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1 23 Claims.

This invention relates to refrigerating appa-
ratus and a method of refrigeration, and more
especially to a device for controlling refrigerat-
ing apparatus of the type in which a liquid re-
frigerating agent or medium is brought down to
the required temperature by the cooling effect
produced by vaporization of a part of the re-
frigerating agent itself.

An object of the invention is to provide mech-
anism for enabling refrigerating apparatus of
the kind mentioned, including a plurality of
evaporator compartments or chambers, each
equipped with a vacuum producing device, to

" carry away the vaporized portion of the refrig-

erating medium, to perform its functions in a
practical manner over a considerable range of
operation.

" In refrigerating systems using a non-volatile
substance such as water as the refrigerating or

¢ cooling medium, an evaporator in the form of a .

container for water to be chilled is employed.
The pressure in this evaporator is reduced to
such a degree that when water is admitted there-
to at a‘given temperature, some of the water is
vaporized at once. In this way a body or mass
of water in the evaporator can be cooled to the

necessary extent and utilized for the intended

purpose. The water vapor obtained from va-
porization of part of the water must be removed
from the evaporator, and this may be accom-
plished by a steam ejector which exhausts to a
condenser wherein the discharge of the ejector
is liquefied.

With an evaporator having a single chamber

and steam ejector such a system will serve quite’

well at approximately fixed or predetermined

‘loads, but it is quite unsuitable for operation

when the load varies. Hence if such a system
is built for a rated load it cannot be operated
advantageously to give a reduced output, and if
it is built for a small load the output cannot
greatly be increased. This is due to the fact
that the capacity of the steam ejector or steam
jet booster, that is, the pounds of water vapor
evacuated thereby at fixed suction pressure de-
termined by the pressure in the evaporator it-
self, is constant; regardless of the amount of
steam being used, and further it is a character-
istic of the steam jet booster that its steam flow
must be maintained at the rated value so long as
the suction pressure (or chilled water tempera-
ture) in the evaporator and discharge or con-

denser pressure remains constant. Hence this:

type of steam jet must therefore be turned on
completely, using its full rated steam consump-

.(CL 62—152)

tion, or completely off and rendered inoperative
so long as the operating pressures remain at
their normal values. But with a refrigerating
system of the character described which com-
prises several evaporator chambers and steam
ejectors, -connected in multiple and adapted to
work with elther all of its evaporator chambers
‘and ejectors, or less than all of said chambers
and ejectors in operation, the load can be varied
within quite widely separated limits and steam 10
can be saved at varying loads, because the con-
sumption or expenditure of power is thus regu-
lated according to the need thereof under all
conditions of practical operation.

My invention is particularly designed to ‘be 15
employed with refrigerating systems having
several chambers for evaporatmg and cooling
water and a corresponding: number of steam
ejectors, with proper connections to permit oper-
ation at full or partial capacity. A further ob- 20
ject thereof is to provide a refrigerating sys-
tem having multiple evaporator chambers and
‘steam ejectors, with delivery means disposed in’
permanent free communication with said cham-
bers and so arranged that chilled water is de- 25
livered from only the chambers of the evaporator
which really are in operation and use, the water
in any chamber or unit which is cut out being
automadtically drained therefrom, except pos-
sibly a small part thereof which may be trapped, 30
so that said chamber remains virtually empty
but sealed, until the operation thereof is resumed,
and the prevxous level of the contents restored
therein. 35

Another object of the’ inventxon is to provide
a refrigerating system, having a water evapora-
tor, with a suitable appliance for maintaining
the water in-the chamber or chambers of the
evaporator which are in immediate operation at 49
a substantially constant level, independent of
the rate of outflow from the evaporator. In its .

- preferred form this feature is so related to the
evaporator that working conditions in the cham-
ber or chambers thereof which are in operation 45
influence said appliance and the desired effect
is automadtically obtained.

These and other: objects and advantages of
this invention are clearly set forth in the en-

(]

suing description, taken with the drawing, which 50 »

shows one embodiment of the invention; and
the novel features are pointed out in the ap-
pended claims.  The disclosure is, however, il-
lustrative only, as many alterations in detail
can be made without departing from the prin- g5

pa—




2 |
ciple of the invention or exceeding its spirit or

scope.
In the drawing, Figure 1 shows an outline of

- a refrigerating apparatus according to the in-

10

15.

vention, partly in section, and

Figure 2 is a honzontal sectional line 2-—2 of
Figure 1.

In the following, the numeral {0 is employed to
indicate 2 water evaporator which is divided up
by suitable inside partitions into a number of
sections or compartments, three for example,
indicated at 12, 14, and 16. A water supply pipe
‘'or conduit is indicated at 18, and it has branches
20, 22, and 24 leading to each of the aforesaid
chambers or compartments. These branches ter-
minate within said chambers in nozzles or spray-

- ers 26, 28, and 30, each of suitable capacity. The
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~ of the chilled water to a place where it is utilized
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pressure within any chamber of the evaporator
10 that is working will, of course, be low enough
so that when water is admitted some of it will
be vaporized at once and the remainder cooled
to the required extent. If the temperature of
the incoming water is 55° F., for instance, the
system can be so designed and the pressure in
the evaporator so reduced that the vaporization
of a small part of the water admitted will cause
the entire mass of incoming water to be cooled
down to 50° F. In the branch pipes 20, 22, and
24 are admission and cut-off valves 32, 34, and

36 so that one or more of the nozzles can be

shut off whenever desired.
The water thus chilled is withdrawn through
a common delivery means or conduit 46 con-

"nected by risers 48, 50, and 52 to the separate

compartments of the evaporator i08. To these
risers the chambers discharge through outlets
in the bottom. In the line of the conduit 46 I
connect a pump 54 to insure the carrying off

to afford a cooling effect.

To remove the water vapor created by vapori-
zation in the chambers of the evaporator, steam
ejectors or evacuators §6, 58, and 60 are used.
These are in the form of L-shaped tubular mem-
bers which communicate at one end with the
inside of the chambers of the evaporator through

openings in the top, and are connected at their -

opposite ends to a common discharge conduit
or header 68 which leads to a suitable condenser,
The ejectors receive steam nozzles which are
connected by branches 62, 64, and 66 to a com-
mon steam supply line and these branches 62,
64, and 66 each carry an admission and shut ofi
valve shown at 10, 72, and T4. These ejectors,
besides removing the water vapor, create by their

“operation the necessary high vacuum in the

chambers to produce vaponzationqof the water
therein.

If maximum output is desired, the pipes 20,
22, and 24 are all opened to admit water to the
three chambers of the evaporator; and all of

the steam: ejectors are employed to carry away:

‘the water vapor to the condenser. 'The chilled
water is withdrawn through the delivery pipe 46.
‘To work at reduced capacity and supply a small-
er quantity of chilled water, one or more of the
chambers 12, I4, and {6 can be cut out by simply
closing the valves in the water and steam branch
pipes of said chamber or chambers. The draw-
ing illustrates the chamber 16 as being out of
service. For this chamber the level of the water
is somewhat lower than in the other two, be-
cause the pressure therein is slightly higher;
that is to say, the vacuum therein is less because
the steam jet thereof is not active and the
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pressure inside this compartment is therefore
equal to the pressure in the condenser, which is
higher than in the chambers 12 and i4. The

:rise in pressure in the non-operating chamber

is due to the fact that this chamber is connected
with the conduit 68 which receives the vapor
from the other chambers. ~Hence, no vaporiza-
tion takes place in chamber 16 but in the other
two chambers the water is still vaporized as soon
as it enters and the water vapor is withdrawn
through the conduit 68. The chilled water is
carried away as before by the conduit 46. The
ejectors withdraw the water vapor from the op-
erating chambers and compress up to the pres-
sure in the condenser. The ejectors are there-
fore sometimes called thermo-compressors.

With this construction the system can be op-
erated under a wide range of varying loads with-
out waste of steam or power. When the system
is operating at full load all three of the cham-
bers deliver continuously to the conduif 46; but
when any one or more of the chambers with its

-ejector is cut out, condenser pressure is exerted

therein, the level of the water therein sinks and
the contents are drained out.

Part of the re- :

20
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frigerating medium is trapped at a lower level -

in the riser at the bottom, as shown in the cham-
ber 16, while the other chambers continue to
discharge chilled water through their risers into

the conduit 46, and the water in the other cham-

bers is not similarly exhausted.

At all times the chambers, whether in opera-
tion or not, are in permanent free communica-
tion through the riser pipes 48, 56, and 52 with

the conduit 46, and no valves in any of these 2:

risers are necessary. In other words whichever
chambers are active, are always connected to
the conduit 46 to discharge chilled water into
same, and the riser leading to the bottom of
any chamber which is cut out is likewise always
open and enables most of the water to be drained
therefrom, or at least acts as a trap or pocket
in which a part of the refrigerating medium
can be retained until operation in that chamber

"is"resumed and the water therein permitted ‘uo
- rise to its former level.

When a chamber is valved out, as shown at
16, the contents will be withdrawn dowr to s
level such gs is indicafed at 116 in the riser $2.
Some water is thus trapped in the riser, and
seals the non-operating chamber at the bot-
tom, so that the higher pressure therein cannot
be transmitted to any chamber which is operat-
ing.

116 of the water in the riser 52 and the level of
the water in the other chambers corresponds to
the difference in absolute pressure within the
condenser and the pressure within any operating
chamber; and the risers are all of sufficient height

' to seal any non-operating chamber in this man-

Otherwise the remaining chambers could -
-not function. The difference between the level
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ner. This method of connecting the evaporator——-

chambers through riser pipes to a common de-
livery conduit greatly facilitates the prompt de-
livery of the chilled water and its transmission
to the place of use, regardless of the number of

evaporator chambers operating, and constitutes’

a most simple and effective way of securing these
results.

To govern the admission of water to the eva-
porator {0 through the intake pipe {8 and main-~
tain the water at constant level in such of the
chambers as are rendered operative by the open-
ing of the water and steam admission valves, a

63
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valve 16 is mounted in the line of this conduit, 75
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and connected to be actuated in the desired
manner. - ' : »

This valve may be a rotary valve with an out- -

side arm 18 connected to a rod 80 which passes
through a stuffing box 82 to the interior of a float
tank 84. On a pivot 86 inside of this tank is

_ mounted a lever, having an arm 88 containing a

slot 90 to receive a lateral projection- on the

rod 80, and the other arm 94.of the lever carries

10

20

a float 96. From this tank leads a header or
conduit 98, communicating with the inside of the
tank or vessel 84 through an opening 100 in the
top and having branches 102, 104 and 106. which
communicate through suitable top openings with

s the compartments 12, {4, and 16. In each of the

branch pipes 102, 104, and 106 are valves indi-
cated at 108, 110, and 1i2. E
At the bottom, the vessel .84 is connected by

a conduit 114 to the delivery conduit 46. The-

function of this vessel is to enable water to be
admitted to- the evaporator at a rate which is

_proportional to the delivery of water therefrom.

[A2]
wt
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The effect of connecting it as shown is to enable
the water level in such of the chambers as are
operative to remain constant, independent of the
rate of outflow. ‘ o

It is only necessary to open one of the valves
108, 110, and 112 to establish communication
between the vessel 84 and one of the chambers of
the evaporator wherein water is being chilled,
and to cut it off from any chamber or chambers
not operative. The pressure inside the tank or
vessel 84 will then be the same as the pressure
in the chamber or chambers to which it is con-
nected and water will back up into the vessel 84
through the pipe §14 until it reaches a predeter-
mined height. If the chilled water is withdrawn
rapidly, the level of the water in the vessel 84
will tend to drop, and then the valve 16 will be
opened further and more water can flow into the
active chambers of the evaporator through the
pipe 18 to increase the supply. In case the water

"~ is withdrawn from the evaporator more slowly
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the level of the water in the vessel 84 will tend
to rise and reduce the intake of water through
the pipe 18. ‘

The float 96 and its connection to the valve T6
thus regulate the admission of water to be chilled
according to the demand therefor, and since the
vessel 84 is connected to the operating chambers
of the evaporator above and below the top of
the water therein, the action thereof is so con-
trolled that the volume of incoming water is al-
ways kept proportional to the rate at which the
water is cooled and discharged from the ap-
paratus. . S

From the foregoing description it will be seen
that operation of the evaporator chambers can
be selectively controlled by the means consisting
of the water supply pipe I8 with the branch con-
nections and valves to the chambers, and the
branched steam supply line with the valves there-
in. Delivery of the chilled water takes place
continuously through the conduit 46, which is in
permanent free connection with the bottoms of
the chambers through the branch pipes or risers.

“Thus the chilled water is continuously passed

from the chamber or chambers which are in op-
eration, while refrigerating medium is exhausted
from the remaining chamber or chambers which
may be out of operation, as indicated by the
chamber 16 in Figure 1, such a chamber being
temporarily drained of its refrigerating liquid
down to a point which will be generally below the
outlet and in the riser pipe itself, which thus

3

acts as a trap or pocket for a part of the liquid

to seal the inoperative chamber. ‘
Also the level of the liquid in any chamber or

chambers  which may be in operation is main-

tained constant by the action of the float 96

on the valve 16, regardless of the rate of outflow
of the chilled medium from the chamber or
chambers which are active; and, as stated above,
it is only necessary that the vessel 84 be main-

‘tained in communication with the top of one’

chamber wherein vaporization is effected, the
bottom of .this vessel being always in constant
communication with the delivery conduit 46.
Hence, because of the connection of the vessel 84
with any active chamber at points which are
both above and below the surface of the re-
frigerating medium therein, the interior of the
vessel 84 is subjected to both the pressure head

of the liquid contents of such a chamber and to .

the vapor pressure therein above the liquid. The
depth of the liquid in the vessel 84 is therefore
determined by conditions inside of any working
evaporator chamber, and the valve 76 is actuated
accordingly to admit only so much water to be
cooled as is required. '

~ While I have shown and described the pre-
ferred embodiment of my invention, it is obvious
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that many changes in construction and arrange-

ment of the mode of operation may be adopted
in practice; and I therefore do not wish. to be
limited to any combination of parts-except as

‘expressly stated in the appended claims.

Iclaim: | : ‘
1. Refrigerating apparatus comprising chamn-
bers for a refrigerating medium which is to be
cooled therein, means for selectively controlling

. said chambers to render same operative or inop-

erative, and free outlet connections for said sys-
tem arranged to withdraw refrigerating medium
from a chamber which is inoperative and for con-
tinuously delivering the contents of a chamber in
which cooling is effected. )

2. Refrigerating apparatus comprising evapo-
rator chambers for a liquid refrigerating medium,
part of ‘which is to be vaporized therein, means
for controlling said chambers to enable a selected
chamber to be rendered inoperative, and free out-
let connections for said chambers arranged to
withdraw refrigerating medium from said select-
ed chamber and to continuously deliver the con-
tents of any chamber wherein vaporization is
effected. :

3. The method of controlling refrigerating ap-
paratus which consists in selecting one or more
chambers of a group thereof, admitting & refrig-
erating medium to a selected chamber and cool-

said chambers in free communication at all times
with common delivery means, whereby refriger-
ating medium in a chamber where it is not cooled
is withdrawn therefrom. O

4. Refrigerating apparatus comprising cham-
bers for a lquid refrigerating medium to be cooled

therein, connections for selectively controlling.

the operation of said chambers, common delivery

" means for said chambers in free communication

with all of said chambers, and arranged to re-
ceive cooled medium continuously from any
chamber which is operative and to withdraw

_refrigerating medium from a chamber which is

30
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‘ing said medium therein, and maintaining all of "

60

inoperative and means for maintaining said me-

dium in any chamber which is operative at a
substantially constant level.

5. Refrigerating apparatus comprising cham-
bers for a liquid refrigerating medium to be cooled
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therein, connections for selectively controlling .

the operation of said chambers, means for main-
taining a substantially constant level of ‘said me-
dium in a chamber which is operative, a common
delivery conduit for said chambers, and risers .
freely connecting said delivery conduit at all times
to the lower portions of all of said chambers.

6. Refrigerating apparatus comprising cham-

bers to receive a liquid refrigerating medium to be.

cooled therein, means for selectively controlling
the operation of said chambers, common delivery
means in free communication at all times with all

of said chambers, a vessel and connections actu- "

ated from the interior thereof to control the ad-
mission of medium to be cooled, said vessel being
in gommunication with an operative chamber
above and below the top of said medium therein
to maintain said medium in said chamber at a
substantially constant level.

7. Refrigerating apparatus comprising cham- -
" bers to receive a liquid refrigerating medium, said

chambers being arranged so that the operation
thereof can be selectively controlled, common de-
livery means in free communication at all times
with all of said chambers and connected to the
Iower portions thereof by separate risers, a vessel
and connections from the interior thereof to con-

trol the admission of said medium to be cooled,

said vessel being in communiation with an oper-
ating chamber above and below the top of said
medium therein to maintain said medium in said
chamber at a substantially constant level.

8. Refrigerating apparatus comprising cham-

" bers for a liquid refrigerating medium to be cooled

therein, said chambers being arranged for selec-
tive operation thereof, common delivery means
for said chambers, valveless risers connecting

said means to the lower part of each chamber,

- said means and said risers being in free com-

49

munication at all times with said chambers, a
coinmon supply pipe having valved branches to
conduct said medium to said chambers, a con-
trolling valve for said pipe, a vessel containing a
float connected to said valve, a header pipe con-
necting the top of said vessel through valved
branch connections to the upper part oi said
chambers and a connection from the bottom of
said vessel to said commen delivery means.

9. The method of controlling refrigerating ap-
paratus which consists in maintaining a plurality
of .chambers in free communication at all times
with delivery means, cooling a refrigerating me-

. dium in at least one of said chambers, and- seal-

60
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ing the outlet of the remaining chambers through
the connection of the latter with said. delivery
means.

10. The method of operating a refrigerating
apparatus which consists in selecting one or more
chambers of a group thereof, cooling a refrig-
erating medium at a relatively low pressure in
a chamber selected, permitting a higher pressure
to arise in the remaining ¢hambers, maintaining
all said chambers in free communication at all
times with a common delivery means, and sealing

. the higher pressure in said remaining chambers

through the connection of said means with said
remaining chambers.

11. Refrigerating apparatus comprising cham-
bers for a liquid refrigerating medium to be
cooled therein, connections for selectively con-
trolling the operation of said chambers, delivery
means arranged to withdraw said medium from
a chamber which is inoperative and to receive

‘cooling medium from the remaining chambers

and means for maintaining said medium in any
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chamber that is operative at a substantially_
constant level. .
12. Refrigerating apparatus comprising a plu-

" rality of chambers for the evaporation of a re-
" frigerant, connections from a common supply to 5

admit a refrigerant to each chamber, free outlet
"connections communicating at all times with
common discharge means from said chambers,
vacuum-producing apparatus for each chamber
having a common discharge header, and means
comprising valves to regulate the refrigerating
effect in each chamber by controlling the flow
of refrigerant therethrough.

13, Refrigerating apparatus comprising a plu-
rality of chambers for the evaporation of a re-

10
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Jfrigerant, connections from a common supply to
‘ admit .a refrigerant to each ¢hamber, free outlet

connections communicating at all times with
common discharge means from said chambers,
vacuum-producing apparatus for each chamber
having a common discharge header, and means
comprising valves to regulate the refrigerating
effect of the apparatus by stopping the evapo-
ration in any chamber.

14, Refrigerating apparatus comprising a plu-
rality of chambers for the evaporation of a re-
frigerant, connections from a common supply to
admit a refrigerant to each chamber, free outlet
connections communicating at =all times with
common discharge means from said chambers,
vacuum-producing apparatus for each chamber
having a common discharge header, and means
to regulate the refrigerating effect of the appa-

ratus by subjecting any chamber to higher abso-
lute pressure than another.

‘15. Refrigerating apparatus comprismg 8 plu-

20
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~rality of evaporating chambers, a vacuum pro- -

ducing device for each chamber whereby a re-
frigerant is cooled by evaporation of a part
thereof, a common header to receive the dis-
charge of the vacuum producing devices, means
to supply refrigerant to each chamber, a dis-
charge pipe from each chamber whereby cooled

- refrigerant may flow freely into a common dis-

charge conduit, and means selectively to suspend
the operation of any vacuum producing device
to render its chamber inoperative and to subject
.said chamber to the pressure of the header to
discharge the refrigerant therefrom.

16. Refrigeration apparatus comprising a plu- §o

_rality of closed vessels arranged in parallel,

means for introducing refrigerant into each ves-

~sel, means for withdrawing vapors from each

vessel to maintain a vacuum therein and to cool-
the unvaporized refrigerant, and means provid-
ing a liquid seal between the vessels.

17. Refrigeration apparatus comprising & plu-
rality of closed vessels arranged in parallel, each
vessel being adapted to contain water as a re-
frigerant, means for withdrawing vapors of the
water from each vessel to maintain a vacuum
therein and to cool the unvaporized water, and

55
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. means providing a liquid seal between the vessels.

18. Refrigeration apparatus comprising a plu-
rality of closed vessels adapted to contain water 65
as a refrigerant, means for withdrawing vapors
of the water from each vessel to maintain a vac-
uum therein and to cool the unvaporized water,
and means providing a liquid seal between one of
said vessels and each of the other vessels.

19, In refrigerating apparatus, the combina-
tion of a plurality of evaporating chambers, a
pressure-reducing means for effecting partial
evaporation and cooling of liquid within each .
chamber, means for selectively rendering a plu- 756
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rality of said pressure-reducing means operative
for a relatively heavy load operation or render-
ing a smaller number operative for operation at
a lighter load, and means for conveying. liquid

‘to-be cooled through.said chambers including

" conduit means providing communication between -

10
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said chambers, said conduit means being arranged -
to provide a liquid seal between said chambers
when one of said pressure-reducing means is op-
erative and another is not operative.

920, In refrigerating apparatus, a plurality of
evaporating chambers, a condenser, a condenser
condult connected to the condenser, an ejector
for connecting each chamber with the condenser
conduit in order to maintain a vacuous condition
in the chamber, each ejector‘embody“ing, a dif-
fuser conduit affording communication between
its associated chamber and the condenser con-

‘duit and including a motivating jet, valves for

interrupting or permitting the flow of .motive.
fluid to the respective jets, méans for admitting
liquid to be cooled to said chambpers, and means
for -withdrawing liquid from said chambers in-
parallel including & valveless sealing connection
providing for a pressure corresponding to the .

- condenser pressure-in a chamber whose ejector
~1is inactive and a lower pressure in the other
-~ chamber or chambers whose ejectors are active.

30

. ‘21, Refrigerating apparatus comprising evap- -
orating chambers for a liquid refrigerating me-
dium which is to be cooled therein, means com-

. Lo ! . '

{
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prising individual vaguuﬁi producing devices hav-
ing a. common discharge header for controlling

-evaporation in said chambers, a common delivery )
.conduit and riser pipes connecting said conduit . -

to the lower portion of each of said chambers
arranged to provide a hydrostatic seal for the
several chambers.. . ' '

22, In' a refrigerating apparatus employing

water as a refrigerant, a plurality of evaporating -
chambers, means for placing said chambers un-

der- vacuum, means for introducing . water to

‘said chambers, means comprising a common out-

let with individual risers communicating at all
times with each chamber to deliver chilled water
therefrom, means to cut off the flow of water

5
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to any chamber, and means to reduce the degree .

of vacuum in said chamber, the arrangement’

being such that the chilled water remaining in
said chambér may be discharged therefrom with-
cut disturbing the operation of the remaining
chambers. e

23. Refrigerating apparatus comprising a plu-~
rality of evaporator chambers to contain a liquid
refrigerant, a- pipe to deliver said refrigerant
from said chambers, and risers freely connecting
at all times said pipe to the lower part of said

20

chambers and forming a trap in which some of .

the refrigerant. can be retained to seal a cham-
ber which is rendered.inoperative:

FREDERICK H. HIBBERD.




