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To all whon, it may concern: 
Beit known that I, ARTHURMELLEN WEL 

LINGTON, a citizen of the United States, re 
siding at New York, county of New York, and 
State of New York, have invented certain 
new and useful Improvements in the Art of 
Converting Heat into Work by the Agency of 
Vapor Pressure and Apparatus for the Same, 
fully described and represented in the follow 
ing Specification and the accompanying draw 
ings; forming a part of the same. 
The basic element of my new process lies 

in the dissociation of the fire or other irregu 
lar source of heat from the boiler or other 
pressure-generator containing the confined 
Working Substance, in order that the effective 
connection between the two may be secured 
by a heat - conveying substance which is 
passed from the source of heat to the press 
ure-generator, and which in the typical case 
and except for special reasons is returned to 
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the source of heat to be reheated, so as to move 
in a closed cycle, being alternately heated to 
a desired or convenient point, passed to the 
pressure - generator containing the working 
Substance, cooled to a desired or convenient 
point by the surrender of heat to the working 
substance, and returned directly or indirectly 
to the source of heat to be reheated. In spe 
cial cases the heat-carrying substance is not 
returned to be reheated, but worked in open 
cycle, a new mass being continually received, 
heated, cooled, and discharged. 
The heat-conveying substance call, for con 

venience, the “circulating fluid,” whether it 
be worked in closed or open cycle. It is pref 
erably a liquid, but may be solid or gaseous in 
part or whole, and its sole function as a part 
of this process is to flow around in passage 
ways which are usually endless, being pref 
erably in continuous motion and under more 
Orless careful regulation as to speed and tem 
perature, and thus to convey heat to the work 
ing Substance. Having such a hot fluid in mo 
tion, however, it may at times be convenient 
to take some heat from it for some other use, 
and certain gains to this process may at times 
result from doing so. The circulating fluid 
may consist either of one or of several differ 
ent heat- conveying substances circulated 
either as a common mass or, as is often expe 

dient for practical reasons, in two or more dis 
tinct sets of passage-ways, but in either case 
it is spoken of collectively as the circulating 
fluid. 
Among the cases in which it is inexpedient 

to use over and over a single mass of circu 
lating fluid these two are prominent: First, 
in certain applications of my process a sur 
rounding mass of air or water already heated 
or partially heated to the desired point by na 
ture or in the practice of some other art may 
be drawn upon for the circulating fluid, and 
there is then an obvious practical advantage 
in receiving a fresh mass of circulating fluid 
from this existing Supply instead of using a 
single mass over and over in closed cycle. 
Secondly, in all cases when fire is used for 
heat a continuous supply of fresh air must 
be taken into the heater to support combus 
tion, and the gas thus used may most advan 
tageously be made a part of the circulating 
fluid by first causing it to absorb as much as 
possible of otherwise rejected waste heat on 
its Way to the heater, and then, after it has 
supported combustion, arranging to insure its 
reduction to an admissible temperature and 
passing it through the pressure-generator as 
a part of the circulating fluid, in order that it 
may surrender further heat before discharge. 
With care to insure that this gas shall be 
cooled downto a reasonably uniform and mod 
erate temperature before such use, it not only 
may be but in large plants should be used as 
a part of the circulating fluid, and if so used 
it must be used in open cycle, even though 
the rest of the circulating fluidis used in closed 
cycle. It will be understood, therefore, that 
the term “circulating fluid' is intended to 
cover not only a fluid a single mass of which 
is used repeatedly, but also a fluid which is 
drawn from a supply utilized in transporting 
heat to the working substance and then voided 
from the mechanism. 
As between air and water as a circulating 

fluid, each has decided theoretical advan 
tages. Air has the very great advantage of 
not being changed in physical properties by 
any extremes of temperature, and also of be 
ing a supporter of combustion, so that when 
air is used as the circulating fluid the heater 
may be a closed chamber in which fuel is 
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burned in the circulating fluid itself at a reg 
ular rate, such as just to supply the heat 
needed to raise it to the required tempera 
ture, with a resulting large economy of fuel, 

5 which in the best applications of the process 
may even rise to perfect economy of combus 
tion, the gases being discharged no hotter 
than when received. Being eight hundred 
and fifteen times lighter than Water, the 

Io same propelling pressure will drive it about 
WS15 - 28.55 times as fast, and the friction 
loss will be still less in proportion, thus in a 
measure compensating for its lack of lmaSS 
and low specific heat. For the opposite ex 

15 tremes of small engines, for which simplicity 
is an object and high economy relatively un 
important, and large engines working through 
a very great thermal range in order to realize 
high economy, air alone may be a very suit 

2o able circulating medium. Air has the fur 
ther great advantage in certain special appli 
cations of the process that it may be caused 
to change in temperature without any direct 
application of heat or cold simply by chang 

25 ingits status as compressed or uncompressed. 
Such special applications are covered by sep 
arate applications, however, and need not be 
described herein. On the other hand, as a 
heat-transmitter, air is extremely inefficient. 

3o A given heating-surface is from thirty to one 
hundred times as efficient between Water and 
water and steam as between air and Water Or 
steam. Therefore a correspondingly great 
excess of heating surface, or else of thermal 

35 head, or difference between the temperatures 
of the heating and the heated Substances, is 
required if the air be used over what is re 
quired with water as a circulating fluid. 
Water has the great advantage of a higher 

4o specific heat than any other known body, and 
my experiments indicate that it has also, nota 
bly, greater powers of imparting heat to me 
tallic surfaces than any other conveniently 
available fluid, but it has the great disadvan 

45 tage of being liquid at atmospheric pressures 
only between Zero and 100 centigrade. To 
overcome this deficiency by increasing the 
thermal range within which water is liquid, 
it may be circulated under pressure, and this 

5o will often be expedient, though it involves 
. Certain inconveniences even when the Water 
is used in a closed cycle and still more in 
open cycle. As a leading motive for using 
water rather than some other liquid will often 

55 be to use it in open cycle, water is not an en 
tirely desirable circulating fluid and may 
rarely be useful for this end at all except 
when its boiling-point is artificially raised by 
circulating it under pressure. In Special ap 

6o plications of the process water in the form of 
steam may serve as circulating fluid, espec 
ially when it is only a small portion of the 
total mass, but such use is not typical nor 
ordinarily expedient. 

65 If steam were to constitute a considerable 
fraction of the circulating fluid, the question 
of how that steam should be generated would 

then arise, and if it be generated in the ordi 
nary way all the defects of practice which it 
is the purpose of this invention to correct 
would still be retained. The use of steam Ol' 
any other vapor condensed from gaseous to 
liquid state in circulation as the Sole or main 
constituent of the circulating fluid is never 
expedient, and is not included within the term 
“circulating fluid.” Such a vapor condensed 
in circulation may, however, be used as a 
small part of the total mass of a circulating 
fluid, of which the gases of combustion form 
a part, for the incidental purpose of produc 
ing an induced draft and to cool down the 
gases of combustion to a temperature ap 
proximating more closely that of the liquid 
circulation. 
other liquids, of which paraffine-oil is an ex 
ample, which remain liquid within all ex 
tremes of temperature from Zero to 300 cen 
tigrade, or even more, which are chemically 
neutral and stable, even if subjected to long 
continued alternations of these temperatures, 
which do not gum and which may be circu 
lated with even less friction than water. They 
have in general a specific heat of about 0.4, 
which means that they must be circulated 
about two and one-half times as fast to Slip 
ply the same quantity of heat per hour to the 
same surfaces, and I have found them to have 
considerably less heat-transmitting efficiency 
than water when in contact with heating-sur 
faces; but the lower specific heat is an ad 
vantage, as it enables the fluid to be circu 
lated faster than it otherwise could. The 
speed at best is slow, and on the whole these 
oils have most of the advantages of Water, 
with some peculiarly their own, and they con 
stitute a convenient and suitable circulating 
medium when a liquid is used in a closed 
cycle, though requiring much more heating 
surface for equal efficiency. When so used 
in closed cycle, the scarcity or cost of the liq 
uid does not matter, nor even its noxiousness 
in a free state, since no great quantity is used 
and there is little or no waste. There is 
therefore a wide range of choice in regard to 
the components of the circulating fluid; but, 
so far as I yet know, either water or air or 
purified paraffine-oil combine the most advan 
tages, except as follows: 
As above stated, the circulating fluid may 

be solid in part or whole. An exclusively 
Solid circulation in the form of a movable 
Solid mass is a mere possibility; but it is 
rather the rule than the exception that a colm 
bination of solid liquid and gaseous elements 
gives a better circulating fluid than either 
One or two such elements alone. Whether 
the base of the circulating fluid be liquid 
(except possibly in the case of water) or gas 
eous, there is generally a decided advantage 
in mixing with it mechanically some pulver 
ized carbonaceous or other substances of good 
radiating properties, while for certain ex 
tremes of both heat and Cold which some of 
the best applications of this process require 

There are, however, a variety of 
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no liquid known to me has the requisite physi 
cal properties, and only gases can be used. 
The “Working substance’ to which heat is 

Supplied by Surrender from the circulating 
fluid may be any gaseous or liquid substance 
to which heat may be applied while it is con 
fined within a chamber, with the effect of 
generating or increasing therein a vapor 
pressure which enables the confined Substance 
to do useful work. 

In this specification and the claims all 
gases are considered as the vapors of liquids, 
whether ordinarily condensable or not. When 
used in connection with an engine for produc 
ing motion, the term “Working substance’re 
fers only to the substance which by its expan 
sive pressure causes the motion, but when 
used more broadly and without special refer 
ence to the mechanism in which the Working 
substance is used, the “work’ to which the 
term is intended to refer includes any sort of 
useful work which may be done by vapor 
pressure generated or increased by heat, 
whether it be Working a mechanical engine 
or securing any other result by the surrender 
of part or of all of its heat or pressure. 
The “dissociation’ of the Source of heat 

and working substance is simply a thermal 
dissociation, which may or may not be me 
chanical also. Ordinarily, two parts which 
are intended to be thermally dissociated 
should not be mechanically contiguous, but 
mechanical convenience may often render 
this expedient,even at some slight sacrifice of 
thermal dissociation. Whenever the source 
of heat and the Working substance are so dis 
posed that the circulating fluid may serve as 
the effective thermal connection between 
them, to the exclusion of interference by un 
regulated heat with the moderate and con 
trollable action of the circulating fluid so far 
as is practical, the source of heat and Work 
ing substance are thermally “dissociated 
within the meaning of the term as used here 
in, although there may be some considerable 
residue of direct action of the One upon the 
other by conduction of heat through common 
metallic parts or otherwise. 
By the apparently simple change of process 

above Outlined We attain, or may attain, a 
number of highly important ends. We elimi 
nate all temperature strains from the press 
lure-generator by subjecting it only to a regu 
lated and uniform heat. We may multiply 
many times the efficiency of the heating-sur 
faces when the circulating fluid is a liquid by 
securing liquid instead of gaseous contact 
with the heating-surfaces. More important 
than all else, perhaps, We may radically modify 
for the better the functional action of the 
pressure-generator by applying Our greatest 
heat at the top of the pressure-generator in 
stead of the bottom and carrying the heating 
and the heated substance in opposing cul 
rents past each other, the heating substance 
descending as it cools, while the heated sub 
stance. rises as it grows hotter, thus producing 

differential temperatures within the boiler, all 
its materials and contents being at all times 
hottest at the top, coldest at the bottom, by nec 
essary effect of the functional action, whereas 
in everyboiler to which fire is applied directly 
there exists a reverse and injurious tendency 
and status. With a circulating fluid, also, 
We may permeate the entire interior of the 
pressure-generator with our heat-supply, the 
steam-space as well as the water-space. The 
effect of these changes in practice and in the 
Status of the pressure - generator is too im 
portant and far-reaching to be explained in 
few words or to be at once comprehended. 
When followed out to its legitimate results 
it is found to be revolutionary, both as to the 
theory and the practice of both steam mak 
ing and steam using. The effect upon steam 
boiler practice is such that the boiler practi 
cally vanishes as a factor in the bulk and 
cost of steam-engines, and may more accu 
rately be conceived of as a mere enlargement 
of the steam-pipe in which a liquid changes 
into gas as it moves along. The effect upon 
the theory of steam-generation is to establish 
broadly as a general theorem that the irregul 
lar application of heatin bulk, and especially 
the unregulated heat of fire, to vaporizing 
Working substance under pressure is an error 
of process which is destructive of economy. 
The effect upon the use of steam is to make 
possible complete new processes for the con 
version of heat into Work with a percentage 
of economy heretofore unattainable, as shown 
more fully in this and other applications. 
This present application covers especially 

the improvements attained by the applica 
tion of the new process of steam-generation 
in connection. With present known processes 
of utilizing vapor pressure by changes based 
on a recognition of the fact stated above that 
the irregular application of heat in bulk and 
especially the direct heat of fire to a confined 
Working Substance under pressure is an error 
of process which is destructive of economy. 
While my improved process is of general 

application to all known types of air or vapor 
heat-engines, and to most other mechanisms 
in which heat is caused to do useful work by 
the generation and application of vapor 
pressure, it is best used, perhaps, in connec 
tion with various forms of steam-engines. 
The invention will, therefore, be described 
and illustrated With special application to 
steam-generation, reference being had to the 
accompanying dra Wings, forming a part of 
this specification, in which are illustrated dia 
grammatically the general features and 
methods of application of my process and an 
apparatus which I have found to be well 
suited for carrying out the process, the gen 
eral combinations and certain specific fea 
tures of which apparatus form in themselves 
parts of the invention. . 
In the drawings, Figure I is a dragram illus 

trative of the general process. Figs. 2 to 7 
are diagrams illustrating various methods of 
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applying the process. Fig. S is a diagram. 
showing in outline the general system of nor 
mal or useful and abnormal or Wasteful cir 
culation, the abnormal being shown in dotted 
lines and the normal with two boilers and 
one condenser in circuit. Fig. 9 is a draw 
ing, also largely diagrammatic, of a Substan 
tially complete apparatus embodying the cir 
culatory system and its adjuncts in their com 
plete form but in the simplest case-viz., 
With only one boiler and no condenser in cir 
cuit, but provided with a condenser out of cir 
cuit. Fig. 10 is a detail of the expansion and 
supply tank constructions. Figs. 11, 12, and 
13 are details of the boiler. Fig. 14 is a de 
tail of the feeding and regulating attachments 
of the boiler. Fig. 15 is a detail of the valve 
controlling the boiler-supply. Fig. 16 is a 
diagrammatic vertical section of the non-cir 
cuit evaporative condenser. Fig. 17 is a de 
tail of the grate-shaker connections. Fig. 18 
is a sectional detail of the circulating-pump. 

Stated broadly as a general principle ap 
plicable generally to existing processes utiliz 
ing vapor-pressure, the nature of the alleged 
error of process above referred to, and the 
correction of which forms the basis of this 
specification, may be explained thus: Fire in 
large mass is an uncontrollable thing. Fluc 
tuations of 1,000 centigrade (1,800 Fahren 
heit) or more may occur locally in a furnace 
within a few minutes or seconds of each other, 
and even greater fluctuations occur in the 
furnace as a whole at longer yet frequent in 
tervals. This exposes all the containing-sur 
faces to intense and irregular alternations of 
extreme heat and cold. Hence the first ne 
cessity for reasonable lightness and durability 
is that these surfaces should be free to expand 
and contract ad libilun without doing harm. 
To use the other side of the same surfaces 
as the containing - Surfaces for a mass of 
an explosive substance under pressure, but 
which yet by its conditions has a constant 
temperature, is illogical and absurd. It is 
yoking together two discordant and antago 
nistic things, which may possibly be done with 
safety, but only with costly precautions and 
occasional failures. These two uses of the 
same chamber are antagonistic and naturally 
require dissociation. The fire-chamber needs 
only the passive resistance of fire-brick, but 
no great strength. The steam and water cham 
ber, if the heating as well as the heated fluid 
may be at sensibly constant and controlled 
temperatures, needs only static strength and 
no massiveness at all; but, On the contrary, its 
function demands all possible thinness and 
delicacy of surfaces that static strength per 
mits. This first false step once taken-of 
making one what should be two-there is no 
resource remaining but to take several other 
false steps to avoid the consequences of the 
first. To resist the temperature strains alone, 
we are compelled to make the surfaces ob 
jectionably thick for heat-transmitting pur 
poses. The direct action of fire upon them 
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soon gives them also a non-conducting Scale Ol' 
coating, which alone decreases by one-half to 
four-fifths their heat-transmitting capacity. 
Worse than all, the fierce heat impacts make 
it absolutely necessary that all surfaces to 
which they are applied shall be well immersed 
in water, which in turn requires that the most 
intense heat shall be applied at Or near the 
bottom of the boiler and Of the contained 
mass of liquid and shall decrease in intensity 
toward the top, whereas the best evaporative 
conditions require that it shall increase toward 
the top. This error in the point of applying 
the most intense heat in its turn insures that 
nearly all the steam shall be generated at the 
bottom of the liquid instead of at the top, and 
hence that it must rise through the entire 
mass of liquid to escape from it. Thus arises 
a necessity for a violent circulation, in order 
that fresh liquid may be continually flowing 
in from the side to replace that which is con 
tinually removed and carried upward from the 
most heated surfaces, not so much by evapo 
ration as by the mechanical action of the rising 
steam. This in turn makes it absolutely nec 
essary that there shall be within a large mass 
of rapidly-circulating working substance to 
serve as an equalizer and harmless receiver 
of these heat-impacts and to furnish a suffi 
cient, mass, not only to give a considerable 
depth of water over the heated surfaces, but 
also to fill certain otherwise inert side spaces 
for the downward circulation to which from 
the nature of their function heat must not be 
applied, and which, therefore, only serve to in 
crease the bulk of the boiler and Working sub 
stance without adding to the evaporation. It 
is true that the large mass of contained work 
ing substance thus enforced has the slight ad 
ditional use of giving a small store of reserve 
power which may be drawn on for a few mo 
ments; but that function, also, is better sub 
served otherwise. This large quantity of func 
tionally useless and inactive working sub 
stance makes the boiler a magazine of explo 
sive energy and so necessitates still greater 
strength, not for ordinary needs, but for rare 
emergencies, which exist only because of the 
uncontrolled and intense heat-impacts. Un 
der my process, when best applied, I rarely 
need so much as one per cent. of the usual 
mass of working substance. This need for 
rapid circulation of a great mass of liquid in 
its turn requires that the active heating-sur 
faces shall be widely spaced with large free 
intervals between them for circulation, and 
this in its turn, with the requirement that all 
parts shall be of massive strength, forbids the 
production of any large amount of heating 
Surface in a small space, and hence requires 
that what heating-surface there is shall be 
intensely active and the ebullition from itin 
tense and Violent. This in its turn demands 
that the external thermal head shall be large, 
and hence that much heat shall be discharged 
to Waste, and also insures internally such 
violent upward foaming from the most heated 
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Spots that a large amount of priming must 
result, and this last in its turn requires a 
large and otherwise useless steam-space 
above the seething water, in order that in its 
Comparative quiet some of this water may 
drop back again out of the steam. Natur 
ally much of it refuses to drop back, but re 
mains in the steam. Again, the intense and 
irregular heats used forbid our exposing this 
steam to further heating-surface to evaporate 
its entrained Water and superheat the steam. 
The gases must be discharged to waste still 
highly heated for the very reason that they 
are so highly and irregularly heated, while the 
steam cools in its steam-space rather than is 
heated, that being the coldest part of the 
boiler, whereas it should be the hottest. 
Again, returning to the fire, in order that the 
concentrated impacts of heat may not be ab 
solutely destructive, it is necessary to spread 
out the fire over a large area, fire it with great 
care and skill, and leave large and to a great 
extent otherwise needless vacant spaces above 
and around the fire to prevent too fierce at 
tack by it upon the Working Substance, fur 
ther increasing bulk and massiveness. 
So I might go on and trace the calamitous 

effect of the basic error stated through the 
entire mechanism, especially in connection 
with the prevalent idea that water is the only 
convenient, or a specially convenient, working 
substance, which is certainly sound enough 
under present conditions of practice, and un 
der any conditions for non-condensing en 
gines, but which has no other logical founda 
tion for condensing-engines when traced back 
to its starting point than the basic error re 
ferred to. It is believed that, in the light of 
a larger knowledge and at no distant day, 
these methods will be looked back upon with 
Wonder as needlessly barbaric, absurd, and 
crude--as much so, both in nature and de 
gree, as the old Newcomen process of using 
the same chamber both as a Working engine 
and a condenser. In fact, the modification of 
process covered by this application bears a 
close analogy to that by which the modern 
steam-engine process was evolved from the 
Newcomen or pre-Watt process, each consist 
ing simply in a differentiation of process by 
which additional steps are introduced to effect 
the same result. The essentials of the re 
spective basic processes may thus be stated: 
The old pre-Watt process employed three 

elements: first, a furnace and boiler com 
bined; second, a passage for Working Sub 
stance, and, third, a Working engine and con 
denser combined. Watt, in 1769, differenti 
ated this process by separating the engine and 
condenser, and thus increased the conversion 
efficiency of the steam from one per cent, to 
about five per cent., which one hundred and 
twenty-five years of effort in perfecting de 
tails has since expanded to a maximum effi 
ciency of aboutfifteen per cent. The process 
thus obtained and still in universal use em 
ploys the following elements: first, a furnace 

and boiler combined; second, a passage for 
Working substance; third, a working engine; 
fourth, a passage for the exhaust; fifth, a 
condenser voiding combined heat and work 
ing substance externally. In the process of 
forming the present invention, however, this 
Watt process is differentiated still further by 
Separating the furnace and boiler, as illus 
trated in the diagram Fig. 1 of the drawings, 
accompanying this specification and employ 
ing the following seven elements: first, a 
heater H; second, a passage V for circulating 
fluid from heater to boiler, and preferably, 
also, for return to boiler; third, a boiler B to 
which no fire is applied; fourth, a passage P 
from boiler to engine; fifth, a working-engine 
E; sixth, a passage P. for the exhaust; sev 
enth, a condensel C. 

It is obvious that this process, as well as the 
pre-Watt and Watt processes may be abbre 
viated at the expense of economy by omitting 
the condensing step. The two latter processes 
then become identical, each alike giving the 
modern non-condensing-engine process, but 
the pre-Watt process never was, in fact, so 
abbreviated. 

Before describing the details of my new pro 
cess I will describe the general method of ap 
plying it to existing forms of steam-engines 
and the advantages which result therefrom. 

I will take the locomotive as one of the most 
unpromising examples of modern engines for 
a modification of process. I will regard and 
treat its two engines as one, that making the 
case still less favorable. Let, then, allfire be 
removed from the fire-box and placed in a 
separate receptacle, say on the tender. Let 
the grate be closed and made Water-tight. 
Let suitable baffle-plates be put into the 
adandoned fire-box and at the ends of the 
tubes, so as to promote an effective circula 
tion, and let the first and greatest heat be ap 
plied at the top of the boiler and not the bot 
tom. Let hot paraffine-oil or hot Water under 
pressure be circulated from the fire-box 
through the boiler as the boiler's source of 
heat, and by suitable regulating appliances, 
manual or automatic, let the oil be heated to 
some approximately fixed point-say to 355 
centigrade (671 Fahrenheit)-and cooled be 
fore returning to the heater down to the 
boiler-temperature or any desired point above 
it. Let the engine be Working high pressure, 
as usual, between 100 and 185 centigrade, 
(212 and 365 Fahrenheit,) corresponding to 
steam at 11.2 and one atmosphere (one hun 
dred and sixty-four pounds and 14.7 pounds 
per square inch) absolute pressure. These 
conditions only require that the mass per 
stroke of the circulating fluid shall be about 
3.87 times the mass of water evaporated per 
stroke, (or 9.68 times for specific heat 0.4,) im 
plying an almost imperceptible speed of cir 
culation. Fig. 2 of the drawings shows to a 
rude vertical scale of temperature the thermal 
conditions then obtaining, in which H is the 
heater on the tender and a the engine work 
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ing non-condensing between T and T'. The 
arrows show the path of the circulating fluid, 
which merely serves to convey heat to the 
steam, not to bring any exhaust heat back. 
At the temperature and point T the circulat 
ing fluid enters the boilers, is therein cooled 
through 255 centigrade down to the steam 
temperature, and then returns back to the 
heater to be heated up again to T. It is now 
easily seen that we have thereby enormously 
increased the thermal efficiency of the boiler. 
A liquid at 355 centigrade (671 Fahrenheit) 
is in contact with every part of the fire-box 
and tubes, this being hotter than the most 
exposed points of the inner face of the fire 
box ever are with radiant heat at 1,500 to 
2,000 centigrade (2,732” to 3,632 Fahren 
heit) acting directly upon them, as shown by 
the fact that lead safety-plugs melting con 
siderably below 355 centigrade (671 Fahren 
heit) do not melt in it; but every part of the 
heating-surface, both fire-box and tubes, now 
is or may be exposed to this same teimpera 
ture and liquid contact. As illustrated in 
Fig. 2, the mean thermal head for the whole 
heating-surface is only half as great as this; 
but as hot water or oil is from twenty to fifty 
times as effective aheating medium as air with 
a given surface and a given transmission inter 
Val we have then an enormous surplus of heat 
ing-power. Our greatest heat being applied 
at the top, our greatest steam-generation is 
there, and there is no longer either necessity 
for or tendency to interior circulation; but 
our metal surfaces may now be bright instead 
of dull, again greatly increasing their heat 
transmitting capacity. We may also run 
heating tubes through our steam-space, and 
thus not only dry, but highly superheat our 
steam. We have no longer any sensible tem 
perature strains. We can dispense with 
nearly all of the water in the boiler, which 
has been put there only to receive and equal 
ize heat impacts which no longer exist and 
to maintain a circulation which no longer is 
needed. Both for this reason and because of 
our enormous excess of heat supply, We can 
make our boiler much smaller. We also need 
no extra thickness as a guard against explo 
sions. We can also use much thinner and 
Slmaller tubes, and so reduce our boiler still 
smaller. We need no longer any space what 
ever for the fire-box. The superheating of 
the steam alone, which is a natural result of 
the above process of steam-generation, is 
likely to reduce greatly or even avoid alto 
gether the customary excess of thirty to fifty 
per cent. in actual steam consumption over 
what the indicator-cards call for. Every con 
dition is improved. Our heater on the ten 
der also Works under improved conditions. 
The grate and its containing-box may be 
smaller and the fire correspondingly deeper. 
It may be contained in a plain iron box, which 
does not attempt to resist temperature strains 
and so does not deteriorate under them. The 
surrounding liquid is below its boiling-point. 

Consequently it generates no steam, and con 
sequently We may use for it any kind of cheap 
metallic surfaces which may safely be brought 
quite close to the fire. The gases of combus 
tion may be carried in close contact with these 
metallic surfaces and their extension for some 
distance at the cool end, and thus be much 
cooled down before discharged. The irregu 
larities of temperature which necessarily re 
sult from using the same surfaces alternately 
and irregularly for heating, evaporating, and 
superheating, with their very different rates of 
heat absorption, no longer exist, while the 
irregular heat impacts which we cannot avoid 
in a fire-box do no harm to Such Surfaces as 
described, which are free to expand and con 
tract. Our exhaust-steam may still be used 
to cause artificial draft; but by placing a ther 
mostat in the circulating fluid we may regu 
late precisely the air-supply which we allow 
to enter the fire, so as to produce just enough 
heat and no more-a method of regulation 
which we cannot use when the heated Sub 
stance is the steam-producing liquid itself, 
which does not change in temperature with 
the quantity of heat supplied after its Work 
ing pressure has once been reached. 

It will now be obvious, also, that having 
greatly reduced the necessary size of Our 
boiler we may move back our heater from the 
tender to its usual place on the engine and 
still preserve all the conditions with the heater 
on the tender. The dissociation of boiler and 
fire-box, as above explained, refers only to 
thermal conditions and does not forbid that 
they be mechanically contiguous. We have 
simply to cut off the present fire-bóN and its 
heating-surface bodily, put a much smaller 
plain box for a heater in its place and we still 
have left, in the barrel of the boiler only, 
many times more steam-space and heating 
surface than we have any use for. There 
fore reducing our boiler to its required dimen 
sions only we have plenty of spare space and 
weight for an air-cooler or a condenser if we 
choose to add one. All this has been accom 
plished under the most unfavorable condi 
tions, allowing for only one engine. With 
two or more engines to run we can do much 
better in a variety of ways, as illustrated in 
Figs. 3 to 7 of the drawings, and as will be 
explained hereinafter. 
The preceding is regarded as sufficient to 

establish the generality of the principle that 
the new process as applied to steam genera 
tion by introducing a circulating fluid as the 
thermal connection between fire and boiler 
is a direct advantage to the simplest engine 
processes, in addition to opening an easy road 
to further and greater modifications of pro 
CGSS. 

I now proceed to describe the details of the 
process more precisely, since its advantages 
only have been so far explained, and not its 
limitations. A circulating fluid cannot be 
used without great sacrifice of its possible ad 
vantages, except in connection with certain 
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regulatory and other adjuncts so far uncon 
sidered. 

In the first place, if the circulating fluid 
be a liquid, an expansion-tank or its equiva 
lent must be used, since all fluids expand 
When heated with irresistible force, and since 
the circulating-pipes should at all times be 
full of fluid, and yet not more than full. It is 
then theoretically possible by providing cir 
culating-passages of immense strength, such 
as can resist any extreme of vapor-pressure 
which any fire can create and by substitut 
ing great vigilance for automatic regulation, 
to circulate a heat-conveying liquid between 
an ordinary unregulated fire and an ordinary 
type of boiler and realize some of the advan 
tages which have been described; but for 
practical results from the process, except, pos 
sibly, in special applications not forming a 
part of the invention covered by the present 
application, whether the circulating-fluid be 
a liquid or a gas, it must include one or more 
of the following features, and to realize its 
highest advantages it should include them all. 
These adjuncts are arranged in their logical 
sequence in the process. 
A. Regulation of the maximum tempera 

ture of the circulating fluid-that, is the tem 
perature of the circulating fluid as it passes 
to the boiler. 

B. Regulation of the volume of the circu 
lating fluid so as to keep it sensibly constant 
at all temperatures. 

C. Application of the circulating fluid to 
the working substance in such a manner as 
to produce and utilize differential tempera 
tures within the boiler, as below explained. 

45 
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D. Regulation of the minimum tempera 
ture of the circulating fluid-that is, the tem 
perature to which the circulating fluid is 
cooled in the boiler-preferably by controlling 
the speed of circulation. 

E. Regulation of the volume of working 
substance in the boiler so as to keep it sensi 
bly constant. 

F. Regulation of the degree of pressure 
which can exist in the boiler. 
Most of these adjuncts may be quite simply 

effected, and by different means. The ap 
pliances which, as a rule, I deem preferable 
are given belows; but Ilimit myself to no par 
ticular form of these appliances, as the pro 
cess may be adapted to the use of many dif 
ferent forms. I proceed to consider them in 
order. 

Adjunct A.-Regulation of the Maa'imum 
Temperature of the Circulating Fluid. 
By this I mean the regulation of the tem 

perature of the circulating fluid on the hot 
side-that is, as it passes to the boiler or boil 
ers-which is its maximum. This is the most 
essential element in respect to safety of the 
apparatus when the fluid is heated by the di 
rect action offire. Otherwise all the passages 
must be of immense strength and thickness, 
since the volume of the circulating fluid is 

Small, and its capacity for absorbing heat also 
Small, because of the lack of any vaporization. 
Therefore without regulation of the tempera 
ture imparted the pressure within the pipes 
is liable to rise at any time when rapid With 
drawal of heat ceases very nearly to that 
due to the temperature of combustion, which 
is several hundred atmospheres with any 
probable circulating fluid. Of course any 
danger of explosion from such pressure may 
be guarded against by a suitable safety 
valve, which in any case should be added as 
an additional precaution; but this involves 
loss of fluid from the circulating-pipes, and 
consequent disabling of the apparatus. It 
should exist only as an additional and inde 
pendent precaution, which is very rarely 
called into action, and neverin normal Work 
ing. The only proper normal method of 
regulation is that the rate of imparting heat 
to the circulating fluid shall instantly de 
crease when the temperature or pressure 
within it reaches a certain point. Various 
methods of securing this result may be used, 
and it matters not what particular method be 
chosen, and each may be brought into action 
either by the temperature or by the pressure 
of the circulating fluid through appropriate 
thermostats, valves, or diaphragms. ICOn 
fine myself to no particular method; but one 
or more attachments for this purpose are pref 
erably used in all cases, and should come into 
action before the circulating pressures reach 
such a point as to open the circulation safety 
valve. This becomes especially important 
when the circulating fluid is Water circulated 
under pressure to raise its boiling-point, as 
above described, and in most cases it is likely 
to be thus circulated under heavy pressures, 
if used at all, in order to get a large thermal 
head or a greater thermal range. 

For the regulation of the maximum tem 
perature of the circulating fluid three general 
methods are possible, which are independent 
of each other and may be effected by differ 
entmeans, and which, preferably, are all used. 
These are, first, regulation of the air-supply; 
second, regulation of the fuel-supply, and, 
third, waste of heat after combustion. These 
will be considered in order. 

Regulation of air-supply.-Inasmuch as the 
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circulating fluid can practically store no heat, 
northeboiler, either, when properly designed, 
as will be seen hereinafter, the main reliance 
for economical combustion must be on direct 
control of the rate of combustion through the 
air-supply or the fuel-supply, or preferably 
both. 
The air-supply can be regulated automati 

cally with great exactitude by making the 
heater perfectly air-tight, or as nearly so as 
may be, and providing two openings for air 
supply, one of which admits air below the 
grate to support combustion and the other 
of which admits air above the grate in part 
to perfect combustion to the extent that the 
nature of the fuel makes necessary, but 
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chiefly to check combustion when necessary, 
by admitting air above the fire so as to destroy 
the draft through it, as well as to cool the 
gases of combustion. To this end the open 
ing below the grate should be of such size as 
to admit all the air needed for good combustion 
at the most rapid rate when full open, and no 
more. It should be controlled by any simple 
valve, preferably a plain flap-valve, which 
closes completely when the temperature or 
pressure of the circulation reaches a desired 
Working maximum, and this should be the 
first regulatory adjunct to act. The opening 
or openings above the grate should also be 
controlled by some flap or other valve which 
never closes the opening completely if air 
above the fire is a necessity for good combus 
tion, but which otherwise may be normally 
closed. Before heat begins to be wasted, as 
hereinafter described, however, this valve 
should open pretty widely, since it has the 
double effect of checking the production of 
heat, as well as getting rid of it wastefully, 
and thus is more economical. 

Regulation of fuel-supply.-With any form 
of liquid, gaseous, or pulverized solid fuel 
this is very easily effected by a valve acting 
concurrently with that controlling the air 
supply for combustion. It should, therefore, 
in most cases be mechanically a part of the 
air-supply valve, and in all cases may and 
should be actuated by a common regulative 
connection, so as to be synchronous in its ac 
tion. I contemplate the use of such gaseous 
or pulverized fuel so far as possible, for the 
very reason that the supply is so easily reg 
ulated. When coal in solid form is used as 
fuel, such direct regulation is not possible 
but in practical effect it may be closely ap 
proached. I recommend in all cases that the 
grate be given an adjustable and automatic 
slow rocking or rotating motion, so that the 
fires may keep themselves in good order with 
a minimum of attention. It is far more im 
portant to do this than with the now usual pro 
cesses of steam generation. These last are 
carried on under such dangerous and unfavor 
able conditions at best that constant skilled at 
tention is required anyway. My aim in de 
veloping this process has been to utilize to the 
fullest extentitsinherent advantage of being 
naturally safe and self-regulative. There 
fore Irecommend not only that this mechani 
cal rotating or rocking action of the grate be 
always obtained, which may be done by a 
suitable connection from any moving part, 
but that it be made automatically variable 
according to the temperature or pressure of 
the circulating fluid, preferably by a connec 
tion with the same regulator which controls 
the air-supply, in such a manner that all grate 
motion ceases, or at least is diminished, when 
ever the circulating temperatures begin to 
rise above the desired maximum. It is easier 
to stop the motion altogether than merely 
to diminish it, since the first requires only 
some simple disconnecting device actuated 

by the thermostat or pressure device while 
the second requires a change of some lever 
age. Therefore instead of aiming at a con 
tinuous though variable movement the mo 
tion should for convenience be intermittent, 
but comparatively vigorous when it occurs. 
It should in any case be slow, however, in 
order to give its effect time to show in the 
temperatures before it goes too far. This reg 
ulatory adjunct becomes especially desirable 
when the fuel used is anthracite. In that 
case the “base-burner’ principle, under 
which the fire is fed continuously by a maga 
zine of fuel above it, will ordinarily give the 
best results, and if this be combined with reg 
ulated movement of the grate the fire may 
be kept for many hours together in just the 
condition required by the demand for heat, 
whether regular or irregular, without any 
further attention than to insure that the fuel 
magazine is not exhausted. 

Waste of heat after combustion.-There are 
four obvious efficient ways of effecting this 
end, all of which may be used, and which are 
preferably brought into action in the follow 
ing order: First, opening a direct escape for 
the gases of combustion so that their heat is 
wasted; second, passing the circulating fluid 
through a wasteful cooler after it leaves the 
heater; third, a temperature safety-valve posi 
tively opened; fourth, a pressure safety-valve 
opened by excess of pressure. All these 
methods are wasteful, since they merely dis 
charge to waste the excessive heat of com 
bustion, which otherwise would be imparted 
to or remain in the circulating fluid. They 
should, therefore, not be the primary reliance 
for heat regulation any more than the safety 
valve, though they may be made so by suffi 
cient care in firing; but the regulative meth 
ods previously described, which are a check 
upon the actual generation of heat, are prefer 
ably used in all cases, whether with or without 
any or all of these Wasteful methods. The 
opening of an escape for the gases of combus 
tion may be secured by a damper of any com 
mon form actuated by any suitable means, 
such as a thermostat, and the temperature 
safety-valve may be placed in any suitable 
position upon the circulating system and oper 
ated by any similar means. Any common or 
suitable form of pressure safety-valve may be 
used. 
The wasteful cooling of the circulating fluid 

after it leaves the heater may best be secured 
by an open evaporative tank, into which the 
circulating fluid is directed from the normal 
circulating system when the temperature rises 
too high, so that the temperature of the cir 
culating fluid in the boiler may at once be re 
duced independently of any lessening of the 
amount of heatimparted thereto. This change 
of the circulation is preferably controlled a u 
tomatically by means coming into effect be 
fore the safety-valves, but after the other 
regulative means above stated, so as to act in 
case any of them should fail or all prove in 
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sufficient; but it is preferably controlled man 
ually also, the special and most important 
function of this feature being to cut off at 
Once the circulating fluid from the boiler when 
the boiler system is thrown out of operation, 
and it is then desirable that this should be 
done by hand at once and independently of 
any other regulative appliance. In fact, de 
flecting the circulation into this wasteful 
cooler is one of the best Ways of stopping the 
engine when there is no special haste to do 
so, since it has the further advantage of re 
lieving the boiler and heater of all sudden in 
crease of temperatures. This change of the 
circulation is indicated in Fig. 8, which shows. 
in diagram the complete circulating system 
with two boilers and a condenser in circuit. 
Under the arrangement shown, engine E is 
a condensing - engine working between the 
boiler Band condenser C, while E is or may be 
a non-condensing engine discharging its ex 
haust into the atmosphere. So far as the cir 
culating system is concerned, it is indifferent 
whether E' is non-condensing or whether it 
has a condenser not in circuit, served by some 
external cooling agent. To make the circu 
lating system of Fig. 8 conform to that of a 
single boiler, it is only necessary to omit 
boiler B' and condenser C and their connec 
tions and run pipe W directly from the lower 
part of boiler B to the heater H. 
The normal circulation is shown in Fig. 8 

by the parts in full lines, and is from the 
heater H, through the pipe V, to the expan 
sion-tank T, and thence through the second 
pipe V to the boiler B. After circulating 
through this, as shown by dotted lines, the 
circulating fluid passes by the pipe V to and 
through the second boiler B', which may or 
dinarily contain some more volatile working 
substance than boiler B. In any case, the cir 
culating fluid is considerably cooled by pass 
ing through the boiler B", and thus is fitted to 

45 
return through a condenser C, which receives 
and Condenses the exhaust-steam from the 
engine E, served by the boiler B, and to ab 
SOrb and return to heater some fraction of the 
otherwise Wasted heat of engine E. From 
the condenser C the circulating fluid returns 
through the pipe V' to the heater EI, to be re 
heated and repeat its circuit. The abnormal 
circulation is shown by the parts in dotted 
lines and is brought into action by shifting 
three-Way cock ac, when the boilers are cut out 
of the circulation and the circulating fluid 
passes from the tank T, through the pipe V 
and open evaporative tank Z, back to the 
heater. This abnormal circulation comes into 
action temporarily only for the brief periods in 
which withdrawal of heat through the boilers 
has ceased while there has not yet been time 
to stop the generation of heat in the heater, so 
that the excess must be dissipated unless the 
internal temperatures of the system are to in 
crease objectionably. Whenever gaseous, 
liquid, or pulverized solid fuel is used, this 
abnormal circulating system becomes unnec 

essary, because in that case the generation of 
heat can be stopped as suddenly as its with 
drawal. There is another method by which 
this Wasteful regulation may be attained 
viz., diverting the circulating fluid, or a part 
of it, from the heater, or from the hottest part 
of the heater-but on account of obvious me 
chanical and economical difficulties, and es 
pecially the importance of protecting all parts 
of the heater against overheating, it will prob 
ably not be found desirable to use it. 

It is obvious that many different means may 
be used for securing regulation of the maxi 
mum temperature by some or all of the meth 
Ods above pointed out and that either ther 
mostatic or pressure regulation may be used. 
As between thermostatic and pressure regul 
lation, however, I prefer the former, since a 
thermostat may be made so simple, and yet 
so positive and certain in its action. Which 
ever be used, however, we may, by a single 
thermostat or regulator, control all the fol 
lowing regulative features so as to act at suc 
cessive small increments of temperature or 
pressure: first, decrease the fuel supply or 
stop the grate-shaker; second, shut offair sup 
ply below grate; third, admit air above grate; 
fourth, discharge hot gases wastefully; fifth, 
divert the circulating fluid into an evapora 
tive pan for wasting heat; sixth, open posi 
tively some relief-valve. It is better that 
the positive action of a proper thermostat 
should be relied on to open a safety-valve 
rather than internal pressure, because the 
thermostat acts or may act with practically 
resistless power, while it is almost impossible 
for it to get out of order. Nevertheless, asitis 
conceivable that it mightfail, an independent 
pressure safety-valve of the usual type should 
be added. By these six methods, together 
with a pressure safety-valve, we may have 
perfect regulation of maximum temperatures, 
and at all times in the most economical way 
which is adequate for the needs of the mo 
ment. As they are all so simply attained, 
there is no motive for omitting any one of 
them. Nevertheless, as each one of them is 
independently effective, any one or more of 
them may be used without the others, and 
with a little more care and risk may be suf 
ficiently effective and but little more wasteful. 
Adjunct B.-Regulation of Volume of Circu 

lating Fluid. 
The circulation may be effected in part by 

the natural action of the difference in gravity 
of hot and cold fluids, as outlined in Fig. 8, 
where the expansion-tank T is at the top of 
the system and the heater H at the bottom. 
By an old and well-known process it is only 
necessary that the expansion-tank shall thus 
be the highest point on the system and the 
heater the lowest or nearly the lowest, to have 
quite a rapid natural circulation begin un 
der the conditions sketched, and continue so 
long as heat is supplied in H and abstracted 
in some considerable quantities in B or else 
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where on the circuit IIV TV BV BV CW' II. 
The rapidity of natural circulation may be 
increased by elevating the boilers and tank 
T, and this natural circulation alone may 
nearly or quite suffice if the circulating-pas 
Sages be made large enough; but for reasons 
given more fully below a high speed through 
small passages gives better evaporative duty 
than a low speed through large passages, and 
hence a circulating-pump is nearly always ex 
pedient even with only one boiler in circuit, 
and still more when there are several boilers 
and, perhaps, several condenser's also. If the 
expansion-tank has only a moderate eleva 
tion, the circulation will be purely liquid only 
so long as the liquid in the tank T stands at 
or near to the level of the hot intake. There 
after unless there be a circulating-pump and 
the engine is in motion it will only be con 
tinued by the generation of steam in the 
heater, which is objectionable because no 
metal surfaces exposed to the direct action of 
fire should be alternately bare and in contact 
with liquid. Therefore it is desirable that 
the circulating fluid shall at all times be 
maintained in a nearly-constant Volume, and 
this in starting the fires as well as when work 
ing, though this latter is not so important. 
Under these circumstances when a moderate 
range only is contemplated, as from zero to 
100 centigrade or less, as in most hot-Water 
heating-plants, it is sufficient to fill a small 
sized tight drum about half full and rely on 
occasional inspection to maintain the proper 
height of liquid within it. The change in the 
volume of water for such a range is only about 
four per cent; but when temperatures as 
high as 400 centigrade (752. Fahrenheit) or 
more are contemplated the change in volume 
is greatly more than in proportion, being 
nearly one-third, and, moreover, most of the 
oils expand with heat about twice as much as 
water, so that a very great change of volume 
must then be provided for. This may be done 
either by using a Very large expansion-tank 
or by providing means for regulating with 
some exactitude the level of liquid within it. 
If the first expedient be resorted to, the tank 
should have for water an interior volume of 
about two-thirds of the total volume of the 
liquid circulation in order that there may be 
some liquid in the tank when it is coldest, and 
that it may not be more than half ful when 
it is hottest. This is the simplest expedient, 
and in order that it may be feasible it is desir 
able that the volume of the circulating fluid 
should be kept at its minimum by using no 
unnecessary lengths or sizes of circulating 
passages; but the expansion - tank may be 
made much smaller and the volume of circul 
lating fluid kept constant regardless of tem 
perature or oversight, which is highly desir 
able, by providing a separate storage-tank of 
ample capacity, which yet need not be great, at 
some convenient point, preferably higher 
than the expansion-tank, and connecting it 
thereWith in such manner that when the ex 
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pansion-tank is more than about half full 
liquid flows from it to the storage-tank, and 
when it is less than half full liquid flows into 
it from the storage-tank. This may best be 
effected by having inside the expansion-tank 
a float of some considerable size and power, 
which floats about half immersed, so that it, 
may act with about equal effect by its gravity 
downward or by its flotation upward. When 
the liquid falls too low, this float opens a valve 
which equalizes steam-pressure between the 
expansion and storage tanks, and so permits 
liquid to flow by gravity or otherwise from 
the latter to the former through a pipe con 
nection between the bottoms of the two tanks, 
which pipe should be provided with a check 
valve against any undesired return-current. 
After sufficient liquid has thus been admitted 
the float will rise and close the valve, leaving 
the steam admitted to the storage-tank to coin 
dense therein by natural radiation, either 
producing a vacuum or restoring atmospheric 
pressure, as desired. If the liquid rises too 
high, it can only do so because it is expand 
ing from heat, which means that there is or 
always may be, by having a trifling percent 
age of some more volatile ingredient in the 
circulating fluid, some small pressure, at least, 
in the expansion-tank. Therefore all that the 
float need do is to open a valve in the bottom, 
Which closes a pipe leading to the storage 
tank, and the internal pressure will drive the 
surplus liquid out directly. Both of these 
valves may and should be quite Small, since 
the changes of volume should take place quite 
slowly. Therefore the work thrown on the 
float is very light, so light that the float may 
be entirely dispensed with and the gravity of 
the contained liquid alone used to actuate the 
valves, by making them sufficiently delicate; 
but this would be inexpedient. Temperatures 
or pressures cannot be used to effect this regu 
lation for obvious reasons; but the mechani 
cal details may be greatly varied. I attach 
considerable importance to this regulative 
adjunct. To use the process in the best way 
we must deal with high-liquid to imperatures, 
implying great changes of liquid volume. 
By the aid of this, adjunct, nevertheless, we 
may use quite a small expansion-tank. We 
may be sure that it is just full enough and 
not too full under all conditions and without 
any manual regulation, and We may put the 
storage-tank at any distance we please from 
the expansion-tank, connecting the two by 
two small pipes, so that it will not be in the 
way. It is not even necessary, though it will 
usually be expedient, that the storage-tank 
shall be higher than the expansion-tank, 
since some slight and constant pressure may 
be substituted forgravity. 

Adjunct C.-Boiler Process. 
A circulating fluid which is otherwise prop 

erly handled may be used with great advan 
tage with any kind of boiler, as we have seen, 
since we may leave the boiler otherwise the 
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same and get improved conditions for steam 
generation and a far greater steam-supplying 
capacity without other mechanical change 
than substituting a circulating fluid for fire as 
the heating agent. As above stated, however, 
the circulating fluid should be applied, first, 
to the hotter parts and then to the colder 
parts of the Working Substance, being passed 
downward from top to bottom of the pressure 
generator, instead of applying the heat first 
to the bottom of the Working substance, as at 
present. The difference between the two 
cases and the proper functional management 
of the circulating fluid may be most clearly 
shown by taking a simple type of boiler origi 
nally designed for fire-say a vertical tubu 
lar-though it matters not what type be 
chosen and showing how Such a boiler may 
best be adapted to the use of a circulating 
fluid. Expressed in the fewest possible words, 
the proper method is to enter the circulating 
fluid hot through the passage which before 
was the uptake or chimney, and then pass it 
downward through the tubes in which the 
gases before went upward, whence it goes 
much cooled into the fire-box which was be 
fore the source of heat,and thence out through 
the grate, thus directly reversing the usual 
currents and comparative temperatures. In 
every sort of boiler the circulating fluid should 
enter at the top, thence Work its Way down, 
more or less circuitously, and pass out cooled 
at the bottom. In the vertical tubular boiler 
this descent is direct through passages which 
already occupy both the steam-space and the 
water-space. In a horizontal tubular boiler 
the descent is properlyin horizontal ZigZags, 
and there are no tubes in the steam-space, 
which should accordingly be added for the 
best results. In either case the need for cir 
culation has Vanished and the tendency to cir 
culation has beenlargely reduced. The need 
for circulation resulted only from the intense 
heats of the fire and the generation of most of 
the Steam at the bottom of the boiler. The 
tendency to circulation has been decreased, 
as the most of the steam is now generated 
near the top and none near the bottom, thus 
avoiding largely the mechanical action of the 
rising steam. Some tendency to circulation 
still remains, however, owing to the unequal 
distribution of heat in different parts of the 
boiler, which is increased largely by the side 
spaces left cold intentionally to provide pas 
sages for downward circulation. It is impor 
tant that all tendency to circulation be elimi 
nated and circulation prevented, and Isecure 
this result by the uniform distribution and 
close spacing of the heating - surfaces. By 
** uniform distribution’ is meant. Such distri 
bution of the heating-surfaces that all of the 
vertical columns into which the Water in the 
boiler may be conceived to be divided between 
such heating-surfaces and between the heat 
ing-surfaces and the boiler-shell shall receive 
substantially the same amount of heat and be 
of the same mean temperature and density 
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and no cold spaces belleft for downward circu 
lation, as in the boilers now in use. The dis 
tribution of the space between the heating 
surfaces and between the heating - Surfaces 
and boiler-shell will depend upon the nature 
and size of the heating-surfaces employed. If 
tubes be used and they are of the same size 
throughout the boiler, the spacing Will be 
equal, but the spacing may and preferably 
should increase somewhat with the size of the 
tubes, if different-sized tubes be used. By 
“closely spaced” is meant that the heating 
surfaces must be spaced at such distances 
apart as to avoid the formation of any cold in 
terspaces through which downward circula 
tion may be set up. If tubes be used, the 
requisite spacing will depend somewhat upon 
their size and the intensity of the heating ac 
tion, the smaller the tubes and the lower the in 
tensity the closer the spacing required. The 
effect of this construction is that the Water 
is at differential temperatures and densities 
throughoutinhorizontallayers, lightest at the 
top and heaviest at the bottom, and therefore 
actively resists and prevents any circulation 
which the steam generation might otherwise 
cause. This being the case, it will be easily 
seen why any type of fire-boiler is needlessly 
bulky and clumsy for use with circulating 
fluids, and why the continued use of Such 
types would involve great and needless sac 
rifice. In the first place, as we have no need 
to provide for circulation, and as our heating 
Surfaces never rise above or fall below an 
externally-fixed temperature, We neither gain 
nor lose dynamically by having more liquid 
in the boiler than is needed to give the de 
sired area of liquid contact with our heating 
surfaces. As We gain a mechanical advan 
tage by reducing the contained quantities We 
should do so. We need no large liquid mass 
to receive irregular heat impacts, because We 
have none. We need none to prevent ex 
cessive steam generation at particular points 
or moments, because Our Steam generation, 
if excessive, is continuously and uniformly 
so and not affected by interior Volume, SO 
that it must be controlled in other ways. As 
no interior circulation is Wanted and none 
will occur, however widely spaced the tubes, 
within the limits defined we need no wide 
spacing of tubes. Therefore the tubes may 
be and preferably are very closely spaced 
whatever their size, and no more liquid than 
is needed to give contact with them need be 
inclosed. There is indeed one Small advan 
tage from having a large volume of contained 
liquid, that it serves in Some degree as a re 
serve of power; but this end is better at 
tained ordinarily by the thermostatic regula 
tion of the fires. As economy requires that 
they be not pushed very hard in regular 
working, they will respond instantly and all 
tomatically to a considerable extra demand 
under the conditions of this process. A still 
more important end is or may be secured by 
the construction explained, which carries the 
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differential temperatures within the cham 
ber-viz., that it reduces the necessary mean 
tlhelma head. This feature becomes of much 
importance in certain processes referred in 
other applications and is there more fully 
explained; but the tubes no longer need to 
be large or thick to let gases of combustion 
through freely or to resist temperature strains 
or abrasion of cinders. Therefore they should 
be quite small, since the liquid at slow speed 
flows through small tubes equally well and 
the weight of the tubes per square foot of sur 
face varies directly with the diameter and the 
heating area per cubic foot of boiler inversely 
there with. Therefore we need twice as large 
and heavy a boiler with one-half-inch tubes 
as we do with one-fourth inch, and proportion 
ately for other diameters. With two-inch 
tubes the boiler is increased eightfold over 
one-fourth-inclh tubes. It is even then so 
small that the larger sizes may often be use 
fully employed, and perhaps longer experi 
ence will indicate that larger tubes than Inow 
favor are preferable; but so far as Iyet know 
one-fourth-inch copper tubes are more suit 
able for any size of boilers than larger tubes. 
With tubes of this size the boiler may be, as 
already stated, so small that it may more prop 
erly be considered as a mere enlargement of 
the feed-pipe in which water is turned into 
steam as it moves along by passing between 
evenly hot surfaces at a fixed rate, since as 
much as one-hundred horse-power of steam 
power may be continuously and economically 
produced per cubic foot of total boiler vol 
ume, as shown more fully hereinafter among 
mechanical details. Nevertheless it will of 
ten be inexpedient to attempt such very high 
duty, for reasons explained at the close of the 
description of the next adjunct-D. It follows 
from these facts that the boiler-surfaces need 
not be tubes at all. I do not confine myself 
to them. They may instead be a mass of thin 
flat plates closely spaced and indented or cor 
rugated, so as to keep their spacing against 
whichever fluid is under the greatest pressure, 
whether the circulating or the working sub 
stance. Such a boiler is fully described and 
claimed in another application, Serial No. 
507,25S, filed April 12, 1894. In any case the 
boiler will ordinarily give the best results 
when from two-thirds to four-fifths full of liq 
uid, and it is better to have a considerable 
area of heating-surface, perhaps ten to fifteen 
percent. of the whole, devoted to superheating 
uses alone. The possibility of very highly 
superheating Without risk or any special ap 
pliances therefor is one of the greatest ad 
vantages of the use of my process. 
As we have no need for any steam-space be 

yond what is required for generating and su 
perheating the steam, it follows from all that. 
has preceded that the best boiler for use with 
a circulating fluid will consist of a mass. of 
thin and delicate heating-surfaces filling 
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heating and heated substances in opposing “steam - space” and “water-space” alike 
currents past each other, and so introduces without any distinction between them, with 

no greater total bulk than is needed to insure 
enough heating-surface, with the circulating 
fluid entering hot at the top and working its 
way downward to the bottom, and with the 
working substance entering cold at the bot 
tom and leaving hot at the top. Other details 
may be varied at pleasure within widelimits, 
as also the character of the heating-surfaces; 
but the character and arrangement of sur 
faces described will be found to secure many 
advantages. 
The principle that heat applied to a vapor 

izing substance under pressure should always 
be most intense at the top and coldest at the 
bottom is one of general application, and the 
mere correction of this error, with a minimum 
of other change, will always result in im 
proved functional action, all the present com 
mercial forms of boilers violating this prin 
ciple. The broad basis for this principle lies 
in the fact that inasmuch as all possible work 
ing substances expand with heat and con 
tract with cold gravity always tends to seg 
regate the exterior mass of working or heated 
substance into horizontal layers, coldest at the 
bottom and hottest at the top, and when the 
process of heating produces and includes a 
change from the liquid to the gaseous form this 
tendency to segregation is of course vastly in 
creased and becomes irresistible by any vio 
lence of circulation. Therefore, in order to 
produce the smoothest and most efficient ac 
tion of a boiler the heating agent, whatever 
it is, should act first at the top with its great 
est intensity of heat and then pass from the 
top downward, or in a reverse direction, to the 
heated substance, which should enter cold at 
the bottom and leave hot at the top. The 
heating agent thus first superheats, then sur 
rendel's heat with great intensity and rapid 
ity for vaporization, which confines that pro 
cess chiefly to the immediate vicinity of the 
surface, its intensity decreasing directly with 
the depth below the surface until at one-fifth 
to one-half of the total depth of liquid vapo 
rization practically ceases. Only when the 
Working substance is fed at the boiling-point 
will it extend through the entire depth, and 
then its intensity will decrease with the depth, 
so that three-fourths of it will occur in the 
upper half of the liquid. The heating agent 
having passed below this depth, all the re 
mainder of the liquid is still below the boil 
ing-point, and hence more efficient than it 
otherwise could be for abstracting heat from 
the now much-cooled heating agent, and 
hence the latter is cooled before it is dis 
charged, sensibly, below the point possible, 
when, as in most present types of boilers, 
most of the gases never encounter any liquid 
below the boiling - point before discharge. 
Heat from whatever source and however 
communicated should always be supplied to a 
pressure-generator first and hottest at the top, 
and thence should be decreased in intensity 
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by being passed downward, cooling as it goes, 
and my improved boiler process and boiler for 
applying this principle form in themselves 
parts of the invention, although they are pref 
erably used in a system employing the other. 
features of the invention. A boiler or press 
ure generator designed according to these 
Imethods is a reversible mechanism-that is to 
Say, it is only necessary to reverse the direc 
tion of the two currents of heating and heated 
Substance which pass through, all tempera 
tures and pressures remaining the same-and 
it becomes an equally efficient, condenser or 
cooler of the vapor which before it generated. 
This results from the fact that the real aim 
in both cases is the same-that is, to transfer 
heat from One substance to another. Hence, 
for reasons already given, the substance which 
is to Surrender heat should in each case enter 
at Or near the top and go out at or near the 
bottom, while the substance which is to ab 
SOrb heat should enter at or near the bottom 
and go Out at or near the top. When the 
chamber is being worked as a boiler, the work 
ing Substance is to absorb heat and enters as 
a liquid from the bottom, going out as a va 
pOr at the top. When the same chamber is 
to be Worked as a condenser for the same va 
pOr, the Working substance is to surrender 
heat, and hence enters as steam at the top 
and goes out at the bottom. The heating agent 
in each case alike flows in the reverse direction 
to the Working substance, its proper top and 
bottom temperatures remaining the same. 
Ordinarily the vapor which we wish to con 
dense is not in quite the same status as the 
steam which We Wish to generate, and some 
slight mechanical difference may result from 
this fact; but this is another issue and so 
SEmall a One in all Ordinary cases that a well 
designed boiler and condenser should be mere 
duplicates of each other, despite the differ 
ences of pressure. 
Myinmproved process of condensing or cool 

ing a Vapor depending upon the correct appli 
cation of the principles above stated is of gen 
eral application independently of the other 
features of the invention, and this process 
forms in itself a part of the invention, and it 
Will be understood that an apparatus for 
transferring heat from one substance to an 
other, constructed as described and claimed, 
forms a part of the invention, broadly con 
sidered, whether used for the purpose of gen 
erating Vapor pressure or for condensing. 
Adjunct D.-Regulation of Minimum Tem 

perature of Circulating Fluid. 
By this I mean the regulation of the tem 

perature of the circulating fluid on the cold 
side-that is, as it passes from the boiler, 
which is its minimum. This adjunct is indis 
pensable in Some of the more complex forms 
of the process, with several boilers in circuit 
Working at different temperatures, and even 
in the simplest case with only one boiler in 
circuititis always desirable. The best method 

of effecting this regulation is by a thermostat, 
and the best method of applying the thermo 
statis to regulate with it the speed of circula 
tion, so that if the circulating fluidis leaving 
the boilers too hot its speed may be checked 
and if too cold its speed may be increased. 
The best method of doing this latter is to have 
a circulating-pump throwing some excess Over 
the maximum demand for circulation and con 
nected with this pump athermostatically-COn 
trolled by-pass which permits a varying per 
centage of the liquid pumped to circulate 
round and round through the by-pass and 
pump without making the circuit through the 
heater and boiler or boilers. If the mini 
mum temperature be not regulated, We shall 
not have a constant mean temperature Within 
the boiler, even though we have a constant 
maximum, and We shall often have the circul 
lating fluid returning to the heater so hot as 
to Waste much heat. 

It is possible to regulate the minimum tem 
perature without controlling the speed of cir 
culation. For instance, if there be a per 
fectly-uniform withdrawal of steam and Sup 
ply of working substance circulating fluid 
which enters the boilers at a constant maxi 
mum will leave them at a constant minimum. 
We may also arrange to vary the proportion 
of the boiler-surface which is active by vary 
ing the area which is immersed in Working 
substance; but this variation of extent Of 
active surface is preferably a feature of the 
control of the quantity or pressure of steam 
generation, as explained later, when it is used 
at al. 
The thermostat by which the speed or Vol 

ume per minute of the circulation is regul 
lated Iterm the “cold thermostat.’ It should 
be sensitive and quick-acting, checking the 
circulation almost completely as soon as the 
circulation begins to run too hot, as it will as 
soon as withdrawal of steam is checked, and 
opening wide as soon as it begins to run a few 
degrees too cold. It should be adjustable, so 
that it may be set for any desired temperature. 
When the withdrawal of steam from the 

boiler suddenly stops, even though the cold 
thermostat may promptly stop the circula 
tion, the boiler-passages will be full of hot 
circulating fluid, which is hotter than the con 
tained working substance by the amount of 
the transmission interval, which may in cases 
be as much as 100 centigrade, or even more. 
Hence, as soon as withdrawal of heat stops, 
the boiler temperatures and pressures will 
equalize with the circulating fluid, and there 
will be a quick rise of pressure. The precau 
tion which is generally preferable against this 
quick and certain increase of pressure is not 
to use such high circulating temperatures and 
large transmission intervals as to produce a 
dangerous pressure even when steam with 
drawal stops-as, for instance, One exceed 
ing thirty to forty atmospheres, which Well 
designed boilers of the type hereinbelow de 
scribed may easily stand. On this account, 
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chiefly, it is not expedient to try to force a 
boiler up to its ultimate capacity, which seems 
to vary directly with the thermal head; but 
in cases it may seem necessary or expedient 
to do this or excessive temperature may re 
sult from some accident without intention. 
Whenever this is deemed possible, it makes 
regulatory adjunct E, described below, de 
sirable. 

Adjunct E-Regulation of Quantity of Work 
ing Substance in Boiler. 

Whenever a condenser is included as part 
of the engine process this regulatory adjunct 
may conveniently be omitted, because the 
Working substance then works in closed cycle 
and a pump of whatever type keeps the con 
(lenser nearly or quite empty by pumping all 
Working substance as fast as liquefied back 
into the boiler, thus maintaining it therein at 
what will be, except for possible carelessness, 
a sufficiently-constant level. 

For the practical reason that pure feed 
Waters are scarce and impure ones would 
rapidly coat the thin and highly-active sur 
faces which I prefer for my boilers I contem 
plate nearly always using a condenser, 
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Whether or not any considerable vacuum is 
aimed at, and whether or not a supply of con 
densing-water is available. To this end I 
have devised a type of evaporative condenser, 
hereinafter described, which requires no 
more water than would otherwise be required 
for feed-Water, which is extremely compact, 
and which will readily give a considerable 
degree of vacuum, if desired, and at all times 
enable the feed-water to be used over and 
Over, and thus to maintain a tolerably-con 
stant Water-level in the boiler. When no 
condenser is thus connected with the boiler, 
however, it is highly important that the water 
level in the boilers should be regulated to the 
extent of insuring that it shall not rise above 
a certain level, because, should it do so, the 
boiler is of such small interior capacity, and 
so nearly full of liquid at best, that the irre 
sistible force of liquid expansion may be 
called into action and the boiler ruptured. It 
may be so simply effected, moreover, that it 
may be better in all cases of importance to 
regulate the Water-level directly, whether or 
not a condenser be used. Any one of a va 
riety of well-known mechanical devices may 
be used to effect this regulation. The proper 
one to select depends, primarily, on how the 
feed-pump is driven, whether directly from 
the engine, by a separate engine, by elec 
tricity, Or by the direct action of steam. I 
prefer the latter method, and the regulating 
device which I deem best consists of nothing 
more in substance than a little ball-valve 
float, which when the Water-level rises too high 
rises and closes the aperture through which 
steam escapes to work the pump, as fully 
described hereinafter. 
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Adjunct F.-IRegulation of the Degree of 
Pressure that cat. Erist in the Boiler'. 

This adjunct may best be secured by a 
mere water safety - valve, through which, 
when the steam pressure reaches a certain 
excess above the desired Working pressures, 
just before it reaches the pressure at which 
the steam safety-valve is set to open, all 
liquid is blown out of the boiler through the 
feed-pipe or other suitable connection. This 
liquid may either be discharged to Waste or 
blown back into the working-substance sup 
ply or into the condenser. The last is pref 
erable, if there be a condenser. The pum , 
if operated by direct action of steam, will 
then immediately begin to return the Water 
to the boiler, but will not be able to do so in 
any quantity until the pressure falls below 
that at which the liquid blow-off opens, either 
because of cooling or of starting the engine. 
When the pressure thus falls, however, the 
boiler will then immediately begin to fill, and 
if provided with adequate pumping-power will 
fill up to the level at which the immersed 
surface will just suffice to generate steam at 
the rate at which it is being drawn off for 
the time being or to the level fixed by ad 
junct E. 
The adjuncts above described relate par 

ticularly to the generation of the vapor-press 
ure. There are also certain useful results 
which may be secured by special applications 
of the circulating fluid, which make the com 
plete process more economical. Among these 
the two following are the most important, and 
in connection with features of the process 
above described form parts of the invention. 
The circulating fluid is particularly suit 

able for jacketing the engine - cylinders as 
now usual with steam, and it is preferably 
thus applied when my improved process is 
used in connection with expansion-engines. 
Its chief advantages for this purpose are that 
it is or may be at a higher temperature than 
the steam, while not too high, and no provis 
ions are required for taking care of the water 
of condensation, nor for making the steam 
jacket steam-tight, nor for making it capable 
of resisting pressure, except that of the circu 
lating fluid when the latter is circulated un 
der pressure. 
The circulating fluid, after having sub 

served its function of supplying leat to the 
working substance, may be used to condense 
the vapor of the working substance, and thus 
be partially heated before its return to the 
heater. With a single boiler there is no ad 
vantage in thus running the circulating fluid 
through a condenser, unless the circulating 
fluid be cooled between the boiler and con 
denser, since it is not cooled enough in one 
boiler to absorb any otherwise waste heaton 
its way back to the heater; but if two boilers 
in circuit be used instead of one, the second 
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one of which should or may use a more vola 
tile working substance than the first, the cir 
culating fluid will be cooled enough by the 
Second boiler to be able to absorb some waste 
heat from the engine of the first boiler. In 
that case the circulating fluid would pass 
through a second boiler after the first, then 
through the cold thermostat, and then through 
a condenser interpolated in the cold circula 
tion-pipe V', as outlined in Fig. 8. Of course 
the same advantage exists in using the circu 
lating fluid for condensing if the fluid be. 
cooled after leaving the first boiler by its use 
for any other purpose than for a second boiler. 
Some of the betterments of the engine pro 

cess proper or modes of using steam, which 
are made possible by the Superior methods of 
Steam generation so far described, are illus 
trated in Figs. 2 to 7, and may be thus de 
Scribed. 
In the ordinary engine process the great 

thermal interval between the temperature of 
combustion and the boiling-point of Water un 
der pressure is unutilized. The heat supply 
is lowered in temperature through the whole 
of this interval without dynamic gain. Hav 
ing our circulating fluid, however, heated to 
a considerably-higher point than we require 
for Our engine C, Fig. 2, and yet at a regulated 
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and approximately constant temperature, and 
having the power to work with low thermal 
heads from the construction of the boiler, it is 
Obvious that We have in this difference of tem 
perature T T, Fig. 2, a working interval in 
which We may, if We please, Work one or more 
additional heat-engines, using water or any 
other liquid or gas as a Working substance. 
In Fig. 3 is illustrated to a rude vertical scale 
of temperatures one way in which we may do 
this, and with much advantage, since four en 
gines are in effect run with no greater rejec 
tion of heat than otherwise results from the 
use of two. In this construction the engines 
C. and Ct are alone Worked under the usual 
conditions for high-pressure engines, receiv 
ing at each stroke a new supply of steam and 
exhausting it wastefully into the atmosphere. 
The engine C' receives its heat directly from 
the circulating fluid in the same manner as en 
gine Ct, but at a considerably-higher tempera 
ture and pressure and compounds or transmits 
its Waste heat to Ct. The fourth engine a 're 
ceives its heat from the circulating fluid in 
deed, but in such manner as not to finally 
lower its temperature, the circulating fluid 
being returned into the heater one or more 
times after supplying heat to the boiler of a ', 
so that its original temperature may be re 
stored. There is thus left a sufficient ther 
mal interval for the engine C''' to work in 
and yet Void the heat in its exhaust at such 
a high temperature that it may be used to do 
about half the work of heating up the circu 
lating fluid through an appropriate con 
denser, and hence the engine C' may use any 
Working substance in closed cycle, preferably 
one of higher boiling-point than Water, so 
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that the Working pressures due to its tempera 
tures may not be excessive. These four en 
gines may be arranged mechanically in any 
Way desired, the sole necessary condition be 
ing that the circulating-passages of their boil 
ers shall be connected in such manner that 
the circulating fluid shall follow the follow 
ing path, starting from the heater: heater, 
boiler of Ct', back to heater to be reheated 
to original temperature, boiler of Ct', where 
circulating fluid loses heat, boiler of C, where 
it loses more heat, condenser of Ct', where 
the rejected heat of engine a' is reabsorbed 
into the circulating fluid; heater, to be re 
heated and repeat circuit. 
In Fig. 4 is illustrated a still simpler Way in 

which two engines may be run with a saving 
of about half the heat supply of one engine. 
The circulating fluid is assumed to have only 
half the volume or mass V per stroke in Fig. 
4 that it has in Fig. 3, so that the same quan 
tity of heat, which is that necessary to run 
the engine a, cools the circulating fluid 
through twice as great an altitude of temper 
ature. The engine a', by circulating - pas 
Sages not indicated on the diagram, is Sup 
plied with heat from Hat the temperature T 
without permitting the circulating fluid to be 
finally lowered intemperature thereby, which 
latter is effected by returning the circulating 
fluid to the heater to be reheated to temper 
ature T after supplying heat for the engine 
a'. After being thus reheated, however, the 
circulating fluid supplies heat to the engine C. 
and is thereby lowered in temperature to T', 
which is cold enough to permit the returning 
circulating fluid to absorb half or more of the 
exhaust of waste heat of the engine C by paSS 
ing through its condenser on its Way back to 
the heater, thus relieving the heater of this 
proportion of the work which would other 
wise fall upon it, with corresponding economy. 
The two engines may have any desired rela 
tion to each other mechanically, as before. 
The sole requirement is that the circulating 
passages shall carry the circulating fluid in 
the cycle described and shown. 

In Fig. 5, which is drawn immediately be 
low the single-engine diagram, Fig. 2, to fa 
cilitate comparison, is illustrated how, by 
substituting three engines for the single en 
gine a, each working from a little lower maxi 
mum temperature than the preceding One, ad 
ditional power may be attained under the 
identical thermal conditions of Fig. 2, with 
the sole exception that we avail ourselves bet 
ter of the thermal range open for work by 
actually working through a greater portion of 
it, as indicated by the comparative hatched 
areas of Figs. 2 and 5. The hatched areas of 
Fig. 5 imply working the steam of the first two 
of its three engines through compound cylin 
ders, whereas the hatched area of Fig. 2 im 
plies only a single cylinder; but otherwise 
they are the same, the quantity of heat re 
ceived and voided and the manner of doing 
so being essentially identical, except that the 
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thermal heads are smaller in Fig. 5, and hence 
the boiler heating-surfaces must be corre 
spondingly greater. With the types of boil 
ors herein before and hereinafter (lesGril)ced 
heating-surface is gained so cheaply and com 
pactly that this is no great matter. 

Figs. 6 and 7 show how the amount of work 
shown in Figs. 3 and 4 may be increased in 
precisely the same way as that shown in Fig. 
2 was increased to that shown in Fig. 5 by 
tripling the number of engines and boilers 
worked within an identical thermal range, so 
as to avail ourselves more completely of Our 
Whole thermal interval for work. 

in Fig. 6 the cycle of the circulating fluid, 
the sole rigid condition for any desired me 
chalnical arrangement, is as follows: heater, 
boiler of first engine (t" and back to heater, 
boiler of second engine (t" and back to heater, 
boiler of third engine (t' and back to heater, 
boiler of first engine (t", boiler of second en 
gine Ct', boiler of third engine C''', boiler of 
first engine (, boiler of second engine (, boiler 
of third engine (t, condenser of third engine 
(t', condenser of second engine C''', condenser 
of third engine (t', and back to heater to re 
peat the circuit. 

Figs. 2 to 7 are designed to be merely illus 
trative and not at all to give either the only 
methods or those of highest efficiency employ 
ing lny improved engine process, Some of 
which latter are made the subject of separate 
applications. On the contrary, the details of 
the primary process covered by this applica 
tion may from its nature be varied almost in 
definitely. 

It will be understood by those skilled in the 
alt to Which the invention relates that the 
process above described may be carried out by 
apparatus widely different in construction, 
arrangement, and mechanical detail, and the 
invention, considered broadly, is not to be 
limited to any particular form of the appa 
ratus employed or of the devices forming 
parts thereof. In Figs. 9 to S, lowever, I 
have shown, largely in diagram, a simple ap 
paratus for carrying out the complete process, 
this apparatus and the special devices shown 
being well suited for the purpose, and the 
general combinations of this apparatus and 
certain specific features of the same form part 
of the invention covered by this application. 
The most important features of the appa 

ratus relate to the boilers or pressure-gener 
ators and the condensers or coolers, with their 
Connections to the heater and the attach 
ments for performing the functions pointed 
out above, as desirable, it being understood 
that this apparatus may be used with any par 
ticular type of expansion heat-engine doing 
Work through the expansion and consequent 
cooling of a confined working Substance. 

Externally the heater II may be of any suit 
able construction, being preferably a plain 
iron boxlined internally or externally, or both, 
With non-conducting material, as usualin such 
constructions. The furnace, if for anthracite, 

549,981 

is preferably of the ordinary base-burner Val 
riety, as shown, provided with the fire-box A, 
fed from the central magazine D and pro 
vided with the rocking grate (). The cold cir 
culating fluid enters at the base of the heater, 
passes upward through the coil of pipes V, 
about the vertical partition C to the top of the 
heater, thence downward outside the heater 
in the pipe V into the annular fire-pot chamber 
F, whence it passes upward through the ill 
ner vertical pipes V to the top annular Ol' 
manifold G, and thence through the circula 
tion-pipe V outside the heater, onward to the 
expansion-tank and boiler. 
The air supply is regulated externally by 

any suitable damper to about the volume re 
quired for combustion; but there should be 
some excess of this supply, and to effect a 
more accurate automatic regulation it is Dre? 
erably subdivided, the air which supports 
combustion entering directly under the gratic 
through passage I, and a portion, which serves 
to insure complete combustion and to dilute 
the gases of combustion and check the fire 
when desired, entering above the fire-pot 
through the passage I", these passages being 
controlled, respectively, by flap-dampel's d (l. 
From the fire-pot the mixed air and products 
of combustion pass through the perforated 
shielde, and then are deflected outward by the 
cone K between the pipes V, connecting the 
annulars or manifolds FG, thence passing 
upward over the partition C, forming the in 
ner furnace-chamber, and downward between 
and about the coil of pipes V, entering the 
flue L at the base of the furnace, whence they 
escape by the pipe L. In case the fires are 
giving out too much heat, however, as is as 
sumed in Fig. 9, athermostatically-controlled 
damperf closes L and opens a direct connec 
tion M for the escape of the gases. 
The maximum temperature of the circulat 

ing fluid, as above stated, is preferably regul 
lated by a thermostat, which, together with 
the attachments by which this regulation is 
secured, may be of any suitable form. I have 
shown, however, a simple thermostat, which 
will be found efficient, and this thermostat is 
preferably placed between the heater II and 
expansion-tank T, and in the form shown con 
sists of a stout wooden rod T, placed parallel 
with and adjacent to the circulating-pipe V, 
this portion of the pipe being formed, prefer 
ably, of a thick well-lagged brass or copper 
tube. As the wooden rod does not change in 
length with temperature, while the brass or 
copper tube expands largely and will be sen 
sibly of the same temperature as the circula 
tion, the relative length of the tube and rod 
gives a positive, simple, and powerful ther 
lmostat. While the circulating-pipe is shown 
as part of the thermostat, it will be under 
stood that a tube may be added to form the 
thermostat, if desired, instead of using the 
circulating-pipe. IFor the purpose of trans 
mitting the movements of the thermostata 
lever N is pivoted upon the end of the rod T", 
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with its short arm connected to the pipe V at 
the end of the portion used for the thermostat, 
its long arm being connected by a chain 10 to 
One end of a Weighted leverg, connected by 
another chain 10 to a bell-crank lever h, from 
One end of which a connecting rod or rods 11 
run to the dampers d d", and from the other 
end of which a connecting-rod 12 runs to the 
damper f. By these connections the damper 
d is closed and d opened when the tempera 
ture reaches the point for which these parts 
are set and the reverse as the temperature 
falls, and the damper f is actuated to open 
the passage Mfor the products of combustion 
when the temperature rises to a certain point 
and to close the passage Mmore or less as the 
temperature falls, the relative times of open 
ing and closing of the dampers d df being 
adjusted as desired, as by lost-motion connec 
tions in case a single connection from the lever 
N is used, the rod II being shown as passing 
through a Weighted arm on damper d and 
carrying a stop by which this arm is raised 
and the valve closed against the weight, which 
Operates to open the damper as the tempera 
tillre rises. The particular form of the con 
nections may be varied to suit mechanical 
convenience. This thermostat also controls 
the grate-shaker by the connections shown in 
Fig. 17, the grate b being actuated by a crank 
arm. 13, Connected by a link 14 to a crank-arm 
15 on a crown-wheel i, which is mounted in a 
frame k, pivoted to a fixed part of the con 
struction and connected either to the rod 11, 
Or as shown for the sake of clearness, con 
nected by an independent rod 16 to the 
Weighted lever g, so that the frame k will be 
raised by the Weighted lever as the tempera 
ture falls, and will be lowered by its own 
Weight when released by the lever as the tem 
perature rises. The crown-wheel i, when in 
its upper position, engages with a worm l, 
driven continuously by suitable connection 
With the engine or an independent motor. 
To prevent excessive wear on the wheel i, 
which would be caused by the wheel being 
brought into contact with the worm l gradu 
ally, some device is preferably provided by 
which the throwing of the wheel iinto and out 
of contagt With the worm l shall be instanta 
neous. In the construction shown, a bent 
spring 9 is used, engaging the end of the frame 
k, the Spring resisting and preventing the 
movement of the frame k in either direction 
until its resistance is overcome, when the 
frame moves quickly. An adjusting-screw 50 
gives means for regulating the resistance of 
the Spring-catch 9. 
A safety-valvet, controlled by the tempera 

tille, is preferably used on the expansion-tank 
T, and this safety valve is shown as actuated 
from the thermostat-lever N by the following 
connections: The valve t is normally closed 
by a Weighted arm 47, through which passes 
a rod 48, connected to the lever N, the rod 48 
being provided with a stop which engages the 
Weighted arm 47 to raise and open the valve 

t at the proper time, the valve being closed 
by the Weight when the arm is released as the 
temperature falls. This same rod 4S may op 
erate also the three way-valve ac, controlling 
the change of circulation from the boiler to 
the evaporative tank Z, and is thus shown, 
the Valve-stem 49 being weighted and the rod 
48 passing through it and being provided with 
a Stop which engages and actuates the arm at 
the propertime to open the valve and change 
the circulation from the pipe W to the pipe V, 
the valve being shifted so as to close pipe V8 
and open pipe V to the boiler again by the 
Weight on stem, 49 as the temperature falls. 
At the lower end of the pipe V* a valve y is 
placed, which need only be a check-valve of 
any suitable form permitting liquid to pass 
freely downward, but not upward. It will 
be understood that all these various valves 
and damperS for regulating the maximum 
temperature and connections there with to the 
thermostat may be of any suitable form, and 
that the constructions shown are selected only 
as a convenient way of illustrating means for 
securing the desired results. 
In practice it will be found preferable in 

different cases to use single or independent 
connections from the thermostat for the va 
rious devices, depending upon the mechani 
cal construction and arrangement adopted for 
the heater and other parts of the apparatus. 
The construction shown, therefore, is simply 
illustrative and largely diagrammatic. 

It will be seen from the above description 
that this maximum temperature thermostat, 
as shown, effects the following ends, the order 
given being that in which the motions occur, 
starting as the heat increases, the position of 
the parts in the drawings being that at which 
the temperature has risen to a point where 
the regulating devices connected with the 
heater are brought into action, but before the 
shifting of the circulation or opening of the 
relief safety-valve: first, regulation of the 
maximum temperature of the circulating fluid 
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through the fuel-supply by disconnecting the 
grate-shaker; second, regulation of the max 
imum temperature of the circulating fluid 
through the air-supply by first closing the 
damper d, controlling the air-inlet I below 
grate, and then opening damper d, control 
ling the air-inlet I" above grate; third, regula 
tion of the maximum temperature of the cir 
culating fluid by opening damperf, control 
ling passage M., SO as to permit the hot gases 
to pass directly upward to the flue L, instead 
of taking the more circuitous downward 
course over the heating-surfaces formed by 
the coils of pipes V; fourth, regulation of the 
maximum temperature of the circulating 
fluid by diverting the circulating fluid into an 
evaporative - tank; fifth, regulation of the 
maximum temperature of the circulating fluid 
by opening safety-valve positively. 
To provide for the remote contingency that 

the heat shall become excessive after some or 
all of these regulative features have come into 
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action, or for some possible disarrangement of 
the thermostat on which they all depend, an 
ordinary loaded safety-valve should also be 
added, forming a further safeguard. These 
several safeguards may come into action at 
intervals of 5 to 10 centigrade, or other suit 
able intervals, as may prove to be best in the 
particular case. Each should have its inde 
pendent adjustments, which once set will 
rarely need to be disturbed. 
The circulating-pipe V passes through the 

expansion-tank T on its way from the boiler 
to the heater, and this tank is supplied from 
the supply-tank S, devices being provided by 
which the volume of the circulating fluid is 
kept sensibly constant, regardless of temper 
ature. The preferable construction by which 
this result is secured is shown in Fig. 10, and 
is as follows: A good-sized float 1 in the ex 
pansion-tank T is carried by a rod 2, the float 
having a certain amount of free motion in 
either direction without action on the valves, 
lout at the limit of the free motion in either 
direction operating one of two small valves 3 
5 at top and bottom of the tank, which valves 
may be of any suitable form and arranged in 
any suitable manner so as to be actuated by 
the rod 2 in the manner desired. The Valve 
3 controls a pipe 4, connecting the top of the 
expansion-tank T with the top of the supply 
tank S. and the valve 5 controls a pipe 6, con 
mecting the bottom of the supply-tank S with 
the bottom of the expansion-tank T. If the 
float rises too high it opens the lower valve 5 
and permits fluid to be blown out by the inte 
rior pressure through the pipe 6 into the sup 
ply-tank S. If the float falls too low it opens 
the upper valve 3, which permits pressure to 
equalize in the steam-space of tanks S and T, 
when liquid will flow by gravity into tank T 
from the tank S through valve 5 or another 
check-valve 7, connecting pipe 6 with tank T, 
and opening inward to the tank, or through 
both of these valves, until the valve 3 is closed 
again. Such closure of the valve 3 results in 
speedy lowering of the pressure in supply 
tank S by condensation and consequent cessa 
tion of flow. 
An air-valve S may be added in the top of the 

tank Sto prevent the formation of a vacuum in 
this tank, and thus to decrease the quantity of 
steam which must pass over to equalize press 
ure. If, however, the nature of the circulat 
ing fluid is such as to generate little pressure, 
a vacuum in the Supply-tank may be found (le 
sirable. If it be desired to guard against the 
contingency that the valve 5 may be stuck or 
otherwise inoperative, the valve 7, in addition 
to its function of admitting fluid from pipe 6 
to the tank T, may be so constructed as to let 
liquid escape when the pressure in tank Trises 
above a fixed maximum. This is not abso 
lutely essential, however, as the tank Tshould, 
in any case, be provided with a common safety 
valve, as above stated. 
The expansion-tank Tand supply-tankS, as 

shown and described, placed at the top of the 
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system, secure the regulation of the volume of 
circulating fluid whether the circulation be 
natural under the conditions produced by the 
heater or produced or aided mechanically, as 
by a circulating-pump. 
From the expansion-tank T the circulating 

fluid passes through pipe V to the boiler B. 
The boiler may have any form whatever and 
still be effective, as already explained, and my 
improved boiler process may be carried out 
with boilers of widely-different form, provided 
only that the circulating fluid entel's at or near 
the top and passes downward through heating 
passages in the interior to or near the bottom, 
while the working substance enter's at or near 
the bottom and passes upward to a steam-es 
cape at or near the top. It is preferable, how 
ever, as above stated, to use a large number of 
smallpassages for the circulating fluid, and for 
such a boiler employing tubes to form these 
passages the particular form shown offer's 
many advantages. This boiler, as shown in 
detail in Figs. 11, 12, and 13, consists interi 
orly of successive layers of small horizontal 
tubes n, uniformly spaced and preferably set 
closely together in layers crossing each other, 
and almost touching, as shown about full size 
in Fig. 13. This gives the boiler proper a 
square cross-section, as shown in Fig. 12, the 
four sides of the square being tube-sheets, 
occupied by tubes from top to bottom, the 
alternate layers or groups of two or more 
layers, of tubes extending at light angles to 
each other and opening at alternate sides of 
the boiler. By this peculiar construction 
several important ends are attained: First, 
the tubes are more closely spaced than is 
otherwise possible, since holes for only cach 
alternate layer occur in each tube-sheet, so 
that the holes for the tubes do not into ferre 
with each other, and uniformity of spacing 
may be readily assured; second, each tube 
stays a nearly constant and small area of 
tube-sheet, and for each such area there is a 
tube to stay it, so that the tube-sheets may 
be thin and of constant thickness, regardless 
of the size of the boiler, providing that the 
size and spacing of the tubes remain con 
stant; third, the internal evaporative con 
ditions are better than with parallel tubes; 
fourth, the boiler may be constructed by pan 
brazing of the tubes, and the corner's also 
may be brazed at one dip of each face. The 
vertical corners are merely rounded to over 
lap, as shown in Fig. 12, and brazed together 
at the same time as the tubes, and the top and 
bottom of the boiler are brazed onto the sides 
at the same time, being shaped as described 
hereinafter. The square boiler thus formed 
is slipped inside of a cylindrical casing p), 
which may be of any thin sheet metal if the 
circulating fluid be not circulated under 
pressure. If it be so circulated, the casing 
must be of thickness adequate to resist the 
pressure. In slipping in the boilers some 
form of spring-contact is preferably effected 
at two opposite corners, and preferably also 
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at the remaining corners, which makes these 
corners practically Water-tight against any 
trifling pressure. 
they should be absolutely Water-tight; also, 
before the boiler is slipped into the spring p, 
certain thin segmental plates 17 are added 
either to the Outside of the boiler or to the 
inside of the casing, thus forming partitions 
dividing the space about the boiler within 
the casing into chambers, these partitions 
having preferably spring or feather edges, 
which makes them practically water-tight 
against any trifling pressure. It is not nec 
essary that they should be absolutely water 
tight. The upper partition 19 is the same as 
the others, except that with the construction 
shown it is not flat but curved, so as to cover 
the ends of the tubes which fill the upper 
portion of the boiler under the concave cap. 
The caps 18 on the Outer casing are then put 
On, these caps being preferably shaped so as 
to be sections of a sphere having a radius 
equal to the diameter of the casing, so that 
they will be of equal strength there with if of 
the same thickness. The two boiler ends are 
preferably of the same form and radius as 
the caps, but need a thickness proportional 
to their size regardless of the thickness of 
the tube-sheets, since they are not stayed by 
tubes. They may also need to be tied to 
gether by more metal than is contained in 
the tube-sheets, which may be effected by 
tubular or other stays at the corners, which 
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may also serve to effect the spring-contact 
at these corners above referred to. Each 
of the caps is also provided with a central 
opening or pipe through which the circulat 
ing-pipes V and V' connect at top and bot 
tom with the interior of the casing p, the 
circulating fluid entering at the top of the 
casing and leaving at the bottom. Through 
this opening also enters the boiler-feed pipe 
20 at the bottom of the casing, and from the 
top issues from the boiler the steam-pipe O. 
With the boiler thus constructed the dotted 
lines in Fig. 11 indicate the path of one por 
tion of the circulating fluid in passing through 
the boiler. This fluid enters at the top and 
fills what is in effect a top storage-chamber 
above the boiler within the casing, from which 
there are only two openings—viz., two of the 
Segmental areas between the boiler and the 
casing above the top partitions 19–each of 
Which areas give access to one or more of the 
upper layers of tubes. Dividing between 
these in about equal volume the circulating 
fluid in two distinct masses follows the zig 
Zag path indicated by the arrows and a path 
at right angles thereto until it reaches the 
bottom chamber, wherein the two masses re 
unite and pass out through the cold circulat 
ing-pipe V at the bottom of the casing, and 
thence pass together to the next boiler, if 
two or more boilers are employed, as shown 
in Fig. S, or to one or more condensers or re 
turn directly to the heater, as in the con 

It is not necessary that 
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struction shown in Fig. 9. The number of 
possible partitions 17 is limited only by the 
number of layers of tubes n. The more par 
titions are used the faster must be the cur 
rent to pass a given mass of circulating fluid 
per minute, and hence, as experiment indi 
cates, the higher the transmitting efficiency 
of the surfaces in a ratio approximating to the 
square root of the velocity. It is expedient, 
therefore, to have as many of these partitions 
as mechanical convenience permits. 
There is a surprising absence of any tend 

ency to foam in boilers constructed as de 
Scribed, despite the close spacing of the tubes, 
which would seem to insure it. The differ 
ential temperatures of the circulating fluid 
corresponding to the different layers of the 
working substance seem to prevent this. The 
boiler is also so small that any attempt to in 
crease its steam - generating capacity seems 
almost superfluous. Nevertheless foaming 
may at times result with some working sub 
stances, and this may be prevented and the 
effective heating-surface per cubic foot sub 
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stantially increased at the same time by in 
terposing between each two layers of tubes 
and in contact there with a sheet of fine Wire 
gauze, as shown in Fig. 13 at 100, having from 
thirty to sixty meshes per inch, (twelve to 
twenty-four per centimeter.) This gauze 
does not diminish the effective openingfor the 
passage of the working substance upward. 
On the contrary the proportion of open space 
to total area is about the same in Wire-gauze 
of all commercial sizes as exists between the 
tubes at the middle thereof; but the addition 
of the gauze does insure that every particle 
of steam and liquid shall be repeatedly in 
immediate contact with hot surfaces as it 
rises, because the gauze sheets are in imme 
diate contact with hot tubes both above and 
below them, and both by radiation and con 
duction will be supplied in all parts with 
heat, which they will surrender to the work 
ing substance as it passes them as effect 
ively as do the tubes themselves. The one 
serious objection which applies to the use of 
such gauze applies also to the boiler itself 
without the gauze. The surfaces are so Small 
and so closely spaced, and the quantity of 
liquid evaporated per cubic foot and per 
square foot of surface is so very great that 
the slightest impurities in the working sub 
stance will tend to accumulate rapidly, coat 
ing the surfaces and clogging the interspaces, 
if each mass of working substance is used 
only once. Against this there is the compen 
sating advantage that as the boiler is exposed 
to low temperatures only these deposits are 
not likely to cake on, as in fire-boilers; but 
for a considerable time, at least, will remain 
in a soft and pulpy state, so that they may 
be blown out by a reverse current through a 
blow-off valve, in the usual way. Also, the 
cubic contents of the boiler are so Small that 
no great loss of time or heat ensues from blow 
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ing off very frequently. In this manner any 
tolerably-pure water-supply may be used in 
open cycle without condensel's. Neverthe 
less, the only entirely effective precaution 
against these deposits is to use condensers 
always, whether a vacuum is desired or not, 
for the mere sake of using the same working 
substance over and Over. 
The branch pipes 2122, connecting, respect 

ively, with the feed-pipe 20 and steam-pipe 
O, form the means of attachment for several 
boiler adjuncts, which are preferably em 
ployed and connected substantially as shown 
in Fig. 9 and in detail in Fig. 14. These ad 
juncts include an ordinary safety-valve, a 
steam-gage 23, and an Ordinary Water-gage 
24. The safety-valve is not shown, as it may 
be of any common construction. It practi 
ally never opens, and is preferably a mere 
leaf-spring closing an aperture in pipe 22 or 
steam-pipe O. The steam-gage 23 and water 
gage 24 will not be so steady if connected, as 
shown, to branches of the steam-pipe and feed 
pipe as if connected to separate apertures in 
the boiler itself; but the construction shown 
is sufficiently convenient to overbalance this 
disadvantage in most cases. 
A charging-can 25 for adding to or subtract 

ing from the constant mass of fluid, which in 
the construction shown is circulated in closed 
cycle between the boiler, engine, and con 
denser, is also shown, this can having a sepa 
rate water-gage 26. When a condenser is 
used, this adjunct is not needed, and its use 
is always rather a convenience than a matter 
of importance; but it is preferable to employ 
this can with the connections shown rather 
than to rely On a punlp to pulmp liquid in or 
out of the circulating mass of Working sub 
stance. At the top the charging-can 25 is con 
nected with the steam-pipe by the pipe 22, 
controlled by the cock 2S, and at the bottom 
it is connected with the feed-pipe 20 through 
the pipe 21 and a pipe 29, controlled by a 
cock 30. Liquid is introduced into the charg 
ing-can 25 by the funnel m. As it may be 
noxious or highly volatile, this funnel is 
preferably provided with an interior female 
thread into which a nozzle may be screwed to 
give an air-tight connection, and a similar cock 
31 is provided at any suitable point for draw 
ing off liquid from the charging-can. This 
charging - can must be made strong enough 
to resist any boiler pressure, but need not be 
large. To remove liquid from the system 
into the charging-can the cock 30 is opened, 
when the interior pressure in the system will 
blow back as much liquid as desired into the 
can up to its full capacity, With or without a 
slight opening of the cock n to release any con 
fined air orgas. To introduce liquid into the 
system the cock 2S is first opened, letting 
boiler-pressure into the can, and then opening 
the cock 30 allows the liquid to flow into the 
boiler through pipes 29 21 by gravity. . . 
A Water blow-off valve 27 acting antece 

dently to the safety-valve is preferably used, 
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through which an excessive boiler pressure 
will blow back all liquid in the boiler into the 
condenser or elsewhere, and thus Secure a 
regulation of the maximum pressure in the 
boiler independently of the safety - valve. 
This water blow-off valve 27 may be of any 
type which opens at a fixed interior pressure 
and closes when that pressure ceases and 
may be introduced at any point where it is 
in open connection with the bottom of the 
boiler, either on the boiler or a branch pipe, 
as shown. 
The supply of water to the boiler is regul 

lated in the construction shown, by the con 
trol of the steam-supply to the feed-pump, ac 
cording to the water-level of the boiler. 
control may be secured by any suitable means, 
but a simple and efficient construction of reg 
ulative valve is shown. This regulative valve 
is used in cases in which the feed-pump is an 
independent mechanism driven by an inde 
pendent steam-supply, and any suitable pump 
of this character may be used. The feed 
pump may draw the water from an external 
supply or from a condenser, as shown. When 
it draws from a condenser, this regulative 
valve may not be found necessary. As shown, 
the compoundpipe 3334 constitutes, in effect, 
an ordinary Water-gage automatically coin 
trolling the steam-supply to the feed-pump, 
pipe 33 being in open connection with the 
water-space through pipe 21, and pipe 34 with 
the steam-space through pipe 22. From the 
chamber at the top of pipe 23.a small steam 
pipe 35 leads to the feed-pump p", and 36 is a 
small ball-floatin this chamber, this ball-float 
being arranged to close pipes 34 35 and cut off 
the steam-supply in its top position and open 
them to supply steam to the feed-pump when 
lowered by the fall of the water in the boiler 
and pipe 33. It is not necessary that this 
ball-float should have a very tight seat, as any 
small amount of steam leaking by it will con 
dense instead of operating the pulmp. In the 
steam-pipe 35, a pressure-reducing valve of 
any suitable form should ordinarily be added 
to stop the pump by the resistance at a cer 
tain pressure in the boiler and prevent any 
more than a desired maximum Working 
boiler-pressure. 
The circulating fluid may pass from the 

boiler B to another boiler or boilers or other 
devices for utilizing the heat, and then return 
to the heater directly or through one or more 
condensers, or, as in the simple construction 
shown in Fig. 9, return directly from the 
boiler to the heater. In this construction 
the circulating fluid passes from the boiler 
through the pipe V to a circulating-pump P, 
which, as shown, consists of a chamber or 
enlargement on the pipe V', in which runs a 
screw or other force pump Q, which may be 
driven in any suitable manner, a belt and 
pulley r being shown for this purpose. Upon 
the pipe V', between the boiler and circu 
lating-pump P, is placed the cold or mini 
mum thermostat Th", by which the speed of 
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23. The improvement in the art of convert 

ing heat into Work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the Working substance, regulating the 
maximum and minimum temperature of the 
circulating fluid, regulating the volume of the 
circulating fluid to maintain a substantially 
constant volume, regulating the volume of the 
Working Substance to maintain a substan 
tially constant Volume, applying the circulat 
ing fluid to heating the hotter and colderparts 
of the Working substance successively by 
passing it downward through the pressure 
generator, and discharging the circulating 
fluid from the pressure generator, substan 
tially as described. 

24. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid at a regulated speed from a supply 
or source of heat to a pressure generator 
thermally dissociated from said supply or 
source of heat, and containing the working sub 
stance, passing the circulating fluid through 
passages first in the steam space and then in 
the Water space of said generator and down 
Ward from the hotter to the colder parts of 
the Working substance, and discharging the 
circulating fluid from the pressure generator, 
substantially as described. 

25. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid from a Supply or source of heat to 
a pressure generator thermally dissociated 
from the supply or source of heat and con 
taining the working substance, heating the 
Working Substance by the surrender of heat 
thereto by the circulating fluid, applying 
the vapor pressure and then exhausting the 
vapor into a condenser and cooling it by the 
circulating fluid after the latter is discharged 
from the pressure generator, substantially 
as described. 

26. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid at a regulated temperature from 
a supply or source of heat to a pressure gen 
erator thermally dissociated from the supply 
or source of heat and containing the working 
substance, heating the Working substance by 
the surrender of heat thereto by the circulat 
ing fluid, applying the vapor pressure and 
then exhausting the vapor into a condenser 
and cooling it by the circulating fluid after 
the latter is discharged from the pressure 
generator, substantially as described. 

27. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from the supply or source of heat and con 

taining the Working substance, regulating 
the minimum temperature of the circulating 
fluid, heating the working substance by the 
surrender of heat thereto by the circulating 
fluid, applying the vapor pressure and then 
exhausting the vapor into a condenser and 
cooling it by the circulating fluid after the 
latter is discharged from the pressure gener 
ator, substantially as described. 

28. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed, from a supply 
or source of heat to a pressure generator ther 
mally dissociated from the Supply or source 
of heat and containing the Working substance, 
heating the Working Substance by the sur 
render of heat thereto by the circulating fluid, 
applying the Vapor pressure and then ex 
hausting the vapor into a condenser and cool 
ing it by the circulating fluid after the latter 
is discharged from the pressure generator, 
substantially as described. 

29. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to a 
pressure generator thermally dissociated from 
the supply or source of heat and containing 
the Working Substance, regulating the maxi 
mum and minimum temperature of the cir 
culating fluid, heating the Working substance 
by the surrender of heat thereto by the circu 
lating fluid, applying the Vapor pressure and 
then exhausting the vapor into a condenser 
and cooling it by the circulating fluid after 
the latteris discharged from the pressure gen 
erator, substantially as described. 

30. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure which consists in passing a circulat 
ing fluid from a Supply or Source of heat to a 
pressure generator thermally dissociated from 
said supply or source of heat and containing 
the Working substance, applying the circu 
lating fluid to heating the hotter and colder 
parts of the working substance successively 
bypassing it downward through the pressure 
generator, applying the Vapor pressure and 
then exhausting the vapor into a condenser 
and cooling it by the circulating fluid after 
the latter is discharged from the pressure gen 
erator, substantially as described. w 

31. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a con 
tinuously moving circulating fluid at a regul 
lated temperature from a supply or source of 
heat to a pressure generator thermally disso 
ciated from the supply or source of heat and 
containing the Working substance, heating 
the working substance by the surrender of 
heat thereto by the circulating fluid, and re 
turning the circulating fluid to the circulat 
ing fluid Supply or source of heat, substan 
tially as described. 

32. The improvement in the art of convert. 
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ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the Working substance, 
regulating the maximum temperature of the 
circulating fluid, heating the working sub 
stance by the surrender of heat thereto by the 
circulating fluid, and returning the circulat 
ing fluid to the circulating fluid supply or 
source of heat, substantially as described. 

33. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat, to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the working substance, 
regulating the minimum temperature of the 
circulating fluid, heating the working sub 
stance by the surrender of heat thereto by the 
circulating fluid, and returning the circulat 
ing fluid to the circulating fluid supply or 
source of heat, substantially as described. 

34. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, Which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source of 
heat and containing the Working substance, 
regulating the maximulm and minimum tem 
perature of the circulating fluid, heating the 
working substance by the surrender of heat 
thereto by the circulating fluid, and returning 
the circulating fluid to the circulating fluid 
supply or source of lheat, substantially as de 
scribed. 

35. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, Which consists in passing a continu 
ously moving circulating fluid at a regulated 
speed from a supply or source of heat to a 
pressure generator thermally dissociated from 
the supply or source of heat and containing 
the Working Substance, regulating the maxi 
mum temperature of the circulating fluid, 
heating the working substance by the surren 
der of heat thereto by the circulating fluid, 
and returning the circulating fluid to the cir 
culating fluid supply or source of heat, sub 
stantially as described. 

36. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the working substance, 
regulating the volume of the circulating fluid 
so as to maintain a substantially constant 
volume, heating the working substance by 
the surrender of heat thereto by the circulat 
ing fluid, and returning the circulating fluid 

549,981 
to the circulating fluid supply or source of 
heat, substantially as described. 

37. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid at a regulated 
temperature from a supply Ol' source of heat 
to a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the working substance, regulating the 
volume of circulating fluid so as to maintain 
a substantially constant volume, heating the 
working substance by the surrender of heat 
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thereto by the circulating fluid, and return- . 
ing the circulating fluid to the circulating 
fluid supply or source of heat, substantially 
as described. 

3S. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid at a regulated 
speed from a supply or source of heat to a 
pressure generator thermally dissociated from 
said supply or source of heat and containing 
the working substance, regulating the maxi 
mum temperature of the circulating fluid, 
regulating the volume of the circulating fluid 
so as to maintain a substantially constant Vol 
lume, heating the Working Substance by the 
surrender of heat thereto by the circulating 
fluid, and returning the circulating fluid to 
the circulating fluid supply or source of heat, 
substantially as described. 

39. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid at a regulated 
temperature from a supply or source of heat 
to a pressure generator thermally dissociated 
from said supply or source of heat, and coll 
taining the working substance, regulating the 
volume of the circulating fluid so as to main 
tain a substantially constant volume, regul 
lating the quantity of working substance in 
the pressure generator to maintain a sub 
stantially constant volume, heating the Work 
ing substance by the surrender of heat thereto 
by the circulating fluid, and returning the 
circulating fluid to the circulating fluid sup 
ply or source of heat, substantially as (le 
scribed. 

40. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid at a regulated 
speed from a supply or source of heat to a 
pressure generator thermally dissociated from 
said supply or source of heat, and containing 
the working substance, regulating the maxi 
mum temperature of the circulating fluid, 
regulating the volume of the circulating fluid 
So as to maintain a substantially constant Vol 
ume, regulating the quantity of working sub 
stance in the pressure generator to maintain 
a substantially constant volume, heating the 
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ing fluid and discharging the circulating fluid 
from the pressure generator, substantially as 
described. 

5. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
Ol' Source of heat to a pressure generator ther 
mally dissociated from the supply or source 
of heat and containing the Working substance, 
heating the working substance by the sur 
render of heat thereto by the circulating fluid, 
and discharging the circulating fluid from 
the pressure generator, substantially as de 
scribed. 

6. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the Working substance, 
regulating the maximum temperature of the 
circulating fluid, heating the working sub 
stance by the surrender of heat thereto by the 
circulating fluid, and discharging the circulat 
ing fluid from the pressure generator, sub 
stantially as described. 

7. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circu 
lating fluid from a supply or source of heat 
to a pressure generator thermally dissociated 
from said supply or source of heat, and con 
taining the Working substance, regulating the 
Volume of the circulating fluid so as to main 
tain a Substantially constant volume, heating 
the Working substance by the surrender of 
heat thereto by the circulating fluid, and dis 
charging the circulating fluid from the press 
ure generator, substantially as described. 

S. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated temperature from a 
Supply or Source of heat to a pressure gener 
ator thermally dissociated from said supply 
or source of heat and containing the working 
Substance, regulating the volume of circulat 
ing fluid so as to maintain a substantially 
constant volume, heating the Working sub 
stance by the surrender of heat thereto by the 
circulating fluid, and discharging the circu 
lating fluid from the pressure generator, sub 
stantially as described. 

9. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to a 
pressure generator thermally dissociated from 
said Supply or source of heat and containing 
the Working substance, regulating the mini 
mum temperature of the circulating fluid, 
regulating the volume of the circulating fluid 
SO as to maintain a substantially constant 
volume, heating the Working substance by 
the surrender of heat thereto by the circulat 
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ing fluid, and discharging the circulating fluid 
from the pressure generator, substantially as 
described. 

10. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
or source of heat to a pressure generator 
thermally dissociated from said supply Or 
source of heat and containing the Working 
substance, regulating the maximum tempera 
ture of the circulating fluid, regulating the 
volume of the circulating fluid so as to main 
tain a substantially constant volume, heating 
the working substance by the surrender of 
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heat thereto by the circulating fluid, and dis 
charging the circulating fluid from the press 
ure generator, substantially as described. 

11. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat, regulating 
the quantity of working substance in the 
pressure generator to maintain a Substan 
tially constant volume, heating the Working 
substance by the surrender of heat thereto by 
the circulating fluid, and discharging the cir 
culating fluid from the pressure generator, 
substantially as described. 

12. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
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a pressure generator thermally dissociated . 
from said supply or source of heat and con 
taining the working substance, regulating the 
quantity of working substance in the pressure 
generator to maintain a Substantially COn 
stant volume, regulating the maximum press 
lure in the pressure generator, heating the 
working substance by the surrender of heat 
thereto by the circulating fluid, and discharg 
ing the circulating fluid from the pressure 
generator, substantially as described. 

13. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the working substance, regulating the 
volume of the circulating fluid so as to main 
tain a substantially constant volume, regul 
lating the quantity of working substance in 
the pressure generator to maintain a Sub 
stantially constant volume, heating the Work 
ing substance by the surrender of heat there 
to by the circulating fluid, and discharging 
the circulating fluid from the pressure gen 
erator, substantially as described. 

14. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated temperature from a 
supply or source of heat to a pressure geniera 
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tor thermally dissociated from said supply or 
source of heat and containing the working 
substance, regulating the volume of the cir 
culating fluid so as to maintain a substan 
tially constant volume, regulating the quan 
tity of Working substance in the pressure gen 
erator to maintain a substantially constant 
volume, heating the working substance by 
the surrender of heat thereto by the circulat 
ing fluid, and discharging the circulating fluid 
from the pressure generator, substantially as 
described. 

15. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat, to a 
pressure generator thermally dissociated from 
said supply or source of heat and containing 
the working substance, regulating the maxi 
mum and minimum temperature of the circu 
lating fluid, regulating the quantity of Work 
ing substance in the pressure generator to 
maintain a substantially constant volume, 
heating the working substance by the surren 
der of heat thereto by the circulating fluid, 
and discharging the circulating fluid from 
the pressure generator, substantially as de 
scribed. 

16. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the working substance, 
regulating the maximum temperature of the 
circulating fluid, regulating the volume of the 
circulating fluid so as to maintain a substan 
tially constant volume, regulating the quan 
tity of Working substance in the pressure gen 
erator to maintain a substantially constant 
volume, heating the working substance by the 
surrender of heat thereto by the circulating 
fluid, and discharging the circulating fluid 
from the pressure generator, substantially as 
described. 

17. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat, and containing the working substance, 
applying the circulating fluid to heating the 
hotter and colder parts of the working sub 
stance successively by passing it downward 
through the pressure generator, and discharg 
ing the circulating fluid from the pressure gen 
erator, substantially as described. 

18. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated temperature from a 
Supply or source of heat to a pressure gen 
erator thermally dissociated from said sup 
ply or source of heat and containing the 
Working substance, applying the circulating 
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fluid to heating the hotter and colder parts 
of the working substance successively bypass 
ing it downward through the pressure gen 
erator, and discharging the circulating fluid 
from the pressure generator, substantially as 
(lescribed. 

19. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the Working substance, regulating 
the minimum temperature of the circulating 
fluid, applying the circulating fluid to heat 
ing the hotter and colder parts of the work 
ing substance successively bypassing it down 
ward through the pressure generator, and dis 
charging the circulating fluid from the press 
ure generator, substantially as described. 

20. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid at a regulated speed from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the working substance, 
regulating the maximum temperature of the 
circulating fluid, applying the circulating 
fluid to heating the hotter and colder parts 
of the working substance successively by 
passing it downward through the pressure 
generator, and discharging the circulating 
fluid from the pressure generator, substan 
tially as described. - 

21. The improvement in the art of convert 
ing heat into Work by the agency of Vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the working substance, regulating the 
volume of the circulating fluid to maintain 
a substantially constant volume, applying 
the circulating fluid to heating the hotter and 
colder parts of the Working substance suc 
cessively bypassing it downward through the 
pressure generator, and discharging the cir 
culating fluid from the pressure generator, 
substantially as described. 

22. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a circulat 
ing fluid from a supply or source of heat to 
a pressure generator thermally dissociated 
from said supply or source of heat and con 
taining the Working substance, regulating 
the maximum and minimum temperature of 
the circulating fluid, regulating the volume 
of the circulating fluid to maintain a sub 
stantially constant volume, applying the cir 
culating fluid to heating the hotter and colder 
parts of the working substance successively 
by passing it downward through the pressure 
generator, and discharging the circulating 
fluid from the pressure generator, substan 
tially as described. 
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Working substance by the surrender of heat 
thereto by the circulating fluid, and return 
ing the circulating fluid to the circulating 
fluid supply or source of heat, substantially 
as described. 

41. The improvement in the art of convert 
ing heat into work by the agency of vapor 
preSSure, Which consists in passing a continu 
Ously moving circulating fluid at a regulated 
Speed from a supply or source of heat to a 
pressure generator thermally dissociated from 
said supply or source of heat and containing 
the Working substance, applying the circulat 
ing fluid to heating the hotter and colderparts 
of the Working substance successively bypass 
ing it downward through the pressure gener 
ator, and returning the circulating fluid to 
the circulating fluid supply or source of heat, 
substantially as described. 

42. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid at a regulated 
speed from a supply or source of heat to a 
pressure generator thermally dissociated from 
said supply or source of heat and containing 
the Working substance, regulating the maxi 
mum temperature of the circulating fluid, ap 
plying the circulating fluid to heating the hot 
ter and colder parts of the Working substance 
successively bypassing it downward through 
the pressure generator, and returning the cir 
culating fluid to the circulating fluid supply 
or source of heat, substantially as described. 

43. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the Working substance, 
regulating the volume of the circulating fluid 
to maintain a substantially constant volume, 
applying the circulating fluid to heating the 
hotter and colder parts of the working sub 
stance successively by passing it downward 
through the pressure generator, and return 
ing the circulating fluid to the circulating 
fluid supply or source of heat, substantially 
as described. 

44. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the working substance, 
regulating the maximum and minimum tem 
perature of the circulating fluid, regulating 
the volume of the circulating fluid to main 
tain a substantially constant volume, apply 
ing the circulating fluid to heating the hotter 
and colder parts of the Working substance 
successively bypassing it downward through 
the pressure generator, and returning the cir 
culating fluid to the circulating fluid supply 
or source of heat, substantially as described. 

45. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from said supply or source 
of heat and containing the Working substance, 
passing the circulating fluid through uni 
formly distributed and closely spaced pas 
sages first in the steam space and then in the 
water space of said generator and downward 
from the hotter to the colder parts of the 
Working substance, and returning the circul 
lating fluid to the circulating fluid supply or 
source of heat, substantially as described. 

46. The improvementin the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator 
thermally dissociated from the supply or 
source of heat and containing the working 
substance, heating the Working substance by 
the surrender of heat thereto by the circulat 
ing fluid, applying the vapor pressure and 
then exhausting the vapor into a condenser 
and cooling it by the circulating fluid after 
the latter is discharged from the pressure gen 
erator, and returning the circulating fluid to 
the circulating fluid supply or source of heat, 
substantially as described. 

47. The improvement in the art of convert 
ing heat into work by the agency of vapor 
pressure which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 
mally dissociated from the supply or source of 
heat and containing the Working substance, 
regulating the minimum temperature of the 
circulating fluid, heating the working sub 
stance by the surrender of heat thereto by 
the circulating fluid, applying the vapor 
pressure and then exhausting the vapor into 
a condenser and cooling it by the circulating 
fluid after the latter is discharged from the 
pressure generator, and returning the circu 
lating fluid to the circulating fluid supply or " 
source of heat, substantially as described. 

48. The improvement in the art of convert 
ing heat into Work by the agency of vapor 
pressure, which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator 
thermally dissociated from the supply or 
source of heat and containing the working 
Substance, regulating the maximum and min 
imum temperature of the circulating fluid, 
heating the Working substance by the sur 
render of heat thereto by the circulating fluid, 
applying the vapor pressure and then ex 
hausting the vapor into a condenser and cool 
ing it by the circulating fluid after the latter 
is discharged from the pressure generator, 
and returning the circulating fluid to the cir 
culating fluid supply or source of heat, sub 
stantially as described. 

49. The improvement in the art of convert 
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ing heat into work by the agency of vapor 
pressure which consists in passing a continu 
ously moving circulating fluid from a supply 
or source of heat to a pressure generator ther 

5 mally dissociated from said supply or source 
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of heat and containing the working substance, 
applying the circulating fluid to heating the 
hotter and colder parts of the Working sub 
stance successively by passing it downward 
through the pressure generator, applying the 
vapor pressure and then exhausting the va 
por into a condenser and cooling it by the 
circulating fluid after the latter is discharged 
from the pressure generator, and returning 
the circulating fluid to the circulating fluid 
supply or source of heat, substantially as de 
scribed. 

50. The process of generating or increasing 
apor pressure by heating a Working sub 

stance which consists in passing the heating 
agent downward from the top to the bottom of 
the working substance and preventing down 
ward circulation of the Working substance 
in the boiler, substantially as described. 

51. The process of generating or increasing 
vapor pressure by heating a working sub 
stance, which consists in passing a heat con 
veying fluid downward in uniformly distrib 
uted and closely spaced passages from the 
top to the bottom of the working substance, 
substantially as described. 

52. The process of generating or increasing 
apor pressure by heating a working sub 

stance, which consists in passing a heat con 
veying fluid and the working substance 
through a pressure generator in opposite cur 
rents, the heat conveying fluid passing down 
Wal'd and the Working substance upward, and 
preventing downward circulation of the work 
ing substance in the boiler, substantially as 
described. 

53. The process of generating or increasing 
vapor pressure by heating a working sub 
stance, which consists in passing a heat con 
veying fluid downward through the working 
substance in uniformly distributed and 
closely spaced passages extending horizon 
tally through successive layers of the work 
ing substance, substantially as described. 

54. The process of generating or increasing 
vapor pressure by heating a working sub 
stance, which consists in passing a heat con 
veying fluid downward through first the steam 
space and then through the Water space in uni 
follmly distributed and closely spaced pas 
sages extending horizontally through success 
ive layers of the steam and water or other 
Working substance, substantially as de 
scribed. 

55. The process of condensing or cooling 
lapor which consists in passing the vapor and 
cooling fluid through a condenser in opposite 
directions vertically, the vapor passing down 
Ward and the cooling liquid upward through 
uniformly distributed and closely spaced pas 
sages, substantially as described. 

56. The process of condensing or cooling 
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vapor, which consists in passing the vapor and 
cooling liquid through a condenser in opposite 
directions vertically, the vapor passing down 
ward from top to bottom of the condenser and 
the cooling liquid passing upward from bot 
tom to top of the condenser, the passages for 
the cooling vapor or fluid consisting of uni 
formly and closely spaced passages extending 
horizontally through layers of the other sub 
stance, substantially as described. 

57. The process of condensing or cooling 
vapor, which consists in passing the Vapor 
through a series of passages immersed in a 
cooling liquid and circulating said liquid by 
continuously withdrawing liquid from the top 
and injecting it upward at different points at 
the bottom of the liquid with sufficient force 
to maintain a constant agitation of the Sur 
face of the cooling liquid, substantially as 
described. 

5S. The process of condensing or cooling a 
vapor, which consists in passing the vapor 
through a series of passages immersed in a 
cooling liquid, circulating said liquid by con 
tinuously withdrawing liquid from the top 
and injecting it upward at different points at . 
the bottom of the liquid with sufficient force 
to maintain a constant agitation of the Sur 
face of the cooling liquid, and maintaining a 
current of air over the top of the liquid, sub 
stantially as described. 

59. The combination with a heater, of a 
pressure generator thermally dissociated 
from the heater for applying a circulating 
fluid and means for regulating the minimum 
temperature of the circulating fluid to heating 
the working substance, and connections from 
the heater to the pressure generator for the 
circulating fluid, substantially as described. 

60. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, and means for regulat 
ing the maximum temperature of the circu 
lating fluid, substantially as described. 

61. The combination with a heater, of a 
pressure generator thermally dissociated 
from the heater for applying a circulating 
fluid to heating the working substance, con 
nections from the heater to the pressure gen 
erator for the circulating fluid, and means for 
regulating the maximum temperature and 
speed of the circulating fluid, substantially 
as described. 

62. The combination with a heater, of a 
pressure generator thermally dissociated 
from the heater for applying a circulating 
fluid to heating the working substance, and 
connections from the heater to the pressure 
generator and return to heater for the circu 
lating fluid and means for regulating the 
minimum temperature of the circulating 
fluid, substantially as described. 

63. The combination with a heater, of a 
pressure generator thermally dissociated 
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from the heater for applying a circulating 
fluid to heating the working substance, con 
nections from the heater to the pressure gen 
erator and return to heater for the circulat 
ing fluid, means for regulating the minimum 
temperature of the circulating fluid, and a 
circulating pump, substantially as described. 

64. The combination with a heater, of a 
pressure generator thermally dissociated 
from the heater for applying a circulating 
fluid to heating the working substance, con 
nections from the heater to the pressure gen 
erator and return to heater for the circulat 
ing fluid, and means, for regulating the tem 
perature of the circulating fluid, substantially 
as described. 

65. The combination with a heater, of a 
pressure generator thermally dissociated 
from the heater for applying a circulating 
fluid to heating the Working substance, con 
nections from the heater to the pressure gen 
erator and return to heater for the circulat 
ing fluid, and means for regulating the maxi 
lmum and minimum temperature of the cir 
culating fluid, substantially as described. 

66. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, and 
means for regulating the circulating speed 
of the circulating fluid, substantially as de 
scribed. 

67. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, and 
means for regulating the maximum tempera 
ture and circulating speed of the circulating 
fluid, Substantially as described. 

68. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, and secondary connec 
tions for the circulating fluid cutting out 
the pressure generator, Substantially as de 
Scribed. 

69. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, secondary connections 
for the circulating fluid cutting out the press 
ure generator, and means for controlling said 
secondary connections by the temperature 
of the circulating fluid, substantially as de 
scribed. 

70. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
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from the heater to the pressure generator for 
the circulating fluid, secondary connections 
for the circulating fluid cutting out the press 
lure generator, means for regulating the maxi 
mum temperature of the circulating fluid, and 
means for controlling said secondary connec 
tions by the temperature of the circulating 
fluid, substantially as described. 

71. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, and 
a secondary circulating connection for cut 
ting out the pressure generator, substantially 
as described. 

72. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, a 
secondary circulating connection for cutting 
out the pressure generator, and means for 
controlling said secondary connection by the 
temperature of the circulating fluid, substan 
tially as described. 

73. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, a 
secondary circulating connection for cutting 
out the pressure generator including an 
evaporative tank, and means for controlling 
said secondary connection by the temperature 
of the circulating fluid, substantially as de 
scribed. 

74. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater, a circulating fluid Supply, 
and means for regulating the volume of the 
circulating fluid, substantially as described. 

75. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater, an expansion tank on Said 
connections, a supply tank, connections be 
tween said supply and expansion tanks, and 
means for regulating said connections con 
trolled by the circulating fluid in the expan 
sion tank, substantially as described. 

76. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater, a circulating fluid supply 
and means for regulating the volume of cir 
culating fluid, and means for regulating the 
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temperature of the circulating fluid, substan 
tially as described. 

77. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater, a circulating fluid supply 
and means for regulating the volume of the 
circulating fluid, and means for regulating 
the minimum temperature of the circulating 
fluid, substantially as described. 

7S. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater, a circulating fluid supply 
and means for regulating the volume of the 
circulating fluid, and means for regulating 
the maximum temperature and speed of the 
circulating fluid, substantially as described. 

79. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, and means for regulat 
ing the volume of working substance, sub 
stantially as described. 

S0. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, a 
circulating fluid supply, means for regulating 
the volume of circulating fluid, and means for 
regulating the volume of working substance, 
substantially as described. 

S1. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, 
means for regulating the temperature of the 
circulating fluid, a circulating fluid supply, 
means for regulating the volume of circulat 
ing fluid, and means for regulating the vol 
ume of working substance, substantially as 
described. 

82. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, 
means for regulating the maximum tempera 
ture and speed of the circulating fluid, a cir 
culating fluid supply, means for regulating 
the volume of circulating fluid, and means for 
regulating the volume of working substance, 
substantially as described. 

83. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having uniformly distributed 

and closely spaced passages extending down 
ward through the working substance, and 
connections between the heater and said pas 
sages at the top of the pressure generator for 
the circulating fluid, substantially as de 
Scribed. 

S4. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having continuous uniformly 
distributed and closely spaced passages ex 
tending horizontally and downward through 
successive layers of the working substance, 
and connections between the heater and said 
passages at the top of the pressure generator 
for the circulating fluid, substantially as de 
scribed. 

S5. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having continuous uniformly 
distributed and closely spaced passages ex 
tending horizontally and downward through 
successive layers of the steam space and work 
ing substance, and connections between the 
heater and said passages at the top of the 
pressure generator for the circulating fluid, 
substantially as described. 

86. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having small uniformly dis 
tributed and closely spaced continuous pas 
sages extending horizontally and downward 
through successive layers of the steam space 
and working substance, and connections be 
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tween the heater and said passages at the top 
of the pressure generator for the circulating 
fluid, substantially as described. 

87. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having passages extending 
downward through the working substance, 
connections between the heater and said pas 
sages at the top of the pressure generator for 
the circulating fluid, and means for regulat 
ing the temperature of the circulating fluid, 
substantially as described. 

88. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having passages extending 
downward through the working substance, 
connections between the heater and said pas 
sages at the top of the pressure generator for 
the circulating fluid, and means for regulat 
ing the minimum temperature of the circu 
lating fluid, substantially as described. 

89. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having passages extending 
downward through the working substance, 
connections between the heater and said pas 
Sages at the top of the pressure generator for 
the circulating fluid, and means for regulat 
ing the maximum and minimum temperature 
of the circulating fluid, substantially as de 
scribed. 

90. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having passages extending. 
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downward through the working substance, 
connections between the heater and said pas 
Sages at the top of the pressure generator for 
the circulating fluid, and means for regulat 
ing the speed of the circulating fluid, sub 
stantially as described. 

91. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater and having passages extending 
downward through the working substance, 
connections between the heater and said pas 
Sages at the top of the pressure generator for 
the circulating fluid, and means for regulat 
ing the maximum temperature and speed of 
the circulating fluid, substantially as de 
scribed. - 

92. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, means for applying the 
vapor pressure and a working substance con 
denser for the pressure generator, connec 
tions between the pressure generator and con 
denser for the circulating fluid, wherein fur 
ther heat is abstracted from the circulating 
fluid and the fluid then applied to condensing 
the Working substance, and connections for 
the return of the circulating fluid from the 
condenser to the heater, substantially as de 
scribed. 

93. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, a thermostat on said 
connections, and means controlled by said 
thermostat for regulating the temperature 
of the circulating fluid, substantially as de 
scribed. 

94. The combination with a heater, of a 
pressure generator thermally dissociated from 
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the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, athermostat on said con 
nections, secondary connections for the cir 
culating fluid cutting out the pressure gen 
erator, and means controlled by said ther 
mostat for controlling said secondary con 
nections, Substantially as described. 

95. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator for 
the circulating fluid, a thermostat controlled 
by the temperature of the circulating fluid, 
and means controlled by said thermostat for 
regulating the minimum temperature of the 
circulating fluid, substantially as described. 

96. The combination. With a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 

from the heater to the pressure generator and 
return to heater for the circulating fluid, a 
thermostat on said connections between the 
heater and pressure generator, and means 
controlled by said thermostat for regulating 
the temperature of the circulating fluid, sub 
stantially as described. 

97. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator 
and return to heater for the circulating fluid, 
thermostats on said connections on each side 
of the pressure generator, and means con 
trolled by said thermostats for regulating the 
maximum and minimum temperature of the 
circulating fluid, substantially as described. 

98. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, 
thermostats on said connections on each side 
of the pressure generator, and means con 
trolled by said thermostats for regulating the 
maximum temperature and speed of the cir 
culating fluid, substantially as described. 

99. The combination with a heater, of a 
pressure generator thermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator 
for the circulating fluid, a circulating pump, 
a by-pass for the circulating fluid about 
said circulating pump, a valve controlling 
said by-pass and means for controlling said 
valve in accordance with the temperature 
of the circulating fluid, substantially as de 
scribed. 

100. A boiler having uniformly distributed 
and closely spaced passages for a heating 
agent extending from the top downward 
through the space for the Working substance, 
substantially as described. 

101. Aboiler having uniformly distributed 
and closely spaced passages through it from 
top to bottom for a heating agent, and from 
bottom to top for the Working substance, Sub 
stantially as described. 

102. A boiler having an inlet at or near the 
top and outlet at or near the bottom for a 
heating agent, and an inlet at or near the bot 
tom and outlet at or near the top for the Work 
ing substance, and uniformly distributed and 
closely spaced passages connecting the re 
spective inlets and outlets, substantially as 
described. 

103. A boiler having small uniformly dis 
tributed and closely spaced passages for a 
heating agent extending downward from the 
top through the space for the working sub 
stance, substantially as described. - 

104. Aboiler having uniformly distribute 
and closely spaced passages for a heating 
agent extending horizontally and downward 
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through successive parts and from the top to 
Ward the bottom of the space for the working 
substance, substantially as described. 

105. Alboiler having uniformly distributed 
and closely spaced passages for a heating 
agent extending horizontally and downward 
through successive parts of the steam space 
and from the top toward the bottom of the 
space for the working substance, substan 
tially as described. 

106. A boiler having small uniformly dis 
tributed and closely spaced passages for a 
heating agent extending horizontally and 
downward through successive parts and from 
the top toward the bottom of the space for 
the working substance, substantially as de 
scribed. 

107. A boiler having small closely spaced 
passages for a heating agent extending hori 
Zontally and downward through successive 
parts and from the top toward the bottom of 
the space for the Working substance, and 
sheets of wire gauze between and in contact 
with the horizontal layers of passages, sub 
stantially as described. 

108. A boiler having an inlet and outlet for 
a heat conveying circulating fluid and an in 
let and outlet for working substance, and uni 
formly distributed and closely spaced pas 
sages for the circulating fluid within the 
space for the Working substance, substan 
tially as described. 

109. A boiler having an inlet and outlet for 
a heat conveying circulating fluid and an in 
let and outlet for Working substance, and uni 
formly distributed and closely spaced pas 
sages for the circulating fluid through both 
the steam space and Water space, substan 
tially as described. - 

110. A boiler having an inlet and outlet for 
a heat conveying circulating fluid, and an 
inlet and outlet for working substance, and 
uniformly distributed and closely spaced pas 
sages for the circulating fluid extending hori 
Zontally through successive vertical parts of 
the space for the working substance, substan 
tially as described. 

111. A boiler having an inlet and outlet for 
a heat conveying circulating fluid, and an in 
let and outlet for Working substance, and small 
uniformly distributed and closely spaced pas 
Sages for the circulating fluid extending hori 
Zontally through successive vertical parts of 
the Space for the Working substance, substan 
tially as described. 

112. A boiler having an inlet and outlet for 
a heat conveying circulating fluid, and an in 
let and Outlet for Working substance, and small 
uniformly distributed and closely spaced pas 
Sages for the circulating fluid extending hori 
Zontally through successive vertical parts of 
both the steam space and water space, sub 
stantially as described. 

113. A boiler having an inlet and outlet for 
a heat conveying circulating fluid, and an in 
let and outlet for working substance, pas 
sages for the circulating fluid within the space 
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for the working substance, and a blow-off 
alve for the liquid working substanice con 

trolled by the boiler pressure, substantially 
as described. 

114. An apparatus for the transfer of heat 
from one fluid to another having uniformly 
distributed and closely spaced passages for 
the fluid from which heat is to be transfor red 
extending from the top downward through 
the space for the fluid to which heat is to be 
transferred, substantially as described. 

115. The combination with a casing having 
an inlet at or near the top and outlet at or 
near the bottom for filliol from which heat is 
to be transferred, an inlet at or near the bot 
tom and outlet at or near the top for fluid to 
which heat is to be transferred from the first 
mentioned fluid, and uniformly distributed 
and closely spaced passages for One of the 
fluids connecting its respective inlet and out 
let, and extending through the space for the 
other fluid, substantially as described. 

116. The combination with casing p, hav 
ing a connection at top and bottom, of cas 
ing B inside said casing, having a connection 
at top and bottom, uniformly distributed and 
closely spaced tubes extending transversely 
through said casing B, and partitions 17 di 
viding said casing p outside casing B into 
horizontal chambers, substantially as de 
scribed. 

117. The combination with casing p, hav 
ing a connection at top and bottom, of cas 
ing B inside said casing, having a connec 
tion top and bottom, small closely Spaced 
tubes in extending transversely through said 
casing B, and partitions 17 dividing Said cas 
ing p outside casing B into horizontal cham 
bers, substantially as described. 

11S. The combination with a casing having 
a fluid connection at Opposite ends, of Small 
closely spaced tubes extending transversely 
through said casing, chambers arranged longi 
tudinally of said casing and communicating 
with the opposite ends of series of tubes, and 
a fluid connection with the end chambers, 
substantially as described. 

119. The combination with an open tank 
having a perforated bottom, of passages 
through said tank for fluid to be cooled, and 
a circulating pump for withdrawing the cool 
ing liquid from the top and injecting it 
through the perforated bottom of the tank, 
substantially as described. 

120. The combination with an open tank 
having a perforated top and bottom, of pas 
sages through said tank for fluid to be cooled, 
and a circulating pump for withdrawing the 
cooling liquid from the top and injecting it 
through the perforated bottom of the tank, 
substantially as described. 

121. The combination with an open tank 
having a perforated top and bottom, of pas 
sages through said tank for fluid to be cooled, 
a circulating pump for withdrawing the cool 
ing liquid from the top and injecting it 
through the perforated bottom of the tank, 
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and means for maintaining an air blast over 
the top of the tank, substantially as described. 

122. The combination. With a heater, of a 
pressure generatorthermally dissociated from 
the heater for applying a circulating fluid to 
heating the Working substance, connections 
from the heater to the pressure generator and 
return to heater for the circulating fluid, an 
expansion engine having cylinder jackets, 

Io and connections for circulating a part of the 

circulating fluid through said jackets, sub 
stantially as described. 

In testimony whereof I have hereunto set 
my hand in the presence of two subscribing 
Witnesses. 

A. M. WELLINGTON. 
Witnesses: 

T. F. KEHOE, 
C. J. SAWYER. 
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It is hereby certified that in Letters Patent No. 549,981, granted November 19, 1895, 
upon the application of Arthur M. Wellington, of New York, N. Y., for an improve 
ment in the “Art of and Apparatus for Converting Heat into Work by Agency of 
Vapor Pressure,” an error appears in the printed specification requiring correction as 
follows: On page 28, lines 102-103, the clause “ and means for regulating the minimum 
temperature of the circulating fluid,” should be stricken out and inserted before the 
word “substantially,' line 106 as now numbered, same page; and that the said Letters 
Patent should be read with this correction therein that the same may conform to the 
record of the case in the Patent Office. 

Signed, countersigned, and sealed this 17th day of December, A. D. 1895. 
SEAL. JNO. M. REYNOLDS, 

Assistant Secretary of the Interior. 
Countersigned: 

JoHN S. SEYMoUR, 
Commissioner of Patents. . 
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