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35 Clalms

This invention relates to 2 method and appara-
tus for generating power and is designed more
particularly for converting heat energy into me-
chanical energy. - The invention is a. further de-

5 Velopment of, and in some respects an improve-
ment on, the method and apparatus described
and illustrated in my Patent No. 2,151, 949 issued
March 28, 1939.

One object of the mventmn is to prov1de a

10 simple method of converting heat: energy into
mechanical energy which will have 4 high degree
of ‘efficiency. :

A further object of the invention is to provide

. such a method in which steam is expanded in a

15 propellant to convert pressure energy into velocity

energy and is then separated from the propellant

in a manner and at a time which will result in
the minimum loss in efficiency.

A further object of the invention is to provide

20 such a method by which the pressure energy of
the propellant will - be greatly increased after
the propellant has acted on a. power element:

A further object of the invention is to provide
an. improved method of generating steam and

25 utilizing the same to convert pressure energy in-
to velomty energy.

A further object of tbe invention is to prov1de
a simple and efficient apparatus for performing
the aforesaid method.

a0 A further object of the invention is to prov1de

an improved compression nozzle for converting -

fluid velocity energy into pressure energy.
A further object of the invention is to prov1de

an. improved device for mixing steam' and a -

35 liquid propellant at relatwely low pressures and
.- converting. the  pressure energies thereof into
velocity energy.
A further object of the invention is to provide
a device for separating steam from a liquid pro-
4¢ Dellant moving at high velocity w1th a minimum
loss of energy.
A further object of the 1nvent10n is to provide

means fer utilizing a highly heated propellant to .

generate steam in a closed circuit and for mlxmg
45 thesteam with said propellant.
. Other objects of the invention will appear as
the same is described in detail.
- In the accompanying drawmgs Fig. 1 is a front
elevation, partly in section, of an apparatus em-
60 bodying my invention; Fig. 2 is a side elevation

of the apparatus of Fig. 1; Pig. 3 is a longitudinal .

section of the steam generator and. expansion

nozzle Fig. 4 is & longitudinal section of the ap- .

aratus for separating propellant from the steam
65 and for 1ncreas1ng the pressure of the propellant;

(CL. 60—40) .

Fig. 5 is a section taken on the lines 5—35 of Fig.
4; Fig. 6 is a sectional view of the supplemental
separator and the condenser; Fig. 7 is a diagram-
matic view of a complete installation embodying
my inventioh; partly in section; and Fig. 8 is a o
sectional view of a modified form of that part of
the apparatus which separates. the steam from
the propellant ‘and imparts increased pressure

te the latter.

In: carrying out my invention a highly heated iy
propellant under .pressure is circulated through
&' closed circuit: and relatively. small .quantities
of, water are introduced. into the propellant in
one part of said circuit and converted into steam
by the heat-of the propellant. This steam is in- 1§
timately mixed with the propellant and is ex-
panded within and about the same to convert
the pressure energies of the steam and propellant
into propellant velocity energy. The propelant :
at high velocity is caused to act on a pewer-ele- 20
ment to generate power and after the propellant
and steam have acted on the power element the
steam 'is again caused to expand within and
abeut the propellant to convert the pressure en-
ergies of the steam and propellant into velocity 28
energy.  If desired, the steam and propellant:
may be separated. after they pass the power ele-
ment and are at relatively low pressures and then
again intimately mixed one with the other be-"
fore expanding the same and converting pressure 30
energy into velocity energy. Thus the steam is-
first expanded ‘to.a’ relatively low pressure and
after it ‘has passed the power element is again

expanded to a. still lower pressure.

The - pro-

pellant moving - at-high velocity is delivered to 8§
a separator which-separates the same from the
steam. . Preferably the high velocity of the pro-
pellant is . utilized to. effect the separation by
centrifugal force, and the separated  propellant

" is then compressed to convert its velocity energy 4¢°

into pressure energy and is returned under rela-
tively high pressure to the first mentioned part "
‘of the circuit, where water is again mixed with

the same. The propellant is maintained at its :
high temper ature by applying heat thereto, pref- 45"

+ erably while it is being:returned from the sepa-

rator to the first . mentioned part of the. circuit.

. The steam which is separated from the propellant

is. condensed, and. returned. to the propellant cir-
cuit. but the condensate is preferably first pre- 5o
heated to expedite its conversion into steam by

the propellant.

The method may. be performed. by any suit-
able apparatus and the propellant may be of any

suitable character, .such- gs.an oil,

. The. term gg




2

“water” as herein used is intended fo include any
suitable liquid which may be vaporized by the
application of heat thereto, and the term “steam”
as herein used is intended to include any vapor
which may be generated by heating such liquid.
In that particular embodiment of the apparatus
here illustrated the propellant is heated in a
heater 18, which will be hereinafter specifically
described, and is delivered from said heater, at a
high' texaperature, to a combined steam generat-
ing and expanding device. As here shown, that
device is in the form: of a tubular element com-

prising three sections, and is mounted in a ver- -

tical position but obviously. it may be .arranged
in any suitable position. The uppermost. sec-

tion }i is provided with a relatively large cham-

ber {2 which is connected with a propellant sup-
ply pipe i3 leading from the heater. Arranged
in the chamber {2 beneath the pipe 13 is a nozzle
{4 having its smaller end directed downwardly
and of-a diameter substantially less than the di~
ameter of the chamber {2. The second section

15 of this element is provided with a longitudinal .

passageway 18 substantially smaller in diameter
than the chamber i2 and arranged.in line with
the lower end of the nozzle {4, the upper end of
the passageway being preferably slightly flared.
A water pipe IT extends through the upper sec-
‘tion §f and nozzle {4 into the passageway 8 of
the second section and is provided near.the upper
end of said passageway with a series of relatively
small apertures ¢8. The pipe is closed at & point
below the apertures but, in the present instance
it extends to a point near the bottom of the sec-
tion {8 and forms a support for a conical element
t8, the shank 29 of which is inserted in the pipe
and extends to 2 point just below the apertures
i8. The water pipe {7 is: connected with & suit-
able source of water supply, as will be hereinafter
described, and water is supplied thereto under

sufficient pressure to cause the same to be dis-’

charged from the apertures 18 and into the body
of highly heated propellant, which is directed
downwardly in close contact with the pipe by
the nozzle {4, and the water thus discharged

into the propellant is very quickly converted into-

steam which is intimately mixed with the pro-

pellant., This mixture of steam and propellant

is -discharged from the lower end of section 15

into the third or lowermost section 21 of the tubu-"

lar element which constitutes an expansion noz-

zle and is so shaped that the steam will be caused -

to expand isothermally within and about the pro-
pellant as the latter travels through the nozzle,
thereby converting steam and propellant pressure
energies into propellant velocity energy.  The ta-
pered element 18 which is supported by the water
pipe extends into the upper end of the expansion
nozzle to prevent the formation of swirls and
eddies in the latter.

The steam and propellant are discharged from
the nozzle at high velocity into a casing in which
is’ mounted ‘a power element, such as a- Pelton
wheel 22. The casing which encloses the power
-element may take various forms. As shown in
Fig. 1 it comprises a relatively small upper por-
tion 24 and the Pelton wheel 22 is mounted on
a shaft 25 journaled in the side walls of this part
of the casing,
side of the casing where it may be connected with
a device to be operated. The lower portion 26
of the casing is of a size considerably larger than
the upper portion thereof and constitutes a re-
ceptacle which receives the steam and propellant

after they- have passed the power element and

the shaft projecting beyond one:
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confines the same at a relatively low pressure.
In the arrangement here shown a burner 27 is
associated with the receptacle 26 for the purpose
of providing preliminary heat when the appara-
tus is first placed in operation and for maintain-
ing the propellant at the desired temperature dur-
ing intervals between operations.

After the steam and propellant have passed
the power element they are delivered to a low
pressure expansion nozzle 28 in which the steam
is again expanded withih and about the propellant
to convert the pressure energies of the steam and
propellant into propellant velocity energy. When
the casing is of the type shown in Fig. 1 the pro-

pellant will separate from the steam, the latter !

rising to the top-of the receptacle due to its lower
specific gravity, and it is therefore desirable to

~provide means-for again mixing the steam with

the propellant before delivering the same to this

low pressure expansion nozzle.. For this purpose -

I have provided a mixer which, in the form il-
lustrated, comprises a cylindrical shell 28 sup-
ported at its lower end in a hollow structure 38

which . is connected by a pipe 2i with the lower .

part.of the receptacle 26, the shell 29 being con-
nected at its upper end with the lower portion
of the expansion nozzle 28. Arranged within the
shell is a tubular member 32 which is also sup-
ported "upon the hollow member 30 and is con-
nected at its upper end to the expansion nozzle.
This tubular member 32 is spaced from the shell
29 to provide between the two elements an annu-
lar chamber 33 which is connected with the up-
per portion of the receptacle 26 by a pipe 34

which is provided with restricted orifice shown at-

35. The inner member 32 has a rearwardly ta-

pered passageway 36 which opens into-the hol- -

low member 38 and the upper portion of this inner
member is provided with a plurality of relatively
small -apertures 31, through which the steam
passes from the annular chamber 32 to the pas-
sageway 86, Arranged in the smaller rear por-
tion ‘of the passageway 36 is a spreader 38, the
rear-end of which is tapered, as shown at 8, and
serves. to  spread the incoming propellant and
cause the same to flow through the passageway
38 in close contact with the wall thereof, so that
the steam entering the passageway through the

apertures 21 will be intimately mixed with the-

propellant. "This spreader is in the present in-
stance supported by a rod 40 which is mounted
in the hollow member 30, and the forward end
of the spreader is tapered, as shown at 41, to
prevent the formation of eddies or swirls within

‘the passageway. The intimately mixed propellant

and-steam  are discharged . from this mixer into
the lower end of the low pressure expansion noz-
zle 28 and the pressure energies thereof are con-

_verted into propellant velocity energy.

The steam and propellant, which are dis-
charged from the low pressure expansion nozzle
at ‘high. Ve1001ty, are delivered to a separator

~ where the steam is separated from the propellant,

This separator is preferably of such a character
that the high velocity of the propellant will cause
the same t6 be separated from the steam by
centrifugal force. For this purpose the separator
comprises a curved tubular element 42, the lower
end of which is connected with the discharge
end of the expansion nozzle 28, and it is provided
in ‘that side thereof having the shorter radius
with 'an opening 43. . This opening is enclosed
by an exhaust chamber 44 which is here shown
as a short sleeve exitending entirely: about the
tubular élement 42, and provided with an outlet

L}
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45. As the propellant and steam pass through the
tubular element 42 at high ‘velocity the .propel-
lant, dile to'its greater weight, will be held in
contact with the outer wall of the: separa,tor

‘while the steam will separate from the propellant
and escape through the ¢ opemng 43 ‘o the exhaust

'chamber

'The pn opellant Wmch has been separated from
the stea"n is delivered at high velocity to a com-
pression nozzlé 48 which is adapted to converf
the velocity energy of the propellant into pressure
energy I have here shown a novel form of com-
pression nozzle which will effect the conversion in
a. space very much shorter than that in which it
can be accomplished with the:ordinary type of
compression nozzle. - As shown the passageway

. through the nozzle has its intermediate portion
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47 of reduced diameter and the passageway flares
both forwardly and rearwardly . from this inter-
mediate constriction. . The circumferential wall
of the forwardly flared portion of the passageway,
as shown at 48, is curved about a relatively short
radius. A cone-shaped element 49 is inserted in

this flared forward end of the passageway with

its apex adjacent to the constricted intermediate
portion of that passageway. The surface of this
cone-shaped - element is eurved. to conform- to
the curvature of the wall of . the - passageway
and is spaced from that wall .a substantially
uniform distance throughout its. circumference,
thus forming between the wall of the passageway
and the cone-shaped element an annular channel
88 which rapidly increases in diameter from
the apex of the cone to the discharge end of the
channel. In this particular  arrangement the

_cone-shaped element 49 has a transverse flange

§5¢ which overhangs but.is spaced from the for-
ward end of the body of the nozzle 46, the space
between this flange aund the body. .of the .nozzle

forming a continuation of the annular channel.-

Thus the cross sectional area of the channel 59
at its discharge end.is very much. greater ‘than
the - cross: sectional area thereof adjacent the
apex of: the cone 49, thus effecting a reduction
in the velocity of the fluid and an. increase in
the pressure thereof. - The cone-shaped element
may be supported in any suitablie manner and,
as here shown, it is carried by a.plug 52 mounted
in the end wall of a hollow member §3 into which
the annular channel 8 of the compression nozzle
dischiarges and which thus constitutes a pressure
chamber. This chamber is provided with an
outlet $4 which is connected by a pipe 55 with
the heater:{0. ‘

The heater may be of any su1tab1e character

~and is here shown as of an upright construction

aund as comprising a propellant -receptable 56
through which extend flues 57 for products of

combustion arising from the combustion chamber -

8.  Arranged about the upper. portion of the
propellant receptacle 58 is an ' exterior  eircum-
ferential channel §9 which communicates with
the interior of the receptacle through a series
of apertures, one of which is shown at §0, and

: the.pipe 55, which returns the propellant under

pressure from the expansion nozzle to the heater,
is connected with this circumferential channel
58, A second exterior circumferential channel
Gi is ‘arranged- about the lower ‘portion of the
uopellant receptacle 56 and is connected with
the interior thereof by a . series of apertures

‘one of which is shown at §2. The channel 6 is

plowdco with an .outlet Whlch is., connected by
the pmn A8 with the. sectmn H of the steam

generating and expanding device.
‘ferential channel 61 extends below the bottom

The circum-

3

of the propellant receptacle 56 and surrounds a - :

substantial part of the combustion chamber 58
and the flow of the propellant through this chan—
hel 61 serves.as a cooling medium to: prevent

‘the overheating of the wall of the combustion
‘chamber

:The heater. 1s provided with a suitable burner
Wthh as here showh, is located below the com-

,.bustlon chamber, the bottom of the latter having

8 central opening 63 through which the fuel
mxxture ‘may enter the combustion chamber and

be burned ‘therein. In the particular construc-
tion illustrated fhis burner comprises a tubular.

element 64. supported beneath the combustion
chamber and in line with the opening €3 in any
suitable manner, as by suspension rods 85 which
are. carried. by ‘a ring 66 secured to the bottom
of the combustion chamber. This tubular, ele-
ment constitutes a mixing chamber and arranged
beneath and, spaced from the lower end thereof
is-a hollow. fuel inlet element 67 which is con-
nected by a pipe 68 with a suitable source of
fuel supply -and. is provided in its fop wall with
a series of apertures 69 airanged to discharge
the fuel into the tubular element 64. The spacing
of .this inlet element from the tubular element
permits a certain amount of air to enter the tubu-
lar ‘element. along with the gas or other fuel
and to mix-therewith. A substantially conical
spreader 10 is arranged in the upper end. of the
tubular element to spread the fuel into a di-

verging annular jet” which is projected through

the opening 83 into the combustion chamber.
The upper end. of the tubular member or mixing
¢hamber 64 being spaced from the ring 68 en-
ables: additional: air to enter the combustion
chamber along -with the fuel mixture which is
discharged from the tubular element 64 and thus
provides air in the. proper quantity for efficient

-eombustion. - The spreader 10 may be supported

in-any suitable manner and, as here shown, it

is provided with -a.rod Tl which is mounted on.
Fhe fuel inlet element 67.

. The steam that is separated from the propel-

‘la.nt by the separator 42 is condensed and re-

turned to the water supply pipe (1. Small quan-
tities of propellant may escape from the sepa-
rator-along with the steam and in order to re-
move any such-propellant the outlet 45 of the
separator is connected by a pipe 12 with a.sup-
plemental separator 13 and any propellant which
mayenter this supplemental separator with the
steam will settle to the bottom thereof and will
be removed and returned to the circuit by a pump
14, the discharge pipe 75 of which preferably
leads to the lower portion 26 of the-casing for the
power element; as'shown in Fig. 7. The steam is
removed from the separator 13 by a pipe 7§ which
communicates therewith, preferably above the
lower end-of the pipe 72, and is conducted to a
condenser 17. The condensate 'is taken from

the condenser by a pipe 18 and is returned to the.

water pipe by means of a pump 79. It is prefer-
able, however, that this condensate should be pre-
heated before.it: is refurned to the water pipe 11
s0 as to-expedite the vaporization thereof. . For
this purpose a heating element 80 is interposed
between the condenser. and the water pipe.. ‘As
here. shown;: this: heater is supported above the
propellant  heater and is provided with flues
through which the products of combustion pass

- from the flues o'! of :the propellant. heater fo,the
The pump, 19 is connected w1th this 76 )

stack 8 I.
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'heater by a pipe 82 and. the heater is connected

| with the water pipe by a.pipe 83:

10

If desired the steam, after having been isother-

‘mally expanded and separdted from the propel-
‘lant and prior to its condensation, may be further
‘utitized to perform useful work, such as operat-

ing a fluid operated device, and so utlhzmg the

steam that it is expanded adiabatically. The

overall efficiency of the apparatus is increased by
effecting a partial expansion of the steam iso-
thermally and a further expansion thereof adia-
batically. In Fig. 7 I have shown diagrammati-
cally an. arrangement -whereby the separated

~ ‘steam may be so used and, as there shown, the

15

20

25

construction and operation are the same as above
‘described dcwn to-the point where the steam is
‘delivered irom the supplémental separator 13 to

the condenser 71. In Fig. 7 there are interposed

‘between the supplémental separator and the con-
denser certain devices to be operated by the adi-

abatic EXpancio*l of the low pressure steam from
the separator, these devices being typical of var-
ious devices whxch may be so operated. In the
arrangement illustrated the pipe 718, which con-
nects the supplemental separator 13 with the
coridenser is provided with a valve 84 and a pipe
85 leads frem the pipe 16 in advance of the valve

‘84 to a fluid operated device 86 which is here
shown in connection with the évaporator 81 of a

refrigerating apparatus and comprises a nozzle
88 ‘through which thé steam is discharged to a

“compression- device' 89, preferably of the type

_shown at 47—48, said nozzle causing the steam to

draw vapor from the water in the evaporator 81
through the pipe 80. The stearn ‘entering the noz-
zle B8 is expanded adiabatically to a pressure be-
low the pressure in the evaporator and the steam

- and withdrawn vapor arethen compressed in the

40

&4

60

compressor 89 to condenser pressure, The pipe
81 leads from the compressor 89 to the pipe 76
between the valve 84 and the condenser, thus

carrying the steam- back to the condenser.

- The .installation here shown also comprises a
second fluid operated device which may be oper-
ated alternately with the device 86, and which is
shown. conventionally as a turbine 92 which is
connected by a pipe 93 with the pipe 85 and by a
pipe 84 with a pipe 9f. 'The pipe 91 is pro-
vided with a valve 85 in advance of its connec-
tion with the pipe 34 and the pipe. 93 is provided
with a valve 86. The steam is expanded adiabat-
ically in the turbine to a pressure approximating
condenser pressure.

: Consequently by a proper adJustment of the
valves the steam may be taken directly from the
supplemental - separator to the condenser or it
may. be taken to the condenser through either
one of the two fluid operated devices. It will be

obvious that when the steam is to be utilized to .

operate an auxiliary device, as above described,
the apparatus must be designed to maintain in
the supplemental separator 73 a pressure some-
what higher than condenser pressure. When the
device 86 is used a portion of the condensate

= from the condenser 1T may conveniently be used

to replenish the water in the evaporator. For
that purpose’ the pipe 78 which leads from the
condenser is . connected with a receptacle 97

_which in"turn is connected by a pipe 98 with the

pump- 19, the inner end-of the pipe 98 extending
some distance above the bottom of the receptacle
so -as to maintain the body of liquid in the latter.
A pipe 89 leads:from the lower portion of the re=
ceptacle 97 to the evaporator where it is con-

75 trolled by a float operated valve 100,

5,190,057

.. In some installations it may not be desirable to
separate the low. pressure steam and propellant
prior to expanding the steam in the low pressure
expansion nozzle. Under such circumstances the

receptacle 26 may be omitted and the casing for

the power element may take the form shown at
101 in Fig. 8, in which it converges downwardly
and is connected directly with the intake end of

the low pressure -expansion nozzle 102 which is

connected- with a: separator 103 and expanding
nozzle 104 similar to those above described. With
this arrangement there would be no separation of
the steam from the propellant in the casing 101
but the mixture of steam and ‘propellant would
pass directly to the expansion nozzle 102.

While I have shown and described one embodi-
ment of my invention, together with a minor

modification thereof, I wish it to be understood

10

15

that I do not desire to be limited to the details -

thereof as various modifications may occur to a
persen skilled in the art, -

Having now fully described my invention, what
I-claim as new and des1re to secure by Letters

- Patent, is:

1. A method of converting heat energy into
mechanical enhergy which. comprises heating a
lquid propellant to a high temperature, subject-
ing the heated propellant to pressure in a conduit,

20

o5

introducing: water into said propellant in such . .

quantity that the water will be converted into
steam by the heat of the propellant, expanding
said steam within-and about said propellant and
converting the steam and propellant pressure en-
ergies into propellant velocity energy, utilizing
said propellant velocity energy to actuate a power
element, and then separating the steam from the
propellant and utilizing the separated steam for

-restoring said propellant to its initial pressure.’

2. A method of converting heat energy into me-

- chanical energy which comprises heating a liquid

propellant to a high temperature, subjecting the
heated propellant to pressure. in a conduit, in-

a0

40

troducing water into sald propellant in such

quantity that the water will be converted into
steam by the heat of the propellant, expanding
said steam within and about said propellant and
converting the steam and propellant pressure en-
ergies into propellant velocity energy, utilizing
said propellant velocity energy to actuate a pow-

- er element, again expanding the steam within
‘and about the propellant to convert pressure en=

ergy -into velocity energy, then separating the

45

steam from the propellant, and converting the -

velocity energy of ‘said propellant into pressure
energy
. A method of converting heat energy into
mechamcal energy which comprises heating g
liquid propellant to a high temperature, subject-
ing- the heated propellant to-.pressure in a con-
duit, introducing water into said propellant. in
such quantity -that the water will be converted
into steam by the heat of the propellant, ex-
vanding said steam within and about said pro-
pellant and converting the steam and propellant
bressure energies into propellant velocity energy,
utilizing said propellant velocity energy to actu-
ate a power element, again expanding said steam
within and about said propellant to convert pres-
sure energy into velocity energy, then separating
the steam from the propellant, converting the
propellant: velocity energy into propellant pres-
sure energy, and again heating said propellant.
4.'A method of converting heat energy into
mechanical energy which comprises heating s lig-
uid propellant to a high temperature, subJectlng

Lil4]
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the heated propellant to pressure in a conduit,

introducing -water into said propellant in siuch

quantity that the water® will be converted into

steam’ by the heat of the propellant, expanding -
-said steam within and.about said propellant and
‘converting the steam and propellant pressure

energies into propel’ant velocity -energy, utiliz-
ing said propellant velocity energy to actuate a

power element, again expanding said.steam with-

in and’ about said propellant to convert pres-

"-sure energy into velocity energy, utilizing a por-

15

20

25

30

35
. 'méchanical energy which comprises subjecting.

40
"into propellant velocity energy, utilizing said pro-

'
L

B0
"Y“mechanical ener gy which compsises subJectlng a .
heated liquid propellant to pressure in an end-

tion of said propellant velocity energy to sepa-
rate the propellant from the steam by centrifugal
force, and . conmverting the remaining ' velocity

.energy of said propeliant info pressure energy.

5. A" method of convertinig heat energy into
mechanical energy which comprises heating . a

liquid propellant to 2 high temperature, subject-.
ing the heated propellant to pressure in s con- '
mduit, introducing water into. said ‘propellant in

such. quantity that the water will be converted
into. steam by the heat of the propellant, ex-
pandmg said steam within and about. said. pro-

‘pellant’ and converting the steam and propel-
-lant pressure energies into propellant velocity
“energy, utilizing said propellant velocity energy
to' actuate a. power element, separating "steam -

from. the propellant at relatively low pressure,
again mixing the steam with the propellant, ex-
panding the steam within and about the ‘propel-

Jant and converting pressure energy into propel-

lant’ velocity energy, separating the propellant
from the steam, and’ converting the velocity en-
ergy of the propellant into pressure energy.

6. A method: of converting heat energy. into

2 heated liquid propellant to pressure in an end-
less circuit, expanding steam within ' and about
said propellant in a part of said circuit and con-
verting steam and propellant pressure energies

pellant velocity energy in the production of me-
chanical’ energy, again- expanding -said steam

within and about said propellant in another part .
of said eircuit and. converting the steam and’

propellant pressure energies into propellant veloc-
1tv energy, separating the propellant from the
steam and converting propellant’ velocity energy
into propellant pressure. energy.

7. A method of converting heat energy mto

less circuit, expanding steam within and about
said propellant in a part of said circuit and con-
verting steam and propellant pressure energies

““into propellant velocity energy, utilizing said pro-~

U

s

pellant velocity energy in the produiction of me-
chanical energy and separating the steam from

the propeilant at a relatively low pressure, again -
o0 mixing said steam with said propellant. in an-
w‘other part of said circuit, expanding said steam

within and about said propellant and converting

~'steéam and propeliant. pressure energies into pro-

pellant velocity energy, separating the pro‘pe‘l-
lant from the steam and converting ‘propellant

‘velgeity ‘energy into propellant pressure energy.

8. The method of converting heat energy into
mechanical energy which comprises subJectlng a
highly heated liquid propellant to ‘pressure in.an
endless circuit, mixing water with said propellant

~in one part of said circuit and converting the

water into steam, expanding said steam within
and about said propellant and converting steam
and propellant pressure energies into. propellant
velocity energy, utilizing ‘said propellant veloc-

5

ity energy-in-the production of mechanical en-
ergy, then separating the steam ‘from the pro-
pellant; converting propellant velocity energy into
propellant pressure encrgy, condensing the sepa-
rated steam and returning the condensate to said
circuit.

9. The method of converting heat energy into .

mechanical energy which comprises subje cting a
highly ‘heated liquid propellant. o pressure in
an endless circuif, mixing water with said pro-

ing the water into steam, expanding said steam
within and about said propellant and converting
steam and propellant pressure energies into pro-
pellant velocity -energy, utilizing said propellant
velocity energy in the production of mechanical
energy, then separating the steam from the pro-
pellant, converting pr opella.nt velocity energy into
propellant pressure energy, ¢ondensing the sepa-
rated steam, heatihg the condensate and return-
ing the same to said circuit.

10
‘pellant'in c¢ne part of said circuit and convert-.
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10. The method of converting heat energy into

mechamcal energy which comprises subjecting a
hlghly heated liquid propellant to pressure in an

endless circuit, mixing water with said propeliant’

in one part of said circuit and converting the
water into steam, expanding said steam within
and gbout said propellant and vonveltmg steam
and . propellant pressure energies into propellant
velocity energy, utilizing said propellant velocity
energy -in the ‘production -of mechanical energy,
expanding said steam within and about said pro-

“pellant in ancther part of said circuit and con-

verting steam’and propellant pressure energies
into ‘propellant velocity energy, separating the
steam from the propellant, converting propellant
velocity énergy into propellant pressure.energy,

~ condensing the separated steam and returnmg

the ‘same to said circuit.

11."The method of converting heat energy into
mechanical energy which comprises subjecting a
highly heated liquid propellant to pressure in an
endless - circuit, ‘mixing water with said pro-

pellant in one part-of -said circuit and converi--

ing the water into: steam, expanding said steam
within and about said propellant and converting
steam and propellant pressure energies into pro-
pellant velocity energy, utilizing said propellant
velocity energy in the production of mechanical
energy, expanding said steam:within and about
said propellant in another pari of said circuit
and converting steam and’ propellant pressure
energies into propellant velocity energy, separat-

ing the steam from the propellant, converting -

propellant velocity énergy into propellant-pres-
sure energy, utilizing the separated steam to
actuate a fluid operated device, then condensing
said steam. and returning the same to said circuit.

12. In a power apparatus, a conduit including
a casing, a power element.in said casing, means
for delivering a heated liquid propellant under
presstire to one part- of .said conduit, means for

introducing water into said heated propellant

in said part-of said conduit and thereby con-
verting ‘said water into steam, said part of said
conduit ‘having means for expanding said steam
within and about said propellant and converting
propellant and steam pressure energies into pro-
pellant velocity energy and for dehvermg said
propellant at high velocity to said power: ele-
ment, another part of said conduit being ar-
ranged to receive said steam and propellan‘ﬂ from
said casing and having means to again expand
said steam within and about said propellant -and
convert steam and propellant pressure energies
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6
into propellant velocxty energy, “said’ last men-
tioned ‘part of said. conduit also having means
- for separating said propellant from'said steam
and for converting propellant: velocity energy
into propellant pressure energy, and means for
returning the propellant under pressure to the
first mentioned part of said conduif, and means
associated with said conduit to maintain sald
propellant at a high temperature,
'13. In a power apparatus, a casing, a power
element. in said casing, means for mixing steam
- under pressure with a highly heated liquid pro-
- pellant under pressure and expanding said steam
within and about said propellant to convert the
‘pressure energies of ‘said steam and said pro-
pellant into velocity energy and for delivering
the mixture of steam and propellant. to. said
power element at high velocity, mesns beyond
said casing for separating said propellant from
said steam, and means for converting velocity
energy of the separated propellant into pressure
energy and returning the propellant under pres-
" sure to the first mentioned means.
14, In a power apparatus, . power element
means for introducing water into a highly heated
liquid propellant under--pressure: and converting
said water into steam, means for expanding said
steam within and about said propellant and con-
verting the pressure energies of said. steam. and
said propellant into propellant velocity energy
and for delivering said: propellant to said .power
element at high velocity, a separator arranged

beyond said power - element to separate steam .

from propellant, means interposed between said
) power. element and said separator to again ex-
pand said steam within and about said -pro-
pellant and convert the pressure energies thereof
into propellant velocity energy and to deliver:
said propellant and said steam to said separator,
and means beyond. said separator to receive said
propellant, . convert the velocity energy thereof
into: pressure. energy and to:return.said, pro-
“pellanit to the first mentioned means.

15. In a power .apparatus,. a power element

means for introducing water into a highly, heated -

liquid propellant under. pressure and converting.

sald water into steam, means for expanding said .
steam within and .about said propellant and.

converting the pressure energles -of said steam
and  said propellant " into propellant velocity
energy and for delivering said propellant to said

power element. at high velocity, a separator ar- .
ranged beyond said power . element to separate :

steam . from propellant, means interposed: be-

tween said power element and said separator to
again. expand said steam within and about sa1d .

bropellant and. convert the pressure energies
thereof into propellant velocity energy and to

deliver said propellant and said .steam to said .

separator, means-beyond -said separator. to re-

ceive said propellant, convert the velocity energy -
thereof into pressure energy and:to return said
propellant to the first mentioned means, a con- -

denser to receive steam from said separator; and

“means to return the condensate to the ﬁrst men-
tioned means.- :

16. In' g ‘power apparatus, a - power element,

means for introducing water into a:highly heated -

liquid propellant under:pressure and converting

said water into steam, means for expanding said .

steam within and .about- said. propellant. and
converting the pressure energies of .said steam
and .said . propellant - into - propellant . velocity

energy and for delivering said propellant to said .

- power element at high velocity, a separator ar-

2 190 057"

ranged ‘beyond 'said power element to sepalate

steam from propellant, means interposed between
said power element and said separator to again
expand said steam within and sbout said pro-

pellant and convert the pressure energies thereof

into propellant velocity energy and to deliver said
propellant and said steam to said separator,
means beyond said separator to receive said pro-~
pellant, and convert the velocity energy thereof

into pressure. energy, and a heater connected,

10

with the last mentioned means to receive said

propellant 'therefrom and connected with the

first  mentioned means to ~deliver heated pro-

pellant thereto,

17. In a power apparatus a casmg, a. power
element mounted in said casing, said casing hav-
ing a part below said power element forming a
fluid receptacle, means for ‘introducing water

into a highly heated liquid propellant under pres-

sure and converting said water into steam, means

15"

20"

for expanding said steam within and about said -

propellant and converting: the pressure energies
of $aid steam and said propellant into propellant
velocity energy and for .delivering said propel-
lant to said power element at high velocity, 2
mixer to receive said steam and said propellant
from said receptacle, means connected with said
mixer to expand said steam within and about
said propellant and convert the pressure energies
thereof into propellant velocity energy, means to

separate said propellant from said steam, to con-

vert propellant . velocity energy into propellant

25
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pressure energy and to return said propellant

under pressure to the first mentioned means.
'18..In a power apparatus, a casing, a power
element mounted in said casing, said casing hav~
ing a part below. said power element forming a
fluid receptacle, means for intrecducing water
into a highly heated liquid propellant under
pressure and .converting said water into steam,
means for .expanding said . steam . within and

about. said propellant and converting the pres-.
. sure energies of said steam and said propellant

into propellart velocity energy and for delivering
said propellant to said power element at high
velocity, a mixer comprising inner and outer
tubular members spaced apart to form an annu~

lar chamber between them, said inner member

having a rearwardly tapered passageway and
having a series of apertures in its forward por-
tion, means for delivering propellant from said
receptacle to the rear end of said inner mem-
ber, means for delivering steam from said.re-
ceptacle to said chambér, means connected with
the forward end. of said passageway to expand
said steam within and about said propellant and
convert pressure energies thereof into propellant
velocity . energy, means to separate said pro-
pellant -from  the steam, to convert propellant
velocity energy . into propellant pressure energy
and.to return said propellant under pressure to
the first mentioned means.

19. In a power apparatus, a casmg, a power’,

element mounted in said ecasing, said casing hav-
ing a part below said power. element forming a

. fluid receptacle, means for introducing water
- into a highly heated liquid propellant under

pressure and converting said water into steam,
means for expanding said steam within and
about said propellant and converting the pressure
energies of said steam .and said propellant into
propellant velocity energy and for delivering said

propellant to said power element at high velocity,

a, mixer .comprising inner and outer tubular
members spaced apart to form an annular cham-
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ber between them, said inner member having a
rearwardly  tapered passageway and having &’
series of apertures in its forward portion, mesns
for delivering propellant from said receptacle to
the rear end of sald inner member, a spreader

"in the rear portion-of said passageway to cause

said propellant to flow along the apertured wall

of said inner member, mean for délivering steam .

from said receptacle .to' $aid- chamber, means
connected with the forward. end of said passage-

"way to expand said steam within and about said

propellant and convert pressure energies thereof
into propellant velocity energy, means to sepa-
rate said propellant from . the steam, to convert

.propellant velocity energy into propellant pres-
‘sure energy and to return said propellant under

pressure to the first mentioned means.

20. In a power apparatus, a casing, a power
element mounted in said casing, said casing hav-
ing a-part below said power element forming a

- fluid receptacle, means for introducing water into

30

2 -highly heated liquid propellant under pressure

‘and converting said water into steam, means for

expanding said steam within'and about said pro-
pellant and converting the, pressure energies of

‘said steam -and said propellant into propellant

velocity energy and for delivering said pro-
pellant to said power. element at high velocity,
a mixer to receive said steam and said propellant
from. said receptacle, means connected with said

" mixer to expand said steam within and about

W
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said propellant and convert the pressure energies
thereof into propellant velocity energy, a centrif-
ugal separator to separate said propellant from

;said steam, and means to convert the velocity
‘energy of the separated propellant into pressure

energy and to return said propellant to the first
mentioned means.

21. In a power apparatus a power element, .

means for mixing steam under. pressure with a
highly heated liquid propellant. under pressure

and expanding said steam within and about said

propellant - to convert the pressure energies of

said steam and said propellant into propellant‘:‘
velocity energy and for delivering the mixture of

steam and propellant to said power element atb
high velocity, means for again imparting velocity
energy to said mixture of steam and propellant
after it has acted on said power element, a

-centrifugal separator to separate said propellant

from said steam, and means to convert propellant
velocity energy into pressure energy and.return

‘said propellant to the first mentioned means.

22. In a power apparatus, a4 power element,

5 means for introducing water into a highly heated

liquid propellant under pressure and converting
said water into steam, means for expanding said
steam within and about said propellant and con-
verting the pressure energies of said steam and
said propellant- into propellant velocity energy
and for. delivering said propellant to said power
element at high velocity, means beyond said
power element to again expand said steam within

and about said propellant and convert: steam

and propellant pressure energies into propellant,
velocity energy, a separator comprising a . curved
tubular element connected with said expanding
means and having an opening in that side there-
of which has the shorter radius, and a casing
enclosing said opening and provided with an

‘outlet, and means to convert propellant velocity

energy into pressure energy and return said
propellant to the first mentioned means.

23. In a power apparatus, a power element,
means for introducing watexr into a highly heated

7

liquid propellant under pressure and converting

said water into steam, means for expanding said

steam within and about said propellant and con-
verting the pressutre energies of said steam and
said propellant into propellant velocity -energy
and for-delivering said propellant to said power

element ‘at high velocity, means heyond . said.
power element to again expand said steam ‘within -

and about said propellant and convert steam and
propellant  pressure energies info propellant
velocity energy, a separator to separate the pro-

pellant from the steam, an expanding. device'

connected with said separator and having in its
forward. portion an annular passageway
gradually increasing  diameter and meéans for

connecting said annular passageway Wlbh the‘

first mentioned means.

24.-In a power apparatus, a power element,
means for introducing water into a highly-heated
liquid propellant under pressure and converting
sald water into steam, means for expanding said
steam within and about said.propellant and con-

verting the pressure energies of said steam and ,

said propellant into prepellant velocity energy
and for delivering said propellant to said power
element at high velocity, a heater comprising ' a
propellent - receptacle, 'a compustion chamber
beneath said receptacle, an exterior channel ex-
tending  about and communicating with said
receptacle and  overlapping said combustion

chamber, an  outlet (;Ohduit leading  from said’.
channel to the first mentioned means, and means

beyond said power element for separating the
propellant from the steam and for delivering the

separated propellant under pressure to. the pro-.

pellant receptacle of said hsater.

25. In a ‘power apparstus; a power element.

means for introducing water into a highly heated
liquid propellant under pressure and converting
said water into steam, means for expanding said
steam within and about said propellant and con-
verting the pressure energies of said steam and

said propellant - into propellant velocity energy’

and for delivering said propellant to said power
element at high velocity, a hester comprising "a
propellant receptacle having an cutlet connecied
with the first ‘mentioned means, means beyond

said power element for separating the progellant’
from the steam and for deliverinig the propellant.

to said receptacle, and a burner beneath said
receptacle including an upright tubular eleipent,
a fuel inlet element beneath and- spaced from
said. tubular. element and prov1ded ‘with' aper-
tures arranged to discharge fuel into said tubular
element, and a spreader at the upper end of said
tubular element. :

26. A method of convertmg hea.t enerﬂy into
mechanical energy which comprises circulating
a" heated liquid propellant - through .a .conduit,
isothermally expanding steam within and about
said propellant and converting steam and pro-
pellant: pressure energies into propellant velocity
energy, utilizing said propeliant” velocity energy
to perform work, separating the steamn from the
propellant, and adiabatically - expanding the

separated steam and utilizing the same 1o per-

form work.

27, In a power . apparatus, & power element,
means for mixing steam. under pressure with: o
highly heated propellant under pressure ang ex-

panding the same in and about said propellant 4o,

convert pressure energies of said steam snd ssid

“propellant into velocity energy and for:delivering

said propellant to said power element at’ Ligh
velocity, means beyond said power element for

of .
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separatmg sa1d propellant from‘ k

compression nozzle arranged to’ receive the sep—

arated propellant and having & longitudinal

passageway, the intermediate'portion of which is’

of reduced diameter and the forward. portion of
which is-annular in form and gradually increases
in . diameter from the inbtermediate portion to
the discharge end thereof to convert velocity
energy of said propellant into pressure. energy,
and a conduit. COnnecting‘the discharge end of
said compression” nozzle with said first men-
tioned means.

28. In a power apparatus, a power element,
means for mixing steam under pressure with a
highly heated liquid propellant under pressure
and expanding sald. steam in and about said
propellant to convert pressure energies of said
steam and. said propellant into velocity energy

and for delivering said propellant to said power-

"element at high velocity, means beyond said
power element . for separating said propellant
from said steam,; and. a compression nozzle hav-
ing a longitudinal passageway the intermediate
. bortion .of which is of reduced. diameter, one
“end of said passageway being arranged to receive
the separated propellant and the other end por-

.tion of said passageway being flared, a substan- .

tial cone-shaped element inserted in said flared

- .bortion.of said passageway and spaced a substan-
‘tially uniform @ distance -from all parts of the .

wall thereof to convert velocity energy of said
propellant into pressure energy, and a conduit
connecting the discharge end of said compression
nozzle with . said first ‘mentioned means.

29. In a power apparatus, a casing, a pbvtrer'..

element mounted in said casing, said casing hav-
ing a part below said power element forming a
liquid receptacle, means for mixing steam under
. pressure with' a highly heated liquid propellant

under pressure.and expanding said steam within
and about said propellant to convert pressure
- energies of sald steam and propellant to. pro-

pellant velocity energy and for delivering .said
_ bropellant to said power element at a high

velocity, a mixer to receive said steam and pro-
pellant  from said receptacle, means connected
with said mixer to expand said steam within and
about said .propellant and convert the pressure
__energies thereof into propellant velocity energy,

‘means to separate. said propellant from  said

steam, and means to convert propellant velocity

energy into propellant pressure energy and to
return said propellant under pressure to the first

_mentioned means.
30. In a power apparatus, a conduit 1nc1ud1ng

" a_casing, a power element in said, casing, means

 for mixing steam under pressure.with. a heated
liquid propellant under pressure in one part of

said conduit and expanding said steam within .

and about said propellant to convert propellant

and steam pressure. energies into propellant
velocity energy and to deliver said propellant at
high velocity -to said power element, another part

of sald conduit being arranged to receive said
; steam and propellant from said casing and hav-

ing means to again expand said steam within and .

about said propellant to convert steam and pro-
pellant pressure energies into propellant velocity

energy, said last mentioned part of said con-
0 ‘duit also having means for separating said pro-

pellant:- from said steam and for converting pro-

pellant velocity energy into propellant pressure

energy, means for returning the propellant under
pressure to the first mentioned part of said con-

< duit, and means associated with said conduit to:

2 190 957"

mamtam sa1d propellant at a h1gh temperature
31. In a power apparatus, a power element,

means for mixing steam under pressure with a

lrnghly heated liquid propellant under pressurs
and expanding said steam within and abouf said

propellant to convert steam and propellant pres-

sure energies into propellant velecily energy angd

for delivering said propellant to said power ele-
ment at high velocity, a separator arranged be- -
yond said power element to separate steam from.

10

the 'propellant, means interposed between said
power element and said separator to again ex-:
pand said. steam within and about said pro- =

pellant and convert the pressure energies thereof
into propellant velocity -energy and to deliver
said propellant and said steam to said separator,

and means beyond said separator to receive said
bropellant, convert the velocity thereof into pres-

sure energy and to return sa1d propellant to the
first mentioned means,

ing a part below said power element forming a

20
32. In a power apparatus,. a casmg, 2 powe1“
element mounted. in said casing; said casing hav- -

liquid receptacle, means for mixing steam under

pressure with & highly heated liquid propellant

25

under pressure and expanding said steam within

and about said propellant to convert steam and
propellant. pressure - energies into propellant

velocity energy and to. deliver said propellant to.

said power element at high velocity, a mixer com-
prising inner and outer tubular members spaced

apart to form an snnular chamber between them,.

said inner member having & Tearwardly tapered
passageway .and having a series of apertures in
its forward portion, means for delivering pro-

30
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pellant’ from. said receptacle to" the rear end of -

said inner member,; means for dehvermg steam

from said casing to said chamber, means con-
nected with the forward end of said passageway.

to expand said steam within and about.said pro-
pellant and. convert. pressure. energ1es thereof

into propellant velocity energy, means to sepa-

rate said propellant from the steam, convert pro~
pellant velocity energy . into propellant pressure
energy and return said propellant under pressure
to the first mentloned means.

33. In a power apparatus a, power element
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means for mixing steam under pressure with a
highly heated liquid propellant under pressure -

and expanding said steam within and about said

50

propellant to convert steam and. propellant pres-

sure energies intg propellant Veloc1ty energy and
to deliver said propellant to said power element

at high velocity, means. beyond said power ele-

ment to again expand said steam’ within and |

about said propellant and convert the steam and
propellant energies
energy, a separator comprising a curved tubular
element connected with said expanding means
and having an opening in that side thereof which
has the shorter radius, and a casing enclosing

.said opening and provided with an outlet, and

1nt0 propellant. - velocity

60

means t0 convert propellant velocity energy into
DPressure energy and return said propeliant to-

the first mentioned means. » )

34. The method of converting heat energy into
mechanical energy = which comprises
steam under pressure with a highly heated liquid
propellant, expanding said stéam within and
about said propellant to convert steam and pro-
pellant pressure energies into propellant velocity
energy, ut111z1ng said propellant velocity energy
to actuate a power element, again expanding the
steam within and- about -propellant to convert
pressure energy into velocity energy, then sepa=
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rating the steam from the propellant and con-
verting the velocity energy of said propellant into
pressure energy.

35. The method of converting heat energy into
mechanical energy which comprises mixing steam.
under pressure with a highly heated liquid pro-
pellant under pressure, expanding the steam in
and about said propellant to convert steam and
propellant energies into propellant velocity

10 energy, utilizing said propellant velocity energy

9

‘to actuate ‘a power element, separating steam

irom. the propellant at relatively low pressure,
again mixing the steam with the propellant, ex-
panding the same within and about the pro-
pellant and converting pressure energy into pro-
pellant velocity energy, separating the propellant
from the steam and converting the velocity
energy of the propellant into pressure energy.

EDWARD T. TURNER.
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