AN APPARATUS AND METHOD TO REMOVE CONTAMINATES FROM A FLUID

CROSS REFERENCE TO RELATED APPLICATIONS

[001] The present application is a patent cooperation treaty (PCT) application that claims priority to United
States Patent Application Serial Number 14/724,803, entitled “An Apparatus and Method to Remove

Contaminates From a Fluid,” filed on May 28, 2015, which is incorporated in its entirety by reference.

TECHNICAL FIELD
[002] The present disclosure relates generally to devices and methods for removing contaminates from a fluid.
More particularly, the present disclosure relates to devices and methods for using vapor generation to purify a

fluid from contaminates in the fluid.

BACKGROUND
[003] This section is intended to introduce the reader to various aspects of art, which may be associated with
embodiments of the present invention. This discussion is believed to be helpful in providing the reader with
information to facilitate a better understanding of particular techniques of the present invention. Accordingly, it
should be understood that these statements are to be read in this light, and not necessarily as admissions of prior
art.
[004] Water, energy and industrial activity have a symbiotic relationship. Energy is needed to move
water to people, and for businesses and industry to operate. Conversely, water, is necessary to produce energy
and run business and industry.
[005] A significant factor that determines the ultimate volume of water needed by power plants and
some industrial plants is the cooling system. Most conventional power plants use either a “once-through” system
or a cooling “tower.” A once-through system pulls water from a body of water such as, an aquifer, a river or a
lake. The system cycles the water through the power plant to help generate electricity and then discharges it
back into the environment. A tower recirculates the water instead of discharging it, but a tower uses significantly
more water because the water ends up being lost through evaporation, whereas the once-through system returns
the water to the river or lake.
[006] Steam from water or vapor from fluids is used for many purposes including heating, cooling and

to power many devices including steam turbines to produce electricity. One problem with using fluids is that



impurities in the fluids, usually salt in water, causes corrosion, scaling and other issues. This corrosion often
requires the use of very expensive material that is highly corrosion resistant. In addition, excessive corrosion
requires costly replacement of parts and additional labor charges increasing the cost of utilizing steam.
Contaminates in fluids will raise the boiling temperature of the fluids requiring more energy to produce steam,
decreasing the efficiency of steam production and increasing costs. One solution is to use fresh water with low
amounts of contaminates. The problem with fresh water is that fresh water is needed for agricultural and human
consumption. In certain locations, there is not enough fresh water to satisfy human and agricultural
consumption which can make the use of fresh water for steam generation problematic and expensive. The
problem with removing contaminates from fluids is the equipment and processes required are very expensive
because of the extensive amount of equipment needed and the amount of energy required to utilize the
equipment. Accordingly, there is a need for apparatuses and methods to efficiently and cost effectively remove
contaminates from liquids during steam generation.

[007] Another issue with using water with impurities is scaling. Scaling is when contaminates such as
salt precipitates out of a fluid and attaches to equipment. Too much scaling can cause a plant or equipment to
fail. Scaling becomes more prevalent as temperature increases and contaminates increase. For this reason,
many plants that require water do not use alternatives to fresh water such as salt water as any significant
increase in heat or salinity causes scaling issues.

[008] Increased population growth and industrialization is causing certain geographic regions to
exhaust renewable fresh water. To solve this problem methods and devices have been created to purify
contaminated water to create fresh water for industrial, agricultural and human consumption. Currently, the
most effective process utilizes reverse osmosis and membrane technology to remove contaminates and creates
purified fresh water. The amount of equipment and energy required makes this technology costly to build and to
operate. The idea of using steam generation to produce purified water is not novel. There are devices that can
use directed energy to remove purified steam from contaminated fluids such as, water. Others have proposed
combining steam generation for power and other uses to purify water. The problem has been the additional
costs for additional equipment and the loss of efficiency has made these processes uneconomical. Accordingly,
there is a need to maximize the efficiency of existing technology to efficiently and economically remove

contaminates from contaminated water. This invention satisfies that need.

Summary:
[009] In one embodiment, an apparatus is disclosed. In this embodiment, the apparatus comprises: an

inlet wherein contaminated fluid flows in the apparatus through the inlet; at least two outlets wherein a first
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outlet exits purified vapor and a second outlet wherein contaminated fluid with a portion removed as purified
vapor exits the apparatus; an energy source that causes the contaminated fluid to heat to a temperature wherein a
portion of the contaminated fluid is converted to purified vapor; at least two different flow paths connecting the
inlet to the second outlet. The first and second flow paths flow through at least a portion of the apparatus
wherein gravity differences causes the lighter purified vapor to take a different path than the heavier
contaminated fluid with the purified vapor exiting the first outlet and the contaminated fluid stream exiting the
second outlet.

[0010] In a second embodiment, a method is disclosed. In this embodiment, the method to purify
contaminated fluid comprises: obtaining an apparatus with at least one inlet and at least two outlets connected to
an energy source that can concentrate energy on the contaminated fluid; using the energy source on the
contaminated fluid inside the apparatus to cause at least a portion of the contaminated water to change into a
purified vapor state inside the apparatus; using at least two flow paths inside the apparatus wherein gravity
separates at least a portion of the heavier contaminated fluid from the lighter purified vapor state; flowing the
purified vapor state through the first outlet and flowing the contaminated fluid after a portion of fluid has been
removed as a purified vapor state through the second outlet of the apparatus.

[0011] The foregoing summary is not intended to summarize each potential embodiment or every

aspect of the present disclosure.

Drawings:

[0012] The foregoing and other advantages of the present technique may become apparent upon
reading the following detailed description and upon reference to the drawings in which:

[0013] FIG. 1 illustrates a prior art heat exchanger that is typically used to convert water into steam;
[0014] FIG. 2 illustrates an embodiment of this invention wherein baffles and openings are used to
create multiple flow paths to separate contaminated fluid from purified vapor;

[0015] FIG. 3 illustrates an embodiment of this invention wherein slanted baffles and openings are used
to create multiple flow paths to separate contaminated fluid from purified vapor;

[0016] FIG. 4 illustrates an embodiment of this invention wherein spiral or half tubes that can be placed
inside a heat exchanger have a conical shape condensation plate and the condensation plate has aligned holes in
the middle and side to allow contaminated fluids and purified vapor to have separate flow paths respectively;
[0017] FIG 5 is a cross section showing possible flow paths for the conical shape condensation plate in

figure 4;



[0018] FIG. 6 is a flow chart showing perforated tubing with screens to create a plurality of flow paths;

[0019] FIG. 7 is a flow chart showing a method embodiment of this invention;

[0020] FIG. 8 is a flow chart showing a SCADA control system embodiment of this invention;

[0021] FIG. 9 is a schematic of a cooling tower embodiment of this invention;

[0022] FIG. 10 is a schematic of a wellbore equipment embodiment of this invention;

[0023] FIG. 11 is a cross section of a shipping container embodiment of this invention;

[0024] FIG. 12 is a schematic of a ship desalination embodiment of this invention.

Description:

[0025] In one embodiment, this invention quickly and efficiently separates purified vapor usually steam

from a fluid mixture containing contaminates such as, a salt water mixture. Other examples include
contaminated water from agricultural, industrial, municipal and individual waste water usage.

[0026] FIG. 1 illustrates a prior art heat exchanger that is typically used in steam generation. The heat
exchanger 1 has a series of plates 2. Cold water 3 is inserted through an inlet 4 and runs through a series of
plates 2 before exiting an outlet 5 after receiving heat energy from steam or hot air 6 that is inserted through an
inlet 7 and exits the outlet 8. U.S. Patent Application No. 2005/0061493 A1l discloses conventional heat
exchangers and heat exchangers used in water purification systems. U.S. Patent Application No. 2005/0061493
Al is hereby incorporated by reference.

[0027] In the past costly equipment that wasted much of the energy of the steam was utilized in a series
of heat exchanger and flash tanks as shown in FIG 2 of U.S. Patent Application No. 2005/0061493. FIG. 1 of
U.S. Patent Application No. 2005/0061493 shows that a vapor compressions evaporator is used outside of the
heat exchanger to mix the feed and separate out concentrated product from distilled water using steam generated
by a jet ejector. In contrast to U.S. Patent Application No. 2005/0061493, in an embodiment, this invention uses
specifically engineered multiple flow paths inside an apparatus such as, a heat exchanger to quickly and
efficiently use gravity differences in the apparatus to separate the purified vapor from the initial contaminated
fluid. In another embodiment, a series of small baffles and openings are engineered inside the tubing to
efficiently separate the salt water and purified stcam. The baffles create alternative flow patterns whereby the
lighter and faster moving steam is separated naturally from the contaminated fluid by gravity differences. In a
third embodiment, interior sections of the heat exchangers are designed to create flash chambers, distillation
columns, and condensation vessels.

[0028] This apparatus enables a process for the efficient separation of a vapor volatile component from



a non-volatile component in a mixture. In some cases, the non-volatile component comprises a salt or a sugar
and the volatile component comprises water. In other cases, the water contains dissolved and/or undissolved
chemicals.

[0029] FIG. 2 is an illustration of an embodiment using baffles and small openings to create alternative
flow paths. The heat exchanger 1 in this figure has been modified from the prior art heat exchanger in FIG. 1.
Similar elements in FIG. 1 have been given the same reference numerals in FIG. 2. In the embodiment shown in
FIG. 1 an additional outlet 20 and flow paths 21 has been created for the contaminated fluid with a portion of the
fluid removed as purified fluid 22 as vapor. Separate flow paths are created for the remnant contaminated fluid
23 removed from the vapor stream 22, through the use of aligned holes 28 in baffles 27. The baffles 27 with the
aligned holes 28 can be placed in the plates or tubes of a standard heat exchanger. In this embodiment, gravity
causes the lighter purified vapor to rise and the heavier contaminated fluid to fall as shown in the arrows.
Additional pumps 24 and drains 25 may be utilized to quickly remove the contaminated fluid from the purified
fluid, as discussed below.

[0030] FIG. 3 is an illustration of an embodiment using slanted baffles 30 and small openings 31 to
create alternative flow paths. The heat exchanger 3 in this figure has been modified from the prior art heat
exchanger in FIG. 1. Similar elements in FIG. 1 and FIG. 2 have been given the same reference numerals in FIG.
3. In the embodiment shown in FIG. 3, the baffles are slanted 30. The slanted baffles 30 inside the heat
exchanger 1 create areas in which purified vapor can accumulate above the small openings 31. These areas then
become stages in a multi-stage distillation system. In a preferred embodiment, the baffles, or equivalent devices
create at least three distinct flash chamber stages. In an alternative embodiment, aligned holes and/or tubing
create condensation and/or contaminates using multiple alternative paths.

[0031] A multi-stage flash distillation (“MSF”) is typically a water desalination process that distills sea
water by flashing a portion of the water into stecam in multiple stages of what are essentially counter-current heat
exchangers. In the embodiment shown in FIG 3, each slanted baffle 30 acts as a separate concurrent heat
exchanger where purified steam rises and contaminated fluids are removed as heavier contaminated fluids via
the small openings 31. FIG. 3 shows in each plate section three separate flash chambers above the small
openings 31 in a MSF system engineered inside a heat exchanger. In this embodiment each slanted baffle is a
stage in the MSF process. Additional flow paths such as, tubing can be inserted to each slanted baffle stage to
remove the purified vapor and remove the contaminated fluid.

[0032] In one embodiment, valves can be used to remove the contaminated fluid. For example, valves that can
be selectively opened based on pressure or density or weight differences can be activated, when necessary or

with favorable conditions for removal. Denser or heavier contaminated water would then activate the valve as it



accumulates and allow the contaminated water to be removed and the distilled water to proceed to the next stage
of the flash chamber or to exit as purified vapor that can later be condensed to distilled water.

[0033] Similar to FIG. 2, separate flow paths are created for the purified vapor 22. The purified vapor
travels between the slanted baffles. The contaminated fluid is removed through the use of aligned holes, tubing
or valves in the slanted baffles. The baffles with the aligned holes can be placed in the plates or tubes of a
standard heat exchanger.

[0034] The creation of sections of condensation and separate flow paths inside a heat exchanger avoids
the need for additional equipment and less energy is used to create the steam to power traditional steam
distillation processes. This results in reduced capital costs and reduced waste energy or energy costs in
purifying fluids.

[0035] In one embodiment, at least some of the vapor stream is used to create additional vapor from the
feed or contaminated stream by feeding or recycling the purified vapor stream through the heat exchanger
without any multiple flow paths. Once the vapor stream is fully separated the vapor is purified water and thus
there is no need to purify or separate the fluid stream any further. However, in one embodiment, the vapor may
be separated into multiple streams by condensing or removing lower temperature distilled water from the vapor
so the streams can be used more efficiently to transfer heat energy to the heat exchanger or other processes, as
needed. In this embodiment, the heat of condensation provides the heat of evaporation to the feed or
contaminated stream inside the heat exchanger. The separation may be done through distillation columns or a
plurality of flow paths using the density differences. In another embodiment, the condensing, evaporating and
recycling steps are all performed inside the heat exchanger.

[0036] This condensing, evaporating and recycling of purified vapor can be part of the separation
processes which can be done inside the heat exchange to further reduce capital costs and further reduce waste
heat or kinetic energy of the fluids. For example, vertical runs of the heat exchanger can be engineered to have
multiple outlets to serve as a distillation column removing vapor from condensed water. Horizontal runs can
have separation devices such as, baffles, valves and other devices that selectively removes the denser salt water
concentrate. This removed salt water concentrate can then be recycled back into the heat exchanger or through
a pre-heating device to recapture the heat energy.

[0037] For example, spin valves can spin the water allowing the density differences to cause the water
to separate. Alternatively, baffles can create turbidity and allow the higher density fluids to settle.
Alternatively, in a semi-closed system, the contaminated fluid could be periodically removed when contaminates
levels get too high and replaced with less concentrated salt water or contaminated water. Sensors or modelling

or density can be used to determine the approximate concentration levels and remove any fluid with too high a
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level of contaminates.

[0038] FIG. 4 shows a spiral or conical half tube embodiment. As shown in figure 4 a conical half tube
40 has aligned holes 41 and an opening in the middle 42. Multiple flow paths are created for the lighter vapor
to rise 43 through the middle and the aligned holes and a flow path down 44 is created along the conical tube to
allow the heavier containment fluid to flow unobstructed.

[0039] FIG. 5 is a cross section showing possible flow paths for the conical shape condensation plate 40
in FIG. 4. For example, the flow paths for the contaminated fluid are shown as arrows 51 and the flow paths for
the purified vapor are shown as arrows 53. This conical shape condensation plate can be engineered to be
installed in most heat exchangers. A base pipe with the condensation plate inside can also be inserted in a heat
exchanger.

[0040] In one embodiment, a combination of designs can be utilized to create multiple flow paths for
the contaminated fluid and in some embodiments, multiple flow paths for the purified vapor. Persons skilled in
the art, with the benefit of the disclosures herein, may choose the design or combination of designs best suited
for the needs of the operator.

[0041] Pressure differences through the use of pumps and other devices can further improve the
apparatus and process. In this embodiment, pressure and gravity differences push the purified vapor upwards
and cause the contaminated fluid to drop. In a preferred embodiment, the baffles, screens and openings can be
engineered to create interconnected compartments and each compartment will work as a flash distillation
chamber in a MSF as discussed above. Finally, drains can be placed on the bottom to remove any heavy
sediments and concentrated contaminated fluids. These drains can include valves or controlled openings to
selectively remove the heavier fluids or denser fluids because of the increased concentration of contaminates.
[0042] In a preferred embodiment the amount of vapor separated is controlled to allow a preferred
amount of purified vapor produced while minimizing the amount of energy loss from the contaminated fluid.
This can be accomplished using three methods. First, the baffles can be adjusted to allow the water more time
inside the apparatus which will allow the water to absorb more heat energy and allow a larger percentage of the
contaminated fluid to be converted into purified vapor. Second, heated contaminated fluids can be recycled
through the apparatus causing additional steam to be extracted from the water. Third, at least one path that is
engineered to remove the contaminated fluids can be closed which will cause additional time in the heat
exchanger resulting in more produced purified vapor. Valves, shunts, adjustable walls, screens and any
combinations thereof can be used to cause at least one path to be closed. Additional devices known to persons

skilled in the art can be used.



[0043] A few selected openings, baffles, shunts, screens and combinations thereof can be engineered to
create a series of connected sections and operate as a series of multiple flash distillation or MSF systems inside
the heat exchanger. Each section will further purify the fluids as gravity causes the liquids with contaminates to
separate and the lighter vapor moves to the next section with less contaminates. Lowering the pressure by
attaching a pump on the outlet on the top of the heat exchanger can further increase the efficiency by causing
the purified vapor to quickly exit the heat exchanger and lowers the boiling point of the fluid. In addition,
pumping the contaminated fluid out can quickly remove the contaminated fluid with higher contamination
levels. In the past efforts have focused on removing as much water as possible. Whereas, this inventive
method works by quickly removing the steam from the contaminated water and allowing higher concentrations
of contaminated water to be quickly removed once the levels become too high to no longer be efficient.

[0044] In a preferred embodiment, the process quickly takes the initial vapor produced and quickly
removes the contaminated fluid such as, salt water. This improves efficiency because as contaminates content
increases in the contaminated fluid so does the boiling point. The preferred process is to produce enough
purified vapor to meet the required needs while minimizing the amount of energy the process takes. The higher
boiling point of contaminated fluids with higher concentration of contaminates requires more energy which
reduces the efficiency. In addition, the salt water requires more corrosion resistant material which increases the
cost of any apparatuses necessary to utilize this invention. Accordingly, in this embodiment, the contaminated
water is quickly removed from the purified steam. Therefore, minimal energy is wasted on the contaminated
water and this also minimizes the additional expense of having too much of the material be highly corrosion
resistant to impurities in the water. In situations wherein purified water is not required, this invention can be
used to prevent corrosion on the equipment used to produce steam. This will make the steam production more
economical by reducing wasted energy on heating contaminates while also reducing the need for corrosion
resistant materials.

[0045] While the preferred level to remove contaminates will be based on many factors including the amount
of energy available, the amount of water needed, and the efficiency and/or capabilities of the system including
corrosion tolerance of the equipment. Preferably, the amount of salt water or other contaminates should be kept
below 80 part per trillion (*ppt”) or grams of contaminates per kilogram of solution (g/kg). Sea water is
generally 35 ppt. In a preferred embodiment any contaminated water above 70 ppt is removed, and even more
preferred any containments over 50 ppt is removed and in the most preferred embodiment any water with a
contaminate level of above 40 ppt is removed. The control system described below can choose the most
favorable contamination level that water should be removed based on the above factors and other factors chosen

by the operator.



Scaling:

[0046] As discussed previously, scaling is a major issue. In various embodiments, scaling can be
controlled or minimized. In one embodiment, use of material that is resistant to scaling is used. U.S. Patent
Application No. 2012/0118722A1 discloses many materials that are scale resistant. U.S. Patent Application No.
2012/0118722A1 is hereby incorporated by reference. In addition, nanoparticles that are resistant to scaling can
be attached or sprayed on the equipment to prevent scaling.

[0047] In one embodiment, as discussed above and below, corrosion and scaling can be reduced
through the use of hydrophobic coating. For example, hydrophobic coating can be made from a nanoscopic
surface layer that repels water, which is referred to as super hydrophic coating. Hydrophobic coating can be
made from many different materials. The coating can be selected from the group consisting of Manganese oxide
polystyrene (MnO2/PS) nanocomposite, Zinc oxide polystyrene (ZnO/PS) nanocomposite, Precipitated calcium
carbonate, Carbon nanotube structures, Silica, nanocoating, and any combination thereof. Advances in three
dimensional (“3-D”) printing technology can print a thin layer of hydrophobic coating on the equipment.
Hydrophobic coating can be expensive and time consuming so persons skilled in the art would preferably only
perform hydrophobic coating on selected equipment likely to suffer from corrosion and scaling such as,
equipment in contact with high concentrations of impurities, for example, salt water. Using the multiple flow
paths embodiments of the invention, it would be preferable to coat the contaminated water paths with hydrophic
coatings but not the purified water paths as the purified water would cause little or no corrosion and/or scaling.
[0048] A 3-D Printer can be used to apply a thin layer of corrosion resistant material or paint on the
interior of equipment subject to high concentrations of impurities, for example, salt water. Three dimensional
printing can also help with manufacturing the multiple flow paths inside equipment. In 3-D printing, additive
processes are used, in which successive layers of material are laid down under computer control. These objects
can be of almost any shape or geometry, and are produced from a 3-D model or other electronic data source. A
3-D printer is a type of industrial robot allowing manufacturing of complex design.

[0049] An additional embodiment of this invention, addresses the scaling issue by quickly removing the
contaminated water. First, the purified vapor is quickly removed from the contaminated fluid by separate
unobstructed flow paths. Pumps can be deployed to quickly extract the purified vapor from the contaminated
fluid. The pumps can further create low pressure which will lower the boiling point and thus reduce the scaling
issue as well as increase efficiency of the process. The advantages of lower pressure is further discussed below.
[00S0] A third embodiment, requires multiple flow paths providing purified vapor and contaminated

water several flow paths respectively minimizing resistance. This embodiment also has an advantage of if one
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flow path becomes blocked with contaminates or scaling, the process can continue with the alternative flow
paths. One option is to create a maze design, as discussed below.

[0051] In a fourth embodiment, the concentration of salts and other contaminates are controlled so that
the contaminated fluid is removed before the concentration gets too high and scaling becomes a major issue.
This can be accomplished by attaching pumps at the contaminated fluid outlet to quickly remove contaminates.
Furthermore, additional drains and valves can be placed in the apparatus to quickly remove heavier
contaminated fluids with higher concentrations. In this embodiment, synergistic benefits include less scaling,
less corrosion and less energy needed to heat higher concentrations of contaminated fluids. A person skilled in
the art can use the apparatus disclosed herein to reduce scaling and reduce corrosion as separate and distinct
benefits.

[0052] In a fifth embodiment, purified fluid or fluids with lower levels of contaminates is run through
the apparatus to dissolve contaminates and remove the scaling. The purified fluid or fluids with lower

contaminates can be run intermittently on a schedule or as necessary, to remove scaling.

Maze Design:

[0053] In one embodiment, purified vapor is extracted and separated by use of a maze design. This
design incorporates a maze design to constrain contaminated fluids while letting the lighter vapor pass through
without interrupting production. In a preferred embodiment, a screen contains a series of compartments along a
selectively perforated base pipe inside the screen that allows alternative path flows.

[0054] In an even more preferred embodiment, each compartment contains a primary screen, outer
housing, flow baffles, and a secondary screen. This embodiment, create numerous or at least three or more
interconnected alternative flow paths.

[0055] FIG. 6 is an illustration of the maze design embodiment. This figure shows a perforated pipe 60
with at least one screen 61. This creates three separate flow paths. The three paths are inside the perforated
pipe 62, inside the screen but outside the perforated pipe 63 and outside the screen but inside the apparatus 64
such as, heat exchanger. Additional baffles, screens and pipes may be added as necessary to increase flow and
increase flow paths. The proposed flow paths for the purified vapor is shown as arrow 65 and for the
contaminated fluid as arrow 66 in FIG. 6.

[0056] Fluids and vapor flow into the primary screen and then are redistributed by the flow baffles.
The vapor, which now flows more uniformly, travels through the secondary screen and into the perforated base

pipe where it commingles with produced vapor from other compartments. The increased resistance from the
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screens and flow baffles will allow gravity to separate the heavier contaminated fluid from the lighter vapor. An
additional benefit of the maze design is if one path gets obstructed with contaminates, the fluid and vapor flow
is then diverted to the adjacent undamaged-screen compartments. Persons skilled in the art will use fluid flow
dynamics, to preferably engineer the maze design to achieve the greatest efficiency based on various variables.
These variables include fluid type, type and amount of contaminates, energy source and costs, fluid loading,
thermodynamics, amount of desired fluid flow and desired purified vapor production among other factors

known to persons skilled in the art.

Low-Temperature Thermal Desalination:

[0057] Another embodiment is to use pressure gradients in the apparatus to create additional
efficiencies. Low-temperature thermal desalination (“LTTD”) takes advantage of water boiling at low
pressures. In one embodiment, vacuum pumps create a low-pressure, lower temperature environment in which
water boils at a temperature gradient of as low as 1-2 °C, typically 810 °C and as much as 20 °C or more
between two volumes of water. This cold water is pumped through coils to condense the water vapor. The
resulting condensate is purified water. In this embodiment cold water will be pumped through the vapor to
further condense and purify the water vapor. In a preferred embodiment the LTTD can be combined with the
standard heat exchanger modified with this claimed invention to create additional efficiencies. The LTTD can
be engineered inside or outside the heat exchanger. In this embodiment, purified water vapor is created at
temperatures less than 100 °C, more preferably less than 90 °C and even more preferably less than 80 °C and
most preferably less than 70 °C. In this embodiment, the pumps create a low pressure area inside the heat
exchanger of less than 1 bar, more preferably less than 9 bar, even more preferably less than .8 bar and most
preferably less than .7 bar.

[00S8] In one embodiment, periodic colder water of at least 1 Celsius and less than 20 Celsius can be used to
create a temperature gradient. In one embodiment, cold or room temperature water would be periodically
pumped through the system. A series of apparatuses or heat exchangers described above could be used.

[00S9] When a heat exchanger is not needed, lower temperature water would then be sent through the system to
keep the purification ongoing despite the heat exchanger not being needed. A computer control, as disclosed
below, would determine the optimum fluid streams and temperature to get the most efficient purification based
on temperature differences and contamination levels. Valves can control the water streams running through the
heat exchangers to get the most beneficent thermal desalination by combining different streams of fluid or water
temperature. This process would be most efficient for industrial processes that require cooling as the cooling

water can be used to create at least part of the heat energy for the fluid purification process. Some power plants,
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such as, nuclear power require large cooling towers to reduce the water temperature. This presents an
opportunity to use the heat energy released from cooling the water using the purification process described

above.

Cooling Tower Embodiment:

[0060] In one embodiment, the heat exchanger could be used as part of an industrial plant cooling system. In
this embodiment, an industrial plant cooling system comprises a heat exchanger, as adapted above to cool fluids
or air while purifying water. In many plants, a cooling system is used to cool fluids or air before release into the
environment,

[0061] In one embodiment, the cooling tower can be retrofitted or engineered to have at least one or a plurality
of heat exchangers that uses the heat energy of water to distill water by vaporizing the water. Condensation can
also be used to improve the efficiency of the water purification process. In this embodiment, additional flow
paths would be created to remove pure condensation throughout the process. Furthermore, air or water flowing
through the process, either directly or indirectly can be adjusted to maximize water condensation.

[0062] FIG 9 illustrates a schematic showing a cooling tower embodiment. In the Example shown in FIG. 9, a
heat source 200 creates steam in a steam generator 201 and the steam powers steam generator 202. The steam
generator 202 powers the turbine generator 203 which produces electricity that is sent to the electric grid 204.
Steam 205 is flowed into steam condenser 206 where the steam is condensed into water and is used to pre heat
water as it is flowed into the steam generator 201, as shown by arrow 207. Alternatively, the steam condenser
206 can be the inventive heat exchanger, for example, from FIG. 3 and be used to produce water (not shown). In
the example with the heat exchanger replacing the stcam condenser 206, the heat exchanger could be outside the
cooling tower 207 or inside the cooling tower 207.

[0063] Cool water 208 is flowed into (arrow 208) the steam condenser 206 and leaves as hot water 208 and is
flowed into (arrow 209) the cooling tower 207. The hot water 209 is then flowed through at least one heat
exchanger 210 (and most likely, a plurality of heat exchangers) inside the cooling tower 207. Contaminated
water 211 is flowed into the heat exchanger 210 and a portion is removed as purified water 212. Multiple
contaminated flow paths 213 exit the heat exchanger 210 and enter the bottom 214 of cooling tower 207. A
portion of the water on the bottom 214 is flowed through steam condenser 206, as shown by arrow 208 and a
portion is removed as blow down, as shown by arrow 215. Additional make-up water 216 can be inserted into
the cooling tower 207, as shown by arrow 216. Excess hot air or water vapor can exit the top of the cooling
tower 207, as shown by arrows 217.

[0064] In an alternative embodiment, a series of heat exchangers inside (or outside) the cooling tower 207 can
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selectively create purified water through LTTD by using the different temperatures of various streams of fluid
travelling through the system. In this embodiment, a plurality of heat exchangers, would be fed by a plurality of
streams of fluid based on water temperatures to obtain favorable condensation and purification, as discussed
above. The control system, as discussed below, would choose and regulate the streams to provide the most
efficient system, based on water demands and cooling needs of the system.

[0065] In one embedment, the heat exchanger is used as a system and method for efficiently running industrial
parks. Industrial plants or parks are usually large warchouses or a series of warchouses to take advantage of
economy of scale sand shared services. The shared services could include heat, water and electrical power.
Accordingly, the steam or water resources could be pulled together and shared for mutual benefit. In this
system, any excess heat energy would be sent to another factory or could be sent to the heat exchanger to purify
water for cooling or other industrial processes.

[0066] In food preparation, many factories use steam to prepare food including cleaning, cooking and
sterilization of food. The excess heat could be used to run the inventive heat exchanger and also purify water.
The water to be purified can be an independent source or water produced from the food preparation that needs
to be purified.

[0067] An entire desalination plant could be built using the embodiments described herein. For example, the
desalination plant could be coupled with an electrical power plant where the waste steam is run through the heat
exchangers to produce large volumes of water. Furthermore, the heat exchanger examples, could be combined
with reverse osmosis plants to create additional synergies through shared heat transfer, based on the principals

discussed herein.

Control Panel:

[0068] In one embodiment, a control system is provided with the apparatus to obtain favorable operation and
performance of the apparatus. Factors to be considered for favorable operation of the apparatus and system
include, but are not limited to: energy costs, amount, cost and quality of fresh water and contaminated fluid
available, water demand and consumption, amount of cooling or heating needed by the water, fluctuations in
water and energy demands, amount of excess heat, cooling or energy available, design of the equipment,
operational conditions of the equipment, water temperatures of a plurality of fluid streams, and differences
between the streams of water.

[0069] FIG. 8 further shows a schematic of a water purification apparatus and system 400 including a control
center 401. In one embodiment, the controls can be standard manual or even automated controls. However, the

purification system can achieve even greater efficiencies and improved performance by using more advanced
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control systems, which may include a signal capture and data acquisition (“SCADA”) system 402. SCADA is
also an acronym for supervisory control and data acquisition, a computer system for gathering and analyzing
real time data. SCADA systems are used to monitor and control a plant or equipment in industries such as
telecommunications, water and waste control, energy, oil and gas refining and transportation. A SCADA system
gathers information, such as sensors or gauges, transfers the information back to a central site, alerting central
site of the information, carrying out necessary analysis and control, such as determining if the changes are
advantageous or necessary, and displaying the information in a logical and organized fashion. SCADA systems
can be relatively simple, such as one that monitors environmental conditions of a small building, or complex,
such as a system that monitors all the activity in a nuclear power plant or the activity of a municipal water
system. In addition, recent improvements in computer power and software configurations allows entire systems
to be operated in real time with or without human interaction. The real time capabilities allow the control
system to make decisions based on multiple factors and operate the water purification system favorable with

little or no operator interaction.

[0070] Persons skilled in the art, with the benefit of the disclosure herein, would recognize similar monitoring
and/or control systems that can be operatively connected therewith the disclosed apparatus and which may thus
be used in conjunction with the overall operation of the system 400. The SCADA control system 402 which is
shown as a computer 421 with a display panel 403, keyboard 404, and wireless router 405, may include any
manner of industrial control systems or other computer control systems that monitor and control operation of the
system. In one embodiment, the SCADA system 402 may be configured to provide monitoring and autonomous
operation of the system 400.

[0071] The SCADA controlled system 402 may be interfaced from any location on the apparatus, such as from
an interface terminal 406. The interface terminal can include, cellular or satellite communication equipment, a
wired or wireless router, servers or traditional wired connections, and any combinations therecof. In the
embodiment shown in Figure 8, a sensor 407 is connected to the interface terminal 406. In an embodiment, the
SCADA system including a portion or all of the interface equipment and controls can be on an operations
section of the apparatus. Additionally, alternatively or as a backup, the SCADA controlled system 402 may be
interfaced remotely, such as via an internet connection that is external to the apparatus. An internet interface
may include a viewer or other comparable display device, whereby the viewer may display real-time system
performance data. In other embodiments, the SCADA system 402 may be able to transfer data to spreadsheet
software, such as Microsoft Excel. The data may be related to temperature, salinity, excess heat or cooling

needs, excess energy or co-generations from industrial processes, pressure, flow rate, fluid levels, and/or other
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similar operational characteristics of the system 400.

[0072] The operations of the system 400 may utilize a number of indicators or sensors, such as cameras
including infrared cameras, ultrasonic sensors, sight glasses, liquid floats, temperature gauges or thermocouples,
pressure transducers, etc. In addition, the system 400 may include various meters, recorders, and other
monitoring devices, as would be apparent to one of ordinary skill in the art. Sensors 407, 408, 409, 410 411,
and 412 are shown in FIG. 8. These sensors, shown in FIG. 8, are for the following, initial feed stream 404, feed
stream 442 before entering the heat exchanger 416, first purified vapor exit stream 473, second purified vapor
exit stream 474, first contaminated fluid output 470, second contaminated fluid output 471, respectively shown
as 408, 409, 410, 411, 412 and 407. These devices may be utilized to measure and record data, such as the
quantity and/or quality of the intake fluids, the liquid phase(s) in the apparatus, and the vapor or water produced
by the system 400.

[0073] The SCADA control system 402 may provide an operator or control system with real-time information
regarding the performance of the apparatus 400. It should be understood that any components, sensors, etc. of
the SCADA system 400 may be interconnected with any other components or sub-components of the apparatus
or system 400. As such, the SCADA system 402 can enable on-site and/or remote control of the apparatus 400,
and in an embodiment, the SCADA system 402 can be configured to operate without human intervention, such
as through automatic actuation of the system components responsive certain measurements and/or conditions
and/or use of passive emergency systems. In another embodiment, the system can operate in real-time wherein a
plurality of factors or all relevant factors are instantancously or nearly instantaneously determined and used to
calculate the most favorable operations. This real-time operation allows all components to be operated in a
coordinated manner based on variables as received in real time or instantaneously or nearly instantancously.
[0074] The system 400 may be configured with devices to measure “HI” and/or “LOW?” temperatures, density,
pressure or flow rates. The use of such information may be useful as an indication of whether use of additional
heat or a compressor in conjunction with the apparatus is necessary, or as an indication for determining whether
the fluid flow rate should be increased or decreased. Alternatively, the information could be used to determine
which fluid streams would create the most advantageous temperature differentials for creating water vapor and
decide where and when to recycle or dispose of each stream. The system 400 may also be coupled with heat,
pressure, and liquid level safety shutdown devices, which may be accessible from remote locations, such as the
industrial energy or external heat source (not shown).

[0075] The SCADA system 402 may include a number of subsystems, including manual or electronic
interfaces, such as a human-machine interface (HMI). The HMI may be used to provide process data to an

operator, and as such, the operator may be able to interact with, monitor, and control the apparatus 400. In
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addition, the SCADA system 402 may include a master or supervisory computer system such as, a server or
networked computer system, configured to gather and acquire system data, and to send and receive control
instructions, independent of human interaction such as real time, as described below. A communication device
or port or remote terminal (“RT”) may also be operably connected with various sensors. In an embodiment, the
RT may be used to convert sensor data to digital data, and then transmit the digital data to the computer system.
As such, there may be a communication connection between the supervisory system to the RT's. Programmable
logic controllers (“PLC”) may also be used to create a favorable control system. In FIG 8, the RT and PLC
would most likely, but would not necessarily, be located in the interface terminal 406

[0076] Data acquisition of the system may be initiated at the RT and/or PLC level, and may include, for
example, gauges or meter readings such as, temperature, pressure, density, equipment status reports, etc., which
may be communicated to the SCADA 402, as requested or required. The requested and/or acquired data may
then be compiled and formatted in such a way that an operator using the HMI may be able to make command
decisions to effectively run the apparatus or system 400 at great efficiency and optimization. This compilation
and formatting of data can be used to enable real-time operations, as discussed below.

[0077] In an embodiment, all operations of the system 400 may be monitored via control system 401 or in a
control room within the operations section 450. In an embodiment, the operations section 450 may be mounted
on the neck of a trailer. Alternatively, or additionally, the system 400 can be operable remotely and/or
automatically.

[0078] In one embodiment, the entire operations section of the apparatus can fit on a mobile skid usable within
the scope of the present disclosure. Specifically, all equipment including the SCADA control system 402 can be
located on a single skid such as, a mobile trailer or modified truck.

[0079] Various embodiments of system 400 can include various separators. For example, an initial two- or
three-phase separator (If vapors need to removed) 420 is shown, which can be configured to receive an input
stream 404 (for example, a contaminated water stream) which can be at a high pressure through the use of
pumps or pressure or gravity to create efficiency. The separator 420 can be used to receive one or more streams
430 from the input stream 404 provided by source 435 to remove solid contaminates, which is removed from the
process using devices known in the art such as, a dump valve 415.

[0080] Excess heat or multiple streams of water with differential temperatures can be introduced into the heat
exchanger 416 through inlet 481. As described above, in the heat exchanger, at least a portion of the purified
water is removed from the contaminated water. This removal is done in the heat exchanger by using density
differences between the purified water vapor created and the heavier contaminated fluid. FIG. 8 shows a first

contaminated fluid exit stream 470 and a second contaminated fluid exit stream 471 exiting heat exchanger 416
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through outlets 491 and 493 respectively. The contaminated fluid streams 470 and 471 that exit outlets 491 and
493 are then combined with contaminated fluid line 480. Alternatively, valves or similar devices 560 can
recycle the contaminated water through the line heater 460 and/or heat exchanger 416 to obtain favorable
operating conditions through heat exchanger 416. Using a plurality of flow paths and/or internal condensation
sections, the purified water is removed using a first purified water discharge stream 473 through outlet 490 and
a second purified water discharge stream 446 through outlet 494,

[0081] In the embodiment shown in FIG. 8, the first purified water discharge stream 473 through outlet 490 is
sent to purified combined line 485. Valves 560 control the flow direction of first purified water discharge
stream 473 and whether first purified water flow stream is recycled 474 through the heat exchanger 416 through
inlet 481 to transfer heat energy to heat exchanger 412 and then exits through outlet 495  as purified water 447
through outlet 495. An additional or a plurality of recycling lines, of at least two or more, can be engineered
into the heat exchanger 412 and/or adding additional heat exchangers (not shown) that can be used in series or
parallel. The additional recycling lines and heat exchangers permit additional recycling options and heat
transfer options. Persons skilled in the art, with the benefit of the disclosures herein would know how to
engineer the additional lines to achieve favorable results.

[0082] As discussed above, both the purified water streams and contaminated water streams can be recycled
though the heat exchanger 416 to obtain favorable conditions including water temperature differentials to create
water vapor. In addition, pressure differences of the water, or other fluids flowing to and/or from the apparatus
can be used to favorably move the water and vapor with little or no use of pumps. Purified water separated from
flow streams within the system 400 can be transported and/or released from the heat exchanger 416 using one or
a plurality of more purified water or vapor outlet ports such as, 490, 494 and 495 for exiting purified streams
473, 446 and 447 respectively. Similarly, purified water, stream 485 can be flowed into or from the system 400
and/or otherwise controlled using a water valve or ports 560, and contaminated fluid streams 480 can be flowed
into or from the system 400 using one or a plurality of valves or port 560. As described previously, both the
contaminated streams and purified water streams can be flowed from the system 400 into tanks, header lines,
sales lines, or similar vessels and/or conduits which are not shown but easily understood in the art.

[0083] An embodiment of the system 400 is also shown including a filter or solid separator 431, such as, a sand
separator, which can be used to separate solids (¢.g., sand and/or other entrained particles) from one or more
flow streams within the system 400. Separated sand and/or other solids and/or slurries can be removed from the
system via an exit such as, a dump port 426 and sent to contaminated stream 480. In this embodiment, solids are
removed before the fluids are subject to heat energy to efficiently use the heat energy to create vapor.

[0084] In FIG. 8, a fluid purification apparatus is shown including a line heater 460, usable to heat flow streams
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received from the first three-phase separator 420 and/or other recycled streams within the system 400, and a
purified water and waste fluid discharges and related equipment for use of processing, measuring, and removing
from the apparatus one or more flow streams.

[0085] It should be understood that the depicted embodiment is merely exemplary, and that various
types and quantities of separators and other components can be connected, as needed, to effectively separate and

process a desired input stream, and provided with any manner of gauges and/or other measurement devices.

Synergy with Alternative Energy Sources:

[0086] Many alternative energy sources have the problem of not providing consistent energy production or the
ability to manage encrgy production efficiently. This process, using a control system or the SCADA system
described above can fix the problem by providing efficient energy production by combining the water
generation with other alternative energies. For example, wind power only provides power during significant
wind and solar power provides only energy during sunlight.

[0087] Combining the water production during excess power or heat consumption using alternative encrgy
such, as wind, solar, geothermal, organic matter, hydroelectric, wave energy, or battery or other heat or energy

storage systems, could make alternative energy more cost effective with other energy sources.

Single-Skid Embodiment

[0088] In one embodiment, at least one separator, heat source, such as, excess heat, line heater, heat
exchangers, and all conduits necessary to interconnect these components, as well as each of the external valves
and/or ports that provide discharge of waste fluid 480 and removal of purified water (485, 446, and 447), can be
provided on a single mobile member 450, such as, a movable trailer. SCADA monitoring devices such as
sensors, 407, 408, 409, 410, 411, and 412 are also shown in association with various system components;
however, it should be understood that control and/or monitoring devices can be provided in association with any
portion of the system 400 and can be controlled on-site, such as through use of controls within the operations
section 450. In FIG 8, the controls are shown as a remote computer 401 but can be a cabin area within the
movable trailer having solar panels thercon, remotely (such as, cellular or internet interface), and/or
automatically, such as through use of automated controls that operate responsive to predetermined conditions,
coupled with emergency systems to automatically cease operation of certain components if needed.

[0089] Embodiments disclosed herein thereby include systems and methods for performing a purification
process, that require only a single mobile member, having most or all of the equipment necessary for the

separation process operably interconnected upon arrival. As such, assembly or rig-up and disassembly or de-rig
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times for the present system can be far less than conventional systems, which can require a full day or longer to
assemble. Embodiments described herein can be assembled and used in 50%, 75%, and 90% less time than that
required to rig up a conventional system. Further, the transportation time and costs associated with a single-skid

unit are drastically reduced when compared with those associated with conventional fluid purification systems.

Wellbore Embodiment:

[0090] In one embodiment, the apparatus and method can be used on an oil and gas well site, or geothermal
sites. The energy source can be heat generated by flare gas or heat energy from wellbore operations such as,
fracking and steam and gravity assisted operations. Using this system, water intensive operations such as,
fracking, Steam and Gravity Drainage (SAGD), and water flooding can use the process to use contaminated
water with the additional benefit of having purified water as a product.

[0091] In another embodiment, the heat exchanger could be adopted to be a wellbore distillation system. In
this system, the heat exchanger would be preferably easily transported to a wellsite and can be on one or more
skids, as described below. The heat exchanger could then be coupled with a heat source and contaminated water
source. The heat source could be from the wellbore or equipment around the wellbore or from a generator. In
one embodiment, flare gas could be used to operate the generator and run the water purification system. This
would help comply with regulations banning wasteful natural gas flaring. Likewise, the system could be used
on offshore oil platforms where it is expensive and difficult to provide fresh water for the platform and flaring is
common.

[0092] Recently, the oil and gas industry is moving away from using salt water flooding because of all the
problems with salt water. These problems, include microbes and salt water scaling.

[0093] FIG. 10 is a schematic of a wellbore equipment apparatus 220 embodiment of this invention. As shown
in FIG. 10, a modified heat exchanger 221 is provided. The heat exchanger 221 could be combined with other
equipment or be placed on an independent single skid system, as discussed below. For example, the single skid
system could have a flare gas component to run the desalination equipment independently or can be adopted to
work with outside componentry, to achicve a favorable system.

[0094] In this example shown in FIG. 10, a power source 222 (or heat source) is used to create steam for
injection into the wellbore through well head 223. Water is fed through water line 224 by pump 225 into de-
acrator 226. De-acrated water 227 leaves the de-acrator 226 and flows into steam generator (or boiler) 228 to
create steam streams 229 and 230 controlled by valves 240 for injection into the wellbore through well head

223,
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[0095] The excess heat stream 241 from steam generator 228 is controlled by valve 242 and is run through heat
exchanger 221 and can then be recycled into the de-acrator as stream 243. A local contaminated water stream
242, such as, salt-water is flowed into heat exchanger 221 for water purification and is separated into
contaminated stream 244 controlled by valve 245 and purified stream 246 controlled by valve 247. The purified
water as steam can then be injected into the wellbore through well head 223 or can be flowed for other uses.

[0096] A control panel 250 can be connected to any wellbore equipment of apparatus 220 including but not
limited to the power source 222 and the heat exchanger 221 to control and operate the system favorably. The

control panel could be a SCADA system or be a remote connected to a SCADA system, as described above.

Modeling Embodiment:

[0097] In one embodiment the control system or SCADA system could be used to run fluid modeling on a
water purification apparatus or even test a model for changes or improvements in the system. This model could
involve several steps: 1) Run the system using normal operations or have SCADA record operational conditions
during regular operations; 2) Run fluid modeling and heat transfer modeling software to determine which
designs works best; 3) Adjust parameters such as heat, pressure and throughput to achieve the best efficiencies;
4) Model various process using known adjustment variables to display the best possible parameters for the

entire process. For example, designs can be tweaked to adjust tubing sizes and openings.

Transportation Efficiency Embodiment

[0098] Embodiments disclosed herein may beneficially provide industrial heat processes, the ability to use a
single-skid unit that does not require a series of trailers or trucks to be connected together on location. This
provides a safer system by minimizing piping between high-pressure equipment. Additional benefits include:
purified water and waste water may be readily measured, and fluids may be separated more efficiently and
accurately. The single skid mobile unit may be cost-effectively deployed, and may provide all necessary unit
operations to purify water on a single unit, which provides an advantage over the use of multiple units, skids or
train of trucks at a work site. Reduced transport efficiencies including reduction in rail, water and truck traffic
can reduce the costs of transportation including reduced energy including fuel consumption, reduced accidental
discharges, as well as reduced wear and tear on highways and local roads. In one embodiment, the entire system
can be engineered to fit into a single container unit that can be easily transported, via ship, rail, or truck. In

another embodiment, the unit on a skid can be engineered to fit inside a container for quick transport.

Container Embodiment:
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[0099] In this embodiment, a heat source can be coupled with the heat exchanger to form a transportable
device. The heat source could be a generator or other mean such as, an alternative energy device. The generator
could be chosen from the group consisting of diesel generators, natural gas generators, gasoline generators,
propane generators, alternative energy generators, and any combinations thercof. The generator could be used
to create heat and run the pumps and any pre- or post- treatment processes, as necessary. In this embodiment, a
water line would be connected to the water source to be purified. An electrical current could power the heat
source or a gasoline, natural gas or diesel generator could be connected to existing gasoline, natural gas or diesel
lines respectively. A storage tank on the skid could provide a limited supply of diesel or alternatively a large
storage device could house fuel including but not limited to propane, diesel, natural gas and gasoline. The
device would have at least one purified water line and at least one contaminate line as well and an output line
for electricity. The generated electricity could be used to power additional equipment or be sent into the power
grid.

[00100] As discussed above, this single skid embodiment would be useful for disaster relief as the entire
skid could be transported by truck, rail or ship quickly to provide water and power until power and water is
restored. This embodiment is shown by FIG. 11. In this embodiment, a diesel generator 260 is placed inside a
shipping container 261 with a fuel tank 262 and inlet 264 for connection to a diesel fuel line. The exhaust is
sent through exhaust pipe 265. The fluid from the radiator of the generator 260 is sent as fluid stream 263
through the heat exchanger 266. Contaminated water line 267 is connected to the skid through port 268 and the
contaminated water is flowed through heat exchange 266. As discussed above, the contaminated water stream
267 is separated into purified stream 268 and contaminated stream 269 by exiting through ports 270 and 271
respectively. Pumps (or vapor compression devices) 272 can assist in flowing the fluid, as needed.

[00101] Vapor compression and/or extraction equipment could be attached to the outlets of the units to
make the process more efficient. Other options include pumps at the inlets to improve efficiency. The vapor
extraction pumps would most likely be designed to be outside the heat exchanger and skid equipment.
However, if space was an issue vapor extraction and pumps could be engineered to be inside the skid and/or the
heat exchanger.

[00102] In alternative embodiments, the heated exhaust line 265 could also be diverted to a second heat
exchanger (not shown). The second heat exchanger can have one or more contaminated water lines going into
the heat exchange and could insert the heat energy as a gas or as liquid depending on the cooling and exhaust
systems of the generator. As discussed above, the heat exchanger then outputs at least one purified water
component, and at least one contaminated line. It may be preferable to output the contaminated lines in several

streams to remove the contaminates during multiple points inside the heat exchanger, as needed, to keep the
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system efficient. A control panel 272 system could be on the skid or in a cabin or remotely to runs the skid
efficiently, as discussed previously. Furthermore, a plurality of skids could be run by one control panel to
operate the skids in the most efficient manner, as discussed below.

[00103] Power connector 274 provides power to the control panel 273, generator 263 and other
equipment on skid 261, when the system is not producing power. Power connector 275 can output power to
other devices or the electrical grid when the generator 260 is producing power. During non-peak power
demand, the control panel 274 could shut off one or more skids or reduce output, as needed. In one
embodiment, the generator could be a variable power generator that can produce more heat to the heat
exchanger instead of electricity, as demand is needed.

[00104] This system could provide emergency power and water resources to communities, in need. In
addition, factories that have no longer access to water and power could be run by this container or skid system
until the power and water is restored. Many factories, hospitals and school and other important buildings have
emergency power through generators. This system can be combined with industrial emergency generators to

also provide water in emergencies.

Ship Embodiment:

[00105] Heat exchangers and water desalination equipment is typically required for most large ships
including cargo ships, cruise ships and most surface naval ships and submarines. Typically, fresh-water is used
in a closed circuit to cool down the engine room machineries. The fresh-water returning from the heat exchanger
after cooling the machineries is usually cooled by sea water in a sea water cooler.

[00106] FIG. 12 is a schematic of a ship desalination embodiment of this invention. As shown in FIG
12, a ship engine 300 is cooled by water from line 301. The water used for cooling exits the ship engine 300
through water line 302 and enters heat exchanger 303 and heats salt water line 304 (typically from the ocean).
Salt water from line 304 is then separated in heat exchanger 303 into purified water line 305 and contaminated
water line 306 by exiting fluid ports 307 and 308 respectively. Contaminated water line 306 is then treated
and/or released back into the water. Purified water line 305 is then condensed into drinking water in condenser
3108 which can also include post-treatment steps to make it potable and a portion can be sent to contaminated

line 306 to dilute the brine concentration, as necessary prior to discharge.

Additional Embodiments:
[00107] As discussed above, embodiments disclosed herein can also provide for continuous, real-time

monitoring, enabling efficient control of the purification from an on-site location and/or a remote location. The
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system can also be configured for autonomous, unmanned operation, providing a significant savings in cost and
manpower. In another embodiment, the system can be coupled with electrical generators to provide purified
water in disaster relief operations, or military operations where electricity and water is needed in emergency or
remote situations. In one embodiment, the generator can be on one mobile skid and attached to a second mobile
skid to provide water purification including pumps for pumping contaminated fluids and removing waste fluids
and purified water. In addition, the mobile skid embodiment can be brought to areas with severe water demand
or water drought conditions to help run industrial processes during peak demand or water scarcity times.
Otherwise, human demand might override industrial water usage and require shutdown of industrial processes
versus just adding a single trailer or system to purify at least a portion of the water usage or all of the water
usage depending on the situation. Therefore, this system provides capabilities not currently available for
operators of industrial processes, drilling operations, military operations during water droughts, natural and

man-made disasters and other emergencies.

Vapor-Compression Evaporation System:

[00108] Vapor-compression evaporation comprises an evaporation method. The apparatus can comprise
a blower, compressor or jet ejector utilized to compress, and thus, increase the pressure of the vapor produced.
The pressure increase of the vapor also generates an increase in the condensation temperature. The same vapor
can serve as the heating medium for the liquid or solution being concentrated ("contaminated fluid” of “mother
fluid") from which the vapor was generated to begin with. If no compression was provided, the vapor would be
approximately the same temperature as the boiling liquid/solution, and thus, no heat transfer takes place. If
compression is performed by a mechanically driven compressor or blower, this evaporation process is referred
to as MVR (Mechanical Vapor Recompression) and if compression performed by high pressure motive steam
gjectors, the process is sometimes called Thermo-compression or Steam Compression which requires the use of
a steam ¢jector.

[00109] U.S. Patent No. 7,708,665 and U.S Patent No. 7,251,944 describe vapor compression extraction
methods and systems. Both U.S Patent No. 7,708,665 and U.S. Patent No. 7,251,944 are hereby incorporated by
reference.

[00110] The inventive concepts, discussed above, including but not limited to using multiple flow paths
to allow gravity to separate the purified vapor and/or using the internal components of a heat exchanger to serve
the function as a flash chamber can be applied to vapor compressions systems to produce water. A vapor-
compression evaporation system, comprising a plurality of heat exchangers in series each containing a feed

having a nonvolatile component; at least one heat exchanger comprising a plurality of flow paths wherein
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gravity differences separates the heavier contaminated fluid from the lighter purified water vapor; a mechanical
compressor coupled to the last vessel in the series and operable to receive a vapor from the last vessel in the
series; a pump operable to deliver a cooling liquid to the mechanical compressor; a tank coupled to the
mechanical compressor and operable to separate liquid and vapor received from the mechanical compressor; a
plurality of vessels inside respective vessels, the vessel in the first heat exchanger in the series operable to
receive the vapor from the heat exchanger, at least some of the vapor condensing therein, whereby the heat of
condensation provides the heat of evaporation to the first heat exchanger in the series; wherein at least some of
the vapor inside the first vessel in the series is delivered to the heat exchanger in the next vessel in the series,
whereby the condensing, evaporating, and delivering steps continue until the last vessel in the series is reached.
In one embodiment, the system further comprises a multi-effect or a multi-stage flash evaporator coupled to the
last heat exchanger in the series for additional evaporation of the feed or alternatively inside the heat
exchangers.

[00111] The foregoing description of preferred and other embodiments is not intended to limit or restrict
the scope or applicability of the inventive concepts conceived of by the applicants. In exchange for disclosing
the inventive concepts contained herein, the applicants desire all patent rights afforded by the appended claims.
Therefore, it is intended that the appended claims include all modifications and alterations to the full extent that

they come within the scope of the following claims or the equivalents thereof.

Example:

[00112] Hypothetical examples are disclosed below to illustrate the invention. Persons skilled in the art
will recognize many different variations of these hypotheticals based on the disclosure in this document and
known prior art. All variations are intended to be within the scope of this invention. Therefore, the examples
disclosed are not intended to limit the scope of the claims.

[00113] FIG. 7 illustrates the steps of one embodiment. The first step is to obtain the apparatus 71. The
apparatus has at least one inlet and at least two outlets connected to an energy source that can concentrate
energy on a contaminated fluid. The second step is to flow the contaminated fluid through the inlet into the
apparatus 73. The third step is to use the energy source on the contaminated fluid 75. This causes at least a
portion of the contaminated water to change into a purified vapor state inside the apparatus. The fourth step is
to use multiples flow paths inside the apparatus 77. The effects of gravity separates at least a portion of the
heavier contaminated fluid from the lighter purified vapor state. The fifth step is to remove the purified vapor
and contaminated fluids 79. This step is accomplished by flowing the purified vapor state through a first outlet

and flowing the contaminated fluid after a portion of fluid has been removed as a purified vapor state through a
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second outlet of the apparatus.

[00114] In this hypothetical example, salt water with 30 g/l of NaCl with a boiling point of 105°C is
pumped into the heat exchanger which is heated by excess gas from a heat recovery for steam generation system
(“HRSG™”). The heated gas is flowed in and out of the heat exchanger to provide the energy to boil the salt
water. The salt water is pumped into the heat exchanger and is heated by the hot air gas from the HRSG. Once
the salt water obtains a temperature of 105°C the salt water begins to boil into a purified vapor or steam. The
purified steam rises in the heat exchanger as it is lighter than the salt water. The slanted baffles inside the heat
exchanger cause the purified steam to collect in chambers formed by the slanted baffles. Pressure from
additional steam creation pushes the steam further up into the next chamber formed by another slanted baffle.
[00115] Any heavier contaminated water caught in the vapor flows down through the hole back into the
initial salt water feed stream. The water flowing down has a separate flow path from the rising steam to reduce
friction and prevent contamination of the purified rising steam. The flowing water also collects contaminates
that have participated out from the salt water. The salt water with the removed purified vapor component then
exits from the first outlet. This heated salt water with a higher concentration of salt can be used to pre-warm
feed salt water with a pre-warmer heat exchanger before it enters the heat exchanger for purification to increase
efficiency.

[00116] After the purified steam has reached the maximum level in the heat exchanger it exits the heat
exchanger. The purified steam can then be used for further work such as steam turbine generation or can be run
through additional prior art heat exchangers to efficiently increase heat energy and pressure to further add
energy before using the steam. Alternatively, the vapor can be directly cooled and condensed into fresh water.
To further improve the efficiency and lower the boiling temperature a pump is connected to the second outlet
which lowers the pressure in the upper part of the heat exchanger. Pumps pump out the purified vapor creating
a pressure less than 1 bar inside the heat exchanger which lowers the boiling point of the saltwater, reduces
scaling and makes the process more efficient.

[00117] In a more preferred embodiment, the pressure is lower on the top of the heat exchanger to
quickly remove the stcam from the water. In addition, pump(s) can be attached to the first outlet to quickly
pump the water out. The best efficiencies occur when the pressure at the top of the heat exchanger is kept
below atmospheric pressure of less than 1 bar and the flow rate of the water is high enough to quickly remove
water with higher salt concentrations to prevent the boiling point from increasing too much because of the
increased concentration of salt. This also reduces scaling. If scaling becomes a problem, purified water is run
through the system to remove the contaminates and scaling. Running purified water allows the equipment to be

cleaned of scaling without stopping the production of steam.
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[00118] This invention can be used in just about any heat exchanger or similar application. Such
applications include but are not limited to space heating, refrigeration, air conditioning, power plants, chemical

plants, petrochemical plants, petroleum refineries, natural gas processing, and sewage treatment.
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CLAIMS

{. A héat exchanger comprising;

a. an inlet wherein contaminated fluid flows into the heat exchanger through the inlet;

S

B

b, at least two outlets wherein a first outlet exits purified vapor and a second outlet wherein
contaminated fluid with a portion removed as purified vapor exits the heat exchanger through the
second outlet;
LG an energy source that causes the contaminated fluid {o heat to a temperature wherein a postion of -
the contaminated fluid is converted to purified vapor; and
d. at least two different flow paths inside the heat exchanger, a first flow path connecting at least
éné inlet to. the first outlet and a second flow path connecting the inlet to the second outlet, the first
flow path and the second flow path flow through at least a portion of the heat ¢xchanger, wherein
gravity differences causes the lighter purified vapor to- take a different pathi than the ‘heavier
¢ontaminated fluid with the purified vapor exiting the first outlet and the contaminated fluid exiting the
second outlet.
2. The heat exchanger of claim I, wherein at least one device on the second flow path insidethé heat
&xchanger selectively removes contaminated fluids based on density ditferences.
3. The heat exchanger of claim 1, wherein a plurality of holes inside the heat exchanger are-on‘a vértical
section of the first flow path creating multiple alternative flow paths on the vertical'section inside’the
heat exchanger and the contaminated fluid is contaminated water and the purified vapot is steain @id
wiieltein inside the heat exchanger the energy source converts the portion of the contaminated water:into
thepurified vapor and the lighter purified vapor flow path and the heavier contaminated fluid flow path
are both inside the heat exchanger.
4: The heat exchanger of claim 3, wherein pressure differénces inside the heat exchanger betwben it
purified steam and the contaminated water is utilized. to separate the contaminated water from. the
purified steam. + o vl
§:The heat exchanger of claim 1, wherein the energy source causes the contaminated fliid totirn the
puiified vapor inside the first flow path between the inlet and the: first outlet and the contantinared flid

and' purified vapor is separated before exiting the first outlet, and wherein the energy source is-choskit
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frém the group consisting of heat gasses, heated liquids,.radiation. energy, directed enérgy, solar erergy
and any combination thereof.
6. The heat exchanger of claim 3, wherein the different flow paths are created inside the heat exchanger

from at least one separation device selected from the group consisting of, baffles, membranes,

openings, valves, screens and any combination thereof and wherein the energy source oni'ihe

contaminated fluid inside the heat exchanger causes at least a portion of the contaminated watér’ to
change into a purified vapor state inside the heat exchanger.

7. The heat exchanger of claim 1, wherein the heat exchanger is one device and the purified vapor
otitlet is connected to a second device that uses the energy from the vapor for additional work. -ar o2y
8w The heat exchanger of claim 1, wherein the heat exchanger comprises tubing connecting the inlet and
the't least two outlets to. define at least a portion of the at least two different flow paths;x@htéiii
baffles inside the tubing are used to help separate the purified vapor from the contamifiated fluidit:cane:,
9/+Fhe heat exchanger of claim 8, wherein the plurality of holes are located in the baffles &iiereby
créating additional flow paths to separate the purified vapor from the contaminated fluid. Wi
{0uThe heat exchanger of claim 9, further comprising at least one screen in the plurality of holes inside
thetubing to help separate the purified vapor from the contaminated fluid. thi e ed vapor

15T he heat exchanger of claim 1, further comprising at least one screen and at 1éast ‘oné pérforated

vosy

plp%" inside the heat exchanger thereby creating additional multiple flow zones inside the heat! ei'e‘fiarigé%
tonnecting the inlet-to the first outlet. : w b b g

12"The heat exchanger of claim 1, further comprising at least one additional flow path wherein the'at

18ast one additional flow path is created by the group consisting of conical shaped plating twith"a

plurality of aligned holes, baffles, membranes, valves, tubes, baffles with holes, screens, perforated

jB'i'p'és, condensation plates, aligned openings and any combination thereof thereby creating additiohal
iiyltiple flow zones inside the heat exchanger connecting the inlet to the first outlet. bov Y
137A method to purify fluid comprising; gt Vi trforaed

#i1»"  obtaining a heat exchanger with at least one inlet and at least-two outlets condééted to-al &igigy
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$eviitce that can conceéntrate energy on a contaminated fluid; 2 B Bl
o I . . . . . - ! R P . 5
B?. 7! flowing the contaminated fluid through the inlet into the heat exchanger; et el

¢ %t using the energy source on the contaminated fluid inside the heat exchanger to cause atT&dst a
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pomon of the contaminated fluid to change into a purified-vapor state inside the heat. exchangex ‘sriu o
d: . usmg at .Ieast, two flow paths inside the heat exchanger wherein: gravity s_epm.a_tes at .}e‘ast_ :a
M " l-‘

pomon of the heavier contaminated fluid from the lighter purified vapor state; and . . . A4 et
€ flowing the purified vapor state through the first outlet and flowing the contammated ﬂuld after
T K

POTAIS ) Qomon of fluid has been removed as a purified vapor state through the second outlet of t}xg -hegt

exuhanget SR

14 fI‘he method of claim 13, further comprising using at least one device on the flow paths inside the
l}gat_ exchanger to selectively remove contaminated fluids based on density differences. bt R
_;flf'ﬁ!:tiThe method of claim 13, wherein distillation and separation occurs on ‘a veﬁj}?al "Sf:'éti‘d'g’l' vyxtha
.;;i{l'u.r"z}lity of holes inside the heat-exchanger on the first flow path: creating muhiplé’?altémaﬁv’é?iﬂéw
pjzmjfs insidé the vertical section inside the heat exchanger and wherein the contaminated fluid is
contaminated water and the purified vapor is steam. .o 7{‘; ¢ :}.‘f"f
T }6‘2 The method of claim 15, wherein pressure differences inside the heat exchanger betwéen' ‘the
punﬁed steam and the contaminated water are utilized to separate the contaminated water from. the
purified steam. Wt e nstde the
@‘aﬂ{?ift'?l‘he, method of claim 13, further comprising using a separation device inside the heat exchanger
3éleited from the group consisting of conical shaped plating with a plurality {0f alignéd ‘h’B?és‘*
fesibranes, valves,‘tubes, baffles, baffles with holes, screens, perforated pipes, condenSatioh” plé«és"
zfiifigiﬂed openings aid any combination thereof whetein the heat exchanger comprises‘tibing conneeting
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thetinlet and. the at least two outlets to define at least a portion of the at least two different flow ‘;')'é'th's!g E
" L™ 8 The method of claim 13, wherein the energy source is chosen from the group consistingof heat
g@i§§es, heated liquids, radiation energy, directed energy; solar energy-and any combination theregfit he

{9111 The method of claim 13, wherein the purified vapor outlet is connected to a second device and
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fulfther comprising using the energy from the vapor for additional processes. the weal ehanger
30%  The heat exchanger of claim 1, further comprising: . ol allmdl Nl
i pumps attached to the firsi‘and second outlets; ‘ St Remal plikey;
BHE  nanoparticles inside the heat exchanger that are resistant to scaling; - it nheding

SAand 4 . R G : . 1, Lk i e
W multiple flow paths for the contaminated fluid inside the heat exchanger; and + ' plhs, ]

s

d®  at least one additional opening on the contaminated fluid path suitable to remove: eaviet
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~q6ntaminated fluid before the contaminated fluid outlet..
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