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11 Claims. (Cl. 62—152)

This invention relates to vacuum producing
equipment of the kind which utilizes steam ejec-

tors to maintain the required degree of vacuum

in the working chamber of the apparatus with
5 which the equipment is associated.

Equipment of the character generally described
includes a condenser for condensing the steam
discharged from the ejectors, a vacuum of as high
a degree as practical being maintained in the

10 condenser in order to facilitate condensation of
the steam. 'The degree of vacuum that can be

‘maintained in the working chamber is dependent,

among other factors, upon the degree of vacuum

that is maintained in the condenser while the
15 degree of vacuum that.can be maintained in the

condenser is dependent among other factors, upon

the temperature of the cooling water that is cir~-

culated through the cooling tubes of the con-

denser. It will be apparent, therefore, that the
20 degree of vacuum that is maintained in the work-
ing chamber, assuming that other factors remain
constant, will vary in accordance with the tem-
perature of the water which is circulated through
the cooling tubes of the condenser.

In order, therefore, to compensate for variations
in the temperature of the cooling water which is
circulated through the condenser and in order to
compensate for variations in the load upon the
equipment, as represented by the work to be per-
30 formed in the working chamber, for exampie,

the maintenance of the temperature of a refrig-
erating medium at a predetermined value, it is the
practice to provide means, both manually and

25

automatically controlled, for regulating the sup-

35 ply of steam to the ejectors. If, for any reason,
for example, failure of the pump which circulates
the cooling water through the tubes of the con-
denser with the attendant increase in -the tem-
perature of the cooling water, steam should back

40 up into the working chamber then the refrigerdat-
ing medium would, unless provision were made
to guard against this, be heated instead of cooled.
This condition would be aggravated in equipment
in which the supply of steam is automatically con-

45 trolled as the amount of steam delivered to the
ejectors would be automatically increased as the
degree of vacuum in the working chamber de-
creased. The circulation of a warm or hot me-
dium through cooling tubes or coils of the appa-

50 ratus with which the equipment is associated
would be highly objectionable, especially if the
apparatus were designed for the conditioning of
air or the preservation of foods.

The object of the present invention is to -pro-

55 vide means for automatically stopving circula-

tion of the refrigerating medium through the
apparatus with which the equipment is associat--

ed in the event that, as a result of abnormal con-
ditions, the back pressure in the condenser in-
creases, or is likely to increase, to such a value that 60 -
its capacity will be inadequate for the purpose

in view,

The invention is illustrated in connection with
air conditioning apparatus. It is to be understood,
however, that this is by way of example only as
the advantages of the invention may be obtained
by its use in connection with various types of -
apparatus, for example, refrigerating, water cool-
ing and similar systems. -

The invention is illustrated in the accompany- 70
ing drawings, in which: ’

Figure 1 is a view partially in elevation and
partially in section of air conditioning apparatus
in which features of the invention are incor-
porated.

Figure 2 is a top plan view of that part of {he-
apparatus in which the cooling of the refrigerat-

" ing medium is effected.

Pigure 3 is a view similar to Figure 1 of a
second embodiment of the invention. 80

Figure 4 is a similar view of a third embodi-
ment of the invention.

The air condition apparatus, as illustrated, in-
cludes a tank 5 which is adapted to provide a
cooling chamber 5a into which the refrigerating 85
medium is introduced through a pipe 6, a body
of the refrigerating medium preferably being
maintained in the cooling chamber. The pipe 6
is preferably perforated so that the refrigerating
medium is introduced in the form of a spray. 90
Ejectors 7 and 7a maintain a vacuum of the re-
quired degree in the chamber 5a, preferably .an
absolute pressure of the order of .15 pounds. The
temperature of the refrigerating medium in the
chamber 5a is, therefore, lowered to a tempera- 95
ture which corresponds to such pressure. The
refrigerating medium is withdrawn from the
chamber 5a¢ through an.outlet gipe’ 8 by a pump
9. The latter, which is preferably of a centrif-.
ugal type, causes the said medium to fiow through 100
a pipe 10 and a valve 10a in said pipe to the cool-
ing tubes or coils of the apparatus, the said tubes
or coils being sufficiently indicated by a showing
of -the c¢asing 11 therefor. From the cooling
tubes or coils of the apparatus the refrigerating 195
medium is conducted by a. pipe 12 to the pipe 6
by which it is reintroduced into ‘the chamber 5a.

The ejectors 7 and 7a include steam supply
pipes 13 and 14 respectively. A valve 15 is lo- .
cated in the pipe 13 while a similar valve 16 is 110
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located in the pipe 14. The valves 15 and 16 are
controlled by temperature responsive elements
17 which are preferably immersed in the body
of refrigerating medium in the chamber 5a.
While the equipment shown includes two ejectors,
it is to be understood that this is for purposes of
illustration only as the number of ejectors in
each case will be determined in accordance with
the requirements of the particular installation.

Under normal operating conditions one or more:

of the ejectors will, in the average instaliation,
be inoperative, such ejector or ejectors being
utilized only when the apparatus is operating

-‘under a maximum load. In the embodiment il-

lustrated, the temperature responsive elements
17 are independently operative to regulate the
valves 15 and 16 to maintain the refrigerating
medium at the temperature desired. For exam-
ple, the element associated with the valve 15
may be conditioned to hold the said valve open

S0 long as the temperature of the refrigerating -

medium is maintained at a temperature of the
order of 45° F. or higher while the element as-
sociated with the valve 16 may be conditioned to
open the latter when theé temperature of the re-
Irigerating medium raises to a value of the order
of 50° F. or higher. ‘

The ejectors 7 and Ta are arranged in a header
18 which is carried by the tank 5. The steam
and the entrained vapors are discharged through
the diffuser throats 19 and 20 of the ejectors
into a condenser 21, the latter being provided
with conduits 22 and 23 with which the diffuser
throats 19 and 20 respectively, communicate.
The condenser 21 is divided by a partition 24
into chambers 25 and 26, the ejector 7 discharg-
ing through the conduit 22 into the former and
the ejector 7a discharging through the conduit
23 into the latter. A relatively high vacuum is
maintained in the chambers 25 and 26. To this
end ejectors 27 and 28 are employed. The former
communicates with the chamber 25 through a
pipe connection 29 while the latter communieates
with- the chamber 26 through a pipe connec-
tion 30. ,

The ejectors 27 and 28 discharge into an aux-

" iliary condenser 31, a vacuum being maintained

55
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in the said condenser by an ejector 32. The ejec-
tor 32 is connected to the condenser 31 by a

pipe 32a¢ and it discharges into a condenser 33.

which is in communication with the atmosphere
through a vent 34. In order to cut off communi-
cation between the condensing chambers 25 and
26 through the auxiliary condenser 31 when
either of the ejectors 7 or 7a is inoperative, the
pipe connections 29 and 30 are preferably pro-
vided with valves 35 and 36, respectively.

The condensate from the condensing chambers
25 and 26 is withdrawn from a common hot-well
37by a pump 38. The condensate which acecumu-
lates in the chamber 26 is conducted to the hot-
well 37 by a pipe 39, the latter being formed or
provided with a U-shaped section or trap 40
through which the condensate must flow in . its
passage to the hot-well, - The condensate in the
trap 40 is adapted to prevent a back-flow between
the chambers 25 and 26 through the pipe 39 when,
as a result of the ejector 7a being inoperative, the
absolute pressure in the cooling chamber 5g, and

hence the absolute pressure in the condensing

chamber 26, is higher than the absolute pressure
in the condensing chamber 25. The legs of the
trap are so formed that the differential in pres-
sures between the chambers 25 and 26 will not be
high enough, when the ejector 7a is inoperative,

1,061,212 ,
to force the liquid which provides the seal out of -

the trap.
‘The cooling tubes 41 of the condensing cham-
bers 25 and 26 are serially connected by suitable

headers, one of which is shown at 42. The cool-

ing water is introduced- into the inlet chamber
of the header 42 through a pipe 43. It flows
through the tubes in the chamber 25 and returns
through the tubes in the chamber 26 to the outlet
chamber of the header 42. From the outlet
chamber it is discharged through a pipe 44. The
Said pipe is connected to the inlet of a pump 45,
the outlet of the pump being connected by a pipe
46 to the top of a cooling tower 47 of conventional
construction.. The water which cools as it passes
downwardly through the  tower' is discharged
through an outlet pipe 48. The latter is con-
nected to the pipe 43 through which the cooling
water is introduced into the inlet chamber of the
header 42. T

The amount of steam that is supplied to the
ejectors 7 and 7a is regulated so that the temper-
ature of the refrigerating medium will be main-
tained at the required value, the amount of steam
being increased as the temperature of the refrig-
erating medium raises above such value. ' If, for
any reason, therefore, such as; for example, fail-
ure of the pump.45 with the attendant increase
in temperature of the cooling water in the con-
denser tubes 41, a portion of the steam is not con-
densed but backs up in. the cooling chamber 5a
the refrigerating medium will, unless provision
is made to guard against this, be heated. In this
connection it is understood, of course, that as the
temperature of the cooling water in the tubes 41
rises there is a corrésponding back pressure built
up in the condensing chamber, such back pres-
sure increasing, as the temperature of the cooling
water increases, until there is a back flow of the
steam into the cooling chamber 5a¢. In the em-
bodiment illustrated the amount of steam which

is supplied to the ejectors is automatically in-

creased as the temperature.of the refrigerating
medium increases beyond the required value.
The condition described would, therefore, be ag-
gravated in installations of this kind. 'The circu-
lation of a heated medium through the cooling
tubes or coils of the apparatus with which the
equipment is associated is highly objectionable if
not involving elements of danger,.this being es-
pecially true in the case of air conditioning ap-
paratus. In accordance with the invention
means is provided whereby in the event that a
back pressure builds up in the condensing cham-
bers 25 and 26, for example, as a result of the fail-
ure of the pump 45, and as a result of this the ca-
pacity of the. condenser is rendered inadequate
Tor the purpose in view, circulation of the refrig-
erating medium is automatically suspended.
The said means includes the valve 10a which is lo-
cated in the pipe 10. The valve is connected to
a temperature responsive element 50 (Figure 1)
which is located in the cooling chamber 5a pref-
erably above the level of the body of refrigerating
medium. The said element is adapted to auto-
matieally close the valve 10a when the tempera-
ture in the cooling chamber 5a increases to a pre-
determined. value, for example, 75° F. Thus,

‘while the pump 45 may continue to_operate there

will be no circulation of the refrigerating medium
through the air conditioning apparatus. Circu-
lation of a heated medium through the cooling
tubes or coils of the apparatus will, therefore, be
prevented. The element 50 may be so designed
that as soon as the temperature in the cooling
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chamber 5a is lowered to a predetermined value,
for example, 65° F. it will open the valve 10a and
again permit circulation of the refrigerating me-
dium through the tubes or coils of the air condi-
tioning apparatus.

From the foregoing it will bé apparent that if
there is an interruption in the circulation of the
cooling medium through the tubes 41 and, as a
result of this the capacity of the condenser is so
reduced that steam backs up in the cooling cham-
ber, the circulation of the refrigerating medium
will: be automatically suspended until the tem-
perature of the cooling chamber is again normal.

In the embodiment illustrated in Figure 3 the
vilve 10a is controlled by a pressure responsive
element 51 which is located in the condensing
chamber 26, preferably adjacent the bottom
thereof. The said element is adapted to close
the valve 104 when the back pressure in the
chamber 26 increases to such a value that there

_is, or is a possibility of, a back flow of steam to
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the cooling chamber 5¢. In this connection it
is understood, of course, that such an increase
in the absolute pressure in the chamber 26 could
be caused, among other factors, by a suspen-
sion in the circulation of the cooling water
through the tubes in the condensing chamber as
a result of the failure of the pump 45. The
element 51 is operative, when the absolute pres-
sure in the chamber 26 is lowered to such a
value that substantially all the steam entering
it will be condensed, to open the valve 10a and
permit a resumption in the circulation of the
refrigerating medium through the tubes or- coils
of the air conditioning apparatus. It will be
apparent, therefore, that in the event of failure
of the pump 45 circulation of the refrigerating
medium will be suspended until it is repaired.

In the embodiment illustrated in Figure 4 the

valve 10a is controlled by a temperature respon--
sive element 52 which is located in a section 53
“of the conduit 48. The element 52 is adapted
to close the valve 10a when the temperature of

the cooling water in the conduit 53, and hence
in the tubes 41, is of such a value that, owing
to the corresponding value in the absolute pres-

-sure in the chamber 26, there is a possibility of

a back flow of the steam into the cooling cham-
ber 5a. Thus when the pump 45 fails and cir-
culation of the cooling water through the tower
is suspended, with an attendant rise in tempera-
ture of the cooling water in the tubes 41, circu-
Jation of the refrigerating medium through the
air conditioning apparatus will also be sus-
pended. As soon as the circulation of the cool-
ing water through the tower is resumed and the
temperature of the water is lowered: to the re-
quired value, the element 52 is operative to open
the valve 10¢ and permit a resumption in the cir-
culation of the refrigerating medium. In other
respects the apparatus illustrated in Figures 3
and 4 is substantially the same as that shown
in Figure 1. - ‘

From the foregoing it will be apparent that
so long as cooling water of the required temper-
ature is circulated through the tubes of the con-
densing chambers, the -ejectors 27 and 28 will
maintain the requited absolute pressure in the
said chambers and the steam will be condensed
‘as fast as it enters them. Each of the embodi-
ments of the invention contemplates an arrange-
ment whereby, the circulation of the refrigerat-
ing medium through the apparatus with which
the equipment is. associated is automatically sus-
pended in the event that the back pressure in

3

the condensing chambers jricreases o sich an ex-

tent that a back flow of steam is created. In
other words, if, for any reason, the capacity of
the condenser becomes inadequate for the pur-
pose in view circulation of the refrigerating me-
dium is suspended until the capacity of the con-
denser is .again normal.

I claim as my invention:

“1. THe combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating
medium which is circulated through said appa-
ratus including a chamber through which said
refrigerating medium is circulated, a steam ejec-
tor for evacuating said chamber to lower the
temperature of the refrigerating medium as it
passes therethrough, means for condensing the
steam discharged from said ejector and means,
operative upon said last named means becoming
inoperative to such a degree that a back flow of
steam into said chamber is likely to result, for
stopping the circulation of the refrigerating me-
dium through said apparatus.

9. The combination with refrigerating appa-

.ratus, of equipment for cooling the refrigerating:

medium which -is circulated through said ap-
paratus including a chamber through which said
refrigerating medium is circulated, a steam ejec-
tor for evacuating said chamber to lower the
temperature of the refrigerating medium as it
passes therethrough, means for condensing the
steam discharged from said ejector and means,
operative upon a reduction in the capacity of
said means last named to such a degree that it
fails to condense said steam, for stopping the
circulation of the refrigerating medium through
said apparatus. -’ .

3. The combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating
med um which is circulated through said appa-
ratus including. a chamber through which said
refrigerating medium is circulated, a steam ejec~
tor for evacuating said chamber to lower the
temperature of the refrigerating medium as it
passes therethrough, a condenser into which the
steam from said ejector is d'scharged and in
which said steam is condensed, means for main-
taining a vacuum in said condenser and means,
operative upon a reduction in the capacity of
said condenser to such a degree that it fails to
condense said steam, for stopping the c'rculation
of the refrigerating medium through said appa-
ratus.

4..The combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating

|:i
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medium which is circulated through sa'd appa- 130

ratus including a chamber -through which said
refrigerating medium is circulated, a steam
ejector for evacuating said chamber to lower
the temperature of the refrigerating medium
as it passes therethrough, a condenser into
which the steam from said ejector is discharged
and means operative upon the backing up of

- steam in said chamber for stopping the circu-

lation of said refrigerating medium through said
apparatus. : ' )

5. The combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating
edium which is circuldted through said appa-
ratus including a chamber through which said
refrigerating medium is circulated, a steam
ejector for evacuating said chamber to lower
the temperature of the refrigerating- medium
as it is circulated therethrough, a steam supply
line for said ejector, means for automatically

135

140

145

supplying steam from said supply. line to said 150
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ejector when the femperature of the refrigerat-
ing medium in said chamber increases to a pre-
determined value,

steam from said ejector is discharged and means
operative upon the backing up of steam in said

chamber for stopping the circulation of said re-

frigerating medium through said apparatus.
6. The combination with refrigerat'ng appa-

ratus, of equipment for cooling the refrigerating .

medium which is circulated through said appa-
ratus including a chamber through which said
refrigerat'ng medium is circulated, a steam ejec-
tor for evacuating said chamber to lower the
temperature ‘of the refrigerating medium as it
passes therethrough, a condenser into which the
steam. from said ejector is discharged, means
for maintaining a2 vacuum in said condenser,
means for circulat'ng a cooling medium through
said condenser and means operative upon the
backing up of steam in said chamber for stop-
ping the circulating of said refrigerating medium
through said apparatus. o

7. The . combination with refrigerat'ng appa-
ratus, of equipment for cooling the refrigerating
medium which is circulated through said appa-
ratus including a chamber through which said
refrigerat'ng medium is circulated, a steam
ejector for evacuating said chamber to lower
the temperature of the refrigerating medium as
it is eirculated therethrough, a steam supply line
for said-ejector, means for automatically con-
trolling the supply of steam from said line to
said ejector so as to maintain the temperature
of the refr'gerating medium at a predetermined
value, a condenser into which the steam from
said ejector discharges, means for maintaining
& vacuum in said condenser, means for circulat-
ing a cooling medium through said condenser
and means operative upon the backing up of

.Stearn in said chamber for stopp'ng the circu-

lation of said refrigerating medium through said
apparatus,

8. The combination with refrigerating appara-
tus, of equipment for cooling the refrigerating

‘medium which is circulated through said appa-

ratus including a chamber through which said
refrigerating medium is circulated, a steam ejec-

 tor for evacuating said chamber to lower the tem-
berature of the refrigerating medium as it passes -

therethrough, a condenser into which the steam
from said ejector is discharged, 2 valve for con-
trolling the circulation of the refrigerating me-
dium through said apparatus and a temperature
responsive element for closing said valve when

.steam from said ejector backs up in said chamber,
said element being located in said chamber above:

the level of the refrigerating medium. ~

9. The combination with' refrigerating appara-
tus, of equipment for cooling the refrigerating
medium which is circulated through said appara-

a condenser into which the

1,961,212

tus including a chamber through which said re-
frigerating medium is circulated, a steam ejector
for evacuating said chamber to lower the tem-

berature of the refrigerating medium as it passes

therethrough, a steam supply line for said ejector,

& valve in said line, a temperature responsive ele-
ment for controlling said valve, said element being
immersed in the refrigerating medium in said
chamber and being adapted to ‘open said valve
when the temperature of said medium raises to a
predetermined value, a condenser into which said
ejector discharges, means for maintaining a vac-
uum in said condenser, a second. valve for con-
troiling the circulation of the refrigerating me-

dium through said apparatus and a temperature-

responsive element for closing said valve to stop
the circulation of the refrigerating medium
through said apparatus when steam from said
ejector backs up in said chamber, said element,
being located in said ¢hamber above the level of
said refrigerating medium;. . -

10. The combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating
medium which is circulated through said appara-
tus including a chamber through which said re-

frigerating medium is circulated, a steam: ejector.

for evacuating said chamber to lower the tem-
perature of the refrigerating medium as it passes
therethrough, a condenser into which the steam,
from said ejector discharges, means for maintain-
ing a vacuum in said condenser and means, oper-
ative upon the absolute pressure in said condenser
increasing to such a value that a back flow of
steam into said chamber is likely, for stopping the
circulation of said refrigerating medium through
said apparatus. B '

11. The combination with refrigerating appa-
ratus, of equipment for cooling the refrigerating
medium which is circulated through said appara-
tus including a chamber through which said re-
frigerating medium is circulated, a steam ejector
for evacuating said chamber to lower the tem-
perature of the refrigerating medium as it passes
therethrough, a condenser into which the steam
from said ejector is discharged and in which said
steam is condensed, means for maintaining 2 vac-
uum in said condenser, means for circulating
cooling water through said condenser, said means
including a pump, a cooling tower and means con-
hecting the condenser, pump and cooling tower
in a circuit, whereby cooling water from said
tower is circulated continuously through the con-
denser and means, operative when the temper-
ature of the cooling water which is introduced into
the condenser increases to a value at which the
corresponding absolute pressure in the condenser
is such that a back flow of the steam is created,
for stopping circulation of the refrigerating me-
dium through said apparatus. :

’ HAROLD M. GRAHAM. .
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