March 5, 1935.

MEANS AND METHOD OF REFRIGERATION AND HEATING
Filed Oct. 28, 1932

J3

B. F. RANDEL

1,993,300

32

MNMML <. s
X s T
v N :
A\
Illl';lll'
~ l’;;::l;l
| |]"||II’
/. IS
&
N N - L
N N N s ¥
— L
SEA S
N
N
AN
%q[ \
Q
N
J
3 S A\&\a

,E”élifél‘-




| Patent'ed’ Mar. 5, 1935 {

UNITED STATES

1,993,300

PATENT OFFICE

' 1,993,300 -

MEANS AND METHOD OF REFRIGERATION
AND HEATING :

Bo Folke Randel, San Diego, Calif.
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B 20 Claims. (CL 62—169)

My invention relates to cooling and heating
methods and apparatus. It is based upon a
method and an apparatus as disclosed in my co-
pending application Ser. No. 477,038, filed August

5 22, 1930, and is an improvement of same.
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In the apparatus as covered by my application
No. 477,038 I utilize the energy in a jet of liquid
refrigerant to exhaust a space vaporizing another
portion of said refrigerant, then compress said
vapor by the jet in a compression space and lique-
1y said vapor in s condensing space.

In my present invention I increase the flow

 and assist in creating & low pressure in the re-
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frigerating space by adding a vapor ejector be-
tween 'the refrigerating space and the space
through which the liquid jet is projected, thus

utilizing two means in series to exhaust the re-.

frigerating space. The vapor used in the vapor
ejector is generated from a portion of the liquid
refrigerant in & boiler which is supplied with
liquid refrigerant by the same pump producing
the liquid jet. I have also made the arrangement

so that during a heating season and by the -

manipulation of valves, the refrigerating space
may be cut off and the boiler used to-supply heat-
ing medium to a heating element, as a radiator,
unit heater or any other suitable device, The

liquid jet exhauster will now operate as a con-

ventional vacuum return pump, transferring con-

densate from the heating system to the boiler.

. ‘Valves may of course be arranged to auto-

matically furnish heating or cooling or both as

will be required.
The figure illustrates in diagrammatic for

my invention. The individual parts are conven-.
tional and well known in the arts and no detail

description is therefore necessary. They may be
constructed in many different ways to accomplish
the desired result. My invention covers all dif-
ferent forms of design of the several parts in the
combination. Such parts as the boiler, vapor
‘ejector, jet. exhauster,. condenser, refrigerating
element, etc. may be constructed as shown or any
other conventional design may be used. In the
liquid jet exhauster I include any other design em-
bracing all apparatus in which the kinetic energy
of a moving liquid is utilized to exhaust a space
andto compress vapors exhausted from this space.

Such conventional arrangements -and designs.

where the liquid circulates-in a closed casing al-
ternately exhausting and compressing  a vapor
due to its motion are included in this invention if
used in the combination covered and claimed.
In the figure, 1 is & pump driven by a motor 2.
The pump discharges through a nozzle 3 and the

Jet produced passes through another nozzle 4 en--

closed in & suction chamber 5. The liquid then
discharges into & compression chamber 6, the
stream being deflected downwardly by baffle 7,
vapors passing. upwards by bafle 8 into upper

part of compression chamber 6. The pump is

supplied with liquid from this compression chams v

ber 6 through suction inlet 9 and pipe 10.
It is.now seen that the liquid, which is the

refrigerant in liquid state will pass from a com-

pression space through a suction space and then
back to this compression space. In passing
through a lowering of the pressure in this space
will occur which will also cause & lowering of
the pressure in the refrigerating coil 19. 'This
coil may of course be replaced by any suitable
element. Vapors in this element will be drawn
through auxiliary. suction chamber 22 into suc-
tion chamber 5 to be delivered into !
chamber 6. The- compressed vapor will thence
pass through valve 12 and pipe 11 into a con-
denser 13 to be liquefied there by any suitable
cooling medium. The liguefied refrigerant col-
lecting in receiver 16. will then pass through
liquid line 17, expansion valve 18 to be vaporized
under the reduced pressure in refrigerating, ele-
ment or coil 19, .
Thus I have described the elements, the ap-
paratus and the method of causing refrigeration
as disclosed in my pending application 477,038,

I now introduce an auxiliary device to assist in

compression .
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and augment the circulation of the refrigerant, .

and which will increase the bressure difference,
by adding another means to. work ‘in series with
-the liquid jet exhauster, thus giving in effect a
multiple stage exhausting. and compressing.
These stages may be multiplied in any amount by
adding other similar devices in series.
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Part of the liquid refrigerant discharged by the :

pump : is caused to flow.under the higher dis-
charge pressure through pipe 23 and valve 24 to
a boiler or refrigerant generator 25, heated by
heating means 26 to produce refrigerant vapor
under this higher pressure. This vapor then
basses through valve 28, pipe 29 to vapor ejector

- 22 enclosed in auxiliary suction chamber 21. By

the action in this vapor exhauster, the flow of
‘vapor from.the refrigerating element 19 will be
augmented and will thus assist the liquid jet in
suction chamber 5 to maintain a lower pressure
on refrigerant in element 19,

35

40

45

Now the arrangement,"besides permitting - & -

multistage method of exhausting and compress-
ing, will also furnish a method to produce or-
dinary. heating. The vapor will 'then ' pass

through a valve 30, pipe 31, valve 32 into a radia- -

tor ‘or heating -element 33; the condensate

- through g trap 34, return pipe 35, valve 37 into

suction chamber 5. It is‘'seen that this circuit
contains all the- essential elements of a .con-
ventional vapor heating system, with -boiler,
radiator, return pump and return to boiler. By .
~manipulation. of valves the system may now
operate either as a cooling apparatus or a heat-
ing apparatus or a combination of hoth. Auto- °
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vmatic devices as thermostatic valves, float con-

trol, etc. may be added to the system so as to fit
the entire apparatus into so called air condi-
tioning installations, maintaining a desired
room temperature under all conditions of out-
side temperature. The heated water in boiler
may also be used for heating.

I claim: .

1. The method of refrigeration consisting in
circulating a body of refrigerant from a com-
pression and storage space through a condensing
space and a refrigerating space, mechanically
imparting motion to a body of the liquid refrig-
erant and utilizing the energy of this moving
liquid to lower the pressure in the refrigerating

- space whereby the liquid refrigerant in this

20

space is vaporized, returning the vaporized re-
frigerant along with the moving liquid to the
compression space, condensing the compressed
refrigerant in said condensing space, returning

the resulting liquid to the refrigerating space’

and vaporizing a portion of said refrigerant by
heat application and .utilizing said vapor to as-
sist in the circulation of the vaporized refriger-
ant from the refrigerating space to the compres-

» sion space.
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2. The method of refrigeration consisting in
circulating a body of refrigerant from a com-
pression and ‘storage space through a condensing
space and a refrigerating space, mechanically

Jmparting motion to a body of the liquid refrig-
erant and utilizing this liquid as a jet projected

through a suction space to lower the pressure
in the refrigerating space whereby the liquid

_refrigerant in this space is vaporized and also

to return the vaporized refrigerant along with
the moving liquid to the compression space, con~
densing the compressed refrigerant in said con-
densing space, returning the resulting liquid to
the refrigerating space, vaporizing a portion of
said refrigerant by heat application and. -utiliz-
ing said vapor to assist in the circulation of the
vaporized refrigerant from the refrigerating
space to the compression space. ' .

3. The method of refrigeration conmsisting in
vaporizing refrigerant in a refrigerating space,
causing a stream of liquid refrigerant to- cir-
culate from and back into a compression space,
utilizing the energy of this moving liquid stream

to lower the pressure in the refrigerating space,
return vaporized refrigerant along with the lig- .

uid stream to the compression space, compress
the fluids in this compression space, withdrawing
compressed vapors from this compression space,

condensing same in a condensing space, return-’

ing the condensed refrigerant to the refrigerat-
ing space, vaporizing a portion of said refriger-

ant by heat application and utilizing said vapor -

to assist in the circulation of the vaporized re-
frigerant from the refrigerating space to the
compression space. . o '

4. The method of refrigeration consisting in
vaporizing refrigerant in a refrigerating space,
causing a stream of liquid refrigerant to circu-
late from and directly back into a comp:ession
space, utilizing this liquid stream as a jet pro-
jected through a suction space to lower the pres-
sure in the refrigerating space, return vaporized
refrigerant along with the liquid stream to the

compression space, compress the fluids in this
‘compression space, withdrawing compressed va-

pors from the compression space, condensing

same in a condensing space, returning condensed.

refrigerant to the refrigerating space, vapo.izing
a portion of refrigerant by heat application and

1,998,300 °

utilizing -said vapor to assist in-the circulation of
the vaporized refrigerant from the refrigerating
space to the compression space. )

5. The method of refrigeration consisting in
vaporizing the refrigerant in a refrigerating

‘space, causing- a stream of the liguefied refrig-

erant to circulaté from and directly back into
a compression space, utilizing the energy of this

moving liquid stream to lower the pressure in-

the refrigerating space, returning vaporized re-
frigerant along with the liquid stream to the
compression space, compressing the fluids in this
compression space, condensing the compressed
vapors in a condensing space, returning liquid
refrigerant to the refrigerating space, vaporizing

a portion of refrigerant by heat application and’

utilizing said vapor to assist in the circulation
of the vaporized refrigerant from the refrigerat-
ing space to the compression space.

6.-A refrigerating apparatus comprising a
compression tank, a body of liquid- refrigerant,
a condenser, an expansion valve, an evaporating
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and refrigerating space, a jet exhauster adapted -

to withdraw vaporized refrigerant from the re-
frigerating space and lower the pressure there-
in, means for causing a stream of liguid refrig-
erant from the tank to flow through the jet ex-
hauster and back together with the vaporized
refrigerant into the tank, a refrigerant gen-
erator and means to supply same with liquid

refrigerant from the compression. tank, heating

means in connection with the, refrigerant gen-
erator to vaporize the refrigerant and a vapor
ejector between the refrigerating space and the
jet exhauster to enable the refrigerant vapor
generated in the generator to assist in the circu-
lation of the vaporized refrigerant from the
refrigerating space to the jet exhauster. '

" 7. In a refrigerating apparatus, a compression
tank adapted to be partially filled with liquid
refrigerant, a jet exhauster comprising a suc-
tion chamber, a nozzle opening into said suc-
tion chamber and a delivery tube-in position to
receive the jet and connected to the compression

“tank, a pump and means for driving same, inlet

and outlet conduits for the pump communicat-
ing with the tank and nozzle respectively, a
boiler communicating with the discharge of said
pump, a vapor ejector communicating with said
boiler and said suction chamber, an evaporator
and- communication- means. between said evap-
orator and said vapor ejector. | '

8. In a refrigerating apparatus a circuit com-
prising a compression tank for liquefied and va-

porized refrigerant, a pump with means for driv-.

ing same and means to receive liquid refrigerant
from said compression tank, a jet exhauster com~
prising a nozzle to receive liquid refrigerant from

said pump, a suction chamber through which the

said jet will pass, a delivery tube in position to
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recejve. said jet and connected with said tank

“to deliver liquid and vapor to said tank; a sec-

ond interconnected and parallel circuit compris-
ing said compression tank, a condenser to receive
refrigerant vapor from said fank, an expansion

-valve and a, refrigerating space with communi-

cation means from said condenser to said expan-

sion valve, a vapor ejector and communication

means from said refrigerating space and ‘said
ejector, and.communication means from said
ejector to said suction chamber; and a third in-
terconnected and parallel-circuit comprising said
pump, a boiler and communication means from
said pump to said boiler and communication
means from said boiler to said vapor ejector.
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. refrigerant will vaporize and cause refrigeration, -

1,998,300

9. A refrigerating apparatus, o ‘first circuit
comprising a closed compression tank adapted to
be .partially filled with liquid refrigerant, a et
exhauster comprising a suction chamber, a nozzle
opening into the suction chamber and a delivery
tube positioned to receive the jet and opening
into the upper portion of the said tank, a pump,
inlet and outlet conduits for the pump communi-
cating with the tank and the nozzle respectively,
means for driving the pump, a condenser con-
nected with the tank, and evaporator connected

" in series with the condenser, an outlet pipe from

the evaporator leading to a vapor ejector and a
conduit from said vapor ejector to suction cham-
ber of the jet exhauster; and a second circuit
comprising a conduit from the discharge of said
pump to a boiler, said.boiler and a conduit from

the vapor space of said boiler to the said vapor "

ejector. ) .
" 10. The method of refrigeration consisting in
mechanically imparting motion to.a portion of

‘a body of liquid refrigerant, utilizing the energy

of this moving liquid to lower the pressure on
another portion of the refrigerant whereby this
refrigerant will vaporize and cause refrigeration,
vaporizing another portion of-said refrigerant by
heat application and utilizing said vapor to assist
in said lowering of fhe pressure. -

11. The method of refrigeration consisting in
mechanically imparting motion to a portion of
a body of liquid refrigerant, utilizing the energy
of this moving liquid to compress vaporized re-
frigerant, vaporizing another portion of said re-
frigerant by heat application and utilizing said
vapor to assist in said compression and to exhaust
a space containing liquid refrigerant, causing
vaporization with heat absorption.
©12. The method of refrigeration consisting in
mechanically imparting motion to a portion of
a body of liquid refrigerant, utilizing the energy
of this moving liquid to lower the pressure on
another portion of the refrigerant whereby this

and also to compress the vaporized refrigerant,

_ vaporizing another portion of said refrigerant by
heat application and utilizing said vapor to assist
in the said lowering of thg pressure and the said’

compression. : - : .

13. Thc method of refrigeration consisting in
successively vaporizing, compressing and condens-
ing a circulating body ‘of refrigerant, imparting
motion to a stream of the liquid refrigerant, uti-
lizing the energy of this moving stream to respec-
tively raise and lower the pressure on different

portions of the main body of the circulating re- .
Trigerant, also vaporizing another portion of said

refrigerant by heat application and utilizing said
vapor to assist in said circulating. _ o
" ~14. 'The method of refrigeration consisting in

’ successively vaporizing, compressing and condens~

ing a circulating body of refrigerant, imparting

. motion to a stream of liquid refrigerant, utilizing

the energy in this moving stream to lower the
pressure on the body of refrigerant to be, vapor-

ized and to-compress the vaporized refrigerant,
whereby it is condensed, and vaporizing another .’

portion of refrigerant by heat application to assist

in the circulation of said body of refrigerant. -
_15. The method of refrigeration consisting-in

vaporizing a refrigerant in a refrigerating space,

- causing s stream of liquid to circulate from and.
back into a compression space, utilizing the energy

" complete said described circuits.

_of Hquid refrigerant.

_ 3
in this moving stream to lower the pressure in the
refrigerating space, vaporizing a liquid and utiliz-
ing said vapor to assist in the said lowering of the
pressure, ) . R

16. A combined method of cooling and heating
comprising imparting motion to a portion of a
liquid, utilizing the energy in said moving Hquid
to exhaust a refrigerating space containing an-

other portion of said liquid and to compress-

vapors of- said liquid in a compression space,

vaporizing another portion of sajd liquid by heat

application utilizing a portion of said vapors for
purpose of heating and another portion'in a vapor

10

ejector to assist in the circulation of the vapor -

from the refrigerating space to the compression
space. ’

17. A refrigerating apparatus, a closed circuit
comprising a pump to cause a general circulation
of a refrigerant, a boiler with heating means
where portions of said refrigerant is vaporized,
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a refrigerating space where another portion of -
said refrigerant is vaporized with absorption of

heat and refrigerating effect, a first suction space
where an ejector for vapor generated in sald
boiler produces a lowered pressure on said re-
frigerating space, a second suction space where
an ejector for liquid discharged by said pump.

25

produces a transfer of yvapors from said first suc- -

tion space and compresses same into-a condens-
ing space, said condensing space and communi-
cation means from same to said refrigerating
space and with expansion means in said communi-

.cation means and other communication means
between different parts of the apparatus to enable:

refrigerant to circulate as described. .

18. A refrigerating apparatus comprising two
interconnected and closed circuits as follows: a
first circuit consisting' of a pump, a boiler with
heating means, an ejector for vapor enclosed in
a first suction space, an ejector for liquid en-
closed in a second suction space and & compres-
sion and condensing space; a second circuit con-

"sisting of said compression and condensing space,

an expansion means, a refrigerating space, said
first suction space and said second suction space
and communication means between saide'arts to
19. A method of refrigeration comprising the
circulation of a refrigerant through intercon-
nected and closed circuits as follows: by the ap-
plication of heat vaporizing a portion of refrig-
erant liquid, utilizing the energy of said vapor
in motion to lower the pressure on another por-
tion of said refrigerant liquid causing vaporiza-
tion of same with refrigerating effect, imparting
motion to another portion of said refrigerant
liquid and utilizing the energy of said liquid in
motion to compress said vapors, condensing said
vapors by the withdrawal of heat and returning
portions of said condensate to point of heat ap-
plication and other portions to point of refrig-
eration. - - : ’

20. A method of refrigeration comprising com- -

pletely vaporizing a liquid - refrigerant with re-
frigerating. effect and under a lowered pressure
and causing a fiow of the vapor produced from &
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lower to a higher pressure by first -utilizing the .’

‘energy in a moving body of refrigerant vapor
produced by heat application and second in series
with this utilizing the energy. in & moving body.

- BO FOLKE RANDEL.
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