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tures of main fuel, primary fuel and pllot fuel.

Also, most any conventional system of fuel stor-
age, piping, pumping and flow-control means can
be used with this engine.

For the sake of simplicity it is assumed in the
following description thai the main fuel is com-
mercial propane with a vapor pressure of 225
p. 8.1 ab 110° F. The primary fuel is methanol,
mixed with water in proportion of 1 part meth-
anol to 2 paris water ang the pilot fizel is the pro-
pane gas. In Figure 4 the principal elements of
a power plant embodying features of this inven-
tion are shown somewhat sectionally as they
would be disposed in a shell or hody A for instal-
Iation, as a jet propulsion unit in an aireraft
Liquid propane as the main fuel supply 18 carried
in pressure tank F. A simple means of attomati-
caily controlling the femperature, and conse-
quently the pressure in this fank consists of a
submerged heating coil 45 Into which steam from
coil section B Iz supplied through pipe 8§, and
automatic conirel valve 3%, whieh valve is respon-
sive to vapor pressure within the tank., To pre-
vent this pressure from raising too high a vapor
outlet line and & liguid outlet line are provided.
Ordinarily the fuel would he faken out in liquid
form, but if the pressure bhecame oo high in the
tank, automatic conirol valve 32, which is also
sensitive to vapor pressure, would open the vapor
suction line and close off the liguid suction. This
action would lower the temperature and pressure
pecause of the low Loiling temperature of the
hquid prapane. A safety pressure relief valve 44
is shown on the tank.

. ‘The primary fuel, consistitlg of water and alco-
hol, is earried in pressure tank W. This tank
is under static pressure of the vapor from the
main fuel tank P through a starting shuot-off
valve 38, and pipe line 41. Primary fuel is fed
from tank W to the steam-generating coil see-
tion B, through pipe 5 and shut-off valve 38.

. To insure that the propane gas is thoroughly
vaporized hefore passing to the primary fuel tank
or the. primeary burner, a vaporizing tank V is
desirable.
of the main fuel tank P is fed through bpipe
25, and valve 30 into vaporizing tank V where a
heating coil 45 is supplied with steam heat from
steam generading coil section B through pibe
&, and contreiled by automatic bypass valve 36.
Pipe T returns this steam %o the steam reheating
coil -section D. Pipe 10 conducts superheated
steam from coil seciion D 1o automatic conirol
valve 34. When starting from a cold condition,

valve 34 passes propane gas from vaporizing tank 7

¥ through the system to the primary nozzle N
for warming up. When the engine is sufficiently
hot, valve 34 closes offl the propane gas and opens
the primary fuel to the primary combustion proc-
ess, described later,
regulating valve 31 conduct propane vapor from
the vaporizing tank V to the pilot burner,
.- 'To mainiain a stable combustion in the pilot
flame burnier, pure oxygen is used an an oxidizer
with propane gas as 2 fuel. In Figure 4, oxygen
from tank 26 and pipe line 43 is admitted through
pressure-regilating valve 32 {o pilot hurner N.
Through valve 83, & small guantity of oxygen
from line 43 may be admitted to the air entrance

section of the first nozzle for purposes, and at

. times which will be described later. A simple
Jgnition system is shown, econsisting of a baitery
21, ground wire 24, switch 28, and ignition wire
A8; ' coils, eendeneere gutomatic operating devices,
ete., are hot shown. 'Throttling and power out-

Gaseous fuel from the vapor. space <

Pipe line 42 and pressure- ﬂi]
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put of the engine is controlled by means of 4
valve 38 in the main fuel supply line 8. A meahs
of additional power cut-put control, which is also
_.eppliee,hle to this fuel system, will be described
In a later paragraph and ig illustrated in Fig.-
ures 27, 28 and 29..

Figure 3 illustrates diegremmeueelly a fankage
arrangement for an air-borne vehicle of super-
sonlic design, wherein some festures of this. in-
vention are compouhded with a supersonie air
inlet and diffuser section commonly used in ram
jet engines. In this application, the fuel types
and the piping connections could be substantial-
ly the same a8 illusirated In Figure 4, excepting
that the pilot burner fuel, oxygen, and ignition
means would be contained in a eylindrical island
member 20, as llustrated in Figure 25. ‘This
island member 2§ is centrally angd axially posi-
tioned in the ram inlet passage, and its frontal
portion comprises a sharp poinited tip extending
forward of the ram air inlet section of the shell,
a distance depending on the angle of the eheek
waves encountered at the designed speed. The
curved surface of the forward needle portion is
such as will reflect the most efficient convergence
of the resulting shock waves at the air inlet.
The contour of the downstream nortion of miem-
ber 20 converges rearwardly, and is sireamlined
Lo blend into the exterior surfaces of primary
nozzle N, which in this case, is held centrally by
two vanes 22, welded to the forward ends of
manifold t},rpe fuel supply pipes 5. The main
body portion of member 20 is supported by four
radially spaced vanes 19, which have their outer
ends slidably fitted into longitudinal tracts or
grooves, hot shown, s¢ as to hold member - 20
centrally and guide its axial movement. )

In supersonic ramn jet performance the eifect of
compression due to shock waves is an important
consideralion, As the speed of an engine in
the supersonic range is increased, the angles of
tile resulting shock waves, with relation %o the
longitudinal axis, are decreased. To obiain the
most efficient ram compression ratio, the shocdk

'wave convergence must be maintained within the

adjacent forward lip of the ram inlet. A means
of compensating for this chanhee in engulenty,
resulting from speed changes, is provided for in
this engine as follows: an increase in Right speed
increases the combustion ehember pressure and
temperature, which in turn canses a rise in the
pressure and temperature of the main fuel gas
flowing to the nozzles through: manifold pmee
15, The resulfing increase in thermal expansion
of the mainfold pipes 15 moves the needle nose
member 20 forwardly, maintaining the shock
waves in the ram inlet lip. In this manner speed
changes, due to angle of flight, fuel consumpiion,
alr density, etc., may be compensated for effec-
tively in the deeign.

The fitel and oxygen supply and ignition means

Tor the pilot flame burner are contained and ar-

ranged in island member 29, as shown in Fig-
ure 23, The forward one-half of this member
20 iz partitioned off o form a pressure storage
CAn intermediaie space is
_fermed_ _:E'el_' a fuel storage tank 24, while the rear-
ward portion 895 is under atmospheric pressure
and contains the ignition system and regulating
devices. A space 38 is provided for oxygen pres-
sure regulating and flow control means. A bat-
teljsf-tsrpe ignition conitrcl means is provided for

in space 99, and space 60 contains pilot fuel
temperature control and flow metering means.
Pipe 101 delivers oxvegen from resulator to pilot
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biirner. - A battery-powered. electrie heating coil

9B:is spbmersed in fuel tank 94. and thermostati-
eplly controlled to. maintain the temperature and
pressure-in.the fuel tank. Pipe {02 conducts Sl

from Bow meter to pilot burner. Duet 143 is fov

the passage of an ignition wire 10 a spark gap,
hot - wire. or “glow: plug. in: the pilotk combtistion
space, and 104 in & similar duct for & thermostat
lead -to actuaie ignition source,: il relighting. is
necessary. . The controlling instruments: enunieYy-
ated ahd-contained in this-member: 28 are con-
ventional - devices. of- various types and do. not
constitute a part of this inventioi.

The uhiate features of the combustion. cham-
ber space are defingd more in detail in. Figures
5, 6,7 and 8. This combustion chamber space. is
relatively long for its diamefer and has very lit-
t]e constrietion-in the exit.nozzle. . The vhysical
conditions under - which the combustion talkes
plece -in this engike arec simflar to those £N-
countered in ram jet engines, excepting that in
the process embodied in this. invention it is not
necessary to materially -slow the. aiy- -sbream,; or
to create a high- degree ol turbulenes in. the 1e-
action zone, In the unigue. head transfer means
embodied in this invention, the combusiien re-
action proceeds under. chemical . and-. physical
conditions -favoring explosive velocities, bt the
so~galled rough burning usually associated with
ithese conditions:is. net -encountered to an ohiec-
ticnable degree. - As shewty in Figure 5. the .outer
layer of coils.is formed concentrically around the
combnstion space: ang is. diviged into sections B
and D, the division heing made hy- a separation

or a constriction hetween pipes § and 1, This

divigion -is made for the. purpose of diverting a
supply of steam for neating the fuel tank; other-
wise; ‘the ¢oil would run continueins the length
of the combustion chamber, The primary fune-

tion of these coil sections is to convert-the water .

and: aleohol - mixture into- a superheated. steam
yvapor, but the coil alen. acts to -shield the -body
chiell from the high heat of the Inner -eoil and
the combustion chamber.  The imner coil 1S
formed . of heat-resisting aloy. tubing . of -larger
diameter, and is also free to expand, and is di-
vided. at. a location hetween main.fuel. inlet pipe
§ and priraary fuel inlet pipe. . . The forward

section ¢ of said inner ceil receives. main fael -

through pipe -8 from the mam fuel  supply, ahd
discharges this-fuel vaporized and heated to high
temperature  inte ihe main fuel -manifold. pipes
15.-which lead to the main gir iniestion nozzies.
Main- fuel gas or primary-fuel yapor.is.received
in- the rearward -section E..of the . innst . cpil
through inlet:pipe- 9. Two nipples 44, welded
t0 the downstream ring segment of -this. coil,
conduct:the heated gases into an annular ¢ham-
ber; .the inner- contour of which . forms- an exit
nozzle throzt member 1. from this throat menl-
ber 14 the fuel zases pass en. through two. ducls
formed in. diametrically disposed vanes. i1, info
acentral tubular passage {2, leading . forwardly
and- referred to herein as s retort . tube. . This
retort tube- i in effect a straight section of the
primary fuel faad line. that -has ite diameter
slightly -enlarged to.racetve. a. catalyiic member
83 A faired nui 14-i5s made 1o hold member. 53
<in-plaee, and to:close the. downsiream - end. .of
tube 42. The reason for this high temperature
environment - in -retord fube: 12 ds - io0 induce &
gas reformation. Process. in which hydrogen and
-oxyegen are dissociated in the presence of .carhon,
eracked from the methanol. Themembper 53 used
.in.this case, is a long pencil-shaped stick .of very
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porons . carbon. which, .of. course,- will be. slowly
oxidized. "It is, therefore, in this ease more a
fizative than a catalyst.  With. some pther Tuel
mixtures the catalytic member 53. wouid be formed
as an. elongated twisted wire bhrush, with bristles
made of platihum or other suitable metallic. cata-
1yst. ]
Retort tube 12 is formed of high heat-resisting
alloy metal, and is made compariively largs in
cross-sectional. area to effect a. relatively slow
mmovement of the primary fuel mixture through
its reaction zone. . This is to allow sufficient time
for. the. heat-absorbing reformation -process Lo
take place. In the presence of an. effective cata~
jyst and in the sllotied time, an ¢fificient waler-
oras resction of the necessary. guantity requires
s, temverature. of gpproximately 1800° . -This 18
only slightly helow the maximum. temperature
at which heat-resisting alloys eurrently availahle,
can be so worked; therelore, some method ©of
automatically controlling this temperature with-
in the preseribed limits must. be provided.
Temperature control means i3 is provided here-
in_.t-::a.ccntrml the temperature of retord fube 12,
gaid means is best illustrated i Figures, 6 1o
13 inclusive and its operation may e described

as follows: the rearward end of retort tube 12 is

held rigid by vanes 471in throat member 1§, while
the forward end iz slidably supported in sleeve
member 55, VWhen retort tube 12 expands length-
wise, as a resuld of rising temperature, its Tor-
ward end slides forwardly in sleeve 38, causing
matching ports in the two members to open in
fhe conventional manner. Some of the reformed
fuel gas is then by-passed through “these open
ports into gas passes 116 formed In “the sup-
porfing struis 5%, and Irom: whence it is dis-
charged info the mairn combustion siream. - The
resulting increase rate of flow through retort tube
{2 witl lower the temperature of the primary fuel
mixture accordingly. Some leakage atb this point
is not opjectionable, because of -its benefieial sf-
fect on the main combustion regction ' due to
the availability of chigin carriers in this reformed
primary gas. Temperature control means 13 18
made to serve also as a fiame and ighitioh -ahmni-
lizing means for the main combustion PITOCESS
when the engine is in full operation, and the

yaethod is z¢ follows: sleeve §8 is supported hy

jhree spaced stiuts B7, extending radially out-
ward and secured to the shell housing 2 by 8Crews
§9. Said struts are A-shaped In cross- section
as Shown in Figure 11, with the inslde partitions
defining & duct #15 therein, ang the exiended
downatream portion forming a gutier 33. - A num-

her of small holes 81 arve driled in these parbi-

Hons to- permit. passage of the gas-into the- autier

gpaces. . One 0¥ 1MOYE nesdle-like stainless -steel
tubes 58 may be inserted into-and along the-gutier
for the purpose of admitting a -small amouwnt
.0f oxygen or calzlyzer when desirable,

I~
mediately downstream of the strits 87 a turbulent

zohe is created inthe main gas-stl'ma-m-whim-is

used Tor .anchoring the Tflame front, and -into
which. thers is a radial diffusion of chain Carriels
from the injected primary fuel gas. ~That & small
amount of leakage of the primalry gas i this

area is noi objectionable will be readily under-

stood; however, it is niot the intention to bypass
any considergble amount of primary gas-at-this
point as one of the original constituents of this

£as is water, which has Do heating value and must
he carried as cargo or recovered from gxhaust

gases. Primary fuel line 59 extends forwardly
from within retort tube {2 and is located central-
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Iy In a high-heat zone to heat the primary cas
during the warming-up period and at other times
to retain the reformed primary fuel gas in stable
equilibrium while conducting it to the hot pri-
mary nozzle N. This fuel line §9 iy of tubing
smaller in diameter and is slidably supported in
the forward end of retort tube 2. Said tube
59 being subject to hizh heat, and extensive
thermal expansion, has elongated ports cut in
matehing positions with those in tube 12, so
that laters]l movement will not obstruect fow
through poris in tube 12 and sleeve 5§, - L

The primary combustion process is so-called
herein, hecause it furnishes the means by which
the necessary air and heat are supplied to initi-
ate air injection and eombustion in the main or
thrust-producing combunstion process. This
Primary combustion and the initial air injection
means are best illustrated in Figures 15 fo 23
inclusive. ‘A simple form of the combination
pilot burher and primary nozzle N, embodying
some features of this invention, iz shown herein
to be generally eylindrical and streamlined, thus
offering a minimum of resistance fo the air
stream which flows rearwardly through the in-
take section of the hody shell A to the air in-
iection nozzles G Nozzle N is held hy diametri-
cally disposed vanes Bl and §2 which are welded
or otherwise secured to the forward end of the
main fuel manifold pipes 15. The primary nozzle
means consists mainly of three tubular members,
each of which is threaded o a plue member 79.
The innermost tubular memper 18 is merely a
continuation to fuel line 59, Hut of reduced diam-
eter. The intermediate tubular member 12 is
larger in diameter and extends the length of the
straight portion -of member 18. PBetween these
two members an annular space is formed, which
constitutes the pilot-burner combustiori chambper
19. The outer tubular member T! is larger in
diameter than member 12, and thus ancther
annular space 13 is formed, extending from plug
11 to an intermediate position downstream, where
bothh members have tapered shoulders, causing

space T3 to converge sharply and close excepting 4

for a plurality of peripherally-spaced slots 89.
‘These slots form a nozzle throst in which the
thermal expansion and creep of member Tl and
12 do not maferially change the throat area.
Member 712 is tapered decreasingly from this
‘throat to its downstream end, forming a diverzent
brimary nozzle 80. As shown in Figure 22, four
radiafly-spaced holes 85 are drilled in plug 7% to
provide communicating passages from primary
fuel line 78 to annular space T3. Because of the
sensitivity of the reformed primary fuel gas, and
its tendency to react exothermicslly, it is helpful
to -insert a flame-arresting screen 14 congisting
of one of more layers of wire gauze cylindrically

formed to fit infto space 73, which in the case of

some fuel mixtures. could also be made. of an
anficatalytic material. The downstream length
of intermediate tnbular member 72 extends. intd
a tapered section of nozele (1, and i® conecen-
trically positioned in such a manner as to form
& convergent alr entrance section 8. The end
of member 72 approximately eoincides with the
longitudinal position of the smallegt diameter in
nozzie 11, and at this point the reiative diameiers
define & throat 82, which limits the total entrance
area available to the mass flow. The said mass
Now consists of the primary jet of actuating Auid
ahd the secondary stream of inducted air. It is
of significance here to note that the heat releasead
- by the pilot flame in the pilot combustion space
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19 maintains hozzle member T2 at a red-hot
temperature. If ungnided adiabatic expansion of
the primary stream, after leaving the primary
nozzle 80 is assumed, then it will be observed
that the ares available to the secondary stream
of inducted air through the throat is compara-
tively small. The reason for this smgll secondary
all' flow is, that only a relatively small amount
of oxygen is required to obtain a combustion re-
action, due to the nature and composition of the
primary fuel gas. Nozzle IT thus functions as a
brimary eombustion space. It is more important
to sustain high pressure and high Siream velocity
through nozzlg 17 so that with an explosive re-
actlon in its divergent portion this nozzle he-
cothes the primary nozzle for the following
downstream main air injection and compression
means. ‘The hot combustion products flowing
rearwardly from the exit of pilot burner combus-
tion space 19 are made to initiate the gxplosive
reaction in the nozzle as they are entrained by the
brimary mixed stream in the area or space 83
Immediately downstream of throat 82. The con-
vergent air entrance 81, throat 82 and space 33
constitute the primary fuel reversal or eombug-
tion space or chamber. During warming-up and
idling conditions when the engine is stationary,
relative to the atmosphere, the action of this
pilot flame insures positive, stable and smooth
combustion even in this explosive mixture stresm.
A means by which pure oxyeen or other 05y~
dizer or catalyst may be injeeted into the in-
ducted air stream at air entrance section 81. is
provided, its principal elements consisting of o
duct 76 formed i vane §2 communicating to an
annular manifold space 15, and four tubular
nozzles 11 disposed axially around and welded
to member 1. ' . o

The unique features of, and particular fune-
tions performed by, what is referred to as the
pilot hurner embodied in this invention, are as-
soclated with, and form a2 part of the primary
nozzle means just described. The parts compris-
ing the features of this hurner may be variously
formed to accommodate a variety of conditions
and requirements, as is evident in the two forms _
Nlustrated and described herein. Ref erring again
to Figures 15 to 23 inclusive, body membher 64 is
cylindrical in shape with a tapered forward poOT-
tion, and a chamber space §5 having a frontal
access opening threaded to receive a pointed pleg
63. The afier-portion of the body 64 has an ex-
ternally threaded section to fit securely info the
threaded porfion of tubular member 1. On the
atier-face of body member 64 there is machined
& raised seat 87, having a true, smooth surface.
Plug member 70 hsas a matihg raised seat so
Dositioned that when members 64 and T0 are
screwed together info tubular member T {, a union
is made separating annular spaces &T and 68 hy
& gas-tight joint. Chamber 65 khas 3 DasSsSage,
opening rearwardly and -threaded to receive
threaded nipple §5.. Said nipple extends through
space 68 and seats tichtly againgt s taper 88 in
blug-T0, thereby forming a third Space. Assum-
g that for this burner, gaseous fuel and OX¥gen
are tThe combustion reactants and lgnition is by

‘means of an electric¢ spark, then an oxyeen smp-

ply duct 24 is formed in 6ne of the supporting
vanes 61, said duet continuing as s drifled passage
in body member 84, and communicating through
& Iateral passagé into annular space BT, Two
drilled passages 89 in plug 70 furiher ¢oniduct the -
oxygen from annular space 57 to combustion space
18. In the obposité supporting vane two duets

-
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are ' formed, the smaler dict- 23~ supplies-fgel
gas in-a similar marmer through annular-space
68 and passazes 86 to-the combustion space T8,
while the larcer duct #8 permits passage oi -an
ienition wire to chamber -§5 and:through drillted
passages 84 in plug 19, into the combustion space
79" In the case of ah expendable missile, the
battery ignition system: could be-replaced by an
igniting powder chatrge contained 'in- chantber
6. '

The main fuel iniection and- air compression.
means;, emhodying: some. of the features of -this
invention, arve best illustrated in Figures-9'and 24.
Snid means as: illustrated herein -are’ shown to
eomprise five "air - injection nozzles: The frst
nozzle’ upstream is veferred to-as theé: primary
nozzle 17, its heing -actuated by the pri-maﬁrjr-*fue'l
mixture: ‘The remaining: four nozzles are called
main air injection nozzies and are actuated parily
by the main fuel gas. - It isto he'understood that
the air compression means is not restricted to-a
nrecise numbel of nozzles; but ‘may consist ol a
primary nozzlé and one, ora plur ality of main in-
jection ‘nozzled, Tach of these nozzles consists
mainly of a ‘eylindrical ring or'slesye’ 92 made of
hent-resisting - aley, and weldeg to- two dia-
metrically dispobed supporting vanes 16 A re-
néwable insert 18, cylindrically’ formed " to- it
securely into sleeve 32, is made ot ‘graphitic’ car-
poralloy and -has an snternal profila-which de-
fines ‘a ‘convergent-divergent nezzlte. The sev-
eral nozzles are-axially spaced, and being con-
sectitively” larger in - diaméter vearwardly- they
form ‘a; gradually: enlarzing- combustion ‘chamber
inlet diffuser section. The most rearward dowh-
stredm carbon insert is of sufficient’ externaf di-

ameter to-fit ‘neatly the inside diameter of the

«hell housine 3. Fue! passages or ducts' 54 are
formed invanes £6; said vanes being streamlined
and ‘welded to manifold pipes (5 ina manner as
shown in Figure 26, Ducts 54 communicate with
an- apnular manifold passage 56, formed ex-
ternally of sleeve miember 92: A'series‘of clrcum-
ferentially spaced fuel-injedtion nozzle’ fihes 55
have their forward ends in communication with
the manifold 58 and extend rearwardly in spaced
adjacent relation o the converging external di-
ameter of insert member 18:. Said nozzle tubes 5
have their exits slightly enlarged to fortr spmuall
primary- hogzles capable of- directing = ring of
high velocity jets-of hotfuel gas into the entrance
of the next downstream nozzle, - In order that the
séveral elemernts will Tetain’ the propel position
velative to each other under varying conditions
of-pressure and thermel expansion, the nozale-
supporting vanes are welded to and-hela by two
loneitudinal fuel manifold pipes 15 Heal-resisi-
ine alloy is used in forming the manifold pipes,
which are slidably contained in two-longitudinal
channels formed in tlie shell housing " agshown
in Figure 14, Said-manifold pipes” have” thelr
rearward ends in-communication with the fore-

most ring seement -of: ¢oil ‘C, ahd tHeir forward |

ends have a-closed semi-circular portion {5 ex-
tending forwardly a'distance sufficient to receive
and-earry the supporting vanes: of pilot-Mirner
nnzzle W,

Tn seme applications of this enging it will be
econtomical - to . provide mearnis® for’ additional
throttling during idling and low-power-operation.
such additional means- ave provided herein and
- are-best lustrated’ in Figures 27, 28 and 29.- An
enzine consisting of four main ‘nozgles is shown
and -a-method-of- closing: off either one;, two or
three of-the main nozzles-is Mustrated;: The noz-
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7te members emhodied herein are:generally simi-
Jar to-those previously described. with ihe excep-
tion - that -the  nozzle exit profile is modified

“glightly, and in a mahner that adjoining nozzles

wili joinir neatly together when in the closed elcky
tion =s illustrated in Figure 27. The nozzles are
shown in the open position in Pigsure 23
The main fuel manifold pipes shown - herein
are - made in-.sections of different diameters
in sueh a manner that a section-of smaller
dizmeter fits stdably in telescoping fash-
ion mto tHe next larger section.: Eachr secbion is
of ‘such: length that the ‘outlst fuel opening from
the' meanifold pipe through the lateral duck pas-

shie 5415 closed by the leading edge ol the'smailer

tuke ‘wher thé corresponding -nozzleisin-clesed
position. Anhy leakase of the fuel-gas at -thest
connections would be swept info the combustion
chambet by the air stream before ‘an’ inflammable

migture-could-oe formed and'ignited, so thé over-

all operation ‘wonld not bematerially “affected-by
sinall lefikages, A meians Tor opening and:closig
any number: of - the: main ‘nozzles “ig provided :n
o “simple” servomechanism, consisting principglly
of two hydraulically-<operated pidtons 107 respon-
aive to @ manual ‘or autématie’ primatry’ pressure
cortrol means! Said pistons 107 areradapted for
rolative - reciprocation within elongated 'eylinders
105 which are-held inlongitudinal channels 105,

Fformed in body shell housing 3; ag shown-in Flg-

ure 28, Pistons 107 ave attached to the forermost
tabutar- section |13 of+ the 'main :fuel*manifeld
pipe by lugs’ 108, welded - toboth members, satd
lugs. 108 being free (6 move longitudinally in suit-
able spaces- provided bhetiwéenthe {wo ‘channgks
tormed in the shell housing-3, - A disclosure ol’a
servomechanisim ‘pressure control nmeans’ for: op-
erating the pistons 197 is not essential ‘to an un-
derstaniding of this: invention, and ‘is; therefare,
omitted. Pilot burner- N7 the primary nezzle I1,

and the first miain injection nozzls 66 are-all held

in spaced relation by beingf-wg:lﬁéﬂ to the forward
section 113 of the'main fuel mafifold pipe, When
tHege members are moved forward by the action

of pistons- 107, the entrance’ section’1(1 of' the

second main nozzle §12°is opened, A ‘the' cor-
responding ‘main fuel ‘duget passage 103 1§ uncov-
ered: thus admitiing main fizel gas to fAow throuzh
the nozzle ‘s hefors mentiohed: A further-for-
ward- movenient of ‘section'1{8 cahsés the-rear-
ward end of ‘slots” 110 to enpage set serews t1],
and move nozzle 12 forwardly openinmg the en-

trance to the neft nozzle i 1§ and its correspond-

ing-msin. fuel duet passage (147 In like meaer

eny number of nozzles may be opsiiad or ‘closed

by adjusting the pressure ‘differential applied to
pistons 107 in-the ‘forward and after hydraulic
cyliniders. It will bie obsefved that'ihe portion -of
the nozgle seetion which remalns closed asaresull
of - this® throttling - forms effechively o conical
diffiserstype iflet “to ithe combistion chamber,

which under ldling s¥id low power conditions is

helpful in supporting the chamber pressure;

Tn any jet vroptision engine’ in “which atmos-
pheric air is uied’ for the combpustion regotion,
the air compression' means’ constitites a major
compotiend, In this' inventioni the effieiency of
the theymocomuressor means 18 intimately as80-

ciated with the combustion process and for that

reason a-deseripbion of the engine” shovld in-
clude ‘& disclosure-of the correlation of the two
processes. A thermocompresseor: of convéntional
design, using gagesus fusl of high ‘hedting value
as-Todtivating - fluid: to’ compress- air: in sufficient
guantity: to- support ‘the combustion of the fuel,



‘would not operate agalnst a useful pressure rise.
The multiple jet air injection means which forms
& part of this invention, does accomplish %his
compression effectively, and the unigque featyres
of its cooperative action with the combustion
process will become evident in the following dis-

. elosure. ‘The entraining -capacity of a vapor-jet

air compressor depends principally on the SHT-
face offered by the jet or jets for contact with
the air: the kinetie ehergy is more a function
of the pressures and temperatures involved. The
so-called main injection nozzles of this mvention
might well be called diffusers were it not for
the dominating performance, as a motivating
force, of the primary combustion gas siream

flowing through these nozzles at extremely high

velocities. This primary stream issues. from the
Iirst nozzle at supersonic velocity, and in itself
‘constitutes a geries of primary jets as it flows rear-
wardly through the main nozzles; the jets of main
fuel gas are arranged to foreibly inject air into
this high velocity primary combistion siream.
The jets of main fuel gas have high entraining
capacily, but low kinetic energy, whereas the re-
“verse is true of the primary combustion stream.
Boundary layer eifects, wall friction, and impact,
-all of which contribute 0 the inefficiency of an
ordinary jet compressor; are practieally elimingt-
ed in the thermocompressor of this invention.

- To maintain stable combustion in these high =

-velocity streams, this invention provides for the
Interaction of three combustion resctions and
three fuel systems in which the generation and
‘diffusion of chain carriers is so emphasized that
chemical inflammability and ignition limits are
. practically eliminated. The use of catalytically-
active high temperature materials in the Drimary
reaction zone, the complete fluid shielding of the
main compustion space;, and the uniqus system
“of fuel circulation and heat transfer, permit-the
employment of the high temperzstires reguired

for maintaining these conditions. The pilot

burner is made to furnish g contingous supply
of chaln carriers and ignition heat to the pri-
mary fuel stream, and in addition it maintains
“the walls of the primary nozzle at red heat., Most
any gasecus or vaporized fuel can he used for
this pilot flame, but beeause of the long length
and restricted cross-sectional area of the pilot
combustion chamber, theé best results are obe
‘tained if the reacting elements are of such nature
and proportions that the mixture is capable of
detonation. | | ' |
When asscciated with an aircraft or airborne
“miissile to form a propulsion means therefor, the
primary and main ccmhbustion processes proceed
mn four characteristic stages; first, a warming-up
stage with cold flow; second, the engine idling:
“third, the engine stationary but developing static
“thrust; fourth, flight conditions where ram air
bressure becomes a factor of major consideration.,
Assuming, for purposes of illusiration, that the
main fuel is lignid propane; the primary fuel is
methanol and water, and the tankaze and piping
arrangement is, as ilustrated in Flgure 4, ari
evolution: of the processes could be described as
follows: at atmospheric témperature (70° ¥.), the
propane would have a vapor pressure of ApProxi-
mately 120 p. 5. . With this vapor pressure avail-
‘able no preheating or pumping is necesgary. ‘The
system 1s pressurized by opening shut-off valve
30, and the pilot burner is lighted by electric
‘means previcusly described. ‘Through valve 34
propane gas is admitted to the primary system
for warming up, and this gas is made to inject
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air for its own combustion in the following man-
ner. Vapor pressure forces this gas through the
primary heating system, now cold, and causes it
to expand in a high veloeity jet from the primary
nozzle 80, This expansion entails a sudden drop
in temperature, and ordinarily the nozzle would |
frost up and ignition would be difficult, but in this
engine ihe nozzle passages 78, T3 and B0 are
heated to a high femperature, 1800° P., by the
pilot burner flame, Thus heat is added to this fuel

28&8 a5 1t circulates through the hot nozzle pas-

sages, ald is available to do work in the nozzle.
The injector action of this gas jet causes some air
to' be drawn in through entrance section 81 into
the nozgle 11, bub this gas is a hydrocarbon fuel

-and requires considerable oxveen for its com-

bustion: more than will be required by the pri-
mary fuel gas (water and methanol), which will
flow through this jet after the engine is warmed

‘up. It is well to note here that the area through

the combustion chamber exit nozzle is about three
times the total combined area of the entrance

- nozzles; therefore, when there is no burning in

44

oo

60

66

the combustion chambér proper there is no hack
pressure to oppose the free flow of inducted aii.
If, during this period of warming up, the mixed
siream 1s enriched by the injection of pure OXy-
zen through tubes 17, the resulting combustible
mixture will be ignited by the pilot Same, and
combustion reaction will initiate in. the divergent
portion of nozzie 17, However, if ¢éxyegen is.not
injected the frel gas and air will expand throuegh
the nozeié |17, and this stream will act as. s pri-
mary jet to draw more alr in through the entrance
2% of the next main neozzle 60. This additional
induced air supply is sufficient to form z com-

bustible mixture and the combustion reaction

will proceed from-where these two streams are
mixed. The heat releaged by this primary coi-
bustion raises the temperature of the gases Aow-
ing through the heating coils, and the accelera.-
tion of the primary gas stream due to this rising
temperature resuits in more air being drawn in
through the down-stream nozzles, As the tem-
perature of this fuel gas increases, the number
of B. t. u’s flowing throush the nozzie de-

Creases, because of the decrease m density and

choked flow at the nozzle throat, This favorable
compensating action permits the addition of more
fuel to consume the excess air, o the main fueal
throttle valve 38 is opened slightly to admit a
small amount of heated main fuel gas through
the main fuel injection nozzle tubes 55. This
fuel burns as i emerges from the nozzle. titbes
93, and although the combustion of this comi-
paratively small amount of main fuel will not
cause g significant pressure rise across the com-
bustion -chamber, It does concentrate flame in
the nozzie inseris {8, and if these ingerts were
made of metal and this flame were continued for

-8 sufficient length of tinie, the metal inserts

would be burned or warped. Observations of
test runs made with 2 working model of this

engine indicated that oxidation of the carbon

inserts is very little in the shert period of . time

“the engine need be operated at this level. - The
“heat released from this combustion is suficient

to boil the water and aleohol solution in the

‘steain coll B, and when a predetermined super-
‘heat temperature of the resulting vapor  is
‘reathed the thermostatic control valve 34 fune-
tions, closing off the flow of propane gas and

. opening the primary fuel vapor from coil section:

70

D into the primary system: With this funce
tioning of valve 38 there will resuli a flow of hot
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vapor:through the main fuel tank hesting coil
&4 to raise: the fuel tank temuarature and ¢or-
responding vapor pressure 10 the designed work-
ing pressure ievels throughout the system {an-
proximately 250 p..s. L) Under theses condi-
tions the. combustlon chambper temyperature wilk
rise, but the heat fransier to the retort tubke will
gkl not he sufficlent 1o complete a gas reforma-
tion -in the conrbustion chamber sechion, bul the
endoethermic progess will continue in- the fuel
line £8, which I8 & continuation of the TeLort
tube, and whichh Dasses through the center of
the. nozzle section in which the primary com-
hustion is taking-place. Ths reformed primary
gag requires very litdle aiy for ite cxidetion and
the iniection of pure 9Xygen Cail ha discontinued.
With the system warined-up and the combustion
of main fuel furnishing the-necessary added heav,
the primary combustion strearm is reguired only
to- actuate the primary jeb gnd io lenite and
patalyze the maln comaustion reactiom.  When
the conditions just described reach adiabatle
cequilibrium throveheut. the system (he anging
i said to be idling. sinee there is o reacilon
from buining in the corabustion chamber 0 sUp-
port a diffuser pressure, the conly pressure at
the inlet to the combusiion chamber is that duse
to internal drag. Efforts @ increase fhe specifle
impulse of the engine by using & primary fuel
of higher heating value or by incransing the vel-
ume - input. of the primary 2] will yield only
diminishing rebturns; DECAUSE of a tendency to
reversal of secondary flow In tha noreles, With
properly designed nozzles, any inecrease of effl~
ciency in ihe air compression and.static thirust
must result from improved internai kinetics i, e,
higher. temperaiure and higher velogities of the
actuating streams. DBecauge of . choking -and
shicek associated with supersonic veloeitiss In the
primary siveams, these phenamens must be given
due consideration in the ncyzle desisn. _

To ingrease power from idling throuch stalic
thrust to ynderway fiizghy conditions, the. only
conttrol necessary is the regulation of the throttle
yvalve 38, With the opening of this maein fuel
throttle valve, however, the thermodynamisc proc-
egses and the physical conditions, which char-
acterize the internal fiow pakiern, undergo radical
chanees. The adaition ot fuel rzises the . tem-
perature
decrease of. density and & corresponding de-
crease B. t. o input per unit volume.. As the
main fuel flow velocity 1s increased by further
opening the throtile valve, the combustion flame

moves progressively dewnstream and nto the ;
This movement of

combustion chamber proper.
the. combustion reactign out of the nozzle sec-
tion is-a necessary. condition for the. efficlent on-
eration of the air cOMPIeEssOr meahs duaring sta-
tlonary thrusi-producing operation. During
these conditions the diverzent passage formed
through the cdownstream nozzles functions a5 a
conical diffuser to support the combustion cham-
ber inlet pressure. If the combustion reaction
of main fuel continued o take place in the nozzle
saction, the effects of fluid friction. impact and
trhulence would prevent satisfactoly performe-
anca of. the injection nozzles and the diffuser.
with the establishment of comhustion in the com-
pustion chamber Droper, the temperature of the
main cas stream is thereby raised with the re-

sult that it expands, aceelerating toward the rear

of the combustion chamber at an pver-ingreasing
velocity, and decreasing pressure.
jector nozzle and diffuser pressure is supnorted

of the main fuel gas and resulis in a 3

The inlet in--
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by the reachion to this.acceleration oi the com-
bustion gases. With. a two-fold increase 0% .ah-
solute static pressure, the combustion .chamber
exit nozzle attains sonic velocity and becomes
holed,  With the exit choked, the quantity -of
air to be compressed in the inlet nozzles depends
upon the temperature rise betweeon the inlet and
the exit throat: the quantity being less, as the
temperature rise increases. ‘The temperature
rise i3 highest when the fuei air ratic .is suceh
that adinbaile equilibrium is. reached in ihe ex-
houst gages; or when g lower temperaiure is re-
guired Ly material limitations. It fellows, then
that maximum efficiency requires the highest ex-
haust temperature, This indleates only part Of
the eccnomic benefits that are derived from the
eiveniating of the fluid in heat-exchange shrough
the components in contact with ine compustion
chamber heat: other henefits will become gvidant
in the following parsgraphs.

Thiz invention incorporates several unigue fea-
tures, which coniribute to.-the mazintaining of
stehle combustion in the cotnbusiion chamber
during the thrust-producing operations. Typl-
ral-stream velocities, In- which this  comibusiion
must sake place, range from 3C0 feet per second
when . the fuel-air ratio.is ideal, 0 nilare thah
threc times that ameunt when the fuel-air ratlo
iz extremely lean or extremely rich, Stream
velacities in this range do not, however, impose
too difficult & problem in this enging, because ihe
renction is explosive in. nature and is made to
wrocesd at much higher. velocities. It is well to
ohserve here that explosive bupning has heen
purposely avolded in. previous jet engines, he-
rauss of the disturbing and even desiructive
afferts of what has been- called rough burning.
Tn the present invention, explosive reactions are
dacliberately. encouraged, but are controlled in
such a mmannesy that smooth, saie and:relatively
quiet burning at high veloeity ig accomplished.
The reaction in the primary nrocess - vosembles
gomewhat the performanee of liguid fuel rockets.
T thie invention, the fuel mixtures angd mechani-

cal components-are 50 related and desicned that

the combined functioning of the pilot flame ahd
the primary combustion .process is capahle of. in-~
dependent performance, during either: statile or
fiieht conditions, That is, cnce the prnigine is

swrarmed up the main eombustion process may he

turned on.or. off at will. During these stages ol
operation the primary comupustion process con-
centrates heat direetly on and arcund the fnel
inlet nine 59.and retort tube 12. e to the meth-

“anoi content, the amount of this heat is:sufi-

aient {0 maintain these surfaces. o6 the high tem-

- perature (1800° F.) reguired for the reforma-

tion. of & sufficlent gunantity of the gaseous pri-
mary solution, so. that the regeneration. Lrocess
ig zelf-gustaining without benefit oi neat. from
the combustion of main. fuel.

The method and means of maintaining and
controlling the reactions of explosive velogities In
the primary combpusiion process may e described
in terms of the diffusion theory as follows, It
is not yei fully understood, but & well-known and
duiy respecied fact, that if an oxygen and Ly-
drozen mixture is lowered in pressure a Iavel will
he reached where the reaction takes place with
The explanation is, that &
number of chain-branching rezcticns otcur pre-

ceding the final products, and that fhere is some

pressure a-nd.temperature.level where the chain
reaction is favored or another chain-branching
reaetion ig initiated. In the engine of this itven-
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tion the reformed primary fuel mixture, contain-
ing substantial quantities of hydrogen and oxy-
£€n, expands through the divergent nozzle, and
reaches the point of lowered pressure where the
chain reaction oceurs with explosive wvelocity.
This gives rise to a pressure wave, which is re-
Hected through the stream with a frequency, de-
bending .cn the density of the gas and the physical
conditions of the flowing stream. These high-
frequency pressure waves or surges, reflecting into
the approaching jet, effect s substantially fixed
concentration of chain carriers availakle to con-
tinue fthe chain reaction. This reaction, how-
ever, 18 excthermic and cannot take place if the
mixture temperafure is critieal, as is normally the
case during steady flying conditions. When the
main combusiion process approaches a fuel eon-
centration near stoichiometric, there is 2 decrease
In air flow through the nozzles and less cooling

effect. A resulting pressure rige across the nozzles

and diffuser is accompanied by a decrease in the
expansicn and temperature drop of the primary
streant, while the input of heat and products by
the pilot fame remaing constant. Further coni-

pression, slowing, and temperature rise ocenr

throughout tha diffuser section. These and other
minor factors coniribute to a rise M mixture
temperature, and as it approaches the eritieal

value the combustion reaction moves progressive-.
Iy downstream and In{o the combustion cham- ;

ber. However, radial diffusion of chain earriers
and radiang heat transfer continue to exert their
tatalyzing influence on the main combustion
process as does the propinquity of the main fuel
Eag to the hot corbon nozzle inserts.
general lowering of temperature from less favor-
able main fuel concentration, this primary com-
hustion reaction maves back into the nozzle sec-
tion. By contrelling the temperature of the pri-
mary fuel mixture as previously deseribed (meanhs
13), and by establishing the optimum pressure
drep in the flow through the nozzle passage, the
explosive reaction of the primary process is effec-
tively controlled in hoth speed and magnitude,

In the main combustion process this typical sys-
tem uses a mixture of hydrocarbon fuel and air,
and the combustion reaction control differs gome-
what frem the system employed in the primary
combustion process just described.. Tt is & well
known fact that the combustion of hydrocarbon
fuels oceurs in a number of complex steps re-
sulting in the formation of intermediate products,
and proceeding at widely varying rates. The vari-
cus steps respond differently to the chemical and
physical conditiong of the reactions, which makes
It possible to substantially comtrol these reac-
tiens by zliering the physieal mechanisms. Tn
the cambustion process there is a peried of pres-
sure and temperature rise where some substance
~ capahle of propagating chains is produced. It ig
zenerally believed that the formation of an alde-
hyde during the temperature rise is the catalyst
that induces the reaction, which causeés a rapid
fermation of the chaln carriers necessary for an
explosive reaction, If a high degree of turbulence
Ig erested in a mixture stream, the Aame DEGDos -
tion may praceed normally and a relatively fixed
flame frent csn be established with the fame
anchored fo a stabilizing device at the iznition
source. - This is the commen practice, but this
turbulence is acaunired only at the expense of in-
creased internal drag and less favorahls reaction
kinetics resnlting in lowered efficiency, i. e., where
the efficiency of the engine thrust produecing
means is the major objective, and the combustion
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efficiency refers only to the efficacy of the chemi-
cal conversion process. On the other hand, if
the degree of turbulence ig lessened and the stag-
nation temperature is raised, it becomes increas-
ingly probable that a substantial mass of un-
burned mixture will reach ignition temperatiure
before the advancing flame front, in which ease
a detonation or explosion of the involved mixture
will oceur. The uncontrolled recurrence of such
pressure surges and accompanying flash backs 1s
called rough hurnine. These explosive reactions
will ok only where the ehemieal and physical
conditions are such as to Interrupt the recenera-
tion of the chain carriers. This factor is of con-
siderable significance, as it indicates the mecha-
nism by which the maenitude of the pressure
surges are effeciively eontrolled in this engine, Of
prime importance in this connection is the faet
that two gases cannot react at a rate sreater
than that at which they are mixed, the controlling
faclor beinz the rate of diffusion, and in the
desigh of this engine the entraining eapacity of
the main fue! jets. This limiting feature of the
combustion process is the major ¢atse of the ba-
farementioned shifting of the combustion reac-
tion from the nozzle section inte the combustion
chamber. Ii is also this factoy that is employed
in this engine to confine the volume of unburned
mixture, capable of detonation, to s relatively
small guantity in the immediate vicinity of the
Name stabilizing vanes 31. These sutter-type
vanes 51 create a furbulent zone across the com-
hustion chamber beyond which an initial point
of the exothermie reaction of the primary process
will not. pass. Conjointly, a relatively oguieseent
region is provided in the wake of the sutters for
the radial outflow of chain carriers into the
main fuel siream. "Thereby, the flames of both
combustion proeesses are united and fArmiy

.- anchoreqd to the hluff trailine edges of the TVAanes,

If detonations oceur, they ara barely noticeahle,
and flashbacks into the diffuser cannot cecur for
reasons mentioned above, and also because the
temperature of the primary stream is much
higher than ignition temperature. I the condi-
flons of the main stream were such that a re-
action could take place, then the high fempersa-
ture primary stream would ignite at the inter-
face between the two streams, and 3 Same front
would be estahlished, Ag Iong as the pilot Azme
burns and the endothermic water-gas reaction
of the nrimarv fueal mixture continues there will
result & condition of forced oxidation of whatevey
Tiel mixture is flowing, which is capable of. re-
acting in the strincent time limitation imposed
by the Hnear stream veloeity,

Transition from stationary thrust operation to
uhderway or flying conditions, involves very little
change in the combustion process of this engine.
Changes in the method of controlling the com-
bustion reaction processes will depend more on
the application of the engine and the thermo-
chemlical properties of the fiel used, In a pilated
gircraft where maximom power is reomired for
the take-off, an injection of additional oxyzen
inte the primary nozzle will increase the gair
compression ratio and static thrust. The GO~
tinved injection of oxygin during flisht would
and unnecessary. In hich speed
expendable missiles the range ecan he increased
by using water in the primary fuel sufficient only
Lo acguire supersonic speed, then shifting. to
kerosene or other high hent fizel a3 ram air pres-
sure becomes sufficiently developed. In desion-
ing for supersonic franslational velocities, the
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shock conditions at the air inlet and diffuser sec-
tiohs will be of major importance when tne rela-
tive proportions of the engine components and
the nozzle geomatry is considered. Manauvering
acceleration, humidity, temperature and altiluae
changes have only minor affects on the combus-
tion process. Onece the exhaust from tha 20m-
bustion chamber is choked, these chanhges ©al
only vary the temperature and DIessuilc lavrals
throush the system, as the exhaust velocily can-
not rise ahove that fixed by the velocity of sound.
Maximum thrust reguires the maximum exhsust
temperature, which is a result of fuel-alr rawio,
and is automatically controlled thermostatically.
Maximum efficiensy at any speed ot throttle set-
ting, reauires the retention of sonic veloeity ot
the exit, and chemical equilibrium in the proc-
ucts, i. e., complete combustion prior to exXit.
This power plant Is ideally sulted tor helicopter
operation, with the engines insialled in the tins
of the rotating wings. In this application, howr—~
ever, the main fuel must be throttled and vapoir-
izad hafore being fed into the wings; otherwise,
the centrifuzal pumping action of the rotating
fuel lines wonld canse excessive pressure rises in
tha system gond effective throtfling would be dif-
ficult. The physical and thermochemical brop-
ertiss of propans meake it an ideal fuel for this
appliration. PBecause of the early development
cf ram pressure in this rotating wing tip io-
stallation, the high-velocity primary reachion Is
neaded for airv injection only when warming un
and starting. By using an explosive mixtire of
propane gas and exygen for slarting as previously
described, the water and stesm coils ma¥ b
eliminated and the retort tube decreased in sizs.
rhe main fuel and alr injection means emplayad
in this engine minimize the dizturbing efiests 01
eyelical oscillations due to translatiomal speet.

There is. thus provided an engine with thres -

separate fuel systeme in which systems three sSp-
arate combustion reactions ftake plece, each of
the reactions cooperating with the others and all
contributing energy to the power delivered by
the enging. The systems are: a “main’” fuel coim-
hustion system consisting of a main fuel sunply,
means for vaporizing and superheating the main
fuel, a main injector for entraining and forcing
fnel eas and air into a main combustion cham-

It
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ber, some of the energy to “actuate” the injector,. N

that is, energize the injector or effect emtrain-
ment, heing supplied hy expanding jets of vapor-
jmed hot main fuel, and an exif jet propuision
nozzle leading from the main combustion cnam-
ber; a “primary” fuel combustion system to fur-
nish mest of the energy to actuzie the main. in-
jector and to produsce chain cayriers consisiing
of a primary fuel supply, means for vaporizing
the primary fuel into a gag and for endother-
mically reforming the gas into a highly axplaa
sive mixture of elements, a primary. jet impelling
nozzle, means for reversing, that 1s, means pro-
viding for an excthermic combustion reastion of
the reformed primary gas in & primary fuel com-
bustion space within the pritmary nozzle, whieh
novzle discharges the products of the primary
combustion at hish velocities into the throats of
the main nozzles of the main air injector: &
«pilot-hiurner” fue] combustion system ol sup-
plving heat to the primary fuel syetem to inifiate
combusticn and maintain cerfain parts of the
primary sysiem st tha desived iempeiainires anc
for supplying chain carriers to the main ¢om-
hustion reaction consisting of a fuel supnly, an
oxygen. supply, a combustion space juxtaposed

it}

1

.:1

—L

[y
.:r

-

20

parts of the primary system and means to initi-
ate combustion; the products of the pilot-hurner
cambusticn heing mixed with the products of the
primary combustion as both products flow toward
and into the main air injector and thence into
the mzin combustion chamber.

While there is shown and described herein
cartain structure illustrating only a typical form
of the invention, it is to be understood that the
invention is not limited thereto or therzby, bud
mesy assime nulierous other forms and includes
=11 modifications, variziions, and eguivalents
coming within the scope of the following clzims.

T claim:

1. A propulsion means comprising s tubular
shall and coaxially disposed therein a neozzle and
an elongated pilat burner, the rearward end gk
«aid pilat burner being disposed towards the for-
ward end of szid nozzle, sald pilel burner having
shree conteentrically arranged anuoular chaln-
hare. means for delivering a primary fuel to the
innarmost of gaid chambers and passing it to the
rutormost one thereof, means for delivering fuel
tn the intermediate one of said chambers and
ieniting =aid fuel, an annular member partially
surroundine said nozzle and spaced therefrom 1o
arovide an annular passage therebetween, and
msas for delivering o main fuel o said passage.

2. A propulsion means comprising a tubular
shell and coaxiglly disposed therein a nozzle and
alongated pilot burner, the rearward end of
smid pilot burner being disposed within the for-
ward end of sald nogzle, said pilot burner having
three concentriczlly arranged annular chambers,
manns for delivering a primary fuel {o the inner-
most of said chambers and passing it fo the
antarmost one thereof, means for delivering fuel
to the intermediate one of said chambers and
igniting said fuel, an annular member partially
surrounding said nogzzle and spaced therefrom to
provide an snhular passage therebetween, and
means for delivering a main fuel o sald passage,

5. A propulsion means comprising a tubular
shell and coaxially disposed therein a nozzle and
an clongated pilot burner, the rearward end of
said pilot burner being disposed towards the for-
ward end of gaid nozzle, said pilot burher having
three coheentrically arranged annular chambers,
means Tor delivering a primary fuel to the inner-
most of sald c¢hambers and passing it to the
outermost one thereof, means for delivering fuei
tn the intermediate one of said chambers and
ioniting sald fuel, an annular member partially
surronnding said nozzle and spaced therefrom to

[T

=% provide an annular pasgage therebetween, means

for deliveriig a main fuel fo said passage, and
sald main fuel delivering means comprising a
coiled tube disposed within said shell coaxially
therewith and rearwardly of said nozzle.

4. & propulsion means comprising a tubular
shell and coaxially disposed therein a nozzie
snd an slonzated pilot burnet, the rearward end
of said pilet hurner being disposed towards the
forward end of sald nozzle, saild pilot burner
having three concentrically arranged annulalr
chambers, means for delivering a primary fuel to
the innermost of gaid chambers and passing it to
the outermaost one thereof, means for delivering
fuel to the intermediate one of said chambers
and ighiting said fuel, an annular member par-
tially surrounding said nozzle and spaced there-
from to provide an annular passage therebe-
tween, means for delivering a main fuel to said
passage, said main fuel delivering means com-
prising a coiled tube disposed within said shell
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coaxlally therewith and rearwardly of sald noz-

zle, and said primary fuel delivering means com-
prising s tubular member extending forwardly
through said coiled tube and said nozzle into
communication with said innermost chamber of
sald pilot burner, -

5. A propulsion means comprising a tubular
shell and coaxislly disposed therein a series of
nozzles and an elongated pilot burner, the for-
ward end of each of said nozzles being disposed
towards the rearward end of the more forward
nozele in said series, the rearward end of said
pilot burner being discosed towards the forward

13

end of the forward nozzle in- said series, said -

pilot burner having three concentrieally ar-
ranged annular chantbers, means for delivering
‘& primary fuel to the innermost of said chambers
and passing it to the ocutermost one thereof,
means for delivering fuel to the intermediaie

one Of sald chambers and for igniting said fuel,

an annular member partially surrounding each
of said nozzles and being spaced therefrom to
provide an annular passage, and means for de-
livering & main fuel {0 each of the passages so
provided, '

6. In a Jet propulsion engine, a tubular shell,
a thermocompressor air injection means in the
forward section of the shell comprising a pri-
mary nozzle eapable of spouting a high veloeity

jet of expanding primary fuel pas mixtwe o

through a divergent diffuser arrangement of a
plurality of main zir injection nozzles, the jet
from szid primary nozzle working in cooperation

with a plurality of jets of main fuel gas to inject
and compress air into a combustion chamber :

located in the rearward portion of the. shell, tu-
bular coils’ eneclosing the combustion space in
which colls the primary and main fuels sre va-
porized before being discharged as jets into the
thermocompressor, a primary fuel feed pipe pass-
ing throurgh the combustion chamber to deliver
the primary fuel vapor to the primary nozzle at
high temperature, and means providing for
thermal expansion and contraction of the fuel
{eed pipe,

7. In.a jet propulsion engine, a tubular shell,
a thermocompressor air injection means in the
forward section of the shell and a comhustion
chamber in its rearward section, heating coils
rositioned within said chamber, a tubular con-
duit passing through the. combustion chamber
for conducting fuel gas from the heating coils in
the eombustion chamber to a primary fuel injec-
ton nozzle in the . forward section of  the air
injection means, a portion of gaid tubular con-

duit passing through the reaction zone of the °

combusilon - chiamber being enlarged and ar-
ranged to form a retort tuhe section in which
the flow of the fuel gas is slowed and the gas is
heated to a temperature sufficiently high to effect
a partial reformation of the constituents of the
zas, means providing a catalytic material- re-
ceivable in said rejort tube to catalyze the refor-
mation process, and meanhs of slidabliy support-
ing the retort tube and conduit within the com-
ntistion chambper in & manner that permits bhoth
members to move freely in thermal expshsion.

&, In a jet propulsion engine, a tubular shell,
a combustion chamber in the rearward section
of the shell, a series of tubular coils encloging
the combustion space and through which the
fuels pass and are vaporized, a nrimary fuel feed
pipe passing through the combustion space and
conducting fuel gas to the primary fuel injection
nogzle, in the forward section of the shell a
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thermocompressor afr injectionn means compris-
ing a primary nozzle and one or more main
nozzles which are supported and held in spaced
relation by ducted vanes or struts secured to fuel
manifold feed pipes which conduct the fuel vapor
from the tubular coils in the combustion chani-
ber to the ducted vanes or siruts, and means for
slidably supporting said fuel manifold pipes that
permit free movement in thermal expansion.

9. In a jet propulsich engine, a tubular shell,
a thermocompressor air injection means in the
forward section of the shell comprising a primary
nozzle and a plurality of main air injection
nozzles, -the energy for effecting injection heing
supplied partly by jets of vaporized main fuel,
said main injection nozzles being arranged in
axial alignment with one another and heing
slidable with respect to one another, hydraulical-
ly pressure operated pistons, means connecting
said pistons, respectively, to each of said main
alr injection nozzles whereby the main air injec-
tion nozzles may he moved relatively to each
other to cul off or open the fuel vapor fowing
therethrough.

10, A jet propulsion engine comprising: a tub-
ular shell having primary, main and pilot fuel
inlets and a multiple jet thermocompressor air
injection means in its forward section to dis-
charge Tuel gas and alr into a main combustion
chamber in its rearward section; a pilot-burner
and means to maintain combustion therein:
means providing a primary Tuel combustion
space, the said space being intermediate the
pilot-burner and the main combustion chamber,
means providing g primary combustion reaction
in said space to forcibly oxidize the combustion
reaction in the main combustion chamber, there-
by inereasing the range of fuel-air ratios ovey
which the combustion reaction will be stable:
means by which the fluids of both the primary
fuel and the main fuel are utilized az media for
sransferring heat energy released by the com-
bustion of the fuels to the muliiple jets of the
thermogsompressor; the sald main combustion
chamber being enclosed within tubular coils in
which coils the primary and main fuels are
vaporized and superheated hefore heing injected
into the thermocompressor,

11. A jet propulsion engine comprising: a tubu-
iar shell having primary, main and pilot fuel in-
lets and a fuel vapor actuated multiple jet ther-
mocomplressor air injection means in its forward
section {o discharge fueél gag and air into a
Inain combustion chamber in its rearward see-
tion; means providing a primary fuel combustion
space, the said space heing intermediate the pilot
burner and the main combustion chamber: the
said pllot - burner providing a pilot fiame for con-
tinuous ignition to the primary combustion space
and atso preoviding heat io maintain a vortion

of said thermocompressor af a high temperature:

alld means by which the heat released by the
pilot hitrner is added to the heat of the primary
fuel gas {0 do work in the thermocompressor jefs:
the said main combustion chamber being enclosed
within fubular coils in.which eoils the primary
anid main fuels are vaporized before being in-
jected into the thermocompressor.

12.. A jet propulsion engine comprising a tubu-
iar sheil having a fuel vapor actuated multiple
iet thermocompressor air injection means in the
forward section to dischzrze hot main fuel gas
and air into a main combustion chamber in its
rearward section, g pilot burner providing a con-
tinuous pilot flame, a primary fusl injection
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nozzle heated by the pilet flame, means forming
s primary air injectoy in which an annular-jet
of hot primary fuel gas enfrains and Iorces 2
suantity of air into an annular spsce formed
hetween. o tubular primaly fuel feed line and &a
tubular nozzle in which annplar space the mixed
streanr of Tuel gas and alr may he ignited by
the pilot flame angd pburned or exploded in such
s manner as te couse the gaseous rroducts to
be spouted rearwerdly forming a high-velogity

motivating force in the thermocompressor, the .

main combustion chamber being enclosed within,
tukular coils in: which coils the primary and Imain
Jinuid fuels are vaporized ahd superheated beiore
heing imiected info the thelrmoseinpressor.

13, A iet propulsion emgine comprising a fubu-~
lar shell having g fuel vapor actuated mukiiple
jet thermecompressor air injection means in the
torward section to discharse hot. main fuel gas
and injected air inftp a main combustion cham-
ber in its rearward section, a pilot burner pro-
viding & continuous pilot flame, a primary fuel
injestion nozzle heated by the pilot flame, & tabu-
lar primary fuel feed line and a tubular nozzle
positioned snd arranged to provide an nnular
space therebetween, means forming & primary
air injoctor in which an anhular jet of hot fuel
ras entrains and forces a quantity of alr into
e zunular space formed between the tuhular
nrimary fuel feed line and the tubnlar nozzle
and whersin the mixed stream of fuel gas angd
air may he ignited by the pilot flame and burned
ov exploded insuch a manner as o cause the progd-
ducts to be spouted rearwardly forming a high-
velocity motivating foree in the thermocompres-
sor, means by which oxygen may be ifljecicd withr
ihe entrained air so that the oxygen content of
the mixture is raised making the mixture more
cepable of explosive reaction, the main eombiis-
tion space enclosed within tubular colls in ccils
in which the primary and main liguid fuels are
vanorized and superheated befcre heing injected
into the thermocompressor.

14. In & jet prepulsion engine, a tubular shell,
an air injection means in the forward section
of the sheH and a combustion chamber in its
rearward section, a tubular eonduit passing
throush the eombustion chamber for conducting
gasegus fuel from heating coils In the ecombus-
tinn zone to a fuel injection nozzle in the foraard
eeation, means providing a sleeve member in the
forward portion of sald combustion chamber for
slidabiy supporting said tubular conduit in such
s manner as to aliow freedom of movement in

thermal sxpansion, ports communicating between -

said tubular conduib and said supporting sleeve
wiomber throusgh which a quantity of sald gaseous
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fuel may be by-passed directly into the combus- -

+ion chamber thereby increasing the flow rate
tiaroush the said tubular conduit anad decreasing
the quantity of heat absorbed per unit mass of
fuel passing therethrough, means providing for
the sunport of said tubular conduit in such a
manner that its thermal expansion lensthwise
will open said ecommunicating DOYLs to by-pass
a1l amount of fuel depending upon the temper-
-ture of the condult, thus preventing said tem-
perafure from exceeding a desighed level.

15. A jei propulsion engine comprising a tubu-
j2+ shall having an inlet ram at its forward end,
o eomibustionn chamber in its rearward portioi,
4, thermocompressct main. fuel and alr in] ection
means in upstrezm relation to the combustion
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chamber and having main fuel supply nipes lead-
ing thersto, an istand member forming an anni-
Jar diffuser seection, said island member weing
slidably supported in the inlet portion of the shell
and securely fastened to the forward eud of ihe
main fuel supply pipss so thai thermal expan-
sion of the pipes will move the island member
to positions effecting the best ram-air compres-
sion throuneh gaid air inlet, the said ecmbustion
chamber heine enclosed within tubular eoils In
which the primary and main fuels are vaporized
and superheated before heinz injscted into iue
thermocompressor,

18. A jet propulsion engine comprising a tubu-
lar shell having a primary and a main fuel inlet
therein and & fuel vapor encrzized multiple jet
thermoecompressor air injection means In itg for-
ward seetion to discharge fue! gas and air mio
a main combustion chatber in ils yearward sec-
Eion, 2 pilot hurner, means providing & primary
hizh velocity combustion flame positionad inter-
mediate the pilet burner and the main combus-
tion chamber, whereby the said primzyy combus-
tion products will forcihly inject chaln carriers
into the main combustion chamber thereby in-
ducing & branched chain resection, means by
which the fluids of both the primary fusl and
the main fuel are utilized as medis Tor trans-
ferring heat energy released by the combustion
o7 the fuels to motivating ists actuating the ther-
mocompressor, the combusticn chamier belng en-
closed within tubular ecils in which - esils the
primary and main fuels are vaporized angd supear-
neated before being injected into the thermacom-
Pressor.

17. In an engine in combination: a main fuel
combustion syvstemn comprising a main fuel sup-
ply, means for vaporisine end superheating ihe
main fuel, a main injector for enfraining and
forcing the superhested fuel and alr inte 2 main
combustion chamber and an exit jet pronulsion
nozzle extending Ifrom the main comblisiion
chamber: a primary fuel combusiion system com-
prising a primary fuel supply, means for vapotriz-

5 ing the primary fuel Into & gas snd for endo-

thermically reforming the zas into 2 highly ex-
rlosive mixture, 2 primary jet nozzie, Bieans pro-
viding for an exothermic reversal combustion re-
action of the sald reformed cag in a primary com-
bustion space in the primary jet nozzle, means
for conducting the products of ithe exgihermic
combustion from the primaiy nozkle 2t hich
velocities into the threat of fhe main ailr njec-
tor: and a pilot-burner combustion svstem con-
sisting of a fuel supply, an oxidizer supnly, =2
nilot-burnetr combustion chamber juxtanosed the
primary combustion system and means to mitiate
combustion; the producis of cembustion of the
pnilot-burner systein and the primary fuel sysiemn
heing mixed as they flow lnto shd vhedueh the
primary jet nozzle and thehee into the main com-
bustion chamber.
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