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ABSTRACT

This is a partial report of experimental work conducted on a
13-inch gas pulsator in crder to obtain operating characteristics
and in an effort to extend valve life., There are included descrip-
tions and photographs of test stand for thrust and air flow, of
fuel system, and of damaged valve assemblies, Previous investiga-
tions of Eichelberg valves found that 0,010" steel vanes lasted
32 minutes and 0,006" vanes lasted 6 minutes. This work finds that
0.008" vanes lasted 65 minutes, 0.,012" vanes ground to 0,008" for
portion of length lasted 45 minutes, and doubled 0.,006" vanes lasted
2L minutes, Initial investigations indicate encouraging possibilities
of using plastic-impregnated glass-cloth protectors to extend valve
life., External fuel feed cools vanes by evaporation, provides good
mixing of fuel with air, and promises success for a simplified, low-
pressure fuel system with gravity feed. Investigation of air capacity
shows more vanes may be added in special grid assemblies to permit
higher fuel consumption and increased thrust. Plans for future work
include determination of operating characteristics of 0,008" vanes,
investigation of ceramic protectors, development of external fuel
feed, and measurements of air capacity,
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I. . INTRODUCTION B

A, Authorization

1. This work was authorized by BuShips Project Order No., 422/L5
dated 3 January 1945 and by BuShips Project Order No. 390/46 dated
1 July 1945,

B, Previous Development

2. Reference (6) describes previous developmental work on 13-inch
gas pulsator. Operating characteristics, such as thrust, specific fuel
rate, air flow, and air-fuel ratio were obtained for 0.010" and 0.006"
Eichelberg valves, The 0,010" valves lasted about 30 minutes. Although
the 0,006" valves lasted only 6é minutes, they produced higher thrust,
lower specific fuel, and higher air flow than the 0,010" valves,
Starting was simplified by the substitution of a torpedo igniter fuse
for spark ignition, Fuse ignition provided smooth starting and elimina-
ted auxiliary starting air as well as electrical equipment,

C. Purpose

3. Recommendations were made in Encl, (A) of Ref. (4) that the
principal problem of this project is to extend the life of the Eichelberg
valve, Longer life would facilitate the use of the gas pulsator for
landing craft type boats as suggested in Ref, (2) as well as for similar
applications requiring long life. These tests have been conducted in an
effort to extend valve life and to further study the operating character-
jstics of the gas pulsator as recommended in Ref. (1).

o II. TEST METHODS

L, Pulsator Tube. The general specifications for the 13-inch
gas pulsators used in this experimental work are given in the blueprint
enclosures (B), (C), and (D) of Ref, (1), An additional 38" length
of 7" tubing has been added onto the exhaust end.” The final dimensijons
are as follows: combustion chamber, 13" diameter, 20" long; cone, 13"
to 7" diameter, 30" long; and exhaust, 7" diameter, 88" long. Special
bosses have been welded onto the pulsator tube to facilitate mounting
and to permit the use of spark plugs, torpedo igniter fuses, and pressure
pickups, Pipes with drilled holes for spraying cooling water onto the
tube have been mounted along the top of the motor as illustrated by
Plates 34, 35, and 36, This cooling permits continuous operation of the
pulsator for runs of any desired time as limited by the fuel supply or
valve deterioration. Steam produced ‘from the cooling water is occasionally
blown around the motor grid where it may be drawn into the combustion
chamber, When excessive, this steam has sometimes stopped the pulsator.
Prevailing winds generally blow the steam toward the exhaust end but
compressed air has been necessary upon a few occasions to sweep steam
away from the intake grid.

5. Stationary Stand, One of the 13-inch gas pulsators has been
mounted on a stationary stand rigidly fixed to the concrete apron.
This motor is ved for life testing of vglves, for ?fi‘ixﬁentation in
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grid design, and for investigation of modified fuel systems, This motor
is permanently attached to the water line for cooling. A skid-mounted
blower is placed several feet in front of the stationary stand so as

to blow objectionable steam away from the grid on windy days.

6. Thrust Stand. A second 13-inch pulsator is mounted in a
horizontal thrust stand depicted in Plates 34, 35, and 36, This tube
is suspended similarly to a ballistic pendulum by means of airplane
cable and turnbuckles from roller-bearing trolleys which run on I
beams., This method of suspension serves to minimize friction and to
aid accurate thrust measurements, Motor thrust is balanced by air
pressure against the pistons of two small cylinders mounted onto the
stationary air box on either eide of the motor. One of these cylinders
is shown in the closeup of Plate 36, This photograph also shows the
mounting for the microswitches which indicate the limit positions of
the motor. A large angle-bracket welded onto the side of the motor
transmits motor thrust to the air piston and also actuates the switches.
These limit switches are located in pairs on either side of the motor
and control panel lamps which indicate whether the motor is floating
freely or is at either end of its motion, This movement is limited to
one-half inch by the switch housings. The panel lamps, air pressure
regulator, and pressure gage are ‘shown in Plate 37. A linear relation-
ship between thrust and air pressure is shown by the air piston cali-
bration of Plate 41. This thrust stand is more convenient than the
vertical stand discussed in Ref, (6) and permits simultaneous data
taking,

7« Air Flow, A decided advantage of the horizontal thrust stand
derives from the construction as an integral part of the air box dis-
cusged in Ref. (6). This design permits simultaneous measurements of
thrust and air flow as suggested in ¥ncl, (4) of Ref, (4), The large
volume of the air box and the use of flexible diaphragms damp oscilla-
tions caused by pulsating flow sufficiently to permit accurate computa-
tion of air flow rate from the measured pressure drop across a flat-
plate orifice, This pressure drop is measured by a water manometer,
Normal operation of the air box necessitates that it be sealed to the
motor grid by means of a flexible diaphragm, not included in Plate 37.
This sealing diaphragm causes all intake air to pass through the
orifice plate and is flexible so as to permit the limited motion re-
quired by the air pistons.

8. Fuel System, The fuel control system shown in Plates 38 and
39 consists of a pressurized fuel tank suspended from a precision spring
scale, regulator for air pressure, filter, rotometer, and three Lunken-
heimer valves for control of filling, venting, testing, and running,
Rotometer readings are checked against weight readings taken at one-
minute intervals while running at constant fuel rate. Steady-flow calibra-
tion of jets is made by volume and by weight. Fuel spray is caught in a
graduated cylinder and timed by means of a stop-watch, This is checked
against rotometer readings and weight readings made at one-half minute
intervals for five-minute periods. Calibration curves.for fuel jets
are shown in Plates 40 and 26, The fuel admission system, fuel manifold,
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and fuel pressure gage are shown in Plates 6 and 18, Primary fuel jets
used to spray fuel directly into the combustion chamber are shown in
Plates 7, 18, and 21, Secondary fuel jets used for external fuel feed
are shown in Plate 24 and discussed in paragraph 18. All runs have
been made with 62 octane unleaded gasoline,

9. Starting. Two methods of starting have been used in this
experimental work. As described in Ref, (5) and (6), a torpedo igniter
fuse may be used for ignition without the necessity of auxiliary air
except for scavenging between runs, Starting by this method consists of
inserting the fuse, striking a pin with a hammer, and turning on the
fuel, However, in order to conserve the supply of torpedo fuses, the
majority of experimental tests have been made with high voltage spark
and auxiliary air., Both are turned off after successful starting has
been assured. MNumerous practice starts have been made to gain technique
in smooth starting.

10, Frequency Measurements. Following the recommendations in
Encle (A) of Ref. %h;, the frequency of motor operation at various fuel
rates was investigated by means of several different instruments.
Measurements indicate an approximately linear decrease of frequency
with increase of fuel rate as illustrated in Plate 44, Although not
indicated on the graph, the frequency at a given fuel rate is not
constant but seems to vary continuously around an average value with
an amplitude of several cycles per second. Vibrational frequencies were
checked by means of a Westinghouse Vibrometer held in direct contact
with the motor mounting and also by means of a General Radio Vibration
Analyzer and Vibration Meter using a crystal pickup clamped to the motor
mounting. Sound freguencies were measured by means of microphone pickups
fed through amplifiers to the various frequency meters. Electronic
frequency meters manufactured by Hewlett—Packard and General Radio
respond so readily to high frequency harmonics that a low-pass filter
was constructed in order to use them for measuring fundamental freguency.
Analysis of the sound wave by means of a General Radio Sound Analyzer
and Sound Level Meter indicated that the third harmonic is as intense
as the fundamental with higher harmonics of appreciable intensity. The
most satisfactory instrument for frequency measurements was a Biddle-
Frahm-type vibrating-reed Frequency Indicator. This can be used as a
direct-contact mechanical-response instrument or as an electrical meter
fed by microphone pickup and amplifier. The data given in Plate 42 and
the graph of Plate L) were obtained with this instrument. :

11, TIypical Data. Although the fundamental problem of the current
experimental work has been to increase valve life, sometime has been
devoted to the development of methods of determining all operating
characteristics. Measurements of fuel flow, thrust, air flow, and
frequency have been made for various physical set-ups and data taken at
different operating conditions as exemplified in Plate 42 by typical
data taken for 48 of the standard 0,010" vanes., From these data computa-
tions are made for specific fuel rate and air-fuel ratio, Typical curves
for thrust, specific fuel rate, air flow, and air-fuel ratio versus fuel
flow are shown in Plate 43. The corresponding cur%of frequency against
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fuel rate is shown.in Plate L. Assembled grid and vane damage are
shown in Plates 31, 32, and 33. Because of the importance of extending
valve life, little work has been done in the fields of temperature and
pressure measurements, OSuch data will be taken as soon as convenient

in order to secure a more complete picture of all operating characteris-
tics of gas pulsator as suggested in Ref, (7). .

III. VANE LIFE

12, Damage Reports. The primary purpose of the current experi-
mentation, as expressed in Encl, (4) of Ref, (4) and in Ref, (7), has
been to develop a valve which would permit operation of the gas pulsator
for at least two to four hours as recommended in Ref, (2). Present
work has been confined to Eichelberg valves with modifications and re-
designing towards extending life expectancy. Previous tests reported
in Ref. (5) showed it advisable to make vanes with the grain running
longitudinally so this practice was observed by the shop, Many of the
tests consisted of running a set of vanes for 15 minutes, removing them
for observation, running for another 15 minutes, obsservation, and this
process continued until the motor was stopped spontaneously or because
of noticeable damage. After vanes had been removed and inspected, care
was taken to replace each in its original position so that successive
runs might show if one particular spot of the grid received more severe
treatment than any other spot. Damage reports were made for various
short runs, Vanes were numbered for convenience from left to right
starting at the top and viewing the vanes from the combustion side of
the grid. Typical damage reports are included in Plates;, 1, 2, 3, 4, 5,
11, 12, 14, 15, and 16'with discussions in paragraphs 14, 15, and 22,

13, 0,008" Vanes. Operating characteristics for both 0.006" and
0.010" vanes have been reported in Ref. (6). The 0,006" vanes produced
higher maximum thrust with lower specific fuel but lasted only six
minutes. The 0,010" vanes gave lower maximum thrust with higher specific
fuel but lasted thirty minutes, The next step was to try 0,008" thick
vanes of similar blued Swedish spring steel, A set of 48 of these vanes
was run for several short tests until stopped by the operator. No vanes
were replaced but at the end of a total of 64 minutes and 56 seconds
enough of the vanes were considered to be damaged to warrant taking that
time as the practical life of the 0,008" vanes although they were still
operable, These 0.008" Eichelberg valves have shown the most desirable
results to date, Their life was checked by subsequent tests so as to
eliminate the possibilities of a particularly good run of steel or of
special test conditions,

14, Damage to 0.008" Vanes, The damage record of this set of
0.,008" vanes is depicted in Plates 1 to 5 inclusive and shows that once
vanes begin to fail they continue rather rapidly, Plate 1 shows six out
of 48 vanes slightly damaged after 10 min. 27 sec. running, with vane #38
worst of all, Flate 2 shows 12 of 48 damaged after 13 min., 9 sec. addi-
tional time, or 23 min, 36 sec, total time, with #38 still the worst,
Plate 3 shows 12 of 48 damaged after 9 min. 30 sece additional time or
33 min, 6 sec. total time, with #38 progressively wo%%é. Plate 4 shows
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17 of 48 damaged with #12, 13, 38, and 48 most damaged and #10, 15, 18,
27, and 31 appearing on the damage report for the first time after 16
min. 10 sec, additional time or L9 min, 16 sec. total. Plate 5 shaws
22 of 48 damaged with #12, 13, 19, 20, 38, 41, and 44 most damaged
after additional 15 min. 40 sec. for total of 64 min, 56 sec, Plate 6
shows the external view of the grid assembly together with the fuel
admission system and the fuel gage at the fuel block, ' Plate 7 is a
photograph from the combustion side of the grid when removed after

6L min., 56 sec. total running time and clearly shows the condition of
the vanes and the location of the fuel jets., Plate 8 shows the vanes
removed from the grid assembly, mounted onto a sheet of masonite, and
numbered in the standard manner. Flate 9 is a closeup of the vanes
from the upper half of the grid. Plate 10 is a closeup of the vanes
from the lower half of the grid and clearly shows the damage to vane
#38. A 65 minute life is a vast improvement over 6 minutes or 30 minutes
and serves as a yardstick for comparisons. Further experimentation
should be carried out to secure the required two-hour life,

15, Dual Thickness Vanes. The increased life of the 0.008"
vanes over that of the 0.006" and 0.010" vanes led to an investigation to
see if longer valve life could be secured by designing special vanes
with reinforced tips for strength and flexible bodies for ease of
operation, One of the easiest mechanical solutions seemed to be to
start with thick vanes which could be ground down along a portion of
their length for flexibility, Vanes of 0.012" blued Swedish spring
steel were ground to about 0.008" for about 5/8-inch at the base, or
just slightly beyond the point of bending, Plate 13 is an exaggerated
drawing of these vanes., Grinding was pcrformed on a surface grinder
with subsequent honing to remove surface marks which might have been
left from the grinding operation. Only 16 of these special dual-thickness
vanes were made but these were mounted in the grid so as to receive the
most severe treatment. Three fifteen-minute runs were made at high fuel
rates, After 15 minutes at 398 lbs/hr, 4 of 16 dual vanes were slightly
damaged as shown in Plate 14. After another 15 minutes at 398 lbs/hr,
10 of 16 dual vanes were damaged as shown in Plate 15 although not
seriously enough to affect motor operation. At the end of the third
15-minute run, 12 of the 16 dual vanes were damaged as shown in Plate 16,
One vane, #18, had broken off at the bend, This was attributed to a
slight thinning of the metal in the honing operation. Although this
grid assembly had been subjected to 45 minutes of high power running,
only #18 and #3L presented serious leakage conditions. Although the
motor was still operable, no further tests were made since the dual
vanes had not performed as well as the standard 0,008" vanes. Future
investigations will be made of other methods of reinforcing the sealing
edge of the vanes., Plate 17 shows these vanes mounted on a panel with
pertinent data., Interestingly, sixteen of the 0,008" vanes used in this
test had enough previous running time to accumulate 62 minutes total
time and were still in perfect condition. Thi substantiates the life
test reported in paragraph 9 and further indicates the superiority of
the 0,008" vanes, Plate 18 shows the combustion side of the grid after
removal from motor, FPlates 19 and 20 are additionalssphotographs of the
vanes after 45 minutes of running, P
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16, Double 0,006" Vanes, Another investigation in an attempt to
prolong valve life was the use of two vanes of 0,006" thickness to make
a tatal of 0.012" for each valve. It was hoped that if the first vane
started to chip at the tips, the second would seal against hot combus-
tion gases and so prevent rapid deterioration of the valves, A grid
was assembled with 48 of the double 0,006" valves and run for 24 minutes
at 344 lbs/hr, At about 12 minutes, flame appeared through the front
of the grid and increased until the motor was stopped by the operator,
The doubled 0,006" vanes lasted threc times as long as single 0,006"
ones but did not nearly equal the 65-minute life of the single 0,008"
vanes, Plate 21 shows the grid as removed from the motor after 24
minutes running. Plates 22 and 23 are views of the vanes in the double
assembly, Leakage is apparent at vanes 17, 18, and 31, The vane re~
ceiving the greater impact on tips and reed supports usually failed
before its mate., There were two exceptions where the vane receiving
lesser impact failed first but damage was slight in each case, The
decreased flexibility caused by doubling tended to make starting diffi-
cult, However, by springing the vanes slightly open, as shown in
Plate 21, starting and running were facilitated. This same procedure
had previously been found necessary with the 0,010" vanes, whose
initial tension had been too great, Although better than single o0,006"
vanes, the doubled 0,006" did not surpass single 0,008" vanes. Doubled
0.008" valves have not been tried because of the extreme stiffness.,

17, Ceramic Protection, Still another method of extending the
life of the vanes is to protect each vane with a ceramic cover. This
protector should insulate against the heat of combustion and might also
act as a buffer against impact shock. Trials have been made with a
fiberglass cloth impregnated with plastic., Each protector was cut
slightly narrower than the vane but twice as long, folded over the com-
bustion or vibrating end of 0.006" steel vanes, and riveted to the
standard vane plate, A single set of four vanes was run for 15 minutes
at a fuel rate of 329 1bs/hr with no apparent damage. Markings on the
ceramic caused by supporting ribs of the grid proved that the protectors
were successfully cushioning against shock as well as insulating dgainst
heat., A further test was conducted on a set of eight of these special
valves which were placed in the grid in such a position that they would
be subjected to the most severe treatment, The motor was then run for
30 minutes at a fuel rate of 350 lbs/hr, This was the longest continuous
run on the 13-inch gas pulsator, Again the ceramic had protected the
steel from impact as well as from heat, The glass cloth was still
integral although some of the plastic impregnating material has melted
or burned, The Flastics Section at NRL is now working on a more
applicable impregnator for this ceramic protector. Glass cloth is being
bonded with a plastic material possessing better heat resistance, Never—
theless, results of these tests clearly show that it is possible to
protect the steel vanes against impact shock and against heat, Work
should be continued along this life in an effort to provide valves of
long life,

IV, EXTERNAL FUEL FEED

18, Evaporative Cooling, Another method of proteeting the

¥
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Eichelberg valve from extreme heating is by means of evaporative cooling,
If fuel is sprayed directly onto the vanes, the latent heat of evapora-
tion may be utilized for cooling the steel. For 62 octane gasoline

this amounts to approximately 150 btu/lb, In order to test this effect
experimentally, a sheet metal hood shown in Plate 2L was fitted over

the front of the motor grid with a special fuel manifold placed in

this hood to accomodate one, two er three external fuel jets. Plate 25
shows that the internal, or primary, jets were left within the combustion
chamber for starting purposes., A flexible fuel supply was provided by
the use of a separate pressurized fuel tank for the external fuel jets,
Hence, the amount of fuel sprayed onto the vanes and through the grid
from outside the motor was independent of the internal fuel supply.

Jets #2, 3, and L were used for the secondary, or external fuel, Cali-
bration curves are given in Plate 26 for the external fuel.jets and in
Plate LO for the internal jets, Tests were conducted to make sure that
the fuel from these external jets was properly drawn into the motor
through the valves and grid assembly.

20. Tests. The first test run was made with the motor in normal
operation on internal jets for five minutes and then on both internal and
external jets for another five minutes. Internal fuel rate was 240 1bs/hr,
external fuel rate was 85 lbs/hr, and total fuel rate for the last five
minutes was 325 lbs/hr. The motor operated satisfactorily with external
fuel and all the fuel from the external jets was drawn into the motor.
The second test run was made with 235 lbs/hr internal fuel, 120 lbs/hr
external fuel, and 355 lbs/hr total fuel, The third test was made to
determine if the pulsestor would operate with all fuel supplied by the
external jets. The motor was started on internal fuel. This was then
gradually decreased as the external fuel was increased. The run was of
8 min. 4O sec. duration with the last 3 min. 4O sec. at a fuel rate of
360 1bs/hr supplied entirely by the external fuel system. The motor
functioned very well on external fuel and sounded more regular than with
internal fuel,

21, Gravity Fuel System. Successful operation of the gas pulsator
with all fuel supplied by external jets resulted in an investigation of the
practicality of another type of external fuel system. A gravity fuel
system feeding a venturi placed in the air intake might furnish sufficient
fuel for motor operation. This would mean starting the motor with the
jnternal fuel jets which could be cut off as soon as the external gravity
system operated. No results are available at present but experiments
are being conducted using an airfoil section for ‘combined venturi =nd
fuel manifold. A venturi would provide good mixing with a sacrifice
of evaporation cooling. The initial investigation of evaporative cooling
has developed into a study of gravity fuel feed, a desirable feature
for the propulsion unit of a landing-craft type boat as suggested in Ref,
(2). A low pressure fuel system in keeping with recommendations of Ref,
(7) would be a definite simplification with obvious advantages.

V. SPECIAL GRID ASSEMBLIES

22, Air Capacity, Another investigation relsted to a study of
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operating characteristics of the gas pulsator is that of fundamenta}
air capacity. The amount of air that can be drawn into the combustion
chamber is limited by the grid dimensions and the number of Eichelberg
valves, However, there has been some question as to whether the gas
pulsator could use more air; i.e., if more fuel could be burned and
more thrust produced, The possibility of securing increased air capa-
city by increasing the number of vanes has been suggested in Ref, (6)
and in Ref, (7). There will be a limit to motor operation which is
probably determined by the physical dimensions of the combustion chamber,
cone and tail pipe. Therefore, it was deemed advantageous to determine
if this limit had been reached or if the 13-inch pulsator could use
more vanes, draw more air, burn more fuel, and produce more thrust.
Special grid assemblies have been built in an attempt to experimentally
investigate air capacity. These special grid amsemblies include any
setup different from the standard 48-vane frontal grid,

23. Ixpanded Grid. In order to investigate the fundamental
capacity of the 13=-inch gas pulsator a special adaptor was constructed
so as to take two extra grid sections, This required 64 Eichelberg
walves instead of the 48 of the standard grid assembly, A trial run
of 14 minutes was made to determine the maximmm fuel rate. The fuel
rate was kept' constant for 10 sec. intervals for walues of 200, 250,
300, 350, 400, 450, 500, 550, and 575 lbs/hr, The motor stopped at
this last fuel rate, A similar test was then run for 9 min. 51 sec.
with fuel rates maintained constant for 1 minute intervals. Spontaneous
stoppage caused by flooding the motor occured at 560 lbs/hr. Plate I1
shiows slight vane damage after the total of 12 min. 21 sec. running,
Finally, a third run was made for 10 min, at a constant fuel rate of
500 lbs/hr. The damage report of Plate 12 shows the 6L vanes after
a total running time of 22 min, 21 sec, Buckling of one grid section
deformed vanes #10 and 14, This buckling was caused by a special
supporting bracket which was installed to take care of the added weight
of the expanded grid adapter. This did not allow for free expansion
of the grid during heating but has been corrected., It is interesting
to note that the 0.,008" vanes were only slightly damaged after 22 min,
21 sec. running, This special 6L~vane grid assembly started and operated
very satisfactorily with a noticeable increase in sound level over the
standard 48-vane grid.

2L, Side-entry Grid, Still another method of increasing the air
capacity of the gas pulsator is to add grid sections and vanes to the
sides of the main grid. The principle of side-entry was suggested in
Ref, (3)s One set has been tried combining 2L vanes in the side with
the standard 48-vane grid, Plate 27 illustrates this special grid
assembly as attached to the motor, Plate 28 shows the grid removed and
is taken from the combustion side with two of the side~entry vanes
plates removed, Plate 29 shows the aft sections of the vanes and Plate
30, the forward sections., A test run was made with continuously increasing
fuel rate, stopping at 620 lbs/hr. The frontal section contained 0,010"
vanes with six minutes previous running for a total of 15 minutes, The
side-entry section contained new 0,008" vanes., All valves functioned
successfully with increased fuel, The fuel rate of 620 lbs/hr is the
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highest ever measured for the 13-inch pulsator. Considerable flame from

the exhaust indicated a rich mixture and suggested that the true maximum
fuel capacity was near.

25. Results., Interesting comparisons may be made between the
results of experiments on these special grid sections and the data taken
during normal operation of the gas pulsator with the standard L8-vane
grid. If an increase in vanes causes a corresponding increase in air
capacity and permits a proportional increase in fuel capacity, the ratio
of the number of vanes should be equivalent to the ratio of the maximum
fuel capacities. Normal operation with L48-vane grid permitted a maximum
fuel rate of 415 1lbs/hr as reported in Ref, (5). The 6éL-vane expanded
qrid permitted a maximum fuel rate of 560 lbs/hr as reported in para-
graph 23,

61.', : 1}-8 1-33

560 : 415 = 1.35

The 72-vane side-entry grid permitted a maximum fuel rate of 620 1bs/hr
as reported in paragraph 24.

72 ¢ L8 1.50

1

The fact that the ratios of the number of vanes and of the maximum fuel
capacity are so close to each other seems to indicate that both the air
capacity and the fuel capacity of the gas pulsator increase directly

with an increase in the number of vanes. This may be expressed numerically
as the maximum fuel rate per vane, Thus 48 vanes permitted 8.65 lbs/hr
per vane, 6l vanes permitted 8,77 lbs/hr per vane, and 72 vanes permitted
8.62 1bs/nr per vane. The close agreement between these values substanti-
ates the theory that the fuel capacity is directly proportional to the
number of vanes up to some limit determined by the fundamental dimensions.

26. Future Work. The increased air capacity and fuel capacity which
result from an increase in the number of vanes probably cause an increase
in thrust. Mechanical problems have prevented the measurement of thrust
and air flow with these special grid assemblies until special adaptors
and sealing gaskets can be prepared. This further investigation seems
advisable because of the apparent advantages of increased fuel capacity,
Therefore, necessary equipment is being constructed to permit the deter-
mination of thrust and air flow for these special gridse. Values of
specific fuel rate and air-fuel ratio will then be computed in order to
better compare these assemblies with the standard grid. Othér suggested
arrangements will be (1) 48 vanes on the sides to supplement 48 on the
front for a total of 96 and (2) A8 vanes on the side with a solid plate
on the front. The side-entry grids may serve to increase vane life since
the solid plate will take the motor thrust, The vanes will still be
subjected to heat and impact but the latter may be less for the side-entry
vanes, Still another advantage of the extra vanes might be that at
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moderate fuel rates the added air capacity would result in easier wearing
of the vanes as they would tend to spread the work and each would be
required to 1lift only a fraction of its total travel. The possibility of
increasing valve life by increasing the number of vanes has been suggested
in Ref, (8). This is similar to engineering practice in compressor

design where extra valves are included in order to distribute the load
and so to assure longer life,

VI, CONCLUSIONS

27. Conclusions. Test equipment has been set up and test methods
developed to facilitate investgation of operating characteristics and
valve life for a 13-inch gas pulsator. Valve life has been extended to
over one hour by using 0.008" instead of 0,010" or 0,006" steel stock
for the Eichelberg valves, Although plain 0,006" vanes lasted but 6
minutes, these same vanes lasted over 30 minutes when protected by cera-
mic sleeves which cushioned against shock and insulated against heat,
Evaporative cooling by means of external fuel feed extended vane life,
provided good mixing of fuel and air, and may permit the use of a gravity
or low pressure fuel system to replace the high pressure fuel system now
in use with atomizing jets. The use of special grid assemblies which
added more vanes has increased air capacity, fuel capacity, and, presumably,
thrust with a unit fuel capacity of 8.65 lbs/hr per vane., Furthermore,
these special grids may indirectly result in increased valve life by
easing the load impressed on each vane. Hence valve-life is being ex-
.tended by ceramic protectors, by evaporative cooling, and by special grid
assemblies.

VII., RECOMMENDATIONS,

28, Experimental work should be continued on an investigation of
operating characteristics of the 13-inch gas pulsator and in an attempt
to further extend valve life, Operating characteristics are required
for the 0,008" vanes and an attempt will be made to try 0,007" and 0,009"
spring material as soon as such can be secured. Further studies should
be made on vanes with reinforced edges, paragraph 15, New plastics
should be investigated for ceramic protection of the steel vanes, para-
graph 17, External fuel feed should be developed for high pressure jets
and for a gravity fuel system, paragraph 21, Extra vanes should be tried
in special grid assemblies for added air capacity and extended vane life,
paragraph 25, Measurements should be made of temperature and pressure,
paragraph 1l., In short, every effort should be made to continue work
on the gas pulsator in order to obtain higher motor efficiency and to
secure longer motor life,
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