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SUMMARY

The investigations conducted at Cornell Aeronautical Laboratory with

valveless pulsejet engines from October 1949 to September 1951 and the

whirling arm tests of 0-inch valveless pulsej ets conducted at the Chesapoake

Bay Annex of the Naval Rf. earch Laboratory between January 1951 and September

1951 are described.
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INTRODUCTION

In 194c studies ot wave phenomena in pulsejet engines and acoustic jets

indicated the possibility of building valveless jet engines utilizing inter-

mittent combustion. Experimental investigations with small models demonstrated

that intermittent operation could be obtained with continuous air and fuel

injection. Tests of models with combustion chamber diameters u- to 6 inches

showed that resonant operation could also be achieved in large size models.

It was also observed during these tests that resonant operation could be

achieved at inlet pressures corresponding to relatively low Mach numbers.

An extensive experimental program was undertaken with small-scale models

to determine the influence of tube geometry upon thrust and specific impulse.

In conjunction with these experiments, schlieren investigations of two-

dimensional glass walled models were conducted in order to obtain some insight

into the operating mechanism.

From the early investigations, it appeared that the valveless pulsejet

was, potentially, a more efficient power plant than either the conventional

pulsejet or the ramjet for certain specific applications. One of the more

interesting of these applications appeared to be the use of the valveless

pulsejet as a power plant for the jet-propelled helicopter. Iai September 1950,

at the request of the Office of Naval Research, a joint program was established

with the Naval Research Laboratory to determine the possibility of emp] oying

valveless pulsejet engines as propulsion units for helicopter rotors. Six

inch diameter valveless pulsejet engines develcped at C.A.L. were supplied to

N.R.L. for whirl testing on the 41.2 foot diameter whirling arm at the

Chesapeake Bay Annex. This memorandum summarizes the results of the theoretical
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and experimental investigations conducted at C.A.L. with valveless pulsejet

engines from October 1948 to September 1951 and whirling arm tests conducted

by the Naval Research Laboratory at Chesapeake Bay Annex from January 1951
(1)

to September 1951

TESTS OF SMALL SCALE MODELS

(2)
After it had been established that valveless configurations would

resonate when air and fuel are injected continuously, a series of experiments

were undertaken with small-scale models to determine to what extent thrust and

suecific impulse values are influenced by tube geometry and fuel character-'.1 (3)
istics

These models were made up of a number of units which could be assembled

to give various configurations. The combustion chamber diameter was varied

from 2-1/2 to 4 inches with a fixed length of 4 inches. The l3ngth of the

tailpipe could be varied continuously between 12 and 16 inches. Both propane

and methane were used as fuels and air and fuel were injected into the side of

the combustion chamber. Fuel consumption was measured by means of a small

rotameter and thrust was determined on a small thrust stand with the aid of a

spring balance. The highest mean values of specific impulse which could be

obtained srere about 2400 lbs. thrust per lb. fuel per sec. for thrusts,

corrected for the momentum of the incoming air, of the order of 5 lbs. Sig-

nificant differences in performance were observed in some cases for operation

with propane and methane. Fig. 1 shows the results of a series of experi-

ments performed with a model having a combustion chamber of 5 inches. When

methane was used as a fuel the specific impulse values increased as the
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tailpipe length was increased, with propane, however, the specific impulse

values decreased. At a tailpipe length of 17 inches, methane yielded twice the

specific impulse values obtained with propane.

The operating frequency of theLe jets depended not only on the config-

uration but also on the air-fuel ratio. The highest values of specific

impulse were obtained at frequencies which were lower than those at which an

ordinary dynb~jet of the same shape would operate. It was observed during these

tests that slight changes in tube geometry, air-fuel ratio or fuel injection

methods also exerted appreciable influence upon the specific impulse values.

In one instance, the specific impulse and thrust changed by 50 percent when

the tailpipe length was changed by one-quarter inch. Still larger changes were

observed for changes in air-fuel ratio.

In these early investigation3)- the tailpipe diameters were restricted

to 1.5 inch (Appendix A Models 1-18). Later investigations were conducted

with engines having tailpipe diameters of 2.5 and 5.0 inches (Appendix A -

Models 20,21) in order to obtain larger thrust values. The thrust obtained

with the 2.5 inch tailpipe, was approximately 11 pounds (1.5 lbs. per square inch

of combustion chamber area). The corresponding fuel specific impulse was approx-

imately 2500 seconds. With the straight tube model, maximum thrusts obtained

were of the order of 15.2 lbs. (about 1.9 lbs. per square in.) but the

specific impulse wab only 1850 seconds.

In these experiments with small-scale models, two stable operating fre-

quencies were observed, one occurring near the lean limit and the other near j
the stoichiometric ratio. In order to determine the operating frequencies and

investigate pressure variations in the combustion chamber and tailpipe, pres-

sure records were made using a FW condenser-type pressure gauge Frequency
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measurements obtained from the pressure records showed that at the lean limit of

operation (at which maximum performance occurred), ihe frequency was approxi-

mately 70 percent of the frequsncy for operation near the stoichiometric ratio.

The pressure curves shoued also that the time of rise to peak pressure was
(3)

rpproximately the same for both frequencies of operation

Fig. 2 shows typical pressure records obtained in the combustion chamber

and tailpipe ef a 3.0 inch diameter straight tube jet, 28 inches long. Measure-

ments of the oscillation amplitudes indicated that the amplitude of the com-

bustion chamber and tailpipe pressures were of approximately the same order of

magnitude. Measured amplitudes were of the order of 55 inches Hg.

To determine the thrust developed per lb. air per second (air specific

impulse), measurements of mass flow were made using a calibrated orifice plate.

Total pressure measurements were also made at the air inlet with a standard

pitot tube. A standard 3/8 inch pipe was used as an air inlet. Inlet-exit

area ratios were of the order of 1/18. Measurements indicated that air specific

impulse values varied from 35 to 60 lbs. thrust/lb. air per sec. Air-fuel

mixtures for maximum specific impulse were much greeter than stoichioinetric,

peak performance occurring at an air-fuel ratio of 52. The correspondsng total

inlet air pressures for maximum performance were approximately 2.5 lbs. per

sq. in. gauge.

Both theoretical and experimental attempts were made to obtain a better

insight into the mechanism of valveless pulsejets. A two-dimensional model of

a valveless pulsejet with vicor glass sidewalls was constructed for observa-

tion by means 'of high speed motion pictures. Initial attempts to obtain

resonant operation were not successful and it eppeared that the rectangular

cross section of this model had some effect on the combustion phenomena.

*Manufactured by The Ccrning CT.ass Company.
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However, no difficulties were encountered with a similar model built entirely

of steel. It was then suspected that the observed difficulties had been due to

leakage or lack of sufficient rigidity. Anothr- more rigid model vas con-

structed ,ith operated satisfactorily. Flash photographs and high-speed

schlieren pictures (up to 4000 frames per sec) were taken. The high speed

pictures indicated then an intermittent fuel-air injection prcess occurred.

These film speeds, however, were nct great enough to yield details of the com-

bustion phenomena.

Attempts were made to determine theoretically ialues of thrust ana spe-

cific impulse based on a quasi-steady flow assumption. These investigations

were discontinued because of the difficulty of treating the scavenging phase.

Later, a general analysis of valveless pulsejr.t engines, based on entropy con-

siderations was made by J. Foa5) This &:ialysis, however, did not permit the

determination of jet thrust. By meanp of the method of characteristics, G. Rud-

inger (6) found that it was possible to obtain agreement with experimental results

with regard to thrust, specific impulse and operating frequency on the basis of

reasonable assumptions concerning the initial conditions. Unfortunately, the

same results aould apparently be obtained by different sets of initial condi-

tions. Therefore no definite conclusions regarding the mechanism of the engine

could be drawn.

In all of these investigations, a long inlet tube was employed which

approximated an infinite inlet duct, eliminating the influence of reflected

waves from a finite inlet. Since under some conditions, a finite inlet tube

may be required, some thought was given to designs which wuld utilize the

experimentally observed tendency of flows to follow a convex curvature of a

wall on one side, without a constraining wall on the other (Coanda effect(7).

a
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If such a scheme were successful, inflow into the combustion chamber of the

S•aisejet could take place through a practically open inlet tube while the re-

verse flow mould be deflected by the Coanda effect end exhausted downstrenm.

A preliminary series of experiments on the Coanda effect was undertaker.

with a two-dimensional model. Carbon dioxide was added to the airstream to

aer.%:e flow visualization. A strong deflection was observed w.thout the use of

a a-astraining wall both in steady and in pulsating flow

WHIRLING ARM rESTS OF THE VALVELESS PULSEJET

In September 1951, at the request of the Office of Naval Research, a

*--int program v-.-s estab-ished with the Naval Research Laboratory to determine

She feasibili"; of employing valveless pulsejets as propulsion units for

helicopter rotors. This program comprised the whirl testing of valveless

engines, developed et C.AL.., at the Chesapeake Bay Annex of the Naval Research

Laboratory.

Preliminary static test3 of 6 inch diameter models were undertaken at

C.A.L. to obtain a model suitable for whirl testing. These valvclsss engines,

Fig. S, varied in length from 32 to 56 inches. A low pressure blower which

delivered air at a dynamic head of about 5.6 inch of Hg corresponding to a

flight M&ch number of approximately 0.4 was used in these tests.

In these tests (Appendix A - Mcael 22) gasoline was used as fuel and

the model selected, for whirl testing produced 58 lbs. total thrust with a

specific impulse (based on total thrust) of 1500 eeconds.

Since the initia&l phase of the joint program consisted of tests using

air supplied by centrifugal compression, a 8pecial hollow rotor arm, Fig. 4,

was constructed at the Chesapeake Baý Annex for the whirl tests. This arm
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did not have a mechanical drive end air from an auxil.•ary blowdovn high-pressure

supply fed through the rotor arm was used for starting the engines. During the

initial tests with one valveless jet mounted at each rotor tip (Fig. 4) it was

found that the arm could not be accelerated to a speed at which adequate air

could be supplied for operation by means of centrifugal compression. Measure-

ments of the available blowdown air supply revealed that a maximum air flow of

0.25 lbs/sec. was available for only 0.9 minutes which proved to be insufficient

to accelerate the arm to the desired speeds.

Tests were then conducted with one valveless pulsejet mounted on the arm

and the second replaced by a 8.0 inch diameter NRL conventional pulsejet. This

engine alone accelerated the arm to a tip speed of 320 fps and wheni the valveless

pulsejet was started with the auxiliary air supply, a tip speed of 160 rpm was

obtained. Although the valveless -et resonated using only the air supplied Zy

centrifugal compression, the thrust obtained was not sufficient to increrse the

speed of the arm by more than a few rpm.

Two additional air compressors were then installed which when used in

conjunction with the origizAl supply yielded a steady flow of 0.75 lbs/sefo at

150 psig. Tests were then continued with one six-inch valveless engine mounted

at each rotor tip. Using these engine, a maximum tip speed of approximately

240 fps was obtained. It was observed during these tests that small changes

in inlet area and exit configuration had a noticeah e effect on "ie maximum

rpm obtained. A straight exit proved to be superior to the original flared exit

used in static testing, even at the relatively low tip speeds of 150 fps.

Drag measurements based on deceleration tests indicated that two

six-inch valveless engines would not yield sufficient thrust to accelerate the

arm to the desired rotor tip speeds. The rotating arm was tk.en modified to
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permit the instellation of two engines at each blc-de tip and the maximum tip

speed was then increased to approximately 550 fps.

It was noted that at tip speeds of the order of .80 fps the thrust

suddenly started to increase rapidly and it is believed that the performance in-

crease was due to an increase in air supply as a result of centrifugal compres-

sion. In these tests, however, it was not possible to shut-off the compressor

supply and obtain operation entirely under centrifugal compression.

During this test period, a compressor failure occurred. In order to

furnish power for the arm, two 8.0 inch pulsejet engines were mounted at a

distance of seven feet from the hub (Fig. 4). Since the characteristics of these4 engines were approximately known from tests, new estimates of the arm drag with

the dual jet mountings were obtained. These new estimates indicated that due to

internal blade losses and large external drag, even four six-inch valreless jets

would not furnish sufficient thrust to operate the arm in the desired test range

400-600 fps. Upon completion of the compressor repairs, tests were continued us-

ing the auxiliary pulsejet power. Although maximum tip speeds of approximately

440 fps were obtained, it was observed that appreciable interference occurred

between the valveless jets and the pulrejets. This interference appeare, to

effect the operation of the valveless engines.

As a result of failure to obTain self operation which was believed due

to excessive arm drag, plans were made to construct a small aerodynamically

clean rotor a~m which could be powered by a single six-inch valveless engine.

The preliminary investigations of the effect of external configuration, air

inlet geometry and location or fuel inlets on the performance of the six-inch

valveless engines which were initiated on the 41.2 foot diameter rotor will be

continued on the small rotor arm. Tests on the existing rotor will be limited
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to larger engine sizes (7-1/2 - 8-1/2 inches diameter). A detailed report of

the report of the investigations conducted so far on the 41.2 foot diameter rotor

is being prepared and will be issued by the Naval Resdarch Laboratory(l)

In parallel with these tests, a program of laige scale static experimen-

tation with six-inch diameter engines was undertaken (Appendix A). The primary

purpose was to investigate the effects of changes on engine geometrj upon thrust

since, at the present time, the effects of such changes cannot be determined

theoretically. These tests have shown that thrust is appreciably affected by

changes of size and/or location of the side air inlet. Best performance was ob-

tained with a 2-1/4 inch diameter air inlet approximately 8 inches downstream of

the nose. Total thrust values of 44 lbs0 were obtained with an inlet air velocity

of 300 mph.

Tests were also undertaken to determine if inlets of elliptical cross

section could be used without decreasing the engine performance. The use of

inlets with this geometry would then allow the rotor sections to be employed at

the tip of the whirling arm which would appreciably reduce the rotor drag. At

the present time, although satisfactory operation has been obtained with the

elliptical sections of approxJmately 3.5 by 1.25 inches tJhe maximum thrust ob-

tained was less than the optimum observed for circular inlets.
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APPENDIX A
SUMMARY OF VALVELESS PULSEJET INVESTIGATIONS

TABLE I

d L

L.it
ca -

Model a b c d e Thrust Is Remarks
inches lbs. Seconds

1 4.0 3.0 8.0 5.0 1.5 0.699 548 Straight exit
Fuel-gasoline
Single side injection

2 4.0 Z.0 16.0 3.0 1.5 0.859 692 Same as 1

5 4.0 5.0 19.0 5.0 1.5 0.791 580 Same as 1
4 4.0 3°0 22.0 5.0 1.5 0.665 565 Same as 1

5 5.0 1.5 14.5 2.5 1.25 0.67 1300 Dynajet no valves
4 :iared exit

Single injection
Fuel Propane

6 5.0 1.5 14.5 2.5 1.25 0.68 949 Separate air-propane
injection

7(a) 4.0 5.0 8.0 3o0 1.5 1 865 Single propane air
injection

(b) 4.0 3.0 8.0 5.0 1.5 1.94 1112 Separate air propane
injection

(c) 4.0 3.0 9.5 5.0 1.5 1.31 1040 Same as 7(b)
(d) 4.0 3.0 14.0 3.0 1.5 2.6d 1110 " " "
(e) 4.0 5.0 16.0 3.0 1,5 2,96 1554 " "
(f) 4.0 5.0 21.5 5.0 1.5 2,0 945 " " "

8 4.0 5.0 16.0 5.5 1.5 2.76 1300 Separate air propane;
straight tailpipe

9 4.0 5,0 16.0 5.5 1.5 2.75 21R0 Flared tailpipe

and separate in-
j ection-propane-air

10 4.0 5.0 16.0 5.5 1.5 5..O 1555 Flared tailpipe

and separate in-
j ection-propane-air



TABLE I (Cont2

Model a b c d e Thrust Is Remarks
S. incnes lbs. Second&

11 4.0 5.0 16.0 5.0 1.5 3.25 1350 Flared tailpipe

separate air fuel in-
injection-pro

32 4.0 5.0 16.0 2.0 1.5 2.25 1650 Flared tailpi e

separate air-propane
injection

13(a) 4.0 5.0 15.5 3.0 1.5 4 1270
(b) 4.0 3.0 14.0 2.5 1.5 2.5 1880 Ful oae0
(c) 4.0 5.0 15.0 2.5 1.5 1.3 840 (t --pi'ca le
(d) 4.0 5.0 16.0 2.5 1.5 2.0 1519 separate'air-(e) 4.0 5.0 16.75 2.5 1.5 1.1 1100 fuel injection

Fuel propane (typical
values)

14(a) 4.0 3.0 13.5 3.0 1.5 4.0 1270
(b) 4.0 3.0 14.0 3.0 1.5 3.75 1480 Fuel propane
(c) 4.0 3.0 14.75 3.0 1.5 2.5 1610 (typical values)
(d) 4.0 5.0 16., 3.0 1.5 5.0 1290

15(a) 4.0 3.0 15.5 5.0 1.5 1.9 1480
(b) 4.0 3.0 14.0 5.0 1.5 3.0 1690 Fuel methane
(c) 4.0 3.0 14.75 3.0 1.5 2.5 1600 (typical values)(d) 4.0 5.0 16.5 5.0 1.5 ý.o 2120

Same exit and injec-
tion as 13

16(a) 4.0 5.0 15.25 5.5 1.5 1.0 1250
(b) 4.0 5.0 14.25 3.5 1.5 3.0 1690 Fuel propane
(c) 4.0 5.0 16.0 3.5 1.5 5.5 1970 (typical values)
(d) 4.0 3.0 17.25 5.5 1.5 5.5 1900 Same exit and injec-

tion as 15

17(a) 4.0 3.0 13.25 4.5 1.5 1.75 1250
(b) 4.0 5.0 14.25 5.5 1.5 2.75 1910 Fuel methane
(c) 4.0 5.0 16.0 4.5 1.5 3.42 2150 (typical values)
(d) 4.0 5.0 17.25 3.5 1.5 2.75 1940 Same exit and injec-

tion as 15
18(a) 4.0 3.0 15.25 4.0 1.5 2.75 1000

(b) 4.0 3.0 14.25 4.0 1.5 2.75 1250 Fuel propane
(a) -..0 5.0 15.25 4.0 1.5 3.25 1590 (typical values)
(d) 4.0 3.0 17.0 4,0 1.5 2.85 1440 Same exit and inJtv--

tion as 1512I



TABLE I (Cont.)

Model a b c d e Thrust is Remarks
inches lbs Seconds

19 2.5 Inverted pulsej et;
over-all dimensions
8.75 in., combustion 4
chamber diameter 2.5
in. No thrust meas-
urements. Model
resonated and produced
some thrust.

20(a) 6.0 3.5 16.75 5.0 2.5 11.0 2450 Flared exit
(b) 6.0 5.5 18.5 5.0 2.5 10.5 2560 3X-- 3"
(c) 6.0 3.5 19.5 3.0 2.5 10.5 2270
(d) 6.0 •5.5 20.5 5.0 2.5 9.0 2230

Separate air fael
injection. Three point
fuel injection system

21 - - Lo=26 5.0 5.0 15.0 1710 Straight tsibe-
Lo?7 5.0 5.0 15.25 1850 Conditions same as 20
Lo=28 3.0 5.0 11.5 1460

- 13 -



TABLE II

Model 22-6.0 (Figure 3)

Investigation of Effect of Tailpipe Length

Configuration Overall Tailpipe Thrust Specific Airspeed Remarks
Length Length Impulse Tested

Inches Inches Lbs. Sec. MPH

(1) Flat nose. 50 27 36 1408 280
2 Fuel injectors
in 2.0" dia.inlet

(2) Flat nose 50 27 57 1560 290
4 Fuel Nozzles in
3.0" dia.air inlet

(3) Conical nose 56 27 36 1560 290 Length inczeased to
app.56.O inches by
addition of conical
nose.

(4) Conical nose 52 23 38 1600 500
4 Fuel nozzles in

3.0" dia.air inlet

(5) Conical nose 44 15 - - 290 Model would res-
4 Fuel nozzles in onate but not
5.0" diaoair inlet produce steady

thrust.

(6) Conical Nlose 48 19 38 1550 290 Very stable opera-
k..0" dia.oar inlet tion. Easy to
with 5 fuel nozzles start. Thrust con-

trolled from zero
to max.by fuel
control.
A third fuel wzzle
added upstream of
air intake.

(7) Conical nose 42 10 10-15 - 290 Combustion cbember
2.0" dia.air inlet reduced to 10.0"

with 5 fuel nozzles real resonance
achieved.

(8) Conical nose. 42 15 35 1800 290 One fuel nozzle
2.0" dia.air inlet upstream of air
with 3 fuel nozzles intake. Runs

fairly stable.
Good operation
over range of fueUa'
Best operation ap-
pears to occur wheni
a separate nozzle
is used outside of
air Intake

-14--



TABLE II (Cont.)

Model 22-6.0

Configuration Overall Tailpipe Thrust Specific AIrspeed Remarks

Length Length Impulse Tested

Inches Inches Lbs. Sec. MPH

(9) Conical nose. 52.0 5.0 - - 290 Tests initiated on
2o" diameter air model temporarily
inlet with 5 fuel suspended. Indica-
nozzles. tions are that model

will resonate. No
thrust measurement.
Test conducted to
determine if ignition
can be obtained at
maximum air intake
velocities. With a
small "flame holder"
surrounding the spark,
the jet could be ig-
nited at the maximum
air intake velocity.

- 15 -
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TABLE III

Model 22-6.0
Investiagation of Effect of Air Inlet Location

Configuration Thrust Specific Airspeed Comments
lbs. Impulse mph.

Sec.

Overall Tailpipe Air 2.0 inch dia.air inlet
Length Length Inlet All tests run with 2 fuel nozzles

Position in air inlet. One auxiliary noz-
inches inches inches zle 6.0" from nose.Examination

of jet after tests indicated
puddling from auxiliary nozzle.
(Nozzles in air inlet projecting
1/2" into jet)

58 33 8.0 55 1750 500
23 1750 250 One fuel nozzle burned off.

Performance erratic.

54 29 8.0 38 1520 500 Thrust plate distance 15" from
tailpipe.

54 1260 250 Thrust plate distance 11".

50 25 8.0 23 850 290 East starting at 1/2 air.Stops
resonating full open.Runs best
with 1/2 air.

"25 950 250 Sensitive to air valve setting.
Runs best with 1/2 air.

13 560 180

46 21 8.0 20 740 290 Noise level of resonance low.
Will not resonate thru entire
air valve range.

42 17 8.0 14 520 300

58 53 10.0 54 3i00 290 Operation very erratic. Did
not run steadily.

54 29 10.0 26 820 290

50 25 10.0 25 750 500

46 21 10.0 14 520 300

42 17 10.0 10 550 300

58 53 15.0 24 960 500

54 29 15.0 17 780 500
14 840 250
14 650 200

so 25 15.0 16 600 30O0

15 60o 250
14 520 200

46 21 13.0 14 600 500
9 590 250 fuel supply fluctuating.

" 11 920 200
42 17 13.0 14 560 300

12 540 250
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i "TABLE IV

Model 22-6.0
Investization of fuel injection location and air inlet area

Configuration Thrust Fuel Flow Specific Airspeed Comments
lbs gal/hour Impulse mph

Sec.

(1) Overall length 18 12.55 870 300 Fuel nozzles 1.0"
behind wall of jet.

18 12.15 890 300 Difficult to start,
intermittent reso-
nance.

(2) 2-3/8"dlia. air 34 16.1 1270 300
inlet (standard
pipe fitting)

20 14.05 850 300
56 15.0 1440 300

(1) Auxiliary fuel 26 19.0 820 300 Did not operate on
nozzle 2.0" down- full air. Runs only
stream of air inlet. 16* 12.55 760 300 rich.
Straight entry e0 18.8 960 300 *without auxiliary

(2) 2-3/8" dia.air nozzle
inlet

31 20.25 920 300

(i) Auxiliary fuel 22 17.5 750 300 Did not run steadily.
nozzle 3.0" down-
stream of air inlet. 24 16.7 860 500
Straight entry.

28 17.a5 940 300
(2) 2-3/8" dia. air

inleT.

(1) Auxiliary fuel 28 19.0 880 300 Somewhat increased
nozzle 3.0 inches stability
downstream of air 20* 12.5 960 500
inlet. Nozzle pointed *Air inlet nozzles
at angle toward nose 28 18.6 900 300 only

28 18.25 920 500

(2) 2-5/8" dia. air inlet

(1) 2-5/8" dia.air inlet 32 12.0 1600 500 Performance not
steady

(2) Two fuel noszles in
air inlet 1.0"
behind jet wall

17 1



w TABLE IV (Conto.)
Specific

Configuration Thrust Fuel Flow Airspeed
lbs. gal/hour Impulse mphCoents

Sec.

(1) Larger fuel nozzles 28 15.2 1100 300 Does not resonate
with. full air.
Performance not

(2) 2-3/8" dia. air steady
inlet

(1) 2-3/8" dia. air 57 16.7 1350 500 Steady performance
inlet

58 18.4 1240 300
(2) Fuel nozzles flush

'with jet wall 58 15.4 1460 500

(5) Auxiliary nozzle 24 14.05 1020 200
1.0" upstream of
air inlet 20 13.5 890 200

5 12.5 240 100

(1) 2-1/4" dia.air 44 18.4 1440 500 Steady performance
inlet

(2) Fuel nozzles flush 43.5 17.5 1490 300
with jet wall

45 16.5 1580 500

(5) Auxiliary nozzle 32 15.2 1270 250
1.0" upstream of
air inlet 32 14.25 1350 250

16 12.9 745 230

(1) 2-5/16" dia. air 41 19 1500 500 Steady
inlet

40.5 16.5 1470 500
(2) Fuel nozzles flush

with jet wall 40 18.4 1500 500

39.5 15.4 1540 50
(5) Auxiliary nozzle 1.0"

upstreaw of air
inlet

(1) Edges of 24/8" s0 10.8 1670 300 Improved steadi
diameter air performance
inlet squared.

-18-
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* ~TABL V

Model 22-6.0
Investigation of air inlets of elliptical cross section

Configuration Thrust Fuel Flow Specific Airspeed Comments
lbs. gal/hour Impulse mph

Sec.

(1) Inlet dimensions 36 17.0 i170 300 Air inlet 8.0
5-1/8 x 1-1/4 inches downstream
inches 51 15.0 14W0 500 of nose

20 7.5 1600 300 Fuel nozzles in
air inlet 1-3/8"

52 14.5 1280 500 from combustion
chamber Vall

54 14.5 1400 300 Fuel nozzles
flush with

50 16.0 1120 300 combustion
chamber wall

(2) Inlet dimensions 18 21 510 300 Fuel nozzles
5-1/2 x 1-1/4 flush with
inches 20 L1.5 560 300 combustion

chamber wall

20 11.5 105C 300 Fuel nozzles
1-3/8" from

22 12.5 1050 300 combustion
chamber wall

26 12.2 1280 50o

28 19.5 860 300

32 1 1e200 300 Fuel nozzles
Z-1/8" from
combustion
chamber wall

A
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