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INVESTIGATION OF ALTITUDE IGNITION, ACCELERATION,
AND STEADY-STATE OPERATION WITH A SINGLE
COMBUSTOR OF A J47 TURBOJET ENGINE

By Williem P. Cook and Helmut F. Butze

SUMMARY

An investigation was conducted with a single combustor from a J47
turbojet engine using weathered aviation gasoline and several spark-plug
modifications to determine altitude ignition, acceleration, and steady-
gstate operating characteristics.

Satisfactory ignition was obtained with two modifications of the
original opposite-polarity spark plug up to and including an altitude
of 40,000 feet at conditions simlating equilibrium windmilling of the
engine at a flight speed of 400 miles per hour. At a similated altitude
of 30,000 feet, satisfactory ignition was obtained over a range of simu-
lated engine speeds. No significant effect of fuel temperature on igni-
tiogAlimits was observed over a range of fuel temperatures from 80° to
-52° F.

At an altitude of 30,000 feet, the excess temperature rise avail-
able for acceleration at low engine speeds was limited by the ability
of the combustor to produce tempersture rise, whereas at high engine
gpeeds the maximum allowable turbine~-inlet temperature became the re-
gtricting factor.

Altitude operational limits increased from about 51,500 feet at
55 percent of rated engine speed to about 64,500 feet at 85 percent of
rated speed. Combustion efficiencies varied from 38.0 to 92.6 percent
over the range investigated and decreased with a decrease in engine
speed and with an increase in altitude; higher efficiencies would have
been obtained if lower altitudes had been investigated. Comparisons
were made of the combustion efficiencies of weathered aviatlion gasoline
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and MIL-F-~5616 fuel at altitudes of 30,000 and 40,000 feet. Combustion
efficiencies obtained with MIL-F-5616 fuel were 8 percent higher at
rated engine speed and 14 percent lower at 55 percent of rated speed
than those obtained with weathered aviation gasoline.

INTRODUCTION

Experience has shown that the performance of a turbojet combustor
ig dependent on flight conditions and that poor performance ls gener-
ally encountered at high altitudes and at low engine speeds. Con-
gequently, a general program to determine the performance characteris-
tics of turbojet combustors under various flight conditions is being
conducted at the NACA Lewis laboratory with a view to establishing
optimum design criterions. Steady-state characteristics, such as al-
titude operational limits, combustion efficiency, and pressure drop,
of single combustors, both of the annular and of the can type, have
been investigated for different designs and for a number of different
fuels (for example, references 1 to 4). Altitude ignition and acceler-
ation are, of course, of great importance for multiengine planes having
one or more engines temporarily inoperative or for single-engine fight-
ers incurring blow-out at high altitudes. A study of the ignition
characteristics of several fuels in a single can-type combustor is
pregented in reference 5 and a wind-tunnel investigation of altitude
starting and acceleration characteristics of the J47 engine is reported
in reference 6.

In addition to such factors as inertia of the rotating parts and
decreased air mass flow at altitude, an important factor affecting
acceleration of a turbojet plane is the temperature rise produced by
the combustor in excess of that required to maintain the engine at
gteady-state operation for a given flight condition. This excess
temperature rise available for acceleration is normally limited for
two reasons: (1) Flame blow-out may occur as the result of over-rich
fuel-air ratios; or (2) allowable turbine-inlet temperatures may be
exceeded.

The investigation reported herein was conducted to determine the
altitude ignition and acceleration characteristics of a single J47 com-
bustor. Additionsl daba were obtalned to evaluate the altitude oper-
ational limits, combustion efficiency, and total-pressure losses of
the combustor. Ignition limits were determined at an altitude of 30,000
feet and at engine rotational speeds below and above equilibrium wind-
milling speeds for simlated flight speeds of 400 and 354 miles per hour,
respectively. Additional ignition-limit tests were made over a range of
altitudes for a simulated flight speed of 400 miles per hour and an en-
gine speed equivalent to equilibrium windmilling speed. Acceleration

CONFIDENTIAL



NACA RM SESOJ12 CONFIDENTIAL 3

characteristics were determined at a 30,000-foot simulated altitude over
& wide range of engine rotational speeds (12.7- to 88.6-percent rated
engine speed) at a simulated flight speed of 400 miles per hour at and
below equilibrium windmilling speed and 354 miles per hour above equi-
librium windmilling speed. All tests, Including those for altitude
operational limit and combustion efficiency, were made with weathered
aviation gasoline that corresponded to MIL-F-SS?Z, grade 115/145 fuel,
from which 15 percent of the more volatile constituents had been re-
moved to simulate altitude vaporization losses. Limited tests for
comparisons were made with MIL-F-56816, & kerosene-type fuel that is the
design fuel for the J47 combustor.

APPARATUS

The ingtallation of the J47 combustor photographically shown in
figure 1 followed typical NACA procedure (reference 1). A diagrammatic
sketch of the complete experimental setup showing the location of con-
trol equipment as well as the location of ingtrumentation planes is
presented in figure 2. Instead of an electric preheater, a gasoline=-
fired preheater (reference 4) was used. A detailed cross-sectional
sketch of the combustor (including inlet and outlet diffusers having
the same contour and dimensions as the corresponding engine parts) is
shown in figure 3. Fuel was supplied to the combustor by means of a
duplex~type spray nozzle; the rate of fuel flow was controlled by a
manual valve located downstream of a calibrated rotameter and a high-
pressure pump and separated from the nozzle by approximately 10 feetl
of 3/8-inch outside-diameter tubing. Ignition was effected by means
of one of three different types of spark plug, a description of which
follows.

Plug A. - Two single electrodes of opposite polarity entered from
diametrically opposed holes in the combustion chamber and formed a

1/4-inch spark gap at the center line of the combustor, 3% inches from

the domed inlet end (fig. 3). This plug, made at the Lewis laboratory
according to the mamifacturer's recommendation, ubtilized most of the
machined bodies of production plugs and had special porcelain insula-
tors and center electrodes of 1/8-inch inside-diameter alloy tubing
through which was passed cooling air from the combustor-inlet diffuser.
Plug A was used for most of the ignition tests and all other tests
reported herein.

Plug B. - This plug wae an experimental, opposibe-polarity spark
plug supplied by the manufacturer. The electrodes, instead of enter-
ing from opposite sides of the combustor, were about 110° apart and
formed a l/4—1nch gap at the same position a8 plug A. The cooling air
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for this plug entered through a 1/2-inch hole in the skirt of the plug;
the hole was locabted between the combustor housing and the liner and
faced upstream. The air entering the plug through this 1/2-inch hole
then divided, a portion blanketing the exposed porcelain and the re-
mainder passing down the hollow center of the electrode tubing
(0.146-in. 0.D.) and thence into the combustion chamber.

Plug C. ~ This plug was the game as spark plug B except that the
1/2-inch air holes in the skirt of the plug were reduced to a 1/4-inch
diameter.

A standard ignition coil supplied by the manufacturer was used
in conjunction with all three spark plugs.

INSTRUMENTATION

Air flow and fuel flow to the combustor were metered by a standard
A.S.M.E. thin~-plate orifice and by calibrated rotameters, respectively.
Temperatures and pressures of the inlet air were measured by two single-
Junction iron-constantan thermocouples and by three, three-point total-
pressure rakes and one stabtlc-pressure tap, respectively, located at
plane A-A (fig. 2) and arranged as shown in figure 4.

Temperatures of the combustor-exit gases were measured by seven
banks of five-junction chromel-alumel thermocouple rakes located at
plane B-B (fig. 2), corresponding approximately to the position of the
turbine blades in the complete engine. Combustor-exit gas total pres-
sures were measured at plane C-C (fig. 2) by seven banks of five=-point
pressure rakes; a wall static-pressure measurement was made at the same
plane. All total-pressure and temperature probes (fig. 4) were located
at the centers of equal areas, resulting in one pressure and one tem~
perature reading for each 0.916 square inch of cross-gsectional area.
Fuel temperatures were measured by a single-junction iron-constantan
thermocouple in the fuel line immediately ahead of the combustor.

PROCEDURE

In order to investigate altitude ignition and acceleration, it
is neceBsary to determine the engine operating conditions that would
be encountered at the sudden opening of inlet-air gates to & parasitic-
type engine at a given altitude and flight speed. Transient inlet-
air conditions below equilibrium windmilling speed were calculated for
an altitude of 30,000 feet and a flight gpeed of 400 miles per hour
(using a derivation included in the appendix) and are given in
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figure 5(a). Combustor operating conditlons et equilibrium windmill-
ing (2100 rpm or 26.6 percent of rated speed) and for rotational speeds
between windmilling and rated speed (7900 rpm) were determined from
previous NACA investigations (reference 7) and are shown in figure 5(b).

For the ignition tests, inlet-air conditions were adjusted to
similate a given flight condition, the spark plug was energized, and
the fuel flow turned on. Only ignition occurring within 45 seconds
after the opening of the fuel valve, as indicated by a sudden rise in
the combustor-ocutlet temperature, was considered satisfactory. Various
fuel-flow rates were investigated. Data were taken at various altitudes
at equilibrium windmilling conditions with fuel temperatures varying
between 70° and 80° F, (normal test-cell conditions) and with the fuel
meintained at the temperature of the amblent air at the simulated al-
titude. Additional ignition data were taken at an altitude of 30,000
feet for engine rotational speeds above and below equilidbrium wind-
milling speed and with a fuel temperature of 70° to 80° F.

Acceleration tests were conducted by two methods, a slow-throttle
and a rapid-throttle advance. For the slow-throttle advance, inlet-
air conditions and fuel-flow rate were adjusted to simmlate a given
altitude and rotational speed. Then, with inlet-air conditions held
congtant, the fuel flow was slowly increased until blow-out or exces~
sive temperatures (above 1700° F, considered by the mesmufacturer to
be the limiting turbine-inlet temperature) were encountered. The dif-
ference between the initial combustor-outlet temperature, required to
meintain steady-state engine operation, and the final outlet tempera-
ture was taken &@s a measure of the ability of the combustor to produce
acceleration, For tests at or below equilibrium windmilling speeds,
the entire temperature rise across the combustor may be consldered to
be avallable for producing acceleration. For the rapid~throttle-—
advance tests, the inlet-air conditions and fuel-flow rates were ad-
Justed as before; the fuel flow was then increased in 3 seconds to a
value registered on the rotameter equal to three-fourths of the maximum
fuel-flow rate obtained with slow-throttle advance. If flame blow-
out did not occur, the procedure was repeated to successively higher
fuel-flow rates., Combustor-outlet temperatures attained after sta-
bilization of combustion were used in the rapid-throttle tests be-
cauge of the difficulty in determining with thermocouples the instan-
taneous average temperature at the end of the 3-second throttle advance.

Altitude operational limits and combustion efficiencles at various
simulated-flight conditions were determined. Inlet-air temperature,
pressure, and mass flow were set for the particular flight condition
investigated and the fuel flow adjusted to give the required combustor
temperabure rise. Conditions at which the required temperature rise
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could not be attained were considered to be in the inoperable range
of the engine. All data were taken with the spark plug de-energized.

In order to simlate more closely operation at altitude, a limited
number of tests was repeated with the fuel at altitude ambient-air
temperature rather than at room temperature. The test fuel used dur-
ing the greatest part of the investigation was weathered aviation gaso-
line, corresponding to MIL-F-5572, grade 115/145 fuel, from which
15 percent of the more volatile constituenis had been removed to simu-
late altitude vaporization losses. Comparison tests were made with
MIL-F-~5616 fuel, the design fuel for the J47 combustor. Physical data
for the two fuels are presented in table I.

Combustor inlet-air and outlet-gas total pressure were also re-
corded for the determination of the pressure drop through the combustor.

Calculations

Combustion efficiency, as used herein, is arbitrarily defined as
the ratio of the increase in enthalpy of the air and combustion products
to the heat available in the fuel, and was calculated as described in
reference 8. Thermocouple indications were taken as true values of
tobal temperature with no correction for radiation or stagnation ef-
fects. In order to record combustor pressure losses on a dimensionless
basis, the ratio of the pressure loss to a reference dynamic pressure
was used. The reference dynamic pressure was computed for each ex-
perimental condition from the air flow through the combustor, the den-
gity at the combustor inlet, and the maximum cross-sectional area of
the combustor housing. :

RESULTS AND DISCUSSION
Tgnition

The results of the ignition tesits are shown in figure 6 for the
J47 combustor operating with weathered aviation gasoline (fuel tem-
perature 70° to 8o° F) and with spark plug A. With inlet-air conditions
to the combustor gimulating a flight speed of 400 miles per hour and
the engine windmilling at 26.6 percent of rated speed (the eguilibrium
windmilling speed for this flight speed), ignition was obtained up to
and including an altitude of 40,000 feet. The time required for ignl-
tion to occur increased from 3 seconds at 25,000 feet to 15 seconds at
35,000 feet and to 45 seconds at 40,000 feet. No ignition was obtalned
at 45,000 feet with any fuel flow applied. The range of fuel flows
over which ignition occurred decreased significantly as the altitude
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increased. At 30,000 feet a variation of about 110 percent from a
starting fuel-air ratioc of approximately 0.015 was possible; whereas
at 40,000 feet the allowable variation from this fuel-air ratio was
legs than 42 percent.

At a simulated altitude of 30,000 feet and a flight speed of
400 miles per hour, satisfactory ignition was obtained with spark plug A
at windmilling conditions ranging from 12.7 to 26.6 percent of rated
engine speed. At this same altitude and a flight speed of 354 miles
per hour, ignition was satisfactory at steady-state conditions ranging
from 26.6 to 88.6 percent of rated speed. No difference in results was
obtained with the fuel at room temperature and with the fuel cooled %o
altitude ambient-air temperature.

With spark plug B, ignition was obtained only up to and including
30,000 feet for conditions simulating equilibrium windmilling at a
Tlight speed of 400 miles per hour. With spark plug C, the results
were the same as with plug A; thus the reduced flow of cooling air to
the electrodes served to improve the ignition performance of plug C
over that of plug B.

Acceleration

The combustor temperature rise obtained with a slow~-throttle ad-
vance is shown in figure 7 ag a function of fuel-air ratio for various
windmilling and steady-state operating conditions at an altitude of
30,000 feet. For the range of speede investigated, from 15.2 to 63.3
percent of rated engine speed, the maximim obtainable temperature rise
is limited by blow-out.

In order to show more clearly the effect of increasing engine
speed, values of maximum obtainable temperature rise for both slow-
and rapid-throttle advance at an altitude of 30,000 feet have been plot-
ted in figure 8 as a function of engine speed. Maximum-temperature-
rise values for the slow-throttle advance were taken from the blow-out
points shown in figure 7; values for the rapid-throttle advance were
obtained from the temperatures attained after stabilization of com-
bustion. Rapid-throttle advance, as previously explained, consisted
of a 3-second advance of the fuel throttle to the maximum opening pos=-
sible without resultent blow-out. Also shown in figure 8 are the
temperature rise required for steady-state operation of the engine at
this altitude and flight speed (as calculated from the curves in
fig. 5(b)) and the maximum sllowable temperature rise based on a limit-
ing turbine-inlet temperature of 1700° F.
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With the rapid-throttle advance, the maximum obtainable tempera-
ture rise increased from 880° P at about 32.5 percent of rated speed
to 1500° F at 75 percent of rated speed. Further temperature increases
at engine speeds above 75 percent of rated speed were prohibited by
excessive combustor-outlet temperatures. With slow-throttle advance,
at conditions simnlating steady-stabte engine operation at a flight
gpeed of 354 miles per hour, the maximum obtainable temperature rise
increased from 1040° F at about 31.5 percent of rated speed to 1550° F
at about 66.5 percent of rated speed and adain was limited by the ex-
cesgive combustor-outlet temperatures encountered at the higher engine
speeds. At windmilling conditions (26.6 percent of rated engine speed
and below), the maximum temperature rise that could be obtained with
slow-throttle advance decreased from 1590° F at 15.2 percent of rated
speed to 720° F at 26.6 percent of rated speed.

The excess temperature rise avallable for acceleration - that
is, the difference between the maximum temperature rise obtainable
and the temperature rise required for steady-state engine operation -
is shown in figure 9 for both slow- and rapid-throttle advance. The
golid curve with negative slope represents the difference between al-
lowable temperature rise (based on a limiting turbine-inlet temperature
of 1700° P) and the temperature rise required to maintain steady-state
engine operation. Thus, it is evident that in the low speed range,
the excess temperabture rise available for combustion is limited Dby the
ability of the combustor to provide temperature rise;y whereas at the
higher engine speeds the temperature rise avallable for acceleration
ig limited by the maximum allowable combustor-outlet temperature be-
cause the combustor is capable of producing outlet temperatures ex-
ceeding 1700° ¥, The dashed curve in figure 9 shows calculated values
of excess temperature rise available for acceleration at simmlated
sea-level flight conditions, again based on & limiting combustor=-ocutlet
temperature of 1700° F. ZLow-altitude conditions are favorable for com-
bustion, and experience has shown that combustor-outlet temperatures in
excess of 1700° F can be attained at these conditions. Thus, at sea-
level conditions the temperature rise available for acceleration is
limited throughout the entire range of engine speeds by the maximum
allowable turbine-inlet temperature of 17000 F,

A comparison of the sea~level and the experimental 30,000-foob
temperature-rise curves of figure 9 shows that in the low speed range
the excess temperature rise available for acceleration is much greater
at sea level than at altitude, & factor that contributes toward the
lower rate of acceleration encountered at altitude. Another importent
factor, of course, is the decreasse in air mass flow rate at high alti-
tudes while the inertia of the rotating parts remains constant as was
previously mentioned.
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Altitude Operational Limits

The altibtude operational limits of the J47 combustor operating
with weathered aviation gasoline at a flight Mach number of 0.52 are
presented in figure 10. The altitude-limit curve was established by
interpolation between data points obtained at two simmlated altitudes
5000 feet apart: one at which the reguired temperature rise was ob~-
tained and one at which it was not obtainable. The manner of inter-
polation was based upon observation of the combustor during the test.
The determination of the altltude limits was restricted to engine ro-
tational speeds between 55 and 85 percent of rated speed because at
the low end of the speed range the required low combustor inlet-air
temperatures were limited by the laboratory facilities; whereas at the
high end of the speed range the ability of the thermocouples to with-
stand the high combustor-outlet temperatures required was the restrict-
ing factor. Figure 10 shows that the altitude operational limits in-
creased from 51,500 feet at 55 percent of rated engine speed to
64,550 feet at 85 percent of rated speed. With the slow-throttle ad-
vance used in this phase of the investigation, no flame blow-out was
encountered.

Combustion Efficiency

Combustion efficiencies obtained with the J47 combustor operated
at various simlated altitudes and engine speeds with room~temperature
weathered aviation gasoline are shown in figure 10, The combustion
efficiencies varied from 39.0 to 92,6 percent at the conditions in-
vestigated and followed the general trends typical of gas-turbine
combustors, decreasing with a decrease In engine speed and with an in-
creage in altitude. The constant combustion-efficiency lines shopm in
figure 10 were obtained by interpolation between the values of effi-
ciency obtained at the test points. Operation of the combustor with
fuel at altitude ambient-air temperature resulted in random variations
in combustion efficiency of 0 to about 2 percent from those shown in
figure 10; thus, for the conditions investigated, fuel temperature had
little effect on combustion efficiency.

A comparison of the combustion efficlencies obtained with
MIL-F-5616 fuel, the design fuel for the J47 engine, and with weathered
aviation gasoline at various engine speeds and at altitudes of 30,000
and 40,000 feet is shown in figure 11. At both altitudes and at rated
engine speed, combustion efficiencies obtained with MIL-F-5616 fuel
were about 8 percent higher than those obtained with weathered aviation
gasoline; at 55 percent of rated engine speed, however, operation with
MIL-F-5616 fuel resulted in a decrease of about 14 percent in combustion
efficiency.
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Pressure Loss

The total-pressure loss across the combustor is shown in figure 12.
The ratio of the total-pressure loss to & reference dynamic pressure
AP/qr is plotted against the ratio of the inlet-air density to the
exhaust-gas density pl/pz and a straight-line correlation was obbained.
Figure 12 indicates that the total-pressure loss ratio increased from
12.3 to about 16.1 as the density ratio increased from 1 to 2.6.

SUMMARY OF RESULTS

From an investigation of the ignition, acceleration, and steady-
state operational characteristics of a single combustor of a J47 engine
using weathered aviatlon gasoline with opposite-polarity spark plugs
at slmulated flight conditions, the following results were obtained:

L. With combustor inlet-air conditions simnlating equilibriunm
windmilling at a flight speed of 400 miles per hour, satisfactory ig-
nitlon was obtained with spark plug A up to and including 40,000 feet.
No significant effect of fuel temperature on ignition was observed
over the range of fuel temperatures investigated.

2. At a simlated altitude of 30,000 feet, satisfactory ignition
wag obtained with spark plug A over a speed range from 12.7 to 26.6 per-
cent of rated engine speed, representing windmilling conditions, and
over & range from 31.8 to 88.6 percent of rated speed, representing
steady-state operation of the combustor.

3. The altitude ignition limit of the combustor was significantly
increased by a reduction in the quantity of cooling alr supplied through
the electrodes of the experimental spark plug (plug B) furnished by
the manufacturer.

4. At an altitude of 30,000 feet, the excess temperature rise
avallable for acceleration at low engine speeds was limlted by the
abllity of the combustor to produce temperature rise, whereas at high
englne speeds the maximum allowable turbine-inlet temperature was the
restricting factor.

5. The altltude operational limits increased from sbout 51,500 feet
at 55 percent of rated engine speed to about 64,500 feet at 85 percent
of rated speed.

6. The combustion efficiencies varied frdm 39.0 to 92.6 percent,
decreasing with a decrease in engine speed and with an increase in
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altitude. Higher efficiencies would have been obtained if lower al-
titudes had been investigated. No significant effect of fuel tempera-
ture on combustion efficiency was observed over the range of fuel
temperature investigated (80° to -52° F).

7. At altitudes of 30,000 and 40,000 feet the combustion effici-
encies obtained with MIL-F-5616 fuel were about 8 percent higher at
rated engine speed and 14 percent lower at 55 percent of rated speed
than those obtained with weathered aviation gasoline.

8. The pressure-loss ratio increased from 12.3 to 16.1 when the
density ratio was raised from 1 to 2.6,
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APPENDIX - CALCULATION OF COMBUSTOR OPERATING CONDITIONS
Symbols

The following symbols are used in the calculations:

M Mach number

N engine rotational speed

P sbsolute total pressure

D ebsolute static pressure

T abgolute total temperature

t absolute static temperature

v true flight speed

W, mass alr flow per unit time through compressor

4 gspecific~heat ratio for sair

o] total pressure divided by standard sea-~level pressure
6 total temperature divided by standard sea-level temperature
Subscripts:

0 engine inlet (ambient conditions)

1 compressor Iinlet

2 combustor inlet (compressor outlet)

3 combustor outlet

)

two different engine operating conditions

S5.L. sea level
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Combustor-Inlet Conditions with Engine Windmilling
In order to obtain combustor operating data at transitory engine
rotational speeds that would be encountered during the opening of the
intake gates (closed during nonoperation) of an auxiliary flight turbo-
Jet instaellation, corrections were applied to engine equilibrium wind-
milling data as shown in the following discussion.

Alr flow. - In general, the mass flow of air through a compressor
is given by

Va2 Nz P13 Ty 1)
Va,y Ny D1,y %,z

where the subscripts y and 2z represent two different engine oper-
ating conditions. It can also be shown that

¥l ., 2
T1=t1(1+"?:"' 1) (2)

If no external heat is added to the alr during its passage through the
engine inlet diffuser,

T, = T | (3)

Also, as in equation (2)

To=to(l+-—é——1v102) o (4)

If the velocity of the air leaving the diffuser and entering the com-
pressor is assumed to be zero (approximate only),

Ty = by (5)

From the preceding equations,

-1
b = tg (1 + L= M02> ()
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Thus,

(7)

yl . 2
tl:y = 0,y (l 73 MO;Y )
t 7-1 2

1 -1
A PP <1 + 5N, >

If both operating conditions are assumed to be for engine operation at
the same altitude,

t0,y = 0,2
and
7-1 2
T, \1.ZL, 2
’ + 5 MO,Z
For an assumed diffuser efficlency of 100 percent,
Substituting from equation (9) and assuming the diffusion process is
isentropic,
2.
p, P VA
B_lo_ ._9.> (10)
o Po \%
Substituting equation (4) into eguation (10)
2
1 7-1
n [0 1+ B
P )
or
L
y1 2\
b, = B, <i + =My ) (11)
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Thus
A
1, 2
1+12M
P12 _ 20z ( z 0 ) (12)
P, "
o 7, 2\t
141k )
pO,Y( 2 0,y
applying the same assumptions as applied to equation (8)
pO,z = pO,y
and
e
7-1
y-1 2>
Loz . (l 7 Yo (13)
b 7
L,y e
7=l 2)7-1
1+ TMO,y
Substituting equations (8) and (13) into equation (1) yields
2
y-1
- v [1+ 2k, P
ﬁézi = ﬁi 31 ’ (14)
5,y Ty\1+ L= E
2

Available operating dats included the equilibrium windmilling speeds

of the J47 turbojet engine abt various flight speeds and the mass air-
flow rate through the engine at equilibrium windmilling speeds from
1000 to 2100 rpm. Application of these data to equation (14) enabled
the calculation of mass air flows at a flight speed of 400 miles per
hour at engine rotational speeds other than the equilibrium windmilling
speed.

Inlet pressure. - In addition to equilibrium windmilling speeds at
various flight speeds, the operating data of the J47 burbojet engine
also included the combustor-inlet total pressures at various equilibrium
windmilling speeds. In order to determine combustor-inlet total
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pressures abt rotabtional speeds encountered during the opening of the
intake gates (that is, trensitory windmilling speeds less than the
equilibrium windmilling speed corresponding to the particular flight
speed), the data were corrected as subsequently shown. Assumed per-
formance data are:

True Equilibrium
flight | windmilling
speed | speed

Vy Ny
VZ NZ

At the same rotational speed at different flight sypeeds,

o)y, = Brly, = (8%)y (25)
(2,); = (Py)y_ = (0B,) (18)
2'v,,m, T V1vy T ey,
Subtracting equation (15) from equation (16) yields
B lym, = By, m, + (Bly, = (Brdy, (17)

Assuming that the diffuser efficiency is 100 percent and the velocity
of the air leaving the diffuser is approximately zero,

7

y-1 . 2\7-1

By substitution in equation (17),

Y
7-1 7-1| (18)
7=l 2 yaa
i = - -
Coly w, = By, w30 | (20 B 0) - (e B )
or
(®.) = (P,) + P, (rem ratio_ =~ ram ratio_ ) (19)
2'v,,m, = “F2'v,,m, * Po v, v,
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Thus, if the combustor-inlet total pressure is known for an equilibrium
windmilling speed at one flight speed, the inlet total pressure can be
calculated for the same windmilling speed at another flight speed.

Inlet temperature. - The tobal temperatures of the air at the
combustor inlet for various engine windmilling speeds abt altitude con-
ditions were determined by addition of a small temperature rise (3° to
20° F) caused by windmilling of the engine (altitude-wind-tunnel re-
search) to the total temperatures of the air at the compressor inlet
(equations (3) and (4)).

Combustor-Inlet Conditions for Normal Operation

Combustor operating condibions during normal engine operation at
altitude were obtained by adjusting the data from an investigation of
a complete engine operated at a simulabed Mach number of 0.52. The
following values were plotted (fl 5(b)) against percentage corrected
rated engine speed: TZ/TO, TS,TO, W'/_7a, and PZ/S, These values

were then reduced to the uncorrected values abt the various altitudes
by appropriate treatment with &, 6, or Tg, and replotted. A
working plot of the uncorrected values is not included in this report.
Engine-inlet temperature Tp is given by equation (4), and & and
9 were determined as

P 1.2

’sn. Ps.i.

7-1
To to(1.2) 7

9 =
ts.L.

(21)
ts.1.
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TABLE I ~ ANALYSIS OF FUELS USED

A.S.,T.M. distillation | MIL~F-5616 | MIL-F=~5572
D 86-46, °F grade 115/145
(weathered)
Initial boiling point 312 120
Percentage evaporate
10 : 329
20 333
30 338
40 342
50 347 210
60 353
70 361
80 373
S0 393
Final boiling point,
oF 446 333
Reid vapor pressure,
1b/sq in. 0 4.2
Specific gravity at
60° F/60° F 0.791 0.718
TEL, ml/gal 0 5.32
H/C 0.164 0.182
Net heating value,
Btu/1b ' 18,670 18,950
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C. 24891

Figure 1. ~ Single J47 combustor in test setup.
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Figure 2., - Diagrammatic sketch of J47 combustor test setup.
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Figure 3. = Sketch of J4T combustor showing relation of various components.
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Figure 4. - Location of Instruments at several instrumentation planes.

ZTLOGES WY VOVN

TVILNIITANOD

a2



NACA RM SE50J12 CONFIDENTTAL

28

] T T
udw Dok ‘padds JUBTLF SUTTTIMPULA WNTIQETTNDE

— —4—~——=— = —9q——— %~ + —

N \

24

NACA

20

25,000 |~

15,000 .~
‘FS;OO "

Altitude
(%)

12

[=] \o o <« -+

[ ° . . .

q ~ —~

o898 \n,,_... ‘1o snquod YBNOIY} MOTI ITY

wdu Doy ‘peeds quBTTS ‘BUTTTIUPUTA UNTIQTIFnbE
i bl ol w A Do il e W

2.4

28

L

20

Engine speed, percent rated

15,000 _L—t+"""]

Altitude
(£t)

|t
16

35,332 and above |—T"" |

12

124 Q (] o [=]
O = [ n/-u

Jdo ‘omgsradwe) 35TUT-I03SNAUOD

=40

28

fudm Goty ‘Do5dS JUBITS PUFTTIWPUTA UNTIQTTTNDE

| — _I lllll -

24

20

|
Altitude
(£t)
15,000
000
35,000
45,000

25,
16

—

_ ‘

T 9§ = =

ol
24

sgnTosqe B *ul ‘aanssoxd 39TUT-I03SNqWOD

Data calculated from NACA altitude-wind-tunnel investigation (reference 7) by method
given in appendix.

(a) No burning; engine windmilling with f£light speed of 400 miles per hour.

Figure 5. - J4T combustor operating conditions.
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Figure 5. - Concluded. J4T combustor operating conditions. Data calculated from NACA altitude-wind-tunnel investigation (reference 7) by method given
in appendix.
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Figure 6, - Altitude-ignition trials with fuel MIL-F-3572, grade 115/1#5
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(a) Flight speed 400 miles per hour and engine windmilling
at speeds up to 26.6 percent of rated speed (equilibrium
windmill speed at 400 mph).

Figure 7. - Temperature rise obtalnable with various fuel-air

ratios in J47 single combustor at conditions simulating
altitude of 30,000 feet. Fuel, MIL-F-5572, grade 115/145
(weathered).
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(b) Engine speeds of 25.3 percent rated and higher; flight speed, 354 miles per hour.
Figure 7. - Concluded. Temperature rise obtaingble with various fuel-air ratios in

Jb7 single combustor at conditions simulating altitude of 30,000 feet., Fuel,
MIL-F-5572, grade 115/145 (weathered).
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Figure 8. - Values of temperature rise required and obtainsble in J4T single combustor over range
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of engine speeds at conditions simulating altitude at 30,000 feet. Fuel, MIL-F-5572, grade

115/145 (weathered).
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Figure 9. - Excess temperature rise available for engine acceleration:
maximum obtainable temperature rise (ATp..) minus temperature rise

required for operation (ATreq)' J¥7 single combustor; fuel,
MIL-F-55T72, grade 115/145 (weathered); flight Mach number, 0.52.



NACA RM SES0J1z

Altitude, ft

CONFIDENTIAL

1 T T T T T ]
o Required outlet temperature unobtainable
0 Required outlet temperature obtainable
Altitude operating limits
| ———Combustion efficiency
Values adjacent to test points and on
curves are combustion efficiencies
70103
I r:
//
60 ] ﬂL?o.z 33-;——/6)
/ y
o // 52.5/ 97’-"-9 / / ‘87.0'6)
/ 7 /
50 39.0 —-$60.8 —&78. 1/
/ 4 /]
50.8 < ©63.5 1.8 90.1;7—T
P / 14
40 56,0 90— $68.8 / $85.5 1 —»#190.2 ¢
e / /
7 /7
. L) { Th.9 ; 86.04
57 / g
30 g 965.8 YR 90.1 92,69
Vd
80/ /
®67.5 &78.8 ya 83.0 7 —992.4 92.6
90
P ; |
7/ v
20 ~ %90/.7/
. v
%78.0 ’,—4t80.0 7
& 7
10 _ 7~ A
v
88.87 <
o ] "m ]
4o 50 60 70 80 90 100

Engine speed, percent rated

Figure 10. - Combustion efficiencies and altitude operating limits of JuU7

single combustor at various engine speeds and altitudes.

grade 115/145 (weathered); flight Mach number, 0.52.
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Figure 1l. - Combustion efficiency of J4T single
combustor with MIL-F-5616 and MIL-F-55T72, grade
115/145 (weathered) fuels at 30,000- and 40,000-
foot altitudes and various engine speeds. Flight
Mach number, 0.52,
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