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ASSIGNORS TO ELECTROLUX SERVEL CORPORATION, OF NEW YORK,

PORATION OF DELAWARE

N. Y., A COR-

REFRIGERATION

App'li'cation filed April 14, 1927, Serial No. 183,875, and in Sweden May 1, 1926.

Our invention relates to the art of refrig-

eration and particularly to refrigerating
- systems of the absorption type in which the
circulation of fluids is effected by forces gen-

5 erated entirely within the system.

Our invention- contemplates various im-
provements in the method of circulating
fluids within refrigeration systems. One
characteristic of the present invention is the

10 production of reciprocatory, oscillatory or
similar movement to a body, the movement of
which body causes fluid transportation with-
in the system. We preferably utilize work
developed within the system to move the

15 body and, in the preferred form, a movement
of liquid is produced due to rise of pressure

. and sudden release of pressure.

Other objects, the nature and advantages
of the invention will appear from the follow-

20 ing'description and accompanying drawings,

of which: -

Fig. 1 shows diagrammatically an absorp-
tion refrigerating system embodying the in-
vention ; , - ’

Fig. 2 shows a valve, partly in cross-sec-
tion, which may be used in carrying out the
invention; ' ‘

Fig. 8 shows another valve, partly in cross-
section, which may be used in carrying out
the invention; '

Fig. 4 shows mora or less diagrammatically
one form of the invention; :

Fig. 5 shows more or less diagrammatically
% modification” of the apparatus shown in

1g. 4; : i

Fig. 6 shows more or less diagrammatically
another embodiment of the invention;

Fig. 7 shows'more or less diagrammatically
2 modification of the embodiment shown in
Fig. 6; and S

Fig. 8 is a drawing, partly in cross-section,
of an apparatus constructed according to the
invention. A :

Referring more particularly to Fig. 1, ref-
5 erence character 10 designates a generator

which is divided into a main generator 11
~situated above an auxiliary generator 12 by

a partition 13. A conduit 14 extends for

some distance upwardly from the upper part

25

30

35

40

50 of main generator 11 and thence downwardly

to the upper part of evaporator 15. The up-
wardly extending portion of conduit 14
is supplied with radiating fins 16 while
the downwardly extending portion passes
through a water jacket 17. '
Within substantially the whole of evapo-
rator 15 is situated a series of disks 18 in
which are formed apertures 19 surrounded
by raised rims 20. Reference character A
designates generally - apparatus, including
conduits, the function of which is to promote
circlation of vapor from-the upper part of
evaporator 15 to the upper part of an ab-
sorber 21 and from the lower part of ab-
sorber 21 to the lower part of evaporator 15
and may also include a means of heat ex-
change between the vapors so circulated.
Within absorber 21 is situated a series of
disks 22 which may be similar to disks 18 in
evaporator 15. Absorber 21 is partially sur-
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- rounded by a water jacket 23. Cooling wa-

ter 1s supplied to water jacket 23 through a
conduit 24 and is discharged through con-
duit 25 to water jacket 17 from whence it is
discharged through conduit 26. A conduit
27 communicates with the bottom of absorber
21, passes through heat exchanger 28, and
communicates with the upper part of auxil-
iary generator 12.

thermo-siphon conduit 29 connects aux-
iliary generator 12 with the upper part of
main generator 11. A portion of conduit 29
extends for some distance downwardly with-
in auxiliary generator 12 and is here pro-
vided with one or more capillary ports 30.
A passageway 81, in which is situated a heat-
ing element 32, extends centrally through
auxiliary generator 12 and for some distance
within main generator 11." A conduit 33 con-
nects the lower part of main generator 11
with heat exchanger 28 and a conduit 34 con-
nects heat exchanger 28 with the upper part
of absorber 21. -
. The operation of this apparatus is as fol-
ows:

Heating element 32 supplies heat to the so--
lution of a refrigerant, for instance ammo-
nia, dissolved in an absorbing medium, for
instance water, which is contained in main

80
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_generator 11. The application of heat drives 100
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the ammonia out of solution and it passes
upwardly as a vapor through conduit 14.
Any water vapor that accompanies the am-
monia vapor is condensed to a liquid in tha

upwardly extending portion of conduit 14

which is provided with radiating fins 16 and
the water so formed runs back to generator
11, The dry ammonia  vapor -continues
through conduit 14 and‘is condensed to a
liquid in that downwardly extending portion
of conduit 14 which is surrounded by water
jacket 17. The liquid ammenia runs mnto the
top of evaporator 15 where it is distributed
over disks 18. Here the liquid ammonia
comes in intimate contact with, and evapo-

" rates in the presence of, a gas, inert with re-

20

~tor under the influence o

25

35

40

50

spect to ammonia, for instance hydrogen,
which is-introduced into the evaporator at
the bottom thereof. The evaporation of the
ammonia results in a low temperature which
produces refrigération. S
The gaseous mixture of ammonia and hy-
‘drogen passes out of the top of the evapora-
the circulatory
means designated generally-by A and enters
the top of absorber 21. In the absorber the

gaseous miixture comes in intimate contact-

with water which contains but relatively lit-
tle ammonia in solution and which enters the
top of absorber 21 through conduit 34. This
water absorbs the ammonia gas while the
hydrogen remains unabsorbed and passes out
the bottom of absorber 21 under the influence
of the circulatory means A and enters the
lower part of evaporator 15. Heat generated
by the absorption process is carried away by
the cooling water in water jacket 23.

The strong solution of ammonia in water
formed within absorber 21 runs by gravity
therefrom through conduit 27 to auxiliary
generator 12. The ‘application of heat to
the solution in auxiliary generator 12 causes
the formation of vapor in the top thereof and
this vapor passes through capillary ports 30
and forms gas bubbles in the liqmd con-
tained. in thermo-siphon conduit 29. The
presence of these gas bubbles in conduit 29
reduces the specific weight of the, fluid col-
umn as'a whole therein to such an extent that
the liquid column in and below absorber 21

causes flow upwardly through conduit 29

to the upper part of main geénerator 11. -In
main generator 11 the ammonia is again
driven out of solution, as previously de-
scribed, and the weak solution passes down-
wardly thérethrough and through conduit 33
to heat exchange member 28. Within mem-

ber 28 heat passes from the hot weak solution

to the cool strong, solution in conduit 27,
which serves to pre-heat the latter before

it enters the generator, while pre-cooling the -

former before it enters the absorber. The

-weak solution passes'from member 28 through

85

conduit 34 To the top of the absorber. For
further consideration of this type of ap-
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paratus in general and ifs system of opera-
tion, reference may be had to our Patent No.
1,609,334 granted December 7, 1926.

. The apparatus shown in Fig. 4 may be
considered as a part of the apparatus of Fig.
1 and an evaporator 15, an absorber 21, and
apparatus, designated generally by A, for
the promotion of circulation between them.
A conduit 35 connects the upper part of evap-
orator 15 with the céntral part of cylindrical
member 36. Member 36 consists of two in-
tercommunicsting cylinders 87 and 38. Cyl-
‘inder 37, which is below cylinder 38; has a
somewhat smaller diameter than cylinder 38.
A piston 39 is slidably mounted in cylinder

37, and piston 41 is shdably mounted.in cyl-.

inder 88 and the two pistons are rigidly con-
nected together by rod 40 of such length that
the pistons will be in similar positions in
their respective cylinders. A conduit 42
connects the upper part of evaporator 15
with a valve 43. A

Valve 43 is shown more in detail in Fig.
9. Tt is so constructed as to open at a prede-
termined high pressure on its inlef side and
to retnain open for a predetermined period of
time. Valve43 comprises a housing 44, which
has 2 central passageway 45. Inlet conduit
49 communicates with passageway 45 as
shown. Passageway 45 is restricted so as
to form a valve seat 46 and communicates
with an outlet conduit 47. A valve member
48 is attached to member 49, which is slid-
able in passageway 45. Member 49 is pro-
-vided with 2 number of longitudinal slots 50
through which fluid may pass. Member 49 is
attached to a stem 51, which is secured in any
suitzble manner to diaphragm 52. One end
of passageway 45 is partially closed by a
partition 53. Stem 51 passes through an
opening 54 in partition 53. A collar 55 is se-
cured to stem 51 at some distance from the
_point where.the stem passes through open-
g 54¢. One end of an expandible and con-
tractable bellows or sylphon 56 is secured to
partition 53, while the other end is secured

to collar 55. A small passageway 57 allows -

a limited amount of communication between

passageway 45 and diaphragm chamber 58.
C 52 s

The circumference of - diaphra
clamped between housing 44 and another
housing 59. Diaphragm 52 is made of suit-
able stiff material, preferably metallic, and
is dished so that it will not move in response
to slight variations of pressure but will re-
main stationary until a considerable pres-
sure difference has beerr developed when its
more central portion will move a considerable
distance with a snap. A cenfral passageway
60 is formed within housing 59. The outer
end of passageway 60 is provided with screw
threads into which may be screwed a plug
61. Plug 61 serves to retain a spiral spring
62, the other end of which presses against the
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‘central part of diaphragm 52. Plug 61 may



[

1

1,728,643

" be screfved varying distances into- member
59 thereby varying the compression in spring
62, which may be used to determine the pres-

-sure at which diaphragm 52 will snap and.

.open the valve. Conduit 47 connects the out.-

let of valve 43 with the top of cylinder 88..

" A conduit 69 connects the top of cylinder 38
with the inlet side of valve 70, -
Valve 70 is shown more in detail in Fig.
0 3. Its purpose is to allow flow through it in
" one direction, but not in the other. Valve 70
comprises a housing 64 within which is
formed a chamber 65.” Chamber 65 communi-
cates with inlet conduit 47 and outlet con-
5 duit 66. . Housing 64 is placed in an inclined
osition as shown. The lower end of cham-
ber 65 is formed spherically so as to form

' ~a valve seat 68 for ball 67." When no fluid

- firmly against seat 68.

)
(574

is passing, ball 67 rests on valve seat 68 by
gravity and prevents communication be-
tween conduit 47 and chamber 65. Any tend-
ency towards flow from chamber. 65 into
conduit 47 will serve to force ball 67 more
'On the other hand,
5 for flow to take place from conduit 47 to
- chamber 65, it is not necessary that sufficient,
force be exerted to lift ball 67 bodily from
seat 68 as it will roll slightly on seat 68

and thus uncover the opening.

70 with the top of absorber 21. A conduit
72 connects the bottom of absorber 21 with

the inlet of valve 73 which is another valve .

similar to valve 70. A conduit 74 connects
the outlet of valve 73 with the bottom of cyl-

inder 87. A conduit 75 connects the bottom

of cylinder 87 with ‘the inlet of valve 76,

- which again is a valve of the type of valve

40

(84

70. A conduit 77 connects the outlet of valve.

76 with the bottom of evaporator 15.
The operation of this form of the inven-
tion is as follows: - ) o
Liquid ammonia is introdiiced into evap-
orator 15-through conduit 14 and evaporates
in the presence of hydrogen in a manner simi-
Iar to that explained in connection with Fig.

1.. Due to this evaporation. the pressure in-

creases in evaporator 15. Valve 76 will'niot
allow flow therethrough as it is a one way
valve and allows only flow into-the evaporator
-and valve 438 is closed as it is adjusted to
open at.a
has not as yet been reached. /This
will, however, be transmitted through con-

73 - duit 35 to the central part of eylindrical mem-

ber 36 and will act downwardly on piston 39
and upwardly on piston 41, As piston 41

has a greater surface than piston 39, the as-

semblage consisting of pistons 39 and 41 and
‘piston rod 40 will move upwardly. The va-
porous mixture of ammonnia and- hydrogen
which is in cylinder 38, as will be explained
- presently, is forced out through conduit 69,
‘valve 70 and conduit 71 into absorber 21,

A conduit 71 connects the outlet of valve .

‘and close the va)
‘has reached the

given pressure and this pressure
pressure:

“act'i

where the ammonia is absorbed in a manner- sorh

3

similar to that described in connection with

‘Fig. 1. At the same time relatively pure hy-

drogen is drawn from the bottom of absorber

21 through conduit 72, valve 73 and conduit
.74 into cylinder 37. After piston 41 reaches

the top of cylinder 88, the pressure in evap-
orator 15 continues to increase.
sure i3 transmitted through conduit 42 to pas-
sageway 45 in'valve 48 and from passageway
45 through opening 57 to diaphragm cham-
ber 58 where it acts upon diaphragm’ 52.

"When this pressure has reached a predeter-

mined value it causes diaphragm 52 to snap
to the right, as viewed in Fig. 2, and which
moves valve member 48 away from seat 46.

" The pressure in evaporator 15 drops and the

pistons 89 and 41 and rod 40 descend dué to
gravity. 'The hydrogen in cylinder 87 is
forced out through conduit 75, valve 7 6 and
conduit 77 into the lower part of evaporator

This pres-

70

30

85

15. A portion of the vaporous mixture of

ammonia and hydrogen passes out of evap-
orator 15 through conduit 42, valve 43, and
conduit 47, into cylinder 38. This fHow is
caused by the suction produced by piston 41

90

as well as by the excéss pressure which exists -

in the evaporator at the instant valve 43
opens. -

During the time taken for the piston as-
semblage to descend valve 43 remains open,
for, although, the pressure existing in the
evaporator decreases rapidly immediately

following the opening of the valve, the pres-

sure existing in diaphragm chamber 58 and
acting upon diaphragm 52 decreases very
slowly due to the smallness of opening 57.

Opening 57 is so designed that it allows the
‘pressure in chamber 58 to decrease at such a
rate that it reaches a value that permits

sprinig 62 to snap the diaphragm to the left
ve shortly after piston 39

bottom of cylinder 37.
Opening 57 may be adjusted by means of any

suitable device such as set screws 572

.~ As piston 41 has a greater displacement

95

100

105

110

than piston 39, the volume of ammonia-hy-~ -

drogen mixture circulated from the evapo-

rator to the absorber is greater than thé vol-
lume of hydrogen circulated from the ob-
sorber to the evaporator. Cylinders 38 and
39 are so designed that the displacements of
their respective pistons 41 and 39 are to each

115

other as the volume of hydrogen entering is -

to this volume of hydrogen, plus the volume

.of evaporated ammonia leaving the evapora-

tor. . :

In Fig. 5 is shown a form of our invention N

similar to that illustrated in Fig.4. The up-

‘per part of evaporator 15 is connected to the

upper part of absorber 21 through conduit
177, valve 78, conduit 79, valve 80 and con-

125

duit 81. . Valves 78 ‘and-80 are similar to

valves 43 and 70, respectively, in. Fig. 4 and
the same way.  The lower part of ab-
T 21 is connected to the lower part of

130



“evaporator 15‘through conduit 82, valye 83
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and conduit 84. Valve 83 is similar to valves
73 and 76 allowing flow as indicated by ar-
rows. A conduit 85 communicates with con-
duit 82 and with the top of leg 86 of U-shaped
member 87. A conduit- 88 communicates
with ‘conduit 84 and with the top of leg 89
of member 87. - U-shaped member 87 is par-
tially filled, as shown, with a liquid which

'may be, for instance, a solution of ammonia

in water.

The operation of this apparatus is as fol-
lows: o _ '
liquid in
to be in equilibrium, as shown, with the level
h, existing in each leg. Evaporation of am-
monia in evaporator
pressure therein as was explained in connec-
tion with, Fig. 4. As valves 78 and 83 are
closed, this pressure builds up through con-
duits 84 and 88 and leg 89 and forces the lig-
uid downward in leg 89 to level —*h, and
upward in leg 85 to level A,. When these
levels have been reached, the pressure in evap-
orator 13 is sufficient to suddenly open valve
78." The liquid column in leg 86 of member
87 then falls and due to its inertia the levels
%, and —h, are attained. A quantity of hy-
drogen vapor proportional to the  volume in-
cluded between —#, and A, is forced from
leg 89 to evaporator 15, while at the same time
an equal volume of ammonia-hydrogen vapor
is forced out of evaporator.15 to absorber 21
and also-the same volume of hydrogen is
sucked from absorber 21 to leg 86.  The lig-
uid column now oscillates in the other direc-
tion and the levels &, and —#, are reached.
A quantity of hydrogen equal to the volume

_contained between levels —7, .and A, has been

forced out of leg 86 through conduits 85 and
82, valve 83 and conduits 84 and 88 into leg
87. - During this oscillation, flow of vapor
from the top of absorber 21 to the top of
evaporator 15 has been prevented by the one
way valve 80.. )

Valve 78.is so designed as to close at the
time when the levels £, and —P, are reached
and the oscillation of the liquid column is ar-
rested. The pressure in evaporator 15 again
increases and forces the column in member 87

to levels %, and —h,. ‘Thus after the first’

series of oscillations, it is only necessary to
raise the column in leg 86 from 2, to %, and to
depress the column in leg 89 from .—#%, to
—+F,. When valve 78 again opens, the hydro-
gen which was transferred to leg 89 during
the previous series of oscillations iy forced
into evaporator 15. -During each _series a

. volume 'of ammonia-hydrogen vapor corre-

GO

|

sponding to the ]
levels —#, and A, is forced from the evapo-

rator to the absorber, while a smaller volume.

of hydrogen, which corresponds to the
volumes included between levels —#; and &,

is forced from the absorber to the evaporator.-

U-shaped member 87

15 causes an increase in

‘volumes included between.

1,728,648

Vilve 78 may also be so desi

open until the oscillations the liquid column

ned as to remain.

have asbout ceased. In this case the opera-

tion of the apparatus each time will be as
first described, that is, the column will start
from rest at the level &, each time.

" Fig. 6 shows an apparatus embodying- 2

form of our invention which utilizes pressure

‘generated in the generator to cause circula-
Tion between the evaporator and the absorber.

space of the main generator and with the in-
Tet of valve 91, which may be similar to valve
43 shown in detail in Fig. 2. A conduit 94
connects the outlet of valve 91 with the top

Conduit 90 communicates with the . vapor-

75

80

of leg 95 of U-shaped member 96. Conduit -

94 passes through water jacket 17. Conduit
92 commiunicates with conduit 94 as shown
and with the inlet of valve 93, which' may be
-similar to valve 70 in Fig. 3. Conduit 14
connects the outlet of valve 93 with the top
of evaporator 15.° Lo

85

A conduit 98 connects the top of leg 99 of

U-shaped member 96 with the top of evapora-:

tor 15. A conduit-100 connects the top of
.evaporator 15 with -the inlet of valve 101
which may be similar to valve 700fFig.3. A
conduit 102 connects the outlet of valve 101
to the top of absorber 21. A conduit 103
connects the bottom of absorber 21 with the

90

25

inlet of valve 104 which may also be similar .

%o valve 70. A conduit 105 connects the out-

iet of valve 104 with the bottom of evaporator.

15. A conduit 106 connects the upper part

of absorber 21 with_the top of leg 107 of U-
shaped member 108. ‘The top of leg 109 is
connected to conduit 90 by a conduit 110, U-
shaped member 108 is partially filled, as

100

shown, by a suitable liquid, as- for instance -

mercury, while U-shaped member 96 is filled
with approximately the same quantity of
aqua-ammonia solution. R

. The mode of operation is as follows:

Assume, to start with, that valve 91 is.

closed. Pressure is built up in the generator
and in conduits 90 and 110 and leg 109. This
increase in pressure depresses the Tevel of the
mercury in leg 109 to —#, and raises it in leg
107 to A, A quantity of vapor is forced
through conduit 106 into absorber 21 and 2
similar quantity of hydrogen is forced from
‘absorber 21 to evaporator 15 through conduit
103, valve 104 and conduit 105. As valve 93
prevents the passage of vapor out of evapora-
tor 15 through conduit 14, a quantity of vapor,

gorresponding to the quantity of hydrogen.

forced into the bottom of the evaporator, is

“Jorced out through conduit 98 into leg 99.

“The level of the liquid in leg 99 is depressed
to —H, and raised in'leg 95 to H,. The am-
‘monia vapor forced out of leg 95 passes into
conduit 94 and is condensed to a liquid therein
by the cooling effect of the water in_watex
jacket 17 and runs into conduit 92.

* When the level of A, is reached in leg it

110

¥
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the pressuré in conduit 90 is sufficient to open
valve 91 and ammonia vapor passes there-
through into conduit 94 where if is condensed
to a fiquid by the cooling action of water
jacket 17. The liquid ammonia runs into
conduit 92 and passes through valve 93 along
with the ammonia that has previously col-
lected behind the valve. Valve 93 had been
kept closed by the excess pressure in evapora-
when valve 91 opens, an
equalization of pressure throughout the sys-
tem tends to take place and the liquid am-
monia passes through valve 93. The am-

monia enters the evaporator and evaporates

in a manner similar
nection with Fig. 1. -

When valve 91 opens, the excess pressure
in leg 109 is suddenly relieved and the column
of mercury in U-shaped member 108 starts
to oscillate. - The pressure in leg 99 of mem-
ber 96 is also reduced and the liquid in mem-
ber 96 likewise starts to oscillate. - The oscil-
lations of the columns in members 108 and 96
are very nearly in phase, although there may
be a slight lag of the latter behind the former.
The first oscillation, that is, when the levels
change from A, to —A,, from ~—h, to h,, from
H, to —H,, forces vaporous ammonia-hydro-
gen from evaporator 15 through conduit 100,
valve 101 and conduit 102 into absorber 21,
When the two columns oscillate in the oppo-

to that described in con-

site direction, hydrogen is forced from ab-

sorber 21 through conduit 108, valve 104 and
conduit 105 into evaporator 15. Thus circu-
lation- is maintained alternately from the
evaporator to the absorber and from. the ab-
sorber to the evaporator, until frictional
losses cause the liquid column to come to rest.
Valve 91 is so designed as to close at Approxi-
mately the time when the oscillations cease or
become comparatively small. The pressure
in leg 109 again begins to build up and the
operations are repeated.

In Fig. 7 is shown a form of the inven-
tion similar to that just described in con-

" nection with Fig. 6, but better adapted to a

50

60

system employing as a refrigerant a medium
which operates under comparatively low
pressures. Triethylamine is such a medium
and for convenience it will be assumed that
this is the refrigerant employed. Triethyl-
amine is readily absorbed by water and is
inert with respect to hydrogen. ‘

Conduit 111 communicates with the vapor -

space of the generator and with the inlet
valve 112 which may be similar to valve 43
of Fig. 2. Conduit 113 communicates with
conduit 111 as shown and terminates in a
larger conduit 114. Conduit 114 communi-
cates with the bottom of chamber 115 of ves-
sel 116. Vessel 116 is divided into the lower
chamber 115 and an upper chamber 117 by
the partition 118." A conduit 119 extends

. from within the upper part of chamber 115

65

to within the upper part of chamber'117. A

vessel 120 is place& at a higher elevation than

vessel 116. A conduit 121 connects the bot-

tom of chamber 117 with the bottem of ves-

sel 120. Although conduit 191 is of com-. .

paratively small bore, it is of considerable
length wound in the form of a spiral, so. as
to contain a large volume.
of vessel 120 is connected to the upper’ part
of absorber 21 by a conduit 122. ‘A conduit
123 connects the bottom of absorber 21 with
the inlet of a valve 124 which may be similar
to valve 70 shown in detail in Fig. 3. A con-
duit 125 connects the outlet of valve 124 with
the bottom of evaporator 15. A conduit 126
connects the top of evaporator 15 with the

-inlet of valve 127 which may be similar to

valve 70 of Fig. 8. A conduit 128 connects
the outlet of valve 127 with the top of ab-
sorber 21.. A conduit 129 connects the top of
evaporator 15 with the vapor space of a ves:
sel 180. A conduit 131 connects the liquid
space of vessel 180 with the liquid space of a
similar vessel 182. A conduit 133 connects
the outlet of valve 112 with the vapor space of
vessel 132 and passes for the greater part of
its length through water jacket 17. A con-
duit 134 communicates with conduit 133 as
shown and with the inlet of a valve 135 which
may also be similar to valve 70 of F ig. 8.
Conduit 14 connects the outlet-of valve. 135
with the top of evaporator 15.

This apparatus operates as follows:

Assume that valve 112 has just closed.
Conduit 114 contains a suitable liquid, for
instance mercury, up to a level A, This body
of mercury extends into chamber 115 angd
fills that chamber up to a level A,. Another
body of mercury is contained in conduit 121
and extends upwardly from the level A, there-
in and fills vessel 120 up to the level H,.
The intervening space between these two
bodies of mercury, that is, the upper part of

chamber 115, all of conduit 119, all of cham- .

ber 117 and the lower part of conduit 121, is
filled with a suitable gas, for instance hydro-
gen. The mercury does not fall down in con-
duit 121 as this conduit has a bore sufficiently
small so that the force of capillary attraction
between the walls of the conduit.and the mer-
cury is so great that the hydrogen is unable
to pass upwardly through the conduit, which
would relieve the pressure of the hydrogen,
and thus allow the mercury to fall down.
Furthermore, as mercury has no tending to
wet the walls of a capillary tube there is no
tendency for the mercury fo creep down the
walls of conduit 121.
are filled to the levels H, and H,, respectively,
with liquid triethylamine. '

As valve 112 has just closed, the Pressure
in the generator increases, due to the appli-
cation of heat thereto. Thisincrease in pres-
sure is transmitted through conduit 111 and
113 to conduit 114, The liquid level in con-
duit 114 is depressed from 4* to A* and the

The upper part-

Vessels 130 and 132
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“level in ché.nib’er v‘115,‘is raised from k;‘to .
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 duit 193, valve 124 and conduit 125 into.
" evaporator 15,
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30

This causgs the bottom of the liquid ¢olumn
in spiral-conduit 121 to ascend from A, to 2,
which raises the level in vessel 120 from H, to
H,. However, inasmuch as the length of the
column which extended from £, to H, was
greater than the length of the column which
now extends from &, to H,, the pressure head
exerted by this latter column is less than that
exerted by the former. Therefore; the hy-
'drogen in vessel 116 is under less pressure
and has hence increased in volume. If this
increase in volume is designated by V. and
if the volume of mercury which was displaced
in conduit 114 and passed into chamber 115
is designated by Vy, 1t is seen that the volume
of mercury forced into chamber 120 is equal
to Vot Ve - - o

The increase in voliime of mercury in ves-
sel 120 displaces vapor therefrom through
‘conduit 122 into absorber 21.
thereby. forced from absorber 21 through con-

from which it displaces vapor
through conduit 129 into vessel 130. The
vapor forced into vessel 130 depresses the
level of the liquid triethylamine contained
therein from H, to H,’. The liquid thus dis-
placed passes through conduit 131 to vessel
132 where the liquid level is raised from H,
to Hy’. Vapor is displaced in vessel 132 and
passes into conduit 133 where it is condensed

%0 a liquid by the cooling effect of the cooling

35

40

water in water jacket 17.

‘During these changes in Jovels, the pres-
sure which.exists in the apparatus, with the

exception of the prassure in vessel 116 and”

in the generator, has changed but slightly.
The slight increase in pressure in. absorber
91 and evaporator 15 is due to the pressure
head exerted by the unequal columns of lig-
uid in vessels 130 and 182. This head is

small as the vessels 130 and 132 have a'com-

_ paratively large cross-section and hence &

45

small difference in elevation of levels H.'

- and H,’ corresponds to a large volume dis-

placement.

 practically constant, it is seen that a volume

50’

- . 'When the mercury

of gas equal to V, which entered conduit 114
‘has caused & larger volume of hydrogen,
equal to V,+ Vs, to pass from absorber 21 to
evaporator 15. ‘

. has been depréssed to A, the pressure in the
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“vessel 130 raises
places vapor from- this vessel through con--.

nerator and conduit 111 is sufficient to open
valve 112. An equalization of pressure oc-
curs throughout the system
generator, absorber and evaporator and
Liquid levels return to their “original posi-
tions. The tendency for the liquids to os-
cillate in. this apparatus is very small, due
to the small bore of conduits 114, 121 and
131. ° The level of the liquid triethylamine in
from H,’ to H, which dis-

. Hydrogen is

As the pressure has remained

‘level in conduit 114

including  the.
the:

11,728,843

duit 199 into evaporator 15. This displaced -
vapor. has a volume practically equal: to
V.+V, and serves to force a corresponding-
volume of gaseous ammonia-hydrogen mix-
ture from evaporator 15 through conduit 126,
valve 127 and conduit 122 into absorber 21.

While valve 112 is open ammonia passes.

therethrough into- conduit 133 and thence
through conduit 134, valve 135 and conduit
136 in a manner similar to.that described in
corinection with Fig. 6. , S

- The comparative values of the volumes V.
and V, depend upen the relation of the pres-
sure head exerted by the mercury column
H,—A, to the préssure which exists in the
absorber and evaporator, - This latter pres-
sure is determined by the pressure required
to condense the refrigerant at the tempera-
ture of the cooling water. For the value of
V. to be large compared to Vs, it is neces-
sary that the pressure head be large com-
pared to the pgessure of the refrigerant. As
constructional -considerations limit the

“height of the mercury column, it is necessary,
in order to obtain this difference in pressure, -

to select as 2 refrigerant one which will con-
dense at a low pressure.
cited as-an example of such a refrigerant.

In Fig. 8 is illustrated an apparatus in
which is embodied a form of the invention
similar to that embodied by the apparatus
shown in Figs, 4 and 5. In Fig. 8, ﬁqwever,

.‘no mechanical valves are employed.” The
functions’ performed by the ~mechanical.

valves of Figs. 4 and 5 are herein performed
by liquid devices operating as valves as will:
be explained. _ S '
The evaporator is again designated by nu-
meral 15 and the absorber by numeral 21.
Ammonia” is supplied to evaporator 15
through conduit 14 and evaporates in the
eva}gorator in a manner similar to that de-
seribed in connection with Fig. 4. S
A conduit 136 extends from near the bot-
tom of evaporator 15 upwardly therethrough
and communicates with leg 137 of U-shaped
member 138. Leg 139 of member 1388 is
longer than leg 187 and tapered toward the
top, so that a given volumetric expansion in
evaporator 15 will cause a greater difference
in level bekween. the columns in the two legs.
Member 138 is tapered in part rather than
made of a uniform small boré, so as to reduce
frictional losses. o o
A conduit 140 connects the lower part of
absorber 21 with the top of leg.189. = A con-
duit 141 extends upwardly from the top of
leg 139 to a point some distance above a ves-

- gel 142 and thence downwardly within that

vessel to a point a short distance:below the
level of the liquid maintained therein.. A
conduiit 143 communicates with the lowegt'

li within vessel 142 to a point slightly above
the lower end-of conduit 141. .As.the level

- Triethylamine is
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H, of the liquid on plate 144 is af all times
constant, a constant level H, is likewise
maintained in vessel 142 inasmuch as the top
of conduit 143 is at the level H,. A conduit

145 connects the upper part of vessel 142 with -

the top of leg 137.

A conduit 146 communicates with the up-
per part of evaporator 15 and extends down-
wardly within a vessel 147 to a short dis-
tance below the normal level of the liquid

maintained therein. Conduits 136 and 146

are arranged in heat exchange relation at 148.
A liquid level H, ig normally maintained in
vessel 147 in a manner similar to the way in
which it is maintained in vessel 142, A con-
duit 149 communicates with plate 144 and ex-
tends upwardly within vessel 147 to the
level H, v '

A conduit 150 is contained within vessel
147.  Conduit 150 terminates at its upper

end in a funnel shaped member 151 and at

its lower end communicates with a larger con-
duit which latter conduit extends upwardly

‘to a'point a short distance below the level H,.

A eonduit 153 of small bore communicates

" with funnel shaped member 151 and with a

larger conduit, 154. Conduit 154 extends
downwardly from conduit 153 to a point
within and someé distance below the upper end
of conduit 152. A conduit 155 connects the
top of funnel ~shaXed member 151 with the top
of absorber 21. A conduit 156 communicates
with funnel shaped member 151 at 'a point

" near the bottom of the inclined side thereof.

el
P

40

45

Conduit 156 passes downwardly and out of
vessel 147 and thence upwardly so as to form
a liquid seal and finally communicates with
the upper part of the generator. A conduit
157 connects the bottom of evaporator 15 with

plate 144 of absorber 21 and serves to drain -
~off any liquid ammonia or other liquid that

fails to evaporate in the evaporator and other-
wise wouid tend to collect in the bottom there-
of. .

The operation of this form of our inven-

+ tion is as follows:

50

55

60

- 65

‘conduit 145 to within vessel

Liquid ammonia is admitted to evaporator
15 through conduit 14. The ammonia evapo-
rates in the evaporator and the pressure there-
in increases as was described: in connection

with Figs. 4 and 5. This increase in pressure

1§ transmitted through conduit 136 toleg 137

and depresses the liquid level therein fo —hy

and raises the level in leg 189 to 4,. The in-
crease in pressure is also transmitted through
conduit 146 to within vessel 147 and through
142. In vessel
147 it forces liquid upwardly through con-
duitg150 and 154. As conduit 149-cannot sup-
ply liquid fast enough to compensate for the
liquid forced into conduits 150 and 154, the
level in vessel 147 drops but obviously it can

~drop only to the top of conduit 152. ~ There:

after the level in conduit 152 is depressed and

* the liquid already in_conduit 154 is forced up-

‘conduit 140 into leg 139 and

-y

7

wardly therein and into conduit 153. When

. the.level in conduit 152 has reached H,, the

top of the column in conduits 154 and 153 has
just reached the top of the latter conduit and
the liquid is suddenly discharged into funnel
shaped member 151." At this time ‘the levels

~—h, and %, have just been reached in legs 187

and 139 respectively. Although the pressure
in vessel 142 forces liquid upwardly through
conduit 141, the top of this column will not
reach the bend in conduit 141 and run into leg
139 as this bend is above the top of conduit

70

5

158. Hence this eolumn of liquid in conduit -

141 serves as a seal between vessel 142 and
leg 139. g ‘

There is now an open passageway from
evaporator 15, through conduits 146, 154 and
153, funnel shaped member 151 and conduit
155, to absorber 21 and also from absorber 21,
through conduit 140 to leg 139. Thus the
pressure in both legs is equalized and the lig-
uid column in U-shaped meémber 138 starts to
oscillate. During the first oscillation, hydro-
gen gas is sucked from absorber 21 through
hydrogen gas,
the presence of which in leg 137 will be ex.
plained presently, is forced therefrom
through conduit 136 to the lower part of the
evaproator. This hydrogen displaces an
equal quantity of ammonia-hydrogen gas and

80

a6

20

this latter gas passes from the upper part of
the evaporator through conduits 146,154 and

153, funnel shaped member 151 and conduit
155, to absorber 21. The lower end of conduit
154 has not as yet been sealed by liquid as the
liquid in conduit 150 has not had time to pass
downwardly therethrough in sufficient quan-
tities to fill conduit 152 up to the lower end of
conduit 154, - . o

By the time this first oscillation is finished,
that is, when the level in leg 137 is at its high-
est and the level in leg 139 is at its lowest
point, sufficient time has elapsed for the low-
er end of conduit 154 to have been sealed by
liquid in conduit 152 and the ‘passageway
from the.evaporator to the absorber ‘tlosed.
When the level now rises in leg 139 and falls

in leg 187, hydrogen in leg 139 is forced there- .

from, through conduit 141, vessel 142 and
conduit 145 into leg 187, where it remains
until forced into evaporator 15 during the
next series of oscillations. '

As the communieation between the evapo-

rator and, absorber has been interrupted, the

pressure now starts to build up once more in
the evaporator and the foregoing operations
are repeated. oo : :

A portion of the liquid that is forced into
funnel shaped member 151 passes therefrom
through conduit 156 and enters the upper
part of the generator.
passes from absorber 21 through conduit 149
and an approximately constant quantity of

. liquid is maintained in vessel 147. Hence it is

120
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Additional liquid

seen that the force generated, due to the evap- *
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‘oration of ammonia in the évaporator, may be

utilized to promote circulation of liquid be-
tween the absorber and the generator as well
as to promote-the circulation of gases between
the evaporator and the absorber.

While we have shown and described several

" forms of our invention, it is to be understood

10

15

that the principles involved may be applied in

-other ways without detracting from the spirit

of the invention and we are not limited by
what we have disclosed except in the light of
appended claims taken in connection with the
state of the prior art. ~ .

Having thus described our invention, what
we claim is: I

1. Refrigerating apparatus comprising
vessels constituting an absorber and an evap-

“orator, an alternating metion member com-
_prising a movable body, connections between

20

said member and said vessels, said member

being adapted upon movement of said body

~ to transfer fluid through said connections
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from one vessel to the other and means
motivated by changes of condition within
said apparatus to acluate said member,

9. Refrigerating apparatus comprising
vessels constituting an absorber and an evap-
orator, an alternating motion member com-
prising a reciprocating body, connections
between said member-and said vessels, said
member being adapted, upon reciprocation of
said body, to-transfer fluid through said con-

nections from one vessel to the other and
means whereby changes of pressure within-

said apparatus reciprocate said body.

_ 3. Refrigerating. apparatus comprising
vessels constituting an absorber and an evap-
orator, an alternating motion member com-

prising a movable liquid body, econnections
between said member and said vessels, said

member being adapted upon movement of
said liquid body to transfer fluid through said

connections from one vessel to the other and

means forming part of and operative due

‘to factors wholly within said apparatus to

move said liquid body.

4. Refrigerating apparatus comprising

vessels constituting an absorber and an evap-

orator, an alternating. motion member com-
prising a movable body, connections between
said member and said vessels, said member

being adapted upon movement of said body

to transfer fluid through said connections
from one vessel to the other and means to cre-
ate a pressure differential within said appara-
tus acting on said body to move the same.

5. Refrigerating apparatus ‘comprising

-vessels constituting an absorber and an evap-

orator, an alternating motion member com-

vgrising a movable liquid body; connections

etween said member and said vessels, said

" member being -adapted upon movement of

65

said liquid body to transfer fluid through said
connections from one vessel to the other and

‘means-to create a pressure differential within

1,798,648

said apparatus acting on said body to niové
the same. : ’

6. Refrigerating apparatus comprising .
vessels constituting an absorber and an evap-
orator, an alternating motion member com-
prising a pair of interconnected vertically dis-
posed legs adapted to hold liquid, connections
between said member and said vessels, said
member being adapted, upon oscillation of
liquid in said legs, to transfer fluid through
said connections from one vessel to the other
and means to oscillate liquid in said member.

7. Refrigerating apparatus comprising an
evaporator, an absorber, a vessel, a U-tube,
said vessel being divided into separated com-
partments,
necting said absorber with said compart-
ments, a conduit- connecting said ‘absorber
with ome leg of said U-tube, a conduit con-
necting said evaporator with the other leg
of said U-tube, conduits connecting one of

'said separated compartments of said vessel

with different legs of said U-tube, a-gen-
erator, conduits connecting one of said sepa-
rated compartments with said generator, lig-
uid -column pressure reactive means within
one of said separated compartments con-
nected to said absorber operative to cause
oscillation of -liquid within said ‘U-tube,
a conduit connecting said generator with
said evaporator and means to liquefy fluid -
interposed in the last mentioned conduit.

8. Those steps in the process of refrigerat-
ing through the agency of an absorption sys-
tem including an absorber and an evaporator
which consist in alternately causing a rise and
fall of pressure in the system, moving a body
due to said rise and fall of pressure and trans-
porting gaseous fluid between the evaporator
and absorber due to movement of said body.

- 9. Those'steps in the process of refrigerat-
ing through the agenty of an absorption sys-
tem including an absorber and an evaporator
which consist in alternately cdusing a rise
and fall of pressure in the system, moving 2
body due to said rise and fall of pressure and
circulating gaseous fluid between and through
the evaporator and absorber due to move-
ment of said body.
~ 10. Those steps in the process of refrigerat-
ing through the agency of ah absorption sys-
tem including an absorber and an evaporator
which consist in producing a rise of pressure
in the system, elevating a body due to said

rise of pressure, suddenly releasing the pres-

stre and causing the body to descend and

-transporting gaseous fluid between the evap-

gri&tor and absorber due to the descent of said
04y- , - -
1i. Those steps in the process of refrigerat-
ing through the agency of an absorption sys-
tem including an absorber and an evaporator
which consist in producing a rise of pressure .
in the system, elevating a body of liquid due

. to said rise of pressure, suddenly releasing the .
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in the system, elevating a
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pressure and causing the body of liquid to
descend and transporting gaseous fluid be-
tween the evaporator.and absorber due to the
descent of said body of liquid. . :

12. Those steps in the process of refrigerat-
ing through the agency of an absorption sys-
tem including an absorber and an evaporator
which consist in producing a rise-and fall of
pressure in the system, oscillating a body of
liquid due to said rise and fall of pressure
and transporting gaseous fluid between the
evaporator and absorber due to said oscilla-
tion. ‘

13. Those steps in the process of refrigerat-.

ing through the agency of an absorption sys-
tem including an absorber and an evapora-
tor which consist in producing a rise and fall

.of pressure in the system, oscillating a body of

liquid due to said rise and fall of pressure and
circulating gaseous fluid between and through
the evaporator and absorber due to said oscil-
lation, ' '

14. Those steps in the process of refrigerat-
ing through the agency of an absorption sys-
tem including an absorber and an evaporator
which consist in producing a rise and fall of
pressure in the evaporator, oscillating a body
of liquid due to said rise and fall of pressure
and transporting gaseous fluid between the
evaporator and absorber due to said oscilla-
tion. . .

15. Those steps in the process of refrigerat-
ing through the agency of an absorption sys-
tem including an absorber and an evaporator
which consist in producing a rise of pressure
%)ody of liquid due
to said rise of pressure, suddenly releasing
the pressure and causing the body of liquid
to oscillate and transportin gaseous fluid be-
tween the evaporator and absorber due to the
oscillation of said body. of diquid. :
16. Those steps in the process of refrigerat-

ing through the agency of an absorption sys-

-tem including a génerator and an absorber

which consist in alternately causing a rise and -
fall of pressure in the system, moving a body

- dueto said rise and fall of pressure and trans-

porting abserption liquid between the gen-

erator-and absorber in response to movement.
“of said body. » C

17. Those steps in the process of refrigerat- -
ing through the agency of.an absorption sys-
tem including a ienerator, an absorber and an .
evaporator which consist in alternately caus-

Ing a rise and fall of pressure in the system,

moving a body due to said rise and falllof
pressure, transporting gaseous fluid between
the evaporator and absorber due to movement
of said ﬁdy and transporting absorption lig--
uid between the generator and absorber due
to movertent of said body. . -

", In testimony whereof we hereunto affix our

signatures. X Ny
" BALTZAR CARL von. PLATEN,
‘CARL GEORG MUNTERS.



