1099

E 4

PR~ Y
“

NACA RM E5QE18a

in

{

Copy
RMD RM ES50E18a

W

=

F 50 F /3=

SIMULATED ALTITUDE PERFORMANCE OF TWO ANNULAR
. COMBUSTORS WITH CONTINUQUS AXIATL OPENINGS FOR
:tS ~ ADMISSION OF PRIMARY AIR
‘h . - ’ )
\2 By Eugene V. Zettle and Herman Mark
O
o Lewis Flight Propulsion Laboratory

szaFLﬂec Tecvi
Cd June/
77 locerc

33

3% |

3= NATIONAL ADVISORY COMMITTEE
2 FOR AERONAUTICS

B3 h WASHINGTON

g X August 3, 1950

89

———e——

R —
B as
=t

T —
e

R

RESEARCH MEMORANDUM |

Cleveland, Ohioc

c, 19 ¢3

519.97//3 m‘ "

BN ‘84X AHVHEIT HO3L




Langley Ressarch Conter
Hampton, Virginia
23685

1 6198
reoy wAmor 1392 JUN 6 1983
703 Digtribution
FROM: 180A/Security Classification Qfficer

BUBTECT: Authority to Declassify NACA/NASA Documsnts Dated Prior to

January 1, 1960
. bquhkﬁyqﬁdLaﬁ_CECbﬁﬁﬂilqihAltuﬁAQQZZ

Bffective this date, all maeerial‘clalsified by this Center prior to
January 1, 1960, i=m declassified.”” This action doex not include material
derivatively classifisd at the Center upen inatructions £rom other Agencies,

Immediate re-marking is not regquired; however, until material is re-marked by
lining through the classification and annotating with the following-staeement.
it must continue to be protected a8 if clasgsified;

*pDeclaznified by authority ct LaRC Securlty Classification Officer (SCO)
lettar dated June 16, 1983," and the signature of person pecforming the
re-marking.

If re-marking a large amount of material is desirable, buit unduly burdenszome,
custodians may follow the inatructions contained in NHB 1640.4, subpart F,
section 1203.,604, paragraph (h),

This declassification action complements earlier actions by the National
Archives and Records Sarvice (NARS) and by the NASA Security Classification
Officer (B8CO). 1In Declassification Review Program 807008, NARS declamgified
the Center's "Research Authorization® filas, which contain reports, Research
Authorizations, correspondance, photographs, and other documentation,
Barlier, in a 1371 letter, the NASA 5C0 declassified all NACA/NASA formal
seriea documents with the exception of the following raports, which must
‘ramaln classified:

: Decument No. First Author
E~-51A30 Nagey
E=-%53G20 Franaisco
- T BE~53G21 Johnaon -
o E-53K18 Spoonar
SL-54J21a Westphal
E=SZC Fox
JUN ¢ % 1883



1330

a

TECH LIBRARY KAFB, NM

i

NACA FM ESQE18a e o

NATTONAT, ADVISORY COMMITTEE FCR ABRONAUTICS
RESEARCH MEMORANDUM

SIMUTLATED ALTTTUDE FERFORMANCE OF TWO ANNULAR COMBUSTORS WITH
CONTINUOUS AXIATL OPENINGS FOR ADMISSION OF PRIMARY ATR
By Bugens V. Zettle and Heyman Mark

SUMMARY

Methods of introducing and distrlbubting alr and fuel into the
combustor of twrbojet engines were evalusated by investigeting the
performance of two single-snmulue liners in a one-quarter sector
(90° ammuius) of a 25%-inch-éiame'ber turbojet cambustor. The inves-
tigations covered & range of simmlated altitudes and englne speeds,
and the reduired conditions abt the cambustor Inlet were obteinsd fram

dete for an existing ZSJE'-inch-d_iame'ber turbojet engine operating over

a range of altitude and engine speeds abt a rem pressure ratlo of 1.04.
The altitule performance data Tor the two cambustors investigated are

compered with exlsting performence data for & production-model double-
aenmulus combustor that has the same cambustor-housing dimensions, butb

the performance of which was obtalned in a complete cambustor (360°

annulus).

The performence of one of the two cambustors Iinvestigated indi-
cated that the altitude operating limits for the single-annulus com-
bustors were as much as 11,000 feet higher than for a production-model
double-annulug deslgn at rated engline speed. At maximum rated engine
speed and altituiss between 40,000 and 50,000 feet, both single-annulus
cambustors operated with combustlon efflcliencles sbout 30 percent
higher than those of the double-annulus combustor. The combustlion ef-
ficlenclies were Insensitive to changes in fuel-sir ratio over the range
of fuel-alr ratlos investigated (0.007 to 0.024), The temperature pro-
flles at each condition investlgated showed tempersatures higher near
the outer wall than near the linner wall., The generally desirable
radial temperature dlstribution with higher temperatures near the tips
of the turbline blades was thus attalned.

The total-pressure losses for both cambustors were slightly more
than twlce the pressure losses for the existing double-annulus design
and were probably due to a decrease in open-hole aree in the com-
bustor liner as well as an increase in the percentage of the inlet

. area blocked by the upsiream face of the combustor.
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INTRODUCTION ¥
- - - - : p
The eltitude et which an alrcraft—1s required to operate can serl-
cusly affect combustion In a turbojet englne. Early investlgatlions
indicated that combustion efflclency decreased with lncreased altltude
and that for any turbojet combusbtor at each engine speed an altitude
exlsted gbovewhich the combustor would not supply sufflcient energy
to the turbline to operate the engine at the particular conditions, no
. matter how much fuel wes inJected. Because for some snglnes these
altitude operational limits are seriously low, a gensral Tresearch pro-
gram directed at the enalysie and the ilmprovement of the altltude per-
formance of turbojet combustors was initisted at the NACA Lewis labo-
ratory.

The cause of the reduced efficlency and the sgltitude limits is
indicated in reference 1. Systematlic investigetions of the distribu-
tion of the alr entering the combustor (unaveilable publication) and
similar studlies on the effect of the volatiliity and the degree of
atomizatlion of the fuel (reference 2) indicated specific remedial
measures thet led to appreciably improved altitude limits and effi-
clencles. 1In these studies it was recognized that other combustor
problems, such as the distribution of turbine-inlet ges temperabtures,
required solution simultaneocusly wlth the altitude~-limilt and efficlency
problems. A study (reference 3} was therefore made to determine the .
pogaibilities of mainbaining high altitude operational limits and ef- -
Ticlencies and of obtaining, at the same time, the preferred bturbline- -
inlet-gas~-tempereture distribution.

The initiel results of research in which the work prior to and
including reference 3 is continued are presented herein. As part of
this continued study of the effect of combustor design on performance,
two single-snmulus combustors were designed and thelr altitude per-
Tormence Iinvestigated. Results obtalned with these two combustors are
described. Xach of the combustors consisted of a one-quarter section

of a E-inch annular-combustor housing. Two particular ideas, or

techniguss, were Investlgated, namely: (1)} an extension of a tech~

nique that had previously been investigated in & smeller-dlemeter

combustor (reference 3) for producing alternste longitudinal sectors

of fuel-rich and air-rich zones in the primery—combustion reglon;

and (2) the use of an intermal baffling arrangement for increasing the
uniformlty of the fuel distribution end possibly the fuel-residence

time in the primary combustion zone. The operating conditions

Selectod were the same as those used for a previcus unreporbted inves- .=

tigatlon of an entire 25%~inch-diameter annular canbustor; a more
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direct compariscn. of the results obtained in these two Investigations
was thus made possible.

The investigation of altitude performance consisted in determi-
ning the altitude operating limits, the combustion efficiency, the
total-pressure loss through the combustor, and the radial temperature
distribution of the combustor exhesust gemes. The improvement of any
cne of these characteristics wlthoubt deleberlous effects on the remain-
ing performence characteristics constitubes an improvement in the over-
all psrformance of the cambustor.

AFPPARATUS
Combustor Installation

A schematic dilegram of the installation is showa in figure 1.
Alr of desired gquantibty, pressure, and temperebture was dreswn fraom the
laboratory air-supply system and exhausted Intc the altitude exhaust
system, which permitited operation in the test chember at pressures as
low as 5 inches of mercury absolute. Combustor-inlet temperabures
were controlled by using a gasocllne-fired alr preheater locazted in a
bypaess lins upstreem of the cambustor. The quantity of air flowing
through the bypass, the totael alr flow, and the combustlon-chember
static pressure were regulated by three remote-control valves. Two
observation windows were installed in the test section in order to
permit visual observation of combustlion.

Instrumentatlon

Total temperature and pressure were measured at the three stations
indlcated in figure l: station 1, cambusbor inlet; station 2, com-
bustor outlet (corresponding to turbine inlet); and sbation 3, exhaust
sectlion where thermocouples were insballied in order to check the
results measured abt the combustor outlet and to indicabe any burning
beyond the combustor outlet. The posltion of the instruments in each
of the three plemes is shown in figure 2.

Combustor-inlet total temperabures were measured wilth three
bare-Junction, unshislded iron-constantan thermocouples at station 1,
as shown in figure 2(a). Slightly upstresm of station 1 were located
12 total-pressure tubes, three in each of four rgkes as shown in
figure 2(a). Combustor-outlet total temperatures were measured with
30 bare-junction unshielded chromel-alimel thermocouples; Five thermo-
couples in each of six rekes were located acrogs the duct at station 2,
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as shown in figure 2(b). At station 3 were 15 total-pressure tubes in
three rekes of five pressure tubes each and 1S5 bare-Junctlion chromel -
alumel thermocouples in three rakes of flve thermocouples each

(fig. 2(c)). All instruments were located at approximate centers of
equal aress. Stabtlc-pressure taps were installed at the walls, as
showvn in figure 2. .

Ingtrument constructlon detalils are showm in figure 3. The
thermocouples were connected to calibrated selfwbalancing indicalting
pobentiometers. The tobal-pressure tubes and wall static-pressure
taps were connected to common-well mencmsters. Mercury mencmeters
were used for meassuring the gage statlic chamber pressure. Fuel Llow
was metered through callbrated rotameters and alr flow, through a
concentric-hole, sharp-edged orifice.

Description of Cambustors

Pach of the two cambustors investigated consisted of-a single-
snmalus liner or basket designed to_fit imto a one-quarter sector of-

a cambustor housing. The cambustor housing was 25]2—'- inches in dlemeter

and. the distance in the assembled combustor from the fuel nozzles Lo
the turbine-nozzle inlet was approximately 23 Inches.

A longitudinal cross section of the liner for the flrst combustor
design is shown in figure 4(z). The liner was so constructed as to be
divislible into two pleces at a sectlon approximately 5 inches down-
streem of the fusl-inlet sectlon. The two pleces are shown separeated

in figure 4(b).

The assembled liner had diegonal internal baffles (figs. 4(a) and
4(b)), which appear in figure 4(c) as the perforated convergent por-
tions of the liner walls. Views of the lnner and outer welle of the
agsembled llner showing the distribution of open-hole area are yre-~
sented in figure 4(d). Air was admitted into the combustion zone
upstream of the internsl beffles through small circuler holes. Down-~
-gtream of the intermal baffles, additional primery alr was admitted
through long, thin trilangular siots ruming axially along the liner.
Shorter rectangular slots were cut for admlssion of secondery air.
Louvers, as shown, were punched In the walls between the rows of slots
to admlt cooling air and thereby reduce liner-wall werping. No attempt
was made to alter the type or locatlon of the internsl baffles.

0geT
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The second combustor investigated consisted of a similar liner
from which the Internal baffles were removed.

The fuel manifold used for each cambustor was fitted with 10
equally spaced fuel-injectlion nozsles thet produced hollow-cone fuel
sprays. Thess nozzles were rated at 10.3 gaellons per hour (at a
pressure differential of 100 1b/sq in.) with a 60° spray angle. The
same Tuel nozzles were used for the entire investlgatlion. :

FPROCEDURE

The altitude performence of the two combustors was I1nvestigated
with the combustor-inlet alr conditions of alr weight flow, pressure,

end temperature siuwlating operation of the 25z-inch-diamster

4:1 pressure ratio turbojet engine at altitudes varying from 35,000
to 60,000 feet and over a range of corrected engine speeds from 54 o
100 percent of maximum rated speed (7000 to 13,000 corrected rpm).

The combustor-inlet air condibions and the values of the estimated
combustor-outlet temperatures redgulred to operate the reference engine
over the range of interest were calculated from data obtained in aen
altitude-wind-tunnel investligation of the complete engine. Conditions
were chosen at the ram pressure ratio neerest static conditions for
which wind-tunnel deta were available (1,04). Curves for combustor-
Inlet conditlons and for the estlimated values of combustor-outlet ges
temperatures at & ram pressure ratio of 1.04 are-given in figure 5.
Altitude performance was determined for both combustors with two fuels,

AN-F-32 and AN-F-58.

Altitude Operating Limits

The altitude operating limits were determined over a range of
corrected engine speeds from 54 bto 100 percent of meximum rated speed
(7000 to 13,000 corrected rpm) in the followling menner: At a given
simulated condition of elititude and engine speed, all inlet-air con-
dltions were kept constant and the fusl flow was increased untll
elther the requlred temperature rise was attained, the combustor-
ocutlet temperature decreased wlth further lIncrease in fuel flow, or
cambustion blow-out occurred. If the temperabture rise was abtbalined,
the point was considered in the operating reglon for the englne; if
elther of the other two condltbtions was encountered, the point was
consldered in the nonoperating region for the engine. Thils proce-
dure was repeated for sufficlent engine operating polnts to determine
the limiting eltitude for engine operation at each engine speed; the
altitude operating limits were thus esteblished.
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Combustion efficiency. - The effect of variatlons in simulated : -
altitude and engine spesed on the cambustion efficlency was determined )
et valuss of temperature rise through the combustor slightly exceed-
ing the temperature rise required to operate the engine at sach glven
altitude and englne speed.

02T

The effect of varlation of fusl-alr ratio on combustion effi-"
clency wes determined over & range of fuel-air ratios (0.007 %o O. 024)
at the followlng simulated flight conditions chosen to cover a range
of caombustor-inlet—air variables:

Altitude |Meximm rated Combustor-inlet air

(£t) |englue speed
{percent) Flow Pressure |Tempera-{Required com-
(1b/sec) |(in. Hg ture |bustor-outlet
abs.) (°r) temferature

OF)
40,000 100 3.3 24.7 192 1274
40,000 77 2.30 14.9 89 773
50,000 100 1.80 15.1 192 1502

Radlal temperature distribution. ~ The combustor-outlet radial
temperature distributlion was determined at values of temperature rise
through the combustor slightly exceeding the temperature rise reguired -
to operate the engine at the simulated flight conditions tabulated.

Total-pressure loss. -~ Simuitaneously with the determination of
combustion efficiency end combustor-outlet radisl temperature distri-
bution, the totel pressures at the combustor inlet and outlet . were
recorded. The differences between the inlet and outlet total pres- .
gures are given in terms of & dimensionless pearameter involving a

reference dynemic pressure 9

METHODS OF CALCULATION

Aversge temperatures and pressures were teken as the arithmetic
everage of all the readings at each section. The temperature averages
were not weighted for mass-flow profiles. All temperatures were con-
sldered as total temperatures, because maximum errors due to incom-
plete impact recovery were of the order of 1l percent of the total tem-
perature. The combustion efficiency is the ratio of the average gas- I
temperature rise through the combustor Lo the temperature rise theo~ |
retlcally obtainable with the glven over-all fuel-air ratlo. The -~
reference dynamic pressure q,. was calculated from the alr flow, the | -




1530,

NACA RM ESOCEl8a

average inlet-alr tempsrature and statlic pressure, and the maxlimum
cross-sectional ares of the cambustor housing (105 eq in.}.

RESULTS AND DISCUSSION
Altitude Operating Limlits

The slitltude operating limits for the two combustors and two
fuels used are shown in figure 6, wherse simulated altitude i1s plotted
against simulated corrected engine speed. In each pilot the altituds
operatling limite are defined by a curve that separates the opersiling
conditions for which the combustor can vroduce the required cambustor- -
outlet temperatures from the operating condlbtions for which it cannot
produce this temperature. The combustor-outlet temperatures required
for steedy-~state englne operatlion and the combustor-outlet tempere-
tures obtalned exceeding the required valuss are included beside sach
date point on figure 6. At altlitudes below the opersting limits,
bigher values of cambustor-outlet temperature were attainsble; the
values tabulated are the particular values abt which the combustion ef-
ficlency and other data were recorded.

When AN-F-32 fuel was used, the altitude operating limits of the
combustor wilth Internal baffles were sbout 63,000 feet 1f extrapolated
to meximum rated engine mpeed end 40,000 feet at 54 pércent of meximum
rated engine speed (fig. 6(2)). The operating limits of the combustor
wilthout internsl baffles were aboubt 64,000 feet if extrapolated Lo
meximm rated engine speed and 37,000 feot et 54 percent of maximum
rated engine speed {fig. 6(c)). Bobth cambustors hed operabing limits
about 4000 feet lower in the rangs of 70 to 100 percent of maximum
reted engine speed when operated with AN-F-58 fuel.

In figure 7, the altlitude operating limits of the two combustors
are compared for each of the two fusls investigated. The altitude
operating limits of the combustor without internal baffles were
2000 to 4000 feet higher then those of the combustor with imbtermal
baffles in the renge of 75 to 100 percent of meximum rated engine

speed..

The altitude operabting limlts obtained wlith a producticn-model

double-ennnlus combustor designed to fit into tbhe =sams 25]2—'—inch— :

outside-diameter combustor housing are alsc shown in fligure 7. These
altitude operating limits of the double-anmulus combustor were
obtained in an investigation of the full-anmalus (360°) combustor
operating with AN-F-58 fuel &t conditions simileting flight in the
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same reference englne as that used in this lnvestigetlon. This curve -
cen therefore be compered directly wilith the curves for operation of
the two current deslgns with AN-F-58 fuel. The altitude operating
limits of the single-annulus combustor without internal baffles were
about 11,000 and S000 feet above those of the double-annulus produc-
tion‘model at 100 and 70 percent, respectively, of maxlmum rated

engine speed.

02eT

Combugblon Efficlency

The combustion efficlencles et various simulated flight con-
ditions are shown in figure. 8 for the two combustors operating with
each of the two fuels investigated. The curves of figure 8 were
obtainsd by interpolating between the values of efficlency obtalined
at each of the data poilnts indicated on figure 6. The curves repre-
senting the altitude limlts of the cambustors do not necessarily rep-
resent e constant-efficlency line; the combustlon efficiency decreases
rapidly near the altltude opereting limlts of the combustors. The
combustion efficlencles of the combustor with internsl baffles were
aebout 3 percent higher than those of the combustor without internal
baffles throughout most of the range of sltlitudes and engine speeds <.
investigated. The combustion efficlency of the two single-anmmilus
combustors with AN-F-32 fuel et meximum rated engine speed and various
altitudes is shown in the following table: -

Combustlon efficlency
(percent)

Altitude
(£t) Cambustor with |Combustor without
internal baffles |lnbernal dbaffles

Below 40,000 Over 99 . Over 99
45,000 98 97
50,000 96 83
55,000 88 85 .
80,000 .82 75

Por both combustors, the efficlencies obtalned were approximately
2 percent higher for AN-T-32 fuel than for AN-F-58 fuel. The com-
"pustion efficiencies of both combustors approach 100 percent as
aititude is decressed and engline speed ls increased. Bobh single-.
annulus combustors investigeted operated with efficiencles aboub

30 percent higher than thoge of ‘the productlon-model double-annulus
combustor in the range of altitudes fram 40 000 to 50,000 feet at
maximm rated engine speed. -
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The varietion of cambustion efficlency with fusl-alr ratio for
gimulated altitudes of 40,000 and 50,000 feet abt meximm rated engine
speed. (13,000 corrected rmm)} and 40,000 feet et 77 percent of meximum
rated speed 1s illustrated in figure 9. The combustion efficiency
remained essentially constant with increases In fuel-alr ratio over
the entire range investigated (0.007 to 0.024) for both cambustors
and both fuels.

A comparison ies mede iIn figure 10 between typicel date for a
double-annulus production-model cambushor and typical data for a
single-annuius combustor taken from figure S. The efficlency of ths
double -annulus combustor was qulte sensitive to changes in fuel-eir

ratio and increased with lncressing fuel-alr ratlo.

Tempersture Distribubtion

Radial temperature distributions at the combustor outlet for the
two combustors are shown in figure 11. The temperabure distributions
were approximately the same for both cambustors and for both fuels
Investigated. The fusl-alr ratio at which these temperabture distri-
butions are shown was in each case Just sufficlent to produce the
combustor-outlet temperatures required to operabe the engime for the
simulated-flight conditions. Each of the data polnts in figure 11
is the average of six circumferential tempersture resdings =t the
glven radial distence from the turblne root section in the engine.
The temperature profiles at sach condition investlgated showed tem-
peratbures higher neexr. the oubtexr well than neer the inner well. No
attempt was made, by modificaetions in the combustor as in reference 3,
to alter the temperature digtributlions at the combustor outlet. For
the conditions Iinvestigated, the deviation from the average tempera-
ture increases as altitude 1s increased at constant engine speed and
also the deviation from the average temperatures increases as the
engine speed is increased at constant alititude conditions; however,
the general radiasl pattern of the outlet-tempersture distribution
did not change with operating comditions within the range Inveslil-
geted.

Combustor Total-Pressurs Loss

The ratlo of the combustor total-pressure loss APT to the
celculated reference dynemic pressure q_r is plotted as a functlion
of the inlet- to outlet-gas density ratio pl/p2 in figure 1l2.

The pressure losses for the two combustors were the ssme within
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experimentel accuracy, as shown by a camparison of figures 12(a) and
12(b). The value of A‘PT/qr increased linearly from approximately

26 with _iso‘thermal_(no-‘buming} Plow to approximately 36 at
pl/.c)2 = 3. A comparison wlth the original production-model double-

ennulus combustor reveels APT/q'r values for the two cambustor

designs reported herein about 2-]3—; times the values for the dou?ale-

ennulus combustor. The percentage of Inlet-alr-passege area blocked
by the upstream face of the single-annulus cambustor ls greater than
the percentage blocked by the faces of the double-annulue design
because the upstreem end of the single-anpulus liner was extended

lJ-2= Inches farther upstreem into the campressor-outlet dliffuser. A

portion of the increase In total-pressure loss 1ls thereby accounted
Tor; some of the lncreese in pressure logss, however, must be due to
the scmewhalt lower total-open-hole ares in the single-emmulus com-~

bustor liner (210 aq in. compared to 330 sq in. in the production-~

model double-anuulus liner).

Chearacter of Flames

At simulated conditlons of altitude end engine speed below the
eltitude limit of the engine, combustion changed with incressing fuel-
alr ratlo from the steady combusition to thab characterized by a steady
flickexring, which lncreased in magnltude up to the point of flame
blow~out. The flame remained seated well toward the upstream end of
the cambustor at all conditlons of operation. No rough combustion was
witnessed at any of the operating conditions investigated.

SUMMARY OF RESULTS

The Ffollowing resulits were obtalned fram the experimental inves-
tigation of the simulated-altitude performance of two single-annulue

combustors designed for a one-guarter sector of a %J'é'-inch-diame‘ber
combustor housing:

1. When operated with AN-F-32 fuel, the altlbude operating limlts
of the combustor with inbtermal baffles were 63,000 and 40,000 feet at
100 percent and 54 percent of rated engine speed, respectively. The
operating limits of the combustor with no internsl baffles were
64,000 and 38,000 feet at 100 percent eand 54 percent of rated englne
speed 3 respect:l.vely When operated wlth AN-F-58 fuel both single-

0eeT
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annulus combustors had operating limits about 4000 feet lower in the
range of 70 to 100 percent rated speed than when operated with
AN-F-32 fuel. '

2. The combustion efficiency of the two single-ammulus cambustors
wlth AN-F-32 fuel at rated engine speed and varlous altitudes is shown
in the following table:

Altitude Combustion efficiency
(£t) (percent)

Combustor with Cambustor without
internal baffles | Internal baffles

Below 40,000 Over S99 Over 99
45,000 28 97
50,000 96 - 93
55,000 88 85
60,000 82 75

The combustion efflclencies for the two cambustor configuratlions were
about 2 percent lower when opersted with AN-F-58 fuel.

3. The efficiencles of both these single-annulus combustors were
about 30 percent higher than those of a double-snnulus production-
model combustor in the range of altitudes from 40,000 to 50,000 feet
at reted engine speed.

4. In contrast to the lncrease in combustion efficiency with
Incrsase 1n fuel-alr ratio noted for the double-ammulus production-
model combustor, the combustion efficiency of the single-amnulus com-
bustors did not vary appreciably with fuel-air ratio in the range
investigated (0.007 to 0.024).

5. The exhesust-gas radlsel temperature distributions at each con-
ditlion and for each combustor and fuel investigated showed tempera-
tures higher near the outer waell than near the inner wall; the gen-
erally desirable radial distribution with higher temperatures near the
tips of the turbine blades was thus attained. In addition, the gen-
eral radial pattern of the outlet-temperature distribution did not
change with operating conditlons withih the range investigated.

6. The total-~pressure losses for both combustors were almost
the seame over the entire range of Inlet- to outlet-demnsity ratlos.
For isothermal conditions (no combustion), the total-pressure loss
was approximately 26. At an inlet~ to outlet=density ratioc of 3.0
the value of total-pressure loss foxr both combustors was 36. These
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pressure losses were slightly more than twlce the pressure losses
for the existing double-smmulus design and were probably due to a
decreese in open-hole area in the combustor liner as well as an
increase 1n the percentage of the inlet area blocked by the upstream
face of the combustor, which extended ferther upstream into the
compressor-outlet diffuser than did the upstream face of the
existing double-annulus design.

lewis Flight Propulsion Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohlo.
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{a) Dingremmatio sketoh of liner with intermal beffles,
Maurs 4, - Arrangesent and constructlion of one-guarter-sector single-anmnulus oombumstor liner
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{b) Bree-guarter exploded view of Liner with intesmal beffles,

Figore 4, - Conbinued, Avrmngepent avd copstruciion of onewquarter-sector single~anmulyg ombustor liner.
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(o) Downstream piece with interwal beffles exploded.
Arrengesent and constructlon of ons-guarter-sector single-anmulus cambustor liner,

Figure 4, - Continued,

2161612



1530

219-1916

o |

NACA RM EBQEI|8a

T3 .. | &
T = Nl
T 3 T | feee |-
T 3 3 |4

=

5]

Outer wall

(d) Imer- apd cuter-wall design.

Arvengesent; and constouctim of cne-quarber-gseotcr single-~armuluve combustor Linex,

Fagwre 4, ~ Conoludsd.



20

NACA RM EBQOEIBa

Altitude
(£t)
14
| 5,000
v
12 /
/ | 10,000
v
. /|
g 19 77
> Vi, 1 15,000
~ //
,§ 8 4 20,000
~ ,// ,///’
o] 44
s T o
8 /////// /// | 30,000
g 4 ///// //,/ ///// | 35,000
o
// gd /,/ e /f 40,000
. ‘29/ " ~ 1 __}— 45,000
== =~ 60,000
T 11 | ssj000
o_,,fz:::::::___,_______—________———- GOTOOO <;:§E§§;;7
4 6 8 10 12 14x10°

(a)

Corrected engine speed, N//®
Air flow for one-=-quarter sector.

Figure 5. = Operating characteristics for reference turbojet engine.
Ram pressure ratlo,

1.04.



NACA RM EB5QEI8=2

110 Altitude
(£t)
5,000
100 /
. /
. / 10,000
£ /
2 - /
AL
o
= o 7 15,000
5
- // /
g /
. @ 60 / / 20,000
i ﬁ /1 // 7 /
. 3 &0
: AV
fé 40 4 / A A // 50,000
] LY YA
§ a0 1 » /7 / 35,000
§ - ;/ ; /// 7~ %0,000
,/ /// //// 45’000
A / L 50,000
L ey oy
e e e e s
— T Tt
7 ~%|
‘L 6 8 10 12 14x10° -

Corrected engine speed, NA/G
(b) Combustor-inlet air pressure.

Pigure 5. = Continued.
engine.

2]

Operating characteristics for reference turbojet.
Ram pressure ratio, 1l.04.



22

. NACA RM EBOEI|8a

Altitude
. (£e)
820
5,000
780 / 10,000
/ 15,000
740
/ /, / 20,000
& 700 / [
g ) / / / / 25,000
gseo //////,// 50’202
g AN NS ) s
:.g 620 ////// //V/
5 , ; /// /
3590 /// 1 //
g // //// // £/
g s40 ///////// /
S /V/////, /
AN
AN
460 ;Cj’
420
S NACGR
4 6 8 10 12 14x10% "

Corrected engine speed, N//O
(c) GCombustor-inlet ailr temperature.

' Figure 5. - Continued. Operating characteristios for reference turbo-

jet engine.

Ram pressure ratlo, l.04.

0get



1330

NACA RM E5QE!8a

Ai?itude
£t)
22
00 160,000
1
1]
!
2100 155,000
o
[ T
4 1
i
2000 &
4
i ! | 80,000
IR i
' ’l ‘l
1800 A ‘: T4
P
S B 45,000
g l‘ : K
. 1800 T
g il -
4
5 . ‘/7// 40,000
g 1700 7
5‘ Ard / 55,000
4 e /
© P
= 1800 1
3 By
t . N iyp 1
g ’l K l‘ [
P} T2 4 Y (] !
€ 1500 e iR
B " [” /’ "
o ,l’ T"J i .
2 Rilpy
B, 1400 — Y i ———Below 30,000
g 1T AT HNH ———--Above 35,000
_ ”—- d / 7
- VAL
1300 Pre g7y
’___J__ /—/—'////,I"c
L A
1200 . 7
5,000 _-1- = - /
10,0001 _J=""T 30,000
16,8004 ZF 25 . 000
1100— — T
20,000
NACA,
1000 : ——
4 & 8 10 iz 14x10°

Corrected engine speed, N/V/@
(@) Required turbine-inlet temperature.

Figure &+ = Concluded. Operating characteristics for reference turbo jet
engine. Ram pressure ratio, l.04.



24

NACA RM ESCEl8a

© Required combustor-outlet tempera-
ture attalined
O Flame blow-out before reguired
temperature was attalned
Numbers shown above each point are
temperatures attalned exceeding
required temperatures shown
GET%95 below each point
-~
”~
60 <3 S
' 1673 1818
//’ lIEZE 1760
L) 1473
74 1156 1691
AIIZ5 1640
58 1464
1164 1703 1626
. y.i 91085| 1582
e /
) th
3 % ‘4‘1'0—53 1510
§ 1528 1280 1562
<+
] 4
3 d
o il S
£ 45 547 560 Tﬁe 1155 fiz09
BI0 B3 o7 T35
1/ *
789
40 808 175
Vvl
35
\W
30 ]
7 8 9 10 11 12 13x105
| | Simulatedlcorreoted enfine speed, N(V§ [
54 60 70 80 90 100
Percent of maximum reted engine speed
(2) OJombustor with internal baffles; fuel, AN-F-32.

Figure 6. - Altitude operating limits of one-quarter sector of 254~inch-

2

diameter single-annulus turbojJet combustor for ram pressure ratlo of

1.04.



. NACA RM ES0EI8a

* © Required combustor-outlet tempera- -
ture attained
& Flame blow-out before requlired
temperature was attained
Numbers shown above each point are
temperatures attalned exceeding
requlired tempe ratures shown
PP below each point
65510
o
0
at] 7
_ D
€0 ~~ 1815
e
/]
Z
m 847
/ 756
A
55 1415 1832
1403 15640
/
EL)
G /
"’ 4; o M o
g 50 025 1327 1563
- o TZ280 1502
« i}
pLy
. ~
- [+ /
-]
245 ——%ms ot —tEr— s
= / Bz Q27 . |T1I%3 1378
.ﬁ ]
1 L~
40 «/g ‘l
" 803
7a7 782
[ 2
35
. W
30 : 3
7 8 9 10 N 1 a y 12 13x10
Simulated ,corrected engine spee N r@
L [ l 9 ’ |
- . 54 80 70 80 . 20 100
. Percent of maximum rated engine speed
o (p) Combustor with internal baffles; fuel, AN-F-58.
- T Figure §. = Continued. Altitude operating 1imits of one;quarter sector

of 25;.-1nch-diameter single-annulus turbojet combustor for ram pres-

sure ratlio of 1l.04.

25



26 NACA RM EBQE|8a .

O Requlred combustor-outlet tempera-
ture attalned
0O Flame blow-out before required
temperature was attained
Numberas shown above each point are
temperatures attained exceeding
x requlred. tempera tures shown
85x10 below each poilnt R
/””
//'
s
60 - Z
) /"T1252 1672 1831
p-7 3] 1542 I750
58 T R 14385
TIZ8 1405
ey A
~ /
0. L
?, 50 918 %1022 1284 4’1544 _
o :1-}) 1025 1380 1502
e © .
“ -
o /////
2 45 - —
K] 837 858 965 1176
E . =3 1] 82 o927 1355
) //, 17§§
408~ 4731_—1793
kL4 ki:i: e
35
\W
30 ~ 1
7 a8 9 10 11 12 13x10v
| | Simulatedlcorreoted engine speed, N/¥3 I
54 60 70 80 20 100 .-
Percent of maximum reted engine speed <
{c) Combustor without internal baffles; fuel, AN-F-32. .
Figure i. = Continued. Altitude operating limits of one=guarter sector T

of zszninoh-diameter single-annulus turbojet combustor for ram pres-
sure ratio of l.04.

areT



Luol

NACA RM EBOEI8a

O Required combustor-ocutlet tempera-
ture attalned
o Flame blow-out before required
temperature was attalned
Local temperature exceedingly
high
- Numbers shown above each polnt are
65xT0 temperatures attalned exceeding
requlred temperetures shown
below each polnt 4 -—
1
//
80 A 87
/ 1542 1760
58 1096 ] q
TIZ8
+ . 4
~ /
g 5¢ 7 TI033 9 ) D
g V4 o8 1862
b
oo v
< /
L3 (a p- £~
e 45 7 802 1217 114 1405
E / 927 # %78
g <
o}
A
40 843 Y77
782 s
P
P
55P722
760
30 L
7 8 9 10 11 /312 13x10
Simulated Icorrected enﬁine speed, N/I I
54 70 ’ 80 90 100

of 2

27

(a)
Pigure 6. = Concluded.
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