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1
HEAT EXCHANGER SYSTEMS

The present application is related to and claims priority
from prior provisional application Ser. No. 60/443,212 filed
Jan. 27, 2003, entitled “HEAT EXCHANGE SYSTEM”, the
contents of which are incorporated herein by this reference
and are not admitted to be prior art with respect to the
present invention by the mention in this cross-reference
section. The present application is also related to applicant’s
U.S. Pat. No. 4,676,007 issued Jun. 30, 1987, entitled
“HEAT EXCHANGER FOR GRAIN ELEVATORS OR
BINS” and applicant’s U.S. Pat. No. 4,821,428 issued Apr.
18, 1989, entitled “HEAT EXCHANGER FOR GRAIN
ELEVATORS OR BINS”, the contents of which are herein
incorporated by reference as supporting background and are
not admitted to be prior art with respect to the present
invention by their mention in this section.

BACKGROUND

This invention relates to heat exchanger systems. More
particularly, this invention relates to providing heat
exchanger systems for improved drying of agricultural prod-
ucts, for example, prunes, and fabrics, for example laundry,
using a system of heat recovery.

Typically, tremendous amounts of heat energy are wasted
in conventional crop drying techniques. Conventional dry-
ing processes use large quantities of energy to heat cold
ambient air to the temperature required to dry the crop.
Much of this heat/energy is wasted by the direct discharge
of the hot exhaust air exiting the dryer. FIG. 1 is a diagram-
matic sectional view of a conventional crop dryer 104.
Typically, crop dryer 104 comprises an enclosed tunnel 101
through which heated air 103 passes to dry crop 110, as
shown for, typically, the drying of prunes. In existing
systems, energy is wasted by directly discharging moist,
heated moist, heated exhaust air 105 from enclosed tunnel
101, as shown. Users of commercial and household laundry
dryers suffer from the same waste heat losses. A need exists
for a system that utilizes the large amount of thermal energy
typically discarded with the exhaust air as waste.

OBJECTS OF THE INVENTION

Aprimary object and feature of the present invention is to
provide heat exchanger systems to address the above-men-
tioned problems and to meet the above-mentioned needs.

A further primary object and feature of the present inven-
tion is to provide heat exchanger systems adaptable to a
variety of crop dryers, laundry dryers, and other devices
producing dryer exhaust containing waste heat.

A further primary object and feature of the present inven-
tion is to provide heat exchanger systems having heat-
transfer conduits having large heat-transfer surface areas

A further primary object and feature of the present inven-
tion is to provide heat exchanger systems having and
arrangement of square heat-transfer conduits having effec-
tive flow characteristics for drying applications.

A further primary object and feature of the present inven-
tion is to provide such a system that is efficient, inexpensive,
and handy. Other objects and features of this invention will
become apparent with reference to the following descrip-
tions.
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2
SUMMARY OF THE INVENTION

In accordance with a preferred embodiment hereof, this
invention provides a heat exchanger system, relating to
transferring waste heat from a stream of exhaust air pro-
duced in a dryer to a stream of fresh air directed to flow into
the dryer, comprising: heat transfer means for substantially
convectively transferring the waste heat to the stream of
fresh air, comprising array means for arraying substantially
vertical, substantially parallel heat-transfer conduit means
for internally conducting segregated portions of the stream
of exhaust air, wherein such heat-transfer conduit means
comprise thermally-conductive conduit wall means for con-
ducting heat from the segregated portions of the stream of
exhaust air to the stream of fresh air, wherein such heat-
transfer conduit means comprise fluid-dynamic means for
influencing dynamics of the fresh air, further wherein such
fluid-dynamic means comprises heat-transfer conduit means
having substantially square cross-sections; and structure
means for structuring a relationship between such heat
transfer means and the dryer.

Moreover, it provides such a heat exchanger system,
wherein such structural means comprises: base support plate
means for supporting such heat transfer means; top support
plate means for supporting such heat transfer means; and
interconnection means for interconnecting at least two of
such heat transfer means, such base support plate means,
such top support plate means, and the dryer. Additionally, it
provides such a heat exchanger system, wherein such fluid-
dynamic means further comprises heat-transfer conduit
means oriented to have one corner of such square cross-
section facing the general direction of flow of the stream of
fresh air through such heat transfer means. Also, it provides
such a heat exchanger system, wherein such array means
comprises staggered alternating rows.

In addition, it provides such a heat exchanger system,
wherein such array means has dimensional relationship
means comprising: external side width of such square cross
section of such heat-transfer conduit means; and uniform
side-to-side spacing apart of about one-half of such external
side width. And, it provides such a heat exchanger system,
wherein such thermally-conductive conduit wall means
comprise conduit walls about 0.018" thick. Further, it pro-
vides such a heat exchanger system, wherein such ther-
mally-conductive conduit wall means comprise aluminum.
Even further, it provides such a heat exchanger system,
wherein such heat-transfer means further comprises side
constraining means for constraining the flow of the fresh air
over such heat-transfer conduit means to move between first
and second opposing sides of such heat-transfer means.

In accordance with another preferred embodiment hereof,
this invention provides a heat exchanger system, related to
transferring waste heat from a stream of exhaust air pro-
duced in a dryer to a stream of fresh air directed to flow into
the dryer, comprising: at least one heat transferor structured
and arranged to substantially convectively transfer the waste
heat to the stream of fresh air, comprising at least one array
structured and arranged to array substantially vertical, sub-
stantially mutually parallel plurality of heat-transfer con-
duits adapted to internally conduct segregated portions of
the stream of exhaust air, wherein at least one heat-transfer
conduit of such plurality of heat-transfer conduits comprises
at least one thermally-conductive conduit wall structured
and arranged to conduct heat from the segregated portions of
the stream of exhaust air to the stream of fresh air, wherein
such at least one heat-transfer conduit comprises at least one
fluid-dynamic shape for influencing dynamics of the fresh
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air, further wherein such fluid-dynamic shape comprises at
least one substantially square cross-section; and at least one
structure configured to maintain at least one structural
relationship between such heat transferor and the dryer.

Moreover, it provides such a heat exchanger system,
wherein such structure comprises: at least one base support
plate structured and arranged to support lower ends of such
heat transferor; at least one top support plate structured and
arranged to support upper ends of such heat transferor; and
at least one interconnector structured and arranged to inter-
connect at least two of such heat transferor, such at least one
base support plate, such at least one top support plate, and
the dryer. Additionally, it provides such a heat exchanger
system, wherein such at least one fluid-dynamic shape
further comprises at least one heat-transfer conduit oriented
to have one corner of such square cross-section facing the
general direction of flow of the stream of fresh air through
such heat transferor. Also, it provides such a heat exchanger
system, wherein such at least one array comprises staggered
alternating rows.

In addition, it provides such a heat exchanger system,
wherein such at least one array has at least one dimensional
relationship comprising: external side width of such at least
one square cross section of such at least one heat-transfer
conduit; and uniform side-to-side spacing apart of such
plurality of such heat-transfer conduits of about one-half of
such external side width of such at least one square cross
section of such at least one heat-transfer conduit. And, it
provides such a heat exchanger system, wherein such exter-
nal side width is one-and one-half inches. Further, it pro-
vides such a heat exchanger system, wherein such at least
one thermally-conductive conduit wall comprises at least
one conduit wall about 0.018" thick. Even further, it pro-
vides such a heat exchanger system, wherein such at least
one thermally-conductive conduit wall comprises alumi-
num. Moreover, it provides such a heat exchanger system,
wherein such heat-transferor further comprises at least one
side constraint structured and arranged to constrain the flow
of the fresh air over such heat-transfer conduits to move
between first and second opposing sides of such heat-
transferor.

In accordance with another preferred embodiment hereof,
this invention provides a heat exchanger system, relating to
transferring waste heat from a stream of exhaust air pro-
duced in a dryer to a stream of fresh air directed to flow into
the dryer, comprising: a retriever comprising at least one
array of at least one plurality of substantially mutually
parallel, substantially vertical heat-transfer conduits having
square cross-sections arrayed in alternating staggered rows
relative to a perpendicular to the general direction of the
flow of the stream of fresh air into the dryer, wherein each
heat-transfer conduit is oriented to have one corner facing in
the general direction of the flow of the stream of fresh air
into the dryer; and at least one structure adapted to support
such at least one array of such at least one plurality of
heat-transfer conduits transverse to the flow of the stream of
fresh air into the dryer.

Additionally, it provides such a heat exchanger system,
further comprising at least one structure for assisting receiv-
ing the stream of exhaust air internal to such at least one
heat-transfer conduit of such retriever. Also, it provides such
a heat exchanger system, further comprising at least one
retriever adapted to be integrated with at least one pre-
existing particular dryer, wherein such at least one retriever
further comprises such at least one structure integrated with
such at least one array of heat-transfer conduits. In addition,
it provides such a heat exchanger system, comprising such
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4

at least one retriever integrated with such at least one
particular pre-existing dryer. And, it provides such a heat
exchanger system, further comprising such at least one
retriever integrated with at least one particular dryer.

In accordance with another preferred embodiment hereof,
this invention provides a heat exchanger. system, relating to
transferring waste heat from a stream of exhaust air pro-
duced in a dryer to a stream of fresh air directed to flow into
the dryer, comprising the steps of: pre-configuring, respon-
sive to customer requirements, at least one retriever com-
prising at least one array of at least one plurality of sub-
stantially mutually parallel, substantially vertical heat-
transfer conduits having square cross-sections arrayed in
alternating staggered rows relative to a perpendicular to the
general direction of the flow of the stream of fresh air into
the dryer, wherein each heat-transfer conduit is oriented to
have one corner facing in the general direction of the flow
of the stream of fresh air through such retriever.

Further, it provides such a heat exchanger system,
wherein the step of pre-configuring comprises the step of
determining at least one size requirement for such at least
one array. Even further, it provides such a heat exchanger
system, wherein the step of pre-configuring comprises the
step of perforating at least one plate with at least one pattern
of a plurality of square perforations in staggered rows, each
square perforation oriented cornerwise to the general direc-
tion of flow of the fresh air over the plate, responsive to such
at least one size requirement. Even further, it provides such
a heat exchanger system, further comprising the step of
attaching such plurality of heat transfer conduits to such at
least one plate, wherein each such heat transfer conduit of
such plurality of heat transfer conduits is aligned and
oriented to one perforation of such plurality of perforations.

Even further, it provides such a heat exchanger system,
further comprising the step of attaching structural elements
to at least such at least one plate, wherein such structural
elements are structured and arranged to at least maintain
structural integrity of such retriever. Even further, it provides
such a heat exchanger system, further comprising the step of
installing such retriever in at least one dryer.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic sectional view of a conventional
crop dryer.

FIG. 2 is a diagrammatic sectional view of a crop dryer
utilizing a heat exchanger system according to a preferred
embodiment of the present invention.

FIG. 3 is a perspective view in partial section illustrating
a crop dryer utilizing the heat exchanger system according
to a preferred embodiment of the present invention.

FIG. 4 is a perspective view of the heat exchanger system
according to the embodiment of FIG. 3.

FIG. 5A is a top view of the base plate of the heat-
exchanging retriever illustrating a typical layout of holes for
receiving heat-exchanging conduits according to the
embodiment of FIG. 3.

FIG. 5B is a side view of a portion of the base plate of
FIG. 5A, a portion of a top plate, and a heat-transfer conduit
connected there between by end-flaring according to a
preferred embodiment of the present invention.

FIG. 6 is a side elevation diagrammatic view of a heat-
exchanging retriever adapted for use with a laundry dryer
according to a preferred embodiment of the present inven-
tion.


















