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SUMMARY

A one-eighth segment of an annular combustor suitable for use
as a component of an experimental turboJjet engine was investigated.
The assumption was made from previous unpublished studies that the
data obtained from these investigations of a one-eighth segment
would enable estimation of the performance of an annular combustor
having a similar design. Because of the small space available for
the combustor, a special design involving a minimum of obstructions
in the combustion chamber was utilized.

The altitude operational limits of the combustor segment were
determined and measurements were made of temperature-rise effi-
ciency, total-pressure loss, and exhaust-gas temperature variation
for several simulated engine operating conditions.

The results of these investigations indicated the following
performance: (1) The combustor segment produced gases of suffi-
clent temperature to enable engine operation for all altitudes up
to 45,000 feet over a range of engine rotational speeds from 55
to 100 percent of rated speed (10,000 to 18,000 rpm). (2) THe
temperature-rise efficiency exceeded 80 percent at all altitudes
below 30,000 feet for engine speeds more than 89 percent of rated
speed (16,000 rpm). (3) The gas supplied by the combustor segment
had a total variation in temperature that was usually less than
600° F over the operating range of engine gpeeds from 55 to
100 percent of rated speed (I0,000 to 18,000 rpm) and from sea
level to an altitude of 30,000 feet.

INTRODUCTION

As a part of a general program conducted at the NACA Cleveland
laboratory to investigate the performance of turbojet combustors,
a one-eighth segment of an annular-combustor housing for an exper-
imental turbojet engine was set up. This housing was used to
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investigate various combustor designs in order to develop a suit-
able design for the experimental turbojet engine. Data obtained
from an(investigation, conducted concurrently with the investiga-
tion reported herein, showed that the performance of a one-sixth
segment of an annular turboJjet combustor was almost the same as
that of the entire combustor. This similarity indicated that the
performence of the one-eighth combustor segment would closely
approximate the performance of a complete annular combustor having
a gimilar designm.

Because of the small space provided for the combustor, special
designs involving a minimum of obstruction in the combustion
chamber were studied. From 11 separate combustor designs investi-
gated in the one-eighth segment of the engine combustor housing,
the design was selected that gave optimum performance during pre-
liminary investigations. The design of this combustor as it was
finally evolved and the performance dste, including altitude oper-
ational limits, temperature-rise efficiencies, total-pressure-loss
correlation, and temperature distribution of the outlet gases for
the combustor are presented. The conditions of flow for the inlet
and the outlet of the combustor were computed from existing data
(reference 1, 2, and 3) on the compressor and the turbine for the
experimental engine.

APPARATUS
Combustor

A gketch of the combustor segment is shown in figure 1. Air
entered through a narrow section, which simulated the compressor
outlet, and then passed through a diffusing section of the housing.
Downstream of this diffuser, two fuel manifolds were located in
the housing so as to divide the air passage into three separate
passages. Pivoted to the rear of each of these manifolds was a
vane that could be adjusted to control the distribution of the air
through each of the three passages. In preliminary investigations
on the combustor, the positions of the vanes that gave the minimum
temperature variation of the exhaust gases across the combustor-
gegment outlet were determined. The vanes were then locked into
these positions for the investigations reported.

Four fuel atomizing nozzles were located in each manifold to
spray downstream. Commercial fuel nozzles of the hollow-cone spray
type were used. The nozzles had a rated capacity of 3.0 gallons
per hour and a nominal spray angle of 60°. These nozzles were
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protected from the radiation of the flames by Inconel flame shields
installed flush against the downstream faces of the spray nozzles,
as shown in figure 1. Holes 1/8 inch in diameter were drilled in
the shields in line with the nozzle orifices to allow passage of
the fuel spray.

At the top and the bottom of the downstream end of the mani-
folds, perforated air baffles were fastened. These baffles were
2 inches long and formed a well-protected region around the nozzles
into which only a small portion of the air was allowed to enter
through small holes in the baffles. Ignition was obtained with
two aircraft spark plugs located 1/2 inch downstream of the nozzle
faces in the zone sheltered by the perforated air baffles. A
rhotograph of the combustor segment showing fuel manifolds, nozzles,
air baffles, and spark plugs, is presented in figure 2.

Three quartz observation windows were installed in the sides
of the housing downstream of the nozzles (fig. 3).

In order to facilitate the many modifications that were made
during the development of the combustor design, the cross section
of the housing was made rectangular, rather than with the curved
surfaces of an actual section of an annulus. The cross-sectional
areas of the rectangular housing, however, were made equal to those
in the annular housing.

Although a comparison between the dimensions of this combustor
and those of an existing annular type indicate that successful
design of this combustor is not too difficult to achieve, it should
be pointed out that the main design difficulty was ‘one of shape
rather than of size. The shape of the combustion-chamber housing
was fixed by the previously designed turbine and compressor and
the accompanying shafts, bearings, and suprorts. This fixed shape
accounted for the high area ratio of the diffuser at the combustor
inlet, which for each of the numerous designs attempted continued
to cause most of the total-pressure loss through the combustor.

The fuel used through this complete series of investigations
was AN-F-28.
Installation
The installation of the combustor segment is shown in figure 3.

The combustor was installed vertically and air flow was downward.
Air could be supplied in quantities sufficient for the requirements
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of the investigations at pressures up to a maximum of 45 pounds
per square inch absolute and the exhaust system -vas capable of
removing exhaust gas from the combustor segment at pressures as
low as 2.0 pounds per square inch absolute. Air flow through the
combustor segment and inlet-air pressure to the combustor segment
were regulated by two .remote-controlled valves: the first, a
butterfly valve upstream of the setup and the second, a sliding
throttle plate covering a 4-inch opening downstream of the setup.
When necessary, the inlet air was preheated by electrical heaters
in a bypass upstream of the combustor, which were capable of
raising the temperature of the inlet air to the combustor segment
to 1000° F.

Operating conditions at high altitudes and low engine speeds
requiring inlet-alr temperatures considerably lower than room
temperature could not be simulated because at these conditions
the air-flow requirements were so small that the low temperature
of the refrigerated air could not be maintained and the air
entered the setup approximately at room temperature.

Instrumentation

The location of the instrumentation in the setup is shown in
figure 4(a). A static-pressure tap was located in the 8-inch pips,
which brings air from the air-supply system, 4 inches upstream of
the transition from the 8-inch pipe to the simulated compressor
outlet. This tap was assumed to measure the inlet-total pressure
because the velocity in this section of the pipe was very low.
Static pressures were measured by taps in the walls of the duct.

Air flow was measured by a thin-plate orifice having flange
taps installed according to A.S.M.E. specifications. Four cali-
brated rotameters covering the entire range of fuel flows were
used.

Inlet-air temperatures at section 1 (fig. 4(a)) were measured
by three iron-constantan thermocouples located at the centers of
equal areas across the inlet duct. Static pressure was measured
at this section by two static taps, one on each side of the duct.

At the combustor outlet, section 2, 30 chromel-alumel thermo-
couples were arranged in five rakes, each rake containing six evenly
spaced thermocouples. The rakes were evenly spaced across the
outlet duct. Two more thermocouple rakes evenly spaced across the
duct with three total-pressure rakes were located downstream at

I ¥8
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section 3, as shown in figure 4(a). These thermocouples were used
to detect any change in temperature of the gases after leaving the
combustor-segment outlet. The individual tubes in the total-
pressure rakes were evenly spaced along the rakes similar to the
spacing of the thermocouples along the thermocouple rakes. Detailed
sketches of the outlet total-pressure rakes and of the outlet
thermocouple rakes are shown in figure 4(b).

All static and total pressures were indicated on an 84-inch
manometer board, which was photographed in order to obtain instan-
taneous readings. Thermocouple readings for inlet and outlet gas
temperatures were indicated by calibrated potentiometers.

PROCEDURE
Inlet Conditions

Engine rotational speed and altitude determine the combustor
inlet-air conditions and the required combustor-outlet temperature.
From investigations that have been conducted on the compressor and
the turbine of the experimental turbojet engine (references 1, 2, 3,
and unpublished data), conditions of total pressure, temperature,
air flow, and required compressor-outlet and turbine-inlet temper-
atures were estimated for various engine rotational speeds and
altitudes. The conditions are presented in figure 5. For these
estimates, a tail-cone area of 43.3 square inches, a flight speed
of 470 miles per hour, and an engine inlet-diffuser efficiency of
100 percent were assumed.

Altitude Operational Limits

The following procedure was used in investigating the altitude
operational limits, thai is, the simulated altitudes corresponding
to the various simulated engine speeds above which the combustor
cannot continuously provide the temperature rise required for engine
operation, regardless of the fuel-flow rate: At a much higher
inlet-air total pressure than the engine produces at a given engine
operating condition, air flow and inlet-air temperature were exactly
adjusted. The fuel flow was set at a value that would approximately
give the required combustor-outlet temperature. The combustor-
segment inlet total pressure was then decreased to the estimated
value. An attempt was then made to obtain operation of the combustor
segment at fuel-air ratios giving gas temperatures at, above, and
below the required value.
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The performance of the combustor segment was investigated over
a wide range of altitudes and engine speeds. At engine speeds less
than 12,000 rpm above an altitude of 45,000 feet, very low air flows,
low fuel flows, and low inlet-air temperatures were required; the
existing setup would not allow close enough control for accurate
duplication of these inlet conditions, therefore no investigations
were conducted in this range.

Temperature-Rise Efficiency

Temperature-rise efficiency is defined as the percentage ratio
of the actual temperature rise through the combustor segment to the
maximum theoretically attainable temperature rise at the over-all
fuel-air ratio existing in the combustor.

Investigations were conducted to determine the effect of fuel-
air ratio on the mean temperature rise through the combustor seg-
ment. The inlet-air conditions of pressure, temperature, and veloc-
ity were maintained constant, whereas the fuel-air ratio was varied
from 0.010 to 0.020 in 10 equal steps with the mean outlet-air
temperature observed for each fuel-air ratio. These investigations
over a range of fuel-air ratios were made in order to determine the-
ability of the combustor segment to furnish energy successfully for
engine acceleration and to maintain combustion during engine decel-
eration. The required turbine-inlet temperature for engine accel-
eration is higher than that required for maintaining constant engine
operation and, correspondingly, the required turbine-inlet temper-
ature for deceleration is lower than that required for maintaining
constant engine speeds. The conditions of inlet air chosen simu-
lated an engine speed of 16,000 rpm (82 percent of rated speed) at
altitudes of 10,000, 20,000, 33,000, and 40,000 feet.

In addition, for the purpose of obtaining an approximation of
the temperature-rise efficiencies for simulated engine operation,
temperature-rigse efficiencies were determined for the following
simulated steady-state conditions of engine operation: '

Engine Altitude
speed (£1)
(rpm)

10,000[20,000 |25,000 30,000 |35,000
13,000|20,000 |25,000 [30,000 [35,000 {40,000
18,000]20,000 |30,000 |40,000

1¥8
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At each of these simulated conditions, investigations on the
combustor segment were conducted at fuel-air ratios furnishing mean
outlet-air temperatures below, approximately at, and above the
required turbine-inlet temperature. Data for these three tempera-
tures were plotted against temperature-rise efficiency; the value
of temperature-rise efficiency for each operating condition was
chosen from this plot at the exact temperature required for non-
accelerating operation of the engine.

Total-Pressure Loss

In determining the effect of fuel-air ratio on temperature
rise through the combustor segment, all the pressure measurements
necessary for the calculation of total-pressure loss through the
combustor were made. In order to express the total-pressure loss
in a way that would facilitate comparison of the one-eighth com-
bustor segment with any other combustor, the inlet kinetic pres-
sure was calculated and converted to the minimum kinetic pressure
that could have existed in the combustor segment, that is, the
calculated kinetic pressure at the maximum cross section based
on inlet-gas conditions. The total-pressure loss as a ratio of
this calculated kinetic pressure was plotted against the inlet-to-
outlet gas density ratio. It can be shown from momentum relations
that the total-pressure loss due to combustion in a constant-area
duct, when expressed as a fraction of the inlet kinetic pressure,
1s a function of the ratio of inlet-to-outlet gas density.

The total-pressure loss, as a ratio of the kinetic pressure
at the combustor maximum cross section, is given by

Ap <@>2

Q3 \ Ad
where
AP total -pressure loss
a3 inlet kinetic pressure

Amax combustor maximum cross-sectional area

Ai inlet cross-sectional area
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Temperature Distribution

The temperature distributions of the gases at the combustor
outlet were obtained from the series of runs conducted to determine
the temperature-rise efficiencies. In addition, a series of runs
was conducted at a constant fuel-air ratio of 0.01l5 with inlet-air
conditions selected to simulate engine speeds of 10,000, 12,000,
14,000, and 16,000 rpm for a range of altitudes from 10,000 to
40,000 feet.

Average thermocouple indications were taken as true values of
temperature and no corrections were made for stagnation or radiation
effects.

For the purpose of expressing the variation in temperature of
the combustor-segment exhaust gases, a mean-temperature-variation
factor was devised.

Aty 4 Aty 4+ L L L Aty

o=
n (ty - t1)

where
o) mean-temperature-variation factor

At absolute difference between exhaust-thermocouple reading and
mean exhaust temperature,

n number of exhaust thermocouples
t, average of outlet thermocouple readings, iy
ty average of inlet thermocouple readings, IR

This factor can be used in showing the effect of several
variables on the general exhaust-gas-temperature pattern.

A very small variation of the exhaust-gas temperature would
give a small temperature-variation factor and similarly a large
variation of exhaust temperature would give a larger temperature-
variation factor.
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RESULTS AND DISCUSSION
Altitude Operational Limits

The altitude operational limits are shown in figure 6. The
curve separates the region in which the temperature rise required
for engine operation was attainable from the region in which it was
unattainable. The curve shows that over a range of engine speeds
from 10,000 to 18,000 rpm (55 to 100 percent of rated engine speed)
the combustor segment could successfully furnish gases of sufficient
temperature to enable engine operation up to altitudes of at least
45,000 feet. Operation of the combustor with inlet-air conditions
simulating altitudes above the operational limits shown in figure 6
was possible for the conditions investigated but the temperature
rise obtainable was too low to enable engine operation. At condi-
tions above the altitude operational 1limit, when the fuel-air ratio
was increased in an attempt to give sufficient temperature rise to
enable engine operation, combustion became unstable and blow-out
occurred. Some instability in the form of flickering and sporadic
combustion was also encountered at altitudes below the operational
limits but in such cases the combustor segment, nevertheless, con-
tinuously provided the required temperature rise for a period of
S minutes and the simulated flight conditions were therefore con-
sidered within the operable range of the engine. At simulated
altitudes as much as 10,000 feet below the altitude operational
limits, combustion became very smooth and nonf'lickering when the
combustor temperature was near the required value.

Temperature-Rise Efficiencies

The efrect of fuel-air ratio on the mean temperature rise
through the combustor segment is shown in figure 7. Reference
lines of theoretical temperature rise are included for estimating
the temperature-rise efficiency at each point. The data indicate
that at constant inlet-air conditions, an increase in the fuel-
air ratio results in a slight increase in temperature-rise effi-
ciency. From a comparison of the data in Tigure 7 at a given
fuel-air ratio, it is shown that an increase in simulated altitude
produces a decrease in temperature-rise efficiency. For the four
altitudes chosen for these runs, operation was very stable and no
flickering was noticeable throughout the range of fuel-air ratios
over wnich the investigation was conducted. It is apparent from
these figures that combustor-outlet temperatures greater than
those necessary to maintain constant engine speed may be obtained.
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A contour diagram, which gives an approximate indication of
the temperature-rise efficiency of the combustor over the range of
engine speeds and altitudes investigated, is shown in figure 8.
These curves show that any decrease in engine speed, as well as an
increase in altitude, decreases the temperature-rise efficiency.
This decrease is a result of the accompanying decrease in inlet-
air static pressure and temperature, which has been shown to be
unfavorable to temperature-rise efficiency (referenceld ). The
temperature-rise efficiency is more than 80 percent at altitudes
below 30,000 feet for engine speeds above 16,000 rpm (89 percent
of rated engine speed).

Total-Pressure Loss

A correlation of the corrected total-pressure loss through the
combustor segment is shown in figure 9. Included in the total-
pressure loss are the small losses in the large nozzle that adapts
the 8-inch pipe to the inlet of the combustor segment. Over the
range of combustor-inlet and combustor-outlet conditions investi-
gated, the total-pressure loss AP was always about equal to or
less than the combustor-segment inlet kinetic pressure qj.

The slope of the correlation curve shown in figure 9 is

slightly negative, contrary to what would be expected. Static-
ressure checks along the combustor indicated that the velocity
through the part of the combustor-segment housing past the fuel
manifolds was very high. This high-velocity air when discharged
into the low-velocity zone where combustion occurred probably
diffused very inefficiently to the lower velocity when no combus-
tion occurred. During combustion, however, the burning gases
filled stagnant velocity zones downstream of the atomizing nozzles,
and these gases slightly restricted the flow path of the three air
gtreams entering the combustion zone, increasing the efficiency of
diffusion. Because the momentum-pressure loss was never more than
4 percent of the entire total-pressure loss, the gain of total
pressure from this increase in diffuser efficiency could have
exceeded the loss of total pressure due to combustion and this
excess could account for the negative slope of the total-pressure-
logs correlation.

Temperature Distribution

The gas supplied by the combustor had a total variation in
temperature that was usually less than 600° F over the operating
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range of engine speeds from 10,000 to 18,000 rpm (55 to 100 percent
of rated engine speed) and from sea level to an altitude of

30,000 feet. A typical diagram of the combustor-outlet gas temper-
ature pattern is given in figure 10, This pattern probably could
be greatly improved by more closely controlling the construction
tolerances of the combustor. The parts within the housing were
loosely fitted and any slight misalinement of these parts was
enough to cause considerable temperature variation at the combustor
outlet.

The effect of inlet-air conditions simulating different alti-
tudes and engine speeds at constant fuel-air ratio on the mean
outlet temperature-variation factor & is shown in figure 11.
This factor seems to be unaffected by inlet-air conditions simu-
lating different altitudes at low engine speeds but at inlet-air
conditions simulating an engine speed of 16,000 rpm (89 percent of
rated engine speed), the factor increases sharply with an increase
in simulated altitude. The effect of increasing altitude at an
engine speed of 16,000 rpm on the mean temperature-varistion
factor & 1is further illustrated in figure 12 by a plot of mean-
temperature-variation factor against fuel-air ratio.

During all the runs, visible flames seldom existed downstream
of the combustor segment. At very high outlet-air temperatures
that sometimes occurred at low inlet-air pressures, a transparent
blue haze existed in the downstream observation window of the
combustor segment. At these conditions, however, little tempera-
ture rise was observed between the two downstream stations. A
plot of the temperatures observed at these two stations is shown
in figure 13. This figure shows that the two stations indicated
little or no further rise in temperature of the exhaust gases
after leaving the combustor-segment outlet.

Ignition

With the ignition system previously described, ignition was
affected by three factors: inlet-air total pressure, fuel-air
ratio, and inlet-air velocity. Ignition could be obtained at
pressures as low as 3 pounds per square inch absolute but only at
greatly reduced air flows. At inlet-air static pressures of
1 atmosphere or more, however, ignition appeared to be less
dependent on air flow and could be obtained with practically any
given inlet conditions of velocity and temperature with which
combustion could be maintained. The fuel-air ratio for best
ignition appeared to be somewhat greater than that required to
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maintain combustion. In all cases, a time interval existed between
the time of introduction of the fuel into the combustor segment and
the moment of ignition. This lag was very inconsistent but seemed

to be shortened by a decrease in inlet-air velocity or an increase

in inlet-air static presgsure.

SUMMARY OF RESULTS

The results of the investigations conducted on the one-eighth
combustor segment designed for an experimental turbojet engine
indicate that the combustor segment gave the following performance:

1. The combustor segment furnished gases of sufficient temper-
ature to enable engine operation up to altitudes of at least
45,000 feet over a range of engine speeds of from 55 to 100 percent
of rated speed (rated speed, 18,000 rpm).

2. The temperature-rise efficiency was more than 80 percent
at altitudes of 30,000 feet or less for engine speeds above 89 per-
cent of maximum rated speed.

3. The gas supplied by the combustor segment had a total
variation in temperature that was usually less than 600° F over
the operating range of engine speeds from 55 to 100 percent of
rated speed and from sea level to an altitude of 30,000 feet.

Flight Propulsion Resgarch Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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posed turbojet combustor. Engine speed, 16,000 rpm.
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(b) Altitude, 20,000 feet.
Figure 7. - Continued. Effect of fuel-air ratio on mean temperature rise through one-eighth segment
of proposed turbojet combustor. Engine speed, 16,000 rpm.
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(c) Altitude, 33,000 feet.
Figure 7. - Continued. Effect of fuel-air ratio on mean temperature rise through one-eighth segment 0
of proposed turbojet combustor. Engine speed, 16,000 rpm.
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Figure 7. - Concluded.
o

Fuel=-air ratio
(d) Altitude, 40,000 feet,

Effect of fuel-air ratio on mean temperature rise through one-eighth segment
f proposed turbojet combustor. Engine speed, 16,000 rpm.
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Figure 8. - Temperature-rise-efficiency contour diagram of one-eighth

segment of proposed turbojet combustor over operating range below
altitude operation limits.
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Figure 9. — Total-pressure loss through one-eighth segment of proposed turbojet combustor expressed

as fraction of inlet kinetic pressure and as function of inlet-to-outlet gas density ratio.

214

"ON WY VIOVN

eI1rL3



NACA RM No. E7J 13

Blade-root position

29

s

(°F)
600 —

800

:I.O()O\\N
1200\\\

1400\‘:>

Blade-tip position

(a) Altitude, 10,000 feet; inlet-total pres
mercury absolute; inlet temperature,
l.22 pounds per second; mean-outlet t
required outlet temperature, 1015° F.

Blade-root position

sure, 78.5 inches
2940 F; air flow,
emperature, 1049° F;

*‘ﬂﬂ;"’

lOoO

(°F)
400 —

600

Blade-tip position

(b) Altitude, 40,000 feet; inlet-total pressure, 26.0 inches
mercury absolute; inlet temperature, 209° F; air flow,
0.42 pound per second; mean-outlet temperature, 834° F;

required outlet temperature, 794° F.

Figure 10. - Typical combustor-outlet gas tempera
of one-eighth segment of proposed turbojet comb
16,000 rpm; fuel-air ratio, 0.014.

ture contour diagrams
ustor. Engine speed,




.40

«30

«20

«10

Mean temperature-variation factor, &

Figure

’T“ AR 0RRARARARARAAARRAARERALAR AR AR LRI LAGA RAAASARAARARAAZ AL AR ER AR iy
. 3
o =
o =
- -~
> -
P -
- =
o -4
- -
P -
3 :
s 2
C - 2
- e
c Engine speed e
e (rpm) ’/’/,/” 3
o / =
- /rf .
g 3
E

F /ﬂ,ooo 3
-~ / —
- — -
- 14,000 B 3
E P——"_—n 42,00 -—Q_"" E
e v 10,000 =
s 3
- -
> -
pe -
- -4
- -
C 3
¢ Alodaa iaaandaaaa danaadaaatdanaadonaadenaadoaandoaentaaaataaaadaaaaiaaaaldanaa oot dandodoliial llllllllllllll-‘

5 10 15 20 25 30 35 40  45x10°
Altitude, It
ll. — Effect of various altitudes and engine speeds simulated by inlet conditions on mean

outlet-temperature-variation factor,

5.

Fuel-air ratio, 0.015.

0%

‘ON WY VOWN

S



. - » . 81‘*1 » .

LTTI \AR A AREASRAAER FLASULY FUE SRS MEAULE LS RS FARARBER R RARAR B ARG R ALE R LA M LR A D & R oA s SR RE AR R E B AR Trryrrroryrr e

. 3 >

s -5 (@)

- >

L Approximate fuel-air S o

o ratio required for : >

. engine operation . e
: | Altd 3

C Altitude = m

.50 | (tt) 3 &

: | ? G
C 1 » 4 <
< : e A ( |
S“ 40: r l 40,000 .: 9 -
8 ° : }\.\\ x :
5 : I (] 0 3
o 2 | 33,000 | T~ 3
5 : T g
(@] & S -
B .30F ! = .
o - -B 4

o
? = lr \ -~
[} C 3
5 a0k | 20,000 \‘N'\I\ L 3
i X | S ¢ e :
5 - ) — 10,000 R D E
jon - 54 [ p
5 3 § E
3 : | :
5 .10f | ]
o - 3
: TNACA T 3
O ALAladaadaaaa e asaatans Aaa i o dieaaadastadsaaadaaaadaaastana AL AL AL AL Al s daada oot naainannn
.009 .010 «011 .012 «013 .014 .015 .016 «017 .018 .019 «020
Fuel-air ratio
Figure 12. - Effect of fuel-air ratio on mean outlet temperature-variation factor 8. Engine speed, W

16,000 rpm.




52 NACA RM No. E7JI3

1600
q
1400
2 ¢
8
g (¢)
o D o
o 1200
()
80
s Slope = 1
(]
>
5 1000 3 ©
Q
E S O o
e
O
2k °
800 =
og 2
(O3]
E+
P 0
B o
[ (o)
§ 600 Ssdo
&
ES)
:
A o
400
400 600 800 1000 1200 1400
Upstream-thermocouple-rake average (section 2)
temperature, OF
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