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DIRECT EXCHANGE HEATING/COOLING SYSTEM

CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims the benefit of U.S. Provisional Application No.
60/949,910 filed on July 16, 2007.

FIELD OF THE DISCLOSURE

[0002] The present disclosure relates to a geothermal “direct exchange” (“DX”)

heating/cooling system, comprising various design improvements.

BACKGROUND OF THE DISCLOSURE

[0003] Geothermal ground source/water source heat exchange systems typically use fluid-
filled closed loops of tubing buried in the ground, or submerged in a body of water, so as to
either absorb heat from, or to reject heat into, the naturally occurring geothermal mass and/or
water surrounding the buried or submerged fluid transport tubing. The tubing loop is
extended to the surface and is then used to circulate the naturally warmed or cooled fluid to

an interior air heat exchange means.

[0004] Common and older design geothermal water-source heating/cooling systems
typically circulate, via a water pump, a fluid comprised of water (or water with anti-freeze)
in plastic (typically polyethylene) underground geothermal tubing so as to transfer
geothermal heat to or from the ground in a first heat exchange step. Via a second heat
exchange step, a refrigerant heat pump system is used to transfer heat to or from the water.
Finally, via a third heat exchange step, an interior air handler (typically comprised of finned
tubing and a fan, as is well understood by those skilled in the art) is used to transfer heat to

or from the refrigerant to heat or cool interior air space.

[0005] Newer design geothermal DX heat exchange systems, where the refrigerant fluid
transport lines are placed directly in the sub-surface ground and/or water, typically circulate

a refrigerant fluid, such as R-22 or the like, in sub-surface refrigerant lines, typically
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comprised of copper tubing, to transfer geothermal heat to or from the sub-surface elements
via a first heat exchange step. DX systems only require a second heat exchange step to
transfer heat to or from the interior air space, typically also by means of an interior air
handler. Consequently, DX systems are generally more efficient than water-source systems
due to fewer heat exchange steps and because no water pump energy expenditure is
necessary. Further, since copper is a better heat conductor than most plastics, and since the
refrigerant fluid circulating within the copper tubing of a DX system generally has a greater
temperature differential with the surrounding ground than the water circulating within the
plastic tubing of a water-source system, generally, a DX system requires less excavation and

drilling and therefore has lower installation costs than a water-source system.

[0006] While most in-ground/in-water DX heat exchange designs are feasible, various
improvements have been developed to enhance overall system operational efficiencies.
Several such design improvements, particularly in direct expansion/direct exchange
geothermal heat pump systems, are taught in U.S. Patent No. 5,623,986 to Wiggs; in U.S.
Patent No. 5,816,314 to Wiggs, et al.; in U.S. Patent No. 5,946,928 to Wiggs; and in U.S.
Patent No. 6,615,601 B1 to Wiggs, the disclosures of which are incorporated herein by
reference. Such disclosures encompass both horizontal and vertical oriented, sub-surface,
geothermal, heat exchange means using conventional refrigerants, such as R-22. The use of
a refrigerant operating at higher pressures than R-22, such as R-410A, has been found to be
advantageous for use in a DX system incorporating at least one of the disclosures as taught

herein. R-410A is an HFC azeotropic mixture of HFC-32 and HFC-125.

[0007] DX heating/cooling systems have multiple primary objectives. The first is to
provide the greatest possible operational efficiencies. This directly translates into providing
the lowest possible heating/cooling operational costs, as well as other advantages, such as,
for example, materially assisting in reducing peaking concerns for utility companies. A
second is to operate in an environmentally safe manner via the use of environmentally safe
components and fluids. A third is to provide an economically feasible installation means at
the lowest possible initial cost. A fourth is to provide sub-surface installation means within
the smallest surface area possible. A fifth is to increase interior comfort levels. A sixth is to
increase long-term system durability, and a seventh is to facilitate ease of service and

maintenance.
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[0008] While typically more efficient that conventional heating/cooling systems, DX
systems have experienced practical limitations associated with the relatively large surface
land areas needed to accommodate the sub-surface heat exchange tubing. First generation
systems using R-22 refrigerant, for example, typically require 500 square feet of land arca
per ton of system design capacity to accommodate a shallow (within 10 feet of the surface)
matrix of multiple, distributed, copper heat exchange tubes. Early generation borehole
designs still required about one 50-100 foot (maximum) depth well/borehole per ton of
system design capacity, preferably spaced at least about 20 feet apart. Such requisite surface
arcas effectively precluded system applications in many commercial and/or high density

residential applications.

[0009] While previously implemented DX systems generally achieve their primary
function of heating and cooling interior space, they have exhibited some problems during the
cooling mode of operation, which primarily result from an overheating of the ground
surrounding the sub-surface geothermal heat exchange tubing, causing excessively high
compressor head and suction pressures. Excessively high head/suction pressures result in
operational efficiency losses, higher operational power draws, premature damage to system
components, and correspondingly higher operating costs. Such problems are typically
caused by DX systems operating in poorly conductive soils, by over-design load outdoor
temperatures, by improper refrigerant charging, and/or by undersigned (“short-looped”) sub-
surface heat exchange tubing. Some of the above problems, such as over-design load
temperatures caused by climatic warming or the like or poorly conductive soils caused by an
unforeseen drop in ground water levels, are natural and therefore unavoidable. However,
many of the problems are caused by original system design error, which is primarily
observed in the cooling mode of operation. When the heating and cooling loads are equal,
about 30% less exposed geothermal heat transfer tubing surface area may be required in the

heating mode of operation than in the cooling mode of operation.

[0010] Accordingly, it is desirable to improve upon earlier and former DX system
technologies, so as to provide a means to enhance system operational efficiencies, reduce
installation costs, and/or eliminate common problems encountered in the cooling mode of

operation with DX system designs.
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SUMMARY OF THE DISCLOSURE

[0011] The DX systems disclosed herein eliminate the excessively high head/suction pressures
encountered by conventional DX systems when operating in the cooling mode, when such
excessively high pressures are caused by excessively high sub-surface ground temperatures.
Excessively high sub-surface ground temperatures in the immediate vicinity of the sub-surface
geothermal heat exchange tubing are typically caused by soils/ground with poor heat
conductivity, by over-design climatic temperatures, or by system sizing/design error (system
under-sizing). Thus, it is an object of the present disclosure to further enhance and improve the
efficiency and practical applicability of predecessor direct expansion/direct exchange (“DX”)
geothermal heating/cooling systems that periodically and commonly encounter the problem of
excessively high system operational pressures when operating in the cooling mode, all at a

minimal cost/expense. This is accomplished by means of providing the following:

[0012] A specially designed supplemental air-source heat exchanger (also referred to herein as
a High Level Heat Dissipater (“HLHD”’) because relatively high temperature level hot gas/heat
exiting the system’s compressor is more easily dissipated into hot summer air via convective heat
transfer than via only warm temperatures closer to the ambient air temperature) coupled to the
primary vapor/hot gas line exiting the system’s compressor, positioned between the compressor
unit and the sub-surface geothermal heat exchange tubing, which supplemental air-source heat
exchanger (or HLHD) is operable only in the cooling mode of system operation. The HLHD
heat exchange tubing is sheltered from rain/moisture so as to prevent premature refrigerant
condensation (before the refrigerant enters the ground), and has supply and discharge refrigerant
transport tubing with relatively equally sized interior diameters, designed solely for mostly vapor
(as opposed to liquid) refrigerant transport. The HLHD incorporates at least two check valves,
or the like, so as to force hot compressor discharge gas through the HLHD unit in the cooling
mode, and so as to prohibit the flow of geothermally warmed refrigerant gas through the HLHD

in the heating mode.

[0013] The supplemental air-source heat exchanger (HLHD) is preferably comprised solely of
at least one of finned heat exchange tubing (typically 12 to 14 fins per inch of length) and a plate

heat exchanger, or the like, without a fan, which fan would solely be for optional use under
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extreme conditions. The HLHD is preferably sheltered from rain and preferably has entering and

exiting refrigerant vapor transport lines that are equally sized.

[0014] Since one of the primary objectives of a DX system is to operate at a maximum
efficiency level, and since the use of an optional fan necessitates an additional power draw, the
use of a fan should preferably be entirely avoided, unless the power is supplied by a renewable
energy source. While common finned tubing is described herein, any form of heat transfer
tubing may be used, such as ridged tubing, plate heat exchangers, or the like. Tubing with an
expanded surface area is preferable because it reduces the amount of tubing required for
adequate heat transfer into the air. However, if plate heat exchangers are used, it is important
that at least one good filter be placed in the refrigerant flow path to the plate heat exchanger, as

only a tiny amount of debris can block adequate refrigerant flow through a plate heat exchanger.

[0015] A first check valve (or a suitable alternative, such as a solenoid valve) may be installed
within a portion of the primary vapor/hot gas refrigerant transport line that normally by-passes
the new supplemental air-source heat exchanger, so that the refrigerant flow is forced through the
supplemental air-source heat exchanger in the cooling mode but can travel directly though the
primary vapor transport line in the heating mode without traveling through the supplemental air-
source heat exchanger at all. Otherwise, valuable geothermal heat temperature gain in the winter

could be lost into the exterior air.

[0016] A second check valve (or suitable alternative) may be positioned in a second vapor
refrigerant transport line exiting the air-source heat exchanger in the heating mode, thereby to
prevent refrigerant flow through the air-source heat exchanger in the heating mode of operation
and to permit geothermally warmed refrigerant to flow directly to the system’s accumulator and
compressor via the primary vapor/hot gas refrigerant transport line in the heating mode. As
would be understood by those skilled in the art, the first check valve would be opened in the
heating mode of operation, and the second check valve would be closed (the opposite of the

positions in the cooling mode of operation).

[0017] The second vapor refrigerant transport line exiting the supplemental air-source heat
exchanger should preferably be of the same size as the vapor refrigerant transport line entering
the supplemental air-source heat exchanger. This is different from conventional air handler

designs, where the exiting refrigerant transport line in the cooling mode is typically comprised of
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a smaller interior diameter liquid refrigerant transport line than that of the entering refrigerant
transport line, so as to accommodate the mostly fully condensed refrigerant. In a preferable
supplemental air handler design for use in conjunction with a DX system, testing has shown it is
preferable for the supplemental air source heat exchanger disclosed herein not to fully condense
the hot refrigerant vapor in the cooling mode, with or without a fan. Instead, complete
condensing of the refrigerant preferably occurs beneath the earth’s surface. If any significant
condensing occurs within the supplemental air handler, the operational pressures within the
geothermal heat exchange loop become too low and too much refrigerant is required for efficient

system operation.

[0018] Further, if the size of the vapor refrigerant transport tubing at the supplemental air
handler exit point is not the same size as the vapor refrigerant transport tubing at the
supplemental air handler entry point, the operational head pressure of the system will be raised

too high in the cooling mode, resulting in operational efficiency loss.

[0019] The vapor refrigerant transport tubing within the supplemental air handler is preferably
comprised of at least one segment of finned tubing, and is preferably additionally distributed, via
a first distributor, into multiple smaller interior diameter segments of finned tubing so as to
increase air surface exposure area. In such a distributed array of tubing, the refrigerant should
preferably next flow through a second distributor so as to exit the supplemental air handler
within the same total interior area size tubing as that of the interior area size of the primary

refrigerant vapor transport line entering the supplemental air handler.

[0020] A fan to blow exterior air over the tubing within the supplemental air handler, whether
such tubing is comprised of one or multiple distributed finned refrigerant transport tube(s), or the
like, may be used only when necessary (and preferably never) to help mitigate extreme over-
design cooling load conditions. The fan may be powered by means of an electric supply source
(such as a traditional electric supply source or a renewable energy supply source, such as solar or
the like) connected to the fan’s power cord. The fan should preferably operate on no more than
0.325 watts of power, plus or minus 5%, per one (1) linear foot of finned tubing (3/8 inch O.D.
refrigerant grade tubing with 12 to 14 fins per linear inch) within the supplemental air handler
(excluding the un-finned sideways “U” bends). For example, if there is 300 feet of finned tuning

within the supplemental air handler, the fan should operate on no more than 97.5 watts of power,



WO 2009/012323 PCT/US2008/070207

plus or minus 5%, so as to maintain the preferred 90 to 110 degree F temperature range of the

refrigerant fluid exiting the supplemental air handler.

[0021] The power provided to the fan is preferably provided by a renewable energy source
(such as solar or the like) or a recoverable energy source (such as a waste heat source or a
mechanical energy waste source). The fan power further preferably provides an airflow through
the supplemental air handler of 0.8333 CFM (cubic feet per minute), plus or minus 5%, per one

foot linear segment of finned tubing.

[0022] The supplemental air handler preferably has 0.0096 linear feet, plus or minus 5%, of
3/8 inch O.D. refrigerant grade finned (12 to 14 fins per linear inch) tubing per BTU of system
cooling load design capacity when conventional 3/8 inch O.D. finned refrigerant transport tubing
is used. For example, a 2.5 ton (i.e., 30,000 BTU) cooling system should preferably have 288
feet of finned tubing in the supplemental air handler, with a fan blowing 240 CFM through the
finned tubing, where the fan requires no more than 93.6 watts of electrical power, with all

numbers being within a permissible range of plus or minus 5%.

[0023] Viaincreasing the fan speed, the 0.0096 linear feet of finned tubing per BTU of system
cooling load design capacity can be reduced by half, to a minimum of 0.0048 linear feet per BTU
of system cooling load design capacity. However, increasing the fan speed entails more
operational expense, and reducing the linear feet of finned tubing reduces heat transfer abilities
when the fan is not used. Thus, increasing the fan speed and reducing the linear feet is not
preferable, over the maximum fan speed and minimum linear feet per BTU of system cooling
load design capacity as described herein, when standard/conventional 3/8 inch finned refrigerant
transport tubing is used as a heat exchange means in such a supplemental air-source heat

exchanger. Analogous and scalable criteria would be used for plate heat exchangers and the like.

[0024] Conversely, the fan speed and fan power requirements may be reduced by increasing
the linear feet of finned tubing. However, too much finned tubing becomes cumbersome and
more installation space is required. If space is not a concern, this is certainly a viable option.
However, the preferred design is as set forth above, when standard/conventional 3/8 inch finned

refrigerant transport tubing is used.

[0025] The finned tubing is preferably disposed within a containment tube, or the like. The

containment tube may have outwardly flared bottom and top portions to create a natural
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circulation of air, via a vena contracta effect, when the air within the tube becomes heated and
rises (when the optional fan is not in use). Further, the top of the containment tube may be
sheltered from rain or other water, so as not to create premature refrigerant condensation within

the tube before the refrigerant travels into the sub-surface geothermal heat exchange area.

[0026] Whenever a fan is used to increase the natural airflow within the containment tube, the
fan blades are preferably placed at, near, or within the lower bottom portion of the containment
tube, so that the fan motor will always be cooled by the incoming coolest air, thereby reducing

fan operational power requirements.

[0027] As mentioned, a second check valve may be placed within the liquid refrigerant
transport line exiting the air-source heat exchanger, so as to prevent refrigerant flow through the

air-source heat exchanger in the heating mode of operation.

[0028] Preferably, the supplemental air-source heat exchanger is operated by means of natural
convective heat exchange only, absent the operation of the typical air-source heat exchanger fan,
which would be optional only. The optional fan may be controlled to operate only during over-
design cooling load conditions. The fan within the HLHD may be controlled by a temperature or
pressure control switch, or the like, where the fan is only engaged and operative when the
preferred R-410A refrigerant’s temperature exiting the HLHD unit is above 100 degrees F and/or
where the refrigerant pressure exiting the HLHD unit is above 317 psi. If the fan is engaged and
operative below the said temperature and pressure levels, premature condensing of the
refrigerant fluid may occur before the refrigerant vapor reaches the sub-surface heat exchanger,

thereby requiring otherwise unnecessary and excessive amounts of refrigerant.

[0029] A preferred R-410A, or the like, refrigerant is used within the system. R-410A
refrigerant is preferred for use within a DX system that incorporates such a supplemental air-
handler system design because R-410A operates at a higher pressure than conventional
refrigerants, such as R-22, and after losing heat and pressure in such a supplemental air handler
design (an HLHD) as described herein, there is still enough pressure and suction remaining in the
refrigerant within the sub-surface heat exchanger to push and pull the refrigerant through a Deep

Well DX system design.

[0030] A supplemental air-source heat exchanger, designed as taught in this subject

disclosure, will remove about 15 degrees F, plus or minus 5 degrees, of waste heat, without
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optional fan operation, before the refrigerant is next sent into the ground for a final typical
additional approximate 70 degrees F, plus or minus 10 degrees F, waste heat removal. Thus, the
supplemental air-source heat exchanger will typically take about 15% to 20% of the waste heat
removal work load off the ground, which will help insure that lower geothermal heat exchange
temperatures, and that greater system operational efficiency levels, are maintained throughout
the cooling season, even in spite of abnormally high temperatures, system undersizing, or the

like.

[0031] The use of such a supplemental air-source heat exchanger would be of particular
importance in a DX trench system and/or in a DX pit system design, where the geothermal heat
exchange tubing was installed within 10 feet of the ground surface, as well as of importance in
any DX shallow well system where the geothermal heat exchange tubing was installed within
100 feet of the ground surface. Such near-surface heat exchange tubing installations are
typically within common dirt/soils, with relatively low and poor heat transfer rates, as opposed to
being within a rock formation, which rock formation would typically have a much greater heat

transfer rate than common dirt/soils.

[0032] An additional refrigerant charge is preferably added when the supplemental air-source
heat exchanger is installed. The refrigerant charge preferably equals a charge comprised of the
total length of vapor refrigerant transport line between the exit (in the cooling mode) of the air-
source heat exchanger and the connection to the primary refrigerant vapor transport line
multiplied by 0.0375 pounds per linear foot, plus the total length of the 3/8 inch O.D. finned
tubing within the supplemental air handler itself multiplied by 0.0375 pounds per linear foot (if
other than 3/8 inch O.D. finned tubing is used for heat transfer within the air handler, an
equivalency calculation must be performed), and plus one-half of the total length, in feet, of the

un-finned sideways “U” bends connecting the finned tubing within the supplemental air handler.

[0033] So as to offset the additional refrigerant charge required by a supplemental air source
heat exchanger when the system is operating in the cooling mode, a receiver must be added to
the system’s primary liquid refrigerant line for use when the system is operating in the heating
mode. When the system is operating in the heating mode, the receiver must be designed to
contain the same amount of refrigerant as that additional amount calculated for use in the cooling

mode with a supplemental air source heat exchanger.
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[0034] The exterior air-source heat exchange supplement would be exposed to the outside air,
but would preferably be shaded by a covering, or the like, from the sun, as direct sunshine upon
the finned tubing could heat the refrigerant within more than the outside air could cool the
refrigerant. Further, testing has shown that the supplemental air handler may advantageously be
sheltered from rain, as moisture on the supplemental heat exchange tubing prematurely
accelerates refrigerant condensation and results in system operational pressures that are too low
for system functional and/or efficient operation, absent the immediate addition of material

amounts of refrigerant, which addition is not preferable to do.

[0035] The disclosed supplemental air-source heat exchanger, as described herein, essentially
provides a High Level Heat Dissipater (HLHD) that is efficient in the air, because of the
relatively high level temperature differentials between the hot refrigerant gas exiting the
compressor and the exterior air (even in the summer), and that mitigates the heat absorption load
placed upon the sub-surface geothermal heat transfer field, which field naturally typically

provides an ultimate lower temperature heat sink than hot outside air.

[0036] The systems disclosed herein may also remove high level heat and excessive heat from
a water-source geothermal system’s hot gas vapor compressor discharge line before the heat is
rejected into the water loop circulating beneath the surface, used for geothermal heat transfer. A
water-source geothermal system, as well as the system’s hot gas vapor compressor discharge line
and sub-surface water loop, are all well understood by those skilled in the art, and are not
depicted by drawings herein. The use of such a supplemental HLHD means in a water-source

system application will also reduce the ultimate heat load upon the geothermal heat exchange
field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0037] These and other aspects and features of the disclosure will become more readily
apparent upon reading the following detailed description when taken in conjunction with the

accompanying drawings.
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[0038] Fig. 1 is a side view of a direct exchange system having a primary vapor/hot gas
refrigerant transport line with a supplemental air handler according to the present

disclosure;

[0039] Fig. 2 is a side view of an alternative supplemental air handler according to the present

disclosure; and

[0040] Fig. 3 is a side view of an clongated containment tube at least partially enclosing the

supplemental air handler.

[0041] While the present disclosure is susceptible to various modifications and alternative
constructions, certain illustrative embodiments thereof have been shown in the drawings and will
be described below in detail. It should be understood, however, that there is no intention to limit
the present disclosure to the specific forms disclosed, but on the contrary, the intention is to
cover all modifications, alternative constructions, and equivalents falling within the spirit and

scope of the present disclosure.

DETAILED DESCRIPTION

[0042] The following detailed description provides the best presently contemplated
mode. The description is not intended in a limiting sense, and is made solely for the
purpose of illustrating the general principles of this disclosure. The various features and
advantages of the present disclosure may be more readily understood with reference to the

following detailed description taken in conjunction with the accompanying drawings.

[0043] Referring now to the drawings in detail, where like numerals refer to like parts or
clements, Fig. 1 shows a side view of a direct exchange system having a primary vapor/hot
gas refrigerant transport line 1 situated between a compressor 2 and the earth’s surface 3.
The primary transport line 1 is operatively connected to an exterior air-source heat
exchange supplement, or high level heat dissipater (HLHD) 4, which includes finned
refrigerant transport tubing 5 exposed to the exterior air outside of the interior space. After
exiting the HLHD 4, the refrigerant (the flow direction of which is indicated by arrows 6)
travels into the sub-surface entry point 7 to the sub-surface geothermal heat exchanger (not

shown herein, as sub-surface geothermal heat exchangers come in a variety of designs that
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are well understood by those skilled in the art). An optional electric fan 8, with a power
cord 11 for connection to an electrical power source (not shown) is shown positioned under
the HLHD 4 for optional use in the event of high, extreme, or over-design system
operational temperatures and pressures, as well as for optional use to decrease the heat

absorption load otherwise placed upon the sub-surface geothermal heat exchanger.

[0044] A temperature or pressure controlled switch 9, or the like, is attached to the
primary vapor/hot gas refrigerant transport line 1 to selectively activate the fan 8. Both a
temperature controlled switch and a pressure controlled switch 9 are well understood by
those skilled in the art. The compressor 2 may be situated indoors or outdoors, as is well
understood by those skilled in the art, although the compressor unit 2 is shown here as

being situated within a building/structure 10.

[0045] The size of the primary hot gas vapor refrigerant transport line 1 at the
supplemental air handler entry point 23 is the same as the size (the same interior diameter)
of the primary hot gas vapor refrigerant transport line 1 at the supplemental air handler exit
point 24 (not necessarily drawn to scale). Although the vapor refrigerant transport line 1 is
shown herein as comprised of at least a single line 1, the vapor refrigerant transport line 1
may optionally be divided into multiple distributed smaller vapor refrigerant transport lines

(as shown hereinafter in Fig. 2).

[0046] To offset the additional refrigerant charge required by the supplemental air source
heat exchanger 4 when the system is operating in the cooling mode, a receiver 11 is
preferably added to the system’s primary liquid refrigerant transport line 12 for use when
the system is operating in the heating mode. A receiver 11 is well understood by those
skilled in the art, and essentially consists of a containment vessel that fills up with a liquid
phase refrigerant to a predetermined level in the heating mode, and that empties out in the
cooling mode, so that the additional refrigerant is operative within the overall system. The
primary liquid refrigerant transport line 12 is shown here as exiting from the earth’s
surface 3 and being operatively connected to the receiver 11, adjacent to the compressor

unit 2.

[0047] As is well understood by those skilled in the art, an interior vapor refrigerant

transport line 13 and an interior liquid refrigerant transport line 14 would be operatively
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connected between the compressor unit 2 and an interior heat exchange means 15 (typically
an interior air handler). When the system is operating in the heating mode, the receiver 12
preferably contains the same amount of refrigerant as that additional amount of refrigerant
calculated for use in the cooling mode with an exterior supplemental air source heat

exchanger (HLHD) 4.

[0048] A first check valve 16 is installed a portion of the primary vapor/hot gas
refrigerant transport line 1 which is located between the first supplemental vapor
refrigerant line 18 entering into the air-source heat exchanger 4 in the cooling mode, and
the supplemental liquid refrigerant line 19 exiting from (out of) the supplemental air-source
heat exchanger (HLHD) 4 in the cooling mode, so that the refrigerant flow is forced
through the HLHD 4 in the cooling mode, but can travel directly though the primary vapor
transport line 1 in the heating mode (not shown herein, where the refrigerant would be
traveling in a reverse direction as depicted herein in the cooling mode of operation) without
traveling through the supplemental air-source heat exchanger (HLHD) 4 at all, and
effectively by-passing the HLHD 4.

[0049] A second check valve 17 may be located within the second vapor refrigerant
transport line 19 exiting the supplemental air-source heat exchanger (HLHD) 4 in the
cooling mode, so as to prevent refrigerant flow through the air-source heat exchanger
(HLHD) 4 in the heating mode of operation. As would be understood by those skilled in
the art, although not shown herein, the first check valve 16 would be opened in the heating
mode of operation, and the second check valve 17 would be closed (the opposite of the

positions shown herein in an operative cooling mode by each respective valve, 16, and 17).

[0050] An unfinned U bend segment 33 of the finned refrigerant transport tubing 5 is
shown connecting the finned tubing 5 within the exterior supplemental air-source heat

exchanger (HLHD) 4.

[0051] The second vapor refrigerant transport line 19 exiting the supplemental air-source
heat exchanger (HLHD) 4 in the cooling mode is preferably a vapor refrigerant transport
line 19, and not a smaller diameter liquid line (not shown herein as same is well understood
by those skilled in the art) as would commonly be the case in a conventional air-source

heat exchanger, since the supplemental air source heat exchanger (HLHD) 4 is preferably
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configured to only partially, rather than fully, condense the hot refrigerant vapor in the
cooling mode in its preferred method of operation, either with or without a fan 8.

Complete condensing of the refrigerant in a DX system design should preferably occur
beneath the earth’s surface 3. The fan 8 would solely be used only when necessary
(preferably never) to help mitigate extreme over-design cooling load conditions, and/or to
lessen the heat absorption load in the subsurface environment beneath the earth’s surface 3.
The fan 8 may be powered by an electric supply source (not shown herein) connected to the
fan’s power cord 22, and preferably via a renewable energy electrical supply source, such

as solar, for example.

[0052] The exterior air-source heat exchange supplement (HLHD) 4 would be exposed to
the outside air, but would preferably be shaded by a covering 20, or the like, from the sun
21, as direct sunshine upon the finned tubing 5 could heat the refrigerant within more than
the outside air could cool the refrigerant. Here, the covering 20 is shown as extended from
the building/structure 10. The covering 20 would also serve to keep rain/moisture off the
finned refrigerant transport tubing 5 of the supplemental air-source heat exchanger (HLHD
unit) 4, so as to prevent premature condensation of the refrigerant (refrigerant flow

direction is indicated by arrows 6).

[0053] FIG. 2 is a side view of an alternative embodiment, with the primary vapor
refrigerant transport line 1 connected to the supplemental air handler entry point 23, with
the first vapor refrigerant transport line 18 entering a first distributor 26, which thereafter
breaks the primary line 18 into multiple smaller vapor refrigerant transport lines, herein
shown as a first distributed vapor refrigerant transport line 28 and a second distributed
vapor refrigerant transport line 29. Typically, there would be more than the two distributed

vapor refrigerant transport lines, 28 and 29, shown herein as an example only.

[0054] The multiple smaller lines 28 and 29 may be provided as finned refrigerant
transport tubing 5 (commonly comprised of 3/8 inch O.D. refrigerant grade transport tubing
with 12 to 14 fins per linear inch, or the like) so as to increase air contact heat transfer
surface area. Prior to exiting the supplemental air handler (HLHD) 4 at the exit point 24,

the multiple smaller lines 28 and 29 connect to a second distributor 27, which places the
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now cooled, but only partially condensed, refrigerant back into the second vapor refrigerant

transport line 19.

[0055] An optional fan 8 is also shown, which may be operated as preferred and/or as
necessary by a temperature or pressure controlled switch 9. The fan 8 is shown with an
electric power cord 22 and is positioned below the finned refrigerant transport tubing 5
used for convective heat transfer, so that the fan will not be subjected to the warmer/hot air
discharged from the supplemental air handler (HLHD) 4, which warmer air could shorten

the life of the fan 8.

[0056] The directional flow of the refrigerant is indicated by arrows 6. As in Fig. 1
above, there are preferably two check valves 16, and 17, so as to force the refrigerant
through the supplemental air handler (HLHD unit) 4 in the cooling mode, but so as to
prevent refrigerant flow through the supplemental air handler (HLHD) 4 in the heating
mode (in the heating mode, the directional flow of the refrigerant would be reversed from
that shown herein in the cooling mode). Check valves 16 and 17 are well understood by
those skilled in the art. The check valve 17 in the second vapor refrigerant transport line
19 should preferably be situated just above the supplemental air handler exit point 24, and
before the second distributor 27, in the cooling mode, so as to prevent refrigerant from
entering the supplemental air handler (HLHD) 4 when operating in the heating mode (not

shown).

[0057] An unfinned, U bend segment 33 of the refrigerant transport tubing 5 is shown
connecting the finned tubing sections 5 of the exterior supplemental air-source heat

exchanger (HLHD) 4.

[0058] FIG. 3 is a side view of an elongated containment tube 30, with a wider diameter
bottom 31 and a wider diameter top 32, so as to create natural airflow through the
containment tube 30 via a vena contracta effect when the fan 8, with an electric power
supply cord 22, is not in use. A covering 20 must be provided for the containment tube 30,
so as to prevent rain/moisture from wetting the finned refrigerant transport tubing 5. If the
refrigerant transport tubing 5 was wetted, evaporative cooling could occur, which could
reduce the refrigerant temperature/pressure too much, so as to cause premature

condensation.
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[0059] The finned refrigerant transport tubing 5 is shown herein as if one side of the
containment tube 30 had been cut away, thereby exposing the refrigerant transport tubing 5
to full view. The fan 8 is preferably situated so that at least the fan blades 34 are within the
wider diameter bottom 31 of the containment tube 30. The electric motor 35 should
preferably be beneath the blades 34 so that the coolest air (depicted by arrows 36) is
circulated over the motor 35, thereby decreasing power requirements and increasing

operational efficiencies and fan life.

[0060] An unfinned segment of a U bend 33 is shown herein, as this segment is treated

separately from the finned tubing 5 for charging calculation purposes.

[0061] Further, in this drawing, the finned refrigerant transport tubing 5 within the
containment tube 30 is shown for refrigerant charge calculation purposes, which is
disclosed herein as being taught on the basis of footage length of finned 3/8 inch O.D.
refrigerant grade tubing 5 (not drawn to scale). Also, the unfinned U bend segment 33 that
connects the finned refrigerant transport tubing sections 5, as well as a length of vapor
refrigerant transport line 37 between the supplemental air hander exit point 24 (in the
cooling mode) and the connection point 38 to the primary refrigerant vapor transport line 1,

is shown herein for refrigerant charge calculation purposes as taught herein

[0062] While only certain embodiments have been set forth, alternatives and modifications
will be apparent from the above description to those skilled in the art. These and other
alternatives are considered equivalents and within the spirit and scope of this disclosure and the

appended claims.
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WHAT IS CLAIMED:

1. A supplemental air-source heat exchanger for use in a direct exchange
heating/cooling system having a compressor, sub-surface geothermal heat exchange tubing, a
primary vapor line extending between the compressor and the sub-surface geothermal heat
exchange tubing, and a controller for operating the system in heating and cooling modes, the
supplemental air-source heat exchanger comprising:

a supply line having an inlet fluidly communicating with an upstream point of the
primary vapor line, and an outlet;

a discharge line having an inlet in fluid communication with the supply line outlet, and
outlet fluidly communicating with a downstream point of the primary vapor line; and

a flow director operatively coupled to the controller and configured to direct refrigerant
flow through the supply and discharge lines when the system is in the cooling mode while
blocking refrigerant flow through the supply and discharge lines when the system is in the

heating mode.

2. The apparatus of claim 1, in which each of the supply and discharge lines comprises

3/8 inch OD refrigerant grade finned tubing having approximately 12 to 14 fins per linear inch.

3. The apparatus of claim 2, in which a total length of finned tubing in the supply and
discharge lines is approximately 0.0096 linear feet, plus or minus 5%, per each BTU of system

cooling load design capacity.

4. The apparatus of claim 2, further comprising a fan configured to generate an air flow

across the supply and discharge lines.

5. The apparatus of claim 3, further comprising at least one of a temperature control

switch and a pressure control switch operatively coupled to the fan.
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6. The apparatus of claim 5, in which the temperature control switch activates the fan in
response to a refrigerant temperature above approximately 100 degrees F and/or the pressure

control switch activates the fan in response to a refrigerant pressure above approximately 317

psi.

7. The apparatus of claim 4, in which the fan has a power draw of no more than
approximately than 0.325 watts, plus or minus 5%, per each linear foot of finned tubing provided

by the supply and discharge lines.

8. The apparatus of claim 4, in which the fan is sized so that the air flow is at least
approximately 0.8333 cubic feet per minute, plus or minus 5%, per each linear foot finned tubing

provided by the supply and discharge lines.

9. The apparatus of claim 3, further comprising an unfinned U bend segment extending

between the supply line outlet and the discharge line inlet.

10. The apparatus of claim 9, further comprising an additional refrigerant charge for
operating the supplemental air-source heat exchanger, wherein the additional refrigerant charge
is determined by an overall length of the supply and discharge lines multiplied by 0.0375 pounds
per linear foot, plus a total length of the 3/8 inch OD finned tubing in the supply and discharge
lines multiplied by 0.0375 pounds per linear foot, plus one-half of a total length, in feet, of the
unfinned U bend segment.

11. The apparatus of claim 1, further comprising a containment tube configured to shelter

the supply and discharge lines from moisture.

12. The apparatus of claim 11, in which the containment tube includes outwardly flared

upper and lower portions.

13. The apparatus of claim 1, in which the supply and discharge lines have equally sized

interior diameters.
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14. The apparatus of claim 1, in which the flow director comprises a first check valve
disposed in the primary vapor refrigerant line between the upstream and downstream positions

and a second check valve disposed between the supply and discharge lines.

15. The apparatus of claim 1, in which the direct exchange heating/cooling system
further comprises a liquid refrigerant transport line extending between the sub-surface exterior
heat exchanger and the compressor, the apparatus further comprising a receiver disposed in the
liquid refrigerant transport line sized to hold an extra volume of refrigerant when the direct

exchange heating/cooling system is in the heating mode.
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