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By George F. Kinghorn and dohn H. Disher

SUMMARY

In order to determine the performsnce of rem=-Jet units in
flight et supersonic speeds and to study methods for improving the
performence, an Investigetlon of a serles of 16-inch-dlemeter rem-
Jet engines ls being conducted in free flight. Supersonic flight
gpeeds are obtalned by relessing the unlt from an ailrplane at an
eltitude of approximately 30,000 feet emd allowing the engine
thrust and the force of gravity to accelerate the unite.

During the first flight, a Mach number of 1.42 was reached.
At this condltlon, the thrust coefficient exceeded the dreg cosf-
filclent by 0.20. Partial fallure of the telemetering equipment
prevented a coamplete evaluatlon of the engine performence.

INTRODUCTION

Theoretical celculstions have indiceated that high thrust
cosfficlents and low specific fusl consumption may be obtalned
with rem~jot units at supersonic flight speeds (reference 1);
however, very little experimental performence dste are gvallsble
et these speeds. In order to measure the actual performence of
rem~Jet tnits end to study methods of lmproving the performence,
an investligetion of rem=-Jet units is. being conducted In free
flight. The method used to atteln supersonic flight is to release
the engine from en alrplene at epproximately 30,000 feet altlitude
and to ellow the engine thrust and the force of gravity to accel-
erete the ram-Jet unit. These flight experiments are being con-
ducted over the Atlentic Oceen near Wallops Islend, Virginia.

The first rem~Jet unit to be investigated was designed for
efficient diffuser operation at free-stream Mach rumbers from
1.33 to 1.80 with e maximum combustion-cheamber velocity of
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approximately 165 feet per second. Other engines are'being
deslgned for higher flight Mach numbers end combustion-chamber
velocities.

The results obtained in the first flight are discussed herein.
Failure of part of the telemetering eguipment during the flight
prevented a complete evaluation of the engine performance. Suf-
ficlent data were obtained, however, to determine the difference
between the thrust and the drag of the engine at Mach numbers
between 0.80 and 1.42,.

APPARATUS AND INSTRUMENTATION

A photograph of the first supersonic 16-inch ram-Jjet unit
investigated (designated model 16-A-1) is shown in figure 1 and
a schematlc cross-sectional view of the unit is presented in
figure 2. The inlet dlameter is 8 inches, the outlet diameter is
11% incheg, and the over-all length excluding the telemetering
antenna 1is 164%‘ inches. The gross welght is 520 pounds. A single
obligue shock-type diffuser with no internal contraction ratio is
used. A central body (figs. 2 and 3) located within the diffuger
contains an eight-channel telemetering transmitter, a fuel system,
and a tubular tank in which nitrogen is stored at a pressure of
3000 pounds per square Inch. A schematic drawing of the fuel
system is shown in figure 4. The fuel-flow regulator controls the
flow of nitrogen into the fuel tank in order to give a fuel pres-
sure approximately four times the absolute free-stream total pres-
sure throughout the flight. In order to maintain fairly high fuel
pressures at low flow rates, fuel was injected into the combustion
chember by three separate systems of spray nozzles. Spring-losded
pressure reducing valves shut off the fuel flow in the second and
third spray systems at fuel pressures below 50 and 100 pounds per
square Inch gage, respectively. The fuel used was 73-octane
gasoline (AN-F-23A). A ducted-airfoll-type flame holder with
intermediate gutters (fig. 5) was chosen for the ram-jet unit on
the basis of results from preliminary ground investigations. Com-
bustion was initiated by two electrically ignited flares mounted
upstream of the flame holder.

The following data were transmitted by the telemetering unit:
1. Axial acceleration

2. Free-atream total pressure




908

NACA BM No. ESA26 — 3

3. Free-stream static pressure

2 inches downstream of air

4. Static pressure in diffuser, 48

inlet

5. Dynemic pressure in diffuser, 65 inches downstreasm of air
inlet

6. Total pressure at end of diffuser
7. Static pressure at engine-exhaust outlet
8. Pressure drop across orifice-type fuel flow meter

Because of the location of the stabic orifices on the anbtenna,
the free-stream statlc-pressure measurements will be somewhat in
error at subsonic speeds unless the diffuser-inlet velocity is
approximately equal to flight velocity.

The total pressure at the end of the diffuser weas measured by
elght total-pressure tubes, which were connected to a common mani-
fold in order to obtaln a pressure that was approximstely the
average of the total pressures at the elght positions. The dynamic
pressure ln the diffuser was measured wlth eight total-pressure
tubes and two static-pressure tubes, which were connected in such
a way as to obtain an average dynamic pressure. A sharp-edged
orifice, 0.85 inch in diameter, was used to measure fuel flow.

Radar equipment and phototheodolite equipment were used to
obtain a time history of the positlon of the engline with respect
to0 g point on the ground during the flight.

CALCULATION FROCEDURE

The velocity and the Mach number of the engine during flight
were calculated from radar and phototheodolite records and from
free-stream total- and static-pressure and amblent-air temperature
measurements. Ambient-air temperature was obtalned from an atmos-
pheric survey made with the alrplane immediately after the release
of the ram-Jet'unit.

Failure of several channels of the telemetering equimment to
operate satisfactorlly prevented a complete evaluation of engine
performence. The accelerometer reasdings, dynamic pressure in the
diffuser, total pressure at the combustion-chamber inlet, and the
fuel flow were not obtained. Without these pressure and fuel-flow
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readings, the engine thrust, external drag, diffuser efficiency,
and. combustion efficliency could not be obtalned. The acceleration
could be obtalned, however, by differentiating the veloclity-time
curve: from this acceleration, the net force on the unit could be
determined. The net thrust (ram-jet thrust minus external drag)
was obtained by subtracting the component of the acceleration

of gravity in the direction of motion from the calculated axial
acceleration and multiplying the result by the mass of the ram-jet
unit.

Because of incomplete radar records and the inaccuracy of the
free-stream total-pressure data at low pressures, veloclity and
acceleration data are not presented for the first 25 seconds of the
flight.

RESULTS AND DISCUSSION

A plot of the telemeter data recorded by the two ground sta-
tions during the flight is shown in figure 6. The tailed points
indicate data recelved by telemetering station 2. The telemeter
records are continuous and the data were read at l-second intervals
if possible. Blank sections of the curves Indicate that no signal
or an Indlstinct signal was recelved during that part of the
flight. The statlic pressure recorded lmmediately before impact
was 14.7 pounds per squere inch, which colncides with the baro-
metric pressure at sea level at that time.

High values of the static pressure inside the diffuser
(fig. 6) indicated internal subsonic flow throughout the flight.
Fairly good diffuser-pressure recovery would thus be expected.

The static pressure at the engine outlet (fig. 6) is approximately
equal to the amblent-air pressure during the first 40 seconds of
the flight. At 40 seconds, the engine-outlet static pressure
diverges sharply from the ambient-alr pressure, which indicates
that choking has been attained in the nozzle. The choking occurred
at a free-stresm Mach number of approximately 1.25.

The veriation of altitude with time after release is shown in
figure 7. The altitude was determined from free-stream static
pressure and the atmospheric survey made by the launching plane.

The variation of f£light veloclties from both telemeter data
and radar records with time after release 1s shown in figure 8.
The velocltlies determlined by the two methods agree satisfactorily
even at subsonic speeds. No radar records were obtained prior to

24 geconds or during the last 5 seconds of the flight.
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The variation of flight Mach number, axial acceleration (not
including the acceleration of gravity), and the difference between
the thrust coefficient (ram-jet thrust per free-stresam dynamic
pressure per combustion-chamber area) and the drag coefficient -
(external drag per free-stream dynemic pressure per combustion-
chamber area) with time after release for the last 20 seconds of
the flight is shown in figure 9. The Mach number was 1l.42 at the
end of the flight, which was 43.7 seconds after release. The net
acceleration attained a maximum value of 1.72 times the accelera-
tion of gravity and the difference between the thrust coefficient
and the drag coefficient was 0.20 at a Mach number of 1.42. The
drag exceeded the thrust until a Mech number of approximately 0.87
was reached. The low values of the thrust coefficlent minus the
draeg coefficient in the range from 25 to 28 seconde is attributed
to a low fuel-flow rate. The lean fuel-alr ratlo 1s bellieved to
have been caused by imperfect fuel-regulgstor action gt the low
free-stream total pressures. Intermittent traces of fuel flow
on the telemeter record tend to confirm this belief. The low
acceleration during the first part of the flight prevented the
ram-Jet unit from reaching a higher Mach number before reaching
the water.

SUMMARY OF RESULTS

From limited data obtalned during a free-flight investigation
of a supersonlic l6-inch-diameter ram-Jjet unit, the following
results were observed:

1. A maximum free-stream Mach number of 1.42 was attained
during the flight.

2+ The thrust coefficient exceeded the drag coefficient by
0.20 at a Mach number of 1.42.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio.
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Figure 1. - Supereonic 16-inch ram-jet unit mofel 16-A-1.
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(a) Three-guarter front view.

INCHES C-20035
(v) Three-q_ﬁarter rear view,

Figure 5, - Flame holder for supersonic l6-inch ram-Jet unit. model 16-A-l.
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Figure 7, « Variation of altitude with time after release
of supersonlic l6-inch ram-jet unit, model 16-A-l.
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Pigure 8. - Varlation of veloclties from telemeter and radar
data with time after release of supersonic 1l6-inch ram-jet

unit, model 16-A-l.
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Figure 9. = Variation of axial acceleration, Mach number, &nd
thrust coefficlient minus drag coefficient with time after
release of supersonic lé-inch ram-jet unit, model 1l6-A-l.




