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DX SYSTEM HEAT TO COOL VALVES AND LINE INSULATION

FIELD OF THE DISCLOSURE

[0001] This disclosure generally relates to geothermal direct exchange ("DX")

heating/cooling systems, commonly referred to as "direct expansion" heating/cooling

systems, having various design improvements and specialty applications.

BACKGROUND OF THE DISCLOSURE

[0002] A portion of the disclosure of this patent document contains material that is subject to

copyright. The copyright owner has no objection to the authorized facsimile reproduction by

anyone of the patent document or the patent disclosure, as it appears in the Patent and

Trademark Office patent file or records, but otherwise reserves all copyright rights whatsoever.

[0003] Geothermal ground source/water source heat exchange systems typically include

fluid-filled closed loops of tubing buried in the ground, or submerged in a body of water, that

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 transfers heat to or from the water. Finally, via a third heat

exchange step, an interior air handler (comprised of finned tubing and a fan) transfers heat to

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

[0005] More recent geothermal DX heat exchange systems have refrigerant fluid transport

lines placed directly in the sub-surface ground and/or water. These systems typically

circulate a refrigerant fluid, such as R-22, R-410a, or the like, in the sub-surface refrigerant

lines, which are typically 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 by means of an

interior air handler. Consequently, DX systems are generally more efficient than water-

source systems because less heat exchange steps are required 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, less excavation and

drilling is required, and installation costs are lower, with a DX system than with a water-

source system.

[0006] While most in-ground/in-water DX heat exchange designs are feasible, various

improvements have been developed intended 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 Bl to Wiggs, the disclosures of which are incorporated herein by

reference. Such disclosures encompass both horizontally and vertically oriented sub-surface

heat geothermal heat exchange means.

[0007] The known geothermal heat exchange systems suffer from the following drawbacks:

[0008] (1) As DX systems are switched from the heating mode to the cooling mode at the end

of a heating season (i.e., when the ground is cold and the refrigerant within the interior heat

exchanger, such as an air handler, is at a temperature at or below freezing), it is difficult to

obtain a full design refrigerant flow through the system, and the interior heat exchange

refrigerant transport tubing tends to "frost," thereby decreasing system operational

efficiencies;

[0009] (2) The current means for insulating the liquid refrigerant transport line in a sub

surface environment are inadequate; and

[0010] (3) The refrigerant transport lines are often placed in a sub-surface environment that is

corrosive to metal, such as commonly-used copper, and therefore a means for protecting the

refrigerant transport lines from corrosion is desirable.

[0011] Consequently, a means to provide at least one of full and close to full design

refrigerant flow and a means to prevent "frosting" of the interior refrigerant transport heat

exchange tubing in a DX system when changing from the heating mode to the cooling mode

would be preferable; improvements to insulating the liquid refrigerant transport line in a sub

surface environment mode would be preferable; and a means of protecting all refrigerant

transport lines in a sub-surface environment that is corrosive to metal, such as copper for

example would be preferable. The present disclosure provides a solution to these preferable

objectives, as hereinafter more fully described.



BRIEF SUMMARY OF THE DISCLOSURE

[0012] It is an object of this disclosure to further enhance and improve at least one of the

efficiency, the longevity, and the interior comfort levels of a DX system when switching from

the heating mode to the cooling mode, when refrigerant temperatures within the interior

refrigerant heat exchange tubing is at a freezing, or lower, temperature; when insulating the

sub-surface liquid refrigerant transport line; and when protecting the sub-surface refrigerant

transport lines in a corrosive environment. These objectives are accomplished as follows:

[0013] (1) All heat pump systems use expansion devices in the heating mode and in the

cooling mode. Some commonly used expansion devices include fixed orifice pin restrictor

expansion devices and automatic, self-adjusting, expansion devices, both of which are well

understood by those skilled in the art. Expansion devices lower the pressure and temperature

of the circulating refrigerant fluid so as to increase the ability of the fluid to absorb heat via

providing a greater temperature differential. In DX systems, a unique problem is encountered

in moderate to Northern climates when switching from the heating mode to the cooling mode

at the end of a heating season. Namely, testing has shown that the ground immediately

surrounding the sub-surface, heat transfer, refrigerant transport tubing is sometimes very cold

(below freezing), and the heat transfer fluid (a refrigerant) circulating within the tubing can

exit the ground at temperatures at or below 52 degrees F, which nearby surrounding ground

has had heat removed all winter.

[0014] When the refrigerant exiting the ground is at temperatures at, or below, 52 degrees F,

as the refrigerant travels through an expansion device in the cooling mode, the refrigerant can

drop to a freezing temperature of 32 degrees F, or lower, which results in "frosting" of the

interior heat exchange refrigerant tubing. Such frosting results from humidity in the air being

attracted via the cold temperatures and then condensing and freezing on the refrigerant

transport heat exchange tubing. Such frosting (ice) can significantly reduce interior heat

exchange abilities until the refrigerant exiting the ground has sufficiently warmed, via the

ground absorbing waste heat rejected in the cooling mode, to a point typically above about 50

degrees F, plus or minus 5 degrees F. Further, when the ground is very cold (near or below

freezing), the refrigerant in the sub-surface heat exchanger tends to remain in the coldest area,

thereby increasing the difficulty of obtaining optimal refrigerant flow rates.

[0015] Thus, it would be advantageous to provide supplemental heat to the interior heat

exchange means in such situations, so as to help melt any frosting/ice within the interior heat

exchange means and so as to help provide a higher heat level to the sub-surface environment



so as to hasten the system's ability to warm the abnormally cold sub-surface environment to a

normal temperature range. Such supplemental heat may be supplied via at least one of an

external heat source (such as a fossil fuel, electric, solar, or the like, heat supply means) and

an internal system heat source (an internal heat source is preferable), such as heat from the

high pressure/warm refrigerant side of the heat pump system.

[0016] Heat from the high pressure side of the system could come from at least one of the

high pressure warm liquid refrigerant exiting the interior heat exchanger and the hot gas

vapor refrigerant exiting the compressor (which is depicted in the drawings herein).

Extensive testing has demonstrated that merely supplying any amount of supplemental heat,

however, is insufficient, as supplying either too little heat or too much heat are both

inefficient. Namely, supplying too little supplemental heat will result in continued frosting of

the interior heat exchange tubing and excessively low pressure suction operational conditions.

On the other hand, supplying too much heat will impair the system's ability to effectively

cool the interior air or liquid, since an adequate heat exchange temperature differential is lost.

[0017] Therefore, a means of supplying the appropriate amount of supplemental heat to the

refrigerant transport tubing within the interior heat exchanger may incorporate at least one of

a temperature and a pressure sensing device that engages the supplemental heat supply when

the temperature of the refrigerant entering the interior heat exchanger, at a point past the

expansion device, is at or below freezing, and that disengages the supplemental heat supply

when the temperature of the refrigerant entering the supplemental heat exchanger, at a point

past the expansion device, may be at a point within about 5 degrees F above freezing (within

5 degrees F above 32 degrees F, where "F" means Fahrenheit). Further, the supplemental

heat may be supplied at a point prior to the refrigerant actually entering the interior heat

exchanger refrigerant transport tubing for maximum operational efficiencies, which would

typically be at a point immediately prior to the refrigerant tubing distributor to the interior

heat exchanger.

[0018] Such supplemental heat may be supplied via a valve that automatically opens to

permit at least one of hot gas/vapor refrigerant (originating from the system's compressor)

and warm liquid/fluid refrigerant (exiting the system's interior heat exchanger) to provide

supplemental heat to the refrigerant entering the interior heat exchanger, and that may

automatically close when the temperature of the refrigerant entering the interior heat

exchanger reaches a predetermined temperature, such as no more than about 5 degrees F

greater than freezing. The drawings herein depict supplemental heat being supplied to the

interior heat exchange means (herein depicted as an air handler, which is well understood by



those skilled in the art) from a small secondary refrigerant hot gas line exiting the primary hot

gas discharge line side of the system. The smaller secondary hot gas line exits the high

pressure side of the DX system at a point past the system's compressor and oil separator, but

before the hot gas travels into the sub-surface geology to reject heat into the ground. The

automatic valve disclosed herein may be provided with hot gas after the hot refrigerant gas

has exited the system's oil separator, and an oil separator that is at least 99% efficient may be

incorporated into the system design, to avoid sending too much oil to the automatic valve, as

would happen if the hot gas is sent directly into the automatic valve from the compressor.

[0019] In a DX system application, a common "TXV" (a "Thermal Expansion Valve", also

sometimes called a "TEV") cooling mode expansion device (which are well understood by

those skilled in the art) typically lowers the temperature of the refrigerant fluid entering the

interior heat exchanger by about 13 degrees F, plus or minus about 3 degrees F. It would be

well understood by those skilled in the art that differing expansion devices could have

differing temperature drop ranges (and corresponding pressure drop ranges) other than a

common approximate 10 to 16 degree F common temperature drop range. In such event, the

problem addressed herein would apply to any situation where the refrigerant traveling into

the interior air handler, or other heat exchange means, was at or below the freezing point.

[0020] Thus, a means of both increasing the refrigerant flow rate to a design flow rate,

without full design refrigerant flow being impaired because of a very cold sub-surface

environment tending to "keep" the refrigerant in the coldest location, and increasing the

temperature of the refrigerant entering the interior heat exchanger (the interior heat exchanger

is typically an air handler comprised of finned tubing, but may also be comprised of a

refrigerant to water/liquid heat exchanger, or the like, all of which are well understood by

those skilled in the art) to a point above freezing may be desirable during such a heating to

cooling mode transition period.

[0021] While previous proprietary testing has demonstrated that at least one of a by-pass line

around a self-adjusting thermostatic expansion valve/device ("TXV") and a bleed port

through a TXV may be required to facilitate adequate refrigerant fluid flow in a cooling mode

system operation at the beginning of a cooling season when the sub-surface ground

temperature is abnormally cold (via heat being withdrawn throughout the winter), an

improved means of facilitating DX system operation under such conditions, in the cooling

mode, may be to provide an automatically adjusting/operating valve to supply and control at

least one of a limited amount of hot refrigerant discharge gas (originating from the system's

compressor) and a warm refrigerant vapor (originating from the refrigerant exiting the



system's interior heat exchanger) to the cold liquid refrigerant transport line entering the

interior heat exchanger, at a point subsequent to the cooling mode TXV and before the

distributor to the interior heat exchanger. The limited/controlled hot/warm refrigerant both

increases the suction pressure of the system and provides heat to keep frosting within the

interior air handler to a minimum.

[0022] Such an automatically operating valve (an "AV" for "Automatically operating

Valve") may begin to close itself off, so as to begin stopping the hot/warm refrigerant from

entering the cold liquid refrigerant line to the interior heat exchanger, at about 75 psi, and the

valve may modulate so as to fully close itself off when about 95 psi is reached in the subject

liquid refrigerant transport line into the interior air handler, at a point prior to the distributor

to the air handler. The valve (when transferring hot gas refrigerant originating from the

system's compressor) may transfer the hot gas into the cold liquid refrigerant transport line,

exiting the interior air handler's automatic expansion device (commonly referred to as a

"TXV" and/or as an "AEV"), but before the line reaches the distributor to the interior heat

exchange means. The valve transfers such hot gas, originating from the system's compressor

(which may be taken after exiting the system's oil separator), via what is herein termed as a

"hot gas by-pass line" because the hot refrigerant gas by-passes its normal route into the

ground in the cooling mode of a DX system design. The valve would incorporate a primary

hot gas by-pass line, a pressure sensing/equalization refrigerant transport line, a capillary tube

with a sealed end, and a cap that would be pre-charged with a gas at an appropriate psi. The

hot gas passing through the valve would be mixed into the cold refrigerant entering the

interior heat exchanger by means of a side port diffuser, so as to assist in mixing the hot gas

with the cold liquid refrigerant.

[0023] As an alternative, the automatic valve, which would otherwise be fully open, can

operate to fully close itself off when at least about 95 psi is reached on the subject liquid

refrigerant transport line into the interior air handler, at a point subsequent to the cooling

mode TXV and prior to the distributor to the air handler. The valve may have a pressure

sensitive cap filled with gas, such as dry nitrogen gas or the like, at a pressure of about 85 psi,

to offset the valve spring adjustment when the valve, if adjustable, is equivalent to the valve

identified below in a fully opened position.

[0024] A suitable valve, but with at least 85 psi of gas, such as dry nitrogen gas, or the like,

in its pressure sensitive cap (which valve and cap are well understood by those skilled in the

art), instead of other standard factory cap pressure settings of 95 psi to 115 psi for example,

would be a Sporlan Valve HGBE-5-95/1 15, as manufactured by the Sporlan Division of the



Parker Hannifin Corporation, of 206 Lange Drive, Washington, MO 63090. Other valves

may be utilized that have similar operational equivalencies.

[0025] Detailed testing has shown that if the cap pressure is too high (such as above

approximately 85 psi), there will be no cooling effect as too much hot gas is being sent

through the interior heat exchanger (an air handler or the like), and if the cap pressure is too

low (such as below about 85 psi), too little refrigerant is permitted to by-pass the TXV so as

to result in too much ice build-up within the interior heat exchanger, so as to inhibit heat

exchange with the interior air.

[0026] As another alternative, an electronic valve, with pre-determined, settings, could be

used in lieu of the automatically operating valve described hereinabove, however, electronic

valves are not preferable in that every electronic component added to a DX system

complicates the system and provides added component failure risks, thereby potentially

impairing the preferred optimum durability of the DX system design. However, if an

electronic valve were used for such purpose, the electronic valve settings may be designed to

operate within the herein disclosed design parameters. As one alternative, the electronic

automatic valve could be programmed to remain fully open at a pressure point below, and to

fully close at a pressure point above, about 95 psi in the liquid refrigerant transport line,

leading into the interior air handler, at a point after the TXV and prior to the distributor to the

air handler. An electronic valve is not shown in detail herein as same would be well

understood by those skilled in the art, so long as the valve is set to operate at the disclosed

pressures.

[0027] An alternate means of preventing frosting on the exterior of the refrigerant transport

tubing within the interior heat exchanger of a DX system, initially operating in the cooling

mode when the sub-surface environment is colder than about 45 degrees F (such as at the

conclusion of a heating season), may be to provide a valve that automatically opens to permit

hot gas/vapor refrigerant, exiting from the system's compressor, to enter the refrigerant vapor

line exiting the interior heat exchange means, before the vapor exiting the interior heat

exchanger enters the system's accumulator, so as to exert a high enough back-pressure on the

refrigerant within the interior heat exchanger to increase the temperature of the refrigerant

within the interior heat exchanger so as to prevent frosting of the interior heat exchanger.

[0028] The automatic valve may have a cap (with a capillary tube with a sealed end) filled

with a gas (such as dry nitrogen or the like), and the valve has a pressure sensing/equalization

refrigerant transport line situated at least about twelve inches downstream, in the refrigerant

flow direction, from the point where the hot gas, originally traveling from the compressor and



through the valve, enters the refrigerant vapor line exiting the interior heat exchange means.

Testing has indicated the cap of the valve, when utilizing a valve such as the above-identified

Sporlan valve, or the like, may be filled with dry nitrogen, at a pressure of 110 psi, for a

system operating on an R-410A refrigerant. Correspondingly appropriate pressure setting (so

as to prevent air handler frosting) would be utilized for other refrigerants operating at other

pressures, as would be well understood by those skilled in the art. Valves serving as hot gas

by-pass valves are well known, but have not been used to exert back-pressure on the

refrigerant within an interior air handler to prevent frosting, as taught herein for a DX system.

The hot gas refrigerant sent to the interior heat exchanger by the valve, in the cooling mode,

may be taken from hot gas refrigerant line exiting at least one of the system's compressor and

the system's oil separator. The hot gas may be introduced to the warm refrigerant exiting the

interior heat exchanger/air handler at a point past the air handler's TXV, but before the

system's accumulator. TXVs and accumulators are well understood by those skilled in the

art. In such a design, testing has shown that a side port diffuser may be unnecessary, as the

hot gas is being mixed with warm gas, as opposed to being mixed with a cold liquid phase

refrigerant.

[0029] (2) A second design improvement is a means of better insulating the liquid refrigerant

transport line in a sub-surface environment. This may be accomplished by surrounding the

sub-surface, cooler, liquid refrigerant transport tubing, typically in the immediate proximity

of the sub-surface heat exchange, warmer, vapor refrigerant transport tubing, with a solid

insulation material that cannot be crushed via sub-surface pressures. Testing has shown that

sub-surface pressures, such as water pressures, ground weight pressures, grouting pressures,

and the like, over time, tend to compress and reduce expanded foam type insulations, thereby

impairing insulation abilities. Therefore, a solid type insulation material may be used,

particularly at depths exceeding 50 feet.

[0030] However, for both efficiency and cost effective concerns, testing has demonstrated

there are two preferable means for installing such sub-surface, solid state, insulation around

the cooler liquid/fluid refrigerant transport line (which is not the heat exchange line),

particularly in a Deep Well Direct Exchange ("DWDX" system), where the refrigerant

transport liquid and vapor lines are typically vertically oriented and are installed within the

same borehole at depths in excess of 100 feet.

[0031] The first type of insulation means would be comprised of a coating for a metal

refrigerant transport tube (typically copper), which coating would be comprised of a low heat

conductivity plastic, such as a preferable low density polyethylene, or the like, where the



insulating coating may be at least 0.1 inches thick. Testing has shown a low density

polyethylene provides better insulation values in such an application than a high-density

polyethylene. An alternative solid-state coating could be utilized, such as another type plastic

and/or a rubber material or the like, so long as the heat conductivity rate did not exceed

approximately 0.25 BTUs/Ft.Hr. degrees F.

[0032] Additionally, in such an application, expanded foam, closed cell, plastic insulation,

such as expanded foam polyethylene or the like, should additionally be placed around the

exterior of the solid state plastic coating on the liquid refrigerant transport line, which foam

has a minimum insulation wall thickness of at least 1/2 inch, and which foam may be

installed from the ground surface to a depth of at least 50 feet. In such an application, the

heat conductivity rate of the expanded foam may also not exceed 0.25 BTUs/Ft.Hr. degrees

F.

[0033] Polyethylene generally has a heat transfer rate of only about 0.225 BTUs/Ft.Hr.

degrees F, which may be a relatively poor heat conductivity rate. By comparison, copper has

a heat conductivity rate of about 227 BTUs/Ft.Hr. degrees F.

[0034] Additionally, testing has shown that in such an application, about the lower 15% of

the liquid refrigerant transport line in a DWDX system application (the lower approximate

15% of the vertically oriented sub-surface liquid refrigerant transport line) may be left

uncoated/un-insulated for heat transfer and cost effectiveness advantages. Factually, testing

has indicated a geothermal heat transfer advantage when the lower approximate 15% of

vertically oriented liquid refrigerant transport tubing is left completely un-insulated, together

with completely un-insulated vertically oriented vapor refrigerant transport tubing.

[0035] An alternate type of insulation means would be comprised of sliding (as opposed to

coating) a separate polyethylene tube, or the like, or any similar solid-state insulation tube

material having a heat conductivity rate that did not exceed 0.25 BTUs/Ft.Hr. degrees F, over

the sub-surface liquid/fluid refrigerant transport line, as opposed to applying a solid-state

coating in a manufacturing process. Regardless of the application means, the solid-state

insulation may surround the insulated portion of the sub-surface liquid refrigerant transport

line and may not exceed a heat transfer rate of 0.25 BTUs/Ft.Hr.

[0036] In any such application, unless the wall thickness of the solid-state insulation material

was at least 0.2 inches thick, expanded foam, closed cell, plastic insulation, such as expanded

foam polyethylene or the like, should additionally be placed around the exterior of the

separate solid state plastic tubing surrounding the liquid refrigerant transport line, which

foam has a minimum insulation wall thickness of at least 1/2 inch, with the foam insulation



being installed from the ground surface to a depth of at least 50 feet. In such an application,

the heat conductivity rate of the expanded foam may also not exceed 0.25 BTUs/Ft.Hr.

degrees F.

[0037] When a metal liquid/fluid refrigerant transport tube is being installed in a DWDX

system application, or otherwise, with another separate tube of a solid state insulation

material, such as polyethylene, or the like, being utilized for insulation purposes, the

insulating tube may have a heat conductivity rate that does not exceed 0.25 BTUs/Ft.Hr.

degrees F and may have a wall thickness of at least approximately 0.2 inches thick so as to

inhibit heat transfer to the metal refrigerant transport tube inside the insulation tubing. The

insulation tubing may be installed via sliding the insulation tubing down around the metal

refrigerant transport tube from the top of the well/borehole once the metal refrigerant

transport tube has been installed in the well.

[0038] There is necessarily a gap between the two respective tubes. The gap will be full of

air in a dry sub-surface installation and will be full of water in a wet sub-surface installation.

The air gap in a dry sub-surface installation will provide better insulation properties, but the

insulation tubing will still provide adequate heat transfer inhibition even if water filled.

[0039] (3) A third design improvement is a means of protecting all refrigerant transport lines

in a sub-surface environment that is corrosive to metal, such as copper for example. For

example, soils with PH levels between 5.5 and 11 can be corrosive to copper. In such

situations, all sub-surface metal refrigerant transport tubing may be coated with a protective

solid-state coating that is non-corrosive via the adjacent geology, such as polyethylene, or the

like. However, in such situations, while the sub-surface liquid/fluid refrigerant transport

tubing may be coated with a thicker coating, as described hereinabove so as to inhibit heat

transfer, the sub-surface vapor/fluid refrigerant transport line may be coated with a protective

coating that is non-corrosive via the adjacent geology, such as polyethylene, or the like, with

as thin as possible a coating so as not to unduly impair heat conductivity/transfer.

[0040] Testing has demonstrated that such an acceptable solid-state coating on the sub

surface vapor refrigerant transport line, as well as on any otherwise uncoated portions of the

liquid refrigerant transport line, may be comprised of a solid-state polyethylene coating that is

between 0.01 and 0.02 inches thick. Such a coating will have less than an approximate 10%

heat transfer impairment. A coating less than 0.01 inches thick may be too easily damaged,

and a coating of more than 0.02 inches thick may impair heat transfer to an unacceptable

level.



[0041] As mentioned above, a preferable coating on most of the sub-surface metal liquid line

should be comprised of a solid-state polyethylene coating, or the like, that may have a

thickness of at least approximately 0.1 inches. Such a coating may protect the metal liquid

line, as well as inhibit unwanted heat transfer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0042] FIG. 1 is a side view, not drawn to scale, of an automatic self-adjusting valve

incorporated into a geothermal system, operating in the cooling mode, according to the

present disclosure.

[0043] FIG. 2 is a top view of a metal liquid/fluid refrigerant transport tube with a coating of

a solid state insulation material, according to the present disclosure.

[0044] FIG. 3 is a side view of a vertically oriented liquid/fluid refrigerant transport line with

a coating of a solid state insulation material, according to the present disclosure.

[0045] FIG. 4 is a top view of a metal liquid/fluid refrigerant transport tube within a separate

tube of a solid state insulation material, according to the present disclosure.

[0046] FIG. 5 is a top view of a primary liquid refrigerant transport line and of a larger vapor

refrigerant transport line that have both been surrounded by a protective respective solid-state

insulating coating to protect the metal refrigerant transport tubing in sub-surface

environments that are corrosive to the metal type utilized for the line, according to the present

disclosure.

[0047] FIG. 6 is a side view of an automatic hot gas by-pass valve utilized to place back

pressure on the refrigerant within the interior air handler, by directing high pressure

refrigerant vapor, originating from the system's compressor, into the warm vapor refrigerant

transport line exiting the air handler in the cooling mode.

DETAILED DESCRIPTION

[0048] The following detailed description is of the best presently contemplated mode of

carrying out the subject matter disclosed herein. The description is not intended in a limiting

sense, and is made solely for the purpose of illustrating the general principles of this 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. As used herein, the word "about", when referring to temperatures

and/or pressures, means approximately.



[0049] Referring now to the drawings in detail, where like numerals refer to like parts or

elements, there is shown in FIG. 1 a side view, not drawn to scale, of an automatic self-

adjusting valve 1 that is situated in a smaller hot gas by-pass refrigerant transport line 2 .

[0050] The drawings herein depict supplemental heat being supplied to the interior heat

exchange means 4 (herein depicted as an air handler, which is well understood by those

skilled in the art) from a small secondary refrigerant hot gas by-pass line 2 exiting the

primary hot gas discharge line 20 side of the system (for clarity, the entire system is not

shown herein in detail, but the components and layout of such a system would be generally

understood by those skilled in the art).

[0051] The smaller secondary hot gas by-pass line 2 exits the high pressure side of the DX

system at a point 2 1 past the system's compressor 18 and past the system's oil separator 19,

but before the hot gas (not shown but depicted by arrow 23) travels into the sub-surface

geology to reject heat into the ground 22. The automatic valve 1 may automatically close

when the temperature of the mixed refrigerant fluid 7 entering the interior heat exchanger 4

(typically an air handler 4, which is well understood by those skilled in the art) reaches a

predetermined temperature, such as no more than about five degrees F greater than freezing.

The mixed refrigerant fluid (not shown but depicted by arrow 7) may be comprised of liquid

refrigerant (not shown but depicted by arrow 5) within the primary liquid refrigerant transport

line 3 mixed with hot gas refrigerant (not shown but depicted by arrow 23) originating from

the system's compressor 18.

[0052] The hot gas 23 from the high pressure compressor 18 side of the system travels

through a primary hot gas refrigerant transport line 20 into the oil separator 19. After exiting

the oil separator 19, the hot gas 23 reaches a point 2 1 where it travels into a smaller

secondary hot gas refrigerant transport line 2 to the automatic valve 1 and from the automatic

valve 1 back into the primary liquid refrigerant transport line 3, bringing cooled mostly liquid

refrigerant from the sub-surface heat exchanger (not shown herein as same would be well

understood by those skilled in the art) in the cooling mode. The automatic valve 1 is herein

shown with a cap 10 that may be filled with dry nitrogen or the like (not shown) at a cap

pressure of approximately 85 psi. The cap 10 may be filled with the gas via a small capillary

tube 12 with a permanently sealed end 13. The automatic valve 1 is also herein shown with

an adjustment screw 11 in a fully opened position. Caps 10, capillary tubes 12, and

adjustment screws 11 are all well understood by those skilled in the art.

[0053] The hot gas refrigerant fluid (not shown except by directional arrows 23) flowing

from the automatic valve 1 enters the primary liquid line 3 through a side port diffuser 6 . A



side port diffuser 6 is well understood by those skilled in the art, and is essentially a mixing

chamber to mix the cold mostly liquid refrigerant fluid (not shown except by directional

arrow 5) flowing within the primary liquid line 3 with the hot gas refrigerant fluid 23 flowing

out of the automatic valve 1.

[0054] The mixed refrigerant fluid 7 next flows past a pressure sensing/equalization

refrigerant transport line 8, which line 8 extends to the automatic valve 1. After passing the

pressure sensing/equalization line 8, the mixed refrigerant fluid 7 next flows into a distributor

9 . Distributors 9 are well understood by those skilled in the art and essentially consist of an

equal distribution means of a larger refrigerant fluid flow into multiple smaller refrigerant

tubes (not shown herein as same are well understood by those skilled in the art) within the

interior heat exchanger 4 so as to effect an efficient heat exchange.

[0055] The hot gas by-pass line 2 containing the automatic valve 1 is shown as traveling

around, and by-passing, a standard self-adjusting Thermal Expansion Valve 14 (a "TXV" or a

"TEV"). TXVs 14 are well understood by those skilled in the art. The TXV 14 may be a

standard TXV valve, herein shown with a vapor pressure sensing tube 16 extending from the

TXV 14 to the primary vapor refrigerant transport line 15, and with a temperature sensor 17

attached via a sensor tube 24 directly to the primary vapor line 15, which vapor line 15 is

transporting mostly vapor refrigerant (not shown but depicted by arrows 25) with heat

acquired from the interior heat exchange means 4, herein shown as an air handler 4, as is well

understood by those skilled in the art.

[0056] Although not shown herein, an electronically controlled valve, which is well

understood by those skilled in the art, could be substituted in lieu of the automatic self-

adjusting valve 1, so long as the operative pressure settings disclosed herein are programmed

in and utilized.

[0057] FIG. 2 is a top view of a metal liquid/fluid refrigerant transport tube 26 with a coating

27 of a solid state insulation material, such as polyethylene, or the like. The coating 27, not

drawn to scale, may be at least approximately 0.1 inches thick so as to inhibit heat transfer to

the metal tube 26 inside the coating 27. Additionally, an extra layer of expanded foam,

closed cell, insulation 28, which insulation 28 has at least a one-half inch foam wall thickness

(not drawn to scale), is shown surrounding the coating 26. The expanded foam insulation 28

may have closed cells so as not to absorb water and decrease insulation values.

[0058] FIG. 3 is a side view of a vertically oriented liquid/fluid refrigerant transport line 3,

with a coating 27 of a solid state insulation material, such as polyethylene, or the like. A first

or upper section of the transport line 3, extending from the top/surface 34 to a depth 29 of at



least 50 feet (not drawn to scale), includes an extra layer of expanded foam, closed cell,

insulation 28 having at least a one-half inch foam wall thickness (not drawn to scale)

surrounding the coating 27. Additionally, a second or intermediate section of the transport

line 3, extending from the depth 29 to a further depth 30, encompasses the lower 15% (not

drawn to scale) of the liquid line 3 from the bottom up and has no insulation layer 28 at all.

Here, the liquid line 3 is shown as coupled 32 to a larger diameter and un-insulated vapor

refrigerant transport line 15 used for sub-surface heat transfer, as is well understood by those

skilled in the art.

[0059] FIG. 4 is a top view of a metal liquid/fluid refrigerant transport tube 26 within a

separate tube 3 1 of a solid state insulation material, such as polyethylene, or the like. The

tube 31, not drawn to scale, may have a heat conductivity rate that does not exceed

approximately 0.25 BTUs/Ft.Hr. degrees F and may have a wall thickness of at least

approximately 0.2 inches thick so as to inhibit heat transfer to the metal refrigerant transport

tube 26 inside the insulation tubing 31. The insulation tubing 31 may be installed via sliding

the insulation tubing 31 down around the metal refrigerant transport tube 26 once the metal

refrigerant transport tube 26 has been installed in a vertically oriented well (not shown as

same is well understood by those skilled in the art) of a DWDX, or other DX, system.

[0060] There is necessarily a gap 33 between the two respective tubes 26 and 31. The gap 33

will be full of air in a dry sub-surface installation and will be full of water in a wet sub

surface installation. The air gap 33 in a dry sub-surface installation will provide better

insulation properties, but the insulation tubing 31 will still provide adequate heat transfer

inhibition even if water- filled.

[0061] FIG. 5 is a top view of a primary liquid refrigerant transport line 3 and of a larger

vapor refrigerant transport line 15 that have both been surrounded by a protective respective

solid-state insulating coating 27A and 27B to protect the metal refrigerant transport tubing, 3

and 15, in sub-surface environments that are corrosive to the metal type utilized (typically

copper).

[0062] A preferable solid-state coating 27B on the sub-surface vapor refrigerant transport

line 15 may be comprised of a solid-state polyethylene coating 27B, or the like, having a

thickness of approximately 0.01-0.02 inches. Such a coating 27B may impair heat transfer by

less than approximately 10%. A coating less than approximately 0.01 inches thick may be

too easily damaged, while a coating of more than 0.02 inches thick may impair heat transfer

by an unacceptable level.



[0063] A coating 27A on the sub-surface liquid refrigerant transport line 3 may be comprised

of a layer of solid-state polyethylene, or the like, which may be at least approximately 0 .1

inches thick.

[0064] FIG. 6 is a side view of an automatic and self-adjusting hot gas by-pass valve 1 for

placing back-pressure on the mostly vapor refrigerant 25 within the interior heat

exchanger/air handler 4, by directing high pressure and hot gas 23 refrigerant, originating

from the system's compressor 18, but exiting the system's oil separator 19, into the warm

mostly vapor refrigerant 25 vapor refrigerant transport line 15 exiting the air handler 4 in the

cooling mode. In this application, the valve 1 has a cap 10, with a capillary tube 12 with a

sealed end 13, which may be filled with a gas pressurized to approximately 110 psi, for use

with a refrigerant such as R-410A. The valve's 1 hot gas by-pass refrigerant transport line 2

has a connecting point 35 with the vapor refrigerant transport line 15 exiting the air handler 4

after the air handler's 4 TXV 14, but before the system's accumulator 36, through which

mostly vapor refrigerant 25 passes on its way back to the compressor 18. Here, the valve's 1

pressure sensing/equalization refrigerant transport line 8 is operably coupled to the vapor

refrigerant transport line 15, leading to the accumulator 36, at a location that is at least about

one foot (not drawn to scale) downstream (in the mostly refrigerant vapor 25 flow) from the

connecting point 35, where the hot gas by-pass refrigerant transport line 2 connects to the

vapor refrigerant transport line 15 exiting the interior heat exchanger/air handler 4 in the

cooling mode. Accumulators 36 are well understood by those skilled in the art. Mostly

liquid refrigerant 5 is shown entering the TXV 14 (which is more fully described in FIG. 1

above) through the primary liquid refrigerant transport line 3 .



What Is Claimed Is:

1. A direct exchange heating/cooling system operable in a cooling mode, comprising:

a compressor;

an interior heat exchanger;

a primary liquid refrigerant transport line directing a refrigerant fluid into the heat

exchanger;

a primary vapor refrigerant transport lien directing the refrigerant fluid out of the heat

exchanger;

a primary hot gas discharge line directing the refrigerant fluid out of the compressor;

and

a valve having an inlet port in fluid communication with the primary hot gas

discharge line and an outlet port in fluid communication with either the primary liquid

refrigerant transport line or the primary vapor refrigerant transport line, the valve being

operable to automatically open in the cooling mode to permit at least one of hot gas/vapor

refrigerant from the compressor and warm refrigerant vapor exiting the interior heat

exchanger to provide supplemental heat to the refrigerant fluid entering the interior heat

exchanger, and to automatically close when a temperature of the refrigerant entering the

interior heat exchanger reaches a temperature limit of no more than about 5 degrees F greater

than freezing.

2 . The system of claim 1, further including an oil separator positioned downstream of

the compressor, and in which the valve inlet port fluidly communicates with a point of the

primary hot gas discharge line that is positioned downstream of the oil separator.

3 . An automatically operating valve, which begins to close itself off at about 75 psi,

and that modulates to fully close itself off when about 95 psi is reached, in the liquid

refrigerant transport line leading into the interior air handler, at a point subsequent to the

cooling mode TXV and prior to the distributor to the air handler.

4 . Claim 3 where the automatic valve has a pressure-sensing cap filled with gas at a

pressure of at least 85 psi.

5 . An electronic automatic valve, in the cooling mode, that, being otherwise fully

open, fully closes itself off when about 95 psi is reached in the liquid refrigerant transport



line that leads into the interior air handler, at a point subsequent to the cooling mode TXV

and prior to the distributor to the air handler.

6 . Insulation surrounding the smaller sub-surface liquid refrigerant transport line in a

vertically oriented DX system, where the insulation is a solid type insulation material at

depths down to, and exceeding, 50 feet.

7 . Claim 6 where the solid type insulation is low density polyethylene.

8. Claim 7 where the low density polyethylene is at least 0 .1 inches thick.

9 . Claim 6 where the heat conductivity rate of the insulation material did not exceed

0.25 BTUs/Ft.Hr. degrees F.

10. Claim 6 where expanded foam, closed cell, plastic insulation is additionally

placed around the exterior of the solid state insulation coating on the liquid refrigerant

transport line, which expanded foam has a minimum insulation wall thickness of at least 1/2

inch, and which foam is installed from the ground surface to a depth of at least 50 feet.

11. Claim 10 where the heat conductivity rate of the expanded foam does not exceed

0.25 BTUs/Ft.Hr. degrees F.

12. Claim 7 where the wall thickness of the solid-state insulation material is at least

0.2 inches thick when there is no additional expanded foam, closed cell, plastic insulation

surrounding the solid-state insulation.

13. Claim 6 where about the lower 15% of the vertically oriented sub-surface

geothermal liquid refrigerant transport line is not insulated.

14. A coating for metal refrigerant transport tubing, situated in a sub-surface

environment that is corrosive to the metal tubing, where the coating is comprised of a solid-

state coating on both the sub-surface refrigerant transport vapor line and liquid line, where

the coating is comprised of a protective coating that does not significantly impair geothermal

heat transfer.

15. Claim 14 where the coating is a solid-state polyethylene coating that is between

0.01 and 0.02 inches thick.



16. A DX system with a valve that automatically opens, in the cooling mode, to

permit hot gas/vapor refrigerant, originally exiting from the system's compressor, to enter the

refrigerant vapor line exiting the interior heat exchange means, before the vapor enters the

system's accumulator, so as to exert a high enough back-pressure on the refrigerant within

the interior heat exchanger to prevent frosting of the interior heat exchanger.

17. Claim 16 where the automatic valve has a cap filled with a gas, and where the

valve has a pressure sensing/equalization refrigerant transport line situated at least about

twelve inches downstream, in the refrigerant flow direction, from the point where the hot gas

enters the refrigerant vapor line exiting the interior heat exchange means.

18. Claim 17 where the cap is filled with dry nitrogen at 110 psi for a system

operating on an R-410A refrigerant.

19. The system of claim 17 wherein the hot gas refrigerant sent to the interior heat

exchanger in the cooling mode is taken from hot gas refrigerant line exiting at least one of the

system's compressor and the system's oil separator.
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