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1 .
The invention described herein may be manu-
factured and used by or for the Government for

- see. 266)

governmental purposes without payment to me '

of any rcyalty thereon. | |
This invention relates to an augmented pulse-
Jet pump or moter of the kind in which g com-
bustible gaseous charge is exploded to form a iet
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 laree 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 propel air-
craft or marine craft, == @ S
in my pump or motor, the air from g 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 explogion is
S0 rapid that only a small amount of vapor
leaves the open end of the firing ehamber during
the explosion, which occurs at approxXimately
constant volume. This action causes a maximum.
pressure and temperature and makes possible
& high therma] efficiency. The combustion prod-
ucts expand rapidly in a flared tube to g super-
sonic velocity; a shock wave with a sharp front

edge leading the expanding siug 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
1s followed by a column of air flowing in at g fair-
Iy 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

The lateral filling.
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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 flow
in the expansion ftube. ‘The upper surface of this
guard vane is shaped to reflect the expansion
waves incident upon it from the corner of the
valve 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 refiected 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 opehing to the low pressure
chamber, they flow in a typical Prandtl-Meyer
expansion around a corner until they reach the
reflected expansion waves which deflect the rlow
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 g low pres-
sure chamber flows in to fill the expansion tube.
The low pressure chambper surrounds the expan-~
sion tubes and has a turbine at the front alr 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 a1n air compressor
which supplies high pressure sir 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 Salme frequency as the
slugs fired in a given tube, i. €., several hundred
DEr 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 commercia] processes requiring
8 vVacuum 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 gjector pumping means for forced draft
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on boilers and commercial DProcesses 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
auemented jet of gases furnishes an efficient.
means of aircraft propulsion for speeds up to 300
+o 400 miles per hour. Because of the non-tur-
pulent augmentation of momentum which 1s pos-
sible with a pulse jet engine,.a-small mass-of very
hich 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

10

15

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,
hich velocity, small gaseous mass 77 without aug-
mentation, is VM /m. It:hasbeen found imprac-
tical to produce efficient auementation 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 fo about
879% of the theoretical no-shock-loss value, when
the exit velocities have ‘been reduced to several
hundred feet per second. The momenium 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-com-
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-
seribed above. In the case of an indirect heat-
ine system with forced draft, the efficiency 'is
still higher, as the mechanical energy loss due
to the shock wave in the expansion tubes 1S Con-
verted into usable heat. Such additions or modi-
fications may be made without depariing 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 he
used for vacuum, pressure, vacuum and pressure
simultaneously, or for propulsion, and ‘which has
the advantages of small ‘weight, less ficor 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 oceurring at constant volume in g 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-
her near .spark plugs or gther ignition means.

Another object of ‘the irvention is to provide
g pulse jel pump or motor having a rotary disc
valve which gives positive control to the admis-
sion of a premixed air and fuel vapor mixture 1o
the firing chambers.

Another obiect of the invention .S ‘to provide
o, pulse jet pump or mobor having air inlet valves
to the expansion tubes having no moving parts,
such valves being adapted to prevent the escape
of hiech pressure, high velocity gas .or air from
ihe sides of the expansion tubes as the com-
pressed piston or:slug of gas and air from g glven
explosion pulse travels toward the mouth of "the
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expansion tube. Such valves, however, allow air
to enter the expansion tubes by the action of the
vartial 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 jprovide
in a jet pump or motor, means to fransiorm 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
tibes by fhe 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 zaseous 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 motor, an adjustable fir-
ing-freguency means so that before a 'slug of
compressed air gnd gas from one shot clears
the expdnsion 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
a1t from ‘the _following description when read.in
connection with the accompanying drawings,.in
which:

gig. '1°is a front elevation taken from the inlet
end;

Piz. 2 'is g side elevation, .the internal parts
being.shown'in dashed lines;

‘Fig. '3 'is 'an elevation of the invention taken
from the ouflet end; -

- Fig. 4 is a sectional view in side elevation :0f
the pump or motor with the case cut-away from
fhe rear portion, and the case cut.away from.the
front portion to show.a vertical section through
line 4—4 in Fig.1: |

TPFigs. 5 and 6 are perspective longitudinally
b;‘dken-qpen views .of my .new pump or motor
taken outward from fhe line 5—-5.0of Fig. 4; views
5 ;and 6 .are 1o .be taken-together, Fig.-6 forming-a
continuation of Fig. 5. The latier.is shown partly
gxplﬁde.d at the compressed air feeding -means to
g.’how in phantom how -the hollow .axle fits .into
the rotary.gir.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;

Tig. 77 is the.enlarged portion-of the Jorizontal
section-through-the . central axle indicated by-the
Hne T—71 of Figs. 2 and b.in the vicinity .of .the
valve tofhe firing chambers;

‘Figs. '8, 9, 10, 11 and 12 are vertical sections
of "tha valve region shown in.Fig, 7, the sections
bging ‘taken on lines 8—38 to 2—12, respectively;

Figs. '13.and 13¢ -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 g 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. 19¢ 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: o L

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

Fig. 21 is a portion of an enlarged vertical sec~

N |

10

20

tion along line 21—2§ in Fig. 13 and extending

across the edge of a horizontal firing chamber:
Fig. 22 shows an elevation of the hottom 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 sdjoining valve
wall; L o : | L
- Plig. 23 is a vertical section along the line 23—23
in Fig, 22;: o ;. | N o
Fig, 24 is an enlarged detail of the vertical
tion of g spark plug in Fig. 22:; | |
Flg. 25 is a schematic wiring diagram of the
automatic controls for the present invention:
Fig. 26 shows g graph of operational character-
istics: S A |

SEC~

The above figures illtistra-ﬁe & special apparatus

empodiment of the present fundamenta] inven-
tion. The following Figs. 27 throuch 30 illus-
trate another special embodiment of the: funda-
mental process. -
Figs, 27 to 30 inclusive are diagrammadtic repre-
sentations of o flaring tube provided with g valve
at the beginning of the figre.
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 233 illustrate different phases
of the fundamental process. Fig. 31 shows the
Explosion Phase, Figs. 32 and 32a¢ the Impacting
(Augmentation) Phase, and Fig. 23 is the Aug-
mented Delivery Phase, A N
Referring more particularly to Fig. 1, the blades
of turbine | are driven by air lowing into the low
pressure chamber 2 (Figs. 2 and 3) which sur-
rounds the expansion tubes 3. 4 is the inlet to
the compressor § from which compressed air
passes through vane slit openings 22 in the dise
ci the turbine | (Pig. 4) to the air-fuel premixing
chamber 6, air-cushion feed 7, rotary dise 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

Successive eyelie

ulle)
o1

4i;

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
momentum of this high velocity slug, a low pres-
sure area follows in its wake and air from low
bressure chamber 2 rushes into the expansion
tubes 3 through valves {8. This lowers the pres-
sure in .chamber 2 and’ external air rushes in
through duct opening {1 (Figs. 2 and 4) part of
the flow being bypassed around the turbine 1 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 com-
pressor 9 through a conventional gear hox in the
container {3 which also contains a . conventional
starter motor (not shown) and electronic control
equipment which will be explained later. in con-
nection with Fig. 25. The container {3 is car-
ried by a support 14, which also mounts the front
end of the main axle {5, the other end. of the
axle 15 being carried by g support t6. The sup-
ports 1% and 1§ are mounted on a base 17 which
also supports an outer shell {8 which forms the
outside surface of the low pressure chamber. 2
and has a semi-rounded rear eid 18a enclosed
exXcept for the mouths 18 of the expansion tubes
3. The internal structure is supported. inside the
cylindrical shell by members 29, | el
Fig. 4 illustrates the flow system of the pulse
Jjet bump. ‘External air enters the ducts 4 to the
cenctrifugal compressor. 3, into passage 21,
through vane glit openings 22, past fuel jets 23,
supplied from pipe system §4 through turbu-
lence-inducing meshes 24 in premixing chambers
6, around bafiles 25, through opening 2§ ‘into
passage 27, where if the rotary.arm air cushion
feed T is out .of the way, the premixed charge
basses through duet 27q, valve 8 when open, and
mmto firing chambers 9. - Other compressed air-in
passage 21 passes through valve sglit- ocpenings 28
in the blade dise of turbine 4, past detonating-
fuel jet 28 through Turbulence-inducing sereens
30 into annular chamber 3{, and if the rotary
arm of the air-cushion feed 7 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 %¢ of the firing chamber 8. "As soon

- &s the main portions of the firing chambers 8 are

50
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filled with premixzed fuel and ‘alr, and the region
8a is filled . with the premixed detonating fuel and
air at the edge of the fring chamber next to the
spark- plugs 35 (Fig. 29) ,-the arms of the 'air
cushion-feed 7 close the entrances to:-ducts 21q
and :32, and allow a cushion of compressed air
t0 flow through valve 8 Just before it - closes,
ready for firing. The compressed air. for the
cushion air feed 1 has come from holes 33 in the
hollow axle {5 supplied from holes 34 from the
bassage 21. Fig. 22 shows a vertical section. of
the edge of the firing chambery containing the row
of spark plugs85. 'The alloy steel walls 38 and 37
(Fig. 23) form g, cooling jacket for the circulation
of Tuel around the firing chambers 9 before it is
forced out of jets-23. The inner surfaces of the
firing- chambers § are lined with -a - 'thin layer of
refractory material 38 such as g ceramic, - =
- Fig. 24 shows a vertical section of o spark plug -
39. The electrodes 39 are mounted. in g refrae-
tory insulator 40 such as porcelain which is re-
ceéssed below the surface of the firing chamber
wall 36 to form. g, protecting pocket .of air not
swept out by the filling fuel and air mixture, and
are cooled by the flow of fuel from tube &1 ang
that flows out through tube 42, the fyel lines and
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electrical connections being brought to the fuel
chambers 9 through the conduits 44 and 43 In
Pig. 4. The special fuel-air mixture (such asair
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 68
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
1, acts asa thermal barrier to protect the rotary
dise valve 8 from the full heat of the explosion.
After the firing of chambers 9, slugs of high pres-
sure, high velocity combustion progducts 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 47
of combustion gases are normal shock waves that
compress the air that they overtake and add it
to the hieh 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 I0 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 10, 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 41fF to
41b has passed, its momenium produces a par-
tial vacuum in its wake, and air rushes into ex-
pansion tubes 3 through openings 4% from the low
pressure chamber 2. The front of the slug 47
is shown as having overtaken and combined with

the rear of the preceding slug 480, producing a

nearly steady pressure and velocity exhaust Trom
the mouths 19 of the generally pyramidal expan-
sion tubes 3. The succeeding high veloeity slug
will in turn compress the air that is pulled into
the expansion tubes 3 in the wake of the slug 41710
41h. The reduced pressure in chamber 2 causes
external air to flow in air ducts 1{. The amount
of air flow through the turbine f is regulated by
variable length, telescoping cylindrical vanes i2,
the position of the outer one being determined
by a cable 48, 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 servomotor 5f. Stationary vanes 52
direct the air through the turbine vanes 53. The
turbine 1 drives the centrifugal compressor 3
through conventional gears (not shown) in
box I3.

For detailed consideration of rotary valve 8
and air cushion feed 1, preference is made 10 Fig,
5 and to Fig. 7, a horizontal section along line
T—17 in Fig. 2 or Fig. 5. The main axle 15 mounts
the arms of the air-cushion feed 1 which secures
drum rim 55 to carry & disc valve 8 as if slides;
between plates 56 and 51. The dise valve 8 is
thin and flexible s0 that perfect alignment is not
required over an extended surface, il being kept
taut by an inner ring 58 which is bolted to the
inner edge of the disc. The dis¢ valve 8 rotates
in ball bearings §8a which lie in grooves §8 in
the much thicker plates 56 and 51, these being
attached to a stationary tube $0 which is earried
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by the supporting plate 61. Valve 8 is shown
gpen 10 allow flow of gaseous charge ‘info the
firinc chamber 9. Valve 8 is shown closed In
Fig. 21 which is a horizontal section aleng line
2{—2{ in Fig. 13. Figs. 13 and 13c¢ are the same
as Fig. 7 except that they show one closed and
one 'open position respectively -of valve 38, with=
out interference from the airfeed arm 1. The
duct 27a leads to the duct 63 in a plate 56 and to
the duct 82 in plate 51 which acts as the head of
the rectangular cross section firing chamber 4
with its fuel cooling jacket 66. Rollers ¥4 pre-
vent the excessive wear that would otherwise
aeeur if the edeges 8T were deflected inward by
the pressure against an edge of duet €2 or $3.
The edges 67 may be set for the desired small
elearance at the ducts 63 and 62 by adjustable
bearinegs 64aq (Fig. 7), before the assembly of
valve 8, by first adjusting the rollers 64, the bear-
ings 64a of which are mounted in the plate 51.
The disc of valve 8 is moved against the rollers
64 by sliding the drum rim 55 fo the right. Roil-
ers 84 (mounted on hearings 64a in piate bb) are
then adijusted against the dise of valve 8 by slid-
ing plate 56 and projection 69 over the tube 60
and support 70 respectively then locking projec-
tion 68 to support 10 by conventional means.
Oil pressure feeds 65 (Fig. 21) provide a continu-
ous oil film which with the small clearance oi the
rollers 64, prevents after an explosion the escape
of appreciable amounts of the high pressure -air
cushion compressed in the head $2 of the firing
chamber 9. As the head 82 and firing chamber
9 are very narrow, the high strength alloy steel
valve blade of valve 8 is not bent sufficiently into
the duct 83 to exceed its elastic limit., The ther-
mal loss to the cooling fuel jackets §86 is not high
because the combustion products only remaih in
the firing chamber 8 for a few thousandths ot
a second, the combustion products passing 1rom.
the throat 68 (Fig. 4) into the expansion tubes
3 (see Fig. 6) at whatever the veloeity of sound
mayv be for the elevated temperabture at the
throats 88. The cylindrical bottom 69 of duct
21q 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 i and surrounded by the low-pres-
surs air space 2. The mounting or spacing mefi-
bers for the tubes 3 are 20 while their combus-
tion chambers are supported by extensions of the
plate 8i. Plates §! and (8a support a holiow
tube 68 which does hot revolve. It is coaxial
with the axle 18, which however, is too shord
to contact the tube §0. Within the double wailed
combustion or firing chambers 8, the row of
spark plugs 35 are seen to extend. The electronic
controls, including the ignition current supply is
housed within the hoxes E at one side i the
flaring rectangular outer ends of the expansion
tubes 3. These ends are supported In apersures
in the plate i{8a. A row of six inlet valves {8
formed in part by outer vanes 4€ is shown for
illustration only; these valves may have a form
modified from that shown or may be present
in a different number.

The valve § and air cushion feed 7 are shown
in greater detail in Figs, 8§ through 13,

Fig. 9 is a vertical section along line 8—39 In
wig, 7 and shows the four entrance duess 53 1o
the four firing chambers 8, the support 6i, the
expansion tubes 3 and the inflowing air ¢ 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
1! are drawn taut between the. drum rim 55 and
the ring 58 which slides in groove 53 (PFig. 4)
1n plates 58 and 57 which are supported by the
tube 60 and support §1i. - | o

g, 8 is a vertical section along line 8—8 in
Fig. 7 and shows the four ducts 93 In the plate
28, the rotating rim 55 separated from the fixed
plate §% by the annular space . 13. The end of
the ring 58 is shown in the groove 59 plate 58
being supported by tube 8. o

Fig. 10 is a vertical section along line (§—inR
In Fig. 7. The rotating drum 2D 1Is separated
from the stationary plate 74 by the annular space

3. The ends of the four ducts 21a in the plate

14 are extensions of the four ducts 63 in the plate
96; plate 74 being supported by the fixed cyvlinder
69. | \

Fig. 11 is a vertical section of the air cushion :

feed:7 along the line i{—I1} in Pig. 7. Mounted
on the axle {5 is the dise 15 which forms a back
wall for the inner portions 78 of - The four air
Teed arm channels 77 that receive compressed

air through holss 78 and outer parts 19 of which -

slide on the face plate 74, When the air feeder
arm channels 17 are opposite the four ducts 21a,
compressed air flows through the feeder chan-
nels 17 into the ducts 27a. At all other times

the premixed charges of fuel and air' in chamber -

27, and the premixed charge of air and
detonatable fuel in chamber 2{ are free to flow
mto' the ducts 27e leading to the valve 8. The
outer ends of the channels 77 are secured to
the edge of the rim 88 which supports drum
rim §B5. | ,

Fig. 12 is a vertical section along line {2—12 in
Fig. 7. The outer rim 80 of the four rotating

10

‘cross-section of the expansion tubes 3, only one
side is shown. Fig. 14 illustrates the action of

the valves 1§ 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 {0a into a Prandtl-Meyer fow around
the corner surface 82 in the general direction of
the arrow 83, the outer portion of this fiow strik-

ing the surface of outer vane 84 approximately

10

arms of the air cushion feed 7 support the drum

rim §5. The edge of the wall 81 of the low-pres-
sure chamber 2 makes sliding contact with the
rim 88 (Fig. 7). The inner ends T§ of air feed
channels 17 are attached to plate 15 and receive
compressed air from axle {5 as shown more clear-
ly in Fig. 7. The outer parts 79 01 compressed
air feed channels 77 ride over plate T4, and sup-
ply compressed air to duets 27a when they pass
over them. -

40

Figs. 13 and 13¢ show hor_iztmtal _sec_tiijiis_;_of |

two different phases of the valve 8 and feeder 7 ;

of Fig. 7. In Pig. 13a the valve 8 is open and
the air feeder channel 77 is 1ot covering the
oucts 27a, so that premixed fuels and 2ir pass
Irom passages 27 and 3{ in Fig. 4 into the aucts

52 that form the heads for the firing chambers :

§. In Fig. 7 the air feeder channels T7 have
covered the passages 27 cutting off the supply of
premixed fuels and air, and supplying com-
pressed air into duects 27¢ and through valve 8
10 firing chamber heads £2. In Fig. 13, valve 8
has closed ready for the firing of chambers 8. and
the air feeder channels 77 have cleared the ducts
2fa, allowing premixed fuels and air again to
fiow into ducts 27a preparatory to the opening of
valves & for the next firing cycle. S
igs. 14 through 18 are schematic drawings
to illustrate the action of the valves (8 (P'igs. 2
and 4) that prevent the escape of the high pres-
Sure, high velocity air and gas slug from the ex-
pangion tubes 3 into the low pressure chamber 2 .
- out 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-
paasion tubes 3. As the inlet valves are sym-
metrical with respect to the two long sides of the

ol
(b §

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 st the
next valve corner 82. The specially shaped sur-

faces 102a and i02p (Fig. 19a) of guard vanes

66 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 82’ the air flow has been slowed to sub-
sonic velocity, and nc shocks can be formed.
The outer vanes 84 are shaped to be tangential
to the flow expanding aecross the openings 87 in
the subsonic inlet valves 10b, so that a smooth
How is obtained without undue turbulence.
Fig. 15 shows the air in low pressure chamber
2 rushing info expansion tube 8 through valves
10 to fill a low pressure volume in the wake
0of a compressed air and gas slug. The gir as
indicated by arrows 88 enters at only s small
angle to the wall of expansion tube 3, and at
the valve 10a nearest the firing chamber € the
ow may temporarily be toward the firing cham-
ber as indicated by arrow 89. _- -
Fig. 16 shows an initial slug of gas and air
47: with normal shock front ¥y 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 F: travels at a
velocity greafly below transonic values. ‘The
same pressures and relative veloeity would exist
if the front 1 were stationary and the air on
the right were approaching it at the supersonic
velocity Vi 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 1 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 Py, the atmospheric pres-
sure for the still air ahead. The rear of the
slug 471 is not sharp as indicated by Ri for

. the purpose of illustration, but is somewhat dif-

GO

fuse, although the bulk of the gas and air once

belonging to the slug can be contained within

two boundaries such as F: and R;. - The shock
front 1 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 Pi1
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

70

79

alr ahead. The pressure P: at the rear of the
slug 47: 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 s pressure gradient from
the front to rear of the slug. Thus the portions
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of the slug passing valves {0b havé sufficient
pressure to prevent the flow of air from the
chamber 2 into the expansion tube 3. At valve
i0a, however, at the rear of slug 41 the pres-
sure has been reducéd to a value allowing in-
filux of air from chamber 2, and air is forced to
follow in the wake of Ri uhder a sufficient pres-
sure differential to maintain its fiow.

Fig. 17 represents the flow diagram omne firing
period later, the firing period keing the time be-
tweeni consecutive shots (explosions) from the
firing chamber §. The front i of the first slug
41: has now reached the mouth 13 of the ex-
pansion tube 3, and if no slugs had followed it,
its rear position would be at Ri. Actually the
second slug 47: overtakes the rear of the first
slite 471, and has its shock front at P dand its
rear at Rz, 'Thé second slug 47s hgs traveled
faster than the first slug 47Ti as its inipacted air
already moving with fair velocity in the wake
of slug 4T1. o __
~ In Fig. 16 the front F» of the second siug 412
has reached the niouth 19 of expansion tube 3,
snd the third siug 4T: would have ddvanced its
front B4 to the position showd if it had nét im-
pacted the réar of the second slug 472, Fy i il-
lustrated as being slightly beyond the position
of B one firing period earlier becdiise the air
fastér than that alédd
of Fs. This ¢hdtige ig small however, and i1 a
tew cycles the slug positiort pattérn has redched
the steady state cotidifion which is approximated
by Fig. 18. The action of 4 given slag m over-
lappitig the réar of a précedihg slug cduses an
averaginis of the low pressure of the rear of the
preceding slug and the higher pressuie ¢f the
head of the following shig, §¢ that the exhiaust
pressure and velocity from & mouth (9 do niot
have large Varigtionis. The presence of two or
more sliigs i1 the flow systéni at one tiine allows
4 réldtively high frequeticy fiting rate, €. ., 200
sxplosions per firing chambér pe¥ second and
oreatly ihereases the capacity of the pump. Small
pressure fluctuations from the exhaust mouths
19 are of a freguency that cah readily be elirfii=
nated by the use of storage fanks each having
4 volume only & fraction of that of exparnsion
tubeés 3. Because the mouths of the expansion
tiibes §9 are in patallel, and bécause tHey fifé in
gequence, the pressure fuctuationn at theéir ex-
Hausts is still further reduced. N

Figs. 19 and 19« are schiematic diagrains of the
expansion waves in a supersonic valve {0a In di
expansion tibe 3. The expansion tube has &
rectarncular cross section of two oppasite sides of
constant Ieneth to produce an approximate two
dimensional flow. Fig. 19 represents the flow
pattern for the relatively low velocity rear end
of o slug of compressed gas and air passing 4
supersonic valve 10z as it expands dowil tube 3,
while Fig. 17a represents the flow &t the seIe
valve f0a for the relatively high veélocity front
end of the slug. The flow is somewhat Simiilar
fo the familiar case of the jet il Fig. 20 flow=
ing from orifice 96 into & region of lower pres-
cure iridicated by point 85. Sinceé the jet is sym-
metrical about the trace O—O of 4 plane per-
pepdicular t6 the plane of the figure, the dow
pattern would be unaffected by tlie insertion of &
very thin solid boundary qlong the above pldne of
symmetry. The upper half of the flow pattern
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need only be cotisidered. A Prandtl-Meyer expan=-

sion staits around cofner 83 with the generation
6f the expansion waves 91 which are reflected

from. the solid boundary along 00’ to the ires T8

12

upper boundary at 93. These éxpansion waves are
reflected from the freelipper jet boundary as com-
pression waves 94 that refiect from solid boundary
O—0O at 95 to form. compressiotl shocks at cusps
37. In the Figs. 19 and 19¢ the guard vane 86 sep~
arates the flow of the peripheral part of the siug
passing down expansion tube 3 past thie opening
81 in the supersonic valve {0a, 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 ©o
the flat wall 98 of the expansion tube 3, starts a
Prandtl-Meyer expansion around the corner §2
which defleets the outer flow actoss the opening
81 along the arrow 83. This flow has tangential
incidence along thie oufer vdne §4 which curves
down until at point 89, it is tangential to and on
the boundary of expdfision fube 2. Expansion
waves such as @, b, ¢, 4, e, and f spread out irom
corner 82 and if the vanes 86 and 84 were not
vreégent the flow line 108 would follow the dottad

line {0f 1A a2 freé expansioni around corner $2.

The expansionl waves aie dctually, however; re-
fleetéd from the surface 102 of guard vane 86
45 expansion waves such as ¢’, b’, ¢’, @', e’ and j
(Mg, 19) with slopes of opposite sign from those
of @, B, ¢, d, e and f and which deflect the flow
back toward the boundary of expansion tube 2.
Shock waves have no tendency to form along the
surface 102 as the upper curvature is less than
that occurring for free expansion ardund corner
82 If the outer vane 84 deflected the flow down-
ward, obligue shocks would form dlong its lower
surface, but these incipierit shocks are cancelled
by the incidénce of expansion waves such as a’,
b’, ¢’, d’, e’ and f’ which deflect the flow dewn-
ward. The outer vane 84 is needed to prevent
the furbulence that would result between the
boundary of a high velocity flow and a region of
stationary air that would resulf if a solid bound-
ary were not preseéiit, 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
outér 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 a5 illustrated in Figs. 17 and 17a to cause nore
than weak oblique shocks from lack of complete
cancellation of shocks by the expansion waves.
Préssure recovery loss due to turbulence is thus
Kept g minimum.

PFig. 15 illustrates the action of the valves {0a
when the pressure in the expansion chamber 1S
less than in the chamber 2. The air then flows
ifi at subsonic¢ velocity with the minimum of
tirrbulence, the small séale turbulence around the
vane tips {03 being Tocalized.

The utility of the various electronic sections
shown in Fig. 25 and divided by dotted lines may
bé stated as follows: | |

Section A.~-Photoelectric means of producing
4 firifie spark affer the closing of valve 8. De-
livery of a number of equal voltage pulses to part
C equal to the firing frequericy.

Section B —Establishment of a reference firing
freguency 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 & correction to the position
of the vane 12 in regulating the speed of the
turbine { to bring the firing frequency bacxk to
the reference value.

Séctionn D.~=Circuits to provide a voltage pro-
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portional to the pressure measured
183 in expansion tubes 3. - |

Section E.—Pressure correction circuits to
regulate the frequency of reference oscillator {43
t0 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 12§ is coaxial with the
blades of the valve 8, and is contained in the

by pickoff

auxiliary box 13 of Figs. 2 and 4. Valve 8 has
~Just closed the duct 62 (in Fig. 10) to the firing

chamber §, and the spoke 122 (Fig. 25) of the
test pickoff wheel 121 has just interrupted a light
beam 123 from a lizht source {24, which beam
1s prevented from reaching the photocell detector
125. Thus, when the firing chamber 8 nas been

charged with an explozive mixture through duct

b2, and the valve 8§ has closed ready for firing,
the inferruption of the light beam. 23 0y the
spoke 122 suddenly stops the D. C. current flow
in the primary 126 of transformer {27 which is

in series with g seli-genersting nhotoelectric cell

125. The sudden stoppage of D, C. current in
the primary {28 produces a voltage pulse in the
transformer secondary  128. The current pulss
produced in the secondary i2§ is of the .correct

polarity when the licht beam 123 iz interrupted -

to flow through the rectifier {29. On the eon-
trary, the current pulse produced in the sec-
ondary {28 will not be of the proper polarity
when the beam 123 is uncovered by the spoke (2%,
thus preventing sparking except when the valve
8 has just been closed. A resistor 138 is in series
with the rectifier 129 and the secondary coil 128,
and the voltage across it is impressed on an audio
amplifier 131 which is tuned approximately to

the fundamental of the pulse from resistor 38

The output of an amplifier 134 is in series with
the primary of a transformer 14{ snd an input
thyratron 432. The thyratron i32 is in series
with the primaries of transformers 124 and {39,

and a condenser {35 which may be charged by a

D. C. source 136 through a small fixed resistor {37
and a tube 138. When a voltage pulse is received
from the amplifier 13§ on the input of the
thyratron 132, the thyratron 132 fires and dis-
charges the condenser 135 through the primaries
of transformers 134 and 139. Such action causes
a Hring spark for chamber 9 to appear at gap
{140. In order to measure the firing frequency
by an integration process, it is necessary that the

voltage pulses across transformer 134 211 he alike. =

This is partly achieved by designing transformer
i34 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 135 ig charged
- very nearly to the same voltage before each dis-
charge. This requires a rapid charging rate for
condenser 135, and to effect this result the volt-
age source {36 is impressed in series with the

small fixed resistor 137, the condenser 135, and ¢

- & Vvariable impedance tube 138 which normally
has a very low impedance. Therefore the charg-~
Ing rate of the condenser (2§ is very rapid except
for a short period 2t the breakdown of the
thyratron 132. The pulse which fires the thyra-~
tron impresses a voltage on transformer §4i
that is transmitted through a rectifier 149 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

i
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{31}
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f:i14 | -
the tube (38 to cutoff. Therefore the ‘voltage
from D. C. source 136 cannot prevent the thyra-
tron 132 from reopening when the voltage on the
condenser 135 normally passes through zero be~
cause the condenser {35 is then separated from
D. C. source 136 by the high impedance of tube
138. A rectifier 149 prevents a decrease of the
bulse voltage from the amplifier 134 from open-

ing the tube 138. |

- Section B of Fig. 25 has the function of pro-
ducing a series of pulses of g frequency deter-

mined by a sawtooth oscillator 143 which is used

as reference. The output of the oscillator {43
15 -connected to trigger the thyratron 144, which
1s in series with the primary coils of transformers
145, 148 and 264—265, and condenser {47. The
transformer {45 is designed for core saturation
on each pulse~discharge through the thyratron
24. 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 135. Voltage source |36 is in
series with a . low resistance fixed resistor 149,
the variable impedance tube 158, the primary
of fransformer 264—265 and condenser 147 At
the instant the thyratron (44 is fired by a bulse
from oscillator 143, the secondary 265 of trans-
tormer 264—265 which is in series with a recti-
fier 151 impresses a voltage pulse on the latter
and the capacity resistance network (52 which
Is in parallel with the input of tube 150. For a
short period at the time of firing thyratron {44,
determined by the time constant. of the capacity-
resistance network 152, the tube 159 is biased to
cutoff, thus giving the thyratron (44 oppor-
tunity to open as the condenser 147 discharges
to zero voltage. The rectifier 151 allows passage
of only such voltage polarity from the trans-
former 148 as will bias tube 150 toward cutoff.
Section C of Fig. 25 shows the circuit for con-
trolling the turbine speed, and since the turbine
I 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 153 from trans-
former {34 with the number of voltage pulses on
leads 184 coming from transformer 149, which
are equal to the frequency of the reference os-
cillator 143. The firing-voltage pulses from
leads 153 are in series with the rectifier 1585,
condenser {56, and the variable resistor {57
The reference voltage pulses on leads {54 are in
series with variable resistor 158, rectifier (59
and condenser 160. Resistors 157 and [38 may
be adjusted to a point at which, for an equal
number of firing and reference pulses, the volt-
2ges on condensers 156 and 162 are equal. The
resistor 161 is in parallel with condenser {56,
and resistor 162 is in parallel with condenser
160. Since the condenser voltages are of op-
posing polarity, the voltage to the input ampli-
fier 163 will be zero when the condensers 156
and 160 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 163 to operate the
solenoid switch 164. For this switch the center
position of the armature contactor 165 cor-
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responds to zero solenoid current. The D. C.
voltage source 166 is impressed upon the resistors
{67 and 168 in series, leads from the midpoint
{69 of resistors 168 and 167 and the contactor
185 gcoing to the servomotor 5i. On the serv-
omotor 51 is mounted the grooved drum 50 which
is wrapped by one loop of cable 49 which, as
previously mentioned, pulls the cylindrical vane
{2 (Fig. 11) in or cut to control the air intake
and speed of the turbine {. If the firing ire-
quency exceeds the reference frequency, the con-
tactor 165 is pulled to contact 110, and contactor
{165 is then electrically negative to point 169 be-
tween resistors 168 and 161, 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 185 is pulled to contact 111, and the servo-
motor 51 is rotated in such a direction as to
cause vane 12 to intercept more air, thus in-
creasing the speed of turbine { until the firing
frequency is equal to the reference freguency.

" The circuit of section D of Fig. 23 has the
function of maintaining the speed of the fuel
pump motor 117 proportional to the firing ire-
quency, which is kept equal to the relerence
frequency. As will be later explained, the reier-
ence frequency may be changed automatically
to keep the exhaust pressure of the pump at a
desired value. FEvery reference voltage pulse
actuates the transformer {46 which impresses &
voltage pulse on the A. C. amplifier {12 the out~
nut of which is in series with a rectifier 173 and

o, condenser {14. The condenser {74 is in series -

with a resistor 1715 and a D. C. generator 116
which is connected to the shaft of the fuel motor
i71. As the voltages on the condenser 114 and
the generator 116 have opposite polarities, no
current will flow in the resistor {15 when the
speed of the fuel pump motor 11T has the cor-
rect value for a given reference frequency; the
gain of the amplifier 112 having heen adjusted
to the correct value in the initial calibration.
Opposite voltage polarities will appear across the
resistor i158 when the speed of the motor 111
is ereater or less than its proper value. The
speed of motor {717 is controlled by a variable
solencid {78, the impedance of which is in series

with the armature of the motor 171. The posi~ .

tion of a solenoid plunger 178 is determined by
the pull of the cable {80 which runs over pulleys
t8f and 182. Pulley 181 is mounted on the shait
of servomotor 183 which has opposite directions
of rotation for voltages of opposite polarity on
resistor t718. |

Section E of Fig. 25 shows a circuit for pro-
ducing a D. C. voltage proportional fo the €x-
haust pressure in the expansion tubes 3. A tube
183 leads from the exhaust ends of expansion
tubes 3 to a bellows box {84 which is divided by
a diaphragm 83 A compartment 186 of the
box i34 on the lower side of a diaphragm i85
i« evacuated. Differences in the exhaust pres-
sure of the expansion tubes 3 cause the dig-
phragm i85 to move in or out with proportional
displacement. The displacement actuates a lever
system 187 to slide the contactor 188 along a po-
tentiometer 189 which is in parallel with a D. C.
source 190, thus giving a voltage on leads 91
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 sawbooth
oscillator 143 (and hence also the firing fre-
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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 134 is bucked against the
I. R. grop of a resistor $92 which is controlied by
a D. C. source 193 and a variable resistor 194 {o
equal the voltage of the leads 191 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 185, 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 (98 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 197, and across the grid and cathode of
ancther tube §98: the rectifiers 199 and 280 pre-
venting error signal current through grid leaks
281 and 202 respectively, unless the polarity on
the erid is such as to increase the plate current.
Therefore, regardless of the polarity of the error
voltage, one tube will always have an incrsased
plate current and there will be no change in the
plate current of the other. The leads 206 are
taken across the plate resistors 283 of the tube
{97 and 204 of the tube 198 in series with a de-
coupling resistor 283. When no error volbage Is
impressed on tubes 197 and (98, the ocutput volt-
age on leads 206 is balanced out by the voltage
across resistor 207 which is supplied by a D. C.
source 208 through a control resistor 209. The
voltage across the leads 210 is thus proportional
to the magnitude of the error voliage regardless
of its polarity, and is impressed across 2 resistor
91i which forms part of the input to an amplifier
912 which furnishes the correction voltage to he
transmitted to a reference oscillator, as later de-
geribed.

Fxtensions of the leads 28 are impressed
across o grid resistor 214 on the input of a tube
515 which with a conventional circult and con-
denser signal pickoff 216, supplies a voltage t0 the
output leads 211 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 218 allows a
voltage to be put on a capacity-resistance net-
work 219, so that the voltage on leads 220 blases &
tube 22¢ toward cutoffl with a large increase in
its impedance when the magnitude o the error
voltage decreases. This effect greatly reduces the
output of a tube 222 which is connected fo &
resistor 223, when the magnitude of the error
voltage is decreasing. Since the input of the tube
299 somes from the leads 191 the voltage of which
was shown in the description of section E, Fig. 25,
to be proportional to the exhaust pressure oif 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 1s
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 221 is biased toward cutofi, has a
high impedance, and the signal across resistor
993 ecan be made as weak as desired. This is
accomplished by the setting of the variable re-
sistor 224 in the capacity-resistance network 21{89.
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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 2217, the I. R. drop across
resistor 227 always being in the same direction,
regardless of which dicde passes current through
1t. The voltage across the resistor 227 is im-
pressed across the resistor 228 which is part of
‘the input potential to amplifier 212, and repre-
sents the magnitude of the time rate of change
0f the exhaust pressure of expansion tubes 3.
‘The other component of the input voltage to the
~amplifier 212, is, as before described, the I. R.
drop across resistor 211, 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 212
thus consists of voltages proportional to the sum
of the time rate of chanze of the magnitude of
the exhaust pressure of expansion tubes § 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
exhaust pressure in the expansion tubes 3 is
weaker for a decreasing than for an Inereasing
magnitude of the error voltage. The output of
amplifier 212 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 oceur 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
1s blanked out as much as desired by the tube
221 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

boint 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 231 which is con- -

nected In series with the grid of the tube 229.
When the magnitude of the correction voltage on
the leads 218 exceeds the negative bias from the
potentiometer 231, the I. R. drop on the resistor
232 increases very rapidly since tube 229 has s
large amplification. Current therefore tends to
Hlow through rectifier 233 in the inverse direction.
As this flow is prevented by the rectvifier, the
Anput 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 veltage on
the grid of tube 229 from the potentiometer 231.
But when the magnitude of the error voltage is
-appreciably below the negative bias provided by
potentiometer 23i, the current through the tube
2238 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
285 as previously caused by the amplifier 2
being reversed, the current being of a value suff
cient to bias the input of amplifier 230 to cutoft.
Amplifiers 212 and 230 are adapted to handle D. C

in order to pass a correction signal which slowly

f2,
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Increases due to a very small drift in pressure.
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The output of amplifier 239 is impressed across
the armature contactors 234 of switch 239, the
control solenoid 235 being actuated from leads

231 which are extensions of leads (96, and are

bositioned across the error voltage. Therefore,
when the exhaust pressure of the expansion tubes
o 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 impressed on a field coil of motor

240 in such a direction as to reduce the reference

irequency 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
sigh. The solenoid 236 of switch 235 will pull
contactors 234 to the jeft 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 248 win how be
speeded up, the reference frequency will increase,

3 and the exhaust pressure of the expansion tubes

d 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 248 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

breierable that the operating pressure be limited
to small oscillations about the point A as the cor-

- responding operating parameters lead to a higher
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In such case a maximum in

together, the more firing
greater will be the volume of air sucked from
chamber 2 through valves {§ into the expansion

the

efiiciency than for point B. It is therefore desir-

able to provide second reversing switch 238 and
its controlling solenoid 255 to reverse the polarity
0f the correction voltage to motor 249 when the
slope of the pressure vs. fregquency curve (Fig.
26) changes sign, corresponding to g 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

1s reached, when g slight overshoot will carry

the pressure into the region for normal opera-
tion. Reversing switch 238 is then being actuated

by the __cha,nge. 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

shots per second the

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,

firing frequency may reach gz value for which
the slugs passing down expansion tubes 3 are

too close together for aln adequate inflow of air

from chamber 2 into the space between them.

the exhaust pressure

is reached at Some point C, Fig. 26, but the fre-

quency can still increase by reason of an in-

and by virtue of
12 to direct more
70 _ :
Inaximum pressure

creased speed of the compressor 5 and valve 8

& change in. position of vane
te alr through the turbine blades. -
If the reference pressure desireq is close to the
C, fluctuations might drive
01 operaiion onto that portion of the

bressure vs. frequency characteristic in which the
curve has a negative slope. .

g .~ Slope.  Supersonic flow is
sensitive to changes in -operational factors such
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as the efficiency of the compressor 3, 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 O
obtain some desired exhaust pressures, to auto- 35
matically reverse the position of switch 238 upon
change in sign of the slope of the pressure Vs.
frequency curve. Mathematically -expressed,
when dP is the rate of change of pressure, df
the ‘rate of change of frequency, and di the 10
rate of chdnge of time, the polarity of dP/dF
must be detected, but the magnitude is not
needed. Then dP/dF equals dP/di divided by
dF/dt. ‘and its polarity is positive when dP/ dt
and ‘dF/dt have the same ‘sign and 'is nega- 15
tive when they have opposite SIigns. It is
only 'necessary therefore, o send & ‘current
through the solenoid of switch 233 when dP/dt
gnd dF/dt are either both positive or both nega-
tive, dnd ‘to ‘let ‘the spring action of the switch
élose ‘the ‘contacts on the opposite side when no
curremnt passes through the solenoid. Leads 241
pick "off ‘a voltage from condenser {56 propor-
tiohgdl to the firing frequency and impress it upon
the input of a fube 242. A capacity-resistance
circuit 243 differentiates the firing frequency
with respect to'time. A voltage is obtalned across
'‘the primary of a trahsformer 244 of the polarity
6f dF/dt. The primary of a transformer 249
receives a ‘voltage from leads 243 which are 1
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 1its input from leads 265
which are scross a voltage proportoinal to the
eéxpansion tube exhaust pressure. The secondary
of transformer 244 is impressed across the input
ot a tube 247 which is in series with a tube 248
and ‘an output resistance 249, the mnput of tube
‘248 ‘being takén across the secondary of trans- 49
former 245. A voltage cah only appear across
the outpiit resistance 249 ‘when both tubes 241
-and 248 conduct, i. e., both dP/dt and dF/di are
‘positive, since the transtormer voltages are large
‘eériough so that if the input to'a'tube were nega- .,
tive, it would be biased 10 cuboff and no current
would flow throiigh the resistor 248. A second
secondary coil of fransformer 244 is impressed
on the inptit of tube 250 in reverse phase so that
its grid is posifive only when dF/dl is negative. 7
Tikewise a second secondary of the transformer
‘945 'is impressed upon the input-of a tube 291 In
inverse -phase, so that its grid is only posliive
when -dP/dt is negative. Thus only when dF/dt
and dP/dt -are negative, will tubes 250 and 251 -
pass current through resistor 252. The leads 254
.originate across resistors 249 and 252 ‘in series,
voltages adding, so that the voltage on-leads 254
£o.solenoid 255, have the same:polarity for LdP/c;t
and dF/dt both positive or voth negative, but
»ero. voltage if they have opposite polarity. The
wiring sense of the solenoid 285 is-such that the
reversing switch ‘238 makes contact on the right
§ide"if -@P/dF is positive and is pulled to the left .
-gide -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 ;q
‘negative, forcing the. point of operation back up
‘the slope B-C, past the maximum at C by 2
‘small ‘overshoot, with reversal oi the reversing
“switch 238 by the chiange in slope of the curve as
‘the maximum is
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tion ‘signals are néw of ‘the proper polarity ‘to
reduce the pressure to the reference value. |

To prevent ‘the -solenoid 2§% from ‘losing ‘ifs
control ‘signal when ‘the ‘frequency -drift ‘is 'too
low to be detected by the transformers 244 and
245, the error voltage from leads 1386 is amplified
by -a tube 256, and conducted by leads 257 'onto
an guxiliary winding coil-258 of the motor-240 in
such a direction asto 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, ahd 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’endiigh
that when amplified by ‘a step-up transformer
260, the I. R. drop across a resisfor 261 is enbugh
to bias the tube 256 to cutoff and to stop the
artificial frequency drift produced by the ‘duxili-
ary coil-258 of the motor 240. The rectifiers 262
and 263 keep the same polarity across the Te-
sistor-261 regardiess 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 ¢bil 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 ‘13, driving the com-
mon shaft 15 of the turbine which is geared to
the compressor. The pressure pickoff 183 from
the expansion tubes registers zero ‘initial pres-
sure above the atmosphere, and calls upon the
reference oscillator 143 for a higher frequency
of firing, 'which causes thie servomotor 51 to posi-
tion the cylindrical vane {2 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
'_elntr&nce ‘62. The firing frequency is thus di-

*re'ctl-:,r ‘proportional ‘to the speed of the ‘turbine

‘I and compressor § -geared ‘thereto. The com-
‘pression ratio of the explosive charge is at first
) ‘low due to the low compressor speed, and the

fuel supplied is low in ‘proportion since the speed
of the fuel ‘pump ‘motor 17 ‘is maintained di-

rectly proportional tothat of the firing freguency

and the turbine speed. The initial explosions

are of low power and not much air is pulled

through the valves {0 into the expansion tubes
3, so that the 'acceletation of the ‘turbine is not

aided muech by the:air pulled ‘through its vanes

{, the main load falling on the starter motor
in container 3. ‘As the turbine { and compressor
f.i.plck up speed, however, the compression ratio
increases, the frequéncy -of -firing increases, ‘the
explosions from the combustion chambers é are
more powerful, more air is sucked from-chamber

-2 -through valve {0 into the eéxpansion tubes 3,

and the turbine -begins ‘to take a share of the
load, -and -the pressure in the pickof 183 in-
creases, until-finally at Tull compressor speed, the
pressure at sald'pickoff has reached the referehce

value. The frequency called for by oscillator {43

has rem—ained at maximum stop position (Which
€. g, might be-10% -above the normal operating
value), but as the reference -pressure is exceeded
and the sign of the pressure error:changes, the
motor 240 has a reversed torgue and sta,ri;s to
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‘decrease the reference frequency called for, and
automatic electronic control cireuits - previously
described in relation to Fig. 23 take over, causing
the output pressure in expansion tube 3 to de-
Créase smoothly to the reference value. The
input to the reference frequency control motor
249 is proportional to

the sum of two voltages,

b2 4

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
controlied by a relay switch to be of the proper
Dolarity 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. TFor example, a form of the

casing may be modified as to externsl shape, the

form of the high pressure fuel storage chambers
form of the ports in the

may be modified, the fo
disk valve may be modified and the expansion
may be made funnel shape rather than in

tubes
the form of a diverging prism.

Process

‘The generalized cycle for producing augmenig-
‘tion of momentum in jet propulsion therefore
consists of the following steps divided into three
-phases, i. e., the explosion phase, the augments,-

tion or impacting phase, and the delivery phnase. .
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 preduced by the detn-
nation of a separate fuel and ajr charge produced
Irom a detonating liquid hydrocarbon or other
chemical. o | ’
- 2. The augmentation phase comprises six
- cessive steps, which however as g practical mat-
ter takes place with such rapidity that they may
.be regarded almost 25 g, single step. The stages
are: | : o |
-@. -Discharge of a supersonic slug of gas from
- the combustion chamber to the expansion
tube, |

SUC~

.. Impingement of the subersonic slug or gas
. .upon the slower gas in expansion tube,
-¢. Compression of the gas flowing across the
- shock front of the slug, o
4. 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 exXpansion tube, and
‘The inflow of air or gas in the low pressure

.~ wake of the slug to prevent stoppage of a
.~ 7 PbuInp or motor by excessive back pressure.

“Steps ¢ to 7, inclusive, produce augmentation of

momentum by transformation from a small mass,

“high velocity velume to 5, large mass, low velocity

volume and expansion against the divergent ex-

pansion tube walls. SR |
3. Delivery phase.

a. Delivery of a large mass, low velocity, low
~ Dpressure gas flow from the mouth of the ex-
- pansion tube, and |
.b. A powerful backward
. tube walls during the

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 & much larger degree of augmentation due

thrust on the expansion
delivery and augmenta-

10

15

to air entrainment has been provided thah 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 scon becomes unwieldly
and is always inefficient. My new method is in-
dependent of any particular disposition of ap-
Pbaratus and can be carried out with the elements
which I have disclosed when these elements are
cberated, 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 manner of connected chemical
engineering apparatus. o |

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.

25

“reason of its

These fizures 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 {o provide g backing for the
€xpansion of the slug in the flared portion by
oWl expansion and by reason of

- the augmentation which at itself creates by its
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form

‘rear against which they

behavior in the flared end of the tube.

The process can be applied to augment the ex-
bansion 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 js shown, augmenta,-
tion ke produced hetween transformation  of ‘a
low mass, high velocity slug of gas t0 a low veloe-
1Ly, 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
a low mass, high velocity piston or slug of
gas therein. This high velocity iImpacts- against
the slower air ahead of it ang compresses. the
alr, 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 behing it. "
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 coni-
bressed gas and air slug in the flared end has
Just finished its expansion. thereby producing a,
bowerful 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
énd of the former slug. The cycle is now ready
to be repeated by the next bassage of the hy-
bothetical rotary nozzle across the intake of the
tube. Figs. 31, 32, 32¢ and 338 show the funda-

Therefore,

On a solid wall at their

can push, The steps
fundamental process or cycle
listed in tabular form and can

carried out in the
have already heen
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yegdily bé velated to Pigs. 31, 32, 32a and -33
throueh the legends applie d to those figures. |
What T claim Is:
- 1. In g pulse jet DN -Or motor, 4 -casing, &
turbine driving a rotafy -air -compressing ele-
ment ‘to supply compressed air for combustion,
.dombustion echambers within said easing ‘to sup-
ply :in rapid succession explosions &t Tigh tem-
perature and -pressure to exhaust slags of -gas
for thiust or flow purposes, a rotary «disc ‘valve
adapted to admit fuel and air ‘mixture to said
edmbustion chamber 1o provide a-high: irequency,
‘high .pressure vaive without the vibration -and
power loss -of Feciprocating parts, ouide plates
‘having long narrow radial ports, said guide piates
being located adjacent szid dise valve, which ‘18
-adapted to rotate Between said guide ;plates to
¢lose sagid ports periodically whereby -said .guide
‘platés carry radial inlet ports for:the: combustion
‘chambers and serve as guides for fiexible rotat-
iheg valve blades which &lide between “the guide
-plates ‘and intercent said ports at .periodical in-
tervals, g drive shait rotatable 'in sald valve and
-stipporting said blades +0 rotate sgid valve blade
-elements, said rotary disc valve .ahd said:guide
iplates, an outer drum rim mounted onsaid drive
-shaft to support the-outer -edges ‘of -said flexibie
valve blades under -tension, 57 inner ring -coil-
-nected to said blades, said blades being attached
hetween said drim rim. and said inher ring undsr
tension, said rings being rotatable with said
blades, ‘said guide .plates being stationary ‘and
-supported by & stgtionary tupe, andg having a
-groove to recelive sgid ring whereby to form a re-

cess circillar channel to:carry fhe Fing as it-holds -

tHe inher edge of the valve: blades under tension
ang rotates with sald ‘blades.

o In a pulse jel puwmp: or wotor o subsial-
tially cylindrical ecasing ‘having a - forward port,
g, center shaft and extending -through szid cas-
ing, a base,a front bearin‘g"extending--upw&rdly
fror said base’ and supporting said shaft, an air
compressing impeller ‘mounted upon ‘said -shaft
to furnish compressed alr for combustion, & coim-
bustion chamber ‘to furnish high temperature,
‘Kigh pressure slugs of gas, an- expansion tube:im
interior ‘communication with the outer end of
said combustion chamber, said -eéxpahsion tube
-gerving to:direct exhaust gas slugs from-a com-
bustion chamber upon the rear of air columms,
louvers within the walls of =aid:expansion tube
for the admission of air to forgy said:air ‘columns
under the negative -pressures produced -after
said exhaust gas slugs ‘have substantialiy -left
the arég of sgid louvers: in said -expansion tubes,
said -louvers having g COTNEr, & guard ‘vane and
an outer vane to prevent the -exit of ‘Righ pres-
sure air from the inside of the -eéxpansion tube
by an initial -Prandtl-Meyer type 0f expansion
around-the corner, followed by deflection of the
gag fow back into the expansion tube without
.shoek, means ifor sitccessive charging of ‘said
combustion chamber for & sequence of -explosions
within said chamber 1o produce-a series of- slugs

of - exhaust . gases “directed. down the expansion.

tube; an electronic -pressur-e--respansive - IMeans
.{or successively igniting said.charges:to: produee
-said slugs, the succession resulting from the €X-
plosion of said charges and the passage through
the expansion tube giving rise to an-inflow of-air
into the said expansion tubes; & turbine driven
by said inflow of air, said turbine retating said
impeller about the center shaft upon which it-is
mounted. |

3. .In -a-pulse.jet :pump OY motor, - a-casing; 'a
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{urnishing -compressed -air
-casing constituting a partial air inlet means for
said eompressor; a -high pressure -firing chambey
adapted to furnish stugs of exhaust gas at high
pressure, an expansion tube directly :connected
i0 the exhaust end of said firing chamber, said
expansion tube having substantially smoothly-di-

24

rotary &ir ‘compressor within said -casing, for
for -combustion; -said

vergent sides, the larger end thereof being -10-

eated toward that -end of ‘the casing réemotest
from said compressor, louvers provided with
venes arfanged on :the sides -of sgid @xpansion
tube-to promote inflow of:gas thereinto-unider the

suction created by the exit of the exhaust igas

-stugs therefrom but adapted to substantially pre-
vent outflow of gas through the louvers from
-sgid expansion tube, a lIow pressure -air chamber
stirfounding ‘said expansion tube o constitite
- yeservoir.of gir for the supply-of. said expdansion
tube, charge=forming means for forming suc-
-cessive charees ¢f an explosion mixture :0f fuel
gnd:air and for introducing them 'into gaid high
pressure firing chamber, o turbine at substan-

tially that end of ‘the casing -which ig rfarthest
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

means ‘between said turbine and .said gir com-
pressor wherebi to-drive said. COTNPYESSOT.

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

.arising from said base, sald compressor being re-

volubly mounted on said shaft whereby to com-

5 press gir for combustion, 2 combustion chamber
snto which said compressor is arranged to dis-
.charge, said combusfion chamber being adapted

to furnish high pressure slugs of gas, sald com-
bustion chamber having an open throat for-the

discharge of the detonated chfarge of ignition gas,
o main charge premixing chamber to mix fuel
and air so that detonation can occur in Said ¢om-

bustion chamber with efficient combustion, sald
premixing chamber containing screens for mix-
ing said.fuel and air by small scale turbiilence,
a fuel system, said fuel system being adapied to

.inject detondtable fuel droplets into said auxil-

iary premixing chamber, ienition devices to set

.off an initial detonation in the auxiliary combus-

tion chamber, an expansion tube having substan-
tiglly smoothly diverging sides to direct slugs of

- gxhaust gas from the main ¢combustion chamber

against a column of air wheréby to increase the

.mass of gas and augment the momentum of the
-gas and air exhausted from said expansion tube,
inlet Jouver vanes to allow.air to flow to said ex-
pansion tube in the séction of high velocity pres-

sure slug of exhatist 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-sald ex-
pansion. fube, the vanes comprising outer vanesto
create tangential incidence with the outward ex-
panding gas of the slug and redirect it back: into
the expansion tubes, cguide 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-
‘pafision tubé by the outer vanes, a turbine to

cenerate power by the flow of air through said

turbine into said expansion tube, and means for

driving said compressor irom said turbine at an
eptimum speed for the efficiency of each.

5. A -pulse jet pump er motor, ‘g 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 zir
for fuel charges to said combustion chambers,
a lateral extension for each combustion cham-
ber to provide a narrow ecross 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 combiis-
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 1o
provide means for maintaining a desired ex-
pansion tube exhaust pressure by change in the
firing frequency.

6. A pulse jet pump or moter comprising a @

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-

ralify of combustion chambers positioned to re- 5
ceive air from said compressor, to furnish high

‘Dpressure high temperature slugs of exhaust gas,
inlet valves at the entrance to ssid combustion
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
m 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 D
pansion tubes, each expansion tube being in in-
terior communication with a combustion cham-
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 fiow 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 ssid
corners to the outer vanes to prevent the forna-
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-
€nced 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 alr compressor adapted to furnish compressed

iy

alr for combustion within said casing, a turbine

substantially 2t 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
separete air to said turbine and to g low pres-
sure chamber, a fuel inlet means for furnishing
and for premixing fuel with air from said com-
pressor to make g 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 expension tube
having a plurality of successive louvers therein
to admit 2ir between successive slugs of gas
elected from said expansion tubes. each louver
having a corner, to initiate g Prandtl-Meyer ex-
bansion in the supersonic section and to start
a wake around an obstacle in the sonic section,
venes in the neighborhood of each louver to catch
outward flow resulting from said corners tansen-
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
vanes whereby to prevent shock waves, |
6. In combination in the order named in a
pulse jet pump or motor a casing, and within
sald casing a central shaft, g rotary impeller

adapted to compress air mounted on sa2id shaft,

a turbine adapted to drive said impeller, a circu-
lar air inlet surrounding said impeller and
adapted to direct gir through said turbine, an air
fuel premixing chamber, a plurality of fuel

nozzles arranged within said chamber to feed

liguid fuel into the air stream from sald impeller,
a plurality of 'Iocal-turbulence-inducing screens

located across the air flow in said chamber, a ro-

tating drum mounted on said centra] shaft, a
stationary plate at the outer end of the rotating
drum, a flexible dise 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 sto-
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 sald 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,
sald rotary disc valve and stationary plate ports
being aligned with said combustion - chambers
feed intermittently a compressed |
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mixture: of: & main: fuel and! air- into said comr
hustion chambers, a lateral: extension from. each
eombustion: chamber, a series: of” spark plugs In
said lateral: extension; a. pressure-sensitive pick-
off in- each of said expansion: tubes and: an elec-
tronic. circuit connected: to said pickofl and
adapted to time the spark at sald 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 & and: in
addition. an air' by-pass: fram: said circular: air
‘inlet: to the louvers and' vanes: in said: expansion
fubes.. | |

10. The combihation recited i claimx 9: and in
addition. an: extensible: vane: in said air by-pass
‘whereby to regulate the ratio between the
volumes. oft air supplied for driving the turbine
with auementation of mementum: of the:air flow

through: the extension: tubes and those supplied :

directly to the premixing and the combustion
chambers. to form exhaust slugs. ofr gas: to impact
against the air in the: expansion tubes.

- 11. The combination according: to: claim: 10:in
which the turbine is: provided: with: vanes: at. the
periphery" thereof, said: vanes heing 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: apenings therein: ta: the: fizel

mixing chambers.

12. A pulse jet pump or motor comprising: a
casing for the partialb support of elements: within
casing: a. turbine located: substantially at one

end of saidr casing; an: air compressing impeller 3

driven: by said turbine to: furnish compressed: air
for- preparing initial charges: of fuel and air, &
drive shaft from saic turbine, a. main premixing
Tuel chamber positioned to receive: fuel from: &
fuel source- and compressed: alr from said com-
pressor impeller: for thoroughly premixing: &
charge of fuel and: compressed air for efficient

]|
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explosion;,. said chamber containing: paralel fuel

pipes in which there are & plurality of substan-

+ighy regularly spaced ports: to spray fuel into

the compressed: gir stream: and: turbylenee in-
ducing sereens. to promote therough: mixme; of
said fuel and air by local turbulence, an guxiliary
‘premixing chamber of substantially eylindrical

eonstruction concentrie to sald shaft to mix: a |

detonatable fuel and air, a plurality of combustion
chambers to furnish slugs of high temperature
high pressure exhaust gas, & lateral extension
for each combustion chamber for receiving &

detonatable fuel and air charge from sald .

guxiliary premixing chamber, said compustion
‘chambers being adapted to receive fuel and air
charges from the main premixing fuel chamber.

13. A pulse jet. pump or motor comprising a
-easing for the partial support. of elements within
aaid casing, a turbine located substantially at.one
‘end of said ecasing, an air compressing impeller
for said surbine te furnish compressed air for
preparing initial charges of fuek and air, a drive
shatt 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 com-
pressed air for efficient explosion, said chamber
containing parallek fuel pipes i which there are
a plurality of substantially regularly spaced ports
to. spray fuel across the compressed alr stream,
4 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 and 7
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air, turbulence inducing: screens: supported. pars
tially by said baflles.and: partially by the walls. of
said:main premixing: chamber-to provide a, mul=
tiplicity: of localized: turbulence. inducers: across
the labyrinthine path, an auxiliary premixing
chamber of substantially eylindrieal construction
concentric to.said shaft to mix a. detonatable fuel
and: air;. a plurality of combustion chambers
adapted toreceive 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 airrcharge fram
zaid auxiliary premixing chamber:.

14, A pulse jet: pump or motor comprising a
compressor-to furnish a stream. of: compressed: alx,
o turbine drivingly connected tQ-saild compressorn,
2. source of fuel, a premixing fuel chamber: to
receive air from said compressor and fueli from
said fuel source to furnish a mixed: fyel and alr
charse, 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 alb the rear
of the-admitted charges in said-combustion cham-
ner before the closing of the: inlet valve theretbo,
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: epenings: to- allow- the
entrance of air from said compressor at its. exit
to the said rotary cushion feed,

15. Irr combination in an augmented pulse: jet
nump or motor; an outer casing, a. fuel and: gir
charse-preparing section, and g fuel and: air
charge storage section, a. fuel and air charge
exploding section: and an expansion section: for
the products of combustion. formed inr the fuel
and air exploding section, said charge forming
section including a turbine having peripheral
vanes, an air compressing impeller operstively
connected to said turbine, an inner- casing for-
ward of said turbine, a central shaft upon whieh
said: turbine is mounted and to which said im-
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,
5 central concentric chamber surrounding said
shaft, means for admitting compressed air to said
chamber, a fuel supply connected to sald 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 bafle mounted on said inner casing be-
tween said flange and said impeller, a plurality
of annular secreens mounted concentrically be-
tween said flange and said baflle to provide a
labyrinthine path for making said fuel and alr
charge homogeneous, means in said fuel and air
compressing 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 ehambers and said fuel and air ster-
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 slternately 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 ubon 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

sald 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 conecentrically on said tube,
a roller hub and an apertured backing plate to
breserve the alignment and take the thrust of
the rotary valve. o - :
- 17, The combination set forth in claim 16 hgv-
Ing in addition a drum, the rim of which extends
from the periphery of the air cushion feed tq 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-

ot
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iront of said combustion chambers for inter-:
mittently creating a decreased pressure to allow
entrance into the combustion chambers of a
coinpressed 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
Ineans for causing detonation of said charge in
the combustion chambers to repeat the sequence.
20. In combination in the order named in g
bulse jet pump or motor a casing, a central shaft
supported by the casing and carrying rotary
impeller means for compressing air, g turbine
driving said shaft, mounted on said shaft, a
pair of radislly 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

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 substantiaily cylin-

drical case, a front tube suproried 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
01N said front tube a pilurality of fixed storage

chambers fixedly mounted within said drum, 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 gir cushion feeds being
hollow and receiving compressed air from the
hollow rear axle, said air cushion feeds having
front slits, a rear face rlate for the slits in saigd

alr cushion feeds to ride over, slots in sald face

blate leading to said storage chambers, a fixed
iront plate at the front end of saild 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 drum. adapted in g plane perpendicular
to the drum axis g0 ag to slide over the exhausts
In said fixed front plate, radial combpustion cham-
ber entrance ducts opposite the exhausts in said

fixed front plate to receive the charge from said

storage chambers when not klocked by said valve
blades between them, said rear stationary plates

and rofary air cushion feeds constituting valve

means for admitfing 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
by rotary air

0f air when said slots are covered

cushion feeds, said fixed front plate and valve

blades at the front of the drum constituting

registerable valve means comprising radial slots
petween 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 clese for firing the com-
bustion chambers, and means comprising flared
€xXpansion tubes supported by the said casing in
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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 bremixing chamber in which
said fuel jets are located, a plurality of turbu-
lence-inducing sereens located across the air
flow .in said chamber, g rotating drum mounted
on said central shaff, a stationary plate at the
impeller end of the rotating drum, g plurality
o1 stationary fuel and air mixture storage cham-
bers within said rotating drum, a flexible dise
valve at the outer end of said drum, said disc
vaive having long narrow ports, an outer sta-
tionary section comprising g plurality of com-
bustion chambers, fuel jackets surrounding said
combustion chambers, an €Xpansion tube project-

5 Ing from each fuel chamber, each of said ex-

Pansion tubes being of a generally byramidal
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-
bressed gas slugs through the said expansion
tubes, and substantially streamline fiow from
sald low-pressure gir 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, g lateral exten-
sion from each combustion chamber, a series of
Spark plugs in said laters] extension, g pressure-
sensitive pickoff including a pressure actuated
diaphragm in each of said CExXpansion tubes and
an electronie cireuyit timing including a poten-~
tiometer controllegd by said diaphrasm for the
Spark at said spark plugs in conformity with
pressure conditiong existing - in said expansion
tub*eg at the point wherein at which said pickoff
is located and including g servomotor to adjust
sald 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 motor, 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
astached to the exhaust end of said combustion
chamber, a light source rotary means for inter-
rupting a light beam at a predetermined time
aiter 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 oui_s_put»- there-
of, a rectifier in.said: amplifying circuit to allow

the passage of a voltage pulse only upon the

interruption and not- upon the releage of sald
licht beam, and thyratron means, for producing
an iegnition pulse. on. the ignition means in said
combustion. chamber upon. being. tripped by &
voltage pulse from sald photo-detector amplify-
ing.circuit. | |

29. In a pulse jet:motor a combustion chamber,
means. including. a compressor 10T preparing
charges therefor, means 1or driving said com-
pressor an expansion. tube attached to the eX-
haust end of said combustion chamber o receive
expanding gases thereirom, electric ignition
means in said combustion chamkber, 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 iegnition circuit including
said ignition means, a thyratron, a condenser and
said. voltaze pickoil; a variable~impedance
charging circuit for said condenser, a 1low resist-
ance in said circuit in series with said condenser,
o variable impedance tupe in series with said
charging circuit, & capacity-resistance network
across. the grid and cathode o0i said variable Im-
pedance. tube, a rectifier in series with said volt-
age pickoff and said: capacity-resisiance. 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 pickofl series with the thyra-

tron. will have approximately the same amplitude
of voltace pulse across it regardless of change in
the fring frequency. of the jenition means.

23 Tn combination in a pulse jet pump. or mo-
tor o combustion chamber, a rotary. valve for ad-
mitting a mixture. of fuel vapor and air to said
combustion chamber, an expansion
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 Irom said light source,
o circuit in which said cell 1s connecied for pro-
ducine an electrical pulse at a sharp decrease
of the light impinging upon said photo cell, &
tricger eircuit connected thereto, electrical trig-
ger means in said circuit responsive te pulse dis-

charge from said first circuit, a spark-gap igni-

+ion means actuated by sald trigger means, elec-
trical storage means in said trigger circuit, means
for re-charging said storage meals after every.
pulse therefrom, pressure sensitive pickoff means
in the expansion tube and a circuit for changing
the number of operations per second ol 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 pickoil.

94. A combination which comprises an aug-
mented-thrust jet pump Or motor having com-
bustion chambers and expansion tubes for prod-
ucts of combustiocn therein, a pressure-sensitive
pickoff mounted within at least one ol said tubes,
electronic means comprising a reference oscil-
lator. for establishing reference firing-frequency,
a circuit connected to said means, said circuit

]

including means ior providing a voltage propor-

- .

tional to the voltage developed by said pickoff in

tube. for con-
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response. to. the. pressure,of the products.of-coms,
bustion.in the tubes, a pressure-correction cirquit.

adapted; to. regulate. the. frequency of said; reler-.

ence. oscillator to a value capable of mainialning.
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. ap.
the.closing of said valve.at.a frequency equal to.
the. desired: reference, frequency, means for in-
cluding an extensible vane.in, the air.inlet.of- said.
pump or.motor and. a cireuit. for. comparing.the.
actual speed of firing of the reference frequency.
and for adjusting said vane. in response thereto
hy. the. extension. or retraction thereol to. cause,
the firing freguency to approach the reference.
frequency. '

25. The combination which comprises an aug-
mented-thrust jet. pump or.motor having.expans-
sion tubes for products of combustion therein,
a pressure. sensitive. pickoff. in said. tubes, elec~
tronic.means.comprising.a reference. oscillator.for.
establishing a reference firing frequency, 2 circuit
connected: to. said means, said circuit including.
means.for providing. a voltage propotrtional to the
voltage. developed: by. said pickoff in response to
firing. pressuré, a pressure-correction” circuit
adapted to regulate the frequency of: the refer-
ence. oscillator to. a value capablé 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-
firfing 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, g turbine arranged to drive sald com-
pressor, 3 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 circuif 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 évery
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,

& pressure sensitive voltage pickoff in each ex-
pansion tube, an electronic control cireuit respon-
sive to the output voltase 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 osecil-
lator generating a reference frequency, a refer-
ence firing-frequency circuit including said oscil-
lator, a servomotor mechanically connected to
sald oscillator, a control circuit inecluding said
servomotor for varying the oscillator reference
irequency in accordance with pressure-correction
signals received from said pickoffs, a thyratron,

a condenser, a condenser-discharge circuit in- -

cluding said thyratron and said condenser, said
circuit heing arranged to be trinpad by each posi-
tlve pulse from the output of said oscillator, g
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 sald 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-
501, 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 circult 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 com-
prising, a pressure pickoff mounted within said
expansion tube, a pressure-transmitting tube
leading from said pickoff, a pressure hox having
a central diaphragm in contact with gas from
sald pressure pickoff tube on one side, a gas at
a reference pressure on the other side of said dig-
rphragm, a lever mechanism having one end
thereof attached to said diaphragm, a potenti-
ometer having g contactor positioned by the other
end of said lever mechanism, said potentiometer
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 centacto_r pPosi~
tlon 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 alr Inlet to said turbine and compressor, a
compustion cnamber, means for preparing g mix-
ture of vaporized fuel and air, means for inter-
miltently injecting charges of said mixture into
said combustion chamber, photo-electrical means
vor measuring the freguency of firing of said
charges in said combustion chamber, an expan-
sionl tube connected to the exhaust end of said
combustion chamber, an electronic circuit main-
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talning the exhaust pressure of the expansion

tube at a desired value by automatically resulat-
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-

‘bansion tube which drives the turbine compris-
Ing, a first condenser, g first rectifier, a first cali-

brating resistance, and a first voltage pickoff all
connected in series, the pickoff heing 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-

‘ninal of the same polarity of each condenser be-

Ing connected together, a first resistance EX~
tending across the firss 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,
8 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 gir striking the blades

o sald turbine and therefore determines the

turbine and compressor speed and the

_ _  firing fre-
quency in said combustion chamber,

and a me-

chanical linkage for controlling the position of

sald. vane by said servomotor. |
30. 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 Sy -
chronous firing cireyit responsive to the speed
circuit comprising.
a light source, a rotary shutter in synchronism
with said inlet valve for intercepting a beam of
light from said source, g photoelectric detector
cell toward which said beam of light is directed,
an amplifier to which said photoeleetric detector
cell is coupled, a rectifier coupled hetween said

detector cell and amplifier to preduce an elec-

tric pulse at a decrease of light impinging upon
said detector cell, g firing circuit arranged to
recelve 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
iiring 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 freguencies of opersg -

tion, a pickoff in the discharge circuit of said

-condenser, a transformer for the pickoff output,

means for producing g bigs voltage from said
DPickoil 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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‘on-condenser discharge, and 4 Trequency pulse
-integrating ‘cireuit including a ‘voltage pickofl
from said thyratron 'eircuit -a rectifier, a con-
wdenser, -an amplifier :dnd ‘a -‘current ‘source -CoI-
nected ithereto. |
© 31. In-a pulse jet pump or motor:a compressor,
-g, turbine geared to the compressor, a combustion
-chamber. an expansion tube connected tothe out-
put of 'said combustion chamber, an electronic
eireuit -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 ior
-establishing a reference firing frequency, an elec-
‘tronie cireuit for correcting said frequency, a dif-
Perentisting circuit to obtain the magnitude of
the rate of change of exhaust pressure of said ex-
‘pansion tube with respect to:time for increasmng
‘pressure error from the reference value, an ampli-
fying tubé therein, a plate circuit for said tube, a
yariable impedance tube in series with the plate
cireuit of an amplifying tube of said differentiat-
ing circuit to decrease fhe-output of said circuit
oftherwise giving the magnitude .of the time rate
of change .in exhaust pressure of the expansion
‘tube. for decreasing pressure error, a pressure-er-
ror .circuit to -buck .a voltage proportional to the
.exhaust .pressure.of said expansion tube against
a-reference -voltage, a circuit to .ocbtain a voltage
proportional to ‘the magnitude of the pressure
error voltage butb not its sign, a circuit to dif-
ferentiate -the magnitude of the pressure error
voltage, & rectifier in series with the -output of
8aid circuit for differentiating the pressure error
woltage -and the grid input of said variable im-
pedance tube in series with the plate-circuit of an
-amplifying tube of the:circuit for giving the mag-
nitude 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 &
large impedance solely when the polarity of the
+ime rate of change of the magnitude of the pres-
stire -error indicates a ‘decreasing pressure error,
-an -amplifier for a correction signal to the rei-
erence firing frequency oscillator the Input of
which is-equal to the sum of @ voltage propor-
+ional to themagnitude of the time rate of change
in pressure and the magnitude of the pressure
error for increasing pressure errors, but is equal
4o the sum.of a voltage proportional to the magni-

tude of the pressure error and -a voltage less

than proportional fo the time rate of pressure
chance for decreasing pressure errors, a second
pressure correction signal amplifier whose input
is .connected o 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, g re-~
versing switch in series with ‘the cubput -of said
serond amplifier which:is.actuated by a changein
polarity of the pressure error, a second reversing
ewiteh in:series 'with the first reversing switch and
said reference firing frequency: oscillator ‘which
is actuated by a change in ‘sign of the rate of
change: of pressure with {requency independent
of the maenitude. of this ratio as long as small
values of the time rates of change of ifrequency
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#tid  pressure -oceur, ‘a :circult fo provide vollage

input to'an auxiliary .coil-of ‘said-motor for chang-
ing ‘the frequency .of ‘the relerence firing fre-

‘guency oscillator when the time rate of change
~of pressure is zero, so that said circuit for actu-

ating the second reversing switch to the frequency

-adjustmernt motor of the second oscillator will

glways have measured time rates of frequency
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and pressure -available to determine the proper

-position of said second reversing switch, and a

cireuit to blank out said voltage input to the
quxiliary coil of the frequency adjustment motor

of the reference TFiring Tfrequency oscillator
throughout the time that a firing frequency drift

‘occurs.
- 32. An apparatus for the generation of pOwer,

comprising a main ‘combustion chamber for &
-substantislly non-detonating fuel-air mixture, an
guxiliary 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

roain combustion chamber, an exhaust throat for
the ‘main chamber small with respect to . the

chamber cross sectionsl area so that the eX-
plosion oceurs at nearly constant velume, an ex-

pansion tube connected to said exhaust throat

19 direct the formation and passage of a slug or

piston of -exhaust gas said expansion tube having
openings in the sides thereof to allow air to be
drawn into the tube in the walke of the high ve-
locity high pressure slug of exhaust gas and to be
exhausted from the expansion tube mouth by the
next suceceeding slug of exhaust gas, a chamber

surrounding the exhaust tube in which a partial
vacuum is produced by the suction of air into the

exhsalst 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
Ssaid mainrcombustion chamber.
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