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Patented Nov. 17, 1953 2,659,202 

UNITED STATES PATENT OFFICE 
2,659,202 

AUGMENTED THRUST PULSE JET PUMP OR 
MOTOR AND METHOD OF CREATING 
AUGMENTED THRUST oR SUCTION 

Fay E. Null, Dayton, Ohio 

Application June 6, 1950, Serial No. 166,522 
32 Claims. (CI. 60-39.77) 

(Granted under Title 35, U. S. Code (1952), 

The invention described herein may be manu 
factured and used by or for the Government for 
governmental purposes without payment to me 
Of any royalty thereon. 
This invention relates to an augmented pulse 

jet pump or motor of the kind in which a Con 
bustible gaseous charge is exploded to form a jet 
of hot gas and the jet is used to entrain air to 
build up a substantially continuous current of 
gas of greatly augmented mass. This current of 
mixed products of combustion and a large exceSS 
of air can be used to change the air in buildings 
by the process of exhaustion, to produce low 
vacua, to increase boiler draft, to act as an in 
direct or direct heating means or to prope air 
craft or marine craft. - 

in my pump or motor, the air from a rotary 
compressor is premixed with fuel vapors and 
then enters the firing chamber through a rotary 
slide disc valve in the presence of an easily 
detonated vapor near a row of spark plugs. The 
charge is exploded by a high velocity shock Wave 
from the detonating vapor, and the explosion is 
So rapid that only a small amount of Vapor 
leaves the open end of the firing chamber during 
the explosion, which occurs at approximately 
constant volume. This action causes a maximum 
pressure and temperature and makes possible 
a high thermal efficiency. The combustion prod 
ucts expand rapidly in a flared tube to a Super 
sonic velocity; a shock wave with a sharp front 
edge leading the expanding slug or gas column. 
As the shock front overtakes the still or low 
velocity air in front of it, this air is greatly com 
pressed and added to the slug of combustion 
products and air. The combined gas and air slug 
has a high velocity which is determined by the 
equations of normal shock, the velocity of the air 
being less than that of the shock front. The 
pressure on the upstream side of the shock wave 
must be different from that at the rear of the 
slug of combined gas and air by the rate of 
change in momentum of the column. The 
volume of the slug is determined from the gas 
equation from the average pressure and temper 
ature of the known mass of the slug. As the slug 
moves down the tube, its momentum causes the 
production of a partial vacuum behind the slug 
which sucks in air through valves along the sides 
of the flared expansion tube. Therefore the slug 
is followed by a column of air flowing in at a fair 
ly high subsonic velocity. 
valves have no moving parts, but consist of vanes 
and ducts so arranged that the peripheral por 
tions of the slug start a typical Prandtl-Meyer 
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expansion around the corner of the valve open 
ing between the expansion tube and low preSSure 
chamber. A special guard vane is employed to 
separate the peripheral flow from the main foW 
in the expansion tube. The upper surface of this 
guard vane is shaped to reflect the expansion 
waves incident upon it from the corner of the 
waive opening to an outer vane the tip of which 
is approximately tangential to the stream of ex 
panding gas and which is curved to lead back to 
the expansion tube proper. The formation of 
oblique shock Waves along this outer vane is pre 
vented by the incidence of the reflected expansion 
waves, which cancel out the oblique shock waves 
which Would otherwise form along this surface. 
When the peripheral portions of the gaseous slug 
reach the valve opening to the low pressure 
chamber, they flow in a typical Prandtl-Meyer 
expansion around a corner until they reach the 
reflected expansion waves which defect the flow 
back toward the expansion tube. The flow pat 
tern is somewhat different for the front and rear 
portions of the slug, which travel with different 
velocity. However, a Smooth flow results in each 
case, with the formation of only weak shock 
Waves and With a small turbulence loss. When 
the low pressure tail of the gaseous slug reaches 
the lateral valve openings, air from a low pres 
Sure chamber flows in to fill the expansion tube. 
The low pressure chamber surrounds the expan 
Sion tubes and has a turbine at the front air en 
trance. As the air from the chamber rushes into 
the expansion tubes, the pressure in the chamber 
is decreased. Air entering the chamber drives 
the turbine which is geared to an air compressor 
which supplies high pressure air to the firing 
chambers for combustion of the fuel. Before 
One slug of combustible gas and air reaches the 
end of an expansion tube, a succeeding slug has 
been fired and its front has collided with the rear 
end of the preceding slug, thereby compressing 
it, and causing the output pressure and the ve 
locity from the expansion tube to be fairly con 
stant. Small pressure variations are present, 
however, and have the same frequency as the 
Slugs fired in a given tube, i. e., several hundred 
per Second in an expansion tube 15 feet long. The 
flow of air into the low pressure turbine chamber 
may be used as an exceedingly fast large volume 
Suction pump for exhausting air and fumes from 
buildings or for commercial processes requiring 
a vacuum which need not be constant. The ex 
haust streams from the ends of the expansion 
tubes may be used as an exceedingly fast, large 
Volume ejector pumping means for forced draft 
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on boilers and commercial processes where a 
small percentage of combustion products in air 
is of small importance, or for indirect heating 
systems. Because of the initial high pressure and 
temperature of the combustion products the 
thermal efficiency is quite high, and 'Such an 
augmented jet of gases furnishes an 'efficient 
means of aircraft propulsion for speeds up to 300 
to 400 miles per hour. Because of the non-tur 
bulent augmentation of momentum which is p0S 
sible with a pulse jet engine, a small mass of very 
high velocity gas produced with high thermal ef 
ficiency is changed by my device with high me 
chanical efficiency into a very much larger maSS 
of low velocity, relatively low pressure gas. The 

9 

ratio of the thrust produced by the large gase 
ous mass M, which is a low velocity exhaust jet, 
over that produced by the original high pressure, 
high velocity, Small gaseous mass m without alug 
mentation, is VM/m. It has been found imprac 
tical to produce efficient augmentation of the 
momentum of a jet by adding air to a steady 
flow of gas flowing at appreciably different ve 
locities without excessive turbulence along the 
boundary line. The normal shock wave produced 
in an expansion tube by the expanding gas slug 
impacting on the slower moving air in front of 
it, reduces the momentum gain ratio to about 
37% of the theoretical no-shock-loss value, when 
the exit velocities have been reduced to Several 
hundred feet per second. The momentum aug 
mentation of the pulse jet is therefore, however 
much higher than for a jet with steady flow. The 
cost of fuel for the above pump is decidedly less 
than the cost of electricity for a motor-con 
pressor unit of the same capacity. In addition 
the volume, weight, and original cost are very 
much less for the pulse jet pump or motor de 
scribed above. In the case of an indirect heat 
ing system with forced draft, the efficiency is 
still higher, as the mechanical energy loss due 
to the shock Wave in the expansion tubes is Con 
verted into usable heat. Such additions or modi 
fications may be made without departing from 
the spirit of this invention. 

It is therefore among the objects of the present 
invention to provide a very high capacity valve 
controlled pulse jet pump or motor that may be 
used for vacuum, pressure, vacuum and pressure 
simultaneously, or for propulsion, and which has 
the advantages of small weight, less floor space, 
lower initial cost, and lower operating costs than 
the conventional electric motor and centrifugal 
or axial flow compressor units. 
More specifically, one object of the invention 

is to obtain high thermal efficiency by an explo 
sion occurring at constant volume in a firing 
chamber, the exhaust end of which is open and 
which leads to an expansion tube, by the action 
of a detonating shock wave from a detonatable 
mixture admitted to the edge of the firing cham 
ber near sparkplugs or other ignition means, 
Another object of the invention is to provide 

a pulse jet pump or motor having a rotary disc 
valve which gives positive control to the admis 
sion of a premixed air and fuel vapor mixture to 
the firing chambers. 
Another object of the invention is to provide 

a pulse jet pump or motor having air inlet valves 
to the expansion tubes having no moving parts, 
such valves being adapted to prevent the escape 
of high pressure, high velocity gas -or air from 
the sides of the expansion tubes as the Com 
pressed piston or slug of gas and air from a given 
explosion pulse travels toward the mouth of the 
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4. 
expansion tube. Such valves, however, allow air 
to enter the expansion tubes by the action of the 
partial vacuum produced in the wake of the slug 
of gas and air as it travels through the ex 
pansion tube. 
Another object of the invention is to provide 

in a jet pump or motor, means to transform the 
Small maSS, high velocity jet from the firing 
chamber into the low velocity, but much larger 
mass jet-produced at the exits of the expansion 
tubes by the passage of the normal shock wave 
front which leads the initial slug of high velocity 
gas discharged from the firing chamber and 
which compresses the lower velocity air in its 
path, this compressed air adding to the mass and 
volume of the high velocity slug of gas so that 
the gaseous slug grows in mass as it passes along 
the expansion tube. 

Another object of the invention is to provide 
in a jet pump or motor, a low pressure chamber 
partially evacuable by valves leading to expansion 
tubes, and having a turbine driven by the air 
which enters the low pressure chamber. This 
turbine is adapted to drive a compressor to com 
press combustion air which is then premixed with 
the fuel Vapors and admitted to the firing cham 
bers through rotary valves. 
Another object of the invention is to provide 

in a pulse jet pump or notor, an adjustable fir 
ing-frequency means so that before a slug of 
compressed air and gas from one shot clears 
the expansion tube, it is impacted from the rear 
by the head of the slug of compressed air and 
gas from a succeeding shot, the high pressure 
head of the succeeding slug compressing the low 
pressure tail of the preceding slug, and provid 
ing a more uniform pressure and velocity of the 
exhaust from the expansion tubes. 
Object and advantages. other than those above 

Set forth will be apparent to those skilled in the 
art from the following description when read in 
connection with the accompanying drawings, in 
Which: 

E.g. i is a front elevation taken from the inlet 
end; 

Fig. 2 is a side elevation, the internal parts 
being shown in dashedlines; 

Fig. 3 is an elevation of the invention taken 
from the outlet end; 

Fig. 4 is a sectional view in side elevation of 
the pump or motor with the case cut-away from 
the rear portion, and the case cut away from the 
front portion to show a vertical section through 
line 4-4 in Fig.1; 

Figs. 5 and 6 are perspective longitudinally 
broken-Open views of my new pump or motor 
taken outward from the line 5-5-of Fig. 4; views 
5 tand-6 are to be taken-together, Fig. 6...forming-a 
continuation of Fig. 5. The latter is shown partly 
exploded at the compressed air feeding means to 
show in phantom how the hollow axle fits into 
the rotary-air feed and the holes through which 
air enters and leaves the axle. Fig. 6 shows the 
Central supporting tube broken away, also one of 
the expansion tubes exploded to show its internal 
Construction; 

Fig. 7 is the enlarged portion of the horizontal 
section through the central axle indicated by the 
line 7-7 of Figs. 2 and 5 in the vicinity of the 
valve to the firing chambers; 

Figs. 8, 9, 10, 11 and 12 are vertical sections 
of the valve region shown in Fig. 7, the sections 
being taken onlines 8-8 to 12- 2, respectively; 

Figs. 13, and 13a; show horizontal sections for 
two positions of the valve shown in Fig. 7; 
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Figs. 14 and 15 are schematic diagrams of suc 
cessive flow patterns in an expansion tube. Fig. 
14 shows the action of the inlet valves when the 
pressure in the expansion tube is greater than. 
that in the surrounding chamber. Fig. 15 ShoWS 
the action of the inlet valves. When the pressure 
in the expansion tubes is lowered in the wake 
of a slug of gas and air passing down a tube; 

Figs. 16, 17 and 18 show the positions of Com 
pressed air slugs in the expansion tube in differ 
ent phases of the firing cycle. Fig.16 shows the 
initial slug of compressed air, Fig. 17, the over 
taking of the first slug by the second, and Fig. 18 
the overtaking of the nth slug by the n--1 slug 
after steady conditions have been reached; 

Fig. 19 is an enlarged schematic view of an in 
let valve with typical expansion wave reflections 
for the rear of a slug traveling at relatively low 
supersonic velocity. Fig. 190 shows the same 
valve as in Fig. 19 but for the relatively high 
supersonic velocity of the front of the slug of 
compressed air and gas; s 

Fig. 20 shows the vertical section of a super 
sonic jet expanding from an orifice into a region 
of lower pressure; 

Fig. 21 is a portion of an enlarged vertical sec 
tion along line 2-2 in Fig. 13 and extending 
across the edge of a horizontal firing chamber; 

Fig. 22 shows an elevation of the bottom firing 
chamber of Fig. 4 with a portion of one wall re 
moved to show the Spark plugs in the lower por 
tion, with a vertical section of the adjoining valve 
wall; 

Fig. 23 is a vertical section along the line 23-23 
in Fig. 22; 
Fig. 24 is an enlarged detail of the vertical sec 

tion of a sparkplug in Fig. 22; 
Fig. 25 is a schematic wiring diagram of the 

automatic controls for the present invention; 
Fig. 26 shows a graph of Operational character 

istics; - 
The above figures illustrate a special apparatus 

embodiment of the present fundamental inven 
tion. The following Figs. 27 through 30 illus 
trate another special embodiment of the funda mental process. 

Figs. 27 to 30 inclusive are diagrammatic repre 
sentations of a flaring tube provided with a valve 
at the beginning of the flare. Successive cyclic 
phases are indicated, the various conditions and 
kinds of gases in the tube being shown by differ 
ent kinds of hatching, legends being provided for 
the purpose of identifying the gases. The inven 
tion illustrated by these figures is a special meth 
od of operating an augmented pulse jet engine, as 
distinguished from the fundamental general 
method illustrated in the remaining figures as 
follows: 

Figs, 31 through 33 illustrate different phases 
of the fundamental process. Fig. 3 shows the 
Explosion Phase, Figs. 32 and 32d, the Impacting 
(Augmentation) Phase, and Fig. 33 is the Aug 
mented Delivery Phase. 

Referring more particularly to Fig.1, the blades 
of turbine are driven by air flowing into the low 
pressure chamber 2 (Figs. 2 and 3) which sur 
rounds the expansion tubes 3. 4 is the inlet to 
the compressor 5 from which compressed air 
passes through vane slit openings 22 in the disc 
of the turbine (Fig. 4) to the air-fuel preriaixing 
chamber 6, air-cushion feed , rotary disc valve 
8, firing chambers 9, and expansion tubes 3. 
After the firing chambers 9 have been filled with 
a premixed charge of air and fuel and an air 
cushion next to the valve, the valve closes, the 
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6 
charge is fired, and a slug or piston 47 (Fig.16), 
of high pressure, high velocity gas and air ex 
pands down the expansion tubes 3. Due to the 
nonentum of this high velocity slug, a low press 
sure area, follows in its wake and air from low 
pressure chamber 2 rushes into the expansion 
tubes 3 through valves . This lowers the pres 
Sure in chamber 2 and external air rushes in 
through duct opening (Figs. 2 and 4), part of 
the flow being bypassed around the turbine by 
variable length cylindrical vane 2. The velocity 
of the air going through the turbine determines 
its Speed and thereby largely the speed of the 
entire motor. The turbine drives the air con 
pressor 5 through a conventional gear boxin the 
container 3 which also contains a conventional 
Starter motor (not shown) and electronic control 
equipment which will be explained later, incon 
nection With Fig. 25. The container 3 is car 
ried by a Support 4, which also mounts the front 
end of the main axle, 5, the other end of the 
axle 5 being carried by a support 6. The sup 
ports 5 and 8 are mounted on a base which 
also supports an outer shell 8 which forms the 
Outside Surface of the low pressure chamber 2 
and has a Semi-rounded rear end 8a, enclosed 
except for the mouths 9 of the expansion tubes 
3. The internal structure is supported inside th 
Cylindrical shell by members 29. . . . . . 

Fig. 4 illustrates the flow system of the pulse 
jet pump. External air enters the ducts 4 to the 
Centrifugal compressor. : 5, into passage 2, 
through vane slit openings 22, past fuel jets 23, 
Supplied fron pipe system 54 through turbu 
lence-inducing meshes 24 in premixing chambers 
6, around baffles 25, through opening 26 into 
paSSage 27, where if the rotary arm air cushion 
feed is out of the way, the premixed charge 
passes through duct 2 a., valve 8 when open, and 

t) into firing chambers 9. Other compressed air in 
passage 2 passes through valve slit openings 28 
in the blade disc of turbine , past detonating 
fuel jet 29 through turbulence-inducing screens 
30 into annular chamber 31, and if the rotary 
arm of the air-cushion feedi is out of the way it 
enters duct 32 and through valve 8 (when open) 
So that the premixed detonating fuel is found in 
the Section 9a of the firing chamber 9. As soon 
as the main portions of the firing chambers 9 are 
filled With premixed fuel and air, and the region 
9a is filled with the premixed detonating fuel and 
air at the edge of the firing chamber next to the 
Spark plugs 35. (Fig. 22), the arms of the air 
Cushion feed close the entrances to ducts. 27a. 
and 32, and allow a cushion of compressed air 
to flow through valve 8 just before it closes, 
ready for firing. The compressed air for the 
cushion air feed has come from holes 33 in the 
hollow axle 5 Supplied from holes 34 from the 
passage 2. Fig. 22 shows a vertical section of 
the edge of the firing chamber containing the row 
of Spark plugs 35. The alloy steel walls 36 and 37 
(Fig. 23) form a cooling jacket for the circulation 
of fuel around the firing chambers 9 before it is 
forced out of jets 23. The inner surfaces of the 
firing chambers 9 are lined with a thin layer of 
refractory material 38 such as a ceramic. ... "... 

Fig. 24 shows a vertical section of a spark plug 
35. The electrodes 39 are mounted in a refrac 
tory insulator 40 such as porcelain which is re 
cessed below the Surface of the firing chamber 
Wall 36 to form a protecting pocket of air not 
SWept out by the filling fuel and air mixture, and 
are cooled by the flow of fuel from tube: 4 and 
that flows out through tube 42, the fuel lines and 
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electrical connections being brought to the fuel 
chambers 9 through the conduits 44 and 43 in 
Fig. 4. The special fuel-air mixture (such as air 
and acetylene or methane) in the vicinity of the 
spark plugs is detonated by the line of Spark 
plugs 35, and a high velocity combustion shock 
wave travels laterally acroSS a firing chamber SO 
rapidly that no appreciable amount of the Com 
bustion products can escape through throat f8 
into an expansion tube 3 during the explosion, 
which thus occurs at constant volume with the 
maximum pressure and temperature required for 
a high thermal efficiency in any heat engine, 
The compressed air admitted through valve 8, 
just before it closed, by the air cushion feed arms 
l, acts as a thermal barrier to protect the rotary 
disc valve 8 from the full heat of the explosion. 
After the firing of chambers 9, slugs of high pres 
Sure, high velocity combustion products escape 
into the expansion tubes 3, and impact against 
lower velocity air in the expansion tubes 3 with 
SuperSonic velocity. The fronts of the slugs 4 
of combustion gases are normal shock waves that 
compress the air that they overtake and add it 
to the high velocity slug of combustion products, 
which travels down the combustion tubes 3 at a 
velocity somewhat less than that of the shock 
fronts. The inlet valves 0 to the expansion 
tubes 3 have no moving parts and their detailed 
action is illustrated in Figs. 14 through 18. For 
the illustration of the general flow pattern it is 
sufficient to note when the head of a high pres 
Sure, high velocity slug of gas and air passes a 
valve 0, it starts to expand and deflect toward 
the openings 45 (Fig. 4), but is intercepted by 
outer vanes 46 and directed back into the expan 
Sion tubes 3. After a high velocity slug Alf to 
47b has passed, its momentum produces a par 
tial vacuum in its Wake, and air rushes into ex 
pansion tubes 3 through openings 45 from the low 
pressure chamber 2. The front of the slug 47f 
is shown as having overtaken and combined with 
the rear of the preceding Slug 48b, producing a 
nearly steady pressure and velocity exhaust from 
the mouths 9 of the generally pyramidal expan 
Sion tubes 3. The succeeding high velocity slug 
will in turn compress the air that is pulled into 
the expansion tubes 3 in the Wake of the slug 4f to 
47b. The reduced pressure in chamber 2 causes 
external air to flow in air ducts f. The amount 
of air flow through the turbine is regulated by 
variable length, telescoping cylindrical vanes 2, 
the position of the outer one being determined 
by a cable 49, one end of which is attached to 
the inner edge and one end to the Outer edge of 
the extended cylinder. The cable 49 is driven by 
drum 50 on Servonotor 5. Stationary vanes 52 
direct the air through the turbine vanes 53. The 
turbine f drives the centrifugal compressor 5 
through conventional gears (not shown) in 
box 3. 
For detailed consideration of rotary valve 8 

and air cushion feed 7, preference is made to Fig. 
5 and to Fig. 7, a horizontal section along line 
7-7 in Fig. 2 or Fig. 5. The main axle 5 mounts 
the arms of the air-cushion feed 7 which secures 
drum rim 55 to carry a disc valve 8 as it slides 
between plates 56 and 57. The disc valve 8 is 
thin and flexible so that perfect alignment is not 
required over an extended Surface, it being kept 
taut by an inner ring 58 which is bolted to the 
inner edge of the disc. The disc valve 8 rotates 
in ball bearings 58a which lie in grooves 59 in 
the much thicker plates 56 and 57, these being 
attached to a stationary tube 60 which is carried 
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8 
by the supporting plate 6. Valve 8 is shown 
open to allow flow of gaseous charge into the 
firing chamber 9. Walve 8 is shown closed in 
Fig. 21 which is a horizontal section along line 
2-2 in Fig. 13. Figs. 13 and 13G are the same 
as Fig. 7 except that they show one closed and 
one open position respectively of valve 8, with 
Out interference from the airfeed arm ... the 
duct 27 a leads to the duct 63 in a plate 56 and to 
the duct 62 in plate 5 which acts as the head of 
the rectangular cross section firing chamber 9 
With its fuel cooling jacket 66, Rollers 6 pre 
went the excessive wear that would otherwise 
occur if the edges 6 were deflected inward by 
the pressure against an edge of duct 62 or 63. 
The edges 67 may be set for the desired Small 
clearance at the ducts 63 and 62 by adjustable 
bearings 64a (Fig. 7), before the assembly of 
Valve 8, by first adjusting the rollers 64, the bear 
ings 64d of which are mounted in the plate 57. 
The disc of valve 8 is moved against the rollers 
64 by sliding the drum rim 55 to the right. Roll 
el's 64 (mounted on bearings 64a in plate '56) are 
then adjusted against the disc of valve 8 by slid 
ing plate 56 and projection 69 over the tube 60 
and Support 70 respectively then locking projec 
tion 69 to Support 70 by conventional means. 
Oil pressure feeds 65 (Fig. 21) provide a continu 
Ous oil filn which with the small clearance of the 
rollers 64, prevents after an explosion the escape 
of appreciable amounts of the high pressure air 
cushion compressed in the head 62 of the firing 
chamber 9. As the head 62 and firing chamber 
9 are very narrow, the high strength alloy steel 
valve blade of waive 8 is not bent sufficiently into 
the duct 63 to exceed its elastic limit. The ther 
mal loSS to the cooling fuel jackets 66 is not high 
because the combustion products only remain in 
the firing chamber 9 for a few thousandths of 
a Second, the combustion products passing from 
the throat 68 (Fig. 4) into the expansion tubes 
3 (see Fig. 6) at whatever the velocity of sound 
may be for the elevated temperature at the 
throats 68. The cylindrical bottom 69 of duct 
2la is Supported by the disc 70 mounted on the 
tube 60. 

In Fig. 6 is it shown that there are preferably 
four expansion tubes 3 held concentrically with. 
in the shell i8 and Surrounded by the low-pres 
Sure air Space 2. The mounting or spacing me?h 
bel's for the tubes 3 are 20 while their combus 
tion chambers are Supported by extensions of the 
plate Si. Plates 6 and 8a support a holiow 
tube 6 which does not revolve. It is coaxial 
with the axle 5, which however, is too short 
to contact the tube 6). Within the double wailed 
combustion or firing chambers 9, the row of 
Spark plugs 35 are seen to extend. The electronic 
controls, including the ignition current supply is 
housed within the boxes E at one side of the 
flaring rectangular outer ends of the expansion 
tubes 3. These ends are supported in apertures 
in the plate 8d. A row of six inlet, valves 
formed in part by outer wanes 46 is shown for 
illustration only; these valves may have a form 
modified from that shown or may be present 
in a different number. 
The Walve 8 and air cushion feed are shown 

in greater detail in Figs, 3 through 13, 
Fig. 9 is a vertical Section along line 9-9 in 

Fig. 7 and shows the four entrance ducts 63 to 
the four firing chambers 8, the support 6, the 
expansion tubes 3 and the inflowing air 3d along 
their sides in dashed lines. The four blades 
of rotary valve 8 are shown to one side of the 
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firing chamber entrance ducts 62 corresponding 
to the Open position of the valve 8. The blades 
7 are drawn taut between the drum rim 55 and 
the ring 58 which slides in groove 59 (Fig. 4) 
in plates 56 and 5 which are supported by the 
tube 60 and support 6. 

Fig. 8 is a vertical section along line 8-8 in 
Fig. 7 and shows the four ducts 63 in the plate 
56, the rotating riin 55 separated from the fixed 
plate 53 by the annular space 3. The end of 
the ring 58 is shown in the groove 59, plate 5 
being Supported by tube 69. 

Fig. 10 is a vertical section along line 0-f 
in Fig. 7. The rotating drum 55 is separated 
from the stationary plate 4 by the annular space 
3. The ends of the four ducts 27d in the plate 
are extensions of the four ducts 63 in the plate 

56; plate 74 being supported by the fixed cylinder 
69. 

Fig. 11 is a vertical section of the air cushion : 
feed. along the line - in Fig. 7. Mounted 
on the axle 5 is the disc 5 which forms a back 
wall for the inner portions 76 of the four air 
feed arm channels that receive compressed 
air through holes i8 and outer parts 79 of which 
slide on the face plate it. When the air feeder 
arm channels 77 are opposite the four ducts 2d, 
Compressed air flows through the feeder chain 
nels 7 into the ducts 2d. At all other times 
the premixed charges of fuel and air in chamber 
2, and the premixed charge of air and 
detonatable fuel in chamber 3 are free to flow 
into the ducts 27 a leading to the valve 8. The 
Outer ends of the channels 7 are secured to 
the edge of the rim 86 which supports drum 
rim 55. 

Fig. 12 is a vertical section along line 2-2 in 
Fig. 7. The outer rim 88 of the four rotating 
arms of the air cushion feed support the drum 
rim, 55. The edge of the wall 8 of the low-pres 
sure chamber 2 makes sliding contact with the 
rim 55 (Fig. 7). The inner ends 6 of air feed 
channels are attached to plate 75 and receive 
CompreSSed air from axle 5 as shown more clear 
ly in Fig. 7. The outer parts 79 of compressed 
air feed channels 7 ride over plate 74, and sup 
ply compressed air to ducts 27d. when they pass 
over then. 

FigS. 13 and 13c. show horizontal sections of 
two different phases of the valve 8 and feeder 7 : 
of Fig. 7. In Fig. 13a, the valve 8 is open and 
the air feeder channel is not covering the 
ducts 2a, so that premixed fuels and air pass 
from passages 2 and 3 in Fig. 4 into the ducts 
$2 that form the heads for the firing chambers : 
S. in Fig. 7 the air feeder channels have 
covered the passages 2 cutting off the supply of 
premixed fuels and air, and Supplying com 
pressed air into ducts 22d. and through valve 8 
to firing chamber heads 62. In Fig. 13, valve 8 
has closed ready for the firing of chambers 9, and 
the air feeder channels 7 have cleared the ducts 
2a, allowing premixed fuels and air again to 
flow into ducts 2 a. preparatory to the opening of 
valves 3 for the next firing cycle. 

Figs. 14 through 18 are schematic drawings 
to illustrate the action of the valves 0 (Figs. 2 
and 4) that prevent the escape of the high pres 
sure, high velocity air and gas slug from the ex 
pansion tubes 3 into the low pressure chamber 2, 
but when the pressure in the expansion tubes is 
reduced in the wake of a slug of gas and air, al 
low free flow of air from chamber 2 into the ex 
pansion tubes. 3. As the inlet valves are Syn 
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cross-section of the expansion tubes 3, only one 
side, is shown. Fig. 14 illustrates the action of 
the valves 0 when there is a high pressure, high 
velocity flow of air and gas down the expansion 
tube 3. The SuperSonic flow expands at Super 
Sonic valve Od. into a Prandtl-Meyer fiOW around 
the corner Surface 82 in the general direction of 
the arrow 83, the outer portion of this flow Strik 
ing the surface of outer Vane 84 approximately 
tangentially. Outer vane 84 is curved in the di 
rection to deflect the flow back into the expan 
sion tube 3 with the normal cross Section at the 
next valve corner 82. The specially shaped Sur 
faces 02a and 0.2b (Fig. 19d) of guard wanes 
86 are designed to reflect expansion Waves from 
corner 82 to the surfaces of vanes 84 and thus 
prevent the formation of oblique shocks that 
would otherwise occur at this surface. At the 
corner 32' the air flow has been slowed to Sub 
Sonic velocity, and no shocks can be formed. 
The outer wanes 84 are shaped to be tangential 
to the flow expanding across the openings 8 in 
the SubSonic inlet valves b, So... that a Smooth 
flow is obtained without undue turbulence. 

Fig. 15 shows the air in low pressure chanber 
2 rushing into expansion tube 3 through valves 
f0 to fill a low pressure Volume in the Wake 
of a compressed air and gas Slug. The air as 
indicated by arrows 88 enters at only a Small 
angle to the wall of expansion tube 3, and at 
the valve Od, nearest the firing chamber 9 the 
flow may temporarily be toward the firing cham 
ber as indicated by arrow 89. 

Fig. 16 shows an initial slug of gas and air 
471 with normal shock front F1 still traveling 
somewhat above sonic velocity into the still air 
ahead, although the air and gas on the left, high 
pressure side of the shock front F1 travels at a 
velocity greatly below transonic values. The 
same pressures and relative velocity would exist 
if the front F1 were stationary and the air on 
the right were approaching it at the SuperSonic 
velocity W1 not very far above Sonic value. After 
passing the normal shock point the air velocity 
would be reduced somewhat below the Sonic 
value, but would have a relative velocity to the 
stationary front F1 of nearly sonic value. Hence 
the relative velocity of the front F1 actually 
moving with greater than sonic velocity must 
be in the neighborhood of the velocity of Sound, 
or the velocity of the air on the high pressure 
side of the shock F must be a relatively low 
value as hundreds of feet per second. The pres 
sure P1 on the left of the shock front F1 may be 
very high compared to Po, the atmospheric pres 
Sure for the still air ahead. The rear of the 
slug 471 is not sharp as indicated by R1 for 
the purpose of illustration, but is somewhat dif 
fuse, although the bulk of the gas and air once 
belonging to the slug can be contained within 
two boundaries such as F1 and R1. The shock 
front F1 can only exist for a definite set of pres 
sure, density, and velocity ratios of the fluid 
On its rear and front sides. The pressure P1 
must also equal the static average pressure in 
Side the slug 47 as given by the equation of 
state plus the pressure produced by virtue of 
the rate of decrease of momentum of the slug 
as its velocity decreases from impacting the still 
air ahead. The pressure P1 at the rear of the 
slug 41 has a pressure equal to the average 
static value minus the change in pressure pro 
duced by the rate of decrease of momentum of 
the slug. There is a pressure gradient from 

metrical with respect to the two long sides of the 75 the front to rear of the slug. Thus the portions 
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of the slug passing valves fob have sufficient 
pressure to prevent the flow of air from the 
chamber 2 into the expansion tube 3. At valve 
Ga, however, at the rear of slug 47 the pres 
sure has been reduced to a value allowing in 
flux of air from chamber 2, and air is forced to 
follow in the wake of R1 under a sufficient pres 
Stre differential to maintain its flow. 

Fig. 17 represents the flow diagram one firing 
period later, the firing period being the time be 
tween consecutive shots (explosions) from the 
firing chamber 9. The front E of the first slug 
471 has now reached the mouth. 9 of the ex 
pansion tube 3, and if no slugs had followed it, 
its rear position would be at R1. Actually the 
Second Slug 42. Overtakes the real of the first 
sltig Ali, and has its shock front at F2 and its 
rear at Rs. The second slug 4 has traveled 
faster than the first slug 4.7i as its impacted air 
already moving with fair velocity in the wake 
of slug 471. 
In Fig. 16 the front F2 of the second slug 473 

has reached the mouth 9 of expansion tube 3, 
and the third slug 473. Would have advanced its 
front F3 to the position shown if it had not im 
pacted the rear of the second slug 472. F3 is ill 
lustrated as being slightly beyond the position 
of F2 one firing period earlier because the air 
ahead of it was moving faster than that ahead 
of Fa. This change is small however, and in a 
few cycles the slug position pattern has reached 
the steady State Cofidition which is approximated 
by Fig. 18. The action of a given stag in over 
lappilfig the rear of a preceding slug causes an 
averaging of the low pressure of thie rear of the 
preceding Slug and the higher pressure of the 
head of the following slug, so that the exhaust 
pressure and velocity from a mouth 9 do not 
have large Wariations. The presence of two or 
more slugs in the flow system at one time allows 
a relatively high frequency firing rate, e. g., 200 
explosions per firing chamber per Second and 
greatly increases the capacity of the pump. Small 
pressure fuctuations from the exhaust mouths 
9 are of a frequency that can readily be elimi 
nated by the use of storage tanks each having 
a volume only a fraction of that of expansion 
tubes. 3. Because the mouths of the expansiori 
tubes 9 are in parallel, and because they fife in 
sequence, the pressure fluctuation at their ex 
hausts is still further reduced. - 

Figs. 19 and 19a are schematic diagrams of the 
expansion waves in a supersonic valve led in all 
expansion tube 3. The expansion tube has a 
rectangular cross section of two opposite sides of 
constant length to produce an approximate two 
dimensional flow. Fig. 19 represents the flow 
pattern for the relatively low velocity rear end 
of a slug of compressed gas and air passing a 
supersonic valve Oa as it expands down tube 3, 
while Fig. 17a represents the flow at the same 
valve a for the relatively highi velocity front 
end of the slug. The flow is somewhat similar 
to the familiar case of the jet in Fig. 20 flow 
ing from orifice 96 into a region of lower pres 
sure iridicated by point 85. Since the jet is Syn 
metrical about the trace O-O of a plane per 
peridicular to the plane of the figure, the fioW 
pattern would be unaffected by the insertion of & 
verythin solid boundary along the above plane of 
symmetry. The upper half of the flow pattern 
need only be considered. A Prandtl-Meyer expan 
sion starts around corner 95 with the generation 
of the expansion waves 9 which are reflected 
from the solid boundary along Oas O' to the free 
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upper boundary at 93. These expansion Waves are 
refected from the free upper jetboundary as corn 
pression waves 94 that reflect from Solid boundary 
O-O' at 95 to form compression shocks at cusps 
9T. In the Figs. 19 and 19d the guard vane 8G sep 
arates the flow of the peripheral part of the slug 
passing down expansion tube 3 past the opening 
87 in the SuperSonic valve Oa, from the flow of 
the interior portions, thus preventing the spread 
of turbulence from the peripheral to the inner 
regions. The peripheral flow, which is parallel to 
the flat wall 98 of the expansion tube 3, starts a 
Prandtl-Meyer expansion around the corner 82 
which deflects the outer flow across the opening 
87 along the arrow 83. This flow has tangential 
incidence along the Outer vane 84 which curves 
down until at point 99, it is tangential to and on 
the boundary of expansion tube 3. Expansion 
waves such as a, b, c, d, e, and f spread out from 
corner 82 and if the vanes 86 and 84 were not 
present the fiow line OC would follow the dotted 
line of in a free expansion around corner 82. 
The expansion waves aire actually, however, re 
flected from the surface 92 of guard vane 86 
as expansion waves such as a, b, c', d', e' and f' 
(Fig. 19). With slopes of opposite sign from those 
of a, b, c, d, e and f and which deflect the flow 
back toward the boundary of expansion tube 3. 
Shock Waves have no tendency to form along the 
Surface 92 as the upper curvature is less than 
that occurring for free expansion around corner 
82. If the outer vane 84 deflected the flow down 
ward, oblique shocks would form along its lower 
Surface, but these incipient shocks are cancelled 
by the incidence of expansion waves such as d", 
b', c', d', e' and f' which deflect the flow down 
ward. The outer vane 84 is needed to prevent 
the turbulence that would result between the 
boundary of a high velocity flow and a region of 
stationary air that would result if a solid bound 
airy Were not present. The Surface 02a is spe 
cifically shaped to bring the expansion (reflected) 
Waves to the proper points to cancel out the in 
cipient oblique shocks along the lower surface of 
outer vane 84. The flow patterns of the front 
and rear of the supersonic slug do not differ 
enough for the same geometry of vanes 84 and 
86 as illustrated in Figs. 17 and 17 a to cause more 
than weak oblique shocks from lack of complete 
cancellation of shocks by the expansion waves. 
Pressure recovery loss due to turbulence is thus 
kept a mininuni. 

Fig. 15 illustrates the action of the valves 9a 
When the pressure in the expansion chamber is 
less than in the chamber 2. The air then foWS 
in at subsonic velocity with the minimum of 
turbulence, the Small scale turbulence around the 
wane tips f G3 being localized. 
The utility of the various electronic sections 

shown in Fig. 25 and divided by dotted lines may 
be stated as follows: 

Section A-Photoelectric means of producing 
a firing spark after the closing of valve 8. De 
livery of a number of equal voltage pulses to part 
C equal to the firing frequency. 

Section B.-Establishment of a reference firing 
frequency that may be modified by pressure col 
rection circuits in part E. 

Section C.-Comparison of the actual firing 
frequency and reference frequency, the differ 
ence being used as a correction to the position 
of the vane 2 in regulating the speed of the 
turbine to bring the firing frequency back to 
the reference value. 

Section D.--Circuits to provide a voltage pro 
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portional to the pressure measured by pickoff 
83 in expansion tubes 3. 
Section, E.-Pressure correction circuits to 

regulate the frequency of reference oscillator 43 
to a value to maintain the output pressure at the 
desired reference value. 

Section F.--To keep the speed of the fuel pump 
motor proportional to the reference and firing 
frequencies. 

In the Schematic circuit drawing of Fig. 25 in 
Section A, a pickoff wheel 2 f is coaxial with the 
blades of the valve 8, and is contained in the 
auxiliary box 3 of Figs. 2 and 4. Walve 8 has 
just closed the duct 62 (in Fig. 10) to the firing 
chamber 9, and the spoke 22 (Fig. 25) of the 
test pickoff wheel 2 has just interrupted a light, 
beam 23 from a light source 24, which bean 
is prevented from reaching the photocell detector 
25. Thus, when the firing chamber 9 has been 
charged with an explosive mixture through duct : 
62, and the valve 8 has closed ready for firing, 
the interruption of the light beam, 23 by the 
spoke 22 suddenly stops the D. C. current flow 
in the primary 26 of transformer f2, which is 
in series with a self-generating photoelectric cell 
25. The Sudden stoppage of D. C. current in 
the primary 26 produces a voltage pulse in the 
transformer secondary 28. The current pulse 
produced in the Secondary 28 is of the correct 
polarity when the light beam 23 is interrupted 3 
to flow through the rectifier 29. On the con 
trary, the current pulse produced in the Sec 
ondary 28 will not be of the proper polarity 
when the beam 23 is uncovered by the spoke 22, 
thus preventing sparking except when the valve : 
8 has just been closed. A resistor 30 is in series 
with the rectifier 29 and the secondary coil 28, 
and the voltage across it is impressed on an audio 
amplifier 3 which is tuned approximately to 
the fundamental of the pulse from resistor S. . 
The output of an amplifier 3 is in series with 
the primary of a transformer 4 and an input 
thyratron 32. The thyratron 32 is in series 
With the primaries of transformers 34 and 39, 
and a condenser 35 which may be charged by a 
D. C. source 36 through a small fixed resistor 3 
and a tube 38. When a voltage pulse is received 
from the amplifier 3 on the input of the 
thyratron 32, the thyratron 32 fires and dis 
charges the condenser 35 through the primaries 
of transformers 34 and 39. Such action causes 
a firing Spark for chamber 9 to appear at gap 
49. In order to measure the firing frequency 
by an integration process, it is necessary that the 
voltage pulses across transformer 34 all be alike. , 
This is partly achieved by designing transformer 
34 So that its core is Saturable at each pulse, 

but since the knee of the magnetization curve 
is never really sharp, it is in addition necessary 
to insure that the condenser 35 is charged 
very nearly to the same voltage before each dis 
charge. This requires a rapid charging rate for 
condenser 35, and to effect this result the volt 
age source 36 is impressed in series with the 
small fixed resistor 37, the condenser 35, and { 
a variable inpedance tube 38 which normally 
has a very low impedance. Therefore the charg 
ing rate of the condenser 35 is very rapid except 
for a short period at the breakdown of the 
thyratron 32. The pulse which fires the thyra 
tron impresses a Woltage on transformer ill 
that is transmitted through a rectifier 49 to a 
capacity-resistance network 42 the time con 
stant of which is adjusted to the desired short 
period. The voltage across this network biases 
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the tube 38 to cutoff. Therefore the voltage 
from D. C. Source 36 cannot prevent the thyra 
tron 32 from reopening when the voltage on the 
condenser 35 normally passes through zero be 
cause the condenser 35 is then separated from 
D. C. Source 36 by the high impedance of tube 
38. A rectifier 49 prevents a decrease of the 

pulse Voltage from the amplifier Si from open 
ing the tube 38. 

Section B of Fig. 25 has the function of pro 
ducing a series of pulses of a frequency deter 
mined by a Sawtooth oscillator 43 which is used 
as reference. The output of the oscillator 43 
is connected to trigger the thyratron 4, which 
is in Series with the primary coils of transformers 
45, 46 and 264-265, and condenser 47. The 
transformer f45 is designed for core saturation 
On each pulse-discharge through the thyratron 
44. To insure that the number of voltage pulses 
On transformer 45 can be recorded by integra 
tion of the separate pulses, these pulses are 
made further alike by a circuit able to charge 
condenser 47 very rapidly to the full voltage 
of D. C. Source 36. Woltage source: 36 is in 
Series with a low resistance fixed resistor 49, 
the variable impedance tube 50, the primary 
of transformer 264-265 and condenser 47. At 
the instant the thyratron 44 is fired by a pulse 
from oscillator f43, the secondary 265 of trans 
former 24-265 which is in series with a recti 
fier 5 impresses a voltage pulse on the latter 
and the capacity resistance network 52 which 
is in parallel with the input of tube 50. For a 
short period at the time of firing thyratron 44, 
determined by the time constant of the capacity 
resistance network f 52, the tube 50 is biased to 
cutoff, thus giving the thyratron 4f oppor 
tunity to open as the condenser 47 discharges 
to zero voltage. The rectifier 5 allows passage 
of only such voltage polarity from the trans 
former 48 as will bias tube 50 toward cutoff. 

Section C of Fig. 25 shows the circuit for con 
trolling the turbine speed, and since the turbine 

is mounted on the same shaft as the valve 8, 
the loading of firing chambers 9 is controlled 
by the turbine Speed. It was shown in the de 
Scription of section. A that the firing frequency 
WaS controlled by the speed of rotation of the 
blades of valve 8. It is the function of the cir 
cuit in Section C to compare the actual frequency 
of firing pulses received on leads 53 from trans 
former 34 with the number of voltage pulses on 
leads 54 coming from transformer 45, which 
are equal to the frequency of the reference os 
cillator 43. The firing-voltage pulses from 
leads 53 are in series with the rectifier 55, 
Condenser 56, and the variable resistor 57. 
The reference Voltage pulses on leads 54 are in 
series with variable resistor 58, rectifier 59 
and condenser 60. Resistors 5 and 58 may 
be adjusted to a point at which, for an equal 
number of firing and reference pulses, the volt 
ages on condensers 56 and 69 are equal. The 
resistor 6 is in parallel with condenser 56, 
and resistor 62 is in parallel with condenser 
60. Since the condenser voltages are of op 
posing polarity, the voltage to the input ampli. 
fier 63 Will be zero when the condensers 56 
and 6? are charged to voltages of equal magni 
tude; the firing and reference frequencies then 
being equal. If the firing frequency is different 
from the reference frequency, a voltage will be 
impressed on the amplifier f S3 to operate the 
Solenoid Switch 64. For this switch the center 
position of the armature contactor. 65 cor 
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responds to zero solenoid current. The O. C. 
voltage source 66 is impressed upon the resistors 
67 and 68 in series, leads from the midpoint 
69 of resistors 68 and 67 and the contactor 
65 going to the servomotor 5. On the serv 
Omotor 5 is mounted the grooved drum 50 which 
is Wrapped by one loop of cable 49 which, as 
previously mentioned, pulls the cylindrical vane 
f2 (Fig. 11) in or out to control the air intake 
and Speed of the turbine . If the firing fre 
quency exceeds the reference frequency, the con 
tactor 65 is pulled to contact T0, and contactor 
65 is then electrically negative to point 69 be 
tween resistors 68 and 67, and the servomotor 
drum cable control pulls the vane 2 farther 
forward. Less air, is thus intercepted and the 
turbine Speed is reduced. If the firing frequency 
is less than the reference frequency, the con 
tactor 65 is pulled to contact 7, and the servo 
notor 5 is rotated in such a direction as to 
cause vane 2 to intercept more air, thus in 
creasing the Speed of turbine until the firing 
frequency is equal to the reference frequency. 
The circuit of section ID of Fig. 23 has the 

function of maintaining the speed of the fuel 
pump motor 77 proportional to the firing fre 
quency, Which is kept equal to the reference 
frequency. As will be later explained, the refer 
ence frequency may be changed automatically 
to keep the exhaust pressure of the pump at a : 
desired value. Every reference voltage pulse 
actuates the transformer 46 which impresses a 
voltage pulse on the A. C. amplifier 12 the out 
put of which is in series with a rectifier 73 and 
a condenser f14. The condenser 74 is in series 
with a resistor 75 and a D. C. generator 76 
which is connected to the shaft of the fuel motor 
7. As the voltages on the condenser 74 and 

the generator T6 have opposite polarities, no 
Current Will flow in the resistor 75 When the 
Speed of the fuel pump motor. 77 has the cor 
rect value for a given reference frequency; the 
gain of the amplifier 72 having been adjusted 
to the correct value in the initial calibration. 
Opposite voltage polarities will appear across the 
resistor 75 when the speed of the motor TT 
is greater or less than its proper value. The 
Speed of motor 77 is controlled by a variable 
Solenoid 78, the impedance of which is in series 
with the armature of the motor f7. The posir 
tion of a solenoid plunger 79 is determined by 
the pull of the cable 80 which runs over pulleys 
f8 f and 82. Pulley 8 is mounted on the shaft 
of servomotor 83 which has opposite directions 
of rotation for voltages of opposite polarity on 
resistor f75. 
Section E of Fig. 25 shows a circuit for pro 

ducing a D. C. voltage proportional to the ex 
haust pressure in the expansion tubes 3. A tube 
83 leads from the exhaust ends of expansion 

tubes 3 to a bellows box 84 which is divided by 
a diaphragm 85. A compartment 86 of the 
box 35 on the lower side of a diaphragm 85 
is evacuated. Differences in the exhaust presm 
sure of the expansion tubes 3 cause the diar 
phragm 85 to move in or out with proportional 
displacement. The displacement actuates a lever 
system 87 to slide the contactor 88 along a po 
tentiometer 89 which is in parallel with a D. C. 
source 90, thus giving a voltage on leads 9 
which is proportional to the exhaust pressure of 
expansion tubeS 3. 
The section F of Fig. 25 shows a circuit for 

changing the reference frequency of the sawtooth 
oscillator 43 (and hence also the firing fre 
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16 
quency, which is kept equal to the reference fre 
quency) So as to maintain the exhaust pressure 
Of expansion tubes 3 at the desired value. The 
voltage on the leads 9 is bucked against the 
I. R. drop of a resistor 92 which is controllied by 
a D. C. Source 93 and a variable resistor 94 to 
equal the Voltage of the leads 9 for the desired 
exhaust pressure of expansion tubes 3. If the 
exhaust pressure of tubes 3 is different from the 
desired reference value, an error Voltage appears 
across the resistor 95, the polarity of which 
depends upon the sign of the error and the mag 
nitude of which depends upon the amount by 
which the preSSure has departed from the desired 
value. This error Voltage is impressed on the 
leads 96 and upon the input of two conventional 
triode circuits, the components of which are con 
nected as follows: The given error voltage polar 
ity is impressed across the grid and cathode of 
One tube 97, and across the grid and cathode of 
another tube f$8; the rectifiers 99 and 290 pre 
Venting error signal current through grid leaks 
20 t and 202 respectively, unless the polarity on 
the grid is such as to increase the plate current. 
Therefore, regardless of the polality of the error 
voltage, one tube will always have an increased 
plate current and there will be no change in the 
plate current of the other. The leads 206 are 
taken across the plate resistors 203 of the tube 
97 and 204 of the tube 98 in Series with a der 
coupling resistor 295. When no error voltage is 
impressed on tubes 97 and 98, the output volt 
age on leads 206 is balanced out by the voltage 
across resistor 207 which is supplied by a D. C. 
Source 288 through a control resistor 209. The 
voltage across the leads 20 is thus proportional 
to the magnitude of the error voltage regardless 
of its polarity, and is impressed acroSS a resistor 
2 which forms part of the input to an amplifier 
22 which furnishes the correction voltage to be 
transmitted to a reference oscillator, as later de 
Scribed. 

Extensions of the leads 296 are impressed 
across a grid resistor 24 on the input of a tube 
25 which with a conventional circuit and con 
denser signal pickoff 26, Supplies a voltage to the 
Output leads 27 which is proportional to the time 
differential of the input, i. e., to the time rate of 
change of the magnitude of the error voltage, 
regardless of its polarity. A rectifier 28 allows a 
Voltage to be put on a capacity-resistance retr 
Work 29, So that the voltage on leads 228 biases a 
tube 22 toward cutoff with a large increase in 
its impedance when the magnitude of the error 
voltage decreases. This effect greatly reduces the 
output of a tube 222 which is connected to a 
resistor 223, when the magnitude of the error 
voltage is decreasing. Since the input of the tube 
222 comes from the leads 9 the voltage of which 
was shown in the description of section E, Fig. 25, 
to be proportional to the exhaust pressure of the 
expansion tubes 3, and since the tube 222 is used 
in a conventional circuit for differentiating this 
input signal, the voltage across the resistor 223 is 
proportional to the time rate of change of the 
exhaust, preSSure of tubes 3. When the tube 22 
has a low impedance, i. e., when the magnitude 
of the error voltage is increasing, this condition 
results in a strong signal on resistor 223, but 
When the magnitude of the error voltage is de 
creasing, tube 22 is biased toward cutoff, has a 
high impedance, and the signal across resistor 
223 can be made as weak as desired. This is 
accomplished by the setting of the variable re 
Sistor 224 in the capacity-resistance network 29. 
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The diodes 225 and 226 are connected across the 
ends of the resistor 223 so that regardless of the 
polarity of the I. R. drop across the resistor 223, 
the diode on the positive end allows current to 
flow through the resistor 227, the I.R. drop across 
resistor 227 always being in the same direction, 
regardless of which diode passes current through 
it. The voltage across the resistor 227 is im 
pressed across the resistor 228 which is part of 
the input potential to amplifier 22, and repre 
sents the magnitude of the time rate of change 
of the exhaust pressure of expansion tubes 3. 
The other component of the input voltage to the 
amplifier 2 f2, is, as before described, the I. R. 
drop across resistor 2, which is always of a 
polarity to aid that across resistor 228, and is 
proportional to the magnitude of the error volt 
age. The combined input to the amplifier 22 
thus consists of voltages proportional to the sum 
of the time rate of change of the magnitude of 
the exhaust pressure of expansion tubes 3 and 
the magnitude of the error voltage which rep 
resents the amount by which the exhaust pres 
Sure of expansion tubes 3 differs from the desired 
reference value. The component representing 
the time rate of change of the magnitude of the 
€xhaust pressure in the expansion tubes 3 is 
weaker for a decreasing than for an increasing 
magnitude of the error Voltage. The output of 
amplifier 22 constitutes a correction signal 
which is to be applied to the reference frequency 
Oscillator f43. The signal value depends both 
On the pressure error and the magnitude of the 
time rate of change of the pressure. Very rapid 
fluctuations in pressure may occur at the start 
of a SuperSOnic pulse jet pump in which the firing 
frequency depends upon turbine velocity. It is 
necessary to anticipate pressure errors before 
they become large, by the time rate of pressure 
magnitude changes. However, the correction due 
to the time rate of change in pressure magnitude 
is blanked out as much as desired by the tube 
22 when the magnitude of the error voltage is 
decreasing, in order to prevent overshoot and 
OScillations about the Zero point. In order to fur 
ther prevent overshoot and oscillation about the 
point of Zero correctin Voltage, a tube 229 is pro 
vided to bias the D. C. amplifier 230 to cutoff 
When the magnitude of the correction voltage is 
less than a Small value controlled by the negative 
bias given by the potentiometer 23 which is con 
nected in series with the grid of the tube 229. 
When the magnitude of the correction voltage on 
the leads 2 exceeds the negative bias from the 
potentiometer 23, the I. R. drop on the resistor 
232 increases very rapidly since tube 229 has a 
large amplification. Current therefore tends to 
flow through rectifier 233 in the inverse direction. 
As this flow is prevented by the rectifier, the 
input to the amplifier 230 from the amplifier 212 
is unaffected by the circuit of tube 229 as long as 
the error Voltage exceeds the Small voltage on 
the grid of tube 229 from the potentiometer 23. 
But when the magnitude of the error Voltage is 
appreciably below the negative bias provided by 
potentiometer 23, the current through the tube 
229 is markedly decreased, and the I. R. drop 
on the resistor 232 is considerably decreased. 
Current flows through the rectifier 233, the di 
rection of Current flow through the secondary 
265 as previously caused by the amplifier 2 f2, 
being reversed, the current being of a value suffi 
cient to bias the input of amplifier 230 to cutoff. 
Amplifiers 22 and 230 are adapted to handle D.C 
in order to pass a correction signal which slowly 
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increases due to a very small drift in pressure. 
The Output of amplifier 23) is impressed acroSS 
the armature contactors 234 of Switch 235, the 
control solenoid 236 being actuated from leads 
237 which are extensions of leads 96, and are 
positioned across the error voltage. Therefore, 
When the exhaust pressure of the expansion tubes 
3 is greater than the reference value, the con 
tactors 234 close the circuit on the right hand 
side, and if the contactors 233 of second revers 
ing SWitch 238 are also on the right hand side, 
a voltage will be in pressed on a field coil of motor 
24 in such a direction as to reduce the reference 
frequency and to cause a decrease in pressure to 
the reference value. If the exhaust pressure of 
expansion tubes 3 is less than the reference 
Value, the error Voltage will have the opposite 
Sign. The Solenoid 236 of switch 235 will pull 
contactors 234 to the left hand contacts, revers 
ing the polarity of the correction current of 
SWitch 235. If the contactors 239 of second re 
versing Switch 238 still make contact in the 
right hand position, the motor 24 will now be 
Speeded up, the reference frequency will increase, 

5 and the exhaust pressure of the expansion tubes 
3 Will rise until it is equal to the reference value. 
The function of the second reversing switch 

238 is to provide the correct correction voltages 
to the motor 24 for operating conditions that 
occur Such that the pressure-frequency curve is 
a double-valued function as in Fig. 26 where 
pointS A and B both have a value of exhaust 
pressure equal to that of the reference. It is 
preferable that the operating pressure be limited 
to Small oscillations about the point A as the cor 
responding Operating parameters lead to a higher 
eficiency than for point B. It is therefore desir 
able to provide second reversing switch 238 and 
its controlling solenoid 255 to reverse the polarity 
of the correction voltage to motor 240 when the 
slope of the pressure vs. frequency curve (Fig. 
26) changes sign, corresponding to a pressure be 
tween points C and B (pressure greater than 
the reference). The normal correction is then 
reversed so that the frequency will decrease and 
the pressure increase until the maximum at C 
is reached, when a slight overshoot will carry 
the pressure into the region for normal opera 
tion. Reversing switch 238 is then being actuated 
by the change in slope so that the frequency will 
continue to decrease until the pressure reaches 
the reference value at point A. In starting the 
jet pump, the pressure and frequency build up 
together, the more firing shots per second the 
greater Will be the volume of air sucked from 
chamber 2 through valves 6 into the expansion 
tubes 3. The greater the flow of air from cham 
ber 2, the greater will be the turbine speed for 
the same setting of the inlet vane 2. However, 
the firing frequency may reach a value for which 
the slugs passing down expansion tubes 3 are 
too close together for an adequate inflow of air 
from chamber 2 into the space between them. 
In such case a maximum in the exhaust preSSure 
is reached at Some point C, Fig. 26, but the fre 
cluency can still increase by reason of an in 
Creased Speed of the compressor 5 and valve 8 
and by virtue of a change in position of vane 
2 to direct more air through the turbine blades. 

If the reference pressure desired is close to the 
naximum pressure C, fluctuations might drive 
the point of operation onto that portion of the 
pressure VS. frequency characteristic in which the 
curve has a negative slope. Supersonic flow is 
Sensitive to changes in operational factors Such 
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as the efficiency of the compressor 5, and some 
fluctuation about the reference pressure is to be 
expected on starting the jet even with automatic 
control. It is therefore necessary in order to 
obtain some desired exhaust pressures, to auto 
matically reverse the position of switch 238 upon 
change in sign of the slope of the pressure WS. 
frequency curve. Mathematically expressed, 
when dB is the rate of change of pressure, dF. 
the rate of change of frequency, and dit the 
rate of change of time, the polarity of dip/dE 
must be detected, but the magnitude is not 
needed. Then dR/dE equals dR/dt divided by 
dF/dt, and its polarity is positive when dR/dt 
and dE/dt have the same sign and is nega 
tive when they have opposite signs. It is 
only necessary therefore, to send a current 
through the solenoid of switch 238 when dP/dt 
and dF/dt are either both positive or both nega 
tive, and to let the spring action of the switch 
close the contacts on the opposite Side when no 
current passes through the solenoid. Leads 24f 
pick off a voltage from condenser f36 propor 
tional to the firing frequency and impress it upon 
the input of a tube 242. A capacity-resistance 
circuit 243 differentiates the firing frequency 
with respect to time. A voltage is obtained across 
'the primary of a transformer 244 of the polarity 
of dE/dt. The primary of a transformer 245 
receives a voltage from leads 243 which are in 
series with condensers 268 which are positioned 
across the I. R. drop of a resistor 269 of the 
circuit of a tube 267 for taking the time deriva 
tive of the voltage, on its input from leads 265 
which are across a voltage proportoinal to the 
expansion tube exhaust pressure. The Secondary 
of transformer 244 is impressed across the input 
of a tube 247 which is in series with a tube 248 
and an output resistance 249, the input of tube 
248 being taken across the secondary of trans 
former 245. A voltage can only appear across 
the output resistance 249 when both tubes 247 
and 248 conduct, i. e., both dP/dt and dF/dt are 
positive, since the transformer voltages are large 
enough so that if the input to a tube were nega- . 
tive, it would be biased to cutoff and no current 
would flow through the resistor 249. A second 
secondary coil of transformer 244 is impressed 
on the input of tube'250 in reverse phase so that 
its grid is positive only when dF/dt is negative. 5 
Likewise a second secondary of the transformer 
245 is impressed upon the input of a tube 25 in 
inverse -phase, so that its grid is only positive 
when dP/dt is negative. Thus only when df/dt 
and dP/dt are negative, will tubes 250 and 25i 
pass current through resistor 252. The leads 25 
originate across resistors 249 and 252 in Series, 
voltages adding, so that the voltage on leads 254 
to solenoid 255, have the same-polarity for dP/dt 
and dF/dt both positive or both negative, but 
zero voltage if they have opposite polarity. The 
wiring sense of the solenoid 255 is such that the 
reversing switch 238 makes contact on the right 
side if dR/dE is positive and is pulled to the left 
side-contacts by spring action for dP/dF nega 
tive. Under such condition, no current flows 
through the solenoid. The switch thus reverses 
the polarity of the normal correction voltage 
when the pressure vs. frequency curve becomes 
'negative, forcing the point of operation back up 
the slope B-C, past the maximum at C by a 
small overshoot, with reversal of the reversing 
"switch 238 by the change in slope of the curve as 
the maximum is passed. Therefore the correc 
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tion signals are now of the proper polarity to 
reduce the pressure to the reference value. 
To prevent the solenoid 255 from losing its 

control signal when the frequency drift is too 
low to be detected by the transformers 244 and 
245, the error voltage from leads 96 is amplified 
by a tube 256, and conducted by leads 257 "onto 
an auxiliary winding coil-258 of the motor 240 in 
such a direction as to normally start a correction 
in the pressure until the time rate of change in 
pressure is sufficiently large to pass the capacity 
resistance circuit 243, and then to actuate trans 
formers 244 and 245 so that solenoid 255 will be 
properly controlled. When this condition is 
reached, the voltage on leads 259 is great enough 
that when amplified by a step-up transformer 
260, the I. R. drop across a resistor 26 f is enough 
to bias the tube 256 to cutoff and to stop the 
artificial frequency drift produced by the auxili 
ary coil 258 of the motor 240. The rectifiers 262 
and 263 keep the same polarity across the re. 
sistor 26f regardless of which half of the second 
ary coil of transformer 260 is conducting current 
for the frequency drift of a given polarity. This 
effect is produced because the two halves are 
Wound in opposite coil sense, so that their voltage 
polarities are 180 degrees out of phase for a 
given voltage impressed on the primary. 

Starting the pulsejet pump or motor 
Starting is accomplished in a manner similar 

to that of the conventional turbojet engine, the 
starting motor in container 3, driving the com 
non shaft 5 of the turbine which is geared to the compressor. The pressure pickoff f 83 from 
the expansion tubes registers zero initial pres 
Sure above the atmosphere, and calls upon the 
reference Oscillator 43 for a higher frequency 
of firing, which causes the servomotor 51 to posi 
tion the cylindrical vane f2 to intercept the max 
imum designed fraction of the air input through 
the turbine blades 53, thus increasing the speed 
of the turbine and compressor as rapidly as 
possible, and raising the firing frequency. The 
combustion chambers are fired for every passage 
of the valve blade 8 past a combustion chamber 
entrance 62. The firing frequency is thus di 
rectly proportional to the spaed of the turbine 
and compressor 5 geared thereto. 

pression ratio of the explosive charge is at first 
'low due to the low compressor speed, and the 

The com 

fuel supplied is low in proportion since the speed 
of the fuel pump motor f77 is maintained di 
rectly proportional to that of the firing frequency 
and the turbine speed. The initial explosions 
are of low power and not much air is pulled 
through the valves to into the expansion tubes 
3, so that the acceleration of the turbine is not 
ided much by the air pulled through its vanes 
, the main load falling on the starter motor 
in container f3. As the turbine and compressor 
5 pick up Speed, however, the compression ratio 
increases, the frequency of firing increases, the 
explosions from the combustion chambers are 
noe powerful, more air is sucked from chamber 

-2 through valve to into the expansion tubes 3 
and the turbine begins to take a share of the load, and the pressure in the pickoffs in 
creases, until finally at full compressor Speed, the 
pressure at Saidpickoff has reached the reference 
Yalue. The frequency called for by oscillato 
has remained at maximum stop position (which 
Enight be 10% above the normal operating 

value), but as the reference preSSure is exceeded 
and the sign of the pressure error changes 
motor 240 has a reversed torque and starts to 
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decrease the reference frequency called for, and 
automatic electronic control circuits previously 
described in relation to Fig. 23 take over, causing 
the output pressure in expansion tube 3 to de 
crease smoothly to the reference value. The 
input to the reference frequency control motor 
240 is proportional to the sum of two voltages, 
one of which is proportional to the magnitude of 
the pressure error voltage, and the other to the 
magnitude of the time rate of pressure change 
modified to be Smaller for decreasing pressure 
errors, the sign of this whole correction being 
controlled by a relay switch to be of the proper 
polarity to decrease the pressure error. 
Many changes from the exact form of my 

motor or pump and its control circuits as shown 
may be made without departing from the spirit 
of the invention. For example, a form of the 
casing may be modified as to external shape, the 
form of the high pressure fuel storage chambers 
may be modified, the form of the ports in the 
disk valve may be modified and the expansion 
tubes may be made funnel shape rather than in 
the form of a diverging prism. 

Process 
The generalized cycle for producing augmenta 

tion of momentum in jet propulsion therefore 
consists of the following steps divided into three 
phases, i. e., the explosion phase, the augmenta 
tion or impacting phase, and the delivery phase. 

1. In the explosion phase there is only a single 
step, i.e., explosion of a previously prepared mix 
ture of finely divided fuel and air by a high 
velocity combustion shock produced by the deto 
nation of a separate fuel and air charge produced 
from a detonating liquid hydrocarbon or othe 
chemical. 

2. The augmentation phase comprises six suc 
cessive steps, which however as a practical nat 
ter takes place with Such rapidity that they may 
be regarded almost as a single step. The stages 
are: 

- d. Discharge of a SuperSonic slug of gas from 
the combustion chamber to the expansion 
tube, 

b. Impingement of the SuperSonic Slug or gas 
upon the slower gas in expansion tube, 

c. Compression of the gas flowing across the 
Shock front of the Slug, 
Expansion of the gas in the slug into a vol 
ume of lower pressure gas flowing into the 
slug across its shock front, 

e. The reaction of the expanding slug against 
- the divergent sides of the expansion tube, and 

f. The inflow of air or gas in the low pressure 
wake of the slug to prevent stoppage of a 
pump or motor by excessive back pressure. 

Steps a to f, inclusive, produce augmentation of 
momentum by transformation from a Small mass, 
high velocity volume to a large mass, low velocity 
volume and expansion against the divergent ex 
pansion tube Walls. 

3. Delivery phase. 
a. Delivery of a large mass, low velocity, low 

pressure gas flow from the mouth of the ex 
pansion tube, and 

b. A powerful backward thrust on the expansion 
tube walls during the delivery and augmenta 
tion phases. 

From consideration of the above generalized 
method it is evident that a method of generat 
ing power either as thrust or Suction by bringing 
about a much larger degree of augmentation due 
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to air entrainment has been provided than has 
heretofore been known. This improvement has 
been created by a fundamental change in the 
steps employed to produce augmentation, thereby 
differing from the method now generally prac 
ticed, i. e., increasing the number of concentric 
venturi tubes, which soon becomes unwieldly 
and is always inefficient. My new method is in 
dependent of any particular disposition of ap 
paratus and can be carried out with the elements 
which I have disclosed. When these elements are 
operated, i. e., not compacted into the particular 
close assembly disclosed, but arranged as separate 
elements in a series connected by ducts, Shafts, 
etc., after the Inanner of connected chemical engineering apparatus. 

Figs. 27 to 30, inclusive, illustrate the cycle as 
carried out in the particular case having to do 
with the pump or motor which I have disclosed. 
These figures illustrate the cycle as carried out 
in the Sole necessary element, i. e., a flared tube 
having a single valve for shutting off the cylin 
drical area of the tubing after ejection of the 
charge from it. So as to provide a backing for the 
expansion of the slug in the flared portion by 
reason of itS OWn expansion and by reason of 
the augmentation which at itself creates by its 
behavior in the flared end of the tube. 
The proceSS can be applied to augment the ex 

pansion of a hot slug of gas with a liquid as well 
as with the gas. 

In FigS. 27 to 30, inclusive, a modification of the 
general fundamental process is shown, augmenta 
tion be produced between transformation of a 
low maSS, high velocity slug of gas to a low veloc 
ity, large mass of gas by intermittent pulse flow 
and a minimum of turbulence. The firing, com 
pression, expansion and purging phases are shown 
in FigS. 27, 28, 29, and 30, respectively. In the 
firing phase, a hypothetical rotary nozzle expands 
high pressure gas into a bank of flared tubes to 
form a low mass, high velocity piston or slug of 
gas therein. This high velocity impacts against 
the slower air ahead of it and compresses the 
air, the valve being open for the expansion of 
the slow air column through the flared end. In 
the compression phase, the gas slug has com 
preSSed the air ahead of it into a high pressure 
slug, and the valve has closed behind it. The 
gas slug, originally moving at Supersonic velocity, 
has produced a partial vacuum behind it and a 
new column of air has been Sucked in to fill this 
vacuum. In the expansion phase, the com 
preSSed gas and air slug in the flared end has 
just finished its expansion, thereby producing a 
powerful thrust against the closed valve and 
against the flared sides of the tube. The vacu 
um has nearly disappeared due to the forward 
velocity of the new column of intake air. The 
purging phase shows the valve open and the in 
take air column having nearly purged the rear 
end of the former slug. The cycle is now ready 
to be repeated by the next passage of the hy 
pothetical rotary nozzle across the intake of the 
tube. Figs. 31, 32, 32d and 33 show the funda 
mental method as distinguished from the special 
method used in Figs. 27 to 30, inclusive. It will 
be observed that the valve shown in Figs. 31, 32, 
32d and 33 is an inlet valve and not a backing 
valve. Therefore, the exploding gases must de 
pend largely for backing upon their own mass 
and inertia, rather than on a solid wall at their 
rear against which they can push. The steps 
carried out in the fundamental process or cycle 
have already been listed in tabular form and can 
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treadily be related to Figs. 31, 32, 32a and 33 
through the legends applied to those figures. 

What I claim is: 
i. In a pulse jet pump or notor, a casing, a. 

turbine driving a rotary air compressing eie 
ment to supply compressed air for combustion, 
combustion chambers within Said Casing to 'Stip 
ply in rapid succession explosions at high ten 
perature and pressure to exhaust slugs of gas 
for thrust, or flow purposes, a rotary disc valve 
adapted to admit fuel and air mixture to said 
combustion chamber to provide a high frequency, 
high pressure valve without the vibration and 
power loss of reciprocating parts, guide plates 
having long narrow radial ports, said guide plates 
being located adjacent said disc valve, which is 
adapted to rotate between said guide plates to 
close said ports periodically whereby said guide 
plates carry radial inlet ports for the combustion 
chambers and serve as guides for fiexible rotat 
ing valve blades which slide between the guide 
plates and intercept said ports at periodical in 
tervals, a drive shaft rotatable in Said valve and 
supporting said blades to rotate Said valve blade 
: elements, said rotary disc valve and said guide 
; plates, an outer drum rim mounted on Said drive 
shaft to support the outer edges of said flexible 
valve blades under tension, an inner ring COin 
-nected to said blades, said blades being attached 
between said drin rim and said innerring under 
tension, said rings being rotatable with Said 
:blades, said guide plates being stationary and 
supported by a stationary tube, and having a 
groove to receive said ring whereby to fornia a re 
cess circular channel to carry the ring as it holds 3: 
the inner edge of the valve blades under tension 
and rotates with said blades. 

2. In a pulse jet pump or notor a Substan 
tially cylindrical casing having a forward port, 
a center shaft and extending through Said caS 
ing, a base, a front bearing extending upwardly 
from said base and supporting said shaft, an air 
compressing impeller mounted upon said shaft 
to furnish compressed air for combustion, a coin 
bustion chamber to furnish high temperature, 
high pressure slugs of gas, an expansion tube in 
interior communication with the outer end of 
said combustion chamber, said expahsion tube 
serving to direct exhaust gas slugs from a corn 
bustion chamber upon the 1rear of air columns, 
louvers within the walls of said expansion tube 
for the admission of air to form said: air columns 
under the negative pressures produced after 
said exhaust gas slugs have substantially left 
the area of said ouvers in said expansion tubes, 
said louvers having a corner, a guard vane and 
an outer vane to prevent the exit of high pres 
sure air from the inside of the expansion tube 
by an initial Prandtl-Meyer type of expansion 
around the corner, followed by deflection of the 
gas flow back into the expansion tube without 

a shock, means for successive charging of Said 
combustion chamber for a sequence of explosions 
within said chamber to produce a Series of Slugs 
of exhaust gases directed down the expansion , 
tube, an electronic pressure-responsive means 

: for successively igniting said charges to produce 
said slugs, the succession resulting from the ex 
plosion of said charges and the passage through 
the expansion tube giving rise to an inflow of air 
into the said expansion tubes, a turbine driven 
by said inflow of air, said turbine rotating said 
impeller about the center shaft upon which it...is 
mounted. 3. In -a, -pulse jet pump or motor, a Casing, a 
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irotary air compressor within said casing, for 
ifurnishing compressed air for combustion, Said 
'Casing constituting a partial air inlet means for 
said compressor, a high pressure firing chamber 
-adapted to furnish slugs of exhaust gas at high 
preSSure, an expansion tube directly connected 
to the exhaust end of said firing chamber, said 
expansion tube having substantially smoothly di 
vergent sides, the larger end thereof being lo 
*cated toward that end of the casing remotest 
if:On Said compressor, louvers provided with 
Vairles aifanged of the Sides of Said expansion 
tube to promote inflow of gas thereinto under the 
Suction Created by the exit of the exhatist gas 
slugs therefrom but adapted to substantially pre 
went outflow of gas through the louvers from 
Said expansion tube, a low pressure air chamber 
Slirrounding said expansion tube to constitute 
“a reservoir. of air for the Supply of said expansion 
tube, charge-forming means for forming suc 
*cessive charges of an explosion mixture of fuel 
and air: and for introducing them into said high 
preSStre firing chamber, a turbine at Substan 
tially that end of the casing which is farthest 
from the larger end of said expansion tubes, said 
turbine being driven by the suction created by 
the flow of air into said expansion tubes and drive 
Eneans between said turbine and said air conti 
pressor whereby to drive said compressor. 

4. In a pulse jet pump or motor, a base, a cas 
ing mounted thereon, a compressor having a 
drive shaft, a front bearing for said drive shaft 

- arising from said base, said compressor being re 
Volubly mounted on said shaft whereby to comi 
preSS air for combustion, a combustion chamber 
into which said compressor is arranged to dis 
charge, Sald combustion chamber being adapted 
to furnish high pressure slugs of gas, said com 
bustion chamber having an open throat for the 
discharge of the detonated charge of ignition gas, 
a main charge premixing chamber to mix fuel 
and air So that detolation can occur in said com 
bustion chamber with efficient combustion, said 
premixing chamber containing screens for mix 
ing said fuel and air by small scale turbulence, 
a fuel System, said fuel system being adapted to 
inject detonatable fuel droplets into said auxil 
iary premixing chamber, ignition devices to set 
off an initial detonation in the auxiliary combus 
tion chamber, an expansion tube having substan tially smoothly diverging sides to direct slugs of 
exhaust gas from the main combustion chamber 
against a column of air whereby to increase the 
naSS of gas and augment the momentum of the 
gas and air exhausted from said expansion tube, 
inlet louver vanes to allow air to flow to said ex 
pansion tube in the section of high velocity pres 
Sure slug of exhaust gas, but to prevent a slug of 
gas from permanently escaping through the lou 
vers, Said louvers and vanes being located at a 
region of sharply increasing diameter, in said ex 
pansion tube, the vanes comprising outer wanes to 
create tangential incidence with the outward ex 
panding gas of the slug and redirect it back into 
the expansion tubes, guide vanes to reflect expan 
Sion waves from the region of suddenly increased 
diameter to the outer vanes to prevent the forma 
tion of shock waves as the peripheral flow of 
the slug is recompressed and brought into the ex 
parision tube by the outer vanes, a turbine to 
generate power by the flow of air through said 
-turbine into said expansion tube, and means for 
driving said compressor from said turbine at an 
optimum Speed for the efficiency of each. 

5. A pulse jet pump or motor, a casing for the 
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partial support of elements contained within 
said casing, a turbine in said motor driving a 
rotary compressor at one end of said casing to 
furnish compressed air for combustion, a fuel 
supply, a fuel mixing chamber to premix air 
from said compressor and fuel from said fuel 
supply, combustion chambers to furnish slugs of 
high temperature high velocity exhaust gas, a 
rotary disc inlet valve to periodically admit air 
for fuel charges to said combustion chambers, 
a lateral extension for each combustion chain 
ber to provide a narrow cross section suitable for 
the initiation of a high pressure combustion 
shock wave, ignition means in said lateral ex" 
tensions to explode the charge nearly Simul 
taneously throughout the length of the combus 
tion chamber, an expansion tube connected to 
each combustion chamber to direct slugs of ex 
haust gas from the combustion chambers against 
columns of air in the expansion tube to increase 
the mass and augment the momentum of the 
discharge from the expansion tube, a plurality 
of inlet louvers in each expansion tube to pro 
mote the ingress of air into the expansion tubes 
in the wake of successive slugs of exhaust gas : 
and electronic pressure-responsive means to 
provide means for maintaining a desired ex 
pansion tube exhaust pressure by change in the 
firing frequency. 

6. A pulse jet pump or motor comprising a 3 
casing for the partial support of internal ele 
ments, a turbine in said motor driving a rotary 
air compressor at one end of Said casing to 
furnish compressed air for combustion, a plu 
rality of combustion chambers positioned to re- 3 
ceive air from said compressor, to furnish high 
pressure high temperature slugs of exhaust gas, 
inlet valves at the entrance to said connolstion 
chambers to admit periodically an air-fuel mix 
ture to the combustion chambers, said inlet 
valves comprising rotatable blades alternating 
with combustion chamber ports, the blades act 
ing periodically to seal the ports while rotating 
at a high velocity, lateral extensions for the 
combustion chambers to furnish a priming ex 
plosion in each to fire the main charge rapidly 
in the responsive communicating combustion 
chamber, igniters in said lateral extensions to 
fire the entire length of the priming charge in 
the lateral extensions nearly simultaneously, 
means for admitting fuel to the main combus 
tion chambers, means for admitting a different 
fuel to the auxiliary combustion chamber to 
furnish the priming charge, a plurality of ex 
pansion tubes, each expansion tube being in in 
terior communication with a combustion chain 
ber, each expansion tube having smoothly di 
verging sides and being adapted to discharge in 
sequence for more nearly constant exit flow of 
gas from said tubes and casing, each expansion 
tube having a plurality of cornered louvers to 
initiate Prandtl-Meyer expansion around the 
corner at that region of the tube in which Super 
sonic gas fow takes place and to promote the 
initial part of a gas wake around an obstacle in 
the sonic portion, vanes to catch the outward 
flow of gas in slug form tangentially and to lead 
it back to the main portion of the expansion tube 
and guides to reflect expansion Waves from Said 
corners to the outer vanes to prevent the forma 
tion of shock waves, an electronic control for the 
firing frequency in response to pressure to pro 
duce the optimum pressure, Said control being 
responsive to a diaphragm which is located ad 
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jacent to the expansion tube so as to be influ 
enced by the exit pressure therein. 

7. A pulse jet pump or motor comprising a CaS 
ing for the partial support of elements within it, 
an air compressor adapted to furnish compressed 
air for combustion within said casing, a turbine 
substantially at one end of Said Casing drivingly 
connected to said compressor So as to furnish 
power thereto by virtue of the air flow caused by 
the suction of air into said pump or motor, Said 
motor having an air inlet and means adapted to 
separate air to said turbine and to a low pres 
sure chamber, a fuel inlet means for furnishing 
and for premixing fuel with air from said com 
pressor to make a combustion charge, turbulence 
screens for thoroughly mixing of fuel and air by 
local turbulence created from fuel from Said fuel 
inlet means and compressed air, a plurality of 
combustion chambers disposed in substantially 
parallel relation to the longitudinal axis of said 
case, to furnish slugs of high temperature high 
pressure exhaust gas, a rotary disc valve adapted 
to rotate before the inlet portions of Said Com 
bustion chambers for high frequency charging 
of said combustion chambers with combustion 
charges, a plurality of expansion tubes also sub 
stentially parallel to the longitudinal axis of the 
casing, said expansion tubes having sides adapted 
to increase the internal width of the expansion 
tubes, at least two sides of each expansion tube 
having a plurality of Successive louvers therein 
to admit air between successive slugs of gas 
ejected from said expansion tubes, each louver 
having a corner, to initiate a Prandtl-Meyer ex 
pansion in the superSonic section and to start 
a wake around an obstacle in the sonic section, 
vanes in the neighborhood of each louver to catch 
outward flow resulting from said corners tangen 
tially to redirect it into the expansion tubes with 
little shock or turbulence, and guides to reflect 
expansion waves from said corners to the outer 
wanes whereby to prevent shock waves. 

8. In combination in the order named in a 
pulse jet pump or motor a casing, and within 
said casing a central shaft, a rotary impeller 
adapted to compress air mounted on said shaft, 
a turbine adapted to drive said impeller, a circu 
lar air inlet Surrounding Said impeller and 
adapted to direct air through said turbine, an air 
fuel premixing chamber, a plurality of fuel 
nozzles arranged within said chamber to feed 
liquid fuel into the air stream from said impeller, 
a plurality of local-turbulence-inducing screens 
located across the air flow in Said chamber, a ro 
tating drum mounted on said central shaft, a 
stationary plate at the outer end of the rotating 
drum, a flexible disc valve at the Outer end of 
said drum, said stationary plate and said disc 
valve having long narrow ports, adapted to coin 
cide upon revolution of the valve, an outer sta 
tionary section comprising a plurality of com 
bustion chambers, fuel jackets surrounding said 
combustion chambers, to cool the latter, con 
nections between said fuel jackets and said fuel 
nozzles, an expansion tube projecting from each 
combustion chamber, each of said expansion 
tubes being of a generally prismatic shape, louvers 
and vanes including outer vanes and guard vanes 
in at least one wall of said expansion tubes where 
by to promote an expansion of the Prandtl-Meyer 
type, and reflect expansion waves to turn the gas 
flow inward and tangential to the outer vanes, 
Said rotary disc valve and stationary plate ports 
being aligned with said combustion chambers 
and adapted to feed intermittently a compressed 
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mixture of a main fuel and air into said com 
bustion chambers, a lateral extension from. each 
Combustion chamber, a seriest of spark plugs in 
said lateral extension, a pressure-sensitive pick 
offin each of said expansion: tubes and an elec 
tronic. circuit connected to said pickoff and 
adapted to time the Spark at said spark, plugs.in 
conformity with pressure conditions existing in 
said: expansion tubes at the point wherein, at 
which said pickoff is located. 

9. The combination recited in claim 8 and in 
addition, an air by-pass, from said circular air 
inlet to the louvers and vanes in said: expansion 
tubes. 

10. The combination recited in claim 9 and in 
addition. an extensible: Vane: in said air by-pass 
whereby to regulate the ratio between the 
volumes. of air supplied for driving the turbine 
with augmentation of meneratum of the air flow 
through the extension tubes and those supplied : 
directly to the premixing and the combustion 
chambers to form exhaust slugs of gas: to impact 
against the air in the expansion tubes, 
1. The combination according to claim 10: in 

which the turbine is provided with vanes at the 
periphery thereof, said vanes being angled to 
drive the turbine by the energy of air sucked 
against them, said turbine having a perforated 
disc: to allow compressed air from the compressor 
to pass through the openings thereins to the fuel 3 
mixing chambers, 

12. A pulse jet pump or motor comprising a 
casing for the partial support of elements within 
casing, a turbine located substantially at One 
end of said casing, an air compressing impeller 3 
driven by said turbine to, furnish compressed air 
for preparing initial charges, of fuel and air, a. 
driye shaft from said turbine, a main premixing 
fuel chamber positioned to receive fuel from a 
fuel source, and compressed air from said cofia 
pressor impeller for thoroughly premixing a 
charge of fuel and compressed air for efficient 
explosion, said chamber containing parallel fuel 
pipes in which there are a, plurality of substan 
rtially regularly spaced ports; to spray fuel into 
the compressed air stream: and turbulenee in 
ducing screens to promote thorough mixing, of 
said fuel and air by local turbulence, an auxiliary 
premixing chamber of substantially cylindrical 
construction concentric to said shaft, to mix a. 
detonatable fuel and air, a plurality of combustion 
chambers to furnish slugs of high temperature 
high pressure exhaust gas, a lateral extension 
for each combustion chamber for receiving a 
detonatable fuel and air charge from Said 
auxiliary premixing chamber, said combustion 
chambers being adapted to receive fuel and air 
charges from the main premixing fuel chamber. 

13. A pulse jet pump or notor comprising a 
casing for the partial support of elements. Within 
said casing, a turbine located substantially at one 
end of said casing, an air compressing impeller 
for said turbine to furnish compressed air for 
preparing initial charges of fuel and air, a drive 
shaft from said turbine, a main premixing fuel 
chamber positioned to receive fuel from a fuel 
source in compressed form, an impeller for 
thoreughly premixing a charge of fuel and corri 
pressed air for efficient explosion, Said chamber 
containing parallel fuel pipes in which there are 
a plurality of substantially regularly Spaced ports 
to spray fuel across the compressed air stream, 
a plurality of baffles supported from the Walls of 
said main premixing chamber to form a labyrin 
thine path for the flow of the mixing fuel aid 
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air, turbulence inducing screens: supported, par 
tially by said baffles and partially by the walls of 
Said main premixing chamber to provide a mull 
tiplicity of localized turbulence inducers across 
the labyrinthine path, an auxiliary premixing 
chamber of Substantially cylindrical construction 
concentric to. Said shaft to mix.a. detonatable fuel 
and air, a plurality of combustion chambers 
adapted to receive charges from the main premix 
ing chamber and to furnish slugs of high tem 
perature high pressure exhaust gas, and a lateral 
extension for each combustion, chamber for re 
ceiving a detonatable fuel and air charge from 
Said auxiliary premixing chamber, 

14. A pulse jet pump or motor comprising a 
compressor to furnish a stream of compressed air, 
a turbine drivingly connected to said compressor, 
a Source of fuel, a premixing fuel chamber to 
receive air from said compressor and fuel; from 
Said fuel source to furnish a mixed; fuel and air 
charge, a combustion chamber for receiving and 
exploding said fuel and air charge, inlet valves 
to the Said combustion chamber to periodically 
admit explosive charge, a rotary cushion feed 
between Said premixing fuel chamber- and said 
inlet, valves to supply compressed air at the rear 
of the admitted charges in said combustion chant 
her before the closing of the inlet valve thereto, 
to act as a cushion to protect said, valve from the 
high temperature of the explosion, a hollow cen 
tral shaft upon which said compressor is mounted 
Said shaft being arranged to conduct compressed 
air from Said compressor, said shaft, having a 
multiplicity of transverse openings to allow the 
entrance of air from said compressor at its exit 
to the said rotary cushion feed. 

15. In combination in an augmented pulse jet 
pump or motor, an outer casing, a fuel and air 
charge-preparing section, and a fuel and air 
charge Storage section, a fuel and air charge 
exploding Section, and an expansion section for 
the products of combustion, formed in the fuel 
and air exploding section, said charge forming 
Section including a turbines having peripheral 
vanes, an air compressing impeller operatively 
connected to said turbine, an inner casing for 
Ward of Said turbine, a central shaft upon which 
Said turbine is mounted and to which said in 
peller is connected a concentric air inlet be 
tWeen Said inner casing and said outer casing 
through which air inlet vanes of said turbine. ex: 
tend, concentric perforated pipes for supplying 
the main fuel, said pipes mounted ahead of said 
turbine and said impeller within said inner casing, 
a central concentric chamber surrounding said 
shaft, means for admitting compressed air to said 
chamber, a fuel supply connected to said cham 
ber, a perforated annular pipe for delivering a 
Special fuel into the air stream in said chamber, 
a deep flange at the outer end of said chamber 
wall, a baffle mounted on said inner casing be 
tween said flange and said impeller, a plurality 
of annular screens mounted concentrically, be 
tween Said flange and said baffle to provide a 
labyrinthine path for making said fuel and air 
charge homogeneous, means in said fuel and air 
cornpreSSing Section for storing compressed air 
and fuel preparatory to injecting same into said 
combustion chambers, a rotary valve having 
Spaced openings, which are aligned between said 
combustion chambers and said fuel and air stor 
age chambers, a rotary air cushion-feed between 
Said storage chambers and said turbulence-in 
ducing Screens for feeding air into said fuel and 
air storage chambers alternately with the fuel 
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charges fed therein, a lateral extension for each 
combustion chamber central continuous paSSages 
for feeding a special mixture, fuel and air into 
said lateral extensions, ignition means mounted in 
the path of said special fuel and air in said lat 
eral extensions, expansion tubes arranged to re 
ceive products of combustion upon firing of Said 
fuel and air charges within Said combustion 
chambers, and means in the sides of Said expan 
sion tubes for admitting low pressure air into 
said tubes behind the combustion gases passing 
therethrough from a supply of low pressure air 
surrounding said tubes and contained within Said outer casing. 

16. The combination set forth in claim 15 hav 
ing in addition a tube aligned with the shaft, Said 
tube extending through the fuel and air storage 
section, and mounted concentrically on Said tube, 
a roller hub and an apertured backing plate to 
preserve the alignment and take the thrust of 
the rotary valve. 

17. The combination set forth in claim 16 hav 
ing in addition a drum, the rim of which extends 
from the periphery of the air cushion feed to the 
periphery of the rotary valve and which rotates 
with said cushion feed and said rotary valve. 

18. The combination set forth in claim 17 in 
which the relative arrangement of the air cush 
ion feed to the rotary valve is such that the former 
is blocked when the latter is open and vice-versa. 

19. In a pulse jet motor or pump, a charge in 
jection system comprising a substantially cylin 
drical case, a front tube Supported by the cas 
ing and fixedly mounted therein, a hollow rear 
axle supported by the casing and rotatably 
mounted therein, a drum mounted on and rotat 
able with said rear axle within said case, and 
on said front tube a plurality of fixed Storage 
chambers fixedly mounted within said druin, Said 
chambers having front and rear openings radial 
ly disposed in respect to said drum, rotary air 
cushion feeds supporting the rear of Said drum 
from said rear axle, said air cushion feeds being 
hollow and receiving compressed air from the 
hollow rear axle, said air cushion feeds having 
front slits, a rear face plate for the slits in said 
air cushion feeds to ride over, slots in Said face 
plate leading to said storage chambers, a fixed 
front plate at the front end of said storage cham 
bers, said plate having radial slots adapted to 
act as exhausts for said storage chambers, Seg 
mental valve blades carried radially by the front 
of said druna adapted in a plane perpendicular 
to the drum axis so as to slide over the exhausts 
in said fixed front plate, radial combustion cham 
ber entrance ducts opposite the exhausts in Said 
fixed front plate to receive the charge from said 
storage chambers when not blocked by said valve 
blades between them, said rear stationary plates 
and rotary air cushion feeds constituting valve 
means for admitting a fuel-air mixture to the 
storage chambers when the rotary air cushion 
feeds do not cover the radial entrance slots in 
the rear fixed plate, and for admitting cushions 
of air when said slots are covered by rotary air 
cushion feeds, said fixed front plate and valve 
blades at the front of the drum constituting 
registerable valve means comprising radial slots 
between segmental blades for permitting the eS 
cape of a fuel-air or an air cushion from the 
storage chambers into the entrances to the com 
bustion chambers just before the valve means 
at the front of the drum close for firing the con 
bustion chambers, and means comprising flared 
expansion tubes supported by the said casing in 
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front of said combustion chambers for inter 
mittently creating a decreased pressure to allow 
entrance into the combustion chambers of a 
compressed charge of air and fuel followed by 
a cushion of compressed air, the action of said 
means being followed by the closing of said valves 
at the entrance to the combustion chambers and 
means for causing detonation of Said charge in 
the combustion chambers to repeat the Sequence. 

20, in combination in the order named in a 
pulse jet pump or motor a casing, a central shaft 
supported by the casing and carrying rotary 
impeller means for compressing air, a turbine 
driving said shaft, mounted on said Shaft, a 
pair of radially spaced members, one of Which 
is attached to the casing forming an air inlet, 
an extensible vane supported by the casing and 
mounted in said inlet, to regulate the fraction 
of inlet air that passes through said turbine 
vanes, a plurality of fuel nozzles arranged to 
feed liquid fuel into the air stream from said im 
peller, and air fuel premixing chamber in which 
said fuel jets are located, a plurality of turbul 
lence-inducing Screens located acroSS the air 
flow in Said chanbei, a rotating drum mounted 
on said central shaft, a stationary plate at the 
impeller end of the rotating drum, a plurality 
of Stationary fuel and air mixture storage cham 
bers within said rotating drum, a flexible disc 
valve at the outer end of said drum, said disc 
valve having long narrow ports, an outer sta 
tionary Section comprising a plurality of Com 
bustion chambe's, fuel jacketS Surrounding Said 
Combustion chambers, an expansion tube project 

5 ing from each fuel chamber, each of said ex 
pansion tubes being of a generally pyramidal 
shape, a low pressure air chamber Surrounding 
Said tubes, a passage leading from said air inlet 
to Said low pressure air chamber, means in at 
least one Wall of Said expansion chamber to 
maintain a Substantially streamline non-turbu 
lent flow in the intermittent passage of com 
preSSed gas slugs through the said expansion 
tubes, and substantially streamline flow from 
Said low-pressure air chambers into the spaces 
between the gas slugs in said expansion tubes, 
said rotary disc valve being aligned with said 
combustion chambers and feeds intermittently 
upon registration of its openings a compressed 
mixture of a main fuel and air through the ports 
into said combustion chambers, a lateral exten 
Sion from each connbustion chamber, a series of 
Spark plugs in said lateral extension, a pressure 
Sensitive pickoff including a pressure actuated 
diaphragm in each of said expansion tubes and 
an electronic circuit timing including a poten 
tionetter controlled by said diaphragm for the 
Spark at Said spark plugs in conformity with 
pressure conditions existing in said expansion 
tubes at the point wherein at which said pickoff 
is located and including a servomotor to adjust 
Said extensible vane to apportion air between 
the driving requirement for said impeller and 
the supply for said low pressure air chamber. 

21. In a pulse jet notor, a compressor, means 
for driving said compressor, a combustion cham 
ber, passageways for supplying compressed air 
from the compressor to the combustion chamber, 
an inlet valve to said combustion chamber, elec 
tric ignition means therein, an expansion tube 
attached to the exhaust end of Said combustion 
chamber, a light source rotary means for inter 
rupting a light beam at a predetermined time 
after the closing of said inlet valve, a photo 
detector arranged to receive the interrupted light 
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beam, an amplifying. circuit for the output there: 
of, a rectifier in said: amplifying circuit to allow 
the passage of a voltage pulse. Only upon the 
interruption and not upon the release of Said 
light beam, and thyratron means for producing 
an ignition pulse. on the ignition means in Said 
combustion chamber upon being tripped by a 
voltage. pulse from said photo-detector amplify 
ing.circuit. 

22. In a pulse jet motor a combustion chamber, 
means, including. a compressor for preparing 
charges therefor, means for driving said com 
pressor an expansion tube attached to the ex 
haust end of said, combustion chamber to receive 
expanding gases therefrom, electric ignition 
means in said combustion chamber, a voltage. 
pickoff in said expansion. tube, an ignition circuit 
for automatically changing, the Speed of a pulse 
jet motor to operate. at the desired pressure in 
the expansion tube, said ignition circuit including 
said ignition means, a thyratron, a condenser and 
said voltage pickoif; a vairiable-impedance 
charging circuit for said condenser, a low resist 
ance in said circuit in series with said condenser, 
a variable impedance tube in series. With Said 
charging circuit, a capacity-resistance network 
across the grid and cathode of said variable in 
pedance tube, a rectifier in series with Said volt 
age pickoff and said capacity-resistance. network 
to bias said variable impedance tube to cut off 
for a short period following the tripping of the 
thyratron and the discharge of Said condenser 
thereby allowing said thyratron to open; Said 
low resistance being arranged to permit the con 
denser to charge up to almost the value of the 
D. C. voltage source after every discharge So 
that the voltage pickoff in series with the thyra. 
tron will have approximately the same amplitude 
of voltage pulse across it regardless of change in 
the firing frequency of the ignition means. 

23. In combination in a pulse jet pump. Or no 
tor a combustion chamber, a rotary, valve for ad 
mitting a mixture of fuel vapor and air to Said 
combustion chamber, an expansion tube, for Con 
trolling the expansion of gas from Said combus 
tion chamber, an electronic control circuit com 
prising a shutter in synchronism with said valve, 
a source of light for said shutter, a photoelectric 
cell in the path of the light from said:light Source, 
a circuit in which said cell is connected for pro 
ducing an electrical pulse at a sharp decrease 
of the light impinging upon said photo cell, a 
trigger circuit connected thereto, electrical trig 
ger means in said circuit responsive to pulse dis 
charge from said first circuit, a Spark-gap igni 
tion means actuated by said trigger means, elec 
trical storage means in said trigger circuit, means 
for re-charging said storage means after every. 
pulse therefrom, pressure sensitive pickoff means 
in the expansion tube and a circuit for changing 
the number of operations per second of said 
spark gap ignition means until the pressure in 
the expansion tube has dropped or risen below 
a predetermined value at the point of location 
of said pickoff. 

24. A combination which comprises an aug 
mented-thrust jet pump or motor having con 
bustion chambers and expansion tubes for prod 
ucts of combustion therein, a pressure-Sensitive 
pickoff mounted within at least one of said tubes, 
electronic means comprising a reference oscil 
lator for establishing reference firing-frequency, 
a circuit connected to said means, Said circuit 
including means for providing a voltage propor 
tional to the voltage developed by said pickoff in 
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response to...the-pressure, of the products of con: 
bustion in the tubes, a pressure-correction circuit. 
adapted to regulate the frequency of said, refers 
ence. QScillator to a value capable of maintaining. 
a firing...pressure, within, said tubes at the desired, 
frequency, a rotary valve for admitting vaporized 
fuel; and air to said: combustion chambers, photo 
electric, means arranged to be cyclically inter 
rupted to. Said, valve to produce firing spark at 
the closing of Said valve. at a frequency equal to 
the desired; reference, frequency, means for in 
cluding an extensible wane, in, the air.inlet. of said 
pump. Q. motor, and a circuit. for comparing the 
actual Speed of firing of the reference frequency. 
and for adjusting. Said vane, in response thereto 
by the extension, or retraction thereof to cause, 
the firing frequency to approach the reference. 
frequency, - 

25. The combination which comprises an aug 
mented-thrust jet pump or motor. having.expan 
Sion tubes for products of combustion therein, 
a pressure. Sensitive. pickoff. in said tubes, elec 
tronic.neans.comprising...a reference oscillator for. 
establishing a reference firing frequency, a circuit 
connected to. Said means, said circuit including. 
means.for providing...a voltage proportional, to the 
voltage, developed by said pickoff in response to 
firing. pressure, a pressure-correction circuit 
adapted to regulate the frequency of the refer 
ence. Oscillator to a value. capable of maintaining 
the firing pressure at the desired frequency, a 
rotary valve for admitting vaporized fuel and air 
to said expansion tubes, photoelectric means ar. 
ranged to be cyclically interrupted by said valve 
for producing a firing spark after the closing of. 
Said valve at a frequency equal to the desired fir 
ing frequency range, means including an extensi 
ble vane in the air inlet of said pump or motor 
and a circuit for comparing the actual speed of. 
firing and the reference frequency and a servo 
motor for adjusting said vane to cause the firing 
frequency to approach the reference frequency 
and a fuel pump, a variable speed driving motor. 
therefor, and means for regulating the speed of. 
Said motor from the said comparison circuit. 

26. In a pulse jet pump or motor an air com 
pressor, a turbine arranged to drive said com 
pressor, a combustion chamber, means including. 
a fuel pump for preparing a mixture of vaporized 
fuel and air, means for storing said mixture, 
means for intermittently feeding said mixture 
into said combustion chamber, electrical means for intermittently firing said charges, an expan 
sion tube attached to the exhaust end of said 
combustion chamber, a circuit including an elec 
tric motor connected to said fuel pump for main taining the speed of the fuel pump proportional 
to the firing frequency in said combustion cham 
ber, a reference oscillator, an amplifier connected 
to receive a pulse of the same voltage for every 
pulse generated by said oscillator, a condenser 
and a rectifier in series with the output of said 
amplifier, a direct current generator adapted to 
furnish a voltage proportional to the speed of the 
fuel pump motor, a resistance in series with said 
condenser and generator, the two latter elements 
connected so as to oppose their voltages, a servo 
motor controlled by the voltage across said re 
sistance, a variable impedance reactor connected 
in Series with Said servomotor to control the cur 
rent to said fuel pump motor and a mechanical 
means actuated by Said servomotor for control 
ling the impetance of said reactor. 

27. In combination in a pulse jet pump or mo 
tor, a compressor, a turbine geared to drive said 
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compressor, means for forming charges of vapor 
ized fuel and air, combustion chambers for inter 
mittently burning said charges, expansion tubes 
Connected to the exhaust end of each combustion 
chamber and adapted to receive expanding prod 
ucts of combustion therefrom, a voltage regulator, 
a pressure sensitive voltage pickoff in each ex 
pansion tube, an electronic control circuit respon 
Sive to the output voltage of at least one of said 
pickoffs and said voltage regulator for maintain 
ing a constant predetermined output pressure, 
Said electronic control circuit including an oscil 
lator generating a reference frequency, a refer 
ence firing-frequency circuit including said Oscil 
lator, a Servomotor mechanically connected to 
Said OScillator, a control circuit including said 
Servomotor for varying the oscillator reference 
frequency in accordance with pressure-correction 
signals received from said pickoffs, a thyratron, 
a condenset, a condenser-discharge circuit in- ; 
cluding said thyratron and said condenser, said 
circuit being arranged to be tripped by each posi 
tive pulse from the output of said oscillator, a 
direct current voltage circuit for charging Said 
condenser, a variable-impedance tube in series 
with Said charging circuit to confer greatly in 
creased impedance in the charging circuit of said 
condenser for a short period following the firing 
of said thyratron, said condenser-discharge cir 
cuit and said pickoffs being connnected in series 
whereby each pulse transmitted through said cir 
cuit by the discharge of said condenser, induced 
by the firing of Said thyratron, Will have Substan 
tially the Same voltage. 

28. In a pulse jet pump or motor, a compres 
Sor, a turbine connected to drive the compressor, 
a combustion chamber, means for preparing 
charges of vaporized fuel and air, means for in 
termittently feeding Such charges into Said com 
bustion chamber, an expansion tube connected 
to the exhaust end of Said combustion chamber, 
an electric circuit adapted to indicate a signal 
representing the difference between the exhaust 
pressure of said expansion tube in relation to a 
desired value and to change the operation of the 
turbine to give the desired exhaust pressure con 
prising, a pressure pickoff mounted within said 
expansion tube, a pressure-transmitting tube 
leading from said pickoff, a pressure box having 
a central diaphragin in contact With gas from 
said pressure pickoff tube on one side, a gas at 
a reference pressure on the other side of said dia 
phragna, a lever mechanism having one end 
thereof attached to said diaphragm, a potenti 
Ometer having a contactor positioned by the other 
end of said lever mechanism, said potentiometeir 
having a resistance-taper Winding to correct for 
any non-linearity between the pressure in said 
expansion tube and the resistance between one 
end of said potentiometer and the contactOr, and 
leads from one terminal of Said potentiometer to 
give a voltage proportional to the contactor posi 
tion and hence to the pressure in the expansion 
tube. 

29. In a pulse jet pump or motor, a compres 
sor, a turbine connected to drive the compressor, 
an air inlet to said turbine and compressor, a 
combustion chanbei, means for preparing a mix 
ture of vaporized fuel and air, means for inter 
inittently injecting charges of said mixture into 
said combustion chamber, photo-electrical means 
for measuring the frequency of firing of Said 
charges in said combustion chanber, an expan 
sion tube connected to the exhaust end of said 
combustion chamber, an electronic circuit main 
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taining the exhaust pressure of the expansion 
tube at a desired value by automatically regulat 
ing the Speed of the turbine when the pressure 
in the expansion tube deviates from the desired 
value, said electronic circuit including an elec 
tronic circuit adapted to control the fraction of 
the air for augmenting expansion in said ex 
pansion tube which drives the turbine compris 
ing, a first condenser, a first rectifier, a first cali 
brating resistance, and a first voltage pickoff all 
Connected in Series, the pickoff being controlled 
by the firing frequency measuring means to 
store a charge proportional to the number of fir 
ing voltage pulses per second on said condenser, 
a reference circuit comprising a second con 
denser, a second rectifier, a second calibrating 
resistor, and a second voltage pickoff, one ter 
minal of the same polarity of each condenser be 
ing connected together, a first resistance ex 
tending across the first condenser, a second re 
sistance extending across the second condenser, 
an amplifier input connected across the said re 
sistors in Series to measure any difference in the 
Voltages of said condensers, and hence any dif 
ference in the firing and reference frequencies, 
a relay connected to the output of said amplifier, 
a current-reversing circuit actuable by said re 
lay, a servomotor, the current input polarity of 
which is controlled by said relay and reference 
circuit, an extensible vane mounted in said air 
inlet, the degree of extension of which vane de 
termines the amount of air striking the blades 
of Said turbine and therefore determines the 
turbine and compressor speed and the firing fre 
duency in Said combustion chamber, and a me 
chanical linkage for controlling the position of 
Said vane by said servomotor. 

80. In combination with a pulse jet pump or 
motor having a turbine, a firing chamber having 
an inlet valve regulated by said turbine, an auto 
matic control System for regulating the speed of 
Said turbine including a photoelectric syn 
chronous firing circuit responsive to the Speed 
of Said turbine, said firing circuit COrprising, 
a light Source, a rotary shutter in synchronism 
With Said inlet valve for intercepting a beam of 
light from said source, a photoelectric detector 
cell toward which said beam of light is directed, 
an amplifier to which said photoelectric detector 
cell is coupled, a rectifier coupled between said 
detector cell and amplifier to produce an elec 
tric pulse at a decrease of light impinging upon 
Said detector cell, a firing circuit arranged to 
receive pulses from said amplifier, a thyratron 
in Said firing circuit adapted to be fired by elec 
trical pulses proceeding from said amplifier, a 
discharge circuit for said thyratron, a trans 
former included therein, said transformer having 
a secondary, a plurality of spark plugs in said 
firing chamber, said secondary being connected 
acroSS Said plugs, a condenser connected across 
Said thyratron, a normally low series-connected 
charging resistance for said condenser adapted 
to obtain the same discharging voltage on said 
condenser regardless of appreciable variation in 
charging time for varying frequencies of opera 
tion, a pickoff in the discharge circuit of said 
condenser, a transformer for the pickoff output, 
means for producing a bias voltage from said 
pickoff transformer, a variable impedance tube 
in the charging circuit of said condenser, means 
for furnishing Said voltage to said variable im 
pedance tube, Said transformer and said tube 
being connected in the charging circuit of said 
thyratron So as to allow said thyratron to reopen 
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ion condenser discharge, and a frequency pulse 
integrating circuit including a voltage pickoff 
iron said thyratron circuit a rectifier, a COne 
sideniser, an amplifier, and a current Source Con 
nected thereto. 

31. In a pulse jet pump or motoria, compreSSOr, 
a turbine geared to the compressor, a combustion 
chamber, an expansion tube connected to the out 
put of said combustion chamber, an electronic 
circuit connecting said expansion tube and said 
turbine to regulate the speed of said turbine at the 
desired exhaust pressure in said expansion tube, 
means connected to Said expansion tube for 
establishing a reference firing frequency, an elec 
tronic circuit for correcting said frequency, a dif 
ferentiating circuit to obtain the magnitude of 
the rate of change of exhaust pressure of Said ex 
pansion tube with respect to time for increasing 
pressure error from the reference value, an ampli 
fying tube therein, a plate circuit for said tube, a 
variable impedance tube in series with the plate 
circuit of an amplifying tube of said differentiat 
ing circuit to decrease the output of said circuit 
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otherwise giving the magnitude of the time rate 
of change in exhaust pressure of the expansion 
tube for decreasing pressure error, a pressureer 
or circuit to buck a voltage proportional to the 

-exhaust pressure of said expansion tube against 
a reference voltage, a circuit to obtain a voltage 
proportional to the magnitude of the pressure 
error voltage but not its sign, a circuit to dif 
iferentiate the magnitude of the pressure error 
voltage, a rectifier in series with the output of 
said circuit for differentiating the pressure error 
voltage and the grid input of said variable in 
pedance tube in series with the plate circuit of an 
amplifying tube of the circuit for giving the mag 
snitude of the differential of the time rate of pres 
sure change of the exhaust of said: expansion 
tube, so that said variable impedance tube has a 
large impedance solely when the polarity of the 
:time rate of change of the magnitude of the pres 
sure error indicates a decreasing pressure error, 
an amplifier for a correction signal to the ref 
ference firing frequency oscillator the input of 
which is equal to the sum of a voltage propor 
tional to the magnitude of the timerate of change 
in pressure and the magnitude of the pressure 
ferror: for increasing pressure errors, but is equal 
-to the sum of a voltage proportional to the magni 
tude of the pressure error and a voltage leSS 
than proportional to the time rate of pressure 
Schange for decreasing pressure errors, a second 
pressure correction signal amplifier whose input 
is connected to the output of said first correction 
signal amplifier, a circuit for blanking out the 
input to Said Second amplifier when the magni 
tude of the pressure error is equal to zero, a re 
Versing Switch in Series with the output of said 
Second amplifier which is actuated by a change in 
polarity of the pressure error, a second reversing 
SwitchinSeries with the first reversing switch and 
said reference firing frequency oscillator which 
sis actuated by a change in sign of the rate of 
change of pressure with frequency independent 
of the magnitude of this ratio as long as Smal 
values of the time rates of change of frequency 
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and pressure occur, a circuit to provide voltage 
input to an auxiliary.coil of Said-motor for chang 
ing the frequency of the reference firing fre 
quency oscillator when the time rate of change 
'of pressure is zero, so that said circuit for actu 
atting the second reversing switch to the frequency 
"adjustment motor of the second oscillator will 
always have measured time rates of frequency 
and pressure available to determine the proper 
position of said second reversing Switch, and a 
circuit to blank out said voltage input to the 
auxiliary coil of the frequency adjustment motor 
of the reference firing frequency oscillator 
throughout the time that a firing frequency drift 
OCCLS. 

32. An apparatus for the generation of power, 
comprising a main combustion chamber for a 
Substantially non-detonating fuel-air mixture, an 

- auxiliary combustion chamber connected to the 
main chamber and provided with means for pro 
viding said auxiliary combustion chamber with a 
readily detonatable fuel-air mixture to act as a 
primer in detonating the fuel-air mixture in the 
main combustion chamber, an exhaust throat for 
the main chamber small with respect to the 
chamber cross sectional area, so that the ex 
plosion occurs at nearly constant volume, an ex 
pansion tube connected to said exhaust throat 
to direct the formation and passage of a slug or 
piston Of-exhaust gas Said-expansion tubehaving 
-openings in the sides thereof to allow air to be 
drawn into the tube in the wake of the high ve 
locity high pressure slug of exhaust gas and to be 
exhausted from the expansion tube mouth by the 
next Succeeding slug of exhaust gas, a chamber 

. Surrounding the exhaust tube in which a partial 
Vacuum is produced by the suction of air into the 
exhaust channel between successive slugs of ex 
haust gas, and a turbine mounted in said chamber 
and-driven by the air passing through said cham 
ber and into the expansion tube said turbine driv 
ing a compressor for supplying compressed air to 
Said main combustion chamber. 
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