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This invention relates to mechanical refrigera to reduce the temperature of the refrigerant to
that prevailing in the evaporator.
tion Systems of the vapor process type.
It is an object of the invention to control the
The general object of the invention is to pro required
in a refrigeration system em
vide a new and improved system of the vapor ploying aflashing
fixed
orifice
regulation of
process type which is simple, efficient and inex the System, i. e., to supplytotoeffect
the evaporator liq
pensive.
A refrigerating system, in general, includes uid refrigerant at rates varying with changes in
load on the system.
three essential elements, namely, an evaporator, heat
When a volatile refrigerant is passed through
a compressor and a condenser. In operation,
heat is abstracted from a medium in contact with a fixed orifice, an increase in the refrigerant
tends to cause an increase in the rate at
the evaporator by vaporization of a volatile re Velocityliquid
refrigerant is delivered from the
frigerant contained therein. The resultant vapor Which
However, the increase in the velocity
it withdrawn from the evaporator, compressed, Orifice.
through the Orifice tends also to increase the vol
5 Claims.

O

and discharged within the condenser. The hot
compressed vapor is liquefied by the dissipation
of its heat to a medium in heat exchange rela
tion with the condenser. Briefly, heat is ab
Sorbed from one medium at a low temperature
and dissipated to another medium at a higher
20 temperature. Either water, air or a combina
tion of the two may be utilized as the medium
to which the heat given up in condensation is
transferred. The refrigerant, of course, is used
Over and Over again.
Since the temperature of the condenser is Sub
25 Stantially
higher than that of the evaporator, it
is apparent that a reduction in the tempera
ture of the refrigerant must take place. This
cooling may be effected by evaporation or flash
5

ing of the refrigerant. Flashing occurs when a
volatile substance passes through an orifice into
a region of pressure below the boiling pressure
corresponding to the temperature of a volatile
substance, and is the vaporizing of part of the
35 substance to cool the remainder.
Generally, flashing is objectionable, for while

30

it effects a desirable end in cooling the remainder
of the refrigerant, yet that part of the refrig
erant which has flashed has absorbed its latent
40 heat from the remainder of the refrigerant and

cannot absorb its latent heat from the medium

to be cooled. Thus, there is a loss of useful
refrigeration.
Applicant, in copending application, Serial No.
33,807, filed July 30, 1935, has disclosed a method
of and means for greatly reducing the amount
cf flashing needed in a refrigerating system by
50

55

subcooling the liquid refrigerant, prior to its entry
into the evaporator, thus increasing the efficiency
and capacity of the System. Ordinarily, however,
Subcooling may not economically be carried down
to the evaporator temperature. Therefore, even
though applicant's Subcooling process be em

ume of flash vapors which are formed in the

O

5

vicinity of the orifice, and which restrict the
passage of liquid refrigerant therethrough. As
the velocity of the refrigerant through the orifice
is increased, the rate at which liquid refrigerant

is delivered from the orifice increases until the 20

Velocity reaches a point known as the critical
velocity. As the velocity increases beyond this

point, the rate at which liquid refrigerant is
delivered from the orifice falls off, due to the
increase in the formation of flash vapors re 25
stricting the orifice. Since the rate of delivery
of liquid refrigerant from an orifice is controlled
by the restricting effect of flash vapors, and since
flashing is dependent upon the temperature and
pressure of the refrigerant, it follows that by 30
controlling the temperature of refrigerant sup
plied to an orifice and/or by controlling the pres
sure of refrigerant at the orifice, the rate at
which liquid refrigerant will be discharged there
from may be controlled.
It is an object of the invention to control the
rate of discharge of liquid refrigerant from a
fixed orifice Serving an evaporator by regulating
the temperature and/or pressure of the liquid
refrigerant supplied to the orifice responsive to 40
variations in heat load on the evaporator.
When volatile refrigerant is passed through an
Orifice and the pressure drops to Such a point
that flashing just begins, a further decrease in
pressure will not substantially increase the rate 45
at which the orifice will discharge liquid refrig
erant, since the flash vapors will restrict the
passage thereof. It will be seen, therefore, that
by controlling the factors which determine when
flashing begins to occur, it is possible to control
the rate at which liquid refrigerant will be de

50

livered from the orifice.

In the present invention, applicant provides
a refrigeration System utilizing an orifice of fixed

ployed, some flashing will generally be required Opening. The fixed orifice supplies liquid re

55

2
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frigerant to an evaporator at a rate which varies point beyond the restricted portion of the Orifice.
in accordance with the load on the system. This The flash vapors are then less effective in imped
regulation is effected in either or both of two ing the flow of liquid refrigerant through the
ways: first, by controlling the temperature of orifice,
the liquid refrigerant is passed
refrigerant supplied to the orifice, and second, by through and
the orifice at a greater rate. If the load
controlling the pressure of the refrigerant at the on the system
increases, the greater accumula
orifice.
tion of condensate will develop a greater hydro
By carrying the liquid receiver on the low pres static head on the orifice. Let it be assumed, as

10

5

sure side of the system, between the evaporator above, that the temperature of the boiling refrig
and th compressor, applicant accumulates on the erant is 108.5 degrees, that the pressure at the
high pressure side of the fixed orifice a quantity surface
of the accumulated condensate is 120

O

to the orifice under these conditions will paSS

5

ther removed from the restricted portion of the
orifice than in the former case. The flash vapors
are then less effective than in the former case in

20

take care of the increase in load.

25

of refrigerant liquid which varies with the load pounds, and that the hydrostatic head developed
on the system. If the evaporator is of the flash is 30 pounds. Then the pressure on the orifice
type, an increase in load causes an increase in
the superheat of refrigerant vapors passing from will be 150 pounds. Liquid refrigerant Supplied

the evaporator. This increase in the superheat
causes increased vaporization of refrigerant in
the liquid receiver, so that an augmented vol
ume of refrigerant vapor passes to the condenser
20 and is there liquefied. The vaporization of liq
uid in the receiver is further increased, with a
rise in heat load, by a change in the heat trans
mission between the receiver and the evaporator.
Moreover, a rise in heat load tends to increase
25 the entrainment of liquid refrigerant from the
receiver. With a decrease in heat load, a re
verse operation occurs.
If the evaporator is of the flooded type, no
liquid receiver at the outlet of the evaporator is
30 required. When an increase of load on a flooded
evaporator occurs, the increase is taken up by the
vaporization of a greater quantity of refrigerant,
the vapors, when condensed, forming a greater ac
cumulation of refrigerant liquid on the high pres
sure side of the orifice. A decrease in heat load
will similarly cause a reduction in the quantity
of refrigerant liquid accumulated on the high
pressure side of the orifice.
The accumulated liquid is subcooled prior to
40 its admission to the evaporator through the
orifice, or is used to build up a hydrostatic pres
sure on the orifice, or is used in both of these
ways in combination. With an increase in heat
load on the system, there will be an increase in
45 the subcooling and/or hydrostatic pressure ef
fects, providing for delivery to the evaporator of
liquid refrigerant at an increased rate to meet
the increase in heat load. As the load on the
system decreases, and the quantity of refrigerant
50 liquid accumulated on the condenser side of the
fixed orifice decreases, the subcooling and/or hy
drostatic pressure effects will decrease, and flash

ing will have a greater effect in restricting the
flow of refrigerant liquid through the orifice, so
55 that the rate at which refrigerant liquid will be
delivered to the evaporator will be decreased.
For purposes of illustration, let it be assumed
that the refrigerant employed is methyl chloride,
and that the temperature of the boiling liquid
refrigerant is 108.5 degrees. The pressure at the
surface of the accumulated condensate will be 120
pounds. If the condensate be accumulated to
such a vertical height that it develops a hydro
static pressure of 20 pounds, the pressure on the
65 orifice will be 140 pounds, or 20 pounds above the
pressure at which methyl chloride at 108.5 de
grees will begin to flash. Methyl chloride sup
plied to the orifice at 108.5 degrees and at 140
pounds pressure will pass through the orifice a
O distance corresponding to a pressure drop of 20
pounds before it will begin to flash, whereas if it
were supplied to the orifice at the same tem
perature and at a pressure of 120 pounds, flash
ing would begin immediately. Thus, delaying the
5 flashing has the effect of causing it to occur at a

through a distance corresponding to a pressure
drop of 30 pounds before flashing begins to oc
cur, so that fashing begins at a point still fur

impeding the flow of liquid refrigerant through
the orifice, and the liquid refrigerant will be
passed through the orifice at a greater rate to
When regulation is effected by subcooling, the

operation is similar. Instead of building up in
a vertical column or the like, however, the con

densate is accumulated in a heat exchange de

vice. As the accumulation of liquid refrigerant
increases, it is subjected to increased cooling ac
tion of the cooling medium in the heat exchange
device. With an increase of load, therefore, there
is an increase in the accumulation of liquid re
frigerant within the heat exchange device, and a
decrease in the temperature of the liquid refrig
erant. A decrease in load will similarly effect a
rise in the temperature of refrigerant Supplied to

30

the orifice.

That the temperature of the refrigerant con
trols the flow of liquid refrigerant through the 40
orifice will appear from the following example.
Let us assume, as above, that the temperature of
boiling methyl chloride is 108.5 degrees, at a pres
sure of 120 pounds. Assume, further, that this
refrigerant is accumulated within a heat ex
change device to such a height that its tempera
ture is lowered to 97.5 degrees, and that it is then
delivered to an orifice at that reduced tempera
ture and at a pressure of 120 pounds. The boil
ing pressure corresponding to a temperature of
97.5 degrees is 100 pounds. The liquid refrigerant
passing through the orifice will not begin to flash,
therefore, until it has passed through a distance
corresponding to a pressure drop of 20 pounds. 55
Thus the rate at which the liquid refrigerant is
passed through a fixed orifice may be increased
to the same degree by cooling the refrigerant
11 degrees or by building up a hydrostatic pres
sure of 20 pounds on the orifice, as described 60

above.

With an increase in load, the liquid refriger
device to such a height that the refrigerant pass
ing therefrom is at a tenperature of 91.5 degrees.
The boiling pressure corresponding to a tempera
ant may be accumulated in the heat exchange

ture of 91.5 degrees is 90 pounds. Therefore,
when liquid refrigerant is supplied to the orifice
at 120 pounds pressure and at 91.5 degrees, flash
ing will not begin until the liquid refrigerant has
passed through a distance corresponding to a
pressure drop of 30 pounds. In Such case, the
orifice will deliver liquid refrigerant at a greater
rate than when the refrigerant is cooled to 97.5
degrees, thus to meet the increased load require 5
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ments. Cooling the liquid refrigerant 17 degrees
has the same effect on the regulation of the Sys
tem as building up a hydrostatic pressure of 30
pounds on the orifice.

In addition to the action just described, it is
to be noted that when gravity head regulation
is used, an increase in load which causes an in
creased pressure on the orifice, tends to cause
the discharge of refrigerant liquid from the ori
fice at an increased rate, in accordance with the
formula, 2=2gh. When Subcooling is used, an
increase in load, which increases the subcooling,
is accompanied by a decrease in the flashing re
quired for each unit volume of refrigerant Sup
plied to the orifice.
A feature of the invention resides in the pro
vision of an orifice of predetermined fixed open
ing for supplying refrigerant to an evaporator.

0

Another feature of the invention resides in the

provision of a refrigeration System including a
compressor, a condenser, a pressure chamber, a
fixed orifice, an evaporator and a liquid receiver,
through which refrigerant Successively passes.
Another feature of the invention resides in the
provision of a refrigeration System including a
compressor, a condenser, a Subcooler, a fixed ori
fice, an evaporator and a liquid receiver, through
which refrigerant successively passes.

20

25

Another feature of the invention resides in de

30

veloping pressure on an orifice by means of a
head of volatile refrigerant liquid to control the
rate at which refrigerant liquid is discharged
from the orifice.
Another feature of the invention resides in

cooling the refrigerant supplied to a fixed ori
fice serving an evaporator to control the rate
at which liquid refrigerant is passed to the evap
orator from the Orifice.

Another feature of the invention resides in the

3

for the accumulation of a vertical column of re

frigerant liquid. This column is of such height
that the hydrostatic pressure at the bottom of
the pipe 7 will be considerable. Thus, the cross
Sectional area of pipe 7 need not be greater than
would ordinarily be required to accommodate re
frigerant flow, but the vertical height of the pipe
isstallations.
greater than
it would be in conventional in
The refrigerant is then fed through
Orifice f8, adjusted to a fixed predetermined
opening, through pipe 9, and through inlet
header 20 to the evaporator coils 2, where it

U

absorbs heat from the medium to be cooled. As

illustrated, the refrigerant absorbs heat from air
currents set up by fan 22, driven by motor 23. 5
The refrigerant is then passed through outlet
header 24 and pipe 25 to the liquid receiver 26,
where the refrigerant vapors are separated from
any liquid which may have remained unevapo
rated in passing through the expansion coils 2. 20
The vapor is then returned, through pipe 27, to
the compressor, completing the refrigerating
cycle.

In this system, the condenser pressure is aug
mented by the hydrostatic pressure developed by

25

the column of liquid refrigerant, so that the total
head on the orifice is the sum of the two com
ponent pressures. The increase in pressure due
to hydrostatic head is accomplished with prac
tically no increase in the power consumption of 30
the System. As above explained, this increase in
pressure is effective to reduce the restricting effect
of flashing which takes place at and in the imme
diate vicinity of the orifice, and to increase the
rate at which liquid refrigerant is delivered from 35
the orifice. When the load on the evaporator de
creases, the height of the column of liquid re
frigerant is reduced, the pressure on the orifice
is reduced, and the rate at which the liquid re

provision of a series of gravity chambers, inter
connected by orifices, from each of which cham
bers refrigerant vapors may be returned to a
compressor in a course bypassing an evaporator.

frigerant is delivered from the orifice is de 40

is admitted through inlet header f2 to the con
denser coils f3, where it is condensed. As illus
trated, the condenser is cooled by air currents
set up by fan 4, driven by motor 5, which is
Supplied with electric current from any suitable
Source. Refrigerant liquid leaves the condenser
through outlet header 6 and enters pipe 7. The
5 function of this pipe is to provide a reservoir

34 designates a condenser of the shell and tube
type, having a refrigerant inlet 35, a refrigerant

creased.

In refrigeration Systems employing anmonia,
carbon dioxide or similar refrigerants, working
on the high side of the compressor may
Another feature of the invention resides in the pressures
range from 180 to 1400 pounds per square inch. 45
provision
of
means
for
passing
refrigerant
45
add appreciably to these pressures by means of
through a plurality of orifices, and passing re aTogravity
would necessitate the use of un
frigerant vapors formed at each orifice to differ reasonablyhead
high columns of refrigerant. How
ent stages of a multi-staged compressing appa ever, in Systems
using Carrene, Dielene or similar
ratuS.
refrigerants,
applicant's
invention, may be em 50
50 Other objects, features and advantages of the ployed to advantage, Since the Working pressures
invention will appear from the following descrip in Such systems approximate or are below atmos
tion to be read in connection with the accom pheric pressure. A column of liquid, therefore,
panying drawings, in which:
not unreasonable height, adds appreciably to
Fig. 1 is a diagrammatic view, in elevation, of of
the condenser pressure.
55
a
refrigerating
system
embodying
applicant's
in
55
Carrene
and
similar
refrigerants
which
oper
vention;
at pressures of approximately one atmos
Fig. 2 is an elevational view illustrating the ate
phere or less, are most commonly used in sys
application of the invention to a refrigerating tems
including centrifugal compressors. Fig. 2
system including a multi-stage centrifugal com illustrates
the manner in which the invention 60
60 pressor and an economizer;
may be utilized in a centrifugal compression sys
Fig. 3 is a diagrammatic view of another form ten
embracing a multi-stage compressor. 28
of the invention; and
designates
an evaporator, in which refrigerant
Fig. 4 represents a sectionalized condenser and liquid is supplied
by pump 29 from sump 30 to
subcooling apparatus, to be used in the circuit Sprays 3 for distribution
over coils 32, through 65
65 of Fig. 3.
is circulated the medium to be cooled. 33
Referring now to the drawings, hot compressed which
vapor leaves compressor to through pipe and designates a multi-stage centrifugal compressor.
outlet 36, an inlet header 37, and an outlet header
38 for a suitable cooling medium. 39a and 39b
are chambers connected to an orifice chamber
39c by conduits 39d and 39e to form an econo
nizer generally designated at 4. The function

of the economizer-is to reduce the power require

4.
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ments of the system by permitting the necessary
flashing of refrigerant to take place in Stages.
Flash vapors from all stages but the last, al'e
taken off and by-passed around the evaporator
to suitable stages of the compressor.

O

s

refrigerant is evaporatively subcooled by air cur
rents set up by fan 4 and water from pipe 5,
which is discharged against target 52 to form
a fine spray. If desired, of course, the condenser
and subcooling unit may be sectionalized. Thus,
In operation, liquid refrigerant from the Con for
the condenser of Fig. 3, there may be sub
denser 34 is accumulated in pipe 4 to a height stituted
the separate units of Fig. 4, in which 53
indicated by gauge glass 42, which is preferably is the condenser
in which liquefaction
provided with stop cocks 43 and 44. The height takes place, and 54proper,
is
the
Subcooler,
which re
of the column indicates the load on the machine. frigerant liquid is accumulated and incooled.
Air
As the refrigerant passes through orifice 45, a cooling
or evaporative cooling may be utilized as
certain amount of flashing occurs, cooling the
liquid refrigerant. The resultant vapors rise to desired. As illustrated, the condenser proper is

the top of chamber 39a, whence they are drawn
off through pipe 46. Unevaporated refrigerant
accumulates in chamber 39a and conduit 39d.,
building up a hydrostatic head on orifice 4. As
refrigerant flows through orifice 47, a certain
amount of flashing again occurs, cooling the
liquid refrigerant still more. As in the case of
chamber 39a, flash vapors rise to the top of
chamber 39b, whence they are drawn off through

U

air cooled by fan 55, while the subcooling sec
tion of the condenser is evaporatively cooled by
fan 56 and water discharged from pipe 5 against
target 58.
If desired, regulation may be accomplished by

both subcooling and developing a hydrostatic
head on the orifice, in combination, by providing
both a column and a subcooler. It is to be under
stood, however, that even when such operation is

not contemplated, the Subcooling and pressure
pipe 48. Cooled liquid refrigerant in chamber head
are not independent of each other, but
39b and conduit 39e builds up a hydrostatic head

mutually contribute at all times to the regula
on orifice 49 through which it then passes to tion
of the System. Thus, when a Column of
liquid refrigerant is accumulated to develop a
gravity head, the liquid refrigerant will gen

evaporator 28. Baffles 39f and 39g prevent re
frigerant from “blowing through' chamber 39c.
Refrigerant vapors pass through passage 50 to
the compressor 33, where in successive stages

33a, 33b, and 33c they are compressed, in a man
ner well known in the art. Pipe 46 is connected
to the inlet of stage 33c, and pipe 48 is connected
to the inlet of stage 33b. In practice, the ap
paratus is so designed that pipe 46 passes re

frigerant vapor at a pressure corresponding to
the inlet pressure of stage 33c, and pipe 48 passes
refrigerant at a pressure corresponding to the
inlet pressure of stage 33b. Thus, refrigerant
which has been vaporized is returned to ap
40 propriate stages of the compressor without paSS
ing through the evaporator where it can do no

erally be cooled somewhat before it paSSes
through the orifice, so that there is effected a cer
tain amount of subcooling. The subcooling effect
will increase with increases in the height of the

column, and will decrease when the height of
the column is reduced. So, also, when the liquid
is accumulated in a heat exchange device for Sub

cooling purposes, it develops a head on the orifice :
which varies directly with the height of the liquid
in the heat exchange device.
In the following claims, the term 'subcooling'
shall be understood to mean cooling the refrig
erant liquid below the critical condensing ten
perature in any manner other than by flashing
prior to its admission to the evaporator. The

40

useful refrigerating work. Since the vapor re
turned through pipe 46 is at a pressure Substan term 'subcooler' shall be understood to relate

45

50

55

tially equal to that prevailing at the outlet of to a heat exchange device in which refrigerant

stage 33b, it is apparent that there is no necessity liquid is subcooled prior to its admission to the
for passing it through compressor stages 33a and evaporator.

33b. Moreover, routing the flash vapors from
The term "pressure chamber' shall be under
chamber 39a directly to stage 33c through pipe stood
mean any device in which refrigerant
46 saves the amount of power that would be con liquid to
is
confined
for the purpose of developing
sumed in passing those vapors needlessly through

compressor stages 33a and 33b. Similarly, the
routing of flash vapors from chamber 39b di

hydroStatic pressure.
I claim:

A method of regulating a refrigeration sys
rectly to stage 33b through pipe 48 saves the tem1. including
a condenser, an evaporator and a
amount of power that would be consumed in pass plurality of fixed
orifices which consists in con
ing those vapors needlessly through compressor densing
refrigerant, evaporating the liquid refrig

stage 33a. In applying the invention, pipe 4, erant in a plurality of successive steps at different

chambers 39a and 39b, and conduits 39d and 39e
are preferably of such proportions that the liquid
accumulated within them will develop a substan
60 tial hydrostatic head. While a three-stage com
pressor is illustrated, it is contemplated that the
invention may be applied to a compressor of any
number of stages; and while a centrifugal Com
pressor is shown, it is apparent that compression
85 may take place in a compressor of any desired
type or construction, without departing from the
spirit and scope of this invention.
In the arrangement of Fig. 3, the liquid re

70

frigerant is accumulated within the condensel of
the system, which is provided with an extra
length of cooling coils. Liquid accumulated with
in the condenser is Subcooled by the action of the
condensing medium, the Subcooling effect in

creasing as the accumulation of liquid within
5

the condenser increases. In Fig. 3, condensed

55

preSSures, accumulating liquid refrigerant to de
velop a hydrostatic pressure on each of the ori
fices, increasing the accumulation of refrigerant
in response to increases in heat load on the evap (50
Orator, and decreasing the accumulation of re
frigerant in response to decreases in heat load
On the evaporator.
2. In a refrigerating apparatus of the character
described, a condenser, a pressure chamber,
means forming a fixed orifice, an evaporator, a
liquid receiver in which the pressure is substan
tially equal to that prevailing in the evaporator,
and means for circulating refrigerant successive
ly through said elements in a closed and continu U
ous cycle, whereby condensed refrigerant will ac
Cumulate within said pressure chamber and ex
ert a hydrostatic pressure on said orifice, the hy
drostatic pressure increasing in response to in
creases in heat load on the evaporator and de 75
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creasing in response to decreases in heat load a relatively smaller quantity of liquid for de
veloping relatively small hydrostatic pressures
on the evaporator.
3. In a refrigerating system, means for con (in said orifices in response to relatively low heat
densing refrigerant, means for accumulating the load on the system, and means for passing re

Condensed liquid refrigerant, means forming an frigerant vapors from different evaporator stages
orifice of predetermined opening adapted to re to different compressor Stages in unmixed condi

ceive refrigerant liquid from said accumulating
means, an evaporator adapted to receive refrig
erant passing through said orifice from said ac
10 cumulating means, a liquid receiver connected to
the outlet side of said evaporator and in which
the pressure is substantially equal to the evap
orator pressure, all of said elements comprising
parts of a closed and continuous circuit, and fluid
5 displacement means for circulating refrigerant
through Said elements in Succession.
4. In a refrigerating system, means for in
Creasing the pressure of refrigerant vapors in a
plurality of stages, means for condensing com
20

25

pressed refrigerant, means including a plurality

of expansion devices each having a fixed orifice
for evaporating liquid refrigerant in a plurality
of stages at Successively lower pressures, means
for accumulating a quantity of liquid refrigerant

tion in such manner that the pressure of refrig
erant vapor passed to each compressor stage ap
) l'Oximates the inlet pressure of said compressor
stage.

IO

5. In a refrigerating system, means for con
densing refrigerant, means for accumulating the
('Cildcnsed liquid refrigerant, means forming an
orifice of predetermined opening adapted to re
ceive refrigerant liquid from said accumulating
means, an evaporator adapted to receive refrig
erant passing through said orifice from said ac
Cumulating in cans, a liquid receiver connected to
thc outlet side of said evaporator and in which
the pressure is substantially equal to the evap
Orator pressure, all of Said elements comprising
parts of a closed and continuous circuit, fluid
displacement means for circulating refrigerant
through the above mentioned elements in suc

for developing substantial hydrostatic pressures cession, and means for Subcooling the accumu
on said orifices in response to relatively high lated refrigerant.
CARLYLE. M. ASHLEY.
heat load on the system and for accumulating

5

20

25

