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UNITED STATES

PATENT OFFICE.

JOSEPH H. CAMPBELL, OF NEW YORK, XN. Y.

APPARATUS FOR OPERATING VAPOR CR AMMONIA ENGINES.

SPECIFICATION forming part of Letters Patent No. 427,400, dated May 6, 1890.
Application filed February 4, 1889, Renewed December 16, 1889, Serial No, 333,844, (No model.)

To all whom it may concern:

Be it known that I, JosEPH H. CAMPBELL, &
citizen of the United States, residing at New
York, in the county of New York and State of
New ¥ ork,have invented new and useful Tm-
pr ovements in Apparatusfor Operating Vapor
or Ammonia Engines; and I do hereby de-
clare the following to be a full, clear, and ex-
act description of said invention, reference
being had to the accompanying drawing, and
to the letters or figures of reference marked
thereon, which forms a part of this specifica-
tion. )

My improvement relates to that class of
vapor-engines in which the elastic medium
employed is a gas held in solution by physical
absorption in a liquid, from which the gas is
liberated when the solution is heated, and by
which it is readily reabsorbed when the liquid
iscooled. Theliquid which I employ is aqua-
ammonia, or ammonia-gas, held in aqueous
solution, and in the specification and claims
I denominate the class of engines to which
my invention applies as “ ammonia-engines.”

My invention consists in certain new. and
improved apparatus, hereinafter described, to
be used in the operations of such engines;
but the method of operation involved in its
use forms the subject-matter of a separate
application, Serial No. 298,631, filed February
4, 1889, and therefore is not clalmed herein.

The accompanying drawing represents a
vertical side elevation of my apparatus, partly
in section.

A general description of the principal parts
of the apparatus and its opelatlon is as fol-
lows:

Ais a steam-boiler of any desired construc-
tion, in which steam is oenerated for the pur-
pose of heating the aqua-ammonia, and from
which steam is: supplied for heating the aqua-
ammonia on its retirn to the generator B.
The generator B may be similar in construe-
tion to a tubular boiler, and is placed above
the steam-boiler A, the tubes b b in the gen-
erator being connected with the steam-space
of the boiler A by pipes C and C? so that
steam entering the tubes b 0, from the pipe
C traverses the tubes and is returned with
the water of condensation through pipe C?
to the boiler at a point below the water-line,

as shown in dotted lines. The valves V’
and V? regulate the supply and return of
steam between the boiler and generator, and
thereby by regulating the heat applied to the

_contents of the generator I3 correspondingly

regulate the gas-pressure supplied to the am-
monija-enginé.

The generator B is supplied with aqua-am-
monia, the “water-level’ being situate be-
tween the points where the pipes D and G
enter the generator.,

D is the vapor-pipe, which conducts the gas
generated in the generator B (liberated from
the aqua-ammonia by the steam traversing

the tubes b 0) to the ammonia-engine E, the.

piston of which is driven Dby the expansive
force of the ammonia-gas. The vapor from
the engine E, after doing' its work, is exhausted
through the pipe Finto the absorberS. The
exhaust-gas is absorbed in the pipe F' and
absorber S by means of absorbing liquid from
the generator or sprayed into the pipe F by a
spray-jet J.

It'is one of the important features of my
engines, described and claimed in a former
patent, No. 337,371, that to avoid the intro-
duection into -the circulation of my apparatus
of additional water from without the liquid
used to absorb the exhaust is weak aqua-am-
monia drawn from the generator B and cooled
in order to restore its power of absorbing am-

‘monia before bringing it into contact with

the exhaust-gas. Forthis purpose the pipe G
from below the water-level of the generator
B is led through a cooling-box L, whence it
enters the exhaust-pipe I at J. This liquid,
as itleaves the generator B, isa weakk aqueous
solution of ammonia, the ammonia being con-
stantlyliberated from the water by the steam
heat of the generator, the gas passing off to
the engine, while the water remains behind.
This cooled weak'solution passes into the ex-
haust-pipe F, where it is sprayed into and
over the exhaust-gas passing with it into the
absorber 8, which is cooled by cold water or
otherwise, and’ whereby the gas is absorbed
by the weak solution, forming a strong solu-
tion, which, passing out of the absorber, is
drained by gravity into the bottom of the sec-
ondary absorber 8/, and from there is forced
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tion, adapted to draw the solution and any
free gas carried therewith from.the absorber
S* and force it into a well W.  The well W
is a close vessel for the purpose of holding
the liquid forced therein under pressure,so
that any free gas which may have escaped
absorption may now be forced by the press-
ure in thewell to enter into solution with the
liquid therein, whence the strong solution is
forced back into the generator to keep upthe
supply for continuous operation.

There are certain parts of the apparatus
which require the use of power for their op-
eration—such, for instance, as the pumps P’,
P?and P>—which,in such apparatus it is usual
to operate by means of the power of the main
engine, or at any rate by means of the expan-
sive force of the gas drawn from the gener-
ator. In my engine, however, the power em-
ployed to drive the main engine isthat of the

gas liberated from the aqua-ammonia by the-

heat of the steam circulating in tubes from
the steam-boiler, and I propose to drive the
pumps P’ P? P referred to, or either of them,
ard any other partsof the machinery by means
of the liquid contained in the generator un-
der generator-pressure—that is to say, under
the preseurc exerted on the surface of the
weak solution by the gas generated there-
from and contained in the vapor-space of the
generator. To accomplish this I-attach the
piston of the water-cylinder M of the force-
pump P’ to the piston-rod of a small engine
H, of ordinary construction, so that the same
piston-rod I, operated by the engine H, op-
erates the piston of the pump P’. 1 connect
the slide-valve of the engine H by a pipe G
with the generator B at a point below the
water-level, and the pressure of the ligquid or
weak solution from the generator operates
the engine. The exhaust from the engine H
connects with the pipes I and I’, which, with
the pipe G, form a iine of pipe from the gen-
erator B to the exhaust-pipe F of the main
engine K.

By passing through and operating the aux-
iliary water-engine H the weak solution from
the generator is somewhat cooled. It thence
passes through the pipe I’, a part of which
forms a worm inclosed in a cooling-box 1,
where it is surrounded by cold water, which
is constantly running in and out of the cool-
ing-box. The weak solution is thus cooled,
and passes in that condition by the pipe I’
into the exhaust-pipe I of the main engine,
where it is discharged through a jet J in a
downward direction into and among the ex-
haust ammonia-vapor from the main engine.

It is important to have the weak solution,
when it enters the exhaust-pipe I, as cool as
possible, because the power of water to ab-
sorb ammonia-gas diminishes very rapidly
as the heat of the water increases, and vice
versa.

The pump P’ is used toforce cold water into
the absorbers S and 8’. M is the water-cylin-
der of such pumb, having a suction-pipe o’

427,400

and discharge-pipe a® The by-pass pipe I
with a valve,may be used to connect the pipes
G and I, so as to permit more or less of the
weak solution from the generator to pass
throuzh the cooling-box L. and into the ex-
haust-pipe I without passing through the
water-pump . A similar arrangement may
be made for the operation of the pumps P?
and %, or other water-motors connected with
the apparatus, the exhaust-liquid from the
engine being in such cases returned to the
pipe I’, or directly into the absorber S. As
the ammonia solution used to absorb the ex-
haust-gas from the engineé has been cooled
to a considerable degree in order to cause it
to absorb as much of the gas as possible, it
is desirable before returning the strong am-
monia solution thus obtained to the gen-
erator to heat it in order to prevent the
chilling of the contents of the generator.
For this purpose I interpose between the well
W on one side and the boiler A and gener-
ator BB on the other side a close reservoir T,
which communicates with the liquid-space of
the well W by a pipe R, in the line of which
is placed a small force-pump P3 to forece the
aqua-ammonia from the well W to the reser-
voir T. This pump may be operated as be-
fore deseribed with relation topump P’ or oth-
erwise. From the upper partof the reservoir
T a pipe U leads to and communicates with
the liquid-space of the generator B. Inside of
the reservoir T is a steam-coil X?, the upper
end of which is connected by a pipe X, fur-
nished with a valve V?, with the steam-space
of the water-boiler A, and the lower part of
the coil X? is connected by a pipe X5 also fur-
nished with a valve V% with the water-space
of the boiler. By this meanslive steam from
ihe boiler A in such quantity as may be de-
sired and determined by the valves passes
downward through the coil X2 and returns
with the water of condensation to the boiler.
It is obvious that the strong agua-ammonia
forced into the reservoir T from the well W
by the pump P? will thus be considerably
heated before it enters the liquid-space of
the generator. ' :

As one of the chief difficulties in the con-
struction of ammonia-engine apparatus is to

effect the complete absorption of the exhaust-

gas from the engine by the weak ammonia
solution from the boiler, and as this result
must be secured not only by cooling the so-
lution - before mingling the gas with it, but
also and largely by so construeting the appa-
ratus that the gas and liquid will be inti-
mately mixed. while the solution is being
cooled, I use absorbers of peculiar construec-
tion which I will proceed to deseribe.

S is an absorber of plate-iron, of any de-
sired shape and outward conformation, pref-
erably of oblong and substantially rectangu-
lar form, as shown in longitudinal section.
The absorber has a double head at each end,
formed by caps Q" and QP bolted onto the
main body of the absorber. It is furnished
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with a series of longitudinal tnbes n’ n’ n? n?
n® 7%, which at each end open into the water-
ways formed by the double heads. The space
at each end of the absorber formed by the
caps Q' and Q? is divided into two water-ways
(marked 1, 2, 3, and 4) by partitions m/ and m2
These partitions m/ and m? eorrespond in lo-
cation and height with perforated diaphragms
or division-plates ¢’ and ¢? each of which ex-
tends entirely across the interior of the ab-
sorber and extends lengthwise from ono end
nearly to the other end, the top diaphragm ¢’
being attached to thetube-head at theleft end,
where partition m’ islocated, and diaphragm
g*tothetube-head on theright end, where par-
tition m?* is located. By thisarrangement the
interior of the absorber is divided into three
communicating chambers, and spaces f/ and
J? are left at the ends of the diaphragms, for
the free passage of -any liquid or gas which
has not found its way from one chamber of
the absorber to the other through.the per-
forations of the diaphragm.

As before stated, the exhaust-pipe T of the
engine communicates with the absorber 8, en-
tering the upper chamber, or that portion
traversed by the tubes #/ n’. The weak solu-
tion from the generator B, after operating the
pump engine or motor I and having been
cooled in the cooling-box I, énters the ex-
haust-pipe I’ by the spray-jet J, and, together
with the exhaust-gas from the main engine,
(which has been to some extent absorbed by
the solution,) is carried downward into the

absorber partly by the pressure of the gas in

the generator and partly by action of the
vacuum-pump P? before mentioned, commu-
nicating with the secondary absorber §’. The
liquid entering at the jet J takes up a part
of the vapor in the exhaust-pipe by absorp-
tion and carries the unabsorbed gas by adhe-
sion through the pipe I into the upper cham-
ber of the absorber. Here the gas and liquid
pass around the tubes n’ n’, which are cooled,
as hereinafter described, the gas being more
absorbed by the liguid as they become more
intimately mixed and the liquid becomes
cooler. A portionof the liquid and gas passes
through the perforations in the diaphragm ¢’
and the remainder passes through the space
at the end of the diaphragm into the next
division, and so on down to the lowest divis-
ion of the absorber, and thence the liquid,
having become cooled, and having absorbed
nearly if not quite all of the gas, and having
thus been restored to the condition of astrong
solution of ammonia, is drained by gravity
through pipe O’ into absorber S, constructed
similar to absorber S, entering the same at
the bottom or below its liquid-line, and after
passing around the tubes leaves it at the top,
thus maintaining within it a body of solution
for the purpose of entrapping and absorbing
such free gas as may have been carried along
by adhesion. The pump P? withdraws the
solution from absorber 8’ and carries it, as
before described, into the well W.

(V]

The absorber is cooled by means of water
or other refrigerating-liquid passed through
the tubes n’ n’ n* n* n’ 7% as follows: The
cooling-liquid is pumped by the water-cylin-
der M of pump P’, through pipe ¢? through
the ehambers.and tubes of the absorber &/,
from where it passes through pipe «® into
water-way 1 in the head of the absorber S,
whence it passes through tubes n®n® to water-
way 2 on theotherside and through the tubes
n® n*to the water-way 3 on the right-hand
side,and thence through tubes n’ n’ into wa-
ter-way 4 on theleft-hand side, and thence out
through the pipe a®

The advantages of the construction just de-
seribed over that heretofore used, in which
the cooling-liquid surrounds the pipes and the
gasand the absorbing-liquid pass through the
tubes - of the absorber, are that it gives a
larger relative space for the gas and that less
obstruction ix offered to the gas before it
reaches the cooling-surfaces, and it increases
the cooling-space of the absorber without in-
creasing its size, inasmuch as the cooling-sur-
face presented to the absorbing-liquid is
greater when the liquid to be cooled sur-
rounds the pipes than when the cooling me-
dium is outside and the liquid to be cooled
passes through the pipes. _

‘WhatI claimas new, and desire to secure by
Letters Patent, is——

1. In ammonia-engine apparatus,the com-
bination of a generator arranged to be heated
by steam or otherwise, an ammonia-engine to
be operated by gas from the generator,a wa-
ter motor or engine to be operated by liquid
from the generator, suitable pipes connecting
said engines with the generator, an exhaust-
pipe from each engine arranged to bring the
liquid-exhaust and gaseous-exhaust together
on their way to the absorber, a refrigerating
absorbing apparatus for cooling the liquid-
exhaust from the auxiliary engine and caus-
ing it to absorb the gaseous-exhaust from the
main engine, and a pump or other device for
withdrawing the ammonia solution produced
by such absorption from the absorber and re-
turning it to the generator, substantially as
described.

2. The combination of an ammonia - gas
generator and its heating device, a gas-engine
connected with the vapor-space of the gener-
ator, and a water engine or motor connected
with the liquid-space of the generator for the
purpose of operating both engines from the
same generator, substantially as described.

3. The combination,in an ammonia-engine
apparatus, of a gas-generator, a steam-boiler
connected therewith; a gas-engine having con-
nection -with the generator, and an exhaust
from the engine connecting with a refriger-
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of the engine, arefrigerating-absorber,apump
for drawing the concentrated solution from
the absorber and returning the same to the
generator,and a reservoir heated by a steam-
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coil from the boiler intermediate between the
absorber and the generator, substantially as
described. '

4. In an ammonia-engine apparatus, the
combination, with a gas-generator, a vapor-
engine, and an exhaust-gas absorber, each
connected with the other by suitable pipes, of
a water-cooled or refrigerated vessel inter-
mediate between the generator and the ex-
haust for cooling the weak solution on its
passage from the generator to the absorbing
apparatus, and a steam-heated vessel inter-
mediate between the absorber and the gener-
ator for heating the strong solution before its
return to the generator, substantially as de-
seribed.

5. In anammonia-engine apparatushaving
a pipe for conveying weak solution to the ab-
sorber, the absorber connected ‘at its inlet
with the exhaust-pipe of the engine and at
its outlet with the generator through the in-
termediary of suitable pipes, such absorber
consisting of a vessel having a chamber trav-
ersed by a series of substantially horizontal
pipes opening at each end into a water-way
for the flow of cold water through such pipes,
said absorbing-chamber being divided into
chambers by horizontaldiaphragmstraversing
said chamber, and connected alternately with

the opposite end thereof,so as to leave a pas-
sage-way for the vapor and weak solution,
whereby the weak solution and gas are caused
to flowaround the outside of aseries of water-
cooled tubes, substantially as described.

6. Inan ammonia-engine apparatushaving
a pipe for conveying weak solution to the ab-
sorber, the absorber for effecting the absorp-
tion of the exhaust ammonia-gas by the weak
solution from the generator, consisting of a
vessel or chamber having an inlet-pipe at the
upper end and an outlet-pipe at the lower
end entering a secondary absorber below the
liquid-line forthe passage of the gas and am-
monia solution, traversed by a series of sub-
stantially horizontal pipes communicating at
each end with an inclosed water-way for the
passage of cold water through the pipes with-
out entering the absorbing-chamber, the ab-
sorbing-chamber being divided into connect-
ing-chambers by perforated diaphragms,and
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the water-way at each end being divided by .

partitions, substantially as described.
In testimony whereof I affix my signature

-in the presence of two subseribing witnesses.

JOSEPH H. CAMPBELL.

Withesses:
C. L. IORACK,
JAMES MCLAIN.



