


well known that gas wells continue to drop in pressure as the amount of gas within the reservoir 
decreases on a continuous basis, which makes the use of pressure sensitive turbines extremely 
problematic. Geothermal steam wells also experience substantial pressure drops. For example, 
the Geysers Geothermal Field is one of the oldest and grandest geothermal sites resources in the 
world that has produced vast quantities of hi

world tha over0 Tc year 0 j
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All renewable sources of kinetic energy, such as wind power, geothermal steam, water 
currents, wave action, water being released by a hydroelectric damn, etc., exert a force in a 
straight line. The pressurized gas generated by organic Rankine power cycles also exerts a linear 
force.  



calculating the kinetic energy potential of natural gas wells having high-pressure and high flow 
rates. The full calculation modeled additional pressure ranges and flow rates. However, any 
range of conditions may be input into the spreadsheet for immediate calculation. This portion of 
the chart shown herein clearly and dramatically demonstrates the tremendous potential of high-
pressure, high flow rate natural gas wells through out the US, Canada, and the rest of the world 
to generate many millions of megawatts of electrical power. 
 

 
Linear Power, Ltd.’s Kinetic Energy Linear Alternator 
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Kinetic Energy Potential of High-Pressure High Flow-Rate Gas Wells 

for Producing MW's of Electricity  
    

Computation of the ideal power produced by pressurized gas Methane (M=16 kg/kmol) 
    
 High Pressure Gas Wells  

Enter Flowrate in Mcfd 10,000 6,000 2,000
Volumetric flow rate in cfs: 115.7 69.4 23.1

   
Enter Pressure in psig: 7000 5000 3000

Pressure ratio for expansion to 15 psig 0.0021 0.0030 0.0050
   

Enter Temperature in degrees Fahrenheit: 150 150 0
Temperature in degrees Kelvin 338.6 338.6 255.2

   
Equals Power Produced in Megawatts (MW) 359 150 33

   
Equals MW Hours Per Year 2,988,395 1,247,621 272,496

Equals Annual Revenues @ 5-cents/kWh $149,419,771 $62,381,026 
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 Mcf is one thousand cubic feet. Natural gas is sold in units of Mcf. Mcfd represents the 
number of Mcf units per day. In the first line of the chart 10,000 Mcfd equals ten million cubic 
feet of gas per day (10,000 times 1,000 = 10,000,000). The second line convert



Linear power equipment cycles back-and-forth like an old locomotive steam engine. This 
is accomplished by maintaining a pressure differential to the opposite sides of the piston. A 
driver unit that is a modified slide valve supplies high-pressure steam, gas, water, etc. working 
fluid into the cylinder on one side of the piston at the same time as it exhausts the working fluid 
from the cylinder to lower pressure on the opposite side of the piston. The piston moves in the 
direction of the lower pressure in response to force applied by the higher pressure. Once the 
piston has moved to the end of the cylinder, the slide valve reverses the high-pressure input and 
low-pressure exhaust to cause the piston to move in the opposite direction, and then reverses 
again in a continuous back-and-forth cycle that maintains a continuous pressure imbalance on the 
opposite sides of the piston. 

 
 

 
Linear Alternator developed by Linear Power, Ltd. 

The Linear Power Ltd. proprietary linear power unit used to harness the kinetic energy of 
natural gas wells comprises three pieces of reciprocating equipment: (1) a linear alternator that is 
driven back-and-forth by a pneumatic ram in order to generate 60 Hz AC electrical power; and, 
(2) a pneumatic ram prime mover, being a movable piston and rod within a cylinder that forms a 
housing, that is actuated by a driver mechanism that controls the flow of high-pressure natural 
gas into the cylinder of the ram and directs the exhaust flow from the cylinder; and, (3) a driver, 
being a modified slide valve, whose function is to maintain an alter altej
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The linear alternator comprises at least one positive field and at least one negative field. 
Movement back-and-forth generates alternating current by successively moving from the 
positive field to the negative field then back to the positive field in a continuous cycle. In order 
to produce sixty-Hertz alternati 8.112.0042 0 36lte by success 2o thve
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Pairs of coils move in opposite directions to each other, like clapping your hands together 
and then moving them apart with each hand going in the opposite direction in order to cancel out 
vibration. T





A check valve prevents the reverse flow of working fluid back into the supply line. When 
the pressure is sufficient, the piston, rod and coil are stopped; and, then immediately accelerated 
back in the opposite direction by the compressed, extremely high pressure working fluid at 
which time the pressure drops as the piston moves forward providing a greater area allowing 
additional pressurized working fluid to enter the cylinder of the ram to apply a force against the 
piston to accelerate it back to the original sp



ram that create a back-and-forth cycle to generate electrical power, which can be accomplished 
at very high rates of speed. 

 
Linear A that involves hooking up the linear driver, pneum





 
Propane and carbon dioxide are two high vapor pressure working fluids that work well as 

gas-lift pumping working fluids because they may readily be condensed back to the liquid phase, 
have high vapor pressures, and their rate of expansion is high in response to increased 
temperature so that their volume increases significantly as they are heated. Also, they are also 
easily separated from water. 
 

In the process of Linear B. low mass vapor is used to accelerate high mass liquids to high 
velocity, resulting in a much larger power output due to the increased kinetic energy level of the 
water and resulting in a large quantity of hot liquid being pumped from the geothermal well. This 
high velocity, high mass water exerts a very substantial “waterhammer effect” that is created by 
suddenly starting or stopping a flow of water. The great force of the hammer effect beneficially 
provides a great deal of kinetic energy to power a prime mover, but the equipment used must be 
very robust and be specifically designed to handle the force of the impact of this powerful dual-
phase working fluid that is applied to the prime mover. 

 
In operation of the gas-lift power cycle, liquid phase low-boiling-point-liquid is injected 

deep into the well bore by a stringer tube and thermal energy provided by the hot liquid heat 
source boils the low-boiling-point-liquid into high-pressure vapor. In most cases the water 
temperature is only lowered a few degrees due to the large flow rate of hot water that is gas-lifted 
from the well. Therefore, this hot liquid may be used to provide thermal energy for an organic 
Rankine cycle (ORC) power cycle. This provides the potential for Linear Power, Ltd.’s 
proprietary gas-lift power cycle to be used in conjunction with the United Technologies 
Corporation’s (UTC) or Ormat’s proprietary ORC units in order to supply hot water for their 
ORC cycles. 

 
Linear C. is an innovative power cycle created by Robert Hunt for Linear Power, Ltd. 

that is much like a conventional ORC except that the liquid pump is eliminated and the liquid 
phase working fluid is returned to the vaporizer at equalized pressure. Linear Power, Ltd.’s new 
process originated from experience in operation of a earlier cycle much like the Deluge, Inc. 
process that sequentially heats and then cools the working fluid to cause it to expand and contract 
as heat is added then removed to create a back-and-forth movem
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back to a vaporizer as is required by the ORC process. Further, the Sterling process allows the 
use of high vapor pressure working fluids, such as carbon dioxide, because the energy required 
to pump the liquid phase back to the vaporizer in order to use an ORC process takes more energy 
than the cycle produces, due to the extreme-pressure maintained within the vaporizer with use of 
the these high pressure working fluids, the low entropy levels of these high-pressure working 
fluids to power bladed turbines, and the low expansion rates from the liquid phase to the gaseous 
phase of these high pressure working fluids, as compared to the expansion rate of the liquid 
phase to the vapor phase of typical working fluids used by ORC cycles that are many times 
greater. 

 
The Hydraulic Thermal Engine pictured above was tested on March 25, 2005 and was in 

continuous operation producing of 3.5 kW power until it was lost to Hurricane Katrina in August 
29, 2005. We believe that the unit holds the world record for commercial low-temperature power 
generation because the hot water heat source was only 90 degrees F. with heat rejection to 65 
deg. F. temperature water, having only 25 deg. F. Delta temperature. The heat was rejected to 
fishpond water to provide water heating to insure their winter survival. 

  
However, it was felt that the cycle time of once every twelve seconds to sequentially heat 

and cool the working fluid was much too slow, too much useful energy was wasted in the 
process, and it was believed that the process could be dramatically improved upon, which led to 
the development of an ORC process that returns the liquid phase working fluid back to the boiler 
using a multiplication of force process at equalized pressure in order to eliminate the liquid pump 
from the ORC cycle. In Linear Power Ltd.’s new ORC process, high pressure vapor from the 
vaporizer is available as soon as the control slide valve is opened to power movement of the 
positive displacement piston while at the same time on the opposite side of the piston the 
working fluid is exhausted to low pressure to the condenser when the control slide valve is 
opened. Continuous pressure differentials are sequentially and rapidly maintained on the 
opposite sides of the piston. Using the new process, cycle times of 3,600 times per minute may 
be obtained by a single pneumatic ram in order to directly generate 60 Hz AC power output 
without the need for expensive power conditioning equipment. 

 
Deluge addressed the slow cycle time of their units by creating a series of pistons and 

cylinders working out of phase like the pistons of a combustion engine that are connected to a 
flywheel in order to create rotation. Linear Power, Ltd. believes that too much power is lost due 
to the poor vector angles atta





of liquid needed to pump the liquid into the vaporizer equals a vapor ratio of 13 that remains as a 
net volume expansion ratio of the working fluid remaining for power output in this example). 
 

The higher the volume expansion ratio of cold low pressure liquid from the condenser, 
which is expanded via heat input at the vaporizer into a greater volume of higher pressure vapor; 
the greater the net power output for this cycle, using positive displacement multiplication of 
power at equalized pressure that is able to be performed as a result of the ratio of fluid expansion 
within the vaporizer. This methodology also applies to a modified Brayton cycle wherein the 
expansion of gas within in a heater is sufficient to compress cooled, higher density vapor from a 
cooler back into the heater via multiplication of force at equalized pressure, having additional 
expansion remaining to produce power output. 
 

Only two state points need be analyzed because the operation of the power cycle forms a 
continuous back-and-forth reversal of these two states.  
 

The working fluid used in this analysis is Honeywell brand refrigerant Genetron R245fa 
that has been specifically formulated for Rankine power cycles (See 
http://www.honeywell.com/sites/sm/chemicals/genetron/organicrank.htm and the Applications 
Development Guide at http://www.honeywell.com/sites/docs/doc19194b8-fb3ebd023d-
3e3e4447ab3472a0c2a5e5fdc1e6517d.pdf to see the R245fa Thermodynamic Tables). 
 

Both English and (SI) units are given in the analysis. Four different temperature ranges 
are analyzed: (1) 40 deg. F. (4.44 deg. C.) low temperature with 80 deg. F. (26.7 deg. C.) high 
temperature; and (2) 65 deg. F. (18.3 deg. C.) low temperature with 90 deg. F. (32.2 deg. C.) 
high temperature; and, (3) 110 deg. F. (43.3 deg. C.) low temperature with 165 deg. F. (73.9 deg. 
C.) high tempep18.3 deg. C.) 73.9 deg. C.)85.265
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positive displacement piston powering a linear alternator is most likely the most efficient option 
available for this temperature range as the desired amount of force required to be exerted on 
Rods A & B to power the linear alternator back-and-forth can be readily controlled by the 
displacement of the Piston A & B. 
 

As Piston B moves to the right in the Drawing, liquid from the bottom of the Condenser 
fills the intensified side of Cylinder B that has Rod B thereby reducing its area by a ratio of 
153.64 times less. The incoming one cubic foot of liquid from the Condenser is under 9.5 psi of 
pressure, but the surface area of the Piston B on the intensified side is nearly all taken up by Rod 
B and the positive force to help move to the right is only an additional 19 pounds of force (2 to 1 
ratio) and is thereby negligible to the operation of the cycle, but partially offsets the 46 pounds of 
force needed to pump the liquid into the Vaporizer as previously described. 
 

Note that the cycle provides equalized pressure. The pressure on both sides of Piston A 
within Cylinder A is 23 psi as both sides of Piston A are fluidly connected to the Vaporizer. 
Therefore only minimal additional pressure is needed to pump liquid from the intensified side of 
Cylinder A into the Vaporizer through open Check Valve #6. Likewise, both sides of Piston B 
within Cylinder B are fluidly connected to the Condenser having a pressure of 9.5 psi.  
 
(2) 



Pressure – 98 psi  
Liquid Density – 74.39 lb/ft3 ( 
Vapor Volume – 0.4309 ft3/lb 
 
Delta Pressure – 57.3 psi 
 
Delta Temperature – 55 deg. F. 
 
Intensification ratio – 34.63 to 1 (Expansion Ratio of Liquid Volume to Vapor Volume – 1 ft3 
Liquid to 34.63 ft3 Vapor) 
 
Intensified Force: 
Gross Force – 3,393.74 lbs 
Net Force – 1,869.7 (3,393.74 lbs gross force; less 196 lbs liquid pumping force; less 1409.44 lbs 
opposing force from condenser pressure; plus 81.4 liquid force from condenser = 1,869.7 lbs of 
net power output force)      
 
(4) Condenser @ 110 deg. F. (43.3 deg. C.): 
Pressure – 40.7 psi  
Liquid Density – 80.37 lb/ft3 
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State Point Two is identical to State Point One only in the movement is in the opposite 
direction to the left instead of to the right as in State Point One. Higher-pressure vapor from the 
Vaporizer flows into Intensifier B through open Solenoid Valve #4. The force translated by Rod 
B to Rod A causes movement of both Piston A and Piston B in a direction to the left in the 
Drawing of State Point Two as the vapor in Intensifier A flows through open Solenoid Valve #1 
into the Condenser and reduces in pressure. The intensified liquid on the Rod B side of 
Intensifier B is forced through open Check Valve #8 and flows through the Throttle to the 
Vaporizer to be vaporized into additional vapor in a cycle. Liquid from the Condenser is drawn 
into the intensified side of Cylinder A as Piston A moves to the left forming a Vacuum within the 
intensified side of Cylinder A having Rod A that reduces the area within the intensified side of 
Intensifier A. 
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Drawing of State Point Two 
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Development of a mature gas and oil well power generation program will act to insure 

investors in drilling programs that they can get a payback over time from the heat energy of the 
earth even if they are not successful in striking petroleum reserves – there in essence will be no 
more dry holes. Every well drilled will be able to generate a revenue stream. 
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producing power from the stored solar thermal energy within the world’s oceans -- 
principally for island nations.  

Mr. Hunt is the author of a number of published technical papers; and, he has made 
numerous conference presentations in the fields of Aquaculture, Aviation, and in 
Geothermal Power Generation. 

News articles have been published regarding Mr. Hunt’s inventions in almost every 
country in the world – most notably the GravityPlane that was recently featured in two of 
Japan’s largest magazines during the same month. Mr. Hunt is a member of the American 
Institute of Aeronautics and Astronautics (AIAA), a member of the National Business 
Aviation Association, a member of the National Hydrogen Association, and he served as the 
first Chairman for the State of Mississippi for the Gulf of Mexico Program as an advisor to 
the EPA. Mr. Hunt received his degrees from
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