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Be it known that I, Henry L. DoRERTY, &

- citizen of the United States, and a resident of

'l*C)

Madison, Dane county, Wisconsin, have in-
vented certain new and useful Improvements |
- 10 Processes for Converting Heat into Work,

of which the following is a specification ac-
companied by drawings, - - =

‘This "invention relates to an improved
process for converting heat into werk which:

- 18-adapted to heat engines of all kinds, more

particularly to steam-engines, and has for its

~ object to utilize the latent heat of vaporiza-

_tion of the expanded or partially-expanded

15

steam by imparting said heat to the expand-

- Ing medium doi,n,g'lwo'rk'or to the 'feéd-water,-_
ortoboth. - e .

- Further obj ects of the invention will here-

- inafter appear; and to these ends the inven-

20

tion consists of a process for carrying out the-

the sequence of

above Obgects embodering'
| opetation, substan-

steps and. method o

tially as hereinafter . fully described and

- claimed in this specification, and illustrated

25

35

by means of the apparatus shown in the ac-
-~ companying drawirgs, in which— = - '
- Figtre 1 1s a’'side elevation, partly in sec- |
~ tion, of a steam-engine adapted to illustrate |
- this improved process. Fig. -2 is an efd ele- |
30 .

- the superheaters used in this aFE“a.ratus ,
~ Fig. 41s a sectional elevation of }

. - Referring to the drawings, B represents a

vation of the same. Fig. 3 is a plan view of
, and.
of Kig. 3 on the

T

suitable steam-boiler for supplying steam to
the steam-engine, and A is a flue to which
other boilers may be connected, if desired.

- C.represents the usual smoke-flue for the

~ _botler.

40" _ ; ! .

~ Hlustrating the process, in this instance a

- ql*;la,dmple—ex
SI

55

D represents, a suitable steam-engine for.
ple ansion steam-engine being
shown, In which the high-pressure cylinder is
second intermediate eylinders are represented
1, and-

ine D is shown driving series of compressors

andG.

numbered from 1 to 8, inclusive, and suitably

* connected by appropriate piping with the en-+

gine and the series of compréssors'E and G,

T SRR U i e AR R R
and 14 represents a tank to.recéive condensed
S A R S R 5;L$E£i3m-ilj3_lF{'- FLoo

I -. %)hat the exhaust from the first three cylinders
of the engineis carried to the superheatersand
“circulated therethrough and utilized expan-
sively in doing work, while the steam from
‘the low-pressure cylinder is compressed to a

- represented by :the numeral 9, the first and |
- 45 second n
by 10 and 1

, the low-pressure cylinder- |
18 repre'sent'eti' by

12. - Any -'ﬁuith;ble_ pigtdﬁ-; "
- rods, valve-gearing, ‘and cranks and crank--

steam from the Supexjhe'af'ers'H,_ and P is a
suitable pump for pumping the condensed

steam back through the superheaters and
from thence back to boiler B. T

6o

-13 18 a condenser connected between the
steam - engine and the condensed - steam -

tank 14.- - o )
The apparatus so far ceferred to is one
suitable form of apparatus for carrying out

65

this process; but the invention is not limited

‘to any particular form of engine and auxil-

lary devices, because obviously many differ-
_ent mechanisms will be-found for carrying

out the invention which may be applied in

whach it 1s found useful. =

4

- In carrying out the

after appear, and this exhaust-steam is sup-

plied to the first interniediate cylinder, and
from thence the exhaust is again carried back -
| to the superheaters and superheated and sup-

| 70
‘any connection and with any apparatus in

bhie process steam from the
| boiler B 1s preferably fifst superheated in a
portion of the superheaters H and thenled to
“the high-pressure cylinder 9, from which the
exhaust-steam is led back to a portion of the
superheaters and superheated, as will herein- -

S0

lied to the second intermeédiate cylinder. -

From thence the steain is exhausted back to
the stiperheaters, superheated, and is sup-

‘plied to the low-pressure cylinder, and from

thence the exhaust is carried to the com-
ressor J and thence to the superheaters, so

differential temperature and a portion of it is

condensed in the superheaters, thereby im-

parting the latent heat of vaporization of the
condensed portion to the working steam to
superheat the same and also to preheat.the

feed-water, if desired. = |

S —

A portion of the steam supplied to the su-

]éerheate_r 1 from the compressor J is con-

8s.

90
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‘rfag) .

ensed 1n said superheater, and thiscondensed

' steam is led to the condenser-tank 14, while =~
: ar \nk-'| the uncondensed steam is. led to the com-
~ shafts are provided. In thisinstance:theé en-| pressor K and thence back to superheater 2,
| where a portion of the compressed steam is
‘condensed and the uncondensed portion led

‘H represents a seriesof éight superheaters, | to ‘another compressor L. This operation”

105

applies to each: one of the superheaters—that "

1 ‘10 'say, compressed steam-is supplied. to

each one of the superheaters arid the con-

71'1:t1

| 'densed'steam is led in each case back to the”
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condenser-tank 14, while the uncondensed

steam is compressed in one of the compress-

~ ors of the series E and G. The condensed

10

‘steam is pumped by thé pump P from the con-
‘denser - tank 14 back through a portion of
the superheaters and from thence to the

boiler B. |
AccordinF

lined it will be seen that the working steam

for the engine-cylinders and the condensed

steam with more or less water is circulating
through the superheaters, as is also the steam

from the series of compressors E and G. Ac-

20

cording to this mode of operation-the steam
from the compressors which condenses is con-~
tinually giving up its latent heat of vaporiza-
tion to the working steam for the cylinders
and to the condensed steam and water form-
ing the feed-water for the boiler. R

~ The superheaters H may be constructed in

any suitable manner with separate compart-.
ments, and provision is. made for circulating
the condensed steam and water through one

set of compartments while the steam 1s pass-

ing through another set. In this instance

“the superheaters are shown in the form of

chambers having upper and lower compart-

ments 25 and 26, formed by the tube-sheets

27 and 28, into which the tubes 29 are ex-
panded in the usual manner, so that commu-

nication is afforded’'between the compart-
ments 25 and 26 only through the tubes 29.

The series of tubes 29 in each superheater are
furthermore divided into groups by suitable

35 partitions formed in the compartments 25

and 26. |

45

Beginning with superheater 1, it will be
seen that this superheater is not divided into
compartments, because here the feed-water
only is heated. Superheater 2 is divided
into two groups of tubes by partition 2%, as is
superheater 3 by partition 3*. Superheater

2 1s provided with compartments a and b, |
" and superheater 3 has compartments ¢ and e.

Superheater 4 is divided into three compart-

ments f, ¢, and b by partitions 4°, 4°, and 4°.

Superheater 5 is divided into four comgart'ﬂ
o

. ments %, §, k, and 7 by partitions 5%, 5°,

5.°

55

- scribe the course ofs the steain and water
- through the apparatusfrom beginning to end,
6o '

and 5¢. -Superheater 6 is divided into fou;j

compartments m, n, 0, and p by partitions 6°,
6b, 6°, and 69. Superheater 7 is divided into |

four compartments % r, s, and ¢ by partitions
78,70 7¢ and 79, Superheater 8 1s divided

“into four compartments %, v, , and y by par-

titions 8¢, 8°,-8°, and 84. -

~ Tn order to illustrate the operation. of the

apparatus shown in the drawings, 1 will de-

and I will assume that the steam is taken
from the boiler B at about two hundred and
sixty-six pounds pressure and about 867.2°
Fahrenheit absolute. In carrying out the

to the cycle of operations out-’

| ‘perature
operations of the apparatus I will also specify | where 1t 18

884,008

the approximate pressure and terﬁpera.ture

‘at each stage of the operations.

~ Assume that steam is taken from the boiler

B at the pressure and temperature specified
(f) through pipe F to the lower por- .

and 1s le . ‘
tion of superheater 7 and supplied to com-

partment ¢ and there superheated to about
905° absolute.

into ‘compartment -y of said 'sugerhea;ter,
where it is heated to about 956.7° absolute
and from thence is led by the pipe F’ to high-
pressure cylinder 9, where the steam ex-
pands from about two hundred and sixty-six
pounds absolute to about one hundred and
twenty-one pounds absolute and is exhaust-

ed'from said cylinder through exhaust-pipe
| E/ into section I of superheater 5, where its

temperature is ralsed from about 805° ab-

| solute to about 855° absolute. The steam

then passes from section / of superheater 5

pipe F* to section ‘o of superheater 6,

b

w%ere the temperature is raised to about
867.2° absolute. It then passes by pipe F*
to section s of superheater 7, where the tem-

~perature is raised to about 905° absolute, and

1t then passes through pi};le F? to section x of
superheater 8 and from thence, still by pipe
F? to the first intermediate cylinder 10,

‘where the steam expands from about one

hundred and twenty-one pounds absolute

| and about 956.7° absolute to sixty-one

ounds absolute and about 755° absolute.
he steam leaves the first intermediate cyl-
inder 10 by exhaust-pipe E* and 1s led to
compartment ¢ in superheater 4, where its
temperature is raised to about 805° absolute,
thence passes by pipe F¥ to compartment 7 of

superheater 5, thence by p:

heater &, and from thence passes,still by pipe
F3, to the second intermediate cylinder 11,
where the steam expands from about 61.1
pounds absolute and about 956.7° ‘absolute
to about eleven pounds absolute and about
658° absolute. 'Fhe steam leaves the second
intermediate cylinder .11 by pipe E* and
passes to compartment @ of superheater 2,
where its temperature is raised to about

705.3° absolute. The steam passes through

It then passes from the top
‘of superheater 7 to the top of superheater &

e F3 to compart- -
ment m of superheater 6, thence by pipe I*
‘to compartment £ of superheater 7 and con-
‘tinues by pige F? to compartment u of super-

65
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the superheaters by pipe F*, and in compart-

ment ¢ of superheater 3 the temperature 1s

raised to about 755° absolute. In each of

compartments k, k, n, 7, and v of super-
heaters 4, 5, 6, 7, and 8 the temperature is
raised, as hereinbefore described, and finally

leaves  superheater 8 by pipe F* at about
956.7° absolute. -The steam is led through-

pipe 4 to.the low-pressure cylinder 12 at
about eleven pounds absolute and . the tem-

specified about  956.7° - absolute,
expa,nded- and taken: off at about

- 120
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~ two pounds absolute and about 587.2° abso- | feed-water in the superheater-pipes 29 to

~ connected to pipe E
able valve 35. The amount of steam taken |
to the condenser 13 depends upon the load

- sired.  The amount of steam led through the |
~other branch of pipe E* to the compressor J
o _ , _ : rec
that can be compressed and condensed. In
. compressor J the steam is compressed to
about eleven pounds absolute and about

~ orization to heat the feed-water.. The con- |
‘densed steam is.led off through a suitable |
- trap 17 at the bottom of the superheater and |
- 1srun into thé tank 14, from which it may be |
- g_um'ped by pump P, together with the con-|

20

s

Tor the boiler-feed. The pipe w is shown:

lute through exhaust-pipe E*. A portion of
the steam may be condensed in condenser 13,

on the engine and may be controlled as de-

depends upon the amount of steam required

658° and pumped through pipe C’ to super-
heater 1 to heat the feed-water which circu-

condensed and givesup its latent heat of vap-

ensed steam. from all of the eight traps T

to T®, inclusive, back to the superheaters, to--

ether with sufficient extra water necessary

~connecting the pump P with superheater 1

~ already  designated |
. hinally leaving superheater 6 at a tempera- |

35 . .
~~ tering the boiler at the: temperature of the
- steam 1n the boilér. It will be seen that the |

“and is also shown connectinga;ll of the super-
30

heaters from 1 to 6 and leading from thence

heated . to the correspondi:
Or ea

- feed-water pipe w connects superheater 1

| 40

with compartment.b of superheatér 2, com-

of superheater 4, compartment 7 of super-

‘heater 5, and compartment p of superheater

a5

6. From each one of the chambers in which
~ pipes 29 are g _
traps T 1%, &c., which are all connected by |

laced branch pipes lead to the

" thepiped.

- Thave ghoﬁh:hdwfthe compressed steam
18 led te superheater 1 from compressor J.

- and how & portion of the steam is condensed

5¢

~densed in superheater 1 is led through pipe 5"
- to compressor K of the series of compressors

' 55

I, where it is compressed to about twentv-

seven pounids absoluteand about 705.3° abso-

lute; and passes froi thence through pipe c*to

- superheatér2. Pipeé*communicates withthe.

-~ chamber o space in which the superheater-

R pipes 29 are:placed, so that the eompressed

60

- .fic}rﬁoﬁ- of thesteamiseondeng

. steam circulates-around angd between the ver-
tically-arranged auperh_eat'pr—};if)es 29, and a

]

atent heat of vaporizition and superheating

the working steam which passes to the low-

pressure cyinder and also, heating the boiler

| of t

%1' temperatures |
ch superheater; |

latent heat of V&f
| steam 1s utilize

_ L oI the steam 1s condensed | engine.
and returned to the tank 14. The remaining |
portion of the compressed steam not con-

about 705.3° absolute.. The condensed por-

“tion of the steam is led through trap T* and

pe E* and controlled by a suit- | pi

ved to tank14. - .
t will be seen that from each of superheat-

cﬂmﬁreaaors M,N,O,R,andS. From each
e compressors'L, M, N, O, R, and S

pipes ¢, ¢, ¢, ¢, ¢, and c* 1éad to suﬁ‘erheaters
3,4,5, 6,7, and 8, respectively.. .

_ _ y this ar=
rangement of pipe connections, compressors,

‘ers 3, 4, 5, 8, and 7 extend pipes 0%, b*, 85, b8,
~and b’, which are connected, respectively, with

75

and superheaters it will be seen that the con-

"densed eompressed steam from each of the
‘e ( w8, . superheaters 1s led through pipe d to the tank
lates through this superheater. .In super- |

80
LAl nis s 14, while the uncondensed compressed steam - -
heater 1 a portion of the compressed steam is | isled through a pipe to a compressor and from |

thence returned to the next adjacent super-.

heater until the last superheater 8 isreached; .

in which all of the compressed steam should

be condensed. If, however, a portion of the

steam should remain uncondensed in the su-

perheater 8, suitable provision should be pro-

- vided for leading off said tincondensed steam.
| g steam 1n each superheater

‘circulates outside the pipes 29 and in and ~

-around sald pipes and gives up its’latent heat

| of vaporization to the working steam and to.

| the boiler feed-water circulating irside the

to the boiler B after the water has. been |

The compresse

-

As std’ted; the latent Ee&f of va oriéétion

90

of the compressed steam is utilized to super-

heat the steam for the low-pressure cylinder
-and to preheat the feed-water in superheater

ture of about 867.2° absolute, thereby en- | 2,and this js also true of superheater 3. The

Iod-_

latent heat of the compressed steam is utilized

in superheater 4 to superheat the working -

steam for the second intermediate cylinder -
Of 8 1 - | and the low-pressure ¢ylinder and to preheat =
partment e of superheater 3, compartment f | the feed-water. . In superheaters 5 and 6 the 1o
| orization of the compressed
| to superheat the working
steam for the first and second intermediate.

165

cylinders and the low-pressure er'l inderand to

preheat the feed-water. . In superheaters. 7

*

. AT 7. 110
‘and 8 the latent heat of vaporization of the
compressed steam 18 ‘atilized to superheat the -

working steam for all four cylinders of the -

nl compressor

L beforé the steam isled to 115
superheater 3 it is.compressed from abeut =

twenty-seven pounds #absolute and about

705.3% to about sixty-on } about
e working steam is

‘ y pounds and about
755°, _In-superhea_.terB&\ WO N
superheated to about 755° absolute and the -

feed-water is ‘preheated to about this same

125

témperature. In compressor M before the

steam is led to superhéater 4 it is compressed ..

from about sixty-one pounds and about 755°

.absolute to about one hundred and twenty-
< & | five pounds and about.805° absolute, whileln -
glving upits | :

125

superheater 4- the .Wof.killgf steam is super- o

‘heated. to' about 805° absolute.” In‘ com- -

, heater 5 1t 1s GO‘mmedfrom ab(mt Onﬁh“n-r 130
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. 45 sire : ST s
- tamed at a point corresponding to the in-

“dred and twenty-five po'unds and_,;80‘5"r’ to | oine in‘which .cbﬂdensible‘va ors are used as’
about two hundred and thirty pounds and

'855° absolute, and in this superheater the

working steam is superheated to about 855°

‘absolute and the water is preheated to about

this temperature. In compressor ‘O before

the steam enters superheater 6 it is com-

pressed from about two hundred and thirty

~ pounds and about 855° to.two hundred and

10O

seventy pounds and about 867.2° absolute, -
and in superheater 6 the working steam is

superheated to about 867.2° absolute “and

- the feed-water is preheated to about that

15

tenmiperature.

this temiperature and heated no higher, be-

cause 1ts teinperature corresponds with that
~ of the stea™ 1 boiler B.

In-compressor R

- betfore the steam is led to superheater-7 it is

20

“compressed from about two hundred and sev-
enty pounds and about 867.2° absolute to

~about four hundred pounds and about 905°
absolute, and in superheater 7 the latent heat

of vaporization is utilized in superheating the

- working steam only. In compressor S be-

fore the steam enters the last superheater 8

1t 1s compressed from about four hundred

‘pounds and about 905° to about six hundred |

- aad fifty pounds and about 956.7° absolute, -
~ and 1n the last superheater 8 the latent heat

-of vaporization is utilized in superheating the

- working steam only, since the feed-water is

35

40

not passed through superheaters 7 and 8.

(bviously in the apparatus shown and de-

serived the compressed steam could be passed |

through the pipes 29 in the superheaters,
while theworfdng steam and the condensed
steam and water could be passed through
compartments formed outside of said pipes

which would be the reverse of the construc-

tion shown and described, but would be its

“equivalent. -

- According to this iﬁ?éﬁtio_n_ it will be seen

that the object in compressing the exhaust-
- vapor1s to increase its temperature to the de-

sired degree, and the pressure must be main-

creased temperature of a saturated vapor.

A part of the vapor will condense, glving up

50 , » HASLAance |
 working steam and feed-water, both being at

55

'-itsga}teht heat.of vaporization to the medium
used, which in this particularinstance is the
2 lower temperature,which is to be increased.
As soon as the conditions.aresuch that thereis
a transfer of heat from the compressed vapor

to the working steam and feed-water, a por-

tion- of the compressed ‘steam is condensed,
and the pressure would drop and its tempers-

~ture would have a corresponding drop ‘if it

~ was not maintained. This does not happen
6c

because the pressure is maintained by a new
supply of the vapor coming over from the

several compressors to take the place of th_e'.

condensed portion in the superheaters. .
This invention is designed to increase the
efliciency of a steam-engine or. any heat-en-

The feed-water is taken off at

heating and expanding a conden

884,008

the working medium by utilizing the waste

latent heat of vaporization of the exhaust-
‘steam which otherwise would be wasted and

70

would not contribute to doing work, . = .

. Obviously this invention may be carried
‘out by any suitable apparatus, and the proc-

essmay beembodied in widely-varying forms

with different modes of operation without .

departing from the spirit of the invention.

The stages of compressijon and expansion

75 |

may- be varied in any desired manner, and

the number  of expansions and number. of

compressions may be varied as desired with-
out departing from the invention. "~

80

- Without enumerating equivalents, I claim, .

and desire to obtain by Letters Patent, the

following: -~~~ .~ . -
- 1. Heat-engine process ¢onsisting in ex-

panding a condensible gas doin%_luse work

and compressing a.portion of the expanded

gas to rdise its temperature, and transferring -
its latent heat of vaporization to gas before.
-expansion, whereby the waste latent heat of

the\ex(f)a.nded gas1s partially restored to un-
expanded portions of gas. - |

2., Heat-engine process consisting in ex-
-panding stéam doing useful work and com- -
| pressing a portion of the expanded steam to

95

raise its temperature, and transferring its
latent heat of vaporization to steam before
expansion, Wheregy the waste latent heat of
expanded steam is partially restored to un-
expanded portions of steam. == .

3. Heat-engine process cons’istinglin super-
sib

ing useful work and compressing a portion of

the expanded gas to raise its temperature,

90

100

e gas do- -

and transferring its latent heat of vaporiza-

tion to gas before expansion, whereby the

| waste latent heat of vaporization of the ex-

ed portions of gas. o o
4. Heat-engine process consisting in ex-
panding . a condensible fluid doin‘g useful

panded gasis partially restored to unexpand-

| work and superheating the expanding fluid

and - preheating the liquid from which the
fluid 1s formed, by abstracting a portion of
the working fluid at a low temperature, com-
pressing it to the degree of superheat re-
quired, condensing a portion of the.same and

1mparting its latent heat of vaporization to

the working fluid and to the liquid.

- 5. Heat-engine process consisting in ex-
pending a condensible fluid doing useful
work and superheating the working fluid and

| preheating the liquid from which the work-
g fluid is formed to the temperature corre-

L]
Ll

sponding to the gr'essure desired, by abstract-

ing a portion of the working fluid at a low

pressuré and température and compressing

the abstracted portion tos pressiite corre-
sponding

to the temperature desired, con~
ensing a portion of the compressed fluid and
| imparting its latent heat.of vaporization to

105

110

115

| I‘_ZQ'

‘2
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~from the liquid.
.. 6. Heat-engin

* heat the liquid and superhest thefluid formed

~ panding a ‘condensible fluid d
5 work and superheating the work

the desired pressure, by-abstracting 8 por-
. tion of the working -ﬂflid-a;t'-'a, low tampera.‘g‘;rre
' “the abstracted |

10 and .pressure, compressing

~sired in & plurality of stages, conde

ngime process” consisting: in-éx-~
TX and's ating the working fluid and |
greheatingt 1e liquid from which'said fluid is

ormed to & temperature-corresponding to

834,008

-~ portion to the temperature of superheat de-:

-+ portion of the compressed fluid and impart-

“1ng 1ts latent heat of va’lll)j *
- 15 stage of compression to the working
- superheat said fluid and to preheat t

- from which the fluid is formed. -

fluid to

nsing a | specifics
] Art- | Ing witnesses, -
orization at each |

¢ liquid | -
1

[
*
B -
Ll

7. Heat-engine process consisting in ex--

-t

.|'panding & condensible gas doing - useful
‘work .and conipressing a portion of the gas 3o -
.abstracted. at: & low temperature and. -

pres--

-8ure to raise its temperature and transferring
its latent heat of vaporization to
Andompletely . expanded '
| waste latent heat of the gas is partia

partiaily or

‘whereby the
8 it of th Ually re- a5
toﬂldlm'tmﬂy or f-in;cpmpl,at_ely ex-
od portions, ' -

the presence of two subscrib-

tion in

| In testimony hereofIhlwe signed this

... 7 HENRY L. DOHERTY. .
- A.L.O’Briex,
E.VaN Zanor,
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