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APPARATUS FOR TREATING FLUID STREAMS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001} The present application claims the benefit of the filing date of U.S.

Provisional Patent Application Serial No.60/642,588 filed January 11, 2005.

STATEMENT REGARDING FEDERALLY SPONSORED
RESEARCH OR DEVELOPMENT

[0002] Not applicable.

FIELD OF THE APPLICATION
[0003] The application relates generally to an apparatus for treating a fluid stream
flowing inside a pipe or tubihg.
BACKGROUND OF THE INVENTION
[0004] it is understood in oil and gas production that heating a downhole fluid
stream can (a) lower fluid stream viscosity, (b) reduce tubing friction losses, (c) reduce

wellhead pressure requirements, (d) reduce or otherwise eliminate the formation of"

"emulsions, and (e) improve pump efficiency, which in turn, can reduce the energy

required to deliver a fluid stream to the surface from downhole and can also reduce the
foad placed on Iift system components. It is also known that maintaining the
temperature of a' fluid stream above the cloud poeint (the point at which paraffin,
hydrates, bitumen, ashphaltines and other complex hydrocarbons precipitate out of the
fluid) can eliminate the build-up of restrictive deposits inside a production tubing string

that can restrict fiuid flow and lower the production rate of a well.
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[0005] Current techniques used to heat and improve the flowability of fluid
streams include resistance heating cables, solid resistance heating elements, induction
heaters, and steam or hot oil injection. These techniques often have poor heat transfer
characteristics and can lead to significant amounts of energy being lost to the

surrounding environment and to non-productive parts of the well.

[0006] For instance, with resistance heating cables, which are strapped to the
production tubing string to provide heat to the fluid stream inside the tubing during
production, a central problem is created because a significant part of the cable is exposed
to the surrounding well bore environment. This results in a significant amount of heat
energy being lost to the surrounding environment, where it is of little value. Another
problem with resisténce heating cable systems. is that it is extremely difficult to make
certain that the heating cable maintains an unbroken contact with the production tubing
since gaps where there is ﬁo contact will appear at locations where the cable does not lie
flat on the tubing. These air gaps significantly lower the efficiency of heat transfer
between the cable and the tubing string. Yet another problem with common resistance
heating cable systems is that a significant portion of the heat energy, which is delivered to
the production tubing, is used to heat the tubing and not the fluid inside. Finally, since
none of the heat provided by resistance cable systems is to the fluid below the pump
intake, fluid viscosity through the pump is unchanged and there is no benefit to pump

performance or efficiency.

[0007] Solid resistance heating elements have also been used at the bottom of a

production tubing string in order to heat fluid that passes over and around the heating
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element. The main problem with this configuration is that they have poor heat transfer
characteristics due to a lack of fluid flow through the center resulting in internal and
surface element temperatures that are significantly higher. The main resuit is poor
efficiency in the heat transfer process. In order to compensate for this poor efficiency,
these types of tools must operate with significantly higher surface temperatures, which
can lead to coke formation on the heated surfaces. This build-up of coke further limits
heat transfer and exacerbates the problem. Finally these heating elements are exposed
to the well annulus with no insulating shroud. This means that a significant portion of the

heat energy that they provide is lost to the surrounding environment with limited results.

[0008] Existing products also found in thé marketplace include induction heaters,
which warm the production casing or tubing using iﬁduced current in order to warm the
production fluid stream inside the well bore. The main problem with induction heaters is
that the blearance between the powered induction coil and the casing or tubing must be
very small iﬁ order to maintain minimum levels of energy efficiency. Since the induction
coil in most designs is located in the path of the production fluid stream, they often add
significantly to pressure losses in the fluid stream defeating their purpose. In addition,
placing an electrical current inside any component of a producing well such as the
tubing or casing will significantly increase the corrosion rate and may cause premature

failure.

[0009] Additional products found in the marketplace include steam or hot fluid oil

injection products and methods where heated fluid or steam is injected into the well
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from the surface in order to remove wax and paraffin build-up or to increase the
temperature of the fluid contained in the well bore or reservoir. The main problem with .
steam or hot oil injection products is that significant levels of heat energy are lost in
these processes to non-productive parts of the well such as the casing, annulus and
portions of the earth in contact with the casing that are not a part of the reservoir. In
addition, the surface infrastructure required for permanent steam injection takes
considerable space on the surface making this application undesirable in most offshore

applications and populated areas.

[0010] An apparatus is needed that can increase the temperature and better

regulate and improve the flowability a fiuid stream.

SUMMARY OF THE INVENTION
[0011] Alt is an obiect of this invention to provide an apparatus and hethods of use
that regulate and preferably provide regulated increases in the temperature of a
hydrocarbon stream produced from an oil and gas well or to preferably increase the
temperature of fluid streams introduced into a well for instance light oil, diluents, or any
other liquid including water. It is an object of the invention to enhance the efficiency of
fluid stream delivery to the surface by conventional lift methods or in a free flowing well,
lower operating costs and/or higher producing rates. The invention also preferably
features surface controls that assist with regulating, sensing and measuring fluid stream
temperature, pressure, rate and other parameters of the lifting system. It is an object of
this invention to provide an apparatus and methods of use that regulate temperature to

a hydrocarbon fluid stream produced from an oil or gas well or to regulate temperature



10

15

20

WO 2007/082006 PCT/US2007/000667

of fluid streams introduced into a well, for instance in injection operations. Itis an object
of this invention to enhance efficiency of stream delivery to the surface by conventional
lift methods or in a free flowing well, at lower operating costs and at higher producing
rates. It is an object of the invention to provide these and other benefits by and through
methods and use of an apparatus preferably featuring uniquely adapted heating
chamber(s), mixing chamber(s) and preferable shrouds as further shown and described
in the specification and figures of this application. The apparatus may be located at a
plurality of locations along a wellbore and is preferably used to regulate temperatures of
fluids flowing from a reservoir to the surface, or alternatively from the surface to the
reservoir. The invention also preferably features surface controls that assist with

regulating, sensing and measuring fluid temperatures.

[0012] Another preferable object is to produce an apparatus that can cost
effectively provide regulated temperature increases downhole to a fluid stream injected
into a well (injection or production) from the surface in order to clean up the near well
bore completibn zone and/or remove or decrease skin damage in order to restore or
increase well productivity. Another preferable object of this invention is to producé an
apparatus that can cost effectively provide regulated temperature increases downhole
to a fluid stream injected into an injection well located in a hydrocarbon producing field
from the surface in order to improve hydrocarbon delivery from the reservoir to one or

more producing wells.
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[0013] Another preferable object of this invention is to provide apparatus that may
be permanently instalied in a producing hydrocarbon well that can cost effectively
provide regulated temperature increases to a fluid stream downhole, whether said fluid
stream is injected from the surface into a producing well, or alternatively produced from
a well. It is well understood that injecting hot water, oil or steam from the surface using
an injection well into a hydrocarbon reservoir can lower the viscosity of deposits in the
reservoir and improve delivery to nearby producing wells. Since significant temperature
losses occur in this fluid stream from any surface heating facility to the reservaoir, it is
clear that providing heat to the fluid stream downhole near the target producing zone in

the reservoir will result in energy savings.

[oo14j Another preferable object of this invention is to reduce or eliminate the
deposits of waxes, paraffins and other hydrocarbon compounds which often form in the
near well bore producing zone due to changes in fluid pressure and temperature as

hydrocarbons are produced.

[0015] A further preferable object of this invention is to eliminate the need to
periodically inject hot fluids into the near well bore area to eliminate the deposits of
waxes, paraffins and othér hydrocarbon compounds which often form in the near well
bore producing zone due to changes in fluid pressure and temperature as hydrocarbons

are produced.
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[0016] Another preferable object of this invention is to reduce or eliminate the
need for existing devices to heat the fiuid on the surface, and thus lose efficiency due to
heat losses during delivery from the surface to downhole or require removal of the lift

systemn in order to be installed.

[0017] A further preferable object of this invention is to provide a permanently
installed downhole apparatus which can heat fluid flowing in either direction, and which
would have a significant advantage over existing processes since it would eliminate the
need for workover and provide benefits during bath (producing and injecting) phases of

operation.

[0018] Another preferable object of this invention is to produce an apparatus that

accurately and cost effectively regulates increases in the temperature of a hydrocarbon
production fluid stream in order to reach and maintain a selected fluid stream viscosity
in order to reduce viscous friction losses inside the downhole and surface production

tubing and optimize the operating efficiency of the artificial lift system.

[0019] Another preferable object of this invention is to produce an apparatus that
accurately and cost effectively regulates increases in the temperature of a hydrocarbon
production fluid stream and keeps the temperature of the hydrocarbon production above
the temperature at which paraffin and hydrates in the production will precipitate out of
the liquid . and form on surfaces, restricting flow and increasing pump head

requirements.
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[0020] Another preferable object of this invention is to produce an apparatus that
accurately and cost effectively regulates increases in the temperature of a hydrocarbon
production fluid stream to keep paraffin and hydrates in solution during its transport to

the stock tank on the surface.

[0021] Another preferable object of this invention is to produce a device that
accurately and cost effectively regulates increases in the temperature of a hydrocarbon
production fluid stream to destabilize emulsions that may be formed as a result of mixing

by a pump or other artificial lift system.

[0022] * Another preferable object of this invention is to produce a device that
allows the total power required to transport heavy oil from the reservoir to the surface

and from the well head to the stock tank to be held at a minimum.

[0023] Another preferable object of this invention is to produce a device that allows
increased production rates from existing wells by substituting heat energy for
mechanical pumping energy, and to produce a device that allows increased production
rates from existing wells by substituting heat energy for lift pressure in free-flowing or

gas lifted wells.

[0024] Another preferable object of this invention is to produce a device that

keeps an accurate record of the downhole and surface pressures, temperatures and
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other parameters and the electrical energy used by the heating system during the

production of the hydrocarbons from a well.

[0025] Another preferable object of this invention is to produce a device that can
remain permanently installed in the well and that does not need to be removed during

the production process
[0026] Another preferable object of this invention is to produce a device that
communicates between sensors located both at the surface and downhole to keep the

temperature of the hydrocarbon production within a specified range.

[0027] Another preferable object of this invention is to produce a device that is

robust, cost effective and has a long service life after being installed in a wellbore.

[0028] Another preferable object of this invention is to produce a device that can
be economically installed on a single or on a few wells, versus surface located steam
injection facilities that are capital intensive and thus whose use is restricted to larger

fields.

[0029] Another preferable object of this invention is to produce a device that can
be used as a novel form of artificial lift, where heat energy is used instead of mechanical
energy such as from a pump or instead of a gas lift system. These and other objects of

the invention will be appreciated by those skilled in the arts.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Figure 1A illustrates a perspective view of a solid heating member, which is an

optional component of the apparatus.

[0031] Figure 1B is one depiction of treatment apparatus components, including a

heating member and a mixing chamber.

[0032] Figure 1C illustrates a perspective view of the apparatus including a heating

chamber, heating member, mixing chamber and a shroud enveloping the apparatus.

[0033] Figure 1D illustrates a perspective view of the apparatus including a plurality of

heating members, and a mixing chamber formed from and enveloped by a shroud.

[0034] Figure 1E depicts one embodiment for an enclosure of either a heating or a
mixing chamber featuring preferable obstructions or fins that may be used in
embodiments of the treatment apparatus to manipulate fluid streams or to enhance heat

transfer and/or mixing of the fluid stream.
[0035] Figure 2A illustrates a perspective view of a preferable enclosure of a heating or

mixing chamber including obstructions projecting from an inner surface of a chamber

wall.

10
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[0036] Figure 2B illusirates a perspective view of the apparatus in a casing including a
cross-section of a shroud enveloping the apparatus, and further illustrates a preferable
embodiment with mixing and heating chambers arranged in a series. Heating members

are depicted in parallel form.

[0037] Figure 3 illustrates a production system and side view of a treatment apparatus

for oil and gas production located at a midpoint along the tubing string.

[0038] Figure 4 illustrates a production system and a side view of a treatment

apparatus for oil and gas production located at a lower point of the tubing string.

[0039] Figure 5 illustrates a production system and a side view of a fluid injection
system for oil and gas production including the apparatus at a lowermost point along of

the tubing string.

[0040] It is to be noted, however, that the appended drawings illustrate only typical
embodiments of this invention and are therefore not to be considered limiting of its

scope, for the invention may admit to other equally effective embodiments.

DETAILED DESCRIPTION OF THE INVENTION
[0041] The present application relates to an apparatus suitable for treating fluid streams
by:
(a) transferring temperature increases to fluid streams, whether the fluid stream

is produced downhole, or is injected from the surface;

11
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(b) regulating, and increasing temperature of the downhole fluid stream;
(c) being installed downhole in a wellbore whether permanently or temporarily;
(d) transferring temperature increases to fluid flowing in any direction; and

(e) reaching and maintaining a selected fluid stream viscosity.

f0042] The present application also relates to a system suitable for:

(a) recording downhole pressures and temperatures;

(b) recording surface pressures and temperatures;

{c) recording and monitoring power usage of the apparatus during treatment of a
fluid stream; and

(d) communicating surface and downhole fluid stream temperature and pressure
and other parameters to the surface in order o monitor the effectiveness of the heating

regime.

[0043] In oil and gas production, the apparatus is particularly advantageous for
treating fluid streams to:

(a) lower fluid viscosity by heating fluid streams; -

(b) maintain complex hydrocarbon compounds in solution;

(c) eliminate the necessity of removing lift systems to install known surface
heating devices;

(d) maintain the fluid stream temperature above the temperature at which

paraffin and hydrates precipitate out of the fluid stream;

12
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(e) maintain the paraffin and hydrates in the fluid stream solution during
transport of the fluid stream to a stock tank located on the suiface;

(f.) maintain the fluid stream temperature to destabilize emulsions that can be
formed as a result of mixing by a pump or other artificial lift system; and

(g) increase production rates from existing welis by substituting heat energy for

mechanical pumping energy.

[0044] Other advantages of the apparatus include but are not necessarily limited
to the ability to treat fluid streams in oil and gas production brought to the surface by
conventional lift methods or fluid streams in free flowing wells; the ability to eliminate the
necessity of periodic injections of hot fluids into near well bore areas to remove deposits
of waxes, paraffins and other hydroecarbon compounds that can form in near welllbore
producing zones resulting from changes in fluid pressure and temperature during
hydrocarbon production; the ability to minimize the power requirements for producing
heavy oil from a reservoir to the surface and from a well head to a stock tank; and the
ability to eliminate the necessity of surface located steam injection facilities that are

capital intensive and whose use is restricted to large production fields.

[0045] In a first embodiment, the treatment apparatus comprises (1) a heating
member for transferring temperature increases to at least one fluid stream, and (2) a
mixing chamber in fluid communication with the heating member to mix the heated fluid.
In addition, the amount of heat being transferred to the fluid stream from the apparatus

can be programmed, monitored and adjusted. The apparatus according to the present

13
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application will be described in more detail with reference to the embodiments iflustrated
in the drawings. The drawings are illustrative only, and are not to be construed as

limiting the invention, which is defined in the claims.

[0046] In a simple embodiment of the invention, a heating chamber 11 will
contain a single heating member 12 contained within a shroud 32 that forms the heating
chamber 11 wall. The heating member 12 will be fixed to the shroud 32 by fastening
means 45, which might include but are not limited to welds, pre-fabricated metal
shapes, spokes, or other connectors able to withstand downhole conditions. A shroud
32 makes certain that fluid in the fluid stream passes near to a heating member 12 in
order to facilitate heat transfer to the fluid stream and also isolates and insuiates the
fluid stream from the well bore environment. Ideal forms for heating elements includé
but are not limited to a thin plate or plates, a solid member or rod (Fig.1A), a simple
hollow tube (Fig.1B), or a compiex hollow tube (Fig.1D) since these shapes expose a
higher percentage of their surface to the fluid stream and improve heat transfer. A
preferable benefit is to maximize heated surface exposed to the fluid stream while
maintaining a low-pressure drop. Pressure drop is a direct function of the surface area
perpendicular to the direction of fluid fiow. Figure 1B demonstrates preferable
components of a first embodiment of the apparatus 10, namely a heating member 12,
and at least one mixing chamber 14, which as seen if Fig.1C is in fluid communication
with heating chamber 11. A single heating member(s) 12 preferably comprises a solid
heating device, passageway or tube that a fluid stream passes through or over and

where one of more of the walls of the heating member(s) 12 are heated in order to

14
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provide a heat transfer surface. In its simplest form of design, a heating member 12
preferably comprises an electrically heated member 12, solid element or hollow
structure contained inside the production tubing as shown where fluid passes through
and/or around the heating member 12. A solid heating member 12 is depicted in Figure
1A where the fluid passes only around an outside diameter of the heating element. Ina
hollow embodiment of heating member 12 (Fig.1B), there is approximately twice the
surface area per foot of length (inner and outer surfaces) exposed to the fluid stream as a
respectively sized solid element (outer surface only), therefore, this is a preferable
embodiment given that more heat energy will be transferred to the fluid stream than with a
solid heating element. With the hollow embodiment, the internal temperature of the
heating member walls will be lower under the same operating conditions. Stated another
way, this means that in terms of heat transfer capability the hollow heating member 12
embodied in this design is more energy efficient method for fluid stream heating than a
solid element. Therefore, a main benefit of a hollow version of heating member 12 is
that the fluid stream passes through and around an enclosed area where the sides are
comprised of one or more directly (resistance) or indirectly (induction) heated surfaces,
which are exposed to the fluid stream on all sides. When fluid passes over any heated
surface, the temperature of the portion of the fluid stream immediately adjacent to the
heated surface is highest and temperatures further away from.the heated surface are
lower. Effectively, a fluid stream separates into layers where the fluid closest to the
heated surface is warmer and flowing faster than fiuids further away from the heated
surface. This means that in order to optimize heat transfer rates close attention must be

paid to the maximum distance that any portion of the fluid stream may take around the

15
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heated surface. If the distance is too large, the result is inefficient and results in uneven
temperature regulation. With a heating member 12, it is possible to precisely control
this distance, particularly when one preferable mode is used employing multiple heating

members 12 in parallel, as depicted in Figure 1D.

[0047] In oil and gas production, as fluid passes near or contacts a heated
surface, the temperature of that portion of a fluid stream immediately adjacent the heated
surface is increased to about the temperature of the heated surface, while the
temperature of that portion of the fluid stream further from the heated surface is increased
to a lesser degree. Once heated, the fluid stream separates into layers wherein the fluid
layer(s) closest to the heated surface comprise a higher temperature and lower viscosity
than fluid layer(s) further away from the heated surface. The presence of multiple fluid
layer(s) can lead to viscous friction losses inside the downhole and surface tubing string
and reduce the operating efficiency of any artificial lift system used during production.
The present apparatus 10 overcomes the above concerns by (1) transferring temperature
increases to a fluid stream 5, and (2) mixing the heated fluid stream 5 prior to dispensing
the fluid stream 5 from apparatus 10. In other words, the two or more heated fluid.layers
can be mixed together within apparatus 10 to equalize the temperature, viscosity, and

pressure of fluid stream 5, and otherwise remove the layers from the fluid stream 5.
[0048] Following completion of a wellbore, apparatus 10 is transported to a downhole

location by attaching apparatus 10 to tubing string 34 as tubing string 34 is being placed

into the wellbore. A shroud 32, which is preferably a continuous tube forming heating

16
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chambers 11 and mixing chambers 14, is connected directly to the tubing string 34.
The apparatus 10 is preferably threaded just like production tubing, but it may also be
attached to the tubing string 34 by other means, including but not limited to bolts, welds,

or shrink fit.

[0049] A heating member 12 may have an infinite number of shapes varying from
the round tube in Figure 1B to a tube with irreguiar or polygon surfaces (See Figure 1E),
and with or without obstructions 30 aé depicted in Figure 2A. Individua!l heating
members 12 may be assembled in a treatment apparatus 10 in series (See Figure 2B)
or in parallel. In a parallel assembly, the fluid stream must pass through or around at

least one of the individual heating members 12.

[0050] Each of heating members 12, heating chambers 11 mixing chamber 14,
and shroud 32 can be constructed of any material durable enough to withstand various
treatment conditions including but not necessarily limited to chemical environments of
varying pH and corrosivity, varying temperatures, varying pressures, and other loads
placed upon apparatus 10. Suitable materials for the heating chambers 11, mixing
chambers 14, heating members 12 and shroud 32 formed therefrom include but are not
limited to steel, aluminum, plastics, steel and other metal alloys, ceramics, rubber, pve,
and combinations thereof. A particularly advantageous and preferable design for
heating and mixing chamber and shroud is alloy steel configured to withstand pressures
up to 25 MPa or 25,000,000 Pascals and temperatures up to 350 degrees Celsi_us.

Each of heating member(s) 12, heating chambers 11 and mixing chamber 14 can also

17
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be constructed of materials including but not necessarily limited to those materials
resistant to chipping, cracking, excessive bending and reshaping as a result of
weathering, heat, moisture, other outside mechanical and chemical influences or that

are commonly known in the downhole tooling indusiry.

[0051] Heating chamber 12 can include a solid construction, or in the alternative,
heating chamber 12 can be defined by at least one opening therethrough and include at
least one outer surface and at least one inner surface thereby increasing the surface
area for transferring temperature increases to a fluid stream 5. Herein, the term
“transferring temperature incréases" refers to apparatus 10 increasing the temperature
of {e.g. transferring heat to) at least.one fluid stream 5 from a first temperature prior to
treatment of fluid stream 5 by apparatus 10 to a second températuré reached either
during or immediately fo|lowiﬁé treatment of fluid stream 5 by apparatus 10. Herein, the
term “fluid” refers to any liquid or gas flowable through and around (1) conventional
tubing and {(2) the apparatus including at least one heating chamber. Likewise, the fluid
can comprise any pressurized conditions and viscosity characteristics suitable to
maintain flowability through the tubing and apparatus 10. The present apparatus 10 is
therefore configured to treat fluids including but not necessarily limited to hydrocarbon

based liquids and gases, and water based liquid and gases.
[0052] Typical downhole temperatures in oil wells will range from 50° to 95°

Celsius. Typically, apparatus 10 can preferably increase the temperature of any given

fluid stream 5 up to about 180°C. Of course, the increase in temperature to any given

18
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fluid stream 5 depends not only on the amount of heat being transferred to fluid stream
5 from apparatus 10, but also on the starting temperature of the fluid stream 5 prior to

treatment with apparatus 10.

{0053] The length of the treating apparatus 10 is a function of the flow rate
desired temperature change that is expected from the well. Ultimately, the diameter or
width of apparatus 10 is determined by the diameter of the hole and/or casing where
apparatué 10 is to be positioned during operation. Although apparatus 10 is not limited
to any particular size and shape, the length of a one preferable heating chamber 11 on
preferable embodiment is approximately 3 feet, with an approximate length of a mixing
chamber 14 of- 1.5 feet. Although a variety of sizes of treating apparatus 10 are
preferable, one preferable range of appa;atus 10 lengths (including heating and mixing

chambers) is in the range of 30 feet to 120 feet.

[0054] As shown in FIG. 1B, heating member 12 preferably comprises an
opening including a first end 16 configured to receive a fluid stream 5 and a second end
18 configured to dispense fluid stream 5. Second end 18 is configured to be in fluid
communication with mixing chamber 14. As shown in FIG. 1C, heatihg member 12 is
preferably enclosed by shroud 32, which shroud 32 forms a wali of heating chamber 11.
The portion of shroud 32 forming the wall of heating chamber 11 is alternately referred
to as enclosure 20 herein. Enclosure 20 is also configured preferably to envelop the

heating member(s) 12 of treatment apparatus 10.
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{0055] Heating chamber 11 comprises one or more heating members 12 aligned
in series or in parallel, or both. In addition, heating chamber_s 11 can include a piurality
of configurations. Where heating chamber 12 comprises a tubular configur.ation, the
wall of heating chamber 12 can comprise a plurality of shapes including but not
necessarily limited to round, oval or multi-sided shapes including but not necessarily
limited to rectangular, polygonal, and irregular shapes. Heating chamber 12 can also
include obstructions 30 in similar fashion as mixing chamber 14 projecting from the

inner surface of the heating chamber 12 wall, as shown in Figures 1E and 2A.

[0056] Even though heating members 11 and mixing chambers 14 can be
arranged in any combination and aligned in series or in parallel, it is advantageous for
apparatus 10 to be configured so that at least one heating member 12 transfers he::lt to
fluid stream 5 prior to the fluid stream 5 entering 'a final mixing chamber 14. For
example, a fluid stream 5§ may flow from a mixing chamber 14 to a heating member 11
then to another mixing chamber 14; a fluid stream 5 may flow through a series of
heating members 11 to a series of mixing chambers 14; or a fluid stream 5 may cycle

through multiple heating member/mixing chamber combinations, so long as long as fluid

siream 5 flows lastly from a mixing chamber 14 prior to delivery of fluid stream 5.

[0057] As depicted in Figure 1B-D, a principal component of treatment apparatus
10 is a mixing chamber 14. A mixing chamber 14 is a second section of the treatment
apparatus 10, which is in fluid communication with the heating member 12 and heating

chamber 11. The mixing chamber(s) 14 receive fluid streams flowing over and through
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one or more heating chambers 11 and heating members 12 to provide a space where the
fluid is preferably equalized in terms of temperature and pressure. In terms of structure,
this mixing chamber 14 is preferably an unheated passageway that may or may not
contain vanes, obstructions 30 or fins (Figure 2A) to rotate and mix the fluid (a heated
mixing chamber might also be used). In its simplest form of design, a mixing chamber
14 consists of a holiow tube or chAamber that receives fluid flow from one or more
heating members 12 in a heating chamber 11. The mixing chamber 14 should have
sufficient length to "mix" these multiple streams in order to equalize the temperature and
pressure. The result is that multiple fluid streams from individual fluid paths originating
within the heating members 12 and heating chambers 11 are converted into a single
fluid steam with a single temperature and pressure. This "mixing” is beneficial to the
overall efficiency and opération of a heating element since it eliminates differeﬁces in
temperature and pressure between individual fluid streams that have passed through
differing paths in the heating chamber 11 due to differences in cross sectional and
heated surface area. "Mixing" is also beneficial since it reduces the impact if any fluid
path inside a heating chamber 11 becomes plugged with foreign material during
operation. This makes it possible to design heating chambers 11 with small or complex
fluid paths that may be more susceptible to plugging than if there were no mixing

chamber 14 included in the design.
[0058] Mixing chamber(s) 14 receive fluid streams from heating chamber(s),

however, they may be assembled in variable combinations. For example, a mixing

chamber 14 may either deliver the fluid stream to another heating chamber 11 where
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multiple heating members 12 are assembled in series (Figure 2B} or directly to the
production tubing for delivery to the surface. Further, mixing chambers 14 may include
fins, or obstructions 30 attached to the inner surface to promote mixing of the fluid and
equalization of temperature and pressure (See Figures 2A or 1E). Mixing chambers 14
may also vary from a regular cylindrical shape and incorporate a more complex surface

such as a Venturi design to achieve desirable fluid stream pressure objectives.

[0059] Mixing chamber 14 is enveloped by a shroud 32, which shroud 32 portion
over mixing chamber 14 also defines and is referred to herein as enclosure 22. Mixing
chamber 14 includes an enclosure 22 defined by an inlet 24 for receiving fluid stream 5
from heating chamber 11, and has outlet 26 for dispensing fluid stream 5 from mixing
chéhber 14. Enclosure h22 forms a reservoir between inlet é4 and outlet 26 éonﬁgured

to substantially equalize the viscaosity, temperature and-pressure of fluid stream 5. In

- addition, enclosure 22 includes at least one outer surface exposed to the ambient

environment, and at least one inner surface exposed to the reservoir of mixing chamber
14. Suitably, the enciosures of heating chamber 11 and mixing chamber 14 are
configured to sealably attach or be formed together for optimum fiuid transfer. As
depicted in Figure 2B, a treatment apparatus 10 may preferably comprise one or more
heating chambers 11 connected to one or more mixing chambers 14, preferably
enclosed by a shroud 32 so that a fluid stream 5 passes through at least one heating

member 11 and one mixing chamber 14.
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[0060] Enclosure 22 can also comprise a plurality of shapes including but not
necessarily limited to round, oval or multi-sided shapes. The reservoir of mixing
chamber 14 can further include gne or more inner walls 28 forming flow channels
therebetween and/or include one or more obstructions 30 to mix the fluid received from
heating chamber 11. Suitable obstructions 30 include but are not necessarily limited to
protrusions that project out from the inner surface of mixing chamber 14, such as are

preferably depicted in Figures 1E and 2A.

[0061] Figure 2B depicts an important preferable feature of the treatment unit 10,
namely, a shroud 32. The shroud 32 is another preferable feature of the treatment
apparatus and is a covering that surrounds the heating 11 and mixing 14 chambers in
order to provide structural integrity and to assure that a fluid stream passes through and
around the heating member(s) 12. The shroud 32 also provides beneficial insulation
between the heated fluid stream 5 and the ambient environment, limiting heat loss and
improving operating efficiency. A shroud 32 preferably comprises a tube assembled
over the outside combination of heating 11 and mixing 14 chambers in order to contain
fluid flow, to provide structural integrity, and to reduce heat loss to the environment.
Since a heating member 12 preferably allows fluid to flow over both its internal and
external surfaces, some type of shroud 32 is preferable to contain and direct the fluid
flow. The shroud 32 in this design contains the assembly consisting of one or more
heating 11 and mixing 14 chambers and provides structural integrity to the completed
assembly (Figure 2B). Finally, the shroud 32 provides temperature insulation between

the heated fluid stream and the environment where it is installed.
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[0062] In the simplest preferable configuration, a shroud 32 may consist of any thin
wall material where the primary function is to direct fluid flow through the heating 11 and
mixing 14 chambers without regard to structural or insulating propetties. In another
preferable configuration, a shroud 32 may be constructed of heavy wall tubing in order
to provide structural support to the assembly of heating 11 and mixing 14 chambers and
to equipment that may be installed below this assembly. The material used in the
shroud 32 may be selected to maxirﬁize heat insulation between the production fluid

stream and the environment where it is used.

[0063] Apparatus 10 can further comprise a shroud 32 configured to envelop at
least part of apparatus 10. Suitably, 'shroud 32 is configured to (a) seal and direct fluid
flow within apparatus 10, (b) provide structural integrity to apparatus 10, and (c) reduce
heat lost to the ambient environment. As showﬁ in FIG. 3, shroud 32 is preferably
configured to envelop up to 100% of the length of treatment apparatus 10. In a
particularly advantageous embodiment, shroud 32 envelops at least heating member
12. Furthermore, shroud 32 can be comprised of any material includiné but not
necessarily limited to thin wall materials and heavy wall materials. Thin wall materials
can be defined as those materials configured to direct fluid flow through apparatus 10
without rega}d to structural or insulating properties of shroud 32. Heavy wall materials
can be defined as those materials that provide structural support to apparatus 10 and/or
equipment that can be installed below apparatus 10 downhole. Shroud 32 can

further be coated with material(s) to assist with heat insulation.
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[0064] As depicted in Figure 3, the treatment apparatus 10 preferably features a
surface controller 40. The surface controller 40 regulates voltage supplied to the
downhole treatment apparatus 10 in response to signals received from the treatment
apparatus 10 sensors 38, and using electronic components including but not limited to
thyristors or Silicon Controlled Rectifiers (SCRs). This regulation is controlled by a
microprocessor, which is a major component of the surface controller 40. The surface
controlier 40 preferably stores information about well conditions (températures,
pressures, etc.) for future access and so that engineers may monitor and analyze
conditions. Switchboards are commonly used in many applications to control the power
delivered to a motor or other electrical device. This system of sensors 38 and
regulators preferably maintains temperatures of fluid streams 5 Within plus or minus a
degree Celsius of a target temperature; although this preferable level of sensitivity is not
meant .to be limiting of the invention, which may aiso regulate 'at lesser sensitivities.
These devices ardinarily include some form of on/off switch and some form of overload
protection such as fuses. A surface controller 40 is a specialized form of switchboard
that preferably provides thrge additional components not normally found in a
switchboard — an electronic de.vice that can modify the voltage of multi-phase power, a
device to receive and interpret data received from the downhole sensor 38, and a
microprocessor with software to control the operation of the voltage modifying device in
order to achieve the desired results. For this application, the primary objective is to
accurately and continuously adjust the voltage delivered to' the treatment apparatus 10

in response to signals received from a sensor 38 using electronic voltage regulation
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components as directed by the program in the microprocessor or as manually directed.
There are a number of different known alternatives to continuously electronically
regulate voltage including Thyristors, SCRs and other devices. Any of these devices
may be suitable for use in a surface controller 40. Similarly, there are a large number of
known alternative microprocessor designs and associated control software to control
the operation of a Thyristor or SCR. Any of these devices may be suitable for use in a

surface controller 40.

[0065] As depicted in Figure 3-5, this treatment apparatus 10 is preferably
positioned at a point along the production tubing string 34 installed in the well, either at
the lowest point in the tubing string (Figure 4) or at some intermediate point (Figure 3).
As shown in Figures 5-5, power is supplied to the treatment apparatus 10 using known
power cable 36 suitable for the applications. This power cable 36 is normally attached

to the production tubing string 34 using steel bands.

[0066] As shown in FIG. 6, power is supplied to apparatus 10 from a power
source 42 via power cable 36. In a particularly advantageous embodiment, at least one
surface controller 40 is positioned at a point between the power source 42 gnd the well
head 44, whereby power and other communication can be transferred from power
source 42 to surface controller 40 and from surface controlier 40 to well head 44 and
ultimately to apparatus 10 via power cables 36. Under normal operating conditions,
power cable 36 is attached to tubing string 34 using steel bands, although other means

of connection are contemplated. The preferable steel bands that attach the cable to the
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production tubing are commonly used to attach electric submersible pump power cable.
If necessary, a step-up transformer can also be instailed between surface controlier 40

and well head 44 to increase and level out the voltage applied to apparatus 10.

[0067] One or more downhole sensors 38 (temperature or pressure/temperature)
are preferably installed near the outlet of the treatment apparatus 10 in order to
measure the temperature of the fluid stream so that power supplied to the treatment
apparatus 10 can be adjusted to achieve desired optimum resuits. Readings from the
sensors 38 are delivered to the surface controller 40 either through the power cable 36
or by other means such as fiber optic lines, or wireless signals, including but not limited
to microwave, cellular or radio signals. For production applications, sensors are
preferably fixedly connected to apparatus 10 near an outlet toward apparatus top; while
for injection applications, sensors are preferably fixedly connected‘tq apparatus 10 at a
lower position on apparatus 10. It is possible to operate the appafatus using a sensor
mounted nearly anywhere in the tubing string, but it is preferable to locate the sensors

on or near the apparatus 10.

[0068] As shown in FIG. 4, one or more .downhole temperature and/or
temperature/ pressure sensors 38 can be installed downstream of heating member 11.
Suitably, sensors 38 measure the temperature and/or pressure of fluid stream 5 so that
the power supplied to apparatus 10 can be adjusted, if necessary, to achieve desired
fluid stream 5 characteristics. In addition, more than one sensor 38 can be positioned

at various points along the tubing string 34, from the bottom of the well to the stock tank,
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for either or both of production and injection processes. In some cases, such as when
the treatment apparatus 10 is used both for production and for injection or when surface
temperature and pressure are important, there multiple sensors 38 located at additional

points along the fluid path from the bottom of the well to a stock tank are advantageous.

[0069] The surface controller 40 is preferably located between a power source 42
and the welthead 44 and is connected using suitable known electric cable both from the
power source and tb the wellhead and downhole power cable 36. In most applications,
a step-up transformer will also preferably be installed between the surface controller 40
and the wellhead 44 to increase the voltage at a constant ratio.

[0070] As ”slf;own in. Figure 4, alternative variations or methods of.ﬂsing the
treatment apparatus 10 are contemplated." In this particular embodiment, the treatment
apparatus 10 may be used in .a production application such as with a free flowing,
pumped, or gas lift well where the primary objective is to reduce fluid stream pressure
losses, eliminate paraffin or hydrate deposits, or improve pump operating efficiency by
lowering the fluid viscosity. In these applications, the treatment apparatus 10 may be
located at the bottom of the tubing string 34 below the pump intake if one is used. The
element may also be located elsewhere along the tubing string 34 such as near an
operating gas lift valve (Figure 3) or at the sea bed in an offshore installation in order to
provide desired levels of heat to the fluid stream 5 at the most beneficial location. This
downhole heating system may also be used as a form of artificial lift in applications where

the fluid stream 5 contains sufficient levels of gas in solution and where this gas can be
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refeased of brought out of solution by heating to lower the sbecific gravity of the fluid
stream and cause fluid to flow to the surface. In these appilications, the downhole
element may be located at multiple points where heating will provide the most effective
level change in fluid specific gravity. Yet another preferable method of using the
apparatus is in offshore applications, particularly in offshore applications, where the
water temperature is typically very cold (or near freezing). In these instances, the
device can be used (1) to hea‘f fluid in sub sea flow lines to maintain low viscosity and
decrease the pressure required to move fluid; and/or (2) installed in the production
tubing string as described herein at the sea bed to offset temperature losses to the fluid

stream caused by exposure to cold sea water surrounding the riser pipe.

[0071] in yet another embodiment, as -depicted in Figure 5 this treatment
apparatus 10 may be used as a downhole heating system and may also be used in an
injection application where the primary objective is to improve fiuid delivery from the
reservoir to the well bore by eliminating near well bore damage, lowering fluid viscosity
in the reservoir or near well bore or other similar applications. In these applications, the
downhole element may be located close to the casing perforations in order to minimize

heat loss between the heating element and the formation.
[0072] This heating system may also be used to increase the temperature of the

fluid stream 5 near the surface in order to reduce required well head pressure to deliver

fluid from the well head to the stock tank or pipeline. In these applications, the heating
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element may be located in the well near the surface or even inside the surface

production tubing on the surface.

[0073] This heating system may also be used in order to achieve some

combination of the above applications in which case, it may be connected differently.

[0074] Apparatus 10 can be positioned at any boint along tubing string 34, either
at the lowest point in the tubing string 34, as shown in Figure 4, or at any intermediate
point in the tubing string 34, as showﬁ in Figure 3. In at least a second implementation,
more than one apparatus 10 can be positioned at multiple points along production
tubing string 34. During prqduction, formation fluids first flow into the wellbore through
perforations where fluid stream 5 is introducéd to tubing string 34 or apparatus 10 and
flows through and/or around apparatus 10 as the fluid stream 5 flows to the surface via

tubing string 34.

[0075] Persons of ordinary skill in the art will recognize that many modifications
may be made to the present application without departing from the spirit and scope of
the application. The embodiment(s) described herein are meant to be illustrative only

and should not be taken as limiting the invention, which is defined in the claims.
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I CLAIM:

1. An apparatus for equalizing the viscosity of a fluid stream comprising:
(a) a heating chamber for transferring temperature increases to said fluid
stream; and
(b) a mixing chamber in fluid communication with said heating member for

mixing said fluid stream.

2. The apparatus of claim 1 further comprising a shroud that envelops said

heating chamber and said mixing chamber.

3. The apparatus of claim 1 wherein said heating chamber comprises one or

more heating members.

4. The apparatus of claim 1 wherein said one or more heating chambers are in

series.

5. The apparatus of claim 3 wherein said one or more heating members are

situated in parallel.-

6. The apparatus of claim 1 wherein said one or more heating members are

defined by at least one opening therethrough.
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7. The apparatus of claim 1 wherein said one or more heating chambers
comprises one or more obstructions that project out from an inner surface of

said heating chamber.

8. The apparatus of claim 1 wherein fluid streams inside said heating chamber

can reach temperatures of up to 180 °C.

9. The apparatus of claim 1 wherein said mixing chamber comprises one or

more inner walls forming flow channels thersbetween.
10. The apparatus of claim 1 wherein said mixing chamber comprises one or
more obstructions that project out from an inner surface of said mixing

chamber.

11.The apparatus of claim 1 wherein said apparatus is configured to be installed

downhole in a wellbore.

12.The apparatus of claim 1 wherein power is supplied to said apparatus via at

least one power cable.

13.An apparatus for transferring temperature increases to a fluid stream

comprising:
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(a) a heating member for transferring temperature increases to
said fiuid stream;
(b) a mixing chamber in fluid communication with said heating

member for mixing said fiuid stream.

14. A system for regulating temperature increases of a downhole fluid stream
comprising:

(a) a downhole apparatus for heating and mixing said fluid
stream;

(b) a surface power source in electric communication with said
apparatus;

(c) a downhole sensor for collecting tempe-raﬂljre data of the fluid
stream; and

(d) a surface controller in electric communication with said sensor;

{e) wherein the power supplied to said apparatus from said power
source is regulated to maintain a selected fluid stream
temperature in response to the data relayed from the sensor to

the surface controller.

15. A method of equalizing the viscosity of a heated fluid stream comprising:
(a) introducing said fluid stream to an apparatus comprising a first part
heating member for transferring temperature increases to said fluid

stream;

33



WO 2007/082006 PCT/US2007/000667

(b) introducing said heated fluid stream to a mixing chamber in fluid
communication with said heating member; and,

{c) mixing said heated fluid stream in said mixing chamber.

16. The method of claim 15 wherein the power supplied to said apparatus is
adjustable.
17. The method of claim 15 wherein said temperature increases are from about

50°C to about 180°C.

18. The method of claim 15 wherein the temperature increases can be adjusted

by adjusting the power supplied to said apparatus.

19. The method of claim 15 wherein said heating member comprises one or

more heating chambers for transferring temperature increases to said fluid stream.

20. The method of claim 15 wherein said mixing chamber comprises one or

more obstructions that project out from the inner surface of said mixing chamber for

mixing said fluid stream.
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