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TWO-STAGE HYDRAULIC ENGINE

The present disclosure relates to a system for capturing heat energy, particularly

from low-grade heat sources, and converting it into usable mechanical or electrical

energy through the expansion and contraction of a working fluid.

Conversion of energy from one form to another often is required in order to

harness energy in a form that is useable in a practical application, including, for example,

mechanical energy or electrical energy. Devices well known in the art thai are capable

of such energy conversion include various types of engines and motors, such as

combustion engines, electric motors, and pneumatic motors.

Thermal engines, or heat engines, are devices or systems that convert thermal or

heat energy into mechanical work. Commonly known types of heat engines include

internal and external combustion engines. Combustion engines operate via the

combustion of a fuel, which thereby creates a high level of heat. Typically these engines

require fossil fuels, such as gasoline, natural gas, or coal, for operation. The large

amount of created heat energy can then be converted into another form of energy,

including mechanical energy. However, combustion engines suffer from several

disadvantages, including high costs, low efficiency, high levels of environmental and

noise pollution, and scarcity and cost of available fuels. The problems of traditional

fuels have created a need for devices and systems that can create useful forms of energy

from alternate energy sources.

Another type of engine known i the prior art is the hydraulic engine, which

utilizes pressurized fluids to produce mechanical energy. These devices convert energy

from a heat source into mechanical energy using a working fluid, which expands or

contracts with increasing or decreasing temperature. However, current prior art

hydraulic engines suffer from several disadvantages. First, current prior art hydraulic

engines typically produce pulsated flows, with significant and undesirable peaks in

pressure and flow. Also, current prior art hydraulic engines primarily utilize mechanical

linkage to convert linear motion to rotation action with coupling to conventional

electrical power generation systems. Furthermore, the pistons that are typically utilized

to pressurize the fluid require lubrication; however, because of the tendency of working

fluids to dissolve, oxidize, or otherwise degrade the lubricant, current prior art engines

require frequent changing of the lubricant and frequent cleaning. Thus, current prior art

devices suffer from many disadvantages in terms of performance, efficiency, and

maintenance.



Additionally, many alternative energy sources provide low-grade energy, which

is more difficult to convert to other more useful forms of energy than high-grade energy.

To generate power from these sources, prior art devices that are capable of converting

low-grade energy, typically must use phase conversion, such as converting water to

steam, in order to power a turbine and drive a generator. This reliance on phase

conversion reduces the amount of the energy recovered and the overall efficiency of the

energy conversion process.

One application of hydraulic pumping known in the prior art is in reverse osmosis

(RO) pumping systems. RO systems typically utilize higher pressures to purify a

solution by forcing a pressurized solvent through a selective membrane through which

certain unwanted molecules and ions cannot pass. RO systems commonly are used in

water purification processes, such as producing potable water from seawater. However,

typical water pumping systems for RO utilize electricity to operate the pumps. This

results in a very inefficient process, in which the cost of the power may account for two

thirds of the cost of producing potable water.

The present disclosure addresses the deficiencies of the prior art by providing a

system that is capable of converting heat energy, including low-grade heat energy, into

mechanical or electrical energy through the expansion and contraction of a working

fluid. One advantage of the present disclosure is that, by incorporating at least two

process heat exchangers in addition to at least two triplex hydraulic cylinders, it is able to

produce smooth, laminar flows, rather than the pulsated flows of the prior art. This

allows for much more efficient and predictable performance.

One aspect of the disclosure provides a hydraulic engine that includes a working

fluid, at least two process heat exchangers, and at least two triplex hydraulic cylinders.

The system captures heat from a heat source, which may be a low-grade heat source such

as solar, solar pond, geothcrmal, biogas, or waste heat. This heat may, for example, be

captured through the use of a closed-loop water system. The water is pumped from a

tank to a heat exchanger, where it absorbs heat from the heat source. The water is then

directed to a process heat exchanger that contains a working fluid. The flow of water

into and out of the process heat exchanger may be controlled by control valves and

resistive thermal devices (RTD).

The working fluid may be any fluid that expands and contracts in response to

changes in temperature, and preferably is a liquefied gas. Inside the process heat

exchanger, the heat is transferred to the working fluid, thereby causing it to expand. The



working fluid may be contained within tubes within the process heat exchanger. These

tubes may include twisted strips of thermally conductive material running through them

that provide more efficient transfer of heat between the water and the working fluid.

Once the working fluid has sufficiently expanded, it may be directed to multiple

triplex hydraulic cylinders to drive pistons contained therein. Control valves may be

used to direct the flow of the working fluid between the process heat exchanger and the

triplex hydraulic cylinders. An advantage of the present disclosure is that it does not

require the working fluid to undergo a phase change to drive the pistons. It may,

depending on the working fluid used, put that working fluid into a super critical state,

which is advantageous when working with fluids which are being expanded and

contracted to drive pistons which produce laminar flow of water or hydraulic fluids.

Another advantage of the present disclosure is that the working fluid may be

directed to the cylinders in a controlled manner such that the pistons are driven in an

alternating and sequential manner. This allows the pistons to pump a fluid with a

smooth, laminar flow and at a constant pressure. Each cylinder may contain two power

pistons and a hydraulic piston, and these pistons may exhibit varying size ratios,

depending on the amount of pressure that needs to be generated. Yet another advantage

of the present disclosure is that the cylinders may contain a self-lubrication system to

protect the pistons and the cylinders and to reduce the frequency of changing the

lubricant and cleaning. The lubrication preferably is one that is not soluble in the

working fluid.

At the same time that working fluid in at least one process heat exchanger is

heated and expanded; working fluid in at least one other heat exchanger is cooled and

contracted. This may be done, for example, by using a second closed-loop water system

that transfers heat to a cooiing source and then directs cooled water to a process heat

exchanger. Each process heat exchanger may be used for both heating and cooling of the

working fluid. Moreover, another advantage of the present disclosure is that each

process heat exchanger may alternate between heating and cooling the working fluid, and

the overall sequence by which working fluid is heated and cooled among the various

process heat exchangers may be timed and controlled to provide greater control over the

driving of the pistons and the flow and pressure of the pumped fluid.

Yet another advantage of the present disclosure is that the pumped fluid may be

used in the operation of a reverse osmosis system. n those systems, the wasted pressure

generated by the reverse osmosis systems, coming from the concentrated brine, may be



recycled and used as a pressurized fluid to rotate a hydroelectric generator. A further

advantage of the present disclosure is that it provides greater efficiency over the prior art

and typically in the range of 37-42%. The amount of electrical energy needed may be

reduced by up to 90%.

Further features and advantages of the present disclosure will be seen from the

following detailed description, taken in conjunction with the accompanying drawings,

wherein:

FIG. 1 is a schematic of a preferred embodiment o the present disclosure.

FIG. is a side view and cross-section view of hydraulic cylinder.

FIG. 3 is a cross-section view of a self-contained lubricating design of the power

piston.

FIG. 4 is a cross-section view of a process heat exchanger.

The present disclosure provides an energy conversion system for converting

energy, particularly heat energy, into a more usable form through the expansion and

contraction of a working fluid. The working fluid may be any fluid that changes volume

in response to a temperature change. Liquefied gases, such as liquid CO , argon and

xenon are preferable because of their high rate of expansion and contraction in response

to changes in temperature. To facilitate the expansion and contraction of the working

fluid, heat may be transferred between the working fluid and a heating and/or cooling

source. The expansion and contraction of the working fluid may be used to drive a

plurality of pistons, thereby converting the energy from heat into mechanical energy.

The generated mechanical energy may further be converted into other forms of energy,

such as electrical energy.

The energy source may be any source of heat energy. Though traditional higher

energy heat sources may be used, an advantage of this disclosure is that it can utilize

low-grade heat sources, such as solar, solar pond, low-grade geothermal, typical

geothermal, biogas, waste heat, and others. This feature of the present disclosure is that

it may allow as much as a 79-89% reduction in production costs relative to traditional

energy supplies.

The energy from the heat source may be captured in one or more closed-loop

systems that circulate water or other fluids. In a preferred embodiment, a hot water

closed-loop system is utilized to capture heat from a heat source. The closed-loop

system may be comprised f a tank, a pump, and a heat exchanger. The pump and heat



exchanger may constantly be running or may only circulate the water or other fluid

intermittently.

One or more closed-loop systems may also be utilized in conjunction with one or

more cooling sources. These systems also may circulate water or other fluid, and each

cold water closed-loop system may be comprised of a tank, a pump, and a heat

exchanger. The cold water closed-loop system may run continuously or intermittently.

In a preferred embodiment, the energy conversion system includes a plurality of

at least two process heat exchangers interconnected to a plurality of at least two

cylinders. The plurality cylinders is preferably comprised of triplex hydraulic

cylinders. A working fluid is either heated or cooled in the process heat exchangers and

transferred to and from the cylinders. Control valves optionally may be used to direct

the flow of the working fluid between the process heat exchangers and the cylinders.

Within the interior space of each of the triplex hydraulic cylinders may be two opposing

drive pistons that are both connected to a common center piston. The expansion and

contraction of the working fluid alternately and sequentially drives the drive pistons in

opposing directions, creating a back and forth movement. This movement causes the

center piston to pump a fluid to a desired operating pressure. The pumped fluid may be

any type of hydraulic fluid, e.g., water or hydraulic oil. Furthermore, the sequential and

alternating movement produces a laminar flow and a consistent pressure in the pumped

fluid.

Each process heat exchanger may utilize a standard shell and tube design. Within

the heat exchanger may be a series of tubes through which the working fluid flows.

Heated and/or cooled water, or other fluids, also may be flowed within the process heat

exchanger in the interior space between the tubes and the outer shell of the heat

exchanger. The design and arrangement of the tubes within the process heat exchanger

may be such they result in the flow of the heated and cooled water entering the heat

exchanger having higher Reynolds numbers resulting from a serpentine flow through the

baffled shell. Furthermore, as heat is conducted between the heated and/or cooled water

outside of the tubes and the working fluid within the tubes, the working fluid may

expand or contract at a rate proportional to the rate at which the water progresses through

the process heat exchanger.

Furthermore, the process heat exchanger and the tubes located therein should be

designed such that they can contain the appropriate volume of working fluid necessary to

drive all o the required pistons in the plurality of cylinders. There should be sufficient



working fluid to move each drive piston an appropriate distance that enables the center

piston within the cylinder to pump fluid to a desired pressure. The heated and/or cooled

water may flow through the heat exchanger in a serpentine or otherwise nonlinear

manner, thereby conducting heat either to or away from the working fluid in the tubes

and altering the working fluid's volume at a rate necessary to generate and sustain the

pressure necessary for a particular cylinder. Each heat exchanger may further include a

single entry point and a single exit point for the heated or cooled water, with the two

points optionally located at opposing ends of the heat exchanger. As the heated or

cooled water enters and moves through the exchanger, a change in the temperature of the

working fluid will be observed as heat is conducted between the water and the working

fluid. This in turn will lead to a specific amount of expansion or contraction of the

working fluid, along with a correlated increase or decrease in pressure of the working

fluid.

n another embodiment, each tube within the process heat exchanger may also

contain a thin strip of material. The strip may be twisted several times per foot,

preferably at least about four times per foot, and the outer edges of the strip may be in

contact with the inner surfaces of the tube. Advantages of including the thin strip

include better conduction of heat between the working fluid within the tube and a heating

or cooling source outside of the tube. Also, the twists in the strip better enable the

working fluid to move from the center of the tube to the inner surfaces of the tube as the

working fluid flows within the tube. The strip may be comprised of any thermally

conductive metal and in a preferred embodiment is made of aluminum. The strip may

also be made of other thermally conductive materials.

Control valves may also be connected to each cylinder. These valves may be

high-pressure solenoids and may aid in maintaining the working pressure of the working

fluid and maintaining a laminar flow of the working fluid.

In another preferred embodiment, the pistons located within the cylinders may be

self-lubricating. An advantage of this embodiment is that it provides a means for

lubricating the pistons that maintains minimal contact between the lubricant and the

working fluid. This is advantageous because many fluids that can be used as a working

fluid dissolve or oxidize many conventional lubricants. Thus, in this embodiment, the

power piston contains a small amount of lubricant that is applied to the power cylinder

walls as the piston moves back and forth inside of the cylinder. A preferred lubricant

used in this embodiment is cottonseed oil, though any typical lubricant known in the art



may be used. Two seals located on both sides of the lubricant channel permit only a thin

film of lubricant to be placed on the cylinder wall, thereby reducing contact between the

lubricant and the working fluid. Each time the piston moves past an area of the cylinder

wall, a new layer of lubricant is applied to that portion of the cylinder wall, while the two

seals subsequently wipe off much of the lubricant, thereby leaving only a very thin layer

on the cylinder wall. This minimizes any long contact with the working fluid, thereby

limiting the ability of the working fluid to damage the lubricant, and reducing the

frequency of cleaning the cylinder and changing the lubricant. Furthermore, the cylinder

wall may have a finish, on the side near the power pistons, of two to three micro-inches.

This is in contrast to other hydraulic cylinders, which typically only need a 35 micro-

inch finish, and serves, in part, to prevent the working fluid fi-om passing by the seals and

neutralizing the piston's movement.

Referring now to Figure , a preferred embodiment of the disclosure including

two process heat exchangers (PHE) 2, 2A and two triplex hydraulic cylinders 1, A is

illustrated. A hot water closed loop system includes hot water pump 17 and tank 8 and

heat exchanger 4, which may constantly be running or may run intermittently. A flow of

water from the pump proceeds from the tank 8 through pump 17 into heat exchanger 4,

where it absorbs the desired heat from the particular heat source. Heat exchanger 4

maintains the closed loop water at the desired temperature setting. The flow then moves

to the respective PHE 2 or 2A where it is used to elevate the temperature of the working

fluid to produce the increased pressure needed to drive the power piston. The power

piston drives the center piston to pressurize the fluids which are used to drive hydraulic

motors to generate power or operate equipment, if using hydraulic oil. In an alternate

embodiment, the system may pressurize seawater, brackish water or municipal

wastewater to push through a reverse osmosis system to produce potable, agricultural, or

reuse waters.

A cold water closed loop cooling system includes cooling water pump 8, tank 7

and heat exchanger 3, which may be constantly run. The flow proceeds from tank 7,

through pump 8, and into heat exchanger 3, where it is cooled by the cold water system.

Heat is recovered from a heat source and put through a heat exchanger 4, where a

closed-loop water system captures that heat and transfers it to PHE 2A through 3-way

control valve 12 and enter in Port - . At the same time, a closed-loop water system in a

second heat exchanger 3 loses heat to a cooling source. The cooled water is transferred

from heat exchanger 3 to PHE 2 through 3-way control valve 9 Port -1. As the heated



water is transferred to PHE 2A and cooling water is transferred to PHE 2, the working

fluid, contained within a series of tubes inside the heat exchanger shells of PHEs 2A and

2, are heated and cooled respectively. The heated working fluid in PHE 2A expands,

thereby increasing the pressure. The working fluid in PHE 2 is cooled, which causes the

working fluid in PHE 2 to contract, thereby reducing its pressure.

As the working fluid in PHE 2A expands, the pressures builds, and at a

prescribed time that may depend on the pressure of the working fluid, control valve 1

on cylinder 1 may be opened and the working fluid is allowed to move to the power

piston on one side of cylinder 1. Also at a prescribed time that may depend on the

pressure of the working fluid, control valve 16 may be opened and the working fluid will

flow to the power piston on one side of cylinder 1A. Simultaneously with the heating of

PHE 2A, cooling water from a closed loop cooling system will begin to cool the working

fluid in PHE 2, which will cause the working fluid contained within the tubes of PHE 2

to contract and reduce pressure. At the conclusion of this cooling process control valves

15 and 16 will close.

Discharge water from PHEs 2 and 2A exits through respective outlets in the

PHEs. Valves 10 Port -2 and 11 Port - 1, direct the discharge water from PHE 2 and 2A

back to the either tank 7 or tank 18. Water that has been used to heat the working fluid

in either PHE 2 or 2A, and is therefore cooled when discharged, will be directed to tank

18. Water that has been used to cool the working fluid in either PHE 2 or 2A, and is

therefore heated when discharged, will be directed to tank 7. The transfer of water from

the PHEs to tanks 7 and 8 will be accomplished by operation of control valves 9, 10, 11

and 12 based on the cycle of operation.

To move the piston in the opposite direction, control valves 9, 10, 11, and 2

will be reversed. Hot water will now enter PHE 2 through valve 10 by Port - 1. The

cooling water that is contained within PHE 2 will be returned to tank 7 by control valve 9

through Port - 2. Simultaneously, in PHE 2A cooling water will be applied through

control valve 11 at Port - 2 which will force the, previously applied hot water back to

Tank 18 through control valve 2 and out of Port - 2. The piston will then move in the

opposite direction as the pressure increases in PHE 2 as a result of the heated water

within the interior of PHE 2 heating the working fluid and causing it to expand. At a

prescribed time that may depend on the pressure of the working fluid in PHE 2, control

valve 13 may be opened to allow the flow of working fluid from PHE 2 to move to

cylinder 1. Also, at a prescribed time that may depend on the pressure of the working



fluid in PHE 2, control valve 14 will be opened to allow the working fluid to move to

cylinder 1A.

This process then continues, with the heated and cooled water alternating

between PHEs 2 and 2A. Furthermore, this process alternatively could be carried out

with more than two process heat exchangers, such that the heating and cooling of the

working fluids within the process heat exchangers successively alternates among all

available process heat exchangers or groups of process heat exchangers. Similarly, this

process also could be carried out with more than two hydraulic cylinders in a manner

similar to that described above, but with the working fluid being transferred from the

process heat exchangers to more than two cylinders after it has expanded.

Referring now to Figure 2, a typical triplex hydraulic cylinder is depicted in both

side view and cross-sectional view. Power pistons 20 are located at opposing ends of the

cylinder. A hydraulic piston 22 is located at the center of the cylinder. A self-

lubrication containment groove 24 is located between the two U-Seals on each power

piston as wil be described below.

Figure 3 depicts a close-up cross-sectional view of a self-lubricating piston. The

self-lubrication mechanism includes an outer wear ring groove 30 and an inner wear ring

groove 31. The wear ring grooves each hold a wear ring, which function to minimize

contact between the piston and the inner wall of the cylinder wall, thereby reducing wear

and damage to the surfaces o the piston and cylinder. An outer seal groove 32 and an

inner seal groove 33 are located adjacent to the wear ring grooves 30 and 3 1 and each

function to hold a seal ring that minimizes fluid and lubricant leakage. A lubricant

groove 24 is located in between seal grooves 32 and 33 and provides a means through

which lubrication is applied to the piston.

Figure 4 depicts a cross-sectional view of the process heat exchanger. Cooling

water will enter through process heat exchanger through inlet 40 and hot water will exit.

The water then flows through the interior of the process heat exchanger in a serpentine

manor, due to the internal baffles 50 where it contacts tubes 42, which contain the

working fluid. This allows a cooling effect to be transferred between the water and the

working fluid. After flowing through the process heat exchanger, the cooling water is

discharged through outlet 41. Additionally, the process heat exchanger includes working

fluid inlet/outlet 44 and 46 for each cylinder 1 and 2, respectively, which permits the

entry into and discharge from the tubes 42 of the working fluid. A separate inlet and



outlet also may be provided for each triplex hydraulic cylinder. A pressure plate 48 and

shell ate 49 may also be included near the working fluid inlet and outlet.

In another preferred embodiment, the disclosure may be used to rotate a generator

for producing electric power. In this embodiment, the engine will typically pump fluids

at pressures in the range of about 5000 to over 32,000 psi, resulting in the high torque

levels required to power a generator.

An advantage of the present disclosure is that it converts energy directly to usable

power without a phase change and transfers that power directly to, for example, a

mechanical motor to drive a generator. In terms of energy conversion, this approach

may reach efficiency levels of 37-42%, whereas prior art methods that utilize a phase

change process typically only reach efficiency levels of 12-1 7%.

In another preferred embodiment, the present disclosure may be used as part of a

reverse osmosis (RO) desalination system for the production of potable water. In this

embodiment, the engine will typically pump fluids at pressures in the range of 000-

1400 psi.

Yet another advantage is that, when used with a reverse osmosis system, the

waste energy from the RO system, which generally is recovered and entirely transferred

back to the water flowing into the RO system, can instead be converted to electrical

power. For example, in a typical seawater RO system, the flow of the concentrated brine

from the RO, during seawater RO desalination practices, is generally 55% of the total

flow going to the RO. Thus, for a one million gallon per day (MGD) RO, a total flow of

2.22 million gallons is required, which corresponds to a concentrate flow of 850 gallons

per minute. The discharge pressure is 850 psi at this flow rate, which, from a hydraulic

perspective, equates to a horsepower of 421 .5 or 300 kW of power production. Because

an RO system incorporating the present disclosure requires only 50 kW to operate, a net

250 kW of excess power is produced. In contrast, a typical 1 MGD RO system requires

705 kW of power to operate the pumping system alone, plus additional power for the

controls. Thus, the present disclosure provides the advantage over the prior art of

enabling users of RO systems to produce power, rather than only consume power.

In yet another embodiment, the disclosure may be used as a part of a centralized

hydraulic power source for producing power and distributing it throughout a

manufacturing or other large facility. Recovered energy that has been converted to

power in a central location can be distributed like any other source of power throughout a

facility and directed to specific hydraulic motors where normally an electric motor would



be used. The efficiency of this type of power distribution is better than most electrical

operations because of efficiency ratings of hydraulic motors are better. The main

advantage, however, is the ability to control motor speed when variable speed control is

needed.

Another advantage of the present disclosure is that is takes advantage of low-

grade heat, which is easily obtained in contrast to the higher levels of heat required by

prior art devices. Hot water at about 135 °F to about 190 °F, typically about 180 °F is

desired to operate this system. However, warm water at a temperature as low as about

80 °F with a cold water source of about 40 °F may be sufficient for this system to operate

and produce power efficiently. Also, the disclosure advantageously may be used with

high temperature heat sources such as geothermal which may be about 570°F, or waste

heat from power plant turbine discharges which may be from about 700°F to about

800° F.

When designing the cylinders, standard hydraulic engineering designs may be

used to gain certain mechanical advantages. In power production systems, the power

pistons on each end are larger than the hydraulic center piston, with a size ratio of 2.1:1

power to hydraulic. This increases the pressure from about 45 psi to about 5000 psi. n

water pumping systems, the center piston is larger than the power pistons, with a size

ratio of 1:2 power to water, because the pressure only needs to reach about 0 psi for

standard SWRO's and 1400 psi for 3 affect SWRO's.

t should be emphasized that the above-described embodiments of the present

apparatus, and "preferred" embodiments, are merely possible examples of

implementations and merely set forth for a clear understanding of the principles of the

disclosure. Many different embodiments of the disclosure described herein may be

designed and/or fabricated without departing from the spirit and scope of the disclosure.

All these and other such modifications and variations are intended to be included herein

within the scope of this disclosure and protected by the following claims. Therefore the

scope of the disclosure is not intended to be limited except as indicated in the appended

claims.



Claims

A two-stage thermal hydraulic engine comprising:

a working fluid that expands and contracts in response to changes in

temperature;

at least two process heat exchangers;

at least two triplex hydraulic cylinders;

a first heat exchanger for capturing heat from at least one external heat

source and for transferring the captured heat to a first portion of the working fluid

contained within at least one of the process heat exchangers, whereby the

working fluid expands without undergoing a phase change, and directing a

sufficient quantity of the first portion of the working fluid from the at least one

process heat exchanger to the cylinders to drive pistons within the cylinder in a

sequential, alternating manner, thereby pumping a second fluid with a laminar

flow and desired pressure;

a second heat exchanger for concurrently transferring heat away from a

second portion of the working fluid contained within at least one of the process

heat exchangers that is not concurrently being used to heat the first portion of the

working fluid, whereby the second portion of the working fluid contracts without

undergoing a phase change; and

valves for successively alternating among the process heat exchangers in

a predetermined order the transfer of heat to and away from the respective

portions of working fluid contained within the process heat exchangers.

The two-stage thermal hydraulic engine according to claim 1, whereby the

second fluid is pumped at a constant pressure.

The two-stage thermal hydraulic engine according to claim 1, comprising a

minimum of two triplex hydraulic cylinders.

The two-stage thermal hydraulic engine according to claim , comprising four

triplex hydraulic cylinders.

The two-stage thermal hydraulic engine according to claim 1, wherein the

working fluid is selected from the group consisting of liquid C0 2, xenon, and

argon or any other custom blended fluid which can expand and contract at a rate

desired.



6. The two-stage thermal hydraulic engine according to claim 1, wherein each

process heat exchanger comprises an interior space and wherein a series of tubes

are located within the interior space, said tubes containing working fluid.

7. The two-stage thermal hydraulic engine according to claim 6, further comprising

a twisted strip of thermally conductive material within the tubes of the process

heat exchanger, wherein the strip is twisted at least four times per foot, and

wherein a first edge of the strip and an opposing second edge of the strip are both

in contact with an interior surface of each tube.

8. The two-stage thermal hydraulic engine according to claim 7, wherein the strip o

material comprises a metal.

9. The two-stage thermal hydraulic engine according to claim 8, wherein the metal

is aluminum.

10. The two-stage thermal hydraulic engine according to claim 1, further comprising

a first set of control valves to control the flow of working fluid between the

process heat exchangers and the cylinders.

1 . The two-stage thermal hydraulic engine according to claim 0, further

comprising a resistive temperature detector to control operation of the control

valves.

12. The two-stage thermal hydraulic engine according to claim 1, further comprising

at least one closed-loop fluid system comprising a tank, a pump, and a heat

exchanger, interconnected to said process heat exchangers.

13. The two-stage thermal hydraulic engine according to claim , further

comprising a second set of control valves to control the flow of fluid between the

process heat exchangers and the at least one closed-loop fluid system.

14. The two-stage thermal hydraulic engine according to claim 1 , wherein one

closed-loop fluid system comprises water at about 700°F to about 800°F, or at

about 570°F, or at about 135 °F to about 190 °F.

15. The two-stage hydraulic engine according to claim 14, wherein the water is at a

temperature of about 180 °F.

16. The two-stage thermal hydraulic engine according to claim 12, wherein one

closed-loop fluid system comprises water at about 80 °F and a second closed-

loop fluid system comprises water at 40 °F.

17. The two-stage thermal hydraulic engine according to claim 1, wherein said

cylinders comprise a self-lubrication system.



18. The two-stage thermal hydraulic engine according to claim 17, where said self-

lubrication system comprises a lubricant that is not soluble in the working fluid.

19. The two-stage thermal hydraulic engine according to claim 1, wherein the heat

source is a low-grade heat source selected from the group consisting of solar,

solar pond, low-grade geothermal, typical geothermal, biogas, and waste heat.

20. The two-stage thermal hydraulic engine according to claim 1, wherein the

pumped second fluid is used to operate a reverse osmosis system.

2 . The two-stage thermal hydraulic engine according to claim 20, wherein the

reverse osmosis system generates waste pressure that is recycled and used as a

power source.

22. The two-stage thermal hydraulic engine according to claim 1, wherein the

pumped second fluid is used to power a generator.

23. The two-stage thermal hydraulic engine according to claim 1, wherein the engine

has an efficiency of 37-42%.

24. The two-stage thermal hydraulic engine according to claim 1, wherein the triplex

hydraulic cylinders comprise a hydraulic center piston and two power pistons,

wherein one power piston is located at each end of the center piston.

25. The two-stage thermal hydraulic engine according to claim 24, wherein the

power pistons an the center hydraulic piston have a size ratio of 2.1 :1, power to

hydraulic.

26. The two-stage thermal hydraulic engine according to clai 25, wherein the

pistons have a capacity to pump the second fluid to a pressure in the range of

about 5000 psi to over 32,000 psi.

27. The two-stage thermal hydraulic engine according to claim 24, wherein the

power pistons and the center hydraulic piston have a size ratio of 1:2, power to

hydraulic.

28. The two-stage thermal hydraulic engine according to claim 27, wherein the

pistons have a capacity to pump the second fluid to a pressure of up to about

1100 psi.

29. The two-stage thermal hydraulic engine according to claim 1, wherein the

pumped fluid is used as part of a hydraulic power source for producing and

distributing power throughout a manufacturing or other facility.
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