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This invention relates to improvements in

-refrigerating processes. - o

An object of the invention is to provide

a multi-stage refrigeration process, using in
8 each stage a compound hydro-carbon re-

frigerant characterized so as to give a low
.- ratio of compression at the evaporating and

~condensing temperatures of each respective
stage of t%e refrigeration cytle.

The drawing illustrates in diagrammatic
form a plurality of refrigerating units with -
their connections. ,

The- apparatus shown in the drawing is
intended to be illustrative only and it will,
of course, be understood that the practice of
the process is not limited to any particular
form of apparatus. _

: By providing a refrigeration process com-
. prising a plurality of stages and by deter-
20 mining refrigerating agents having different
-evaporation points under - predetermined
pressures, and utilizing the refrigerating ac-
tion of ‘the refrigerant in the adjacent stage
for condensing the evaporated liquid of the
‘next stage, comparatively low pressures are
"required and lower temperatures may be
. attained without loss of efficiency.

For example, a series of hydro-carbon re-
frigerating agents, such, for instance, as
methane, ethane and butane, may be utilized
in a four-stage refrigerating process, so
that the fluid to be cooled is subjected to
‘the refrigerating action due to the expan-
sion of methane, which, after expansion, is
condensed by evaporating in the next adja-
cent stage the refrigerating agent comprising
ethane, and then condensing ethane by
utilizing . the refrigerating agent butane,
which in turn may be condensed under the
cooling action of water at normal tempera-
ture.
~ While we have given an example of suit-
able refrigerating agents for the multi-stage
process, mixtures made from selecting and
compounding a hydro-carbon refrigerant
differing for each stage and with a vapor"
pressure adapted to the pressure and tem-
perature conditions of the particular stage,
may be selected. - Thus, the pressure under
-which the condensation of each refrigerant
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takes
ratio. .
In the drawing, an apparatus for a four-
stage system is illustrated. - The fluid to be
cooled is circulated around the tubes of an
exchanger 1, the liquid being introduced
through an inlet pipe 2 and discharged
through a discharge pipe 3. Within the
tubes of the exchanger 1, the most volatile
hydro-carbon compound of the series used
is evaporated, and the vapor of the re-
frigerant is withdrawn through the conduit
4 by a compressor 5, from which. it is de-
livered to the exchanger 6 through a con-
duit 7.
- In the tubes of the exchanger 6, a refrig-.
erant of a lower degree of volatility is evap~"
orated, which results in the condensation of
the' vapor of the next higher degree of vol- -
atility introduced into the exchanger 6. 70
The condensed refrigerant is - returned
through a return passage 8 to the tubes of
the exchanger 1, the passage 8 being con-.
trolled by an expansion valve 9. The
vapor of the refrigerant expanded in the
exchanger 6 in turn is conducted through a
passage 10 to a compressor 11, from which
1t is forced under pressure through the pas-
sage 12 to the exchanger 13 in the tubes of
which a refrigerant of a lower degree of
volatility is evaporated, thereby condensing
the vapor, which is returned through the
passage 14 equipped with an expansion
valve 15 to the exchanger 6 for re-evapora-
tion. ’ _ 8
The vapor of the refrigerant in the ex-
changer 13 is exhausted through the con-
duit 16, compressed in a.compressor 17, and
introduced through-a conduit 18 into the
exchanger 19, which is cooled by a flow of
cooling water through the tubes thereof in-
troduced through an inlet pipe 20 and dis-
charged through a discharge pipe 21, the
condensed vapor returning to the exchanger
13 through a conduit 22 equipped with an
expansion valve 23. It is thus apparent

place may be held at a relatively low.
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‘that the vapor in each stage is compressed

at low temperatures

i and at economical com-
pression ratios. ‘ R

100



2 1,808,404

It is contemplated that the whole appara-
tus will be heat insnlated. :

Any suitable means may be employed for
supplying to each stage a sufficient amount
g of the refrigerant to make up for loss in
- evaporation and leakage, and instead of us-
ing a compressor for exhausting the vapor
of the evaporating refrigerant, an -absorp-

_ tion method may be employed. *

10 _ It is not intended to limit the process by
the use of any particular apparatus, but
what is claimed and desired to be secured
by Letters Patent is: '

1."A refrigeration system which consists

15 10 expanding a series of refrigerants or dif-

_ ferent boiling points, subjecting the vapor
of the expanded refrigerant of the lower
lboiling point to the cooling action of the re-
frigerant of higher boiling point, the last of

20 said series of refrigerants condensing at sub-
stantially atmospheric pressure, and subject-
ing a fluid to be cooléd to the cooling action
of the low boiling point refrigerant.

2. A system of refrigeration which com-

26 prises the progressive expansion and conden-
sation by compression and cooling of a series
of refrigerants having varying boiling

oints from a boiling point at ‘which the re-
rigerant condenses at substantially atmos-

80 pheric pressure to a point sufficiently low to

* substantially cool a fluid, and subjecting the
fluid to be cooled to the cooling action of the
low boiling point refrigerant. '

8. A method of refrigeration comprising
35 the alternate evaporation and condensation

- of a graded series of refrigerating agents,
the high boiling point refrigerant condens-
ing approximately at atmospheric pressure
and atmospheric. temperature, and subject-

40 ing the material to be cooled to the cooling
action of the lowest boiling point refriger- -
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