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GROUND HEAT EXCHANGER 

 

Field 

 

This invention relates to a geothermal system of heat exchange and more particularly to a 

geothermal pile that is disposed in the ground inside a contained source of water. 

 

Background 

 

Geothermal energy is said to be the second most abundant source of heat on earth. It is the heat 

energy stored in the earth  contained in rocks and metallic alloys, just below the outer surface of 

the earth. The temperature of these rocks and metal alloys is at or near their melting points. 

Geothermal piles are often used to capture and bring above ground this heat stored below the 

ground. United States Patent 10,655,892 in the names of Kong et al. describes a geothermal  heat 

transfer pipe embedded in a prefabricated pipe pile sealed by closing the bottom thereof and  

United States patent 9,611,611 in the name of Klekotka ,   et al. describes the process of driving 

piles and installation of piles into the ground for geothermal applications, both patents incorporated 

herein by reference.  United States Patent 9,708,885 incorporated herein by reference  in the name 

of Loveday et al., entitled System and Method for Extracting Energy, describes ways in which to 

better couple a pile with walls of a surrounding borehole by injecting water into an annulus 

between the pile and the soil to have the soil form a better thermal coupling with the pile after 

mixing with the injected water. 

 

Geothermal piles are typically made of concrete or steel having a wellhead at an upper end and 

having a U-shaped conduit within the center thereof for carrying a fluid such as water, alcohol, 

refrigerant, and a combination thereof. 

 

 

Although piles of this type perform a function, their ability to capture heat from the surrounding 

soil is somewhat limited and depends to some degree on the type of soil in which the pile is housed. 

 

https://www.designingbuildings.co.uk/wiki/Geothermal_energy
https://www.designingbuildings.co.uk/wiki/Heat
https://www.designingbuildings.co.uk/wiki/Earth
https://www.designingbuildings.co.uk/wiki/Heat_energy
https://www.designingbuildings.co.uk/wiki/Heat_energy
https://www.designingbuildings.co.uk/wiki/Earth
https://www.designingbuildings.co.uk/wiki/Rock
https://www.designingbuildings.co.uk/wiki/Alloy
https://www.designingbuildings.co.uk/wiki/Earth
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The presence of a groundwater table can facilitate heat transfer to and from the ground because 

thermal conductivities of water and soil are orders of magnitude higher than that of air. Thus, 

saturated soil is a more efficient medium for heat transfer than dry soil. Furthermore having a 

greater surface area in which to collect energy and a medium to augment the transfer is 

advantageous. This invention provides a vessel disposed within the ground containing a liquid 

such as water, hereafter referred to as an artificial water table. This artificial water table  in the 

form of a vessel contains a geothermal pipe disposed coaxially within the vessel. The artificial 

water table augments heat transfer into or out of the geothermal pipe from the surrounding ground.  

 

 

Summary 

 

It is well known that energy transfer in a medium such as water has a convective and a conductive 

component. Although other liquids may be used, in a preferred embodiment  described hereafter 

water is selected as a suitable medium to transfer heat from the ground to a geothermal pipe rather 

than directly coupling the geothermal pipe to the surrounding ground. 

Using water as an intermediary coupling medium offers numerous advantages. It is abundant, safe 

in the instance of a leak in the vessel, and has adequate conductive properties.  

 

This invention provides an in-ground vessel containing water for collecting heat from the 

surrounding ground, the vessel having disposed therein a geothermal pipe or pile for collecting 

heat from the ground heated water within the vessel. The water containing vessel containing the 

geothermal pipe may have crushed gravel or other solid medium therein to assist in securing the 

geothermal pipe or pile. Preferably the vessel is a steel pile having a closed bottom end. 

 

In accordance with an aspect of this invention there is provided, a geothermal system comprising 

a central pipe disposed coaxially within a vessel located at a depth within the ground, the central 

pipe containing  a conduit for transporting a liquid from an inlet port to an outlet port through  at 

least a portion of the central pipe in two directions; 
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the vessel containing a liquid in a region about the outside of the central pipe so that the liquid 

surrounds and contacts the central pipe, wherein the outer surface area of the vessel is n times 

greater than the outer surface area of the central pipe at same height.  

 

In accordance with another aspect of the invention, there is provided a method comprising: 

boring a hole in the ground having depth of at least 25 feet and at least a  diameter of 40 inches; 

disposing a first tube into the bored hole and conforming to the bore hole and ensuring that a 

bottom end of the tube is sealed so that the tube forms a vessel suitable for containing a heat 

conducing liquid; 

disposing a geothermal pile having a smaller diameter into the first tube; 

filling the first tube in a region outside geothermal pile with a heat conducting first liquid to a 

height so that at least a bottom portion of the geothermal pile is surrounded with the first liquid; 

wherein the geothermal pile has a conduit disposed therein for circulating a 2nd liquid into and out 

of the geothermal pile, wherein the first liquid is isolated from the 2nd liquid so that the two liquids 

are separate, and wherein in operation, heat is transferred from the ground about the first tube to 

the conducting first liquid and between the conducting first liquid to the second liquid through 

conduction. 

 

Brief Description of the Drawings 

 

Exemplary embodiments will be described in accordance with the drawings, in which: 

 

FIG. 1 is a drawing of a closed end geothermal heat exchange pile;  

 

FIG. 2 is a drawing of a closed end geothermal heat exchange pile; 

 

FIG. 3 is a drawing of a geothermal heat exchange pile having a grout sealed closed end; and,  

 

FIG. 4 is a drawing of a co-axial geothermal heat exchanger in accordance with an aspect of the 

invention. 
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Fig 5 is an alternative embodiment having a concrete plug sealing the end.  

 

 

Detailed Description 

 

Construction piles of various types as shown in FIGs 1 through 3 are used as geothermal piles.  

FIG. 1 is an illustration of a 50 ft. closed end driven pile used in a geothermal application. FIG. 2 

shows a geothermal closed end helical pile of similar dimension. The base of the pile shown in 

FIG. 3 has a non shrink grout seal. Although the length of the piles shown is a standard 50 ft. 

length similar piles of other dimensions can be used depending on the depth requirement.  

Regardless of whether geothermal energy piles are made of concrete or steel these piles are adapted 

to have an inlet port and outlet port above grade and a continuous conduit there within which 

extends longitudinally from a top end to near the bottom end along the length of the geothermal 

energy pile. The conduit may be coiled or u-shaped. It must provide a path for fluid to flow from 

the top to the bottom and back up to a top end at an outlet port and while the fluid is moving 

through the pile heat is transferred into or out of the conduit from outside the conduit; in heating 

applications, this heat is collected from the surrounding ground.  

 

Turning now to FIG. 4 a geothermal pile 100 having a circular cross-section of 8 inches is shown 

having a conduit 44 having an inlet port 42a and outlet port 42b. The conduit 44 is preferably 

composed of a heat conducting material such as copper, although plastic tubing may be used with 

less effectiveness in transferring heat to or from the fluid within the conduit 44. The description 

which follows refers to the capturing of heat from the ground to the fluid within the conduit 44, 

however it should be understood that the reverse may occur if the ground is cooler than the 

incoming fluid in the conduit, and depending on the temperature difference, geothermal systems 

may be used for heating or cooling.  In a preferred embodiment not shown, the conduit has its 

upper portion insulated or double jacketed so that heat collected at the lower portion of the pile is 

not lost traveling upward. In a further preferred embodiment the conduit is made of a highly 

conductive material at its bottom end, that is the end closest to where the bottom of the pile is 

located within the borehole, and is conjoined with  a second of tubing made of insulating material 

at the upper end so that less collected heat is lost along the return path. 
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Geothermal energy pile 100 is shown disposed within and coaxial with a larger energy transfer 

pile 200 having circular cross-section with a diameter of 48 inches and a closed bottom end; the 

pile 200 is shown to have a diameter approximately three time greater than the diameter of the 

energy pile 100. A liquid such as water 220 is contained within the annular space between the 

outer wall of pile 100 and the inner wall of the energy transfer pile 200. Thus pile 200 is a vessel 

containing water and also contains the geothermal pile 100 in a center region thereof. The pile 200 

is made of steel having a predetermined thickness selected to provide a required strength and 

longevity to withstand forces upon it. Noticeably the larger diameter steel pile 200 has a much 

greater outer surface area than the outer surface area of the geothermal pile 100. Since the surface 

area of a pile having a circular cross section  is r2h, the larger surface area of pile 200 collects a 

significantly greater amount of energy from the soil directly adjacent to it than a smaller diameter 

pile would in the absence of the larger pile 200 due to the squared term r2.  For a geothermal pile 

of having a height of 10’ and a radius of 1 foot  the surface area of that pile contacting the ground 

would be 10 .  For a larger pile surrounding the geothermal pile having a radius of 4 feet  and a 

same height of 10 feet the surface area would be 160    The water contained within the region 

between the steel pile 200 and the geothermal pile 100 is in contact with the large surface area 

steel wall and absorbs the ground heat from the soil adjacent to the outer wall of the pile 200. The 

heat absorbed by the water is transferred though conduction and convection to the geothermal pile 

100; and, the speed in which heat transfers by conduction and convection is considerably greater 

than the speed of heat transfer by conduction alone.  Exemplary diameters for the pile 100 and the 

pile 200 would be (8” 36”), (12” 48”) (18” 72”) 

In an alternative embodiment not shown a circulating pump is provided to increase the turbulence 

and hence the convective effect and speed of energy transfer through the water stored between the 

pile 200 and the pile 100.  An yet another embodiment a small rotating hub with radiating blades 

disposed within the water near the bottom of the pile can provide additional circulation to increase 

the rate of heat transfer. 

 

Although the embodiments described heretofore describe and illustrate providing a borehole, 

disposing a large diameter pile having a closed end in the borehole, placing a geothermal pile 
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within the large diameter pile, and filling the annulus between the two piles with an energy 

conducting liquid such as water, other embodiments may be envisaged.  

For example it may be possible to dispose a geothermal cell in the center of the large diameter pile 

which is not in the form of a pile, but is a conduit which directs a fluid into and out of the 

geothermal cell.   

 

In yet another embodiment now shown, the larger energy transferring pile having a larger diameter 

may be significantly shorter in height that the geothermal cell or pile placed within it.  

What is important is that the larger pile or vessel be located where the most energy transfer will 

take place.  

 

Another feature that this invention provides is a means to ensure that the vessel contains a suitable 

amount of water. A simple sump pump can be provided which fills the vessel if the amount of 

water within is less than a predetermined amount.  

 

In another embodiment of this invention a flow control valve can be added to the bottom of the 

larger vessel to allow pumped in water to flow into the vessel slowly in a controlled manner and 

to overflow over the annulus to the surrounding soil so as to have a better thermal contact between 

the surrounding ground and the vessel. This flow would also add turbulence to the water within 

the vessel in the anulus which is advantages for convective heat transfer between the surrounding 

soil and the geothermal pile. 

 

Although the embodiments described heretofore have shown the liquid disposed between the inner 

geothermal cell and the outer pile to be water, other liquids can be used, and material such as 

crushed stone can be placed within the water to assist in securing the inner pile. 

 

Diameters for the pile 100 and the pile 200 would be (8” 36”), (12” 48”) (18” 72”) (24” 96”) with 

a concrete annulus. End caps will be used. Drilling of 25 to 100 feet down is possible with water 

table aiding not having to go deeper than this. Well will be called D ‘King’ pile. 3 to 10 piles will 

make up a ‘King’ pile. A steel liner will be a spiral weld seal typically (non-leak). Different types 

of steel liners will be used. A and B piles will have end caps. The following applications will be 
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used for each pile; A – plate, B – helical drill, C – micropile using grout plug. In cases where ID 

pipes are used, they will all have plates at the bottom. Plumbing into the annulus will help to fill 

and keep wet the outside closed system.  
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CLAIMS 

 

What is claimed is:  

 

1. A system for heat exchange comprising:  

      a large diameter closed end pile having a diameter d1 disposed within a borehole 

 a geothermal pile having a diameter d2, where d2<d1, wherein the geothermal pile is 

disposed within the large diameter pile;  

a volume of energy transfer liquid stored therebetween the  geothermal pile and the large 

diameter pile.  

2. A system as defined in claim 1 wherein the height of the energy transfer liquid stored 

between the geothermal pile and the large diameter pile is less than ¾ of the height of the 

geothermal pile. 

3. A system as defined in claim 1 or 2 wherein a conduit within the geothermal pile has an 

upper portion that is insulated. 

4. A system as defined in any of claims 1 to 3 further comprising means for inducing a 

convective current within the energy transfer liquid. 

 

5. A system as defined in any of claims 1 to 4 further comprising gravel or clear stone within 

the energy transfer liquid. 

 

6.  A method of constructing a heat exchange system comprising: 

providing a borehole having a first diameter d1; 

inserting a tube with a closed bottom end having a diameter d2 less or equal to d1; 

inserting a geothermal pipe within the tube;  

surrounding the geothermal pipe with a volume of heat transferring liquid, wherein the 

liquid resides between the tube and the pipe .  

 


