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(57) La présente 1mvention concerne un e¢changeur
thermique (10) comprenant un bloc prerefroidisseur et
rechauffeur (12) adjacent a un bloc refroidisseur (14),
des premiers passages (52, 54) de transfert de chaleur
s’e¢tendant a travers les deux blocs et permettant a "air
entrant de s’¢couler dans une premiere direction, des
seconds passages (56) de transfert de chaleur s’¢tendant
a travers le bloc refroidisseur et permettant a un fluide de
refroidissement de s’¢couler perpendiculaire a la
premicre direction dans une relation d’échange
thermique avec 1’air entrant, et des troisiemes passages
(60) de transfert de chaleur s’¢tendant a travers le bloc

I*I Industrie Canada  Industry Canada

(57) A heat exchanger (10) comprising a precooler and
reheater core (12) adjacent a chiller core (14), first heat
transter passages (52, 54) extending through both cores
through which incoming air passes 1n a first direction,
second heat transter passages (56) extending through the
chiller core through which coolant passes 1n heat
exchange relationship with 1ncoming air and
perpendicular to the first direction, and third heat transfer
passages (60) extending through the precooler and
reheater core (12) through which cooled air from the
chiller core passes 1in heat exchange relationship with the
incoming air and perpendicular to the first direction. A
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prerefroidisseur et réchauffeur (12) et permettant a 17air
refroidi provenant du bloc refroidisseur de s’¢couler
perpendiculaire a la premiere direction dans une relation
d’¢change thermique avec 1’air entrant. Un collecteur
(40) jouxtant les deux blocs amene 17air refroidi du bloc
refroidisseur vers le troisicme ensemble de passages de
transfert de chaleur. L.”air entrant est refroidi dans le bloc
refroidisseur et 1l €change ensuite de la chaleur avec 1" air
entrant dans le bloc prerefroidisseur et rechauffeur de
maniere que 1’air entrant est prérefroidi, forme des
gouttes d’eau, et que la temperature de 1" air refroidi est
clevee.
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manifold (40) contiguous with both cores conducts
chilled air from the chiller core to the third set of heat
transfer passages. Incoming air 1s chilled 1n the chiller
core and thereafter exchanges heat with the incoming air
in the precooler and reheater core to precool the
incoming air to form water droplets and to raise the
temperature of the chilled air.
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A heat exchanger gﬁm? ' " " .3
(10) comprising a precooler l.ll 30 REFRIGERANT
and reheater core (12) T et e o e e e S ot o o
adjacent a chiller core (14), PO . "N SN || R | PSP NpN Moo SRy p—
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first heat transfer passages CHILLED AIR

(52, 54) extending through
both cores through which
incoming air passes In
a first direction, second

R |
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heat transfer passages (56) -
extending through the chiller }&%’&éﬁe&“ﬂ :
core through which coolant t \COMPRESSOR!
passes In heat exchange : r r
relationship with incoming I ! 1

air and  perpendicular o

to the first direction, | I

and third heat transfer :-'"" {
passages (60) extending IR
through the precooler and :

reheater core (12) through : V40

which cooled air from | l i_}

the chiller core passes iIn e o o o -d

heat exchange relationship AIRINLET : L :3&“8%? ' :

with the incoming air and 40— T T ISEPORATORY l

perpendicular to the first = e e o e e e e o 4 = e o o - l

direction. A manifold (40)
contiguous with both cores
conducts chilled air from
the chiller core to the third
set of heat transfer passages.
Incoming air is chilled in the chiller core and thereafter exchanges heat with the incoming air in the precooler and reheater core to precool

‘ the incoming air to form water droplets and to raise the temperature of the chilled atr.
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PRECOOLER/CHILLER/REHEATER HEAT EXCHANGER
FOR AIR DRYERS

Background of the Invention

This invention relates to the art of heat transfer,

and more particularly to a new and improved heat
exchanger for use 1in a refrigerated air dryer.

One area of use of the present invention is in
refrigerated air driers wherein warm, moist air such as
from the interior of a factory, and which typically is
compressed, 1s cooled and dried and then conveyed to a
location where it is used.

In any compressed air system, it is important to
reduce the water content of the compressed air as much
as possible before delivering the compressed air to the
points of use. This is accomplished by using air or
water cooled aftercoolers, moisture separators, and air
dryers. Alr dryers are available in many different
types, and the present invention is illustrated with a
non-cycling direct expansion refrigerated air dryer
wherein the compressor operates continuously. This type
of air dryer effectively reduces water content in
compressed air by physically chilling the compressed air
directly with a refrigeration circuit and thus reducing
the capacity of the compressed air to hold water vapor.
The water vapor in the chilled compressed air condenses
out to liquid droplets. This combination of air and
water droplets flows to a moisture separator that
mechanically removes the droplets from the air stream.
The main components in this type of refrigerated air
dryer are the refrigeration system, the moisture
separator, and two compressed air heat exchangers.

The first of these heat exchangers is a
precooler/reheater. It precools warm saturated
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compressed air from the air compressor aftercooler by
transferring heat to chilled air that is returning from
the moisture separator. This part of the process also
has the effect of reheating the chilled air before
5 distribution to the end users. The importance of this

heat exchanger is that it reduces some of the cooling
load that the refrigeration system would otherwise have
to handle. The refrigeration system becomes smaller,
requiring less power for thriftier operation. The

10 precooler/reheater heat exchanger sometimes is called an
"economizer" because of this benefit. Another benefit
offered by this heat exchanger is that it reheats the
chilled air coming from the moisture separator.
Reheating the chilled air reduces the chances that low

15 ambient conditions can cause condensation in the air
line downstream of the dryer. Reheating also reduces
the likelihood of pipeline condensation or "sweating"

that can occur on chilled surfaces in humid conditions.

20 The second heat exchanger is the air chiller. It
takes the precooled air from the "economizer" and chills
it down to the desired dewpoint temperature by rejecting
heat into evaporating refrigerant on the other side of
the heat exchanger. After being chilled, the air enters
25 a moisture separator to remove the condensed water and

then the ailr returns to the "economizer" for reheating.

In conventional refrigerated air dryers the
foregoing heat exchangers appear in a variety of types.
30 Most typical are the shell and tube, tube in tube, and
plate type heat exchangers. Shell and tube heat
exchangers tend to be heavy and they can be costly.
Tube in tube heat exchangers are limited to the lower
capacity air dryers. The shell and tube type and the
35 tube in tube type heat exchangers both share the

disadvantages of not being very compact and they require
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interconnecting piping between the economizer and the
chiller. This adds weight, cost, complexity, and
pressure drop to the system. Plate type heat exchangers
made from brazing formed plates together may be compact
but they lack flexibility due to tooling requirements.
Piping to a brazed plate heat exchanger is difficult
because the connection locations are so close together
that they allow very few options for arranging the
connections. Brazed plate heat exchangers generally use
copper brazed stainless steel plates in their
manufacture. This offers corrosion resistance but it
makes them heavy and more costly.

Attempts 1in the prior art at building combination
heat exchangers for air dryers have been counter current
designs. Counter current heat exchangers have greater
effectiveness but many designs require some kind of
intermediate channeling when used in combinations for
refrigerated air dryers. The result is more compact
than two separate heat exchangers but many of the other
disadvantages still remain. Combination heat exchangers
made from copper brazed stainless steel plates can be
pure counter current designs without any intermediate
channeling. However, they still retain many of the
disadvantages associated with this type of heat
exchanger.

Summary of the Invention

The present invention provides a heat exchanger
comprising a precooler and reheater core and a chiller
core 1n juxtaposed relation, a first set of heat
transfer passages extending through both of the cores

through which incoming air passes serially through both
cores 1n a first direction, a second set of heat

transfer passages extending through the chiller core in
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heat exchange relationship with the first set of heat
transfer passages and through which coolant passes in
heat exchange relationship with incoming air and in a
direction substantially perpendicular to the first
direction, and a third set of heat transfer passages
extending through the precooler and reheater core in
heat exchange relationship with the first set of heat
transfer passages and through which cooled air from the
chiller core passes in heat exchange relationship with
the incoming air and in a direction substantially
perpendicular to the first direction. There is provided
conduit means for conducting chilled air from the
chiller core to the third set of heat transfer passages.
This can be in the form of a manifold contiguous with

the two cores to avoid any external piping.

AS a result, incoming air is chilled in the chiller
core and chilled air therefrom exchanges heat with the
incoming air in the precooler and reheater core to
precool the incoming air where water droplets begin to
form and to raise the temperature of the chilled alir to
a temperature for ultimate use. The precooled and moist
incoming air exchanges heat with the coolant in the
chiller core with the result that the air is chilled to
a low temperature causing water vapor therein to
condense to water droplets entrained in the flow of air.
The first set of heat transfer passages includes heat
Cransfer structures having fins Staggered and disposed
substantially perpendicular to the direction of flow
therethrough. This creates an undulating or generally
sinusoidal flow pattern along the passages which
advantageously results in moisture separation occurring
internally within the chiller core. The flow pattern
also causes a reduced velocity flow along the passages.
The crossflow arrangement of passages 1n the cores of

Lhe heat exchanger advantageously enables the air



10

15

20

25

30

35

CA 02292396 1999-11-26

WO 98/54521 PCT/US98/11236

leaving the precooler and reheater core to enter the
chiller core directly without any intermediate
channeling or piping.

Thus, the precooler/chiller/reheater heat exchanger
according to the present invention addresses the
disadvantages of the prior art approaches by
incorporating the two heat exchanger cores into one
integral unit. The precooler/chiller/reheater heat
exchanger 1s a combination of two brazed aluminum bar
and plate heat exchangers. The flow paths through each
heat exchanger core allow for stacking them into a very
compact package. By employing the crossflow arrangement
according to the present invention, the air flow can
exit the precooler/reheater and enter directly into the
chiller without any intermediate channeling to direct
the flow. Crossflow can reduce the temperature
effectiveness of the precooler/reheater, but the gains
in simplicity, weight reduction, heat transfer rate, and
pressure drop reduction offset that loss as will be

described in detail presently.

There are many other advantages offered by the
arrangement according to the present invention. Piping
to the connections on the heat exchanger is not
difficult at all because of the flexibility available in
connection locations. The precooler/chiller/reheater is
a brazed bar and plate core with welded on manifolds.
This allows for logical connection placement harmonious
with the different flow arrangements of various
refrigerated air dryer designs. The heat transfer
matrix within the precooler/chiller/reheater is an
enhanced high resistance, low velocity geometry. That
means greater heat transfer in a smaller package. Low

velocity means that it is possible to incorporate
integral moisture separation into the



CA 02292396 1999-11-26

WO 98/54521 PCT/US98/11236

10

15

20

25

30

35

precocler/chiller/reheater manifolds. Thus,
refrigerated air dryers with a
precooler/chiller/reheater and integral moisture
separation are simpler to build and less costly.
Finally, aluminum construction offers the promise of
lower weight and less cost than other types of air dryer
heat exchangers.

The foregoing and additional advantages and
characterizing features of the present invention will
become clearly apparent upon a reading of the ensuing
detailed description together with the included drawing

whereilin:

Brief Description of the Drawing Figures

Fig. 1 is a side elevational view, partly
diagrammatic, of a heat exchanger according to the
present invention as it would appear in a refrigerated

air dryer system;

Fig. 2 is a perspective view, with parts removed,

Of the cores of the heat exchanger of Fig. 1;

’

Fig. 3 is an enlarged fragmentary perspective view,
with parts removed, of a portion of the chiller core in
the heat exchanger of Fig. 2;

Figs. 4 and 5 are enlarged fragmentary perspective
views of a portion of the chiller core in the heat

exchanger of Fig. 2;

Fig. 6 is a diagrammatic view 1llustrating one
aspect of the operation of the heat exchanger of the

present 1nvention;
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Fig. 7 1is a diagrammatic view illustrating another

aspect of the operation of the heat exchanger of the
present invention;

5 Figs. 8 and 9 are enlarged fragmentary perspective

views of a portion of the precooler-reheater core in the
heat exchanger of Fig. 2;

Fig. 10 1is a graph including temperature profiles
10 for the precooler-reheater core and the chiller core in
the heat exchanger of the present invention: and

Fig. 11 1s a side elevational view, partly

diagrammatic, of a heat exchanger according to another
15 embodiment of the present invention.

Detalled Description Of The Illustrated Embodiments

Fig. 1 shows a heat exchanger 10 according to the

20 present invention as it would appear in a refrigerated
alr dryer system for handling ambient air from either
interior or exterior locations. Heat exchanger 10
includes a precooler-reheater core 12 and a chiller core
14 each of which will be described in detail presently.

25 Warm moist air, for example from the discharge of an air
compressor aftercooler, enters core 12 of heat exchanger
10 through an inlet fitting 16 and a manifold 18.
Typically the input air is obtained from a compressor 20
connected to fitting 16 via a conduit designated 22.

30 Coolant or refrigerant from a source 24 is supplied to
chiller core 14 via an inlet fitting 26 and manifold 28.
Refrigerant is returned from core 14 via a manifold 30
and outlet fitting 32 to the source 24. The chilled air
exits the core 14 into a manifold 36 which is in

35 communication with a chilled air outlet 38. Outlet 38

is connected via a conduit 40 to a chilled air inlet 42
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and assocliated manifold 44 of the precooler reheater
core 1l2. Air leaves core 12 via a manifold 46 and an

outlet 48 which is connected via a conduit 50 to a point
of use of the processed air.

The path of air travelling through heat exchanger
10 1s 1ndicated by the arrows in Fig. 1. The portion 52
of the path 1s through a stacked arrangement of heat
transfer passages in core 12 in heat exchange
relationship with an alternating stack of heat transfer
passages through which the chilled air from core 14
passes in a manner which will be described presently.
The portion 54 of the path is through a stacked
arrangement of heat transfer passages in chiller core 14
which are in an alternating relationship with a series
Of stacked heat transfer passages which convey
refrigerant in the direction of arrows 56. Thus, the
flows of air and refrigerant in chiller core 14 are in a
cross flow, 1i.e. substantially perpendicular,

relationship. Chilled air leaving core 14 is conveyed

Lo core 12 and flows along path portion 60. The chilled
alr in path portion 60 flows along the stacked
arrangement of heat transfer passages in core 12 which
are in heat exchange relationship with the alternating
stacked arrangement of heat transfer passages through
which the warm, moist incoming air flows along path
portion 52. Thus, the flows of warm, incoming air and
chilled air in core 12 are in a cross flow, i.e.
substantially perpendicular, relationship. The chilled
alr in path portion 60 while in core 12 loses some heat
to the warm moist air entering heat exchanger 10. This
provides a precooling function to improve the overall
efficiency. This also simultaneously results in the air
being reheated for its ultimate use. 1In particular, the
air is reheated to a temperature which is less than that
Of the warm air in inlet 16, 18 by an amount determined



CA 02292396 1999-11-26

WO 98/54521 PCT/US98/11236

10

15

20

25

30

35

by the water vapor content and temperature of the air in
inlet 16, 18.

Fig. 2 shows the precooler-reheater core 12 and
chiller core 14 of heat exchanger 10 in greater detail.
The two cores are closed on the opposite sides by spaced
apart side walls or panels 70 and 72, and the separation
74 between panel sections 70a and 70b indicates the
junction between the two cores. A plurality of spaced-
apart heat transfer passages 78a-78e are included within
and extend through both cores 12 and 14 horizontally as
viewed in Fig. 2. Each passage, as will be described in
detaill presently, includes a heat transfer structure
including a plurality of fins located between a palr of
parting sheets (not shown in Fig. 2). The passages 78a-
78¢ are closed at the bottom of the structure shown in
Fig. 2 by corresponding bars 80a-80e, each of which
extends along the entire length of each of the core
Structures 12 and 14. Similarly, passages 78a-78e are
closed at the top of the structure shown in Fig. 2 by
corresponding bars 82a-82e, each of which likewise

extends along the entire length of each of the core

structures 12 and 14. The passages 78a-78e at the left-
hand ends as viewed in Fig. 2 are in fluid communication
with inlet manifold 18 and inlet fitting 16 (not shown
in Fig. 2). The passages 78a-78e extend along the
entire dimension of core 12 and along the entire
dimension of core 14, horizontally as viewed in Fig. 2,
whereupon the right-hand ends of passages 78a-78e are in
fluid communication with outlet manifold 36 and chilled
air outlet 38 (not shown in Fig. 2). The fins of the
heat transfer structure in each of the passages 78a-78e
are disposed substantially perpendicular to the
direction of flow of air indicated by the arrows in Fig.
2 designating the path portions 52 and 54. The fing are
1n a vertically staggered or offset arrangement as shown
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in Fig. 2 so that the flow of air along each of the
passages 7/8a-78e from left to right as viewed in Fig. 2
1s in an undulating or sinusoidal-like path as will be
shown and described in detail presently.

Chiller core 14 includes a plurality of spaced
apart heat transfer passages 86a-86d which extend
vertically as viewed in Fig. 2, which extend along only
the core 14, and are in an alternating or stacked
relationship with the passages 78a-78e as shown in Fig.
2. Each passage, as will be described in detail
presently, i1ncludes a heat transfer structure comprising
a plurality of fins located between a pair of parting
sheets which, in the core 14 of Fig. 2, are the parting
sheets of the adjacent passages 78a-78e. Thus, the
passages 86a-86d including the heat transfer structures
thereof are in heat exchange relationship with adjacent
passages 78a-78e and the heat transfer structures
thereof. The passages 86a-86d are closed at the right-
hand end of the structure as shown in Fig. 2 by
corresponding bars 88a-88d each of which extends along
the entire length of the right-hand side of core 14 as
shown in Fig. 2. Similarly, passages 86a-86d are closed
at the left hand end of core 14 as viewed in Fig. 2 by
corresponding bars 90a-90d, each of which likewise
extends along the entire length of the left-hand side of
core 1l4. The passages 86a-86d at the lower end as
viewed in Fig. 2 are in fluid communication with inlet
manifold 28 and refrigerant inlet 26 (not shown in Fig.
2). The passages 86a-86d extend along the entire
dimension of core 14 between bottom and top as viewed in
Fig. 2 and thus are perpendicular to or Cross-wise in
relation to passages 78a-78e. The passages 86a-86d at
the upper end as viewed in Fig. 2 are in fluid
communication with outlet manifold 30 and refrigerant
outlet 32 (not shown in Fig. 2). Also, like the heat
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transfer structures of passages 78a-78e, the fins of the
heat transfer structures in passages 86a-86d are
disposed substantially perpendicular to the direction of
flow of refrigerant which flow path is indicated by the
arrows 56 1in Fig. 2. The fins are in a horizontally
staggered or offset arrangement as viewed in Fig. 2 so
that the flow of refrigerant through each of the
passages 86a-86d from bottom to top as viewed in Fig. 2
is 1in an undulating or sinusoidal path as will be
described in further detail presently.

Precooler-reheater core 12 includes a plurality of
spaced-apart heat transfer passages 96a-96d which extend
along core 12 vertically as viewed in Fig. 2 and are in
an alternating or stacked relationship with passages
78a-78e as shown 1n Fig. 2. Each passage, as will be
described in detail presently, includes a heat transfer
structure including a plurality of fins located between
a palr of parting sheets which, in the core 12 of Fig.
2, are the parting sheets of the passages 78a-78e.
Thus, the passages 96a-96d including the heat transfer
Structures thereof are in heat exchange relationship
with adjacent ones of the passages 78a-78e and the heat
transfer structures thereof. The passages 96a-96d are
closed at the right hand end of the structure as viewed
in Fig. 2 by corresponding bars 98a-98d each of which
extends along the entire length of the right-hand side
of core 12. Furthermore, the bars 98a-98d of core 12
are 1n adjacent or contacting relation with the bars
90a-90d of core 14. Thus, two distinct flow regions,
for refrigerant in core 14 and cooled air in core 12,
are defined and isolated from each other in the
structure of Fig. 2. Similarly, passages 96a-96d are
closed at the left-hand end of core 12 as viewed in Fig.
2 by corresponding bars 100a-100d, each of which
likewise extends along the entire length of the left-
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hand side of core 12. The passages 96a-96d at the lower
end as viewed in Fig. 2 are in fluid communication with
inlet manifold 44 and chilled dry air inlet 42 (not
shown in Fig. 2). The passages 96a-96d extend along the
entire dimension of core 12 between bottom and top as
viewed in Fig. 2 and thus are perpendicular to or cross-
wise in relation to passages 78a-78e. The passages 96a-
96d at the upper end as viewed in Fig. 2 are in fluid
communication with outlet manifold 46 and reheater dry
air outlet 48 (not shown in Fig. 2). Unlike the
structures of passages 78a-78e and 86a-86d, the fins of
the heat transfer structures in each of the passages
d96a-96d are disposed substantially parallel to the
direction of flow of the chilled air indicated by the
path portion represented by arrow 60 in Fig. 2. The
flow of chilled air along core 12, from bottom to top as
viewed in Fig. 2, which takes the longest path of fluid

through the structure of Fig. 2, is in a relatively

straight path from one end of core 12 to the other along
path portion 60.

Fig. 3 shows in fragmentary perspective the heat
transfer structure generally designated 110 of passage
78a, the parting sheet 112 between passages 78a and 86a,
and the heat transfer structure generally designated 114
Of passage 86a. Thus, in the right-hand portion of Fig.
3, the structure 110 and parting sheet 112 have been
removed to show the structure 114. It is to be
understood that the heat transfer structure 110 is
ldentical to the heat transfer structure of each of the
passages 78b, 78c, 78d and 78e. Similarly, it is to be
understood that the heat transfer structure 114 is
ldentical to the heat transfer structure of each of the
passages 86b, 86c and 86d. In addition, the
relationship between heat transfer structures 110 and
114 and the parting sheet 112 is the same as the
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relationship between the heat transfer structures of

passages 78b, 78c, 78d, 78e and of passages 86b, 86c,
86d and the parting sheets therebetween.

5 Referring first to the heat transfer structure 110,
1t includes a series of fin structures arranged serially
in the direction of fluid flow, the flow direction being
horizontally as viewed in Figs. 2 and 3, three of which
fin structures are designated 118, 120 and 122 in Fig.

10 3. The fin structures 118,120 and 122, in turn, are
disposed vertically as viewed in Figs. 2 and 3. Each
fin structure, for example the one designated 120,
includes a thin, sheet-like, end body member 126 which
extends along the entire length between the top and

15 bottom of core 14 as viewed in Fig. 2. Member 126 is
disposed in a plane parallel to the direction of fluid
flow and 1s located at one end of the lateral dimension
of the passage 78a. An identical end body member (not
shown) 1s located at the opposite end of the lateral

20 dimension of passage 78a and offset slightly from member
126 1n the direction of fluid flow, i.e. horizontally as
viewed in Fig. 3. A first series of spaced-apart end
flanges extend 1n one direction from body member 126,
for example the flanges designated 130a, 130b, 130c,

25 130d, etc. extending in a right hand direction
horizontally as viewed in Fig. 3. The flanges 130 are
spaced vertically as viewed in Fig. 3. A second series
of spaced-apart end flanges extend in opposite
directions from body 126, for example flanges 132a,

30 132b, 132c, 132d, etc. extending in a left hand
direction horizontally as viewed in Fig. 3. The flanges
132 are spaced vertically as viewed in Fig. 3. The
flanges 130 of the first series are offset or staggered
1n relation to the flanges 132 of the second series.

35 The flanges 130 and 132 are thin, sheet-like, disposed
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in the same plane, and are formed integral with end body
membeyr 126.

The fin structure 120 further comprises a first
series 134 of spaced lateral flanges or fins which
extend laterally of passage 78a and at substantially
right angles to corresponding ones of the end flanges
130. Preferably each end flange and lateral flange
combination is integrally formed or bent from the thin
sheet metal of which the entire fin structure is formed.
Thus, as shown in Fig. 3, the lateral fins or flanges
134a, 134b, 134c, 1344 etc. are in spaced relation,
vertically as viewed in Figs. 2 and 3, in the passage
78a. Each lateral flange or fin 134 terminates at the
opposite end of the passage 78a where it joins the
Offset end body member mentioned above (not shown) at
the opposite end of the lateral dimension of passage
78a.

The fin structure 120 further comprises a second
series 136 of spaced lateral flanges or fins which
extend laterally of passage 78a at substantially right
angles to body member 126. Preferably each lateral
flange 136 of the second series is integrally formed or
bent from the thin sheet metal of which the entire heat
tLransfer structure is formed. Thus, as shown in Fig. 3
the lateral fins or flanges 136a, 136D, 136c, 136d, etc.
are 1n spaced relation, vertically as viewed in Figs. 2
and 3, in the passage 78a. Each lateral flange or fin
terminates at the opposite end of the passage 78a where
1t joins a corresponding end flange (not shown) which
extends from the previously mentioned offset end body
member (not shown) which end flange is similar to end
flange 132 extending from end body member 126.
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The fin structure 120 further comprises a third
series 138 of spaced lateral flanges or fins which
extend laterally of passage 78a at substantially right
angles to corresponding ones of the end flanges 132.
Preferably end flange and lateral flange combination is
integrally formed or bent from the thin sheet metal of
which the entire heat transfer structure is formed.
Thus, as shown in Fig. 3, the lateral fins or flanges
138a, 138b, 138c, 138d, etc. are in spaced relation,
vertically as viewed in Figs. 2 and 3, in the passage
78a. Each lateral flange or fin terminates at the
opposite end of the passage 78a where it joins another
end body member (not shown) offset from the previously
mentioned end body member in the direction of fluid flow

at the opposite end of the lateral dimension of passage
78a.

The fin structure 120 further comprises a fourth
series 140 of spaced lateral flanges or fins which
extend laterally of passage 78a at substantially right
angles to body member 126. Preferably each lateral
flange 140 of the fourth series is integrally bent or
formed from the thin sheet metal of which the entire
heat transfer structure is formed. Thus, the lateral
fins or flanges 140a, 140b, 140c, 140d, etc. are in
spaced relation, vertically as viewed in Figs. 2 and 3,
in the passage 78a. Each lateral fin or flange
terminates at the opposite end of the passage 78a where
1t joins an end flange (not shown) which extends from

the other end body member (not shown) previously
described.

The fins or lateral flanges 134 of the first series
are offset or staggered in relation to the fins or
tlanges 138 of the third series, and the fins or flanges

136 of the second series are offset or staggered in
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relation to the fins or flanges 140 of the fourth
series, the offset or staggered relation being in a
vertical direction as viewed in Figs. 2 and 3. The
first and fourth series 134 and 140, respectively, are
in vertical alignment as viewed in Figs. 2 and 3, and
the second and third series 136 and 138, respectively,
are 1n vertical alignment. Thus, fluid flowing through
the fin structure 120 in a direction generally
horizontally from left to right as viewed in Figs. 2 and
3 first encounters the fins or flanges 138 which cause
the fluid flow to be diverted slightly upwardly and
downwardly and around the flat fins 138, whereupon the
fluid flows further along in the open space or region
within the end flanges 132 and the corresponding end
flanges on the opposite lateral end of passage 78a,
whereupon the fluid flow encounters the fins or flanges
140 and 136 which cause the flow to be diverted slightly

upwardly and downwardly and around the flat fins 140 and
136, whereupon the fluid flows further along in the open
region or space within the end flanges 130 and the
corresponding end flanges on the opposite lateral end of
passage 78a, whereupon the fluid flow encounters the
fins or flanges 134 which cause the flow to be diverted
slightly upwardly and downwardly and around the flat
fins 134, and then the flow continues generally
horizontally from left to right as viewed in Figs. 2 and
3. As a result, the pattern or shape of the path of
fluid flow is undulating or generally sinusoidal
proceeding in a horizontal direction from left to right
as viewed 1in Figs. 2 and 3 and which will be described

in further detail presently.

The fin structure 118 is substantially identical to
that of structure 120 and includes an end body member
146, a series of end flanges 152 and 154 and a series of
lateral fins or flanges 156 and 158, 160 and 162.
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Structure 118 is located closely adjacent structure 120
in the direction of fluid flow along passage 78a. The
lateral fins or flanges 156 of structure 118 are offset
and staggered 1in a vertical direction relative to the
adjacent lateral fins or flanges 138 of structure 120 SO
as to contribute further to the undulating or sinusoidal
movement of fluid along the passage 78a. Similarly, the
fin structure 122 is substantially identical to
structure 120 including end body member 166, end flanges
170 and 172 and lateral fins or flanges 176, 178, 180
and 182. Structure 122 is located closely adjacent
structure 120 1n the direction of fluid flow along
passage 78a. The lateral fins or flanges 178 of
structure 122 are offset or staggered in a vertical
direction relative to the lateral fins or flanges 134 of
structure 120 so as to contribute further to the
undulating or sinusoidal movement of fluid along passage

78a.

Fig. 3 thus illustrates in detail three fin
structures 118, 120 and 122, it being understood that a
large number of such fin structures are included within
both cores 12 and 14 along the length of each passage
78a 1n a direction from left to right as viewed in Fig.
2. Such an arrangement is repeated in each of the other
passages 78b, 78c, 78d, and 78e. The fin structures
preferably are formed of thin sheet aluminum and are
brazed to the parting sheets as previously described.
In particular, the end body members and end flanges of
each of the fin structures are brazed to the adjacent

parting sheet.

The heat transfer structure 114 of passages 86a-86d
is identical to heat transfer structure 110, disposed in
coplanar relation with respect to structure 110 and
oriented at an angle of 90° with respect to structure
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110. Since the flow of fluid, i.e. refrigerant, through
passages 86a-86d 1s at right angles to the flow of fluid
through passages 78a-78e, heat transfer structure 114
also causes an undulating or generally sinusoidal fluid

flow pattern along passages 86a-86d as will be described
in detail presently.

Heat transfer structure 114 includes a series of
fin structures arranged serially in the direction of
fluid flow, i.e. vertically as viewed in Figs. 2 and 3,
three of which fin structures are designated 188,190 and
192 1in Fig. 3. The fin structures 188, 190 and 192 are
disposed horizontally as viewed in Figs. 2 and 3. Each
fin structure, for example the one designated 190,
includes a thin, sheet-like end body member 196 which
extends along the entire width of core 14 horizontally
from one side to the other. Member 196 is disposed in a
plane parallel to the direction of fluid flow and is
located at one end of the lateral dimension of the
passage 86a. An identical end body member (not shown)
is located at the opposite end of the lateral dimension
of passage 86a and offset slightly from member 196 in

the direction of fluid flow, i.e. vertically as viewed
in Fig. 3. A first series of spaced-apart end flanges
extends in one direction from body member 196, for
example the flanges designated 200a, 200D, 200c, 2004,
etc. extending upwardly vertically as viewed in Fig. 3.
The flanges are spaced horizontally as viewed in Fig. 3.
A second series of spaced-apart end flanges extend in
opposite directions from body 196, for example flanges
202a, 202b, 202c, etc. extending downwardly vertically
as viewed in Fig. 3. The flanges 202 are spaced
horizontally as viewed in Fig. 3. The flanges 200 of
the first series are offset or staggered in relation to
the flanges 202 of the second series. The flanges 200
and 202 are thin, sheet-like, disposed in the same
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plane, and are formed integral with each body member
196.

The fin structure 190 further comprises a first
series 204 of spaced lateral flanges or fins which
extend laterally of passage 86a and at substantially
right angles to corresponding ones of the end flanges
200. Preferably, each end flange and lateral flange
combination is integrally formed or bent from the thin
sheet metal of which the entire fin structure is formed.
Thus, as shown in Fig. 3, the lateral fins or flanges
204a, 204b, 204c, 204d, etc. are in spaced relation,

‘horizontally as viewed in Figs. 2 and 3, in the passage

86a. Each lateral flange or fin terminates at the
opposite end of the passage 86a where it joins the
offset end body member mentioned above (not shown) at

the opposite end of the lateral dimension of the passage
86a.

The fin structure 190 further comprises a second
series 206 of spaced lateral flanges or fins which
extend laterally of passage 86a at substantially right
angles to body member 196. Preferably each lateral
flange 206 of the second series is integrally formed or
bent from the thin sheet metal of which the entire heat
transfer structure is formed. Thus, as shown in Fig. 3
the lateral fins or flanges 206a, 206b, 206c, etc. are
1n spaced relation, horizontally as viewed in Figs. 2
and 3, 1n the passage 86a. Each lateral flange or fin
terminates at the opposite end of the passage 86a where
1t joins an end flange (not shown) which extends from
the previously mentioned offset end body member (not

shown) which end flange is similar to end flange 202
extending from end body member 196.
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The fin structure 190 further comprises a third
series 208 of spaced lateral flanges or fins which
extend laterally of passage 86a at substantially right
angles to corresponding ones of the end flanges 202.
Preferably each end flange and lateral flange
combination is integrally formed or bent from the thin

1s formed. Thus, as shown in Fig. 3, the lateral fins
or flanges 208a, 208b, 208c, etc. are in spaced
relation, horizontally as viewed in Figs. 2 and 3, in
the passage 86a. Each lateral flange or fin terminates
at the opposite end of the passage 86a where it joins
another end body member (not shown) offset from the
previously mentioned end body member in the direction of

fluid flow at the opposite end of the lateral dimension
of passage 86a.

The fin structure 190 further comprises a fourth
series 210 of spaced lateral fins or flanges which
extend laterally of passage 86a at substantially right
angles to body member 196. Preferably each lateral
flange 210 of the fourth series is integrally formed or
bent from the thin sheet metal of which the entire heat
transfer structure is formed. Thus, the lateral fins or
flanges 210a, 210b, 210c, 210d, etc. are in spaced
relation, i.e. horizontally as viewed in Figs. 2 and 3,
in the passage 86a. Each lateral fin or flange
terminates at the opposite end of the passage 86a where
1t joins an end flange (not shown) which extends from

the other end body member (not shown) previously
described.

The fins or lateral flanges 204 of the first series
are offset or staggered in relation to the fins or
flanges 208 of the third series, and the fins or flanges
206 of the second series are offset or staggered in
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relation to the fins or flanges 210 of the fourth
series, the offset or staggered relation being in a
horizontal direction as viewed in Figs. 2 and 3. The
first and fourth series 204 and 210, respectively, are
in horizontal alignment as viewed in Figs. 2 and 3, and
the second and third series 206 and 208, respectively,
are 1n vertical alignment. Thus, fluid, i.e.
refrigerant, flowing through the fin structure 190 in a
direction generally vertically from bottom to top as
viewed in Figs. 2 and 3 first encounters the fins or
flanges 208 which cause the fluid flow to be diverted
slightly to the left and right and then around the flat
fins 208, whereupon the fluid flows further along in the
open space or region within the end flanges 202 and the
corresponding end flanges on the opposite lateral end of
passage 86a, whereupon the fluid flow encounters the
fins 210 and 206 which cause the flow to be diverted
slightly to the left and right and around the flat fins
210 and 206, whereupon the fluid flows along in the open
region or space within the end flanges 200 and the
corresponding end flanges on the opposite lateral end of
passage 86a, whereupon the fluid encounters the fins or
flanges 204 which cause the flow to be diverted slightly
to the left and right and around the flat fins 204, and
then the flow continues generally upwardly vertically as
viewed in a vertical direction from bottom to top as
viewed in Figs. 2 and 3. As a result, the pattern or
shape of the path of fluid flow is undulating or
generally sinusoidal proceeding in a vertical direction
Irom bottom to top as viewed in Figs. 2 and 3 and which
will be described in further detail presently.

The fin structure 188 is substantially identical to
that of structure 190 and includes an end body member
216, a series of end flanges 222 and 224 and a series of
lateral fins or flanges 226, 228, 230 and 232.
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Structure 188 is located closely adjacent structure 120
in the direction of fluid flow along passage 86a. The
lateral fins or flanges 226 of structure 188 are offset
and staggered in a horizontal direction relative to the
adjacent lateral fins or flanges 208 of structure 190 so
as to contribute further to the undulating or sinusoidal
movement of fluid along passage 86a. Similarly, the fin
structure 192 1s substantially identical to structure
190 1ncluding end body member 236, end flanges 240 and
242 and lateral fins or flanges 246, 248, 250 and 252.
Structure 192 1is located closely adjacent structure 190
in the direction of fluid flow along prassage 86a. The
lateral fins or flanges 248 of structure 192 are offset
Or staggered 1n a horizontal direction relative to the
lateral fins or flanges 204 of structure 190 so as to
contribute further to the undulating or sinusoidal

movement of fluid along passage 86a.

Fig. 3 thus illustrates in detail three fin
Structures 188, 190 and 192, it being understood that a
large number of such fin structures are included within
core 14 along the length of passage 86a in a vertical
direction as viewed in Fig. 2. Such an arrangement is
repeated in each of the other passages 86b, 86c and 86d.
The fin structures preferably are formed of thin sheet
aluminum and are brazed to the parting sheets as
previously described. In particular, the end body
members and end flanges of each of the fin structures

are brazed to the adjacent parting sheet.

The heat transfer structures in passages 78a-78e
and 1n passages 86a-86d, illustrated in Fig. 3, all
Characterized by fins or flanges disposed in the
passages substantially perpendicular to the direction of
flow, are designated rotated lanced fin structures.
These heat transfer structures are a modification of the
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conventional offset square fin structures where the fins
are disposed parallel to the fluid flow in the passage
containing the structures. The rotated lanced fin
structures in the heat exchanger of the present
invention are offset square fin structures wherein the

fins are angled or rotated 90 degrees relative to the
fluid flow.

For purposes of further illustration heat transfer
structures 1n passages 78a-78e and in passages 86a-86d
of chiller core 14 also are shown in Figs 4 and 5. 1In
particular, the heat transfer structure generally
designated 256 and 258 in Fig. 4 illustrate the rotated
lanced fin structures included in the passages 78a-78e
and 86a-86d of chiller core 14. Fig. 5 is a mirror

image of Fig. 4 to show the fins which are hidden from
view 1n Fig. 4.

Thus, passages 78a-78e which extend through
precooler/reheater core 12 and through chiller core 14,
as well as passages 86a-86d which extend through chiller
core 14 1in cross-flow relation to passages 78a-78e, all
include heat transfer structures characterized by fins
or flanges disposed in the passages substantially
perpendicular to the direction of fluid flow through the
passages. The fins or flanges are spaced in a first
direction along the passages in the direction of fluid
flow, and they also are spaced in a second direction
substantially normal or perpendicular to the direction
of fluid flow. Such spacings allow fluid to flow along
through the passages. In addition, adjacent sets of
fins or flanges are staggered or offset along the second
direction. As a result, fluid flowing along each
passage encounters the flanges or fins and flows against

and around them so as to result in an undulating or
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generally sinusoidal flow pattern in the direction of
fluid flow along each passage.

The foregoing is illustrated diagrammatically in
Fig. 6 wherein the fins or flanges 260 represent the
flanges 134, 136, 138, 140, 156, 158, 160, 162, 176,
178, 180 and 182 in passages 78a-78e or the flanges 204,
206, 208, 210, 226, 228, 230, 232, 246, 248, 250 and 252
ln passages 86a-86d. The direction of fluid flow
through the particular passage is represented by arrow
262. The flow paths around the fins or flanges 260 are
indicated by arrows 264. Thus proceeding from left to
right as viewed in Fig. 6, which is the direction of
fluid flow through the passage, the undulating or
generally sinusoidal pattern of fluid flow around the
fins or flanges 260 can be seen.

The foregoing arrangement of the fins or flanges
together with the low temperature in core 14 causes the
warm, moist air flowing along passages 78a-78e in core
14 CO release or condense the water vapor in the air.
In particular, as the warm, moist air flows along
passages 78a-78e through chiller core 14, the water
vapor 1in the chilled compressed air condenses out to
water droplets entrained in the flow of air. The flow
ilmpinging on the fins or flanges together with the
change 1n direction of the flow around the fins or
flanges as previously described causes the water
droplets to separate out from the flow of air. This is
1llustrated in Fig. 7 which shows fins or flanges 260"’
ldentical to those designated 260 in Fig. 5 and located
in the portions of passages 78a-78e within chiller core
14. The flow paths of air and entrained water droplets
around fins or flanges 260’ are designated 264’ in Fig.
7. Some water collects in the form of droplets 265 on
the upstream surface of the fins or flanges 260’ and the
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remainder o0f the water is released from the air flow in
the form of free droplets 266. Both forms of droplets
265 and 266 separated from the air flow fall by gravity
to the bottom of core 14 where collected water is
removed via a drain connection 268 shown in Fig. 1.

Thus another advantage of the heat transfer
structure according to the present invention,
characterized by fins or flanges disposed substantially
perpendicular to the direction of fluid flow through the
passages, 1s that moisture separation can be
accomplished within the precooler core 12 and within the
chiller core 14. This, in turn, avoids the need to
provide a separate, external moisture separator. On the
other hand, 1in some situations for example due to
certain operational requirements, or due to the need to
shorten the length of header 36 in the flow direction,
Or due to certaln code requirements, a separate external
moisture separator may be provided. In that case it is
located at an appropriate point along conduit 40, for
example as desilgnated 280 in Fig. 1. Moisture separator
280 can be any one of various commercially available

moisture separators well-known to those skilled in the
artc.

As previously described, unlike the heat transfer
Sstructures of passages 78a-78e and 86a-86d, the heat
transfer structures in each of the passages 96a-96d
include fins disposed sub<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>