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This invention relates to refrigerators, and
more particularly to improvements in the lines
used to feed liquid refrigerant to the evaporato
and to draw the vaporized refrigerant from the
evaporator. .

A particular object of the invention is to pro-

vide an efficient arrangement for heat-exchange

between the warm liquid line and the cold suc-
tion kne, thus pre-cooling the liquid refrigerant
before it reaches the device which controls its
passage to the evaporator. This object is ge-
complished by forming the liquid and vapor lines
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as paralle] bores in a single piece of material hay-

ing good thermal conductivity, such as alumi-
num, so that these two lines may be kept in effi-
cient heat-exchange for a major portion of their
length, Preferably the piece of material in which
the bores for these lines are formed is extruded,
as this method of manufacture provides a- part
having the characteristics of wrought ‘metal and
entirely free from joints of any kind between the
bores. .
A -further object is to provide an improved
. small-bore restrictor for controlling the flow of
liquid refrigerant to the evaporator. An effi-
cient and trouble-free restrictor is formed by in-
serting within the smooth bore of the line for
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Fig. 8 is a view similar to Fig. 7 but showing a -

_modification in the shape of the wire.

Referring in general to Fig. 1, the parts include
the cabinet 10, motor-compressor umit 11, con- -
denser 12 and evaporator {3, all of which may be
of any preferred construction. The numeral 14

‘indicates the combined heat-exchanger and

small-bore restrictor of the present invention. B

The construction of part 14 can be explained
most readily by following the steps by which it
may be fabricated. The first step is to extrude.a
strip having the cross-sectional shape illustrated

" in Fig. 6, which consists essentially of g small bore

I3 and a large bore 16, the walls of these bores
being connected together by g solid web 11. A
strip of this shape can readily be extruded by
the apparatus shown in the patent to Schwerak,
No. 2,031,008, and is preferably formed from g
material having a high rate of thermai conduc- -
tivity, such as aluminum or an alloy thereof. .

-In the appended claims the term “aluminum ma-

terial” is used to cover generically commercially

- pure aluminum and-all alloys in which aluminum
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liquid refrigerant, at a part near its connection -

" - to the evaporator, helically-coiled wire, the inner

diameter and length of the coil being correlated
50 as to properly meter the fiow of refrigerant in
the same manner as done by small bore restric-
tors heretofore in use. ‘ ’
The two structures above mentioned unite to
form a-combined small-bore restrictor and heat-
_exchanger of simple and unique construction. )
The invention also provides methods for man-
-ufacturing these structures, o )
These and other objects and advantages of the
invention will become apparent as the descrip-
tion proceeds. . :
While preferred forms are illustrated herein for
purposes of illustration, it should be understood

that various changes may be made without - de-.

parting from the spirit of the invention as herein

set forth and claimed. -

. Inthe drawings: ' .
Fig. 1'is a side elevation partly in section of a

household refrigerator embodying the invention.
Fig. 2 is a plan view of & strip as extruded.

Fig. 3 is a view similar to Fig. 2 but showing the

sirip aiter it has been partly processed.

Fig. 4 is an enlarged isometric view of. the
evaporator and the upper end of the combined
small-bore restrictor and heat-exchanger, parts
of the latter being shown in section.

Fig. 5 is a cross section on line 5—5 of Fig. 4.

Fig, 6 is a cross section on line 6—8§ of Pig. 4.

Fig. 7 is a longitudinal section on line 1—17 of
Fig, 5. X ) ‘
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- is the predominant element. This strip can be -
‘extruded in any economical mill length and is

then cut into pieces of the size required for fab-
rication, one of which is shown in plan view in
Fig. 2. :

The next step in producing the combined heat-
exchanger and small-bore restrictor illustrated
in Figs. 1 and 4 is to saw a slot inwardly fromeach
end of the strip as indicated at {8 in Fig, 3.
Each.-of these slots cuts entirely through web 11,
thus separating the small bore 15 from the large
bore 18 and forming them into separate tubes.
The: small bore {5 is to form the line carrying
liquid refrigerant from the condenser i2 to the
evaporator 13, while the large bore 16 is to form
the suction line carrying gaseous refrigerant from
evaporator 13 to compressor {1, In order to make
these connections in the particular installation
shown it is convenient.to cut off part of the tube
carrying bore 16 at the upper end of Fig. 3 and
to cut off part of the tube carrying bore 15 at the
lower end of Fig. 3. The relative lengths of these
tubes can thus readily be adjusted to meet the
requirements of different refrigeration systems:

Prior to the present invention considerable use
has been made of small-bore tubes to control the
flow of liquid refrigerant to the evaporator. Such

tubes have sometimes been called “capillary

tubes,” although it is believed that they operate,
not by capillary action, but by retarding the flow
of gas while permitting a- metered flow of liquid
on the vapor-lock principle, as indicated In the
patent to Keyes, No. 1,293,469. Some variation
was permissible in the inner diameter of the tube,
but this diameter had to be correlated with the .
length of the tube in order .to obtain proper

metering of liquid refrigerant to the evaporator. -

Thus for a household refrigerator of 6 cu. ft. ca-




3 .
pacity, if the tube had an inner diameter of .032
in. the tubke could be approximatély 6 ft. in length
whereas if the tube had an inner diameter of
:040 in. the tube would have to be approximately
17 ft. in length. But it has been found very diffi-
_cilt to manufacture tubing of these small sizes
and to assure that the bore is free from obstrue-
tions -both when the system is assembled and
during the life of the refrigerator.
A departure from the plain, smooth-bore re-
strictor tube was suggested in the patent to
Karmazin, No. 2,166,109, which shows & restrictor

10

tube made by brazing together the loops of a °

helically-wound metal wire. !

The present applicant has discovered that an
economical and efficient restrictor can be pro-
‘duced by the simple method of inserting a heli-
. cally-coiled wire 19 in the small bore 15 of the
double-bore strip (4 described ahove. The colled
wire is inserted in the upper end of bore i5, as
in Fig. 3, and since it has merely 2 close sliding
fit in‘the smooth bore, it can readily be pushed
in to any required position, as indicated for ex-
ample in Fig. 4.

An important advantage of this construction
is that the bore {5 can be formed with a rel-
atively large inner diameter, thus permitting
economical extrusion.

Tt has been found that in an average house-

hold refrigerator of the type in which the com-
pressor is in the base of the box, efficient oper-
ation is obtained when the inner diameter of
the bore 15 is greater than .050 in. and less than
JA10in.. | ’
In one example the bore 15 was formed with
an inner diameter of .080 in., and the coiled wire
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had arn outer diameter that permitted it to slide -

freely into the bore, while it had an inner di-
ameter of .030 in. It was found that with these
diameters the length of the coiled wire needed
for a 6 cu. ft: refrigerator was about 18 inches.
This represents a ver:” considerable shortening
from the 6 ft. of .032 in. smooth-bore’ tube used
previously, as stated above, and hence provides
for a neater and more economical installation.
The inner diameter of the coil can of course
be varied within limits, but using a smaller di-

ameter will increase the difficulties of manu-

facture and the’ possibility of clogging, while
using a larger diameter .will require using a
greater length of coiled wire. In any case the
inner diameter and length of the-coil must be

correlated so as to properly meter the flow of -

refrigerant. ' o
In the example referred to, the large bore I8
had an inner diameter of .250 in., but this di-
ameter is not critical as long as it is adapted
to meet the needs of the particular system.
After the coiled wire has been inserted in

- poré 16 the end tubes carrying bores 16 and 6
may be separated and each one given & rounded .

external shape. The combined small-bore re-
strictor and heat-exchanger thus formed is then
ready for assembly in the refrigeration system.

In the form illustrated in Fig. 1, which is a°

particular refrigerator of household size, “the
main body of the double-bore strip 4 is located
outside of, and attached to the back of, the
cabinet 40, The upper end of the tube carrying
the small bore 1§ is first secured in contact with
the shelf 20 and then is connected {o the inlet

header 21 of the evaporator (3. The lower end .

of this tube is connected to the outlet of the con-
denser 2. The tube carrying the large bore
{6 has its upper end connected to. the outlet
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header 22 of evagorator i3, and its lower end
connected to the inlet of the motor-compressor
unit.

In the operation of the refrigerator the gaseous
refrigerant, which is relatively cold, is drawn
from. the evaporator to the compressor via the
large bore 16. After being compressed and con-
densed the refrigerant, warm and mainly in the
liquid state, passes from the condenser to the.
evaporator via the small'bore 15. The restrictor
formed by the coiled wire 9. permits a metered
flow of liquid refrigerant while the refrigerant
in bore §5 is under sufficient pressure. During
idle periods of the compressor the restrictor
remains open to permit substanial equalization -
of pressures throughout the system. . ,

It should be noticed that in the main body
of the part 14 the warm liquid refriger.nt is
moving upwardly through the bore I5 while the

-cold gaseous refrigerant is moving downwardly’

through bore 16, thus providing for'a counter-
flow heat exchange throughout the major length
of these bores. The bore 15 is large enough to
permit the liquid refrigerant to flow relatively
slowly, thus permitting good heat exchange be-
cause.of the relatively long time the warm and
cold mediums are in heat exchange relation.
This pre-cooling of the liquid refrigerant causes
it to arrive at the evaporator at a temperature
and pressure which permit it to evaporate with-
out transmitting surplus heat to the evaporavor.

By forming bores 15 and 16 in a single piece of

aluminum this heat-exchange takes place in a
highly efficient manner, since there are no joints

. of any kind to. impede heat flow through the

solid, homogeneously integral mass. ‘

The helically-coiled wire 19 is preferably
formed of steel spring wire with adjacent con-
volutions in close contact with each other, but
neither of these features is essential. It has
been found that the coil functions properly if
its convolutions are spaced'apart as much as
015 in, The wire need not be of conventional
round cross-section, but may have other ap-
propriate cross-sectional shapes, such as the V
shape of the wire 23 of Fig. 8. For convenience
in manufacture several individua] coils may be

.placed end-to-end to prqduce the desired over-

all length of coil. o .

By using a relatively large bore {§ and in- .
serting therein coiled wire as described herein,
it is possible to produce a small-bore restrictor of

. great accuracy and precision at low expense. .

The double-bore strip 14 is of extruded metal
which is quité malleable, and since the coiled -
wire is not anchored to the wall of its bore, the
part of the tube which serves as the restrictor
can be readily bent without reducitig or obstruct-
ing the inner diameter of the c¢oils of the wire.

It will be clear. to those skilled in the art that
the improved small-bore restrictor of this inven-
tion can be used separately from the heat- -
exchanger disclosed, but that maximum efficiency

.and economy-can be gained by the use of the two
65,

devices in combination,  An example of separate
use of the restrictor would be its insertion in an

- ordinary liquid line of any type, in ‘which case

the restrictor would serve as an economical
metering device. Conversely the double-bore
heat-exchange tube can be used with any type
of metering device such as an expansion valve
or a low-side float valve. . :© = .
In manufacturing, the particular sequence of -

steps set forth above need not be adhered to, but
considerable latitude may be used in changing
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the sequence to arrive at the most economical
process under particular circumstances.

' thelr length to form g single, homogeneously in- -

The invention is,.of course, not limited to re-

frigeration systems of househoid size, but can be
used on systems of commercisal size. -

I claim: )

1. For use in refrigeration systems, a tube hav-
- ing a bore with & smooth inner wall, the inner
diameter of the tube being too large to serve as
a small bore restrictor, and a coil of wire having
8 passageway of substantially capillary size, said
coil being inserted in said bore, the length of said
coll being so correlated to the inner diameter of
the passageway as to provide for the delivery of
the desired amount of refrigerant. :
- Z. For use in refrigeration systems, a tube hav-
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ing a smooth inner bore of a diameter between

050 in. and .110 in., and helicaliy-coiled wire
inserted within said bore, the coil of wire having
& passageway of substantially capillary size and
heving g sliding fit in the bore, the-length of said
coil being so correlated to the inner diameter of
the passageway as to provide for the dellvery of
the desired amount of refrigerant.

3. For use in refrigeration systems, a tube hav-
ing 2 smooth inner bore of a diameter of approxi-
medtely .080 in., and helically-colled wire having
its convolutions arranged closely to each other
ingerfed within sai@ bore, the outer clrcumfer-
ential surface of the coil having a slding fit in
seid bore, the inner diameter of the coll being
approximately .030 in. and the length of the coll
being approximately 18 inches.

tegral mass, the web being severed for a distance
extending inwardly from each end of the strip,
thus placing the bores in séparated tubes at each
end of the strip, the small bore having a smooth
wall and being of g size too large to serve as a
small-bore restrictor; and coiled wire inserted in
one end of the small bore, the inner diameter and
length of said coil being correlated so gs to meter -
the liquid refrigerant. = o s
8. A combined small-bore restrictor and heat-
exchanger ‘as set forth in'claim 7 in which the

'strip is formed of extruded aluminum material

and the coiled wire is formed of steel.

9. A combined small-bore restrictor and hesat-
exchanger for the lineg of refrigeration systems
which comprises: a strip of extruded aluminum,
the strip having a small bore for liquid refrig-
erant and a larger bore for gaseous refrigerant,
the walls of the bores being ‘connected by a web
over the major portion of their length to form a
single, homogeneously integral mass, the smsall
bore having a smooth inner wall and g diameter
of approximately .080 in.; and helically-coiled
steel wire having its convelutions arranged close-

. ly to each other inserted within the bore, the

30

4. A heat-exchanger for the gas and lguid '

lines of refrigeration systems having an evapo-
rator, which comprises: s strip of aluminum
material having & small bore for liquid refrig-
erant, the inner dlameter of said bore being too
large {o serve &g a small-bore restrictor, and a
larger bore for gasecus refrigerant, the walls of
the bores being connected over the major portion
of thelr length by o web forming $herewith a
homogeneously integral body of such mass as to
cool the Beuld refrigerant so thet it is delivered
by the small bore to the evaporator at substan-
tially the {emperature of the gas entering the
large bore from the evaporstor, the web belng
severed for a distance inwardly from each end of
the strip thus placing the bores in separate tubes
.2t each end of the strip. o :
B. & comabined smell-bore restrictor and heat-
exchanger for the Hnes of refrizeration gystems
which comprises: a strip of material of good heat
conductivity, the strip having s small bore for
Hauid refrigerant and a.larger bore for gaseous
refrigerant, the wallz of the bores being con-
nested by a web over the major porilen of their
length to form s single, homogenecusly integral
mass, the small bore having & smosth wall and
being of a size too large to serve as s small-bore
restrictor; and colled wire inserted in one end of
the small bore, the inner diameter ang length of

sald coll being correlated so as to meter the Hguid

refrigerant. .
6. A combined smali-bore restrictor and heat-
‘exchanger as set forth in claim 5 in which the

strip is formed of extruded aluminum meterial.

7. A combined small-bore restrictor and heat:
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exchanger for the lines of refrigeration systems -

which comprises: a strip of material of good |

thermal! conductivity, the sirlp having a small

bore for liquid refrigerant and a larger bore for
geseous refrigerant, the walls of the bores being
connected by a web over the major portion of

outer diameter of the coil having a close sliding
fit in sald bore, the inner dismeter of the coil
being approximately .030 in., and the length of
the coll being approximately 18 inches.

10. The method of manufacturinig a combined
smali-bore restrictor and heat-exchanger for the
lines of refrigeration .systems which comprises:
extruding a strip of materisl, the strip having &
small bore for g liquid refrigerant and a larger
bore for gaseous refrigerant, the walls of the bores
being connected by a web over the major portion
of their length to form & single, homogeneously
integral mass, the small bore having a smooth
wall and being of a size too large to serve ds g
small-bore restrictor; cutting a slot completely
through the web between the bores for g distance
at each end of the strip, thus placing the bores
in separated tubes af each end of the strip; wind-

5 ing wire into a close helical coll; and inserting

the coil into the small bore of said strip, the
inner diameter and length of said coil being
correlated so as to meter Iliguid refrigerant and
bending the tube containing the small bore &t &
place where the wire coil is presens.

CHARLES E. HICKMAN.
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