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[57] ABSTRACT

Inefficiency in heat exchange in an evaporator for a refrig-
eration system due to maldistribution of incoming refriger-
ant may be reduced in a structure wherein a plurality of
hydraulically parallel flow paths are defined by tubes (20)
having ends (84) in the interior of a header (10). Refrigerant
inlets (70, 72) are provided for the header (10) at opposite
ends (62, 64) thereof to generate streams (78, 80) of incom-
ing refrigerant which impinge upon one another to dissipate
the kinetic energy and/or momentum of the streams (78 and

80) which in turn results in an improved distribution of the
refrigerant within the header (10). Refrigerant outlets are
provided for a header. The outlets are at opposite ends
thereof to generate two streams of outgoing refrigerant
which reduces outlet resistance and thus provides for more
uniform flow of the refrigerant.

26 Claims, 1 Drawing Sheet
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1
EVAPORATOR

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissne specifi-
cation; matter printed in italics indicates the additions
made by reissue.

FIELD OF THE INVENTION

This invention relates to evaporators, and more
particularly, to an improved flow circuit for an evaporator
intended to be used in a refrigeration system.

BACKGROUND OF THE INVENTION

While there seems to be a general perception that any
given heat exchanger structure may be utilized interchange-
ably for any of a variety of heat exchange operations, for
example, as an oil cooler, as a radiator, as a condenser, as an
evaporator, etc., this is frequently not the case, particularly
where one of the heat exchange fluids is undergoing a phase
change during the heat exchange operation as, for example,
from liquid to vapor or the reverse. Simply stated, the
change of phase, in many instances, considerably alters the
mechanics of the heat exchange operation; and this is
particularly true in the case of evaporators used in refrig-
eration systems.

In such a system, one heat exchange fluid will be directed
toward the evaporator principally in the liquid phase. In
some instances, it may be entirely in the liquid phase while
in others, it may be in a mixed phase of both liquid and
vapor. In any event, the refrigerant is passed through an
expansion valve or a capillary into a low pressure area which
includes the evaporator itself. The refrigerant downstream of
the expansion valve or capillary will initially be in the mixed
phase. That is, made up of both refrigerant liquid and
refrigerant vapor.

Because the refrigerant is flowing within the system, it
will have kinetic energy which in turn will be related to its
mass. And, of course, for a given volume of refrigerant in the
liquid phase versus the same volume of refrigerant in the
vapor phase, the kinetic energy, and thus momentum, will be
substantially greater because of the much higher density of
the liquid phase material.

As a consequence, as the mixed phase refrigerant enters
a manifold or a header in the evaporator which is provided
for distributing refrigerant to several different flow paths
through the evaporator as is typical, the momentum of the
liquid phase component of the incoming refrigerant often
tends to cause the refrigerant to flow rapidly down a large
portion or even all of the length of the manifold to essen-
tially pool or puddle at one end thereof. Consequently, flow
paths connected to the manifold near the inlet frequently
receive principally vapor phase refrigerant while those more
remote from the inlet receive principally liquid phase refrig-
erant. Since vapor phase refrigerant has already absorbed the
latent heat of vaporization, those flow paths conducting a
principally vapor phase refrigerant cannot absorb all of the
heat that they are capable of absorbing whereas those
receiving principally liquid phase refrigerant, because of
thermal conductivity constraints in the evaporator design,
cannot absorb all of the heat that the liquid phase refrigerant
flowing therethrough is capable of absorbing.

The same factors influence vaporization in each pass of a

multiple pass evaporator. Additionally, outlet resistance may
also cause a maldistribution of refrigerant among the flow

paths.
The obvious result is poor efficiency of operation of the

evaporator.
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The present invention is directed to overcoming one Or
more of the above problems.

SUMMARY OF THE INVENTION

It is the principal object of the invention to provide a new
and improved evaporator for a refrigerant. More specifically,
it is an object of the invention to provide a new and
improved flow circuit for an evaporator so that the same may
operate with improved efficiency.

An exemplary embodiment of the invention achieves the
foregoing in an evaporator for refrigerant which includes a
means defining a plurality of hydraulically paraliel flow
paths for a fluid to be evaporated. A header includes an
elongated channel at one end of the flow paths which is in
fluid communication with each of the flow paths. A pair of
ports are provided to the channel at opposite ends thereof.

In a preferred embodiment, the header is a tube and the
channel is defined by the interior of the tube.

Preferably, the tube is a straight tube and the ports are
directed generally axially along the tube interior.

In one embodiment, the flow path defining means com-
prise a plurality of spaced individual tubes extending
between an inlet header and an outlet header and fins are

disposed between the spaced tubes.

The invention also contemplates that the flow path defin-
ing means provide a multiplicity of passes of each of the
flow paths across the heat exchange area.

In a highly preferred embodiment, the evaporator includes
a plurality of tubes in hydraulic parallel and in spaced
relation to one another with fins extending between the
tubes. An elongated inlet header extends between the tubes
and is in fluid communication with the interior each of the
tubes. Two spaced inlets are provided to the header and are
directed towards each other for generating two streams of
entering fluid that impinge upon each other to dissipate
kinetic energy and provide more uniform distribution of
fluid to the tubes.

In a preferred embodiment, there is also provided an
elongated outlet header spaced from the inlet header which
is in fluid communication with the tubes at locations spaced
from the inlet header. Two outlets are provided from the
outlet header, one at each end thereof.

This embodiment of the invention also contemplates the
use of a generally C-shaped conduit interconnecting the
inlets. A tee is provided in the conduit through which the
fluid to be evaporated may be introduced into the conduit for
flow to both of the inlets.

Preferably, the tubes are arranged in two Or more rows
wherein one row is in direct fluid communication with the
inlet header and the other row is in direct fluid communi-
cation with the outlet header. Two or more intermediate
headers are in fluid communication with the one of the rows
having the inlet header and a pair of conduits connect said
intermediate headers at opposite ends thereof. In particular,
the intermediate header in direct fluid communication with
the row in direct communication with the inlet header has a
pair of outlets at opposite ends thereof and are directed away
from each other to generate two streams of exiting fluid to
reduce outlet resistance. The intermediate header in direct
fluid communication with the row in direct communication
with the outlet header has a pair of inlets at opposite ends
thereof and are directed toward each other to generate two
streams of entering fluid to dissipate kinetic energy.
Furthermore, the intermediate headers are in side-by-side
relation and the intermediate header outlet is connected to
the adjacent intermediate header inlet.
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Other objects and advantages will become apparent from
the following specification taken in connection with the

accompanying drawings.
DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of a two-pass evaporator
made according to the invention;

FIG. 2 is a sectional view of an inlet header and taken
approximately along the line 2—2 in FIG. 1; and

FIG. 3 is a fragmentary sectional view of the inlet header
taken approximately along the line 3—3 in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

An exemplary embodiment of an evaporator made
according to the invention is illustrated in FIG. 1 in the form
of a two-pass, counter/cross-current evaporator. However, it

is to be understood that the principles of the invention are
applicable to a single pass evaporator as well as to a multiple

pass evaporator having more than two passes.

As seen in FIG. 1, the evaporator includes an inlet header,
generally designated 10 and an outlet header, generally
designated 12. Both may be cylindrical section and formed
of tubes having a circular cross section. The evaporator also
includes a pair of intermediate headers, generally designated
14 and 16, respectively, which are in side-by-side relation,
as are the headers 10 and 12. and which are spaced from the
headers 10 and 12 and parallel with respect thereto. Two
U-shaped tubes 18 and 19 at cach end of the headers 14 and
16 establish fluid communication between the interiors of
each. The plurality of individual tubes 20, which are pref-
erably conventional flattened tubes, are arranged in two
rows (only one of which is shown). One row of the tubes 20
extends between the inlet header 10 and the intermediate
header 14 and has the ends of the corresponding tubes 20 in
fluid communication with the interior of both the 10 headers
10 and 14. A second row of the tubes 20 extends between the
headers 12 and 16 and has the ends of each tube 20 in such
row in fluid communication with the interior of the headers
12 and 16.

The tubes 20 in each of the rows are spaced from one
another and fins such as serpentine fins 22 are disposed
between the adjacent ones of the tubes 20 in the spaced
therebetween and are bonded to such tubes as is well-known.

A generally C-shaped conduit 24 has opposed ends 26 and

28 which are located at corresponding opposite ends of the
header 10 and in fluid communication with the interior
thereof. Preferably, midway between the ends 26 and 28, the
conduit 24 includes a tee 30 with branches 32 and 34

extending to the ends 26 and 28, respectively, and a branch
36 adapted to be connected, for example, to a condenser (not

shown) in a refrigeration system which is designed to
condense refrigerant received from a compressor (not
shown) in such a system. As is well-known, such a com-
pressor will typically receive refrigerant in the vapor phase
from an evaporator such as the evaporator shown in FIG. 1.
Refrigerant flow through such a compressor is taken from a
branch 40 of a tee 42 located in a C-shaped conduit 44. A
branch 46 of the tee 42 is in fluid communication with an end
48 of the conduit 44 while a branch 50 extends to an end 52
of the conduit 44. The ends 48 and 52 are in fluid commu-
nication with the interior ot the outlet header 12 at opposite
ends thereof.

In operation, refrigerant is introduced into the inlet header
10 via the conduit 24 and flows therefrom through the
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associated row of tubes 20 (not shown) to the intermediate
header 14. The refrigerant flows out from both ends of the

first intermediate header 14 through the U-shaped tubes 18
and 19. The refrigerant then fiows into intermediate header
16 from both ends thereof. From there, the refrigerant flows
upwardly through the second row of tubes 20 to the outlet

header 12. From the outlet header 12, the refrigerant flows
through the conduit 44 to the branch 40 to be returned to the
condenser. For maximum performance, air flow is in the
direction of an arrow 60 and for that direction of air flow, it
will be appreciated that the incoming refrigerant lows from
the rear of the evaporator to the front, that is. in opposition
to the direction of air flow as indicated by the arrow 60 to
provide a countercurrent flow. In addition, because the tubes
20 cxtend across the heat exchange area through which the
air flow is occurring, the evaporator has cross current
characteristics as well.

The description of the inlet header being a tube with
circular C-shaped conduits is shown for clarity. In actual
application, it is likely that the headers and inlets and outlets
will all be incorporated into a built-up layer or laminated
structure.

Turning now to F1(S. 2 and 3, it can be seen that the ends
62 and 64 of the inlet header 10 are closed and sealed by
cup-shaped plugs 66 and 68, respectively. Each of the plugs
66 and 68 includes a central opening 70, 72 which is located
on and directed along the longitudinal axis 74 of the header
10. The ends 26 and 28 of the conduit 24 are sealed to the
exterior of the cups 66 and 68 about the openings 70 and 72,

respectively. Thus, incoming refrigerant to the branch 36 of
the tee 30 flows through the C-shaped conduit 24 to the ends

26 and 28 thereof and is introduced generally axially
through the openings 70 and 72 in the form of two streams
78 and 80 which are directed toward one another.

The tubes 20 have open ends 84 within the interior of the
inlet header as can be seen in FIGS. 2 and 3 disposed along

the length of the same.

In operation, the liquid phase component of the incoming
streams 78 and 80, due to the momentum resulting from flow
through the system, will be directed generally along the axis
74 to collide or impinge upon one another. That in turn
dissipates the kinetic energy that would tend to cause the
incoming refrigerant to pool at the end 64 of the header 10
if only the inlet opening 70 were used or which would pool
at the end 62 if only the inlet opening 72 were to be used.
Because these streams typically include some vapor as well,
they do not break up precisely at the midpoint of the header
10, but rather over a substantial portion of the length of the
header 10. As a consequence, refrigerant in the liquid phase
is distributed with substantial uniformity along the entire
length of the header 19 so that there will be uniform flow of

the refrigerant to individual ones of the tubes 20 from one
side of the evaporator to the other. As a consequence, the

aforementioned causes of inefficiency in evaporators are
substantially minimized or eliminated all together.

To maximize uniformity of fiow, the previously described
arrangement utilizing two U-shaped tubes 18 and 19 for
transfer between the intermediate headers 14 and 16 and an
outlet conduit 44 generally similar to the inlet system may
be used. Indications suggest that an improvement in the
efficiency of the evaporator in the range of about 7-10
percent are achieved over conventional, one inlet evaporator
structures.

The description of the operation of the inlet header 10 also
applies to the second intermediate header 16 which has two
incoming streams impinging on each other to distribute the

fluid more uniformly along the length of the header 16.
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The outlet header 12 has two outlets to the conduit ends
26.28 which direct flow from both ends of the header 12 to
promote uniformity of outlet resistance by providing outlets

on both ends. The first intermediate header 14 likewise has
two outlet ports to the tubes 18 and 19 which direct

refrigerant out from both ends to equalize resistance. The
refrigerant from the one end of the first intermediate header
is directed into the adjacent end of the second intermediate
header. This provides a shortest path for refrigerant from
both ends of the headers.

The overall effectiveness of the system is enhanced by the
combination of an inlet header with two inlets at opposite
ends, an outlet header with two outlets at opposite ends and
a pair of intermediate headers connected at both ends by a
pair of ports. Such a system overcomes the problems due to
the differences in friction between fluids and gases, and
improves distribution of the fluid evenly through the headers
and consequently the tubes. The input ports at opposite ends
of the input header and second intermediate header provide
two streams directed toward each other and evenly distribute
the refrigerant along the header. The use of the outlets at
opposite ends of the output header and first intermediate
header tends to equalize the flow resistance in the many flow
paths and thus promotes a More uniform flow regimen
across the evaporator for maximum efliciency.

We claim:

1. An evaporator for a refrigerant of the like comprising:

means defining a plurality of hydraulically parallel flow

paths for a fluid to be evaporated, each flow path having
first and second ends;

an inlet header including an elongated inlet channel at
said first ends and in fluid communication thereat with
each of said flow paths;

an outlet header at said second ends in fluid communica-
tion thercat with each of said flow paths; and

a pair of inlets to said inlet channel at opposite ends
thereof and directed toward each other so that fluid to

be evaporated and entering said inlets will be in the
form of two streams impinging upon one another to
improve the uniformity of distribution of said fluid
among said flow paths.

2. The evaporator of claim 1 wherein said inlet header is
a tube and said inlet channel is defined by the interior of the
tube.

3. The evaporator of claim 2 wherein said tube is straight.

4. The evaporator of claim 2 wherein said inlets are
directed generally axially along said tube interior.

5. The evaporator of claim 1 wherein said flow path
defining means comprise a plurality of spaced tubes extend-
ing between said headers; and fins between said spaced
tubes.

6. The evaporator of claim 1 wherein said flow path
defining means provides a multiplicity of passes of each said
flow path across a heat exchange area.

7. An evaporator for a refrigerant or the like comprising:

means defining a plurality of hydraulically parallel flow
paths for a fluid to be evaporated, each flow path having
first and second ends;

an inlet header at said first ends in fluid communication
thereat with each of said flow paths;

an outlet header including an elongated outlet channel at
said second ends and in fluid communication thereat
with each of said flow paths; and

a pair of outlets to said outlet channel at opposite ends
thereof and directed away from each other so that fluid

leaving said outlets will be in the form of two streams
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diverging from one another to reduce outlet resistance
and improve the uniformity of distribution of said fluid
among said flow paths.

8. An evaporator for use in a refrigeration system com-

prising:
a plurality of tubes in hydraulic parallel and in spaced
relation to one another;

fins extending between and mounted to said tubes;

an elongated header extending between said tubes and in
fluid communication with the interior of each said tube;

and

two spaced ports in said header for generating two gen-
erally oppositely directed streams of fluid that provide

a more uniform distribution of fluid through said tubes.
9. An evaporator for use in a refrigeration system com-

prising:
a plurality of tubes in hydraulic parallel and in spaced
relation to one another;

fins extending between and mounted to said tubes;

an elongated header extending between said tubes and in
fluid communication with the interior of each said tube;

two spaced ports in said header for generating two
streams of fluid that provide a more uniform distribu-
tion of fluid through said tubes;

a generally C-shaped conduit interconnecting said ports;
and

a tee in said conduit through which a fluid to be evapo-
rated may be introduced into said conduit for flow to
both said ports.

10. The evaporator of claim 9 wherein said header is a
tube of generally circular cross-section and said ports are at
opposite ends thereof and generally axially aligned with one
another.

11. The evaporator of claim 10 wherein said header is an
inlet header, said ports are directed towards each other and

said streams of fluid impinge upon each other to dissipate
kinetic energy.

12. The evaporator of claim 10 wherein said header 1s an
outlet header, said ports are directed away from each other
so that fluid flows out said header in two directions.

13. An evaporator for use in a refrigeration system com-
prising:

an ¢longated header;

two ports, one at each end of said header, said ports facing

each other;

a common conduit interconnecting said ports; and

a plurality of spaced tubes extending from said header and
each having an open end within said header, said open
ends being disposed along the length of said header.

14. The evaporator of claim 13 wherein said header is an

inlet header and fluid flows into said inlet header through
said ports to form two streams that impinge upon each other.

15. The evaporator of claim 13 wherein said header is an

outlet header and fluid flows out from said outlet header
from said ports.

16. An evaporator for use in a refrigeration system com-

prising:

a first elongated header;

spaced facing ports to said first header, one at each end
thereof;

a first plurality of spaced tubes extending from said first
header and each having an open end within said first
header, said open ends being disposed along the length

of said first header;
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a second elongated header;

spaced facing ports to said second header, one at each end
thereof;

a second plurality of spaced tubes extending from said
second header and each having an open end within said
second header, said open ends being disposed along the
length of said second header; and

a pair of common conduits interconnecting one of said
first header ports to one of said second header ports and
connecting the other of said first header ports to the

other of said second header ports.
17. The evaporator of claim 16 further comprising:

an inlet header;

spaced facing ports to said inlet header. one at each end
thereof; and

a common conduit interconnecting said ports;

wherein said first plurality of tubes each have another
open end within said inlet header, said open ends being
disposed along the length of said first header.

18. The evaporator of claim 17 further comprising:

an outlet header;

spaced facing ports to said outlet header, one at each end
thereof;, and

a common conduit interconnecting said ports;

wherein said second plurality of tubes each have another
open end within said outlet header, said open ends
being disposed along the length of said second header.

19. The evaporator of claim 18 wherein said inlet header
is in side-by-side relation to said outlet header, said first
header is in side-by-side relation to said second header and
said pair of conduits interconnect adjacent ends of said
intermediate headers.

20. An evaporator for use in a refrigeration system com-
prising:

an inlet header including an elongated inlet channel;

an outlet header in side-by-side relation to said inlet

header, said outlet header including an elongated outlet
channel;

first and second intermediate headers in side-by-side
relation, spaced and parallel to said inlet and outlet
headers each said intermediate headers including an

clongated channel,

first and second rows of tubes, each tube in said first row
in fluid communication with said inlet channel and said
first intermediate channel, and each tube in said second
row in fluid communication with said outlet channel
and said second intermediate channel;

a pair of inlets to said inlet channel at opposite ends
thereof;

8

a pair of outlets from said outlet channel at opposite ends
thereof;

a pair of outlets from said first intermediate channel at
opposite ends thereof; and

a pair of inlets to said second intermediate channel at

opposite ends thereof.

21. The evaporator of claim 20 wherein said inlet channel
and outlet channel are in side-by-side relation to each other
and said first and second intermediate channels are in

10 . .
side-by-side relation.

22. The evaporator of claim 21 further comprising a pair
of U-shaped tubes, said tubes connecting said intermediate
channels at said ends so that each of said output inlets of said

5 first intermediate channel is in direct fluid communication
with the adjacent of said input channels on both sides of said
intermediate channels.
23. An evaporator for use in a refrigeration system
comprising:
a plurality of tubes in hydraulic parallel and in spaced
relation to one another;

fins extending between and mounted to said tubes;

an elongated header having ends facing each other
spaced lengthwise of the header and a center equally
spaced between said ends, with the elongated header
extending between said tubes and in fluid communica-
tion with the interior of each said tube; and

two spaced ports in said header wherein said ports are
each closer to an end of said header than to the center
of said header to provide a more uniform distribution

of fluid through said tubes.
24. An evaporator for use in a refrigeration system
comprising:
an elongated header having ends spaced lengthwise of the
header and a center between said spaced ends;

two ports, one proximate each end of the header, with said
ports being closer to the ends of the header than to the
center thereof;

a common conduit interconnecting said ports; and

a plurality of spaced tubes extending from said header
and each having an open end within said header, said
open ends being disposed along the length of said
header:

25. The evaporator of claim 24 wherein said header is an

inlet header and fluid flows into said header through said

ports.
206. The evaporator of claim 24 wherein said header is an

outlet header and fluid flows out from said outlet header
30 from said ports.
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