little response
to Cha~88 in fuel flow. The temperature rise through the c&u&or
increased very slowly as the fuel flow was increased and reached a
maximum at a fuel-air ratio within the range investigated (much
leaner than the over-all atoiohicm8tric);  further increases in fuel
flowresultedindecreasing  combustortemperature rise dincreasirg
resonance until a rich-limit blow-out oocurred. At simulated engine
speeds below 8000 rpm fuvi at simulated altitudes n8ar the operational
limits, cc&u&ion would sometim8s cease as the fuel flow was
decreased (lean-limit blow-out), This phencanenon was never encoun-
tered at high simulated engine speeds.

PressureDropthroughCcanbustor

The data for the total-pressure drop f'rcrm the inlet to the out-
let Of the ocmbustorare pXWSent8d in figure U, Alldata frdm
table I are included on the figure. The ratio of the total-pressure

.
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drop to the iXYll8t dynamic pressure O(2,3)
92

is plotted against the
ratio of the inlet-air density to the outlet-es density p2/p3. A
straight 111~ with a slope of approximately 0.4 is obtained that repre-
sents the data with a soatter of about&5 percent. A d8rivcttiOn of
this relation is presented ir) refermoe 2 wh8r8 it is explained that
the relation dows not hold acourately for this oombustor when the
flkm seat shifts. The flame seat was observed to move farther down-
stream when operating tier oonditfons  that result fn resonant ccmbus-
tion or when operating with a high heat release (high air-flow rate
together with high oombustor-temperature  rise).

The samf3 pressure-drop data are expressed in figure 12 as a
function of the ratio of combustor-outlet  temperature to combustor-
inlet t8mperature T3/T2. Figure 12 makes possib18 the direct esti-
mation Of the pr8SSur8 drop bdrOs8 the combustor from a kTLoW1edg8 Of
compressor  and turbine perfozm~~nce  although the oorrelation is less
8XaOttbeor8ti0allythanthat  Of figure 11.

Th8 isothermal - I.8 1.82. m8n T3/T2 is 2.6, "(Z-3)
Q2 Q2

is about 2c5. These values of pressure drop acros8 the CoDibustor are
about 14 percent higher than those reported in reference 2 for the
aame oonibustor. The high value8 for the pressure drop reported may
result because the pressure taps at i-ndmmentation  plane 3 were
looated. a short distance downstream of the thermocouple rakes and
recorded the additional pressure drop across those rakes; this condi-
tion was not present in reference 2.

Tqerature and Velocity Profiles at Cc&ustor Outlet

Combustar-outlet t8mperature  profiles became more uniform (1)
as the average oombustor-temperature  rise decreased and (2) as the
inlet conditions  were altered to give higher combustion efficiency.
Theee general trendy were aonsistent although the exaot pattern of
an outlet-temperature  distribution could not always be reproduced in
checkrune. In order to illustrate these Wetis, combustor-outlet
tampe?%tUre prOfil88 fOr 3 runs ar8 presented in figure 13. A
OCQEEiSOn Of the pertinent data for the thr88 runs fOllOW8:

.

.
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Runshownin
fig. 13(a)
(10,000 rpm
at 15,000 ft)
Run shown in
fig. 13(b),
(lO,O~ rpm
at 10,CCC ft)
Runshownin
fig. 13(c),
07,000 m
at 47,000 ft)

Average

EL-
temper-
ature
rise
(W

Average
can-
bustor-
outlet
tenrper-
ature

713 90.8 853

1218 86.5 1459 1970 970 150.6

local
OUtl8t
tqer-
ature
ml

Ml*
looal
outlet
temper-
ature
(-9

Average
Outlet-
temper-
ature
d8Via-
tion
PN

94.8

The average outlet-temperature  deivation is the average deviation of
the individual  local temperatures fl-can the average temperature  at
the combustor Outlet.

A comparison was made between the cc&bustor-outlet temperature
profiles for two runs (figs. 13(a) and 13(b)) in which the ccx&ustor- .
temperature rise was the same but the combustion efficiency was
different; the run shown in figure 13(a) had the lower ccmbustion
efficiency  and the more uneven outlet-temperature  profile. Fig-
ures 13(a) snd 13(c) afford a c~isonbetween  the oouibustar-
outlet temperature profiles for two runs in whfch the c&u&ion
efficiency was about the same but the combustor-temperature rise
was different; the run sham in figure 13(c) had the higher temper-
ature rise and the more uneven outlet-temperature profile. The
tamperature  profiles at the ccmbustor Outlet were Very sensitive to
alinement of the colribustor basket.

Figure 14 shove O~bustOr-Outlet  Velocity profiles for the same
runs for which cc&u&or-outlet tnmperature profiles appear in
figure 13. The Velocity profiles were similar for all ruus and their
degree of uniformity showed 110 direct relation to the temperature
prOfil88,
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Condition of Combustor Basket

NACA RM No. E8J29

InspectIon of the basket at the oonclusion  of the mvestigation
to determine the altitude operational  limits (about 16 hr running
time) showed very little warping and only slight carbon deposits (at
th8 up&ream 8nd Of the basket). At the OOnOluSiOn of the investi-
gation to determine oombustion effioienoies  (&bout 20 hr operation),
the basket showed very little warping and the carbon depoeits, though
considerably  greater than those farmed during the altitude-opez%tional-
limits investigation, were still less than 0.003 inch thick at the
UpstreEbm  8Ild Of the basket. Most of the carbon depoeited was in the
fczm of soot. The carbon deposits formed during the effioiency
investigation were greater than thoee form8d during the operational-
limits investigation and may be the result cf the prolonged apera-

. tion at low simulated altitudes where yellow, luminous flames me
encountered. The inside surfs08 of the basket was covered by deposits
of lead oxide. These deposits were also amorphous in nature alvl were
never thicker than the carbon deposits at the upstream end of the
basket.

The results obtained in the investigation of the couibustor for
the l%B-1 turbOJet engine at Conditions simulating  zero-ram opera-
tion at various altitudes and rotatid speeds are srmmrnrized aE
follws:

1. For any simulated engine speed at all altitudes to within
about 10,000 feet cf the operational Unit, yellow-flame combustion
ocxxrred. and the ConibUEtOr supplied a temperature  rise far in exoes8
of that required for engine operation; the oonibuetor tnm'perature  rise
incr8ased with fuel-air ratio throughout the range of fuel-air ratios
investi6ated.

2. As the simulated altitude waa incr8ased, at any oonstant
simulated e@.ne speed, blue-flame  combustion gradually appeared and
then resonance appeared and became pronouuoed as the operational
limit was closely approaohed. At altitudes near the operational
limit, the response of the oouibustor to changes in fuel flow was very
slow. The temperature rise through the cc&u&or increased slowly
as the fuel flow was increaeed and attained a maximum value at a
fuel-air ratio withW the range investigated  (much leaner than the
over-all stoiohi~tric);  further dnoreases in fuel flow resulted in
d8orea8iIIg  tnmperature  rise and increasing reeonance until a rich-
limit blow-out occurred.
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3, The operational wiling of the engine, as indicated by
failure of the ccsibustar to supply the energy required by the
turbine, was 30,400 feet at a simulated engine speed of 7500 rpm and
the operational oeiling inoreased as the simulated en&n8 speed was
increased.

4. The altitude operational limits, which were imposed on the
122 engine by the umbustar, were much lower than those imposed on
the191CB-leugin8. This differen was due t0 th8 more favorable
co&m&or-inlet  conditions obtained with the higher oppression
ratio in the 19xB-1 engine.

5. Throughout the range investigat8d, the combustion effioiency
increased with increasing  engine speed and with decreasing altitude.
At an altitude of 20,000 feet the cc&mstion efficiencies were
64 peroent at 7000 rpm, 76 percent at 10,000 m, ati 98 percent
at 14,000 rp. At sea level, the oombustion 8ffici8ncies were
93 percent at 7000 rpm ati 99 percent at 10,000 rpm. Ccmbustion
efficiencies  below 50 percent were obtained at altitudes near the
operational limits.

6. As expected f'r~m theoreticaloousid8ratious,  a straight-
line correlation was obtained when the ratio of the total-pressure
drop through the ccanbustor to the CmibuStoI?-inlet dynamic pressure
was plotted as a function of the ratio of the oaubustar-inlet air
density to the corribustor-outlet gas density. The isothermal total-
pressure drop through the ccrmbustor was 1.82 times as great as th8
inlet-dynamic  pressure.

7. Combustor-outlet t=p8JXture profile8 W8r8 more UnifOrm
when the temperature rise throughth8 cmbustar was low and when
the ccmibustion 8ffiCi8nCy was high.

8. Inspection of the ombustcr basket showed little deteriora-
tion and no appreciable carbon deposits after 36 hours of operation,

Lewis Flight Propulsion Laboratory,
National Adviscxcy Cmmittee for Aeronautics,

Cleveland, Ohio
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TABL8LO PKWCRBMOE MTA 02 COKBUST'OR OF19XW1 TmteOJBT

?olnt Slmu-late4end=
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zs
SiEU-
lated
alt1-
tude
(ft)

I n l e t
stat.10

p”
esmwe

lb/aq in.
absolute)

Inlet-
air total
teupera-
ture

(OF)

f2z1- clomhls-tial cm-
r a t i o ClWY

Ah Fuelri0w( lb/ :i;WC) hl-1
Arerage  A v e r a g e
o u t l e t t o t a l
tot01 temper-

tmp- :Eature
t-1 t&w

aaabus-
tar

(OF)6 002 6,OOC
4 10,000

TI 10,OOc

l2wo S.SI!7*OW 5.79
6.79
6.79

!8,000 9.02

-‘r
XS

::ZZ
12~000 &so
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.a9
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60 es?i .0198 .4S

E SE 1150 la?3 7.so 7.30SW 700 0.0190 -0264 0.278 -779
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52 14,OQC
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b,ooO

30,000

e. 30
0.38_.~
9.03 70
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she roiiosing types or re430mnt  00mbustion were enoomtered:
A Rapid flickering  at base of ilame.
2 Temperature riu0tuatiom at combuotar  outlet.
D noisy  dbratlan  of aambuatar  and adJacent  ducting together with temperature

flimtuatloas  at aombuetor  outlet.
2 Rapid fllokering at base 0r name together tith temperature riwtttations  at

i0timtor 0diet.
R mrpal  operatlm  ( n o  hotlse%ble  re.SopanOe).
+ severe lnt enal ty.

2-
sllspt intensity. .

the folla~lng oondltlons  made some data unobtalmblar
1 slw-out.
X Ructuatloas in outlet temperatures.
I cutlet temperatures belw 400° F.
z no oambustlon at aay fugldir ratio. -. . -?--

.
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WGINE FRQl  TESTS TO DETmmlY2ALTITlmE0F2RnTromLLrmIT5
.

P

1

s

3

3

3

s

3

L

‘Olnt I[axi!fn?d8  YinhUm Total- statio- Fressure Inlet Average Remarks
looal lcaal presswe pessme dlrfer- ve1ocit outlet
outlet outlet

ential
W/see

7
relcalttotal total &OP d-P

temper- 'g/;q y;q aoross (ft/s= v (1)'(2'
temper . . fUe1

ature l tur e nozrles
( OF ) (OF) (in. Rg)

1 m-e__ -B-------d---- -w---- 131 - - - - - - 3

2 EEl 'E 0.16 0.16 250.16 .- 2: Ei 311 :+
---m-m _--mm m-----s------- B.0 l20 -mm- - --- s+, w

4 ll80 610 0.49 0.6I 14.3 196 396 n
1340 680 :Z 18.3 196 426 A-
1610 710 22.8 195 440 D-

.

17
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TAEiLs I - PENPOWANCOK  MTA OW CONBOSI'OROP19~lrnBQTBT
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4.41
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P3 6,ooo
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z
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- - -%-tzr
16,000

%#wo

58,000

ha following  tTpes of resort combustim'pere enooutitered:
A Rapid illokering  at base of naw.
B Temperature fluotustlons  at CombuStor  Cutlet.
D Eoisy tibratim oi cmbustor and adjaoent duoting  together tith tmmerature

flrrrtktiars  at oanhstor outlet.
l3 Rspld illekerlng  at base of flame together rlth tmperatme  flwtmt%olls at

ooarbustor outlet.
+ Severe intenaltty.
- sli*t intmcity. -

+ae foii~rng colditfms  wde some data uuobtainabler
II Blow-out.
x Pluotuatioas  in outlet tempratures.
I Outlet tempereture~  belaw 4ooO P.
z NO cadbttstim at my fuel-air  ratlh

K.--&v c . . ..--  ---

.
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TABLE XI - -CE DATA 011 COMBUSTOR  OF 19X&l TURBOJET EN(IINE

Point Sknu- Slmu- Inlet Inlet- Average Aver age AIF Fuel Fuel- combus-
late% late% static air total outlet total ri0w flow a i r  ' tlon effl-
engine altl- pressure tempera- total

(lb/sq in. ture
temper-

spee% tu%e
(OF)

temper- atufe
(lb/ (g( ratio cienoy
set)

(rpm) (it) absolute) ature rise
(OFI through

combus-
tor

(OFI

so 7,000 25,000 8.20 32 668 636 4.12 243 0.0164 0.544
_--_- - - - - -e-e- 29 836 807 4.12 277 .Ol87 .613
51 7,000 20,ow

88:Zi
49 861 812 4.94 297 .0167 ,687

m--e- m-w mm--- 9.63 50 701 651 4.94 272 .0153 .597
52 7,000 15,000 11.69
----- ------ ----- 11.69 ::

812 746 5.74 277 .0134 .773
a-80 014 6.76 302 .0146 .781

53 7,000 10,ooo 14.09
::

824 743 6.75 .0126
-I-- -e-m ----- 14.09 :z a73 6.80 2: .0144 ::::
54 7,ooo 5.000 16.84 101 844 7.91 377 .0132 .891
--m-e - - - ----we 16.84 101 836 735 7.91 337 .0118 .860
55 10,000 20,000 13.40 104 808 704 0.00 354 .0123 .?91
*--- - - - - ------ 13.40 104 690 586 8.00 317 .OllO .?50
56 10,000 16,000 15.96 122 793 671 9.50 367 .0107 ,858

---mm ----- - - - 16.96 121 834 713 9.32 388 .0113 .868

65; 10,00010,000 10,000 5,000 19.20 22.73 158 140 853 918 713 760 12.69 10.90 423 512 .0108  .0112 .QO8 .942
59 14,000 30,000 15.61 170 979 809 Q.l@ 418 .0126 .899
-a _- - - - m m - - 15.61 168 914 746 9.18 388 .0117 .888
60 14,000 25,000 18.95 186 876 690 11.00 416 .0105 .908
--m-m --o-w -e---w 18.95 186 938 752 11.00 448 .OllS .926
m - m - ----m- -e--e 18.95 186 978 792 10.92 466 .0119 ,931
61 14,000 20,000 22.83 207 987 780 13.01 522 .Olll .977
63 17,000 47,Ow 10.51 241 1355 1114 5.39 372 .0192 .851
-__ - - - - ----- 10.51 241 1459 1218 5.41 405 .OZ38 ,865
64 17,000 40,000 14.29 240 1347 1107 7.35 469 .0177 .91'2
mI-- ------ ------ 14.29 :z 1406 1246 7.35 619 .0196 .937
63 17,000 35,000 18.02 1444 1201 9.18 598 .0181 .969
mI-- ---- - ----- 18.02 243 1335 1092 9.18 539 .0163 .Q?O
66 17,vcKl 30,000 22.00 279 1367 1088 11.20 637 .0158 .998
69 7,000 ----e- 19.93 119 1025 906 9.09 443 .0135 .940
me--- -- - -- - - 19.93 119 923 804 9.09 398 -0122 .913
70 10,000 ----- 26.81 176 963 787 14.46 571 .OllO .994

1 The folloving typea of combustion were enaauntered:'
B Rapid flickering  at base pi ilame together with temperature iluctuatloas  at

aombustor outlet.
N Horns1 operation (no notlaeable reeonanae).
- Slight intensity.

c

I
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FROM TESTS TO DETWWINE ALTITUDE  COKBUSTION  EFFICIEISCIES

'Oint K&Xi.mua Wlnlzmm Total- static- Pre stare Inlet
local local

Average Remark
d i rrer- outlet

c u t l e t
pressure pressure

outlet
velocity (11

drop entlal
total yp

drop
total (lb/q across.

temper-

(rt/sec)  ;;:d,"
6 T

temper- . in. 1 fuel
ature ature
(OFI

nozzles
(OFI (ln. Hgl

50
1::

460 0.226 0.264
:::

141 256 E
.I-- 550 -240 -300 140 296
51 1240

E
530 .299 8.0 151 311

- - - 910 460 .27a :z 161 272
52

i-
1220

%?I

.314 .s79
;:"2

147 n

.--- 1340 .321 -397 8.0
-

148 z;53 1130 560 .363 .433 8.2 248 276 E
5;;- - 1270 1360 7cul 670 .451 .382 480

:s31
10.8 149 . 308 N
12.8

z Et::

II

-em 1130 -419 .495 10.055 1140 SE .536 .632 11.2 192 346 f:
- - - - 1QQo 450 521
56 1000

22
1640

.581

.756
1::: 192 312 N

lS8 340
,I-- 1160 .643 -754 13.7 198
57 1070 630

::
:::t -809 16.7z 194

:zi
1140 N740 740

:E

----w-B- 197

12QO E
N

.672

15.8 211 N
- - - 1200 670 .664 .773 23.6 211
60

370
1080

N
660 .776 .877 16.2 214 353

- - - 1170
e-s 1210 8E

-764 .888 18.9 214 370 i
.777 .917

:3 1190
:z

.465 -947 1.097
z:: 212 379

217 376
18&l

E
.S78 15.2 205

- - 1970
432

970 .469 603 LB.4 206 460
64 LRSO :74a

r:
.590 20.8 205 429

- - - 2ooo r:tz .606 .791 26.2 205
65

464
la90

z
1130

:Z

.924 37.2

1750 zi

448

1360

19

--- - .a66 29.6iit 1800 4191175 790 .841 .479 1.05L 42.5 215 427

;s

f
.603 18.8

E
304 N

.--- .471 ,570 14.8 283
70 1200

I
.942 1.108 33.3 195 348 N

21
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Preclur6  tap6 I” dOvn6tream at tharmacauples
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Figure I. - Diagrammatic  sketch of installation of combustor  for 19x&I turbojet engine
showing inlet and outlet ducts and locations of instrumentation planes.
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Figure 2. - Diagrammatic sketch af apparatus and installation of cnmbustor  for 19X6-I w"
turbojet engine.
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Altltude
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24

I I I I
I I I

20

3

. (a) Air flow.
Engine speed, rpm

Figure 6. - Estlwted zero-mm perfo~ame characterlstfcs  of 19XB-1 turbojet
enp;ine. (Data from manufacturer.1
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Figure 6. - Contlnus&. Estlrnsted sera-ram perromance c h a r a c t e r i s t i c s  ol 19XB-1
turbojet engine. (Data f rom maatiwtWer.)
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(0) Combustor-inlet  teammature.

FL- 6. - Continued. Estinmted  zero-ram psrfmmanoe oharaoteristios of 19XB-1
turbojet engine. (Data frommanuiaottmsr.)
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Figure  6. - COnoluded. Estlmatea ser-m psrfomanoe oharaaterlstlos of 19XE+1
tur8ojet  engine. (Data from manufac turer . )
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,

c

0 No resonanoe RequLred oonbustor-outlet  temperature
ff Hcsonanoe obtainable
A Required temperature unobtainable
V No combustion obtainable

52

m4 6 0 10 12 14 16 x
Simulated engine speed, rpm

Bigum 7. - Altitude operational limits of 19XB-I turbojet enghe as
determined by performan oe ai the oombustor at various efrmalated
ELI&t cmdltims. zero ram; fuel, AN-F-28, Antendment-3.  Numbers
designate points in table I.
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Investlgaticn  of combustor sinnalatlng
lQxB-1snglne aonditLons using
hlf-F-28 fuel, sefo ram (fig. 7)

---- Investigation of eat&m&or simulating
198 engine conditions using
AN-F-20 fuel, sero ram (reference 2)

---Altitude-wind-tunnel investlgetlon  of
lQXB-1 engine using AN-F-22 f'uel,
200 mph ram (referenoe  1) /'.

b

8 10 18 14 16 x
Engine w-h rpa

Flgtwe 8 .  -Comparlsoa  or altitude OpsratioPel limits of 1Slnch turbojet
engines  as determined by 19X+1 engine LmvestigstioPs and combustor
investigations at both 19B and 19X-l snglne uonditions.
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0 No resonance
Resonance 1

Required conbustor-outlet temperature0 obtainable
A Required  aombustor-outlet temperature unobtainable

50 ---- Constant aonbustlon erriaianay
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Figure 9. - CombustloP eiflclenales of oomhstor of 19X&1 turbojet engine at

various  s imulated flight aamlltlonq. Zero ranb
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Figure 10. - Available accelenatlon of ISXB-1 turbojet engine as indicated by
difference between aaxlmum tenpmtture rise obtainable in InvestIgatfon o+
aombustor  and temperature rise required for nonacceleretlng~engine  operation.
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Radial thermoclouple
positicns

0 I

::
II

I
Fig. 4

III
a to aa Clrcumferentlal

thermocouple positions bb
(as In fig. 4)

a

(a) Opeaatlng aonditions  slmulatlng static engine operation at a
rotational speed of lOcOO rpm at an altitude at 15,000 feet.

Figure 15. - Tenperatupe proriles at 19xB-1 COlhlStor outlet.
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Radial thermoaouple
positions

: II I Jan, 4
1!h IIIJ --O- -

a to aa Ciroumferential
thermooouple  positions
I-- in rii. 41 .

(b) Operating oondltlons simulating static engine operation at a
rotational speed of 10.000 rpm at an altitude oC 10,000 feet.

Figure 19. - Continued. Temperature proriles at 19X&1 oombustor outlet. ,
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Radial thermocouple
p0s1tioIls

0

2
a to aa Circumferential

thermocouple positions
(as in fig. 4)

41

(c) operating oonditlons simulating stat18 eaglxw operation at 8
rotational  speed 0r 17,000 rpm at an altLtude of 47.000 feet.

Figure 13. - Coneluded. Temperature wofiles at 19XB-1 oombustor outlet.
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Radial total-Pressure  tap positions
0 I
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III
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Fig. 4

c to bb Clrcumterentlal  total-pressure
tap positions (as in rig. 4)

bb a

r

:a) Operating oondftfons simulating static engine operation at a
rotatlc?ml speed of lOI rpm at aa altitude or 15,000 feet.

Figure 14. - Veloaltv nrof'fles  at lbXB-1 aambust-

.
b

‘
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Radial total-pressure tap position6

!A i I

0 n

(b) Operating aonditlons simulatfng statfc engine operatfon at a
rotational speed of 10,000 rgm at an altitude of 10,000 feet.

Figure 14. - C o n t i n u e d , Velocity profiles at lQXB-1 combustor outlet,
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(c) Operating aondltiom simulating static engine operation at a
rotatlclaal speed of 17,000 rpm st an altitude of 47,000 feet.

Figure 14. - Concluded. Velooity profiles at lQx~!-1 combustor outlet.
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