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This invention relates to refrigeration appa 
ratus and in particular to systems wherein a re 
frigerant is moved through its cycle by a pres 
Surized motive fluid. 

In one aspect the invention comprises, the com 
bination of an evaporator and a condenser to 

... gether with an improved heat pump including a 

... novel boiler and injector assembly. 
: In another aspect the invention comprises a 

plurality of jet pump refrigeration systems, so 
coupled as to render it possible to dispose a low 
temperature compartment at any desired zone 
Within a refrigerated box. 

... An important object of the invention is to re 
duce the cost and simplify the task of construct 
ing an efficient, refrigerator. 
Another object of the invention is to devise a 

two compartment refrigerator including com 
partments refrigerated to different temperature 
levels and arranged in any one of various rela 
tive positions. 

- Still another object of the invention is to pro 
vide a small compact jet pump refrigeration unit 
capable of use as a single System or of being 
Coupled With a multiplicity of similar units to 
provide flexible, efficient refrigeration at a num 
ber of temperature levels. 
An important feature of the invention resides 

in a novel boiler fed by a jet injector operated 
by vapor from the boiler and in turn feeding one 
or more jet pumps employed to compress, refrig 
erant, gas coming from the evaporator. 
The Second important feature of the invention 

relates to the provision of means effective to 
cause proper starting of the jet injector for the 
boiler feed comprising the combination of an en 
trance passage to the boiler controlled by a check 
valve in combination with a tubular, chamber be 
tween the boiler passage and the jetinjector with 
in which the initial charge of vapor from the in 
jector is compressed until the pressure in the 
chamber is sufficient to unseat the check valve 
and thereby start the pressurized feeding of liquid 
into the boiler. 
Another feature of the invention resides in a 

system of pressure-operated check valves em 
ployed to prevent premature release of vapor 
from the boiler to the injector and jet pumps. 
Another feature of the invention resides in 

means rendering the system operable with a no 
tive fluid of either greater or lesser specific gravity 
than the refrigerant fluid. 

Still another feature of the invention corn 
prises a combination of motive and refrigerant 
fluids presenting significant improvement in effi 
ciency of operation of the system, 

(Cl. 62-17.35) 
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These and other objects and features of the in 
vention will be more readily understood and ap 
preciated from the following detailed description 
of preferred embodiments thereof selected for 
purposes of illustration and shown in the accom 
panying drawings, in which: 

Fig. 1 is a view, in perspective of a refrigerator 
constructed in accordance with the invention, 

Fig. 2 is a diagrammatic view partly in cross 
10 section through the boiler, injector, and pet pump 

assembly, 
Fig. 3 is, a diagrammatic view in perspective 

Qf an alternative embodiment of the invention, 
and 

Fig. 4 is a diagram schematically illustrating a 
double unit System. 
In advance of a discussion of the details of the 

embodiments herein shown it will be helpful first 
to cQasider, the general, Qrganization of the sys 

20 tem, as best shown in Fig. 1. There is provided 
a conventional evaporator. O. of standard con 
struction, secured to a panel to the back of 
which is secured a boiler 2 of elongated tubular 
form. The boiler 2 serves a pair of jet pumps 

25 contained in a.hgusing 4 and connected in 
series by a pipe 6 having cooling fins 8 secured 
thereto. Refrigerant gas from the evaporator is 
pumped and compressed by the jet pumps work 
sing in tandem, the effluent therefrom being there 

30 after passed through a condenser 22 in which it 
yields heat and liquefies. 
From the condenser 22, the liquid refrigerant, 

together with the motive fluid injected from the 
boiler 12, passes through a tube 24 and into a 

35 gravity separating chamber 26. As shown the 
connections are established for operation with 
a heavier refrigerant and a lighter motive fluid. 
Hence the former collects at the bottom of the 
separator 26 and is drawn off through a pipe 28 

40 and returned to the evaporator through a con 
ventional expansion valve (not shown). 
The lighter motive fluid fills the upper portion 

of the separator and is drawn off through an in 
jector contained in a housing 30 and thereby 

45 pumped back to the boiler f2. The injector in 
the housing. Se is powered by vapor exhausted 
from the boiler f2 and conducted to the injector 
through an external tube 84. Heat for the boiler 
is in the form of Nichrome windings served by a 

15 

50 supply line 82. 
In operation the liquid refrigerant passes into 

the evaporator where it is expanded and heated. 
From the evaporator the gaseous refrigerant is 

1 drawn by the upper jet-pump in the housing 14 
into the tube 6 where it is given preliminary 
COrapression -alad wherein part of its heat is ex 
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tracted and radiated to the atmosphere by the 
cooling fins 8. The partially compressed re 
frigerant then passes through the tube 6 into 
the second jet pump into the housing 4 where it 
is further compressed and then discharged into 
the condenser 22 where additional heat is given 
up and wherein the gaseous refrigerant condenses 
to the liquid state and then passes into the tubul 
lar separating chamber 26 where it settles to the 
bottom readily to pass again through the refrig 
erating cycle. On the other hand, the motive 
fluid is Withdrawn from the top of the Separating 
chamber 26 by the jet pump in the housing 30, 
by means of which the liquid is injected into the 
boiler 2 and therein heated until it vaporizes and 
leaves the top of the boiler under pressure to 
Serve as the notive fluid for the two stage jet 
pump. Also a portion of the vapor from the 
boiler passes through the tube 34 and serves as 
the motive fluid to operate the injector in the 
pump 39 and thus to feed the boiler 2. 
With the foregoing general remarks in mind 

the details of the boiler and jet pump assembly 
can more easily be understood. As best shown 
in Fig. 2 the boiler comprises an Outer tube or 
shell 2 within which and concentrically ar 
ranged is a tube 40 around which is wrapped a 
spiral of Nichrome wire 39, the latter being pro 
tected in turn by a casing 4. There is thus 
formed an elongated annular chamber 42 lying 
between the casing 4 and the Shell 2. At the 
bottom of the tube 40 there is disposed a ball 
check valve 44 serving to prevent the draining 
of liquid from the botton of the boiler. At the 
top of the tube 40 there is a second ball check 
valve 50 Working against a Spring 52 set in a 
SOcket formed in a plug 48 serving to close the 
top of the shell 2. Adjacent the upper end of 
the boiler shell 2 is an outlet 54 which is coupled 
to an injector nozzle 56 having its inner passage 
SO shaped that vapor leaving the boiler shell 2 
first encounters a converging wall portion in 
which the pressure of the vapor is raised and then 
a diverging or diffuser portion which discharges 
into the housing 4. Refrigerant gas is ad 
mitted into the housing 4 through a pipe 58 
connected into the exhaust end of the evaporator. 
One end of the tube 6 is enlarged as shown at 60 
and projected within the housing 4 opposite 
the injector nozzle 56. 
The rush of vapor through the nozzle 56 and 

into the tube 60 carries with it refrigerant gas 
entering the housing 4 through the pipe 
58 and the refrigerant gas thus entrained 
is compressed to a preliminary extent 
the tube 6; another result, of course, is to 
create suction in the line 58 leading from the 
evaporator. Disposed below the Outlet 54 is a 
second outlet 62 receiving One end of a bellows 
connection 64 which is coupled at its outer end to 
the housing 4 and to a second and Smaller jet 
nozzle 66. The condenser tube 22 has an en 
larged head projected into the housing 4 (or 4 
as shown in Fig. 2) opposite the diffuser end of 
the nozzle 66, the result being that partially com 
pressed refrigerant together with motive fluid 
introduced into the tube 6 is discharged into the 
housing 4 and then entrained in the rush of 
vapor through the nozzle 66 and dispatched 
through the condenser tube 22 where the refrig 
erant is further compressed to an extent where 
the refrigerant will condense to a liquid as it 
passes through the condenser 22. As a matter of 

- fact, most of the motive fluid will be condensed 
by the time it reaches the bottom of the hous 

in 
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4 
ing 4', and I provide a trapped drain 68 lead 
ing from the botton of the housing f' to the 
top of the separator 26, the drain 68 having a 
U-shaped loop portion effective to provide a head 
of preSSure sufficient to prevent liquid in the 
Separator from blowing back into the housing ' 
through the drain 68. 
Adjacent the upper end of the separator there 

is provided an outlet pipe O leading to a hous 
ing 30 in which is contained a jet nozzle 72 dis 
posed opposite an injector nozzle 74 leading to 
a vertical pipe 46 which is connected into the 
botton of the tube 40 below the ball check valve 
44. Adjacent the bottom of the boiler shell 2 
there is provided an annular housing enclosing 
a Conduit 6 leading to a tube 8 which in turn 
terminates in the nozzle 2. 
There are additional factors connected with 

the operation of the System which require con 
Sideration. In order that satisfactory operation 
may be achieved the nozzle 2 and at least the 
loWer portion of the injector nozzle must 
be immersed in liquid when the apparatus is 
started. This is achieved by placing the outlet 
70 and the nozzles 72 and 74 substantially below 
the top of the separator 26, it being understood 
that both fluids used in the system are liquids at 
the normal ranges of room temperatures. It is 
also important that there be liquid in the boiler 
at the time it is started. This condition is 
satisfied by the presence of the two ball check 
valves 44 and 50. The ball check 44 prevents 
the drainage of liquid from the botton of the 
boiler back through the supply tube 46. The 
function of the ball check 50 is to prevent the 
escape of vapor from the boiler until a prede 
termined degree of pressure has been obtained. 
That is to say, when the current is supplied to 
the Nichrome windings the liquid in the boiler 
Vaporizes, and the boiler pressure rises until it 
is Sufficient to overcome the compression of the 
Spring 52. Prior to that time no vapor leaves the 
tube 40. Consequently the injector nozzle 2 is 
not operating; nor are the jet pumps 56 and 6 
Operating. However, when the ball check 50 rises 
due to the pressure in the boiler, the vapor then 
exhausts through the outlets 64 and 62 to op 
erate the jet pumps 56 and 66 and thereby to 
start the Operation of the refrigeration system. 
Simultaneously vapor exhausts through the con 
duit 6 and the tube 78 to the injector nozzle 
2 and the motive fluid is then pumped through 

the tube 46 and into the boiler tube 40 past the 
ball check 44. If the nozzles 2 and 74 were not 
immersed in liquid, the rush of fluid through 
the nozzle 72 would not be affected to draw mo 
tive fluid from the separator 26 and discharge 
it into the boiler. If there were no liquid in the 
boiler tube 40 at the start, there would be noth 
ing to start the operation of the nozzles T2, 56 
and 66. 

It is extremely important to note that the 
tube 46 interposed between the ball check valve 
44 at the entrance to the boiler and the injector 
nozzle 74 serves as a novel compression chamber 
effective to cause the injector to start feeding 
the liquid into the boiler without the interposi 
tion of auxiliary means to provide starting pres 
Sure. If the injector nozzle were coupled di 
rectly to the boiler beneath the ball check 44, the 
initial charge of vapor passing through the noz 
Zle 72 WOuld spend itself vainly against the ball 
check valve 44 and the access of pressure would 
blow laterally back through the tube 70 toward 
the Separator 26. However, with the construc 
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tion shown in Fig. 2 the monentum of the vapor 
passing through the nozzles T2:...and, 14 causes 
the stream of vapor to enter the tube. 46 rather 
than dissipate laterally. During this process 
Some of the vapor is condensed in the nozzles and 
in the tube 46, but the residual vapor is com 
pressed within the tube 46 and as the operation 
progresses there is eventually built in the tube 
46, a pressure head sufficient to unseat the ball 
check valve 44 and start the feeds of liquid into 
the bottom of the boiler tube 4, . It will be re 
membered that upon starting the apparatus there 
is a quantity of liquid trapped within the boiler 
tube 40. It is important to note that the tube 48 
be sufficiently small so that there will be suffi 
cient pressure built up therein to unseat the 
ball 44 prior to the time when the initial charge 
of liquid in the boiler tube, A.C. is completely va 
porized and exhausted. Consequently the size 
of the tube 46 should be sufficiently large: to per 
rait the compression of the Vapostherein and 
yet not so large as to fail to start the feeding of 
liquid to the boiler before the initial volume of 
liquid therein has been completely vaporized. 
The size of the tube 46, with: the foregoing con 
siderations in mind, is not too critical and may 
Vary from 10% to 20%. Of course, its actual 
size will depend upon the relative sizes of the 
other elements of the System. 
Another factor to be considered is the desir - . 

ability of condensing, the greater part of the 
motive fluid in the pipe fs. So...that it can drain 
into the tube 68 and thus reduce the amount of 
work which has to be done by the second jet 
pump 66. 
nected for Operation utilizing a refrigerant, fiulid 
which is greater specific gravity than the motive 
fluid. Consequently the refrigerant line to the 
evaporator is taken from the bottom of the sepa 
rator 26, while the motive. fluid supply outlet 
is connected adjacent the upper end thereof. 
However, it is equally feasible to employ a mo 
tive fluid which is heavier than the refrigerant 
fluid. It is merely necessary to reverse the con 
nections so that the refrigerant supply pipe 28 
is connected adjacent the upper end of the Sepa 
rator and the supply to the nozzles 72 and 74 is 
connected adjacent the lower end thereof. 

Several factors govern the choice of the no 
tive and refrigerant liquids to be used in the sys 
tem herein disclosed. For example, they must 
differ in specific gravity in order to permit, sepa 
ration either in a centrifugal separator or in the 
simple gravity separator shown in the drawings. 
Obviously they must be liquids which do not re 
act chemically with each other and which are 
relatively non-corrosive. I have found, for ex 
ample, that tetrachlorethylene (C2Cl4) may ad 
vantageously be used as the motive fluid in Com 
bination with methanol (CH4O) as the refrig 
erant liquid, 
With respect to the design of the nozzles pref 

erence may be had, in general, to a paper on 
the subject by applicant together with J. H. 
Keenan “An Investigation of Ejector Design by 
Analysis and Experiment' published in the Jour 
nal of Applied Mechanics for September 1950. 
- One important advantage resulting from the 
use of the invention is the fact that it becomes 
possible to construct the refrigerating box having 
compartments maintained at different tempera 
ture levels, without regard to the relative positions 
of the two compartments." In the conventional 
refrigerator design it has always been regarded 
'necessary that the freezing or low temperature 
compartment be disposed adjacent the upper-end 

As shown in Fig. 2 the System is con- a 
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6 
of the box. This is true because in the past such 
boxes have been served by a single evaporator. 
Consequently if the evaporator were placed-ad 
jacent the botton of the refrigerated box, there 
would be no circulation and the uppersportion 
thereof would always be at an unduly high ten 
perature. While it would be theoretically pos 
sible to provide two complete mechanical re 
frigerating systems and thereby achieve freedom 
of placement for the low temperature compart 
ment, the expense of equipment required...would 
render it uneconomic in almost every-case. How 
ever, one important feature of our invention is 
the fact that a complete system involves, rela 
tively small and inexpensive-equipment or that 
two complete Systems can be applied to one re 
frigerated box without involving uneconomic 
capital expense. In Figs. 3 and 4 there is illus 
trated an embodiment of a double unit compris 
ing another embodiment of the invention. 
As shown in Fig. 3 there is provided a large, box 

having an insulated wall. 80 within which there 
is a second and Smaller insulated box 82. At 
the front of the box there is a door 84 giving ac 
cess to the main box and a door. 86 giving access 
to the Small box 82. Within the smaller box or 
compartment 82 there is disposed a conventional 
evaporator 88 which is served by a jet pump 
system secured to the outer surface of the rear 
wall of the main box. 80. This system includes 
a boiler 98 feeding a single stage jet pump 92 
connected to a tubular condenser 94 which drains 
into a separator 96 in turn connected to an in 
jector 98. The parts of the system have not 
been described in detail because they are in all 
respects precisely similar to the corresponding 
elements shown and described in conjunction 
with Fig. 2, the sole exception being that a sin 
gle jet pump is served by the boiler instead of 
the duplex arrangement appearing in Fig. 2. 
The condenSer 94 is in metal to metal contact 

with a portion of a tubular evaporator OO mount 
ed within the main box 80 and served by a two 
stage jet pump system including a boiler 02, a 
first jet pump 94 and a second jet pump. O6. As 
before, there is provided a separator 0 which 
feeds a jet pump injector .08. To avoid con 
fusion on the drawing the condenser serving this 
second duplex system has been omitted, although 
the connections for it are indicated. The line 

2, for example, brings the condenser into the 
separator 0. This duplex jet pump system may 
conveniently be precisely similar to the construc 
tion shown in Fig. 2. 
The first jet pump system represented by the 

jet 92 serves to extract heat from the inner 
Smaller compartinent, 82, while heat is trans 
ferred from its condenser 94 to a portion of the 
large evaporator foo which in turn is served by 
the jet pump system represented by the jets: 04 
and OG. Thus the second system not only, serves 
to pump heat from the condenser of the first 
Single Stage unit, but also extracts heat from the 
interior of the main box. Although the specific 
temperatures maintained in the two compart 
ments will be a matter of design and adjustment, 
it is quite possible, by Way of example, to main 
tain the smaller compartment 82 at a tempera 
ture of, say, minus 10° F. while the interior of 
the main box 8) is maintained at a temperature 
of perhaps -40° F. 

It will be noted that the low temperature com 
partment 82 is in side by side relation with the 
remaining Space within the main box 80, as op 
posed to the conventional arrangement in which 
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the low temperature compartment must of neces 
sity be arranged at the top of the main unit, as 
in conventional household refrigerators having a 
Compartment for storing frozen foods or making 
ice cubes. The particular arrangement shown in 
Fig. 3 is illustrative of the fact that a duplex 
system constructed in accordance with our inven 
tion is flexible with respect to the relative posi 
tions of the low temperature compartment and 
the main box. For example, the low temperature 
compartment would be placed at the bottom of 
the main box, at the rear thereof, or in any other 
desired location. The jet pump systems shown 
herein are relatively cheap so that a unit having 
two or more jet pump systems serving various 
compartments may be constructed at a cost quite 
competitive with conventional mechanical sys 
tems. 
While the invention has been herein described 

in conjunction with a household refrigerator, it : 
may also conveniently be embodied wherever it 
is desired to extract heat from a given space and 
may therefore be usefully employed in conjunc 
tion with the air conditioning of railway cars and 
the like. 
appreciate that the ein bodiment herein shown 
may be modified considerably to fit particular 
needs. 
Having now described a preferred embodiment 

of the invention, what we claim as new and de 
sire to secure by Letters Patent of the United 
States is: 

1. In a refrigeration Systein including an evap 
Orator and a condenser, the combination of a 
shell casing, Walls forming a chamber within 
and spaced from said casing, means for heating 
said chamber, Walls forming a paSSage from said 
chamber to the Space between the casing and 
the chamber, a Spring-loaded Valve normally 
closing said passage, a pair of jet pumps con 
nected to said casing, a jet injector connected to 
said casing and to Said chamber, a conduit Con 
necting said jet pumps in Series, Said jet pumps 
being connected between the evaporator and the 
condenser, and means for supplying fluid to said 
injector. 

2. In a refrigeration System including an evap 
orator and a condenser, the combination of a 
boiler having an inlet for liquid and an exhaust 
passage for vapor, a jet pump connected between 
said evaporator and condenser and receiving mo 
tive fluid from said exhaust passage, a pressure 
responsive check valve controlling said inlet, walls 
forning a chamber connected at One end to Said 
inlet, a jet pump injector connected to said 
chamber, a connection from Said exhaust passage 
to Said injector, and a source of liquid also con 
nected to said injector, whereby said jet pump 
injector pumps liquid through said chamber and 
valve into Said boiler. 

3. Apparatus of the class described, compris 
ing a boiler having an inlet for liquid and an ex 
haust passage for vapor, pressure responsive 
check valves controlling Said inlet and Said outlet, 
walls forming a chamber Connected at One end 
to said inlet, a jet pump injector connected to 
said chanber, a connection from said exhaust 
passage to said injector, and a Source of liquid 
also connected to said injector. 

4. Apparatus of the class described, comprising 
a boiler having an inlet for liquid and an exhaust 
passage for vapor, preSSure responsive check 
valves controlling the inlet and the exhaust pas 
sage, a pair of jet pumps connected in parallel 

Those skilled in the art will readily : 
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8. 
to said exhaust passage, a condenser connected 
to said jet pumps, a tank connected to said con 
denser, an injector connected to said exhaust 
passage and to Said tank, and walls forming a 
chamber connected at one end to said boiler in 
let and at the other end to said injector. 

5. Apparatus of the class described, comprising 
a boiler having an inlet for liquid and an exhaust 
passage for vapor, pressure responsive check 
Valves controlling the inlet and the exhaust pas 
Sage, a pair of jet pumps connected in parallel 
to said exhaust passage, a condenser connected 
to said jet pumps, a tank connected to said con 
denser, a trapped drain connecting said tank to 
one of said jet pumps, an injector connected to 
Said exhaust passage and to said tank, and walls 
forming a chamber connected at one end to said 
boiler inlet and at the other end to said injector. 

6. In a refrigeration system including an 
evaporator and a condenser, the combination of 
a pair of jet pumps connected in series between 
the evaporator and the condenser, a boiler con 
nected to said jet pumps to supply motive fluid 
thereto, a tank connected to said condenser, an 
injector connected to receive notive fluid from 
Said boiler, walls forming a compression cham 
ber connected to the discharge end of said in 
jector and to said boiler, a pressure responsive 
check Valve controlling the connection from said 
chamber to Said boiler, and a supply connection 
from the tank to the injector. 

7. A refrigerator comprising a relatively large 
insulated box, a relatively small insulated box 
disposed within the larger box, evaporators dis 
posed in both boxes, a first condenser disposed 
in heat exchange relation with the evaporator 
in the larger box, a boiler and jet pump assembly 
unit amounted exteriorly of both boxes and serv 
ing to cycle refrigerant through the small box 
evaporator and the condenser within the larger 
box, a condenser mounted exteriorly of both 
boxes, and a second boiler and jet pump as 
Sembly mounted exteriorly of both boxes to cycle 
refrigerant through the evaporator in the larger 
box and the exteriorly mounted condenser. 

8. In a refrigeration system including an 
evaporator and a condenser, the combination of 
a shell casing, walls forming a chamber within 
and Spaced from Said casing, means for heating 
Said chamber, Walls forming a passage from said 
chamber to the space between the casing and 
the chamber, a spring-loaded valve normally 
closing Said passage, a jet pump connected to 
Said casing, a jet injector connected to said cas 
ing and to Said chamber, a conduit connecting 
Said jet pump in series between the evaporator 
and the condenser, and means for supplying 
fluid to said injector. 

9. Apparatus of the class described, compris 
ing a boiler having an inlet for liquid and an 
exhaust passage for vapor, pressure responsive 
check valves controlling the inlet and the ex 
haust passage, a jet pump connected to said ex 
haust passage, a condenser connected to said 
jet pump, a tank connected to said condenser, 
an injector connected to said exhaust passage 
and to said tank, and walls forming a chamber 
connected at one end to said boiler inlet and at 
the other end to said injector. 

10. A refrigerator including a pair of in 
sulated compartments, a first evaporator dis 
posed in the first compartment, a first condenser 
connected to said first evaporator and disposed 
in the second compartment, a second evaporator 
disposed in the second compartment and in heat 
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exchange relation with the first condenser, a sec- References Cited in the file of this patent 
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