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To all whom it may concermn:

Be 1t known that I, CHARLES L. HORACK, a
citizen of the United States, and a resident of
Brooklyn, in the county of Kings and State
of New York, have invented certain new and
useful Improvementsin Methodsof and Ap pa-
ratus for Operating Aqua-Ammonia Engines,

. of which the following is a specification.
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- engine, is reabsorbed by liquid withdrawn

My invention refers to aqua ammonia en-
gines, wherein ammonia gas is expelled from
aqua ammoniainaboileror generator by heat,
and the gas after propelling the piston of an

from such boiler and cooled, exhaust gasand

absorbing liquid being thereupon returned

Jointly to such boiler or generator. |
The objects of myinvention are principally

- toimprove the methods and the means gen-
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erally employed for properly reabsorbing the
exhaust vapor of the engine and for recon-
ducting the combined exhaust vapor and ab-
sorbing liquid to sueh boiler,and also to prop-
erly regulate the pressure in the ammounia

boiler. In order to accomplish these objeets

I employ artificial cold, which may be de-
veloped with the aid of ammonia gas gener-
ated in the same boiler in which the gas for
propelling the engine is generated, for cooling
the absorbing liquid, and for.cooling also the
combined exhaust gas and absorbing liquid,
and I reabsorb such cooling gas in the same

‘apparatus in which absorption of the exhaust,

of theengine takesplace. I, further, arrange
to produce, either automatically or otherwise,
a pressure in the pipe carrying the absorbing

liquid to the spray jet, higher than the press-

ure 1mparted to such liquid direct by the

~boiler, and thereby an increased discharge of
I, further, pro-

liquid through such spray jet.
vide, in case of excessive pressure in the am-
monia boiler, automatically an additional
amountotf cooling liquid for cooling and lique-
fying ammonia gas, which may be used for
refrigerating the absorbingliquid. I,further,
arrange to absorb the exhaust vapor or gas
of the engine by liquid discharged so as to
form a mist, or practically continuous body
of finely divided or “atomized” liquid reach-
ing across the whole or a large part of a sec-
tion of the exhaust pipe, as distinguished from
the coarse distribution obtained with rose-

| or similar devices. I, further, secure proper

and approximately uniform working of all the
parts of a surface condenser connected with
the engine and acting as an absorber, by plac-
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ing in the path of theabsorbing ligunid shelves

or guides for conducting said liquid to all the
tubes in the absorber. I, further, prevent
the formation of “liquid seals” in the ab-

sorber by giving toits tubes such inclinations:

as will always secure drainage by gravity of
theliquid from such tubes, even if the general
position of the absorber should vary and de-
part froma level position, as will particalarly
occur on board of a ship. I, further, guard
against the difficulties resulting from the ac-
cumulation of free ammonia gas in the suc-
tion pipe, or near the deliveryend of an aqua

ammonia pump, by arranging to inject into-

the spaces occupied by such gas cooled ah-
sorbing liquid. I, further regulate the vacu-
um in the exhaust pipe by providing in com-
munication with it a diaphragimn, the expan-
sion or contraction of which, resulting from

6o
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changes in the vacuum, operates a valve con-

trolling the supply of absorbing liquid. T,
further, guard against excessive pressure in
the receiving well by providing similar ap-

pliances in combination with the vapor pipe

which operates the feed pump. I, further,
provide for heating the combined exhaust
vapor and absorbing liquid, while passing
from the feed pump to the boiler, by passing
the same through an equalizer, wherein gas,
which is to be liquefied for refrigerating pur-
poses as mentioned above, is deprived of its
heat. These and other featuresof my inven-

3o

tion are more fully described in the follow-

ing specifications and are set forth in the
claims. - o

90

Intheaccompanyingdrawings I haveshown . .
in Figure 1 aside elevation, partly in section,

of an ammonia engine apparatus constructed =~

accordingto myinvention. Fig.2represents,
partly in section, the vertical view of the

spray nozzle employed by me and Fig. 3 the

botrom view of such nozzle, while Iig. 4 rep-

the amount of liquid discharged into the ab-
sorbing apparatus of the engine. -
1 18 a boiler wherein aquaammonia is heat-

heads, spreader plates in front of the outlet | ed bysteam cirenlating through tubes 2, 2 such

95

resents a vertical view partly in section of
the apparatus for automatically regulating
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steam beingadmitted to chambers with which
such tubes connect, through a suitable inlet
pipe 3 connecting with a steam boiler, such
inlet pipe being provided with a gate valve
4. The steam is discharged from such am-
monia boiler throungh connection 5 having a
sunitable valve after the said steam hasgiven
up part of its heat tothe aqua ammonia sur-
rounding tubes 2, 2. |

In the following description and claims the
ammonia boiler will be termed “ the gener-
ator” in order to distinguish it from a steam
boiler, and as, as far as my invention is con-
cerned, 1t 1s immaterial what form of gener-
ator is used and what heating agent is em-
ployed in connection therewith, I wouldstate
that 1 do not intend to confine myself to the
use of such a generator asis illustrated in the
drawings. The gas expelled from the aqua
ammonia will fill the upperspace of the gener-
ator and, gate valve 6 being open, will pass
through the main vapor pipe 7 into the en-
oine cylinder 9, after its throttle valve 8 has
been opened and, after propelling the piston
in said eylinder, will pass into exhaust pipe
10. From the lower part of the generator so-
lution, weakened by the expulsion of part of

1ts gas, 1s conducted to the exhanst pipe 10

through pipe 11, coil 12, pipe 13, coil 14, pipe
15, valve 16 and pipe 17 being discharged
into said exhaust pipe through jet 18, for the
purpose of meeting there the exhaust vapor
of the engine and absorbing part of thesame,
the gas still remaining free after such dis-
charge of the absorbing liquid being disposed
of and absorbed by bringing the same as well

“as theabsorbing liquid in contact with proper

cooling surfaces as described hereinafter.

It is well known that absorption of am-
monia gas by weak solution will take place
more readily, the lower the temperature of
such solution is, hence the vacuuin obtained
on the piston of the engine cylinder will be
improved as such temperature is lowered and
I therefore make special provision for cool-
ing the absorbing liquid as follows:

19 is a coiled pipe which receives ammonia
gas under generator pressure from main vapor

pipe 7 when cock or valve 120 is open, and as

sald coiled pipe within reservoirs 20 and 21
is surrounded by cooling liquid, as specified

below,the gas within such coil becomes lique-

fied and, being permitted to escape through a
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small aperture 22 into reservoir 23 again as-
sumes the gaseous form and in doing so takes
up the latent heat of vaporization, which it
had previously surrendered in reservoirs 20
and 21. '

94 is a valve or cock for regulating the flow

of liquefied gas through aperture 22, The
method of liquefying ammonia gas expelled
from aqua ammonia in a generator, by cool-

- ing it while under generator pressure and re-

expanding it again for purposes of refrigera-
tion as described above does not differ from
that employed heretofore in ‘“absorption re-
frigerating apparatus,” but the combination

493,722

of such apparatus with an aqua ammonia en-
oine as employed by me covers various novel
features. The absorbing liquid which eircu-
lates through coil 14, as mentioned above, will
furnish the latent heat of vaporization to the

ammonia gas in reservoir 23, within which

said coil is located, and may thus be reduced
to a very low temperature, particularly also
as provision is made to give such absorbing
liguid a preliminary cooling while passing
through coil 12 in reservoir 25 the feed liquid
which in a comparatively cool condition is
being made to surround such coil while re-
turning to the generator as mentioned more
fully hereinafter. In addition to using the
feed liquid as cooling medium for the absorb-
ing liquid, or in place of such liquid, cooling
water might be used to lower the tempera-
ture of the absorbing liquid sufficiently, soas
to finally apply to best advantage the arti-
ficial cold produced, to the absorbing liquid
while passing through coil14. Asthe absorb-
ing liquid while in transitfrom the generator
to the exhaust pipe will always contain a cer-
tain amount of ammonia gas held in physical
absorption, said liquid will have its freezing

point considerably below that of water, and

no danger 1is therefore to be anticipated as
far as the freezing of the liquid in the pipe
1s concerned, particularly also as the same is
kept moving under pressure, cock 26 being
provided to shut off the supply upon stop-
ping the engine, while thereupon pump 27
may be used to clear such system of piping
of liquid. Said pump 27 is provided prineci-
pally for the purpose of producing at the
spray jet 13, when desired,a pressure greater
than that produced in the generator,and is so
connected with the main vapor pipe 7 as to
cause an increased flow of absorbing liquid
to the absorbers and toward the generator,
while at the same time furnishing additional
cooling liquid for the purpose of lowering the
temperature of such absorbingliquid, thereby
making it more capable of reducing the press-
ure 1n the generatorwhen it again reaches the
same. . -_ |

28 1s the vapor eylinder of pump 27 while
29 18 a eylinder forpumpingabsorbing liquid
and 30 1s a ¢ylinder for pumping water, the

‘pistons of thethreecylinders being connected

so as to move together and the area of the

‘piston in cylinder 29 being smaller than that

in cylinder 28,80 as to produce a greater
pressure in the discharge pipe in eylinder 29
than exists in vapor pipe 31 which conveys
the vapor for operating pump 27 to it from
main vapor pipe 7. T'he suction pipe 32 as
well as the discharge pipe 33 of cylinder 29
connect with pipe 13. The check valve 34 is
placed in pipe 13 between the points where
pipes 32 and 33 connect with thesame. Said
valve is adjusted so0 as to become closed when
pump 27 is set in motion and thereby press-
ure 18 produced in pipe 33 exceeding that in
52,and consequently the pressure atthespray
jet 18 and the amount of liquid discharged
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- my preferred form of a spray nozzle is con- |
structed as follows:—Within the casing 102

30

- pivot at the lower extremity of pin 39, which
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uid is concerned, if the nozzle 18 were pro- |

~other part of the apparatus wherein it would

the exhaust vapor of the engine. If it be

vided as described hereinafter. |
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from it may thus, by the action of pump 27, [
be increased beyond that which would be ob-
tained there from direct generator pressure.

39 18 & cock in pipe 31 and must be kept |
open while automatic starting and stopping
of pump 28 are desired. -

06 18 a weighted valvein pipe 31 so adjusted
as to open when a given excessive pressure is
reached in pipe 7, thereby starting pump 27
and increasing the flow of absorbing liquid,
as described. The water cylinder 30 through |
its discharge pipe 37 forees cooling waterinto
reservoir 21 thus facilitating the liquefaction
of gas in coil 19 and to that extent also re-
lleving the generator. Said discharge pipe
might howeverinstead be connected with any

serve as a cooling medium for the absorbing
liguid or for the said liquid combined with

desired to operate pump 27 before excessive
pressure is reached in the generator, it is only
necessary to detach the weight from valve 36. |

~While the discharge nozzle 18 might be con-
structed as a rose-head or with an unobstruet-
ed outlet,and in the latter case might be pro-
vided with a spreader plate for distributing
the liquid while impinging upon such plate,

18 placed the tongue 38, suspended from a

pin 1s screwed into casing 102 from above,
as shown. Said tongue is constructed wedge-
shaped at its lower end, the surfaces forming
sald wedge being made approximately paral-
lel with the parts of the walls of spray jet 18
facing the same. In consequence a stream of
absorbing liquid will pass out of nozzle 18
on each side of tongue 38 and said streams
will meet outside of said nozzle and being dis-
charged under great pressure will meet and
impinge upon each other with great force, so
as to fill the whole section of exhaust pipe 10
with fine mist, which, particularly if cooled |
toatemperature artificially low, will promptly
absorb a large amount of exhaust vapor, car-
rying with it, by adhesion, the vapor still re-
maining free, toward cooling surfaces pro-

40, 40 are springs intended to steady tongue
33. If an-obstruction should oceur on either
side of said tongue, owing to foreign sub-
stances such as scale from the generator be-
coming lodged there, the pressure behind such
substances will force the sameout of the nozzle,
deflecting sidewise if necessary the tongue 38
untilthe outlet or outlets are again clear, when
the springs 40,4C will again force said tongue
back intoits original position. Ifanincrease
or a reduction in the size of the outlet or out-
lets should be desired, it is only necessary to
screw upward or downward the pin 39 and
with 1t tongue 38 suspended from it. It will
readily be seen thava similar result would be
obtalned as far as the distribution of the lig-

vided with a circular outlet and the lower end

of tongue 38 were made conical. In the case

of a large exhaust pipe a series of nozzles as

3
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deseribed might be employed in order to se-

cure proper distribution of the liquid.

41 is a pipe carrying the ammonia gas ex-
panded in reservoir 23 to coil 42 placed in the

exhaust pipe underneath spray jet 18, the gas
then being made to pass through pipe 43 into
the lower part of receiving well 44 where it is
absorbed by the combined absorbing liguid
and exhaustvapor of the engine, aided if nec-
essary by further absorbing liquid introduced
into said well through a branch pipe from
pipe 15 =aid branch pipe 45, 46 terminating
in a nozzle 47 in the upper part of the well,
S0 as to discharge the liquid, preferably in s

fine spray, in the body of unabsorbed gas
‘which after forcing its way upward through

the liquid in the lower part of the well would
gather there. | |

43 is a cock or valve for regulating the

amount of absorbing liquid so discharged,
T'he nozzle 47 had best be constructed similar
to nozzle 18 and the pressure in the well might
be regulated by means of a diaphragm sub-
ject to the pressurein the well and operating
a supply valve, the same as described below

with reference to regulating the pressure in

the exhaust pipe of the main engine.
Owing to the fact that when the refrigerat-
ing gas leaves reservoir 23 it will still have a

low temperature, I make use of it for cooling
the combined absorbing liquid and exhaust

vapor in exhaust pipe 10 by directing the said
liguid and the gas carried along by adhesion,
or otherwise drawn or forced downward
through said exhaust pipe, toward the coils
of coiled pipe 42. The liquid so dripping
from coil to coil, or while passing downward
along said coils, will be relieved of partof the

heat of absorbtion evolved tipon meeting of

gas and liquid and thus further absorption
will be made possible and will be accom-
plished. This heat of absorption which is al-
ways developed uponthe mixing of ammonia
gas and water or weak aqua ammonia, forms
the greatest obstacle to prompt absorption of
all the exhaust vapor and hence to the ob-
taining of a good vacuum, as by such heat gas
will again be set free and will have s tendency
to rise again in the exhaust pipe.

While the use of very cool absorbin g liquid

‘and of refrigerating gas as cooling medium

in the cooling pipes nearest to the absorbing
jet will overcome this difficulty in a great
measure, it is desirable to make provision for
further absorption and with the aid of Jess
expensive cooling fluid than used in artificial

refrigeration.. Forsueh purpose I provideab-

sorber 49 constructed similar to a su rface con-

denser and constructed so as to have the ab-

sorbing liquid and exhaust vapor pass suc-
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cessively through sections of tubesin contact -
-with cooling water, each section containing
several rows of lateral tubes. - The tendency
of the liquid passing downward through ex-
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haust pipe 10 willbe to flow through the lowest | liquid through the same when the main body

tubes in each section, while the tendency of
any free gas entering the absorber will natur-
ally be to fill the upper tubes in each section
and this separation of liquid and vapor will
have atendency toretard and temporarily de-
feat absorption, which must be accomplished
while liquid and gas are In immediate con-
tact.

In order to make the various rows of tubes
in each section perform proportionate service,
I provide 1n absorber 49 the rows of tubes
which connect directly with the exhaust pipe
10, with aprons projecting into the path of
said two fluids, so astocatch and convey pro-
portionate amounts of the two fluids to said
rows ot tubes.

50 and 51 aretheaprons supplyingtherows
of tubes indicated by 52 and 53, while the
lower curved inner wall of the exhaust pipe

10 performs like service for row of tubes 54.

The vertical part of the exhaust pipe is gen-
erally much narrower than the part of ab-
sorber 49 which contains the upper section of
tubes, hence the curved part of the exhaust

- pipe containing the aprons mentioned above
- had best be widened gradually so as to ap- |

proximate the width of the absorber whereit
is joined to the same, the aprons extending

the full width of said widened exhaust pipe. |

551s a vertical chamber through which the
llqmd after leaving tubes 52 53 54 must
drop in order to reach rows of tubes 56, 57,
58. The shelves 59, 60, 61 and 62 in said
chamber are providedin order to give to rows
of tubes56,57and 58S proportionate amounts of
liguid. 59 is placed directly underneath the
outflow ends of row of tubes 52 and 60 under-

neath those of tubes 53, both said shelves be- |

ing made to slope downward from said tubes,
although they might instead be made hori-
zontal. Shelf or apron 61 is placed under-
neath the inflow ends of the tubes 56 and
apron 62 underneath those of tubes 57, both
slopingupward from said inflow ends. Apron
59 extends to the right beyond 62; 62 extends
beyond 60, and 60 b63 ond 61, so that liquid

passing ottt of tubes 52 will be conducted by T

apron 59 to the lower part of chamber 55
where 1t will enter tubes 58, while liquid from
tubes 53 will be conducted by apron 60 so as
to drop down upon apron 62 and to enter
from there tubes 57, while liquid flowing out
of tubes 54 will fall upon apron 61 and from
there enter into tubes 56. While dropping
downward in chamber 55 the liquid will pick
up such gas as may exist there in a free con-
dition and will either absorb it or carry it

~along into the lower section of tubes.

60

Rows of tubes 52, 53, 54 are shown to slope

downward from the exhaust pipe 10, while
rows of tubes .56, 57, 53 slope down“cud to-
ward pipe 63 which pipe withdraws the con-
tents of absorber 49 to well 44, which well it

. enters near its bottom and below its liquid

line. Giving the tubes inclined positions as

" 1ndicated Wlll fdclhtate_ the drainage of the

to the left alonﬂ‘ tubes 5 55 H4..
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of the absorber i1s in its usual vertical posi-
tion. Such arrangement also has the further
advantage that, where the main exhaust pipe
and with it the absorber temporarily depart
from their vertical position, as will happen
on board of a ship when not on an even keel
or when rolling, the rows of tubes, even if

{ not maintaining as sloped positions as indi-

cated on the drawings will still be capable of
draining the liquid from the exhaust pipe 10
and toward the pipe 63, while, if the pipes were
originally placed in horizontal positions, the
same might thus temporarily assume positions
sloping upward from said exhaust pipe, and
downward from pipe 63, whereby liquid seals
would be formed at the inlets to the tubes,
preventing the free flow or passage of the gas
with the absorbing liquid into and through
sald tubes on their way toward well 44. To
further promote absorption a water pipe 65
passes through the well in the form of a coil,
the water afterward entering absorber 49

through pipe 66 and leaving it through pipe 68.

67 18 a division plate in the water space of
the absorber extending from its left end to
near its right end, so as to compel the passage
of the cooling water in the absorber first to
the right along tubes 56, 57, 68 and afterward
64.1s a cock

for regulating thls water supply
In pipe 65 a vacuum pump might be placed
for withdrawing liguid and gas from absorber

49 and foreing it into well 44 thus further

alding absorption therein by compression.

69 1s a branch pipe of 41 and is provided
with a cock 70, while 71 is a branch pipe of
pipe 43 and is provided with a cock 72.
These branch pipes are provided for the pur-

pose of substituting water as cooling medium
1n coll 42 instead of refrigerating gas, whenit

1s desired to temporarily do away with oper-
ating the refrigerating apparatus. In such
case cock 24, and cock 103 in pipe 43 would
have to be closed and cocks 70 and 72 would
have to be opened, pipe 69 being made to con-
nect with any suitable water supply

76 is a feed pump and water pump com-
bined which obtains its supply of vapor for
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operating it through pipe 84 connecting with™

pipe 7 and dlbehawes 1ts exhaust vapor

through pipe 85 into the upper part of well

44 and near nozzle 47, the liguid distributed
by such nozzle &1(111'1” 1n 1ts absorption.

86 is the exhaust pipe of pump 27 and is
made to enter the lower part of absorber 49,

so as to absorb the vapor discharged by it by
means of the liquid distributed bv nozzle 18.

As 1t 1s desirable to withdraw no more ab-
sorbing liquid from the generator than is nec-
essary to obtain a proper vacuum in the ex-

haust pipe 10, which vacuum will affect and

correspondingly regulate the vacuum in the

engine cylinder, I Iewulate the discharge of

said liquid into pipe 10 automatically as de-
seribed hereinafter,an apparatus as described

[20
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130

for such purpose belnﬂ' applicable whetheror
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" not such 1iquid 1s made to pass through pump
- 27. A pipe 87 is made to branch out from

I10

20

30

main exhaust pipe 10 and is closed at its en-
larged end by a diaphragm 88. The hinged

lever 89 attached to and moving with said
flexible diaphragm also connects with and
regulates the movement of stem 90 of valve

16 through which the absorbing liquid ecircu- |

lates. Said valve is preferably construected
as a balanced valve as shown, =0 as to be in-
dependent in its movements of the pressure
existing within pipe 15 and is similar in its
construction and connections to throttle
valves used in air compressors, where the
pressure of the compressed air regulates the

quantity of steam supplied to the steam cyl-

inder. Said valve 16 is arranged so that its
water way and consequently its discharge of

liguid into pipe 17 will be reduced when its |
stem 1s moved downward and that said water-

way will be increased when the stem with the
disks attached to it within said valve, moves

‘upward. The inherent spring power of dia-

phragm 88 has a tendency to resist an y press-
ure upon it in a downward direction, while
the weight 91 near the lower end of lever 89

hasa tendency to counteract the upward force

of sald diaphragm. The operation of the two

- forces combined will prevent any violent agi-

tations of the diaphragm and consequently of

“the working parts of valve 16 when changes

- of pressure take place within the exhaust

pipe and consequently within pipe 87. The

- valvel6 having been so adjusted by properly
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locating weight 91 on lever 89 as to allow un-
der the pressure ordinarily existing in pipe
15 the passage of an amount of absorbing liq-
uid through it just sufficient to produce the
desired vacuum in pipes 10 and 87, any re-
duction of the pressure within said pipes will
cause the outer atmosphere to forece dia-
phragm 88 inward, thereby lowering lever 89

and with it the valve stem 90 and the disks
controlling the water-way so as to reduce the |

latter, thus preventing the discharge throngh
nozzle 18 of more absorbing liquid than the
circumstances call for. On the other hand,if

‘an increase of pressure in pipes 10 and 87

should take place the diaphragm will thereby
be forced outward and consequently valve 16
will be so affected thereby as to increase its
water way until the pressure in the exhaust
pipe is again reduced. Pipe 87 might be
made to branch out from exhaust pipe 10 at
any suttable point and particularly above the
spray jet. The diaphragm might also be at-
tached to pipe 10 direct, and instead of said
diaphragm a piston might be used. |

In case the pump 27 be employed regularly
for forcing the absorbing liquid toward noz-
zle 18, the diaphragm 88 might be made to
regulate in a corresponding manner the pas-
sage of vapor through the throttle valve of

sald pump, instead of agitating liquid valve

16. Valve 16 and its connections might be so
adjusted as to close entirely after a nearly
perfect vacuum in pipe 10 had been obtained

liquid from the well.

acrter stoppage of the engine. It is also im-
portant to guard against excessive pressure
in well 44 which might occurif liquid and gas
werecontinuously earried into it, without pro-

viding proper relief by withdrawing from ita

sufficient quantity of the saturated solution.
To guard against such difficulties I regulate
such pressure, by increasing or decreasing the
speed of feed pumps 77,78 in accordance with
the pressure existing in the well. The appa-
ratus employed by me for such purpose cor-
responds closely with that deseribed above
for regulating the discharge of the absorbing

liguid and is constructed as follows: 92 is a -
| Pipe connecting with the interior of well 44

and is provided with flexible diaphragm 93,

~which will be forced outward as the pressure

in the well increases and will lift the hinged
lever 94 attached to it, which lever throuch

working parts of valve 96 in vapor supply

75

80

~valve stem 95 regulates the movement of the

pipe 84 of feed pump 76, s0 as toincrease the |

i vapor way of said valve, thereby increasing

the performance of thepump in withdrawing
In an analogous way
the performance of the pump will be reduced

| by reducing the supply of vapor to said pu mp,

as the pressare in the well goes down. _
It frequently happens that the suction pipe
of a pump taking its supply of liquid from a

‘well containing aqua ammonia, such as cyl-
| inder 77 of the feed pump contain entrapped

therein unabsorbed gas to such an extent as
to form a gas seal, which will prevent liquid
from entering the pump eylinder and will
thus interrupt the operation of the pump.
T'o overcome this difficulty I provide pipe 97
which connects the suction pipe 75 of said

9o
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pump with pipe 45 containing the cooled ab- .

sorbing liquid under pressure. In said pipe
97 I place cocks 98 and 99. The check valve

74 between pipes 73 and 75 is adjusted to close -

toward the well 44, and when said. cocks are
opened the absorbing liquid, previously cooled
So as to possess great absorbing power will be
forced into that partof the suction pipe near
the pump which contains said free gas and
by absorbing said gas will again permit the

passage of such absorbing liquid to well 44.

110

IT15

‘pump to operate. Valve 74 will prevent the

If free gas should reach the delivery end of

the pump and there interfere with its opera-

tionin a similar manner asair frequently does

in water pumps, I dispose of it in a manner
corresponding with that described above by

120

introducing the cool absorbing liquid there

from pipe 97 through pipe 99, openiug for such

purpose cock 100. Ordinarily cocks 98 and

100 will be kept closed until absorption of

such free gas becomes necessary. Cock 99is

| only provided to permit using pipe 97 as a

chamber in which free gas from the suection
pipe may accumulate, cock 98 being then
open, until finally such gas is disposed of by
opening cock 99.

94.  The feed pump forces the combined ab-
sorbing lignid and exhaust vapor, now form-

135
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ing a strong solution, through pipe 80, reser- ! lowered in tempemture by passing it through

volr 25, pipe 81, reservow 20 and pipe 82 back |
into the ?enel‘at01‘ 33 being a sunitable check
valve for retaining the liquid inthe generator.
In reservoir 25 the feed liquid has imparted
to it part of the heat of the absorbing liquid
and in reservoir 20 part of the heat contained
in the ammonia gas which is to be used for
refrigerating purposes, thus turning to nseful
account heat which would otherwise have to
be wasted. It will readily be seen that in-
stead of bringing the absorbing liquid, and

the comblnt.,d dbSOIblI]O‘ liquid “and exhaust

vapor, in direct contact with passages con-
taining the refrigerating gas as described
above, brine might be used, as is frequently
done in similar apparatus, as an intermediary
between therefrigerating gas and the fluids to
be refrigerated, without affecting the nature
of my invention or the intended scope of such
of the following claims as make reference to
such subject.

I claim as new and desire to secure by Let-
ters Patent—

1. The method herein desecribed of heating

agquaammonia,using partof the gassoevolved

for p10pellmo* an engine, compressing and
cooling another part of said gas in a b} -pass |
around the engine,allowing it toexpand after-
ward therein, thus produeing artificial cold,
for the purpoge of thereby cooling liquid to
be used for absorbing the exhaubt vapor of
said engine, ubstautmlly.a% set Torth.

2. The method herein described of heating
aquaammonia,using partof thegassoevolved
for propelling an engine, compressing and
cooling another part of said gas in a by-pass
around the engine, allowing it to afterward
expand therein thus producing artificial cold,
cooling thereby liquid to be used for absorb-
ing the exhaust vapor of said engine, reab-
sorbing the exhaust vapor from the engine
and the gas used for refrigerating the absorb-
ing liquid in the same absorbing apparatus

and forcing the same jointly back into the

generator, wherein the ammonia gas was
evolved, substantially as set forth.

3. T'’he method herein described of operat- |

ing an aqua ammonia engine by vapordevel-
oped by heating agquaammonia in a generator,

and absorbing the exhaust vapor of the en- |

gine by liquid withdrawn from said generator,
sald absorbing liguid being lowered in tem-
perature first by bringing the pipe contain-
ing it in contact with cooling water and by
afterward passing it through a chamber in
such proximity or relation to that part of a by-
pass around the engine wherein ammonia gas
from the generator after having been ligue-
fied is expanded, so as to impart the arti-
ficial cold of such gasto the absorbing liquid,
substantially as set forth.

- 4. The method herein described of operat-
ing an agua ammonia engine by vapor devel-
opedin a generator,and absorbingthe exhaust

vapor of satd engine by liquid withdrawn from

said generator, said absorbing liquid being

|

a chamber in such relation or proximity to a
column of ammonia gas expanded after hav-
ing been liquefied and being continuous be-
tween the generator and the absorber, as to
impart the artificial cold of such oas to said
absorbing liquid, substantially as set forth.

5. The method herein described of absorb-
ing the exhaust vapor of an ammonia engine
a,nd absorbingammonia gasexpanded for pur-
poses of refrweratmn by bringing absorbing
liguid w1t11dmwn from the ﬂ'enerator a,nd
cooled, first in contact with the exhaust va-
por from the en gine, and afterward bringing
the combined absorbing liquid and exhaust
vapor in contact with the ammonia gas ex-
panded for purposes of refrigeration, subbt&n-
tially as set forth,

6. The method herein described of absorb-
ing the exhaust vapor of an ammonia engine
and absorbing ammonia gas expanded for pur-
poses of refrigeration, which consists in first
bringing absorbing liquid in contact with the
exhaust vapor from the engine, then passing
the combined absorbing liquid and exhaust
vapor through an absorber and in such prox-
1mity or relation to the passages wherein am-
monia gas from the generator is expanded at-
ter havuw been cooled as to have the artifi-

cial eold so produced serve as cooling agent

70
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95

in said absorber and finally bringing the com-

bined exhaust vapor and spraying liquid In
contact with the ammonia gas so expanded

for purposes of refrigeration, substantially as .

set forth.

7. The method herein described of devel-
oping ammonia gas by heating agua ammonia
in a generator, passing part of said gas
through an engine c¢ylinder for propelling its
piston, liquefying another part of said gas by
cooling it under pressure, allowing 1t to ex-
pand for purposes of refrigeration, absorbing

the exhaust from the engine and the gas ex-

panded for purposes of refrigeration by liquid
withdrawn from the generator and cooled,
passing the absorbing liquid combined with
the exhaust of the engine and with such gas
previously used for refrigeration baek into
the generator and using such combined gas

‘and liquid as a cooling medium in said lique-

faction while on their way to the generator,
substantially as set forth.

8. The method herein described of devel-
oping ammonia gas by heating aqua ammonia
in a generator, liquelying gas so generated by
cooling it while under pressure, allowing it
to expand for purposes of refrigeration, ab-
sorbing the expanded gas by liquid withdrawn
from the generator and cooled, and employ-
ing the combined gas and absorbing liquid as
a cooling medium in said liquefaction, prior
to forcing the same back into the generator,
substantially as set forth.

9. The method herein described of liquefy-
ing ammonia gas, using it while expanding as
cooling medmm for the absorbing liquid of
an ammonla engine and conduetlnﬂ* such gas
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through pipes draining toward a receiving |
well, for the purpose of absorbing it therein, |

substantially as set forth. -

10. The method herein described of absorb-
ing the exhaust vapor of an aqua ammonia
engine by liquid discharged under pressure
from one or more outlets under such direc-
tions, as to make different currents of said

liquid impinge upon each other under press-

ure outside of said outlet or outlets, for the
purpose of dispersing, or of atomizing, said
absorbing liquid in the passage through which
the exhaust vapor flows, substantially as set

- forth.

15

20

235

11. "I'he method herein described of absorb-
ing the exhaust vapor of an ammonia engine,
which consists in reducing the absorbing liq-
uid in temperature by conveying it through
passages cooled artificially and discharging
it into the absorbing apparatus from one or
more outlets in such directions as to make
different currents of said liquid impinge upon

each other under pressure outside of said out- .

let or outlets, substantially as set forth.
12. The method herein deseribed of absorb-

ing the exhaust vapor of an ammonia engine,

which consists in bringing said vaporin con-

~ tact with absorbing liquid dispersed in the

30
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form of a spray and conveying the combined
absorbing liquid and exhaust vapor through
an absorber provided with lateral tubes, after

first dividing said liquid and vapor carried

along by adhesion, for the purpose of making
sald tubes perform proportionate amounts of
absorption, substantially as set forth.

'13. The method herein described of absorb-
Ing the exhaust vaporof an ammonis, engine,
which consists in bringing said vapor in con-
tact with absorbing liquid and conveying ab-
sorbing liquid and exhaust vapor through
rows of lateral tubesin an absorber, after first

dividing said liquid and vapor carried along

by adhesion, for the purpose of making all
sald rows of tubes perform mixing of liquid
and vapor, and absorption, substantially as
set forth. S -
14..The method herein described of absorb-
ing the exhaust vapor of an ammonia engine,
which consists in bringing the exhaust vapor

In contact with absorbing liquid and carry- |

ing the two combined through an absorber
provided with tubes inelined downward so
as to drain the resulting liquid from said ab-
sorber, substantially as set forth. |
15. The method herein described of con-
verting the liquid pressure at the absorbing
Jet of an ammonia engine from generator

~ pressure into pump-pressure, by passing such
liquid through a pump placed in a by-pass
around a suitable valve located in the pipe

leading from the generator to the absorbin g
jot, substantially as set forth. |

i6. The method herein described of forcing
absorbing liguid automatically, upon excess-
ive pressure in the generator, toward suitable
cooling appliances prior to returning it tosaid

generator, which consists in automatically | in the

opening a valve, for conducting vapor from
the generator through such valveto the vapor

cylinder of a pump, placed in a pipe with-

drawing liquid from the generator and con-
ducting it to a jet which discharges it into
such cooling appliances, substantially as set
forth. | A |

17. The method herein described of auto-
matically inereasing the supply of cooling lig-

uid for purposes of liquefaction of ammonia

gas and refrigeration resulting therefrom as
the pressure in the generator and with it the

| amount of gas subject to liquefaction in-

creases, which consists in antomatically open-
Ing a valve for conducting vapor from the
same source irom which the gas for cooling
purposes i1s withdrawn, to the vapor eylinder
of a pump, the water cylinder of such pump
being made to discharge therenpon cooling
liquid into passages in contact with the gas
in process of liquefaction, substantially as set

forth.

18. The method herein described of reliev-

ing the suction pipe of an aqua ammonia

pump of free ammonia gas, which consistsin
discharging into such suction pipe absorbing
liquid withdrawn from the generator and
cooled, while such free gas remains confined
in said suetion pipe, substantially as set forth.

19. The method herein described of reliev-
ing the suetion pipe of an aqua ammonia
pump of free ammonia gas, which consists in
discharging into said suction pipe absorbing
liquid cooled artificially while keeping such
gas confined between the pump and a suitable

valve substantially as set forth.

~20. The method herein described of reliev-

ing the discharge pipe of an aqua ammonia
pump or of relieving such pump of free gas,

which consists in introducing into said pump
at or near the point where in a water pump

the air-cock is usually located, absorbing lig-

uid under pressure, substantially as set forth.
21. The method herein described of reliev-
ing the discharge end of an aqua ammonia
pump of free gas, by introducing into it ab-
sorbing liquid, refrigerated, substantially as
set forth. = | R
~ 22. The method herein described of regu-
lating, in an ammonia engine apparatus, the
supply of absorbing liquid to the spray jet in
accordance with the pressure existing in the
exhaust pipe of the engine, which consists in
converting an increase or decrease of pPress-
ure in the exhaust pipe into motion of a valve

located in or connected with the pipe con-

talning the spray jet, whereby such inerease
or decrease of pressure will increase or de-

as set forth.

23. The method herein described of regu-
lating in an ammonia engine apparatus, the
supply of absorbing liquid to the spray jetin
accordance with the pressure existing in the
absorbing apparatus of the engine, which
consists in converting anincrease of pressure
absorbing apparatus into motion of a

7

75

80 .

9o

95

[OO

105

IIO

115

120

125
crease the quantity of liquid passing to the

spray jet, substantially
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valve Ioeated in or connected with the pipe | while in tmn31t toward a receiving well one

containing the spray jet, thereby increasing
or decreasmﬂ' the effective watier way for qup-
plying the spray jet, substantially asset forth.

24. The method herein described of regu-

lating the amount of saturated liquid in Lhe

receiving well of an ammonia engine appa-
ratus, which consists in converting an in-
crease or decrease of pressure therein into
motion of a valve controlling the supply of
vapor for operating the feed pump, thereby
inereasing or decreasing the vapor passages
in the pipe supplying the feed pump, as the
pressure in said well increases or decreases,
substantially as set forth.

20. I'he method herein deseribed of absorb
ing the exhaust vapor in an ammonia engine
apparatus, which consists in discharﬂ'iug ab-
sorbing liquid withdrawn from the generator
and cooled toward the coils of an absorber
containing cooling fluid and surrounded: by
the exhaust vapor, and carrying vapor and
absorbing liquid combined afterward later-
ally and downward along other cooling sur-
faces toward a receiving well, substantially
as set forth.

26. In an ammonia engine apparatus a pipe
conveying absorbing liquid from the gener-
ator, to the spray jet in the absorbing anpa-
ratus, a suitable valve placed in said pipe,
and a b) -pass around said valve and contain-
ing a pump, the suction end being connected
w1th the aforesaid pipe between said valve
and sald generator, and its discharge end be-
ing connected with a pipe disecharging into
the absorbing apparatus, all combined sub-
stantially as and for the purposes set forth.

27. In the absorbing apparatus of an aqua

ammonia engine a pipe leading from the liq-
uidspace of a generator along cooling surfaces
into a passage conveying the exhaust vapor
of the engine, such pipe being provided with
a nozzle 8 havmﬂ' two outlet passages con-
verging toward a pomt outside of said nozzle,
all combmed substantially asand for the pur-
poses set forth.

28. In the absorbing apparatus of an am-
monia engine a discharge nozzle for the ab-

sorbing liquid consisting of casing 102, tongune.

38 suspended within said casing and springs
40, 40 for centering said tonn‘ue,%ubstautmllj
as set forth.

29. In the absorbing apparatus of an aqua |

ammoniaengine, in combination with the en-
gine cylinder and its exhaust pipe,a pipe con-
veying absorbing liquid from the generator
to said exhaust pipe, a jet for distributing
such liquid therein laterally and a coll through
which cooling fluid circulates,such ¢oil being
placed in the path of the exhaust vapor of the
engine and of the absorbing liquid so dis-
charged, substantially as set forth.

30. In the absorbing apparatus of an aqua
ammonia engine in combination with a jet
discharging within it absorbing liquid, two
absorbers for successively cooling the com-
bined exhaust vapor and absorbing liquid

|

of said absorbersrecelving its coohnﬁ' medm Im
from an apparatus producmp‘ artlﬁual re-
friceration, and the other having circulating
through it cooling water, qllhbtcbﬂtldlly as set
forth.

31. In the absorbing apparatus of an aqua
ammonia engine an absorber placed in the
path of the comhined exhaust vapor and ab-
sorbing liquid withdrawn from the generator,
the cooling passages of such absorber being
provided with two separate inlets and two
separate outlets all having suitable valves,
one of said inlets and one of said outlets con-
necting with an artificial refrigerating appa-
ratus and the other inlet connecting with a
water pipe, substantially as set forth.

32. In the absorbing apparatus of an aqua
ammonia engine the combination with a noz-
zle discharging absorbing liquid between the
exhaust ports of the engine and tubes of an
absorber, and a plate or plates placed in the
path of such liquid, for the purpose of divert-
ing such liquid to said tubes and distributing
it among the same, substantially as set forth.
- 33. In the absorbing apparatus of an aqua
ammonia engine the combination of a pipe
conveying absorbing liquid to a jet, with an
absorber having sections of lateral tubes
through which the liquid passes successively,
together with a vertical chamber into which
one section of tubes discharges the liquid and
gas passing through the same and from which
another section of tubes withdraws such lig-
uid and gas, and plates in said chamber
placed underneath and projecting beyond the
outlets of the first named section, and other
platesinsaid chamber placed underneath and
projecting beyond aforesaid plates and con-
necting with, or leading to the inlets of the
tubes in the second section, for the purpose
of distributingliquidafterits passage through
the firstsection among thetubes, and therows
of tubes, of the subsequent section, all sub-
stantially as specified. - |

34. In an aqua ammonia engine apparatus
the combination with an aquaammonia pump,
oif its suction pipe, a check valve 74 in said
pipe and a pipe 97 with proper valve, for the
purpose of foreing absorbing liquid through
it into the part of the suction pipe between
sald check valve and said pump so as to close
sald valve, for the absorption of free gas con-
tained in such part of the suction pipe, sub-
stantially as set forth.

35. In an ammonia engine apparatus in
combination with a pipe conveying absorbing
liquid from the generator to the absorbing
jet, a chamber 87 connecting with the inte-
rior of the absorbing apparatus, diaphragm
33 forming part of said chamber, lever 89 con-

| nected with sald diaphragm and operating

valve 16 for automatically adjusting the
amount of absorbing liquid introduced into
the absorbingapparatusthrough pipe 17, sub-
stantially as set forth.

56. In an aqua ammonia engine apparatus
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9

in combination with a pipe eonveyme absorb- ! with a discharge nozzle placed between the 23
- ing liquid from the generator to the absorb-

ing apparatus, a ehember 92 connecting with |

the interior of the receiving well and eloeed
by diaphragm 93 forming pa,rt of such cham-
ber, lever 94 connecting with said diaphragm
and operaling valve 96 within vapor pipe 84

of pump 76, which pump regulates the amount ;

of liquid stored in sald Well substantially as
set forth.

37. In the absorbing apparatus of an aqua

ammonia engine a pipe eonveying to it ab-

sorbing liquid from the generator, and spray
nozzle 18 discharging such lignid into the ex-
haust pipe of the engine outward toward the
coils of cooling pipe 42, substantially as set
forth.

33. In an aqua ammonia engine apperatus,
in combination with a eenerator wherein va-
por of ammonia is expelled from aqua am-
monia by heat, an engine propelled by such
vapor, a pipe 1ea,dmn' from the liquid space
of the generator to the suction end of a pump,
said pump, its discharge end being connected i

|

k

exhaust ports of the engine and a receiving
well, and cooling surfaces along which said
liquid_eireula,tes whilein transit from the gen-
erator to sald well, substantially as set forth.

-89, In an aqua ammonia engine apparatus,

por of ammonia is expelled from aqua am-

monia by heat, an engine propelled by such

vapor,a pump foreing lignid withdrawn from
the generator and cooled to a jet placed in
the e:x:haust pipe of the engine, such jet be-
ing made to point, or to dlseher g6, 1n the same

| direction in which the ezha,ust vapor travels

toward the receiving well ,substantially as set
forth.

Signed at New York, in the county of New
York and State of New York, this 31st day of
December A D. 1889.

CHAS L. IIORACK

Witnesses: - |
RUFUS M. WILLIAMS
BRADBURY WILLIAMS
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