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ADVANCED DX SYSTEM DESIGN IMPROVEMENTS

Field of the Disclosure

[0001] The present disclosure relates generally to geothermal direct exchange/direct

expansion (“DX”) heating/cooling systems.

Background of the Disclosure

[0002] 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 for circulating the naturally warmed or cooled fluid

to an interior air heat exchanger.

[0003] Older geothermal heating/cooling systems typically include three heat
exchange steps. In a first heat exchange step, these systems circulate a fluid, which is
typically water or water mixed with anti-freeze, in plastic (typically polyethylene)
underground geothermal tubing, which transfers geothermal heat to or from the ground.
In a second heat exchange step, a refrigerant heat pump system transfers heat to or from
the water. Finally, in a third heat exchange step, an interior air handler (which may
comprise finned tubing and a fan) transfers heat to or from a refrigerant to heat or cool

interior air space.

[0004] More recent geothermal heating/cooling systems are called “direct exchange”
or “DX” systems, which typically have only two heat exchange steps. In DX systems,
the refrigerant fluid transport lines are placed directly in the sub-surface ground and/or
water. The transport lines are typically made of copper tubing and the refrigerant fluid is
typically R-22, R-410a, or the like, so that geothermal heat is transferred to or from the
sub-surface elements in a first heat exchange step. A second heat exchange step transfers
heat to or from an interior air space, typically by way of an interior air handler.
Consequently, DX systems are generally more efficient than water-source systems
because fewer heat exchange steps are required and because no water pump energy
expenditure is necessary. Further, since copper is a better heat conductor than most
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plastics, and since the refrigerant fluid circulating within the copper tubing of a DX
system generally has a greater temperature differential with the surrounding sub-surface
elements than the water circulating within the plastic tubing of a water-source system,

generally, less excavation and drilling is required, and installation costs are lower.

[0005] While the earlier DX heat exchange designs performed sufficiently for their
intended use, various improvements have been made 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. The systems disclosed in these patents
encompass both horizontally and vertically oriented sub-surface geothermal heat
exchanger. While these previous systems have improved the performance of DX
systems, additional improvements in DX system operational efficiencies would be

advantageous.

Summary of the Disclosure

[0006] Apparatus and methods are disclosed herein that will maintain or improve the
operational efficiency of a DX system. Specifically, system efficiency may be
maintained or improved by providing one or more of: a functional self-adjusting heating
mode expansion valve design; an optimum Polyolester type lubricating oil for use in
conjunction with an R-410A refrigerant scroll compressor; a compressor that requires no
lubricating oil; optimum placement of a filter/dryer in a reverse-cycle system operating in
the cooling mode, and in the heating mode; a partial and limited hot-gas by-pass valve for
initial system operation in the cooling mode at the end of an operational heating season;
and a refrigerant that can be used in the cooling mode at depths in excess of 300 feet

deep. Each of these features is discussed in greater detail below.

[0007] (1) A pressure only self-adjusting heating mode expansion valve (“XV?),
with a bleed port and/or a by-pass line with a special orifice sized pin restrictor expansion
device, will increase system operational efficiencies in the heating mode over a wide

range of sub-surface temperature conditions, as opposed to conventional use of a
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manually adjusted valve, a pin restrictor expansion device, and/or a conventional self-

adjusting thermostatic expansion valve (“TXVs” or “TEVs”).

[0008] A conventional TXV, which is well understood by those skilled in the art,
controls the refrigerant flow through the liquid line into the heat exchanger based on
temperature and pressure parameters sensed from the vapor/suction line (i.e., where the
line exits the sub-surface heat exchanger in the heating mode of a DX system). A period
of time elapses, however, between when the temperature and pressure are sensed and
when the TXV valve responds to these parameters. Fluid temperature and pressure may
be transient and quickly change, and therefore the TXV valve response often lags the
actual fluid conditions exiting the sub-surface heat exchanger. Consequently, a
conventional TXV valve may continually change settings as it “hunts” for an optimum
position. Hunting by the TXV valve, in turn, causes continuous pressure/temperature
fluctuations that impair system performance and efficiency. This concern is unique to a
DX system, as conventional air-source heat exchangers do not have exceptionally long
refrigerant transport line sub-surface distances to contend with in their exterior heat

exchange tubing.

[0009] The heretofore preferred method of eliminating the TXV “hunting” concern in
a DX system application was to use either a manually adjusted expansion device or a pin
restrictor expansion device. Manually adjusted valves must be manually changed for
differing conditions, which is labor intensive, somewhat inaccurate, and undesirable. Pin
restrictor expansion devices permit more accurately measured settings by using a small,
precisely measured, hole, or orifice, in the center which permits a single preferred amount
of refrigerant through the expansion device. While such a fixed size orifice is more
accurate than a manually set valve and is far better than a TXV for use in a DX system,
the pin restrictor expansion device does not permit optimum system operational
efficiencies under changing sub-surface temperature conditions. Such changing
conditions may occur, for example, when the ground immediately surrounding the sub-
surface heat exchange tubing grows colder during the winter as more and more heat is

withdrawn from the surrounding ground or other sub-surface environment.
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[0010] The present heating mode expansion valve (referred to herein as an “XV”
valve) provides a flexible orifice sizing that will optimize refrigeration flow through the
expansion device, serving the outdoor, sub-surface, heat exchanger in a DX system, over
a wide array of sub-surface temperature conditions, but will eliminate the “hunting”

problem occasioned by conventionally designed TXVs.

[0011] The “XV” valve may further have a specially sized refrigerant bleed port,
which improves operation of the valve based solely on pressure. The XV valve may
eliminate the temperature sensing element and refrigerant filled bulb from a conventional
TXV, and instead operate solely on sensed on the pressure sensed from the vapor/suction
line returning from the field (i.c., the sub-surface heat exchanger of a DX system).
However, testing has also shown that operational results can be significantly optimized
by additionally providing a specially sized refrigerant bleed port within the XV valve
itself and/or a by-pass line, with a specially sized pin restrictor expansion device, around
the XV valve. The resulting liquid refrigerant special bleed, either through or around the

valve, optimizes overall system operational efficiencies.

[0012] The XV valve may be similar to the lower body portion of a standard
adjustable TXV valve, except that it is designed for a system that is 120% larger than the
actual standard TXV valve for a particular load application. For example, a 2.5 ton load
system should start with a 2.5 times 120%, or a 3 ton XV valve lower body portion. A
standard TXV lower body portion has a screw adjustment on the bottom of the actual
lower body portion of the standard adjustable TXV valve itself (not the round head), as is
well understood by those skilled in the art. When this lower body portion is used as a
part of the special XV valve, this screw may be optimally set at 2.5 turns
counterclockwise (where each one full turn equals a 24 pound suction line psi
adjustment) from a fully closed position, where, at a fully closed position, the adjustable
set screw is tight against the bottom of the lower body portion of the XV valve and, fully
closed, exerts a pressure of 150 psi, plus or minus 10%, with an R-410A refrigerant.
Turning the adjustable screw counterclockwise opens the valve and decreases suction psi,

but restricts refrigerant flow and increases head psi.
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[0013] A conventional TXV has a rounded head top. A conventional TXV is
normally situated within the liquid refrigerant transport line entering the heat exchanger.
A conventional TXV normally contains a separate refrigerant fluid within a temperature
sensing bulb, which bulb is attached to the exterior of the vapor line exiting the heat
exchanger so as to sense changing temperature conditions. These changing temperature
conditions result in either expanding or contracting the refrigerant fluid within the bulb
and, contemporaneously, the small amount of refrigerant within the refrigerant line
connecting the bulb to the rounded top head portion of the TXV, that transmits the
resulting pressure change to the top of the diaphragm in the rounded head of the TXV
valve, thereby exerting an appropriate force on the diaphragm based upon sensed
temperature conditions. A conventional TXV also has a small refrigerant line connecting
the vapor line exiting the heat exchanger with the lower body portion of the TXV valve,
so as to simultaneously exert a force on the diaphragm of the lower body of the valve,
based upon actual pressure conditions in the said vapor line. Thus, a conventional TXV
regulates refrigerant flow into the heat exchanger via both temperature and pressure, as is

well understood by those skilled in the art,

[0014] The rounded head of a conventional adjustable TXV may be removed and
replaced with the rounded valve head of a conventional 3 ton automatic rounded valve
head (that solely regulates using spring pressure, and not by using a sealed bulb of
refrigerant fluid), which automatic rounded valve head is also well understood by those

skilled in the art.

[0015] The XV valve may include a specially sized refrigerant bleed port within the
XV valve itself, so as to provide a specially measured amount of refrigerant flow through
the XV itself, and/or a refrigerant transport/flow by-pass line, with a specially sized fixed
pin orifice expansion device within the by-pass line, which by-pass line travels around
the XV valve so as to provide a specially measured amount of refrigerant flow around the

XV valve itself.

[0016] The bleed port and/or pin restrictor orifice may be sized to optimize the
operational efficiency of the system. Specifically, it has been found that a cross-sectional

area of the orifice opening may be approximately 0.00018119616 square inches per ton
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of system design capacity, plus or minus 10%. Thus, for example, the optimized size of
the orifice in the heating mode for a 2.5 ton system design would be approximately
0.0004529904 square inches (plus or minus 10%), which is equivalent to an orifice
diameter of approximately 0.024 inches (e.g., 0.00018119616 times 2.5 tons equals
0.0004529904, which area corresponds to a an orifice having 0.024 inch diameter).

[0017] For locations where seasonally high ground temperatures at the end of the
cooling season are a concern, the optimal cross-sectional area of the orifice (for the bleed
port and/or the pin restrictor) is approximately 0.00032169984 square inches per ton of
system design capacity, plus or minus 10%. Thus, for example, the size of the orifice, for
maximum operational efficiencies in the heating mode for a 2.5 ton system design, where
seasonally high ground temperatures at the end of the cooling season are a concern,
would be the equivalent of a size 0.030 inch diameter orifice, with a 0.0008042496
square inch area, plus or minus 10%. Such a slightly larger orifice size will permit
system operation within sub-surface temperatures of about 80 degrees I without shutting
the system off on high head pressure, and without significantly overheating the system’s

compressor beyond 195 degrees F.

[0018] In certain applications, multiple line sets (each having a vapor refrigerant
transport line and a respective liquid refrigerant transport line) may be used. The
optimum orifice sizing may be used on each individual line set to obtain relatively
uniform refrigerant pressure throughout the system to avoid impairing operational

efficiency of the system due to unequal refrigerant pressures.

[0019] (2) The use of an R-410A refrigerant in a DX system, and in a DX system
with its sub-surface heat exchange tubing installed between 100 feet and 300 feet deep, in
conjunction with a scroll compressor, in conjunction with a Copeland Ultra 32-3MAF
polyolester (“POE”) lubricating oil for the scroll compressor, in conjunction with an oil
separator, a coalescent filter oil separator being preferred, with an internal filter capable
of filtering dirt and effluent down to 0.3 microns (typical conventional filter/dryers only
filter down to 50 microns), in conjunction with the oil separator preferably returning oil,
by means of an oil transport return line, to the suction line to one of the system’s

accumulator and suction line to the accumulator. Returning oil to the accumulator has
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two advantages over a conventional oil separator’s oil return directly to the compressor,
in that it provides hot oil to evaporate any liquid refrigerant in the accumulator, and in
that the compressor receives a metered amount of steadier oil return via the oil suction
orifice within the accumulator. Testing has shown that other types of POE oil, such as an
Emkarate RL 100 Polyolester, a Copeland Ultra 22CC Polyolester, a Mobil EAL 22CC
Polyolester, an Emkarate RL 22 Polyolester, or an Emkarate 32CF Polyolester will not
work as efficiently and may result in system operational problems after extended run

times in a DX system with a scroll compressor.

[0020] (3) Utilization of at least one of a magnetic bearing compressor and a
compressor with solid state lubricated moving parts in a DX system application, so as to
eliminate the need for any lubricating oil. Eliminating the oil in a DX system has several
advantages. One is that there is no possibility of any adverse or damaging chemical
reaction between the refrigerant used and the oil. Others are that there is no oil and oil
film coating on the interior sides of refrigerant transport tubing to impair optimum
refrigerant flow rates or to impair heat transfer. Another advantage is that, by eliminating
the oil, the necessity for an oil separator (in heat mode or in reverse-cycle DX systems
operating with sub-surface heat exchange tubing at depths greater than 100 feet) is also
eliminated, together with potential oil separator concerns, such as a slight refrigerant

operational pressure loss, and such as a damaged float, or the like.

[0021] (4) Normally, one conventionally sized filter/dryer is used in most any
conventional heat pump system. The conventional filter/dryer used typically matches the
system design tonnage. For example, a three ton conventional heating/cooling system
would normally use only one three ton filter/dryer, as is well understood by those skilled
in the art. However, field testing has shown that, with a DX system, which normally
requires field line brazing, at least a 120% oversized filter/dryer should preferably be
placed in the liquid refrigerant transport line on each respective side of the subject
pressure only self-adjusting heating mode expansion valve and its refrigerant transport
by-pass line, so as to prevent brazing or other debris from impairing XV valve operation.
The placement of such an oversized filter/dryer on each side of the XV and its by-pass
line prevents debris from impairing the XV, regardless of whether initial system
refrigerant charging is in the heating mode or in the cooling mode. The filter/dryer
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should be at least 120% oversized (meaning a two and a half ton system should use three
ton filter/dryer sizes) so as not to impair critical design refrigerant flow through the

particular sub-surface heat exchange field use.

[0022] (5) At the end of a heating season, the ground immediately surrounding the
sub-surface heat exchange tubing of a DX system can be near or below freezing. The
cold ground acts like a magnet, in addition to gravity, and tends to keep the cold liquid
refrigerant in the ground, as refrigerant normally naturally migrates to the coldest area of

a system.

[0023] Conventional air-conditioning TXVs, which are typically used on interior air-
handlers in a DX system, and which are well understood by those skilled in the art, were
not designed to operate with relatively cold, only partial liquid state, refrigerant entering
the TXV. When refrigerant temperatures are at, or below, the 46 degree I range, plus or
minus 10%, the normal operation of a conventional TXV results in two problems in a DX
system design. First, the liquid refrigerant flow is too restricted and impairs adequate
liquid flow from the field. Second, the drop in pressure and temperature of the
refrigerant after it passes through the TXV and enters the interior air-handler results in
temperatures below freezing within the interior air handler, which results in freezing
condensed moisture on the interior air-handler’s heat exchange finned tubing, thereby
blocking design airflow and inhibiting efficient system operation. While, as discovered
by Wiggs, at least one of a correctly sized bleed port within the TXV and a fixed orifice
by-pass around the TXV will materially help resolve the resulting problems, when the
sub-surface ground around the exterior heat exchange tubing is materially below freezing,

icing on the interior air handler heat exchange tubing can still temporarily result.

[0024] A means of solving the subject problem is desirable and would consist of a
partial and limited hot-gas by-pass valve for initial system operation in the cooling mode

at the end of an operational heating season.

[0025] The partial and limited hot-gas by-pass valve, which is disposed in the vapor
refrigerant transport line exiting the compressor in the cooling mode, may have
temperature and/or pressure control means, so as to sense at least one of temperature and

pressure conditions in the liquid refrigerant transport line returning refrigerant from the
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sub-surface heat exchanger. The valve may operably connect, with a hot gas by-pass
refrigerant transport line, the vapor refrigerant transport line exiting the system’s
compressor, before the vapor line reaches and enters the sub-surface heat exchanger
below the ground surface, to the liquid refrigerant transport line exiting the sub-surface
heat exchanger (not shown), prior to the liquid line’s entry into the expansion device
(typically a TXV) for the interior heat exchanger (typically an air-handler), so that the
control means only permits enough hot gas refrigerant flow out of the compressor to mix
with the cold partially liquid refrigerant out of the sub-surface heat exchanger so as to
warm the refrigerant mixture (not shown) to a point above 46 degrees F (about 133 psi
when the system is operating on R-410A refrigerant), plus or minus 10%, all while not
excessively warming the refrigerant mixture above 51 degrees F (about 145 psi when the
system is operating on R-410A refrigerant), plus or minus 10%. At the point where the
liquid line refrigerant mixture (not shown) entering the expansion device for the interior
heat exchanger reaches a temperature above 51 degrees I, plus or minus 10%, the valve
would automatically close shut and would cease to inject hot gas into the cooled liquid
line entering the expansion device for the interior heat exchanger, so as not to impair

normal cooling mode operational efficiencies.

[0026] Only as little as possible hot gas from the compressor should be diverted into
the liquid refrigerant transport line exiting the sub-surface heat exchanger (not shown), at
a location prior to the expansion device for the interior heat exchanger, so as not unduly
prevent the hot gas from the compressor promptly warming up the sub-surface heat
exchange area to the point where the partial and limited hot gas by-pass valve will not be

required.

[0027] Additionally, a check valve may be placed in the hot gas by-pass refrigerant
transport line, which is the line connecting the compressor’s hot gas, discharge, vapor
refrigerant transport line with the liquid refrigerant transport line exiting the sub-surface
heat exchanger (not shown). The check valve will permit the flow of refrigerant, when
called for by the valve, when operating in the cooling mode, but will prevent the flow of
refrigerant in the opposite direction when the system is operating in the heating mode
(when the liquid line from the interior heat exchanger, usually an air handler, which air
handler is well understood by those skilled in the art, is at a higher pressure than the low
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pressure vapor refrigerant exiting the sub-surface heat exchanger). Alternately, the check
valve may be installed within the partial and limited hot gas by-pass valve itself, as would

be well understood by those skilled in the art.

[0028] (6) A DX system using an R-744 refrigerant for operational depths in excess
of 300 feet deep, so as to offset the negative effects of gravity when operating in the

cooling mode.

[0029] Initially, due to gravitational restraints of the return liquid refrigerant in the
cooling mode, and due to compressor lubrication oil return issues, no early technology
DX systems had been able to efficiently operate at depths beyond 100 feet. However, via
the use of a unique oil separator device designed by Wiggs, and due to testing by Wiggs
that demonstrated an R-410A refrigerant, operating at higher pressures than conventional
R-22 systems, would assist in liquid refrigerant return from greater depths, the use of an
R-410A refrigerant, in conjunction with an oil separator, and other design improvements

taught by Wiggs, enabled efficient DX system operation at depths of about 300 feet.

[0030] DX systems that include wells/boreholes in excess of 300 feet deep, thereby to
further reduce drilling surface area requirements, may use a refrigerant other than R-
410A. Specifically, applicant’s testing has shown that R-744 refrigerant would be

functional for such an application.

[0031] R-744 is not commonly used in heat pump systems because the ambient air is
commonly used to condense the refrigerant fluid into a liquid in the cooling mode. When
a refrigerant is condensed from a vapor to a liquid, the phase change advantageously
transfers a large amount of BTUs. To execute the phase change, however, warm
refrigerant vapor must be exposed to a sufficiently cool heat transfer medium. Since the
critical temperature of R-744 is only about 88 degrees F (about 31 degrees C), and since
summer air is often in excess of 88 degrees F, R-744 has not commonly been used for
cooling purposes in conventional air-source heat pump system designs. While R-744 can
be used for heat transfer purposes above 88 degrees F, the significant value of phase
change characteristics are lost. Thus, in a conventional heat pump system application,
using the exterior air as a heat sink, the value of R-744 as a refrigerant is somewhat

limited to use in ambient air temperatures of around 68 degrees F (20 degrees C).
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[0032] However, as one increases system operational pressures, the temperature of
the R-744 increases, so that it is possible to use R-744 as a cooling medium in anticipated
outdoor summer air temperatures of about 100 — 130 degrees F, so long as the condensing
pressures would range from about 1,323 psi to 1,911 psi (about 90 bar to 130 bar), which
are much higher than any DX system heretofore ever used. For example, an R-410A DX
system never realistically sees operating pressures over 425 psi, and conventional design
R-22 DX systems have even lower operating pressures. These 1,323 psito 1,911 psi
condensing pressures are more than twice the condensing pressure of R-410A. For
example, for comfort cooling with R-744, with an evaporating temperature of about 44
degrees F, the corresponding system operational pressure would be about 600 psi, which

is almost the same condensing pressure of R-410A.

[0033] However, in a DX system application, the sub-surface environment is
typically in the 50 to 65 degree F range (10 to 18 degrees C) in most of North America.
Thus, in a DX system application, the use of R-744 is practical, particularly as R-744 heat
pump systems operate at higher pressures than R-410A, which extensive analysis has
indicated will provide acceptable liquid refrigerant return properties in the cooling mode

from depths in excess of 300 feet in a deep well DX system application.

[0034] The higher system operational pressures of R-744, combined with satisfactory
phase change temperature ranges, will enable a deep well DX system to operate at depths
in excess of 300 feet, which, as explained, is highly advantageous since the extended
depth system operational range reduces surface area requirements mandated via shorter
drilling depth limitations. Testing by the applicant has shown that the higher operational
pressures offset the adverse effects of gravity when a DX system is operating in the
cooling mode via exerting more operational pressure on the condensed liquid that may be
pushed/pulled out of the well, preferably via only the system’s compressor during normal

system cooling mode operation.

[0035] However, as the use of R-744 in conjunction with commonly used polyolester
lubricants can result in carbonic acid concerns, the use of a compressor that has at least

one of magnetic bearings and a solid state lubricant would be preferred in conjunction
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with the use of an R-744 very deep well DX (in excess of 300 feet deep) system

application, so as to eliminate compressor lubrication and carbonic acid concerns.

Brief Description of the Drawings

[0036] For a more complete understanding of the disclosed methods and apparatus,
reference should be made to the embodiments illustrated in greater detail on the

accompanying drawings, wherein;

[0037] FIG. 1 shows a side view of a portion of a direct exchange geothermal
heating/cooling system including a self-adjusting, heating mode expansion device with

bypass line constructed according to the teachings of the present disclosure;

[0038] FIG. 2 is a side elevation view of a portion of a direct exchange geothermal
heating/cooling system including an oil return line leading from an oil separator to an

refrigerant accumulator constructed according to the teachings of the present disclosure;

[0039] Fig. 3 is a side elevation view of a portion of a direct exchange geothermal
heating/cooling system having a hot gas bypass valve constructed according to the

teachings of the present disclosure; and

[0040] Fig. 4 is a side elevation view of a portion of a direct exchange geothermal
heating/cooling system having a deep sub-surface heat exchanger and using a refrigerant

particularly suited for a deep well application.

[0041] It should be understood that the drawings are not necessarily to scale and the
disclosed embodiments are sometimes illustrated diagrammatically in partial views. In
certain instances, details which are not necessary for an understanding of the disclosed
methods and apparatus, or which render other details difficult to perceive, may have been
omitted. It should be understood, of course, that this disclosure is not limited to the

particular embodiments illustrated herein.

Detailed Description

[0042] The following detailed description is of the best presently contemplated mode
of carrying out the disclosed subject matter. The description is not intended in a limiting

sense, and is made solely for the purpose of illustrating the general principles of the
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disclosed subject matter. 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] FIG. 1 shows a side view of a portion of a direct exchange geothermal
heating/cooling system 40. The system 40 includes a vapor refrigerant transport line 6
and a liquid refrigerant transport line 8. The vapor and liquid transport lines 6, 8§ may be
operatively coupled to a compressor, an interior heat exchanger, and/or additional direct
exchange system components, all of which are well known in the art and therefore are not
shown in FIG. 1. While a majority of the system components are located above ground,
lower portions of the vapor and liquid transport lines 6, 8 are disposed below a ground
surface 7 to form a sub-surface heat exchanger, generally designated by reference
numeral 45. The system 40 is operable in a heating mode in which a refrigerant is
circulated through the transport lines 6, 8 in the direction indicated by arrows 4. The
system 40 may further be operable in a cooling mode, in which the refrigerant is

circulated through the transport lines 6, 8 in a direction opposite the arrows 4.

[0044] A heating mode expansion valve 1 (alternatively referred to herein as a “XV?”)
may be disposed in the liquid transport line 8. The XV 1 includes a lower body portion
10 and an upper, rounded head portion 27. The lower body portion 10 defines a valve
flow path 45 and a throttling element 46 adjustable to control fluid flow through the valve
flow path 45. When the system operates in the heating mode, the vapor/suction line 6
exits the sub-surface heat exchanger to the lower body portion of the XV 1. The XV 1 is
operably coupled to the liquid refrigerant transport line 8, which line 8 is shown as
extending below the ground surface 7 on its way to the sub-surface heat exchanger

(again, in the heating mode).

[0045] The lower body portion 10 of the XV 1 may be substantially identical to that
of a standard, adjustable TXV, albeit with a sizing factor to adapt it for use in the XV 1.
Standard TXVs are well understood by those of skill in the art, and therefore are not
shown or described in detail herein. To adapt the standard TXV lower body for use as
the XV lower body portion 10, however, it should be oversized to accommodate an

overall system capacity that is approximately 120% larger than what is used in
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conventional TXV applications. For example, if the direct exchange geothermal system
40 has an overall capacity of 2-1/2 tons, the XV lower body portion 10 may be a standard
TXV lower body that is sized for a system overall capacity of 3 tons (i.e., 2-1/2 tons
times 120% equals 3 tons).

[0046] The lower body portion 10 of the XV 1 may further include a set screw 9
adjustably coupled to a bottom 28 of the XV lower body portion 10. The set screw 9 is
operatively coupled to a spring (not shown) which applies a biasing force to the throttling
element. The set screw 9 may be adjusted to change the resistance force applied to the
throttling element, thereby to modify operation of the XV 1 according to refrigerant flow

parameters.

[0047] The set screw 9 of the XV 1 may be set to an optimal position. The set screw
9 exerts the greatest amount of pressure when it is fully screwed into the bottom 28 to a
closed position. In this position, a typical set screw/spring arrangement will cause a
refrigerant pressure of approximately 150 psi, plus or minus 10%, for a DX system using
R-410A refrigerant. Rotating the screw 9 counter-clockwise will open the throttling
element of the XV 1, thereby decreasing suction pressure while restricting refrigerant
flow and increasing head pressure. In this embodiment, the screw 9 may be optimally set
at two and one-half turns counterclockwise from the closed position, where each full turn
of the screw 9 may correspond to a pressure adjustment of 24 psi in the suction/vapor line

6.

[0048] The upper, rounded head portion 27 is different from the conventional
rounded head of a TXV. A conventional TXV rounded head regulates using a contained
refrigerant fluid pressure from temperatures sensed at the vapor refrigerant transport line
6. In this embodiment, however, the rounded head 27 comprises a conventional 3 ton
automatic valve head which regulates using only spring pressure. Such a rounded head
27 is well understood by those skilled in the art and therefore is not shown herein in
greater detail. To provide feedback pressure from the vapor transport line 6, the XV 1
includes a pressure port 41 that fluidly communicates with the vapor transport line 6

through a pressure sensing line 5.

-14 -



WO 2009/049317 PCT/US2008/079848

[0049] A bypass flow path may be provided for communicating fluid along the liquid
transport line 8 without being regulated by the throttling element of the XV 1. The
bypass flow path may be either internal to the XV 1 through a bleed port 11, external to
the XV 1 through a by-pass line 2 having a pin restrictor expansion device 3, or a
combination of the two. As shown in FIG. 1, the by-pass line 2 has an inlet in fluid
communication with the liquid transport line 8 upstream of the XV 1 and an outlet in
fluid communication with the liquid transport line 8 downstream of the XV 1 (with the
terms upstream and downstream referencing the flow of refrigerant during the heating
mode, represented by arrows 4). Accordingly, the bypass fluid flow provides a specific
amount of refrigerant flow along the liquid transport line 8 that is not subject to
regulation via the XV 1. The bleed port 11 and pin restrictor expansion device 3 define
bypass flow orifices that determine the amount of bypass flow therethrough. The bleed
port 11 has an internal diameter which defines its bypass flow orifice, while the pin

restrictor expansion device 3 has an orifice insert 12 that defines its bypass flow orifice.

[0050] Applicant has developed a bypass sizing factor which may be used to
determine the optimal size for the bypass flow orifice, whether through the bleed port 11
or the orifice insert 12. The bypass sizing factor may be applied to the overall system
capacity, which is typically identified in tons (where one ton equals 12,000 BTUs, as is
well understood in the art). For the heating mode, the bypass sizing factor is
approximately 0.00018119616 square inches, plus or minus 10%, per ton of capacity.

For a 2-1/2 ton system, for example, the optimal cross-sectional area of the bypass flow
orifice is 0.0004529904 square inches (which is 0.00018119616 times 2.5), plus or minus

10%, which corresponds to a bypass flow orifice diameter of approximately 0.024 inches.

[0051] In certain applications, where conditions warrant, the bypass sizing factor may
be adjusted. Where seasonally high ground temperatures at the end of the cooling season
are a concern, the bypass sizing factor may be approximately 0.00032169984 square
inches, plus or minus 10%, per ton of system capacity. A 2-1/2 ton system designed for
this environment, therefore, the bypass flow orifice would have an optimal cross-
sectional area of 0.0008042496 square inches (which is 0.00032169984 times 2.5), plus
or minus 10%, which corresponds to a bypass flow orifice diameter of approximately
0.030 inches. This orifice size is slightly larger than the in the above example, and
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permits system operation when sub-surface temperatures are as high as approximately 80
degrees F without shutting the system off on high head pressure, and without

significantly overheating the system’s compressor beyond 195 degrees F.

[0052] The above-described XV 1 and optimized bypass flow orifice size may be
used on each individual line set used in the system 40. Certain systems require multiple
line sets to provide multiple sub-surface heat exchanger loops. Each line set comprises a
vapor refrigerant transport line 6 and a respective liquid refrigerant transport line 8. To
maximize system operational efficiencies, the refrigerant pressures in each line set should
be substantially equal. Accordingly, the above-described XV | and optimized bypass

flow orifice should be provided in each line set.

[0053] The system 40 may further include oversized filter/dryers in the liquid
transport line 8 to prevent debris from impairing operation of the XV 1. Conventional
heat pump systems typically employ a filter/dryer that is sized for the particular system’s
overall capacity. For example, a three ton conventional heating/cooling system would
normally use only one three ton filter/dryer, as is well understood by those skilled in the
art. For a DX system, however, applicant has found it advantageous to place two
filter/dryers 20 in the liquid transport line 8, one on each respective side of the XV 1 (as
well as on respective sides of the bypass line 2, if provided). Furthermore, the
filter/dryers 20 may be oversized by a filter sizing factor of at least approximately 120%.
In a 2-1/2 ton system, for example, the filter/dryers 20 should be sized for a conventional
3 ton system. The placement of the oversized filter/dryers 20 prevents debris (such as
from brazing) from impairing the XV 1, regardless of the direction of refrigerant flow
during heating and cooling modes. The larger size of the filter/dryers 20 reduces any
impact the filter/dryers 20 may have on the flow of refrigerant through the sub-surface

heat exchange field.

[0054] FIG. 2 shows a side view of an alternative embodiment of a portion of a direct
exchange geothermal heating/cooling system 50. The system 50 includes an accumulator
17 which fluidly communicates with a compressor 13 via a suction line 36. In turn, the
compressor 13, which may be a scroll compressor, fluidly communicates with an oil

separator 14 through a discharge line 42. An accumulator inlet line 43 and an oil
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separator outlet line 44 may be provided for connecting these components to the interior
heat exchanger, sub-surface heat exchanger, and other components of a typical direct

exchange geothermal heating/cooling system.

[0055] The oil separator 14 may include a filter 15 for removing dirt and effluent.
The filter 15 may be a coalescent filter 15 capable of filtering down to 0.3 microns

(typical filter/dryers filter down to 50 microns).

[0056] Additionally, an oil return line 19 may have an inlet in fluid communication
with a bottom of the oil separator 14 and an outlet in fluid communication with the
accumulator 17. The outlet of the oil return line may directly communicate with the
accumulator 17 as shown, or may communicate directly to the accumulator inlet line 43,
which in turn communicates with the accumulator 17. The oil 16 in the oil separator 14
is hot, and therefore returning the hot oil to the accumulator 17 will evaporate any liquid
refrigerant that may collect in the accumulator 17. Additionally, return of oil to the
accumulator 17 (instead of directly to the compressor as in conventional designs) ensures

that the compressor 13 will receive a steady, metered amount of oil during operation.

[0057] The particular type of lubricating oil 16 used in the system 50 may be selected
based on the type of system refrigerant to optimize system operational efficiency. For
example, if the system 50 is using R-410A refrigerant, it may be advantageous to use
Copeland Ultra 32-3MAF polyolester (“POE”), or the like, as the lubricating oil 16 for a
scroll-type compressor 13. Conversely, testing has shown that other types of POE oil,
such as an Emkarate RL 100 Polyolester, a Copeland Ultra 22CC Polyolester, a Mobil
EAL 22CC Polyolester, an Emkarate RL 22 Polyolester, or an Emkarate 32CF
Polyolester will not work as efficiently and may result in system operational problems

after extended run times in a DX system with an R-410A scroll compressor 13.

[0058] While the compressor 13 is described above as a scroll compressor, other
types of compressors may be used. For example, the compressor 13 may have magnetic
bearings and/or solid state lubricated moving parts, thereby eliminating the need for
lubricating oil 16. An oil-free compressor would further eliminate the need for the oil

filter 15, the oil separator 14, or the oil return line 19.
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[0059] A further alternative embodiment of a DX geothermal heating/cooling system
60 is illustrated in FIG. 3. The system 60 includes a partial and limited hot-gas by-pass

valve 21 for initial system operation in the cooling mode at the end of a heating season.

[0060] The partial and limited hot-gas by-pass valve 21 is disposed in the vapor
refrigerant transport line 6, which exits the compressor 13 in the cooling mode. The
direction of refrigerant travel is shown by arrows 4. From the vapor transport line 6, the
refrigerant travels to a sub-surface heat exchanger 45 (located below ground surface 7
and acting as a condenser in the DX system cooling mode, as is well understood by those
skilled in the art). The bypass valve 21 may include at least one of a temperature and a
pressure sensor 22, so as to sense at least one of temperature and pressure conditions in
the liquid refrigerant transport line 8 that returns liquid refrigerant from the sub-surface
heat exchanger. The valve 21 may include a bypass port 49 that fluidly communicates
with the liquid transport line 8 through a hot gas by-pass refrigerant transport line 25.
The valve 21 and bypass line 25 may be connected to the vapor transport line 6 at a point
between the compressor discharge outlet and the sub-surface heat exchanger.
Additionally, the bypass line 25 may be connected to the liquid refrigerant transport line
8 at a point between the sub-surface heat exchanger 45 and an expansion device 23. The
expansion device 23 may be a TXV for an interior heat exchanger 24 (such as an air-

handler).

[0061] The sensor 22 may be configured to generate a control signal in response to a
measured parameter of the refrigerant in the liquid transport line 8. The control signal
may be generated only when the measured parameter is within a specified range. The
valve 21 will actuate in response to the control signal so that the bypass port 49 is open
when the measured parameter is within the specified range. For example, the valve 21
may permit hot gas refrigerant to mix with the cold, partially liquid refrigerant out of the
sub-surface heat exchanger and warm the refrigerant mixture to at least approximately 46
degrees I (which corresponds to a refrigerant pressure of approximately 133 psi when the
system is operating on R-410A refrigerant), plus or minus 10%, all while not excessively
warming the refrigerant mixture above 51 degrees F (about 145 psi when the system is
operating on R-410A refrigerant), plus or minus 10%. Accordingly, the valve 21 may be
configured to automatically close should the refrigerant mixture exceed approximately 51
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degrees F, thereby ceasing injection of hot gas into the cooled liquid line 8 to avoid

impairing normal cooling mode operational efficiencies.

[0062] Only as little as possible hot gas from the compressor 13 should be diverted
into the liquid refrigerant transport line 8 exiting the sub-surface heat exchanger, at a
location prior to the expansion device 23 for the interior heat exchanger 24, so as not
unduly prevent the hot gas from the compressor 13 promptly warming up the sub-surface
heat exchange area to the point where the partial and limited hot gas by-pass valve 21

will not be required.

[0063] Additionally, a check valve 26 may be placed in the hot gas by-pass line 25.
The check valve 26 may be oriented to permit refrigerant flow through the bypass line 25
when operating in the cooling mode, but prevent refrigerant flow in the opposite direction
when the system is operating in the heating mode (i.e., when the liquid line 8 from the
interior heat exchanger 24, usually an air handler, is at a higher pressure than the low
pressure vapor refrigerant exiting the sub-surface heat exchanger). Alternatively, the
check valve 26 may be provided internally within the partial and limited hot gas by-pass

valve 21,

[0064] Yet another embodiment of a direct exchange geothermal heating/cooling
system 70 is illustrated in FIG. 4. The system 70 includes a compressor 13 disposed in a
containment box 32. The containment box 32 may further house additional components

of the system 70, such as an accumulator, a reversing valve, and the like.

[0065] The compressor 13 may be any type of compressor, including a scroll
compressor. Alternatively, the compressor 13 may be of a type that does not require
lubricating oil, such as a magnetic bearing compressor or a compressor having solid state
lubricants on all moving parts. Eliminating lubricating oil from the DX system 70
removes all oil film coatings on heat transfer tubing, and eliminates the need for an oil
separator and pressure loss incurred thereby (an oil separator is typically required in
reverse cycle DX systems when operating in the heating mode, and is also needed for
heating-mode-only DX systems having sub-surface heat exchange lines extending more
than approximately 100 feet below the ground surface 7), thereby improving system

operational efficiency. Additionally, eliminating lubricating oil will reduce system
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construction costs and eliminate potential problems associated with oil separators, such as

damaged internal floats and the like.

[0066] A vapor refrigerant transport line 6 extends from the compressor 13 and exits
the containment box 32. A lower portion of the vapor transport line 6 is disposed below
the ground surface 7 to form part of very deep well DX (a “VDWDX?”) system heat
exchange tubing. The vapor transport line 6 has a bottom end 33 operably coupled to a
liquid refrigerant transport line 8 by a coupling 29. A lower portion of the liquid
transport line 8 is also disposed below ground to form the other part of the VDWDX
tubing, and an upper portion of the liquid transport line 8 extends above the ground
surface 7. The VDWDX refrigerant transport tubing extends to a very deep vertically
oriented depth. For example, the VDWDX tubing may extend to a first point 34 located
at a depth of approximately 300 feet, or to a second point 35 located at a depth of
approximately 350 feet.

[0067] A refrigerant is circulated through the system 70, including the VDWDX
transport tubing. A direction of flow of the refrigerant through the system 70 is indicated
by arrows 4. The refrigerant is selected to have improved operational efficiencies when
used in sub-surface tubing that extends to great vertical depths below the ground surface
7, such as at least approximately 300 feet or at least approximately 350 feet. One
refrigerant suitable for use in such a system is R-744 refrigerant, which is capable of
efficiently and functionally operating in a DX system with sub-surface heat exchange

tubing installed at such depths.

[0068] The sub-surface portion of the vapor refrigerant transport line 6 is not
insulated but instead is exposed to the earth 30, thereby to increase geothermal heat
transfer. Conversely, the liquid refrigerant transport line 8 is fully insulated 31, thereby

to avoid “short-circuiting” the geothermal heat gains/losses.

[0069] 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 scope of this

disclosure and the appended claims.
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What Is Claimed Is:

1. A direct exchange geothermal heating/cooling system comprising:

a vapor refrigerant transport line;

a liquid refrigerant transport line;

a sub-surface heat exchanger fluidly communicating with the vapor and liquid
refrigerant transport lines;

a heating mode expansion valve disposed in the liquid refrigerant transport line,
the heating mode expansion valve defining a valve flow path and having a throttling
element configured to regulate fluid flow through the valve flow path; and

a pressure sensing line fluidly communicating between the vapor refrigerant

transport line and the throttling element.

2. The direct exchange geothermal heating/cooling system of claim 1, further
comprising a bypass flow path having an inlet in fluid communication with the liquid
refrigerant transport line at a first point upstream of the valve throttling element and an
outlet in fluid communication with the liquid refrigerant transport line at a second point
downstream of the valve throttling, wherein the bypass flow path is separate from the

valve flow path.

3. The direct exchange geothermal heating/cooling system of claim 2, further
comprising a bypass flow orifice configured to regulate a bypass refrigerant flow through

the bypass flow path.

4. The direct exchange geothermal heating/cooling system of claim 3, in which
the system has a system capacity rated in tons, and in which the bypass flow orifice is

sized using a bypass sizing factor based on the system capacity.

5. The direct exchange geothermal heating/cooling system of claim 4, in which
the bypass orifice factor is approximately 0.00018119616 square inches, plus or minus

10%, per ton of system capacity.
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6. The direct exchange geothermal heating/cooling system of claim 4, in which
the bypass orifice factor is approximately 0.00032169984 square inches, plus or minus

10%, per ton of system capacity.

7. The direct exchange geothermal heating/cooling system of claim 3, further
comprising a bypass line defining the bypass flow path and a pin restrictor expansion
device disposed in the bypass line, wherein the bypass flow orifice is disposed in the pin

restrictor expansion device.

8. The direct exchange geothermal heating/cooling system of claim 3, in which
the heating mode expansion valve further comprises a bleed port defining the bypass flow

path, wherein the bleed port defines the bypass flow orifice.

-22 -



WO 2009/049317 PCT/US2008/079848

9. A direct exchange geothermal heating/cooling system, comprising:

an interior heat exchanger;

a sub-surface heat exchanger;

an accumulator for receiving refrigerant,

a compressor having an inlet in fluid communication with the accumulator and an
outlet;

an oil separator in fluid communication with the compressor outlet;

an oil return line having a first end fluidly communicating with the oil separator
and a second end fluidly communicating with the accumulator; and

arefrigerant.

10. The direct exchange geothermal heating/cooling system of claim 9, in which

the oil return line second end is coupled directly to the accumulator.

11. The direct exchange geothermal heating/cooling system of claim 9, in which
the refrigerant comprises R-410A refrigerant, the compressor comprises a scroll

compressor, and the lubricating oil comprises Copeland Ultra 32-3 MAF polyolester.

12. The direct exchange geothermal heating/cooling system of claim 9, in which

the oil separator further comprises a coalescent filter.

13. The direct exchange geothermal heating/cooling system of claim 12, in which

the coalescent filter is sized to remove particles as small as 0.3 microns.
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14. A direct exchange geothermal heating/cooling system operable in a cooling
mode, comprising:

a compressor having a suction inlet and a discharge outlet;

a vapor refrigerant transport line fluidly communicating with the compressor
discharge outlet;

a sub-surface heat exchanger having a first end in fluid communication with the
vapor refrigerant transport line and a second end;

a liquid refrigerant transport line fluidly communicating with the sub-surface heat
exchanger second end;

an interior heat exchanger having a first port fluidly communicating with the
liquid refrigerant transport line and a second port fluidly communicating with the
compressor suction inlet;

a hot-gas bypass valve disposed in the vapor refrigerant transport line and having
a bypass port fluidly communicating with the liquid refrigerant transport line, the hot-gas
bypass valve having a closed position in which the bypass port is closed and an open
position in which the bypass port is open;

a controller operably coupled to the hot-gas bypass valve and responsive to a
control signal to move the hot-gas bypass valve to the open position; and

a sensor operably coupled to the hot-gas bypass valve and positioned to sense a
parameter of refrigerant flowing through the liquid refrigerant transport line, the sensor

generating the control signal when the parameter reaches a specified range.

15. The direct exchange geothermal heating/cooling system of claim 14, further
comprising a bypass line extending between the bypass port and the liquid refrigerant
transport line and a check valve disposed in the bypass line and configured to permit fluid
flow from the bypass port to the liquid refrigerant transport line while preventing fluid

flow in an opposite direction.

16. The direct exchange geothermal heating/cooling system of claim 14, further
comprising an expansion device disposed in the liquid refrigerant transport line, in which
the bypass port fluidly communicates with the liquid refrigerant transport line at a point

located between the sub-surface heat exchanger and the expansion device.
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17. The direct exchange geothermal heating/cooling system of claim 14, in which
the sensor comprises a temperature sensor and the parameter comprises a temperature of

refrigerant flowing through the liquid refrigerant transport line.

18. The direct exchange geothermal heating/cooling system of claim 17, in which
the specified range comprises a temperature range of approximately 46 to 51 degrees

Fahrenheit, plus or minus 10%.

19. The direct exchange geothermal heating/cooling system of claim 14, in which
the sensor comprises a pressure sensor and the parameter comprises a pressure of

refrigerant flowing through the liquid refrigerant transport line.

20. The direct exchange geothermal heating/cooling system of claim 19, in which
the system is charged with R-410A refrigerant, and in which the specified range

comprises a pressure range of approximately 133 to 145 psi, plus or minus 10%.
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21. A direct exchange geothermal heating/cooling system, comprising:

an interior heat exchanger;

a sub-surface heat exchanger extending below a ground surface to a depth of at
least approximately 300 feet;

an accumulator for receiving refrigerant;

a compressor having an inlet in fluid communication with the accumulator and an
outlet;

an oil separator in fluid communication with the compressor outlet;

an oil return line having a first end fluidly communicating with the oil separator
and a second end fluidly communicating with the accumulator; and

R-744 refrigerant.

22. The direct exchange geothermal heating/cooling system of claim 21, in which

the depth of the sub-surface heat exchanger is at least approximately 350 feet.
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