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This invention relates to improvements in 
refrigerating plants and more particularly 
to the employment of means for facilitating 
the flow of refrigerant gas between the evap 

5 orator and the compressor in such a refrig 
erating system. 
One object of this invention is to increase 

the efficiency of the evaporator of a refrig 
erating system by decreasing the back or 

to outlet pressure thereon: and in particular 
by reducing this absolute pressure to below 
that at the low pressure side of the system. 
In conjunction therewith, liquid is separated 
from gas at the outlet of the evaporator and 

5 one or both are removed to the low pressure 
side of the system. In certain cases, the pres 
sure difference between the inlet and outlet 
portions of the evaporator is increased by 
raising the inlet pressure of liquid and low 

20 ering the outlet pressure of gas. 
One object of this invention is to increase 

the efficiency of the evaporator and the com pressor in a refrigerating system by removing 
obstructions to the passage of gas therebe 

25 tween as formed by the passage of liquid along 
with the gas through the evaporator into the 
outlet manifold or header of the same; by 
thus decreasing the absolute pressure of the 
refrigerant gas in the evaporator and possi 

30 bly increasing the absolute pressure of the 
refrigerant gas passing to the compressor. 
Another object is to accomplish this in 

crease inefficiency by employing the energy 
contained within the refrigerating medium 

35 at a point where such energy is not at present 
utilized. - A further object is to remove liquids from 
the outlet of the evaporator and to return 
them to the inlet of the same, and possibly 

40 to an oil trap connected there with. Further objects will appear in the course 
of the following specification and claims, 
and illustrative examples of embodiment of 
the invention are shown on the accompanying 

45 drawings. 

Fig. 1 is a diagrammatical layout of a re 
frigerating plant employing the present in 
vention. Fig. 2 is a diagram of a modified form of a 
portion of such a plant, likewise employing 
the invention. Fig. 3 is a similar diagram of a further 
modified form. In Fig. 1, an ordinary compressor-con 
denser-evaporator refrigerating system is 
represented in which the usual compressor 
10 delivers the warm compressed refrigerant 
gas at a high pressure through the discharge 
line pipe 11 and the control valve 12 into the 
condenser i3 in which the refrigerant gas is 
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condensed in the usual manner into a liquid, and while still at the high pressure passes by 
gravity through a liquid line pipe and valve 
14 into the receiver 15. The pressure pre 
vailing upon the system forces this condens 
ing refrigerant liquid through the king valve 
16 and the liquid line pipe 17 into and through 
the pressure regulating valve 18, which is 
commonly called the expansion valve, and 
which may be referred to as an “expander' 
since it divides the high pressure portion 
of the system from the low pressure portion 
in conjunction with the compressor, and 
serves particularly to permit a partial evap 
oration of the liquid refrigerant sufficient to 
bring the remaining liquid refrigerant to 
the temperature prevailing in the low pres 
sure portion of the system. 
All of these elements are common to and 

typical of the compression type of refriger 
ating plant and comprise the high pressure 
side of such a system, and form no part of 
this invention except as they constitute a 
part of a circuit in a plant to which the in 
vention may be applied. The refrigerant liquid upon leaving the 
pressure regulating valve 18 is at a lower 
pressure than in the liquid line 17 and at its 
entry into the pressure regulating valve 18 
or so-called “expander', and is at a tempera 
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ture above the critical temperature of evap 
oration for the pressure at which it leaves 
the valve 18, and therefore a portion of it 
expands or evaporates so that the liquid is 
cooled to the temperature of evaporation at 
the relatively low pressure existing at the 
outlet from valve 18. This partial expansion 
or evaporation of the refrigerant liquid pro 
duces a stream of mingled refrigerant liquid 
and refrigerant gas at a pressure which is 
below the pressure existing on the high pres 
sure or condensing side of the system, but is 
still somewhat above the low pressure exist 
ing in the evaporator or low pressure side of 
the system. This mingled stream is caused 
to pass through the ejector nozzle into a sep 
arator chamber 20. Due to the velocity at 
which it passes from the ejector nozzle 19, a 
reduction of pressure is caused in the ejec 
tor housing 34 which is connected by the liq 
uid line pipe 33 with the bottom of the out 
let trap 30. The mingled stream of refriger 
ant liquid and refrigerant gas in combina 
tion with any additional liquid or gas from 
the liquid line pipe 33 and the trap 30 passes 
through the outer housing 32 and creates a 
further ejector action within this housing 32 
and may or may not cause an increase of 
pressure in the separator chamber 20. A 
baffle 21 is disposed within the separator 
chamber 20 opposite the position of the ejec 
tor 19, and the mingled stream of liquid and 
gas from the ejector 19 and its housing 34 
and 32 impinges against this baffle 21, which 
is appropriately designed to separate the lic 
uid from the gas, and cause the refrigerant 
liquid to pass into the lower portion of the 
separator 20 where it collects in the pool 20^. 
The refrigerant gas which passes through the 
baffle 20 into the suction line pipe 35 returns 
to the compressor 10 to renew the cycle. 
The separated liquid in the pool 20* is 

forced by the pressure existing in the sepa 
rator 20 and also by the action of gravity, to 
pass downward through the refrigerant liq 
uid line pipe 24 into the oil separator 26 
The upper end of the liquid line pipe 24 is 
closable by the float valve 22 in the example 
shown in Fig. 1, so that a maintained level 
or head is provided for the pool 20, where 
by the flow of gas refrigerant through the 
pipe 24 and the oil separator 26 into the 
evaporator is prevented, and it is possible 
to maintain a pressure difference between the evaporator and the separator. 
The refrigerant liquid passes from the oil 

separator 26 through a liquid line pipe and 
the valve 27 into the evaporator 28, which is 
of any suitable design as now well known in 
the art. The greater portion of the refrig 
erant liquid entering the evaporator is evap 
orated therein and produces the desired re 
frigerating effect. and passes as refrigerant 
gas through the suction line pipe 29 into the 
trap 30. Under the conditions of practical 
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operation, a varying proportion of unevapo 
rated liquid refrigerant in the form of a fog 
or foam, or even in larger volumes of liquid 
which are commonly called “slugs”, passes 
along with this gas into the suction line pipe 
29. The greater portion of this unevapo 
rated refrigerant liquid is separated from 
the refrigerant gas in the trap 30, and passes 
to the bottom of this trap to form a pool in 
the same; while the refrigerant gas free from 
such “slugs' passes out of the top of the trap 
30 through the suction line pipe 31 and to 
the outer housing 32 of the ejector 19. 
The liquid collecting in the bottom of the 

trap 30 is drawn off by the action of the ejec 
tor 19 through the liquid line pipe 33 into 
the ejector housing 34, and is thereby re 
turned to the separator 20, and collects in 
the pool 20° in the bottom of the same. The 
refrigerant gas passing through the suction 
line pipe 31 of the ejector housing 32 enters 
the separator 20 and passes through the baf 
fle 21 and pipe 35 on its return to the com pressor 10. 

In this way, the action of the ejector 19 
is to decrease the absolute pressure prevail 
ing within the trap 30 both by the withdraw 
all of refrigerant gas through the suction line 
pipe 31, and by the withdrawal of liquid 
through the liquid line 33. Not only is the 
back pressure upon the evaporator 28 re 
duced, but also the liquid carried along into 
the outlet 29 of the evaporator is prevented 
from forming slugs or obstructions to the 
free passage of the refrigerant gas in its 
course away from the evaporator 28. 

In the modified form of Fig. 2, the ejector 
19 is connected with the pressure regulating 
valve 18 and the liquid line 17 as in Fig. 1, 
and has an ejecting action into the housing 
34a, as before, which is connected by the 
liquid line 33a, with the bottom of a trap 30t. 
which is connected as before by the siction 
line 29 with the evaporator 28. The housing 
34a is connected to a separator chamber 20?. 
having a discharge liquid line 24a connected 
to its lower point and leading to the oil trap 
or separator 26a, which in turn is connected 
by a liquid line with a control valve 27 with 
the evaporator 28 in known manner. The 
baffle 21 in the separator 20a is for the same 
purpose and serves the same function as in 
Fig. 1. The upper part of the trap 30a, is con 
nected by a suction line pipe 31a, with the sein arator 20a. 

In this modification, the ejecting action of 
the ejector nozzle 19 produces a suction in 
the housing 34a, which directs the liquid sep 
arated in the trap 30a, through the liquid line 
33a and returns it into the separator chamber 
20a, where it is separated by means of the 
baffle 21 and passes to the bottom of this 
chamber to form a liquid head on the pipe 24a. 
and in the oil trap 26a. The refrigerant 
liquid and gas from the ejector 19 is separated 
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as before and the liquid therefrom likewise 
passes through the pipe 24a to the evaporator. 
The low pressure at the outlet header of the 
evaporator in this instance is maintained by 
the suction of refrigerant liquid and gas 
through the liquid line 33d, in conjunction 
with the delivery of gas through the suction 
line 31a, to the separator chamber 20a. The 
other parts of the system may be the Sanne 
as in Fig. 1. This apparatus is in point for 
removing the entrained refrigerant liquid 
from the refrigerant gas as it passes from 
the outlet header 29, and prevents the forma 
tion of “slugs' of liquid in the suction line 
pipe 31 a. In the modified form of the invention ac 
cording to Fig. 3, the ejector 19-B has an 
ejecting action into the housing 34-IB placed 
in a vertical instead of a horizontal position. 
The refrigerant liquid and gas coming from 
evaporator 28 through conduit 29 are sep 
arated in separator 30-B, the gas passing up 
ward through conduit 31-B and the liquid 
falling into a pool in the bottom of separator 
30-B. From separator 30-B the liquid 
flows by gravity through conduit 33-B into 
housing 34-B. Here the ejector action of 
the gas and liquid from the expansion valve 
18-B, passing through line 19-B acts upon 
the liquid from conduit 33-B both as an 
ejector and due to the entrained gas, the gas 
lifting action being similar to the airlifting 
action in an air lift well, the combined effect 
of the ejector and the gas lift action causing 
the liquid coming from conduit 33-13 to pass 
upward and into separator 20-B where the 
liquid is separated from the entrained gas 
by the separator arrangement 21, the gas 
passing through conduit 35 to the compressor 
and the separated liquid falling to the bot 
tom of chamber B and returning through 
conduit 24-B, oil separator 26-IB, and con 
duit and valve 27 of the evaporator 28. 
The other parts of the system may be the 

same as in Fig. 1. This apparatus is in point for removing 
the entrained refrigerant liquid from the re 
frigerant gas as it passes from the outlet 
header 29 and preventing the formation of 
“slugs” of liquid in the suction line pipe 
31-B. 
In each instance, the compressor, conden 

ser. expander and separator form a circuit; 
with a high pressure side from the compres: 
sor to the expander, and a low pressure side 
from the expander to the compressor. 

It will be understood that the invention is 
not restricted to the specific means shown for 
reducing the pressure existing at the outlet 
from the evaporator and for removing the 
entrained refrigerant liquid from the mingled 
gases at the outlet header of the evaporator. 
The invention provides means for effecting 
such a change of relative pressure, and for 
the removal of such liquid, and for the re 

turn of the liquid to the supply system for 
the refrigerator without causing the flash 
gas, i.e., the gas generated in cooling the liq 
uid from the temperature existing in the re 
ceiver to the temperature at which it enters 
the separator, to pass into the evaporator and 
thus produce a relatively high pressure in 
such evaporator either due to the velocity 
and pressure at which it enters the evapora 
tor, or due to the great volume of gas which 
the evaporator must then handle. 
The invention is not limited to the specific 

form of apparatus illustrated on the diagram 
or to the specific method of embodiment, but 
these may be modified within the scope of 
the appended claims. 

I claim: 
1. The combination in a refrigerating sys 

tem including a compressor, a condenser, a 
pressure regulating device, a separator and 
pipe lines connecting the samle in a circuit, 
an evaporator to receive liquid refrigerant 
from said separator, a liquid trap at the out 
let of said evaporator, an ejector connected 
in the circuit between the pressure regulating 
device and the separator, and conduits from 
the top and bottom of said trap to said ejec 
tor, whereby said ejector may remove the 
gas and liquid from said trap separately. 

2. The method of reducing the back pres 
sure, upon the evaporator of a refrigerating 
system which consists in Separating the liquid 
and the gas at the outlet of the evaporator, 
and employing the energy of the mixture of 
gaseous and liquid refrigerant coming from 
the high pressure portion of the system to 
remove the separated liquid and gas from 
the evaporator outlet. 

3. The combination in a refrigerating sys 
tem including a compressor, a condenser, an 
expander, a separator, and pipe lines con 
necting the same in circuit, of an evaporator, 
a conduit to deliver liquid refrigerant from 
said separator to said evaporator, an ejector 
connected in the circuit between said ex 
pander and said separator and having two 
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suction chambers, a liquid trap connected to . 
the outlet of said evaporator, and conduits 
respectively from the top and bottom of said 
trap to the chambers of said ejector where 
by to remove the gas and liquid from the out 
let of said evaporator and to reduce their 
back pressure thereat. 

4. The combination in a refrigerating sys 
tem including a compressor, a condenser, 
an expander, a separator, and pipe lines to 
connect the same in a circuit, of an evapo 
rator and a conduit to deliver liquid refrig 
erant from said separator to said evaporator, 
means whereby said separator maintains a 
head of liquid upon said evaporator, a liquid 
trap communicating with the outlet of said 
evaporator, a conduit from the top of said 
trap to convey gas to said separator, a liquid 
removal conduit from the bottom of said 
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trap to remove the liquid from Said trap, and 
an ejector connected in the circuit between said expander and said separator and adapted 
to move the separated liquid through said re moval conduit. 

5. The method of operating a refrigerat 
ing system which comprises producing re 
frigerating liquid under high pressure, de 
livering the refrigerant liquid under a lower 
inlet pressure to an evaporator so that a part 
thereof is gasified, separating the gasified 
portion prior to entering the evaporator and 
returning it for the production of refrigerat 
ing liquid under high pressure, withdrawing 
the refrigerant from said evaporator at a 
lesser pressure than at the evaporator inlet, 
separating the efflux from said evaporator in 
to gaseous and liquid components, and em 
ploying the energy of said refrigerating liq 
uid in passing from said high pressure to said 
inlet pressure to restore said separated liq 
uid component to said inlet pressure and to 
return it to the inlet of said evaporator. 

6. Method of operating a refrigerating system comprising a compressor-condenser 
expander-separator circuit with an evapo 
rator having its inlet connected to said sepa 
rator, which consists in maintaining a head 
of liquid refrigerant on said evaporator, em 
ploying the energy of the refrigerant from 
the expander to withdraw mixed gaseous and 
liquid refrigerant from said evaporator at a 
greater rate than the evaporation therein, 
separating the withdrawn gas and liquid, an 
returning the gas and liquid sépèffitülly to said separator. 

7. The combination in a refrigerating sys 
tem including a compressor, a condenser, 
an expander, a separator and pipe lines to 
connect the same in a circuit, of an evapo 
rator, a conduit to deliver liquid refriger 
ant from said separator to said evaporator, 
means whereby said separator maintains a 
head of liquid upon said evaporator, said 
means including a float valve in said conduit 
and controlled by the level of liquid in said 
separator to prevent the passage of gas 
through said conduit, an ejector connected 
in said circuit between the expander and 
the separator, a liquid trap connected to the 
outlet of said evaporator to collect liquid re 
frigerant while the gaseous refrigerant is 
permitted to flow to the separator, and a con 
duit from the trap to said ejector to accelerate 
the removal of the gaseous refrigerant from 
said trap whereby to reduce the back pres 
sure of gaseous refrigerant at said evaporator 
with respect to the pressure in said separator. 

S. The combination in a refrigerating sys 
tem including a compressor, a condenser, an 
expander, a separator, and pipe lines to con 
nect the same in a circuit, of an evaporator 
and a conduit to deliver liquid refrigerant 
from said separator to said evaporator, said 
separator being located above said evapo 
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rator, a liquid trap communicating with the 
outlet of said evaporator, a conduit from the 
top of said trap to convey gas to said sepa 
rator, and a liquid removal conduit from the 
bottom of said trap to remove the liquid from 
said trap and deliver such liquid into the said 
pipe line between said expander and said 
Separator and opening into the same at a 
point below the liquid refrigerant level in 
said liquid trap so that the buoyant effect of 
the mixing of the gas and liquid from the ex 
pander with the liquid from the liquid trap 
will lift such liquid in the said pipe line to ward said separator. 

9. The combination in a refrigerating sys 
tem including a compressor, a condenser, an 
expander, a separator, and pipe linesto con 
nect the same in a circuit, of an evaporator 
and a conduit to deliver liquid refrigerant 
from said separator to said evaporator, said 
separator being located above said evapora 
tor, a liquid trap communicating with the out 
let of said evaporator, a conduit from the top 
of said trap to convey gas to said separator, 
a liquid removal conduit from the botton of 
said trap to remove the liquid from said trap, 
and an ejector connected in the said pipe line 
between said expander and said separator and 
located below the liquid level in said liquid 
trap so that the energy of said liquid and 
gaseous refrigerant entering said ejector fron 
said expander operates to lift the liquid from 
said liquid trap, and the buoyant effect of the 
mixture of gaseous and liquid refrigerant 
from said expander upon the liquid fron said liquid trap assists in such lifting. 

10. The combination in a refrigerating sys tem having high and low pressure portions, of 
an evaporator, a separator for gaseous and 
liquid refrigerant, a liquid trap connected to 
the outlet of said evaporator, a conduit from said separator to pass liquid refrigerant to 
said evaporator; said evaporator, separator, 
trap and conduit being included in said low 
pressure portion of the system; means op 
erated by the energy liberated in the passage of refrigerant from the high pressure por 
tion to the low pressure portion of the system 
to reduce the pressure in said trap below that 
in said separator and to prevent the passage 
of gas from said separator to said trap, and 
means to prevent the passage of gas from said separator into said evaporator. 

11. The combination in a refrigerating sys tem having high and low pressure portions, of 
an evaporator, a separator for gaseous and 
liquid refrigerant, a liquid trap connected to 
the outlet of said evaporator, a conduit from 
said separator to pass liquid refrigerant to 
said evaporator: said evaporator, separator, 
trap and conduit being included in said low 
pressure portion of the system, and in eans to 
return the liquid and gaseous refrigerant 
from said trap to the separator independent 
ly of one another; means operated by the 
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energy liberated in the passage of refrigerant 
from the high pressure portion to the low 
pressure portion to reduce the pressure in said 
trap below that in said separator and to pre 
vent the passage of gas from said separator to 
said trap, means connected to said separator 
to return the gaseous refrigerant for recom 
pression and reliquefaction, and means to 
prevent the passage of gas from said sepa 
rator into said evaporator. d 
In testimony whereof, I affix my signature. 

NORMAN H. GAY. 
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