Tim of' the Invention Fi |l terheat exchanger Background of the R
| nvention This invention relates to a filter-heat exchanger for use in
i ndustrial applications including process, power ﬁﬂ}t@ﬁl@n ations.
In;a process industry, for exanple, where heating? C §3f qu d to be
treated and filteri ng of the fluid are necessary, the fluid is generally
subjected to two separate processing stebps of (1) heat |21§B @% I ng and
(2) f||ter|n and therefore two separate systems or apparatus for

are required. In some cases this r énment
or apparatus causes difficulty |f’gglé%lability
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two step processing. Summary of the Tnvention For achieving the above

descri bed appkedtiads inbmdiny phddess) poiweerand sippliny agplcatidrd. t er - heat _
exchanger conprising a plurality of hollow wires arranged in parallel wth

aslit of a pr énlatmromssaddustdy,rfof examgld) sthwee heatipgoetboting bbHfluid todse, sai d
hol I ow w rt?r%a%eaf and tennga(?f ghglfiat}m%gg naerc]esoslzji;}lr ?t{ne fﬂ?lr1d 1s generally subjected
to two separate processing steps of (1) heating or cooling and (2) filtering and
therefore two separate systems or apparatus for accomplishing the two steps
are required. In some cases this requirement for the two separate systems or
apparatus causes difficulty in availability of installment space particularly
where the space available for the apparatus is limited.

It is, therefore, an object of the invention to provide a device which can
eliminate such inconvenience by accomplishing heating or cooling and
filtering in one step instead of the conventional two step processing.
Summary of the Invention

For achieving the above described object of the invention, there is
provided a filter-heat exchanger comprising a plurality of hollow wires
arranged in parallel with a slit of a predetermined width formed between
adjacent hollow wires, said hollow wires each having an inlet and an outlet for
a heating/cooling fluid whereby said heating/cooling fluid flows through said
hollow wires and fluid to be filtered flows through said slits from one side of
the parallelly arranged hollow wires to the other side thereof.

According to the invention, the filter-heat exchanger can accomplish
heating or cooling and filtering in one step instead of the conventional two
separate steps and, accordingly, space required is drastically saved, apparatus
for accomplishing the required processing is simplified and the processing cost
is also saved.

The hollow wires may be arranged generally in the form of a tube or may



aﬁ%ﬁati ng/ cooling fluid whereby said heating/cooling fluid flows through
said hollowwires and fluid to be filtered flows through said slits from
one side of the parallelly arranged hollow wires to the other side thereof.
According to the invention, the filter-heat exchanger can acconplish
heating or cooling and filtering in one step instead of the conventional
two separate steps and, accordingly, spate required is drastically saved,
apparatus for acconplishing the required processing is sinplified and the
pr ocessi ngbe¢ asrangedindbe favedf a flat plaige hol | ow wires may be arranged
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effectively than in the case of enploying the round tube and (3) weld

case where a round tube is used, (2) blocking of the slit can be prevented more
effectively than in the case of employing the round tube and (3) welding of
support rods to the wires are facilitated as compared with the case of
employing the round tube.

In another aspect of the invention, there is provided a filter-heat
exchanger comprising a coiled hollow wire with a helical slit of a
predetermined width formed between axially adjacent portions of the hollow
wire, said coiled hollow wire having an inlet and an outlet for a
heating/cooling fluid whereby said heating/cooling fluid flows through said
coiled hollow wire and fluid to be filtered flows through said slit from outside
of the coiled hollow wire to inside thereof or vice versa.

In one aspect of the invention, the filter-heat exchanger may further
comprise hollow support rods arranged substantially in crossing direction to
the hollow wire, said hollow support rods having an inlet and an outlet for the
heating/:cooling fluid whereby the heating/cooling fluid flows also through the
hollow support rods.

In another aspect of the invention, there is provided a filter-heat
exchanger comrising a container having an inlet for introducing a fluid to be
filtered, a coiled hollow wire provided in said container having a helical slit of
a predetermined width formed between axially adjacent portions of the hollow
wire, having an inlet and and an outlet for a heating/cooling fluid and having
an outlet for delivering out treated fluid, a heating/cooling fluid source
connected to the heating/cooling fluid inelt of said coiled hollow wire for

supplying the hetaing/cooling fluid to said coiled hollow wire; and a

ing of



sug%ort rods to the wires are facilitated as conpared with the case of

enpl oyi ng the round tube. I n anot her aspect of the invention, there is
provided a filter-heat exchanger conprising a coiled hollowwire with a
helical slit of a predeterm ned width formed between axially adjacent
portions of the hollowwre, said coiled, hollow wire having an inlet and an
outlet for a heating/cooling fluid whereby said heating/cooling fluid flows
t hrough said coiled hollow wire and fluid to be filtered flows through said
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the outer diameter of the hollow wire thereby is changed with resulting
change in the width of the slit. By so doing, the filtering capability of the
filter-heat exchanger is modified to remove larger or smaller particles while at
the same time acting as a heat exchanger.
These and other features of the invention will become more apparent
from the detailed description made below with reference to the accompanying
drawings.
Brief Descriotion of the Drawi
In the accompanying drawings,
Fig. 1is a partial perspective view of a hollow wire which is a component
of the filter-heat exchanger according to the invention;
Figs. 2A to 2F are views illustrating various cross sections of hollow
wires;
Fig. 3 is a perspective view of one embodiment of the filter-heat exchanger
made according to the invention;
Fig. 4 is a view explanatory of a state of deposition of suspended solid
particles in fluid to be treated to the surface of the hollow wire.
Fig. 5 is a partial perspective view of another embodiment of the filter-
heat exchanger made according to the invention;
Fig. 6 is a perspective view of another embodiment of the filter-heat

exchanger made according to the invention;



3 ‘heating/cooling fluid collecting tube connected to the heating/cooling
flurd outlet of said coiled hollowwre for collecting the heating-cooling
fluid fromsaid coiled hollow wre. In still another aspect of the

i nvention, the filter-heat exchanger further conprises a tenperature
control neans for controlling the tenperature of the heating/cooling fluid
for controlling the width of the slit of 4coiled hollow wire. By
controlling the tenperature of the heating/cooling fluid flow ng though the
hol | ow wi re, tHBighdlis ewaxtiabview ofauboy type brPowdvize; contract and the outer
di aneter of the_hollow wre thereby i s _changed with resulting change in the
wdth of the siTg 3ep a pagtaal gew ﬂéafhomfrwr@ FBSinIeiestigns derIqraipg; - heat
exchanger i i.t%:codi fied to renove larger or smaller particles while at the
sanme time act 'ng as a heat exchanger. These and ot her features of the
I nvention w || 5w f [ e |t e
below with ref e]!‘rgi h?gﬁt@%ﬁsﬁg@%manﬁw‘gmﬁgﬁgﬁ%gélﬁ??%’@%ésdgr%%ﬁlg%dof t he
Drawi ngs  heat lefichiierc3Ga98% acnordihgtodhe ififention; Fig. 1 is a partial
perspective view of a hollow wire which is a conponent of the filter-heat
exchanger accorlign0 ina sbaidnal etdw ehowing andthgsembAdimetrofahe filtervimeat

Il lustrating various cross sections of hollow wres;
exchanger made according to the invention;

Fig. 11 is a sectional view showing a conventional method for producing
a heavy oil; and

Fig. 12 is a sectional view showing another embodiment of the filter-heat
exchanger made according to the invention.

Detailed I ‘otion of the Inventi

Fig. 1 illustrates a hollow wedge wire 1 as an example of a hollow wire
which is a component of the invention. A heating or cooling fluid flows
through the hollow space 1a formed throughout the length of the hollow wire 1
while a fluid to be filtered flows through a slit formed between adjacent hollow
wires 1. The hollow wire may be made of any metal or alloy or ceramic or
polymeric material or a composite material of these materials.

The fluid flowing through the hollow wire 1 is a heat transfer fluid or a
cold transfer fluid. The heating or cooling fluid and fluid to be filtered can
either be a liquid or a gas and can be a functional fluid, water, organic
material, inorganic material, or combination of any of all of these categories.

The fluids which flow inside and outside of the hollow wire 1 include the

following combinations:
liquid Liquid
gas gas
liquid gas

gas Lquid



Fig. 3 is a perspective view of one enbodi nent of the filter-heat exchanger
madé according to the invention; Fig. 4 is a view explanatory of a
state of deposition of suspended solid particles in fluid to be treated to
the surface of the hollow wre. Fig. 5is a partial perspective view of
anot her enbodi ment of the filter- heat eschanger made according to the

I nventi on; Fig. 6 is a perspective View of another enbodi nent of the

filter-heat exchanger. mage accqQrding to the inventi on;
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a partial view of a hollow w.r aving projections .for formng slits;

Fig. 9 is a perspect 'lr?’\%mgpg%gl%lﬁ%% ng anot hngsgﬁ'Bté%ﬂ ht of the filter- heat

exchanger nmade accor%;i%a}ﬁc‘%lgg%i nventi on; as-partﬁhﬂatelo is a sectional view
[ t a

show ng anot her enbo nt o e filter-héat exchanger made according to
t he i nvention; Bagpatficilate sectional liyuRMpsitividftg a conventi onal
nmet hod for produci ng

liquid-particulate gas

liquid-particulate liquid

gas-particulate gas

gas-particulate Liquid

gas liugid-particulate

liquid liquid-particulate

gas gas-particulate

liquid gas-particulate

The fluid flowing inside or outside the hollow wire can be single or
multi-component and of either single-phase, double-phase or multi-phase flow.
The material which constitutes the fluid can be moved by natural flow, pump,
blower, compressor, or pneumatic devices.

In this specification, “particulate” refers to either one or more of the
following: A solid particle, a flexible or gelatinous particle, an oil (or organic)
particle (in water), a water particle (in oil or organic fluid), a colloid, an
emulsion particle, or any other solid or liquid particle. Particulate includes
particles of all sizes from submicron level to particles of large sizes up to
twelve inches in diameter or cross section. For purposes of the invention, the
submicron particle can be ionic or atomic in nature. The particle can be
gelatinous, or oil, or oil'like, hard or soft density, and of any size that will fit
through or flow through any opening of the apparatus.

The particulate covered by the invention can be uniform or non-uniform
in nature such as, but not limited to:

crystals ground material



a heavy oil; and Fig. 12 is a sectional view show ng anot her

enbodi nent of the filter-heat exchanger nmade according to the invention.
Det ai | ed Description of the Invention Fig. 1 illustrates a holl ow
wedge wire 1 as an exanple of a hollow wire which is a conponent of the
invention. A heating or cooling fluid flows through the holl ow space | a
formed throughout the Iength of the hol IBw wire 1 while a fluid to be
filtered flows through a slit fornmed between adjacent hollow wires 1. The

hol l ow wire may be nade of Paewpm&eal
material or a conposite mater al
through the hollow wire 1 F&t
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chemicals, organic
chemicals, inorganic
atoms

radicals

metals

chemicals, organic
chemicals, inorganic
minerals
gels

metals

The separation that is effected by the filter-heat exchanger can be from
filtration or other separation method such as screening, resistance,
coalescence, centrifugation, or tortuous path. Such separation can be effected
with or without pressure.

The heat transfer rating of the filter-heat exchanger will be based on the
materials handled, the configurations utilized, the size of the components and
system size. The temperature range covered by the invention are from —
459.8 degrees Fahrenheit (-273.2°C) to +4000 degrees Fahrenheit (+2204.4°C),
This temperature range includes th cryogenic level of liquid nitrogen (N,) (-
180°C, 0.1 MPa) to the temperatures experienced in supercritical water
oxidation (650°C, 24.8 MPa) .

It is an important feature of the present invention to utilize thermal
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Where H is the teat transferred, U is the overall haat transfer coefficient,
A 1s the surface area of the hollow wire, and At is the log-mean-temperature
difference.

By selecting the original width of the slit and temperatures of the
heating or cooling fluid and the fluid to be filtered properly, the width of the
slit can be controlled to a desired value.

This feature of the invention has also the advantage that, by varying the
temperature of the fluid flowing through the hollow wires, the slit opening can
be made wider or smaller and, in the course of opening of the slit, particles
clogged in the slit can become loose and thereby removed in either direction
(forward flow or backward flow) to clean and/or unclog the filter-heat
exchanger.

In addition, the material outside the hollow wire can be hot or cold
providing a flow of heat or cold through the hollow wire and into the fluid
inside the hollow wire. In this mode, the unit can act as a condenser or
evaporator while at the same time achieving filtration of the material outside
the hollow wire if that is desirable (as in the case for some catalyst systems).

The shape of the hollow wire is not limited to the preferred wedge wire
shape as shown in Fig. 1 but the hollow wire may be formed as a round tube
sa shown in Fig. 24, or formed in a cross-section as shown in Fig. 2B which is
a modified hollow wedge wire with two depressed surfaces, a cross-section as

shown in Fig. 2C which is a hollow square, a cross-section as showin in Fig.



twelve inches in dianmeter or cross section. For purposes of the invention,
the subm cron particle can be ionic or atomc in nature. The particle can
be gel atinous, or oil, or oil-like, hard or soft density, and of any size
that will fit through or flow through any openi ng of the apparat us.

The particul ate covered by the invention can be uniformor non-uniformin

nature such as, but not limted to: 8 Uni form
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products

fleglr rnls €S shownin Fig. 3y Whri%}g Es[ﬁx ggllow rectangular. Thghsgn%%g Joay also be oval,

condensat eSeliptical or othefwaBeshdRUeH & manner to achieve heat transfer while
facilitating particulate removal.

The width of a slit between hollow wires should not be greater than the
width (or outer diameter in the case of a round hollow wire) of the hollow wire.
The greater the width or the outer diameter of the hollow wire, the greater is
the inside space of the hollow wire and therefore the greater the efficiency of
the heat exchange is. If the width of the slit exceeds the width of the hollow
wire, the efficiency of heat exchange will decrease to an inappropriate degree
in relation to the necessary width of the slit and this will be disadvantageous
in the design of a filter-heat exchanger. For this reason, the width of the slit
should preferably be two-thirds or less of the width (or outer diameter) of the
hollow wire.

Some applications of the filter-heat exchanger according to the invention
will now be described.

One application of the filter-heat exchanger is a cooling tower. A cooling
tower is a familiar structure associated with cooling apparatus. The cooling
tower generally moves a fluid (e.g., water) in a recirculating arrangement
acting to eject heat to the atomoshpere. The cooling tower usually has a
heat exchange apparatus in its fluid circuit with the fluid recirculated through
the heat exchange media. The recirculating cooling tower and heat
exchanger arrangement adds both heat and water vapor to the air transferred
therethrough and generally requires a makeup water system as a great deal
of cooling fluid will epaporate. The filter-heat exchanger of the invention can
act as a heat exchgnger and also a filter in this cooling tower system.

Thus, the filter-heat exchanger can be used in concert with a cooling

tower or refrigeration systems or in concert with fired heaters or boilers on the
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The filter-heat exchanger can be also used as a boiler feedwater heater-
filter to effect particulate removal from water prior to water goint to a boiler
for the production of steam.

The filter-heat exchanger can also become a dryer for wet air or wet air
gases or other fluids and can be tied to direct or indirect evaporative cooling.
For air, the precise characterization or desired air temperature and humidity
conditions are noted in a psychrometric chart. In that regard, the filter-heat
exchanger can act as a filter or pre-filter plus cooler for intake air going to
natural gas-fired turbines. The gas turbine design point is ISO 59°
Fahrenheit (15°C). The filter-heat exchanger can act as combination
filter/cooler for natural gas-fired turbines reducing the normal two-step
filtration and cooling operations into one step.

The filter-heat exchanger can be inserted into a piping or ducting to
achieve particulate removal and/or transfer. It can be used as a dryer as a
unit operation in process plants for dehydration (dehydrator) with or without
the introduction of a desiccant filling material to achieve drying and filtration.

The filter-heat exchanger can be used as a coalescer with the packing
material added through the shell side of an apparatus (either inside the
hollow wire or outside the hollow wire or both) to accomplish coalescence
through the condensation of vapors and/or vapors-plus-particulates flowing
through the system.

The filter-heat exchanger can be filled with water (closed container) so



7 expansion or contraction of the hollowwre 1 to control the w dth of
the*slit between the adjacent hollow wires and thereby control the size of
a particle to be filtered out. Al materials, especially netals, have a
t hermal expansion coefficient that is linear, or close to linear, at the
ri sk-free working tenperatures of the n'aberial. Inits sinple form this
basi ¢ heat transfer function is utilizead: H=UA[err]t
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val ue. eature of the 1nvention has also t age , by

varyi ng t hgoweiReskhs/al @nditiéhibkyi d fl owi ng through the hollow wires, the
slit opening can be nade wider or smaller and, in the course of opening of
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the-unit can aefheaﬁlt@r'ﬁgg(g&&ighggf can also be used for particulate removal in hot
or cold gases to include, but not limited to, stack gas from power plants, flares,
smoke stacks, chimneys, and to any exhaust stream requiring permitting for
particulate removal of Volatile Organic Compound (VOC) removal requiring
permission by the United States Environmental Protection Agency. This
includes use of the filter-heat exchanger in lieu of or as part of a system of any
type of baghouse or electrostatic precipitator, cyclone system, scrubber
incinerator or other type of air pollution control device.

Owing to the above described feature of the invention that the width of
the slits between the hollow wires can be controlled at will by controlling the
temperature of the heating/cooling fluid flowing through the hollow wires, the
filter-heat exchanger is suitable for use in those systems that require close
temperature tolerance while filtration takes place such as many
pharmaceutical applications which require sensitive removal capabilities for
flocculants, agglomerates, biological sludges, crystals, and similar solids of a
soft or hard, flexible or non-flexible, crystalline or elastomeric nature.

For the same reason, the filter-heat exchanger is suitable for use in
handling and/or separation of catalyst particulates and/or removal of catalyst
fines from an apparatus which may be considered as a reactor plus filter-heat
exchanger.

The filter-heat exchanger can also be used in an oil well for softening a

heavy oil by heating it with the heat transfer media flowing through the



evaporator while at the sane tinme achieving filtration of the materi al
outside the hollowwre if that is desirable (as in the case for sone

catal yst systens). The shape of the hollowwire is not limted to the
preferred wedge wire shape as shown in Fig. 1 but the hollow wire nay be
formed as a round tube sa shown in Fig. 2A, or forned in a cross-section as
shown in Fig. 2B which is a nodified hollow wedge wire with two depressed
surfaces, a cross-section as shown in Fig. 2C which is a hollow square, a
cr oss- sect i olloys veimeand thersby facilitating pumping of the heavy oil from the oil

8 2D which i_? a holl ow X shape, a cross-section as shown in Fig. 2E which
is a nodifi%eilhol | ow wedge wire with one depressed surface, a cross-section
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Description of Preferred Embodi

A preferred embodiment of the invention will now be described with
reference to Figs. 3 to Fig. 12.

Fig. 3 shows an embodiment of the filter-heat exchanger of the invention.
The filter-heat exchanger 2 has a plurality of hollow wedge wires 3 arranged
in parallel with a slit 4 of a predetermined width formed between adjacent
hollow wedge wires 3. The hollow wedge wires 3 are arranged with their one
side 3a facing the upstream side of the flow of fluid which flows outside of the
hollow wires 3 and two other sides 3b and 3¢ forming the slit 4 which widens
in the direction of the flow of the fluid flowing outside the hollow wires 3.
Thus, the surfaces 3a of the hollow wedge wires 3 form a common plane and
the filter-heat exchanger 2 as a whole exhibits a flat plate-like configuration.
The parallelly arranged hollow wires 3 are welded to support rods 5 which are
arranged with a predetermined interval in crossing direction to the hollow
wedge wires 3 whereby slits of these hollow wedge wires 3 are maintained.
The hollow wedge wires 3 each have an inlet 3d and an outlet 3e for a
heating/cooling fluid flowing through the hollow wedge wires 3. Thus, the
heating/cooling fluid flows through the hollow wedge wires 3 and the fluid to
be filtered flows through the slits 4 from the side 3a of the hollow wedge wires
3 to the other side of the hollow wedge wires 3.

In operation, fluid to be treated containing particles to be filtered out

flows through the slits 4 of the hollow wedge wires 3 and, as shown in Fig. 4,



the heat exchange is. If the wwdth of the slit exceeds the width of the
hol1ow wire, the efficiency of heat exchange will decrease to an

i nappropriate degree in relation to the necessary width of the slit and
this will be disadvantageous in the design of a filter-heat exchanger. For
this reason, the width of the slit should preferably be two-thirds or |ess

of the width (or outer diameter) of thelhollow wire. Sonme applications
of the filter-heat exchaggér according to the invention will now be
descri bed. particley}@ tephs filteredaubhre depsditadeon thasusfacenigeaf the hollowol i ng

tower. A cooljing.tower is a famliar structure associated with cooling
appar at us. WFA8e ¥6E99 fg tower generally noves a fluid (e.g., water) in a

Cool i ng tover dEEHAIRNL aBfndd HooR wEled iRks Ainky Br ArPRBARRREMINT,
with the fluygh f'o?ﬁi Bfé‘{:\?ﬁeeﬂlsﬁéyép R éﬂ&f’et K cHad Bk Hﬁ%v@wdeélgg‘g(g{%s heat

recircul ati ng cool il ng tower an eat exchanger arrangenent a

and wat er gapeartsndddenahe formnghaubedrihbeteh be aded aghHe gappsdirbdls 5equi res
a makeup water systemas a great deal of cooling fluid will epaporate. The
filter-heat exth@anjeshowfs ahethenenbidimendrofatite fiter heahtexekahgargef thend al so
a filter in this coqgling tower system Thus, the filter-heat exchanger

can be usetventiosncdhis Wter heat exthanger Sulas aeotlessholloyy werdsn wayast ehhe or i n

concert w hlﬂce];"i}{egg egﬁi"atfée% & ﬁa? 8&;')5&% rods l;Thee)s:txa\nding in the axial direction of
the filter-heat exchanger 6 and arranged generally cylindrically with a
predetermined interval and having a projecting portion 7a radially outward
end portion and a hollow wedge wire 8 wound spirally on the outside of the
support rods 7 in substantially crossing direction to the support rdos 7. The
hollow wedge wire 8 is arranged with its one side 8a facing outside and two
other sides 8b and 8¢ forming a slit 11 which widens radially inwardly
between adjacent wedge wire sides 8b and 8c and with an inward apex 8d of
the hollow wedge wire 8 being welded to the projecting portions 7a of the
support rods 7 at crossing points 9 of the hollow wedge wire 8 and the support
rods 7. The coiled hollow wedge wire 8 has an inlet 8¢ and an outlet (not
shown) for a heating/cooling fluid flowing through the hollow wedge wire 8.
To the inlet 8e can be connected a heating/cooling fluid source for supplying
heating/cooling fluid to the coiled hollow wedge wire 8. To the outlet of
hollow wedge wire 8 can be connected a heating/cooling fluid collecting tube
for collecting the heating-cooling fluid from the coiled hollow wedge wire 8.
Thus the heating/cooling fluid flows through the coiled hollow wedge wire 8
and fluid to be treated containing particles to be filtered out flows through the
slit 11 from the outside of the coiled hollow wedge 8 to the inside thereof,
leaving the particles to be filtered out deposited on the side 8a of the coiled
hollow wedge wire 8.

In the embodiments shown in Figs. 3 and 5, solid bars are used as the



9 basis of totally self-contained | ow pressure or high pressure closed

| oop or open | oop systens to achieve heating, cooling, filtering,
fluid-particle separations or conbi nati ons of these operations. This can be
t hrough continuous circulation, with or without phase changes and with or

wi t hout punping of the material through or around the filter-heat

exchanger. Circulation can be caused byl%onvecti on enhanced by the enthal py
of phase changes inside the filter-heat exchanger. The filter-heat
exchanger csuppoet widsd anéd. adlterbetivey, idkonwateporheadsemayfliel wsed insteaflf ect

particul ate renoval fromwater prior_to water goint to a bojler for_the
product i on ¥fthet gaprort rods ¥hand; 1.4 e FigreBshewenampedified prabediment shethg dryer

Lﬁé; ?ﬁ%t " cvabbediFierd Syl 7§ P arh theifsmiodiiond WiBEn he e
peychr oot 17C RRavt 12 PRSI AriohebINARPRBARE QiR Fhoalln sl e dn, ¢ 4

filter or piiR-ddrhé YamhéiSas APkRE ehibodibrk 6t Figs. PPuhJinReddof balid Hags,f i red
turbines. The gas turbine design point is ISO59[err] Fahrenheit

(15[ err] ©) .roufidetubie$ fl8rarbased asctharsgppoxtandach whichahbihvdlbivowedgd werescool er
for natural gas-fired turbines reducing the nornmal_ two-step filtration and

cool i ng ope? ar¢ sreddecht olhesre hallow support Thds f18] eash-hasvg: arteles dGeranchanbe

[ ted int I pi ducting t hi ev. i qul at .and/
transfor . utich{BpEshRER) fos soheatihacoolng i e dheabing ropre bl Hhan:
for dehydr w0 910@ gﬁﬂy&fr%gﬁ)th%ﬁ)ﬁoxg "withd §%'drt also through the support rods 13.

By this arrangement, the amount of the heating/cooling fluid used for the

filter-heat exchanger can be increased and the heat exchanging efficiency can
thereby be enhanced.

In the above described embodiments, the support rods 5 and 7 are
welded to the hollow wires. The support rods may alternatively be fixed to
the hollow wires by means of a sealant. Furhter alternatively, the hollow
wires may be fixed to support rods without using welding or sealant by
employing a loop type hollow wedge wire 14 as shown in Fig. 7. The hollow
wedge wire 14 has a loop portion 14a and a support rod can be inserted in the
hole 14b to fix the hollow wedge wire 14 to the support rod.

In the embodiment of Fig. 5 which uses the coiled hollow wedge wire, a
coiled wedge wire 15 as shown in Fig. 8 may be used as the coiled hollow
wedge wire. This hollow wedge wire 15 has a plurality of projections 15a
formed at a predetermined interval one one side thereof and necessary slits 16
are provided by abutment of these projections 15a to the opposing surface of
the wire 15 without using support rods.

Arrangement of hollow parallel wires or a coiled hollow wire are not
limited to the above described embodiments but other arrangement such as
knitted wire and weaved wire can be employed.

Fig. 9 shows another embodiment of the filter-heat exchanger of the



the introduction of a desiccant filling material to achieve drying and
filtration. The filter-heat exchanger can be used as a coal escer with
t he packing material added through the shell side of an apparatus (either
inside the hollow wire or outside the hollow wire or both) to acconplish
coal escence through the condensati on of Xapors and/ or

vapors-pl us-particul ates fl ow ng througﬂ the system The filter-heat
exchanger can be filled with water (closed container) so

10 that hoinventighy ebn thistfdterkeptcachangerddn hpHewAiber A8 indilled ihax cdilater
utilizatio the jce for, _caol jng. . Thus, the filter-heat exchanger _can be
used as a %@L% wedgg varp d9gphighis gbthessa188 calpgi@ér@%w AIHLSTUCTE Aeghe

i sot her mal QO ff- . coQl i Rell aj | ti.Qny .. The
filter- heatcsoélggago%oé’? Jg&%@%@rﬁﬁ}"ﬁ@gdgf o?ﬂéseb_éléﬁ\rﬁg) °f rléggfzdé%lp ?E tt?alﬁll?e? ation
processi ng gt SMHAEOB sl dAMLEEIAHich lohtds ﬁﬁoﬁ?ﬁ%t@ﬁﬁ'@'cﬁ’ thé! AR

separati on an sea water-to- I Ng wat er, respective
filter-heathslksh wie H.saTheholed fiker nidycbé prevideduatide bfithe or

cold gases to include, but not limted to, stack gas from power plants,

flares, coiled hollow wedge wire 19 in a manner to surround the coiled hollow wedge
wire 19 in case where fluid to be filtered flows from the inside of the coiled
hollow wedge wire 19 to the outside thereof.

Fig. 10 shows another embodiment of the filter-heat exchanger of the
invention. A filter-heat exchanger 20 has a container 21 having a circular
cross section. An inlet 21a for introducing a fluid to be treated is formed in
the lower portion of the container 21. A pump 25 is connected to the filter-
heat exchanger 20. The fluid to be treated is filled nearly to the upper end
wall of the container 21. A coiled hollow wire holder 23 of a short cylindrical
configuration closed in its upper and lower end portions by a top plate 23a and
a bottom plate 23b is suspended in the fluid to be treated in the container 21
by means of a hollow shaft 24 which extends vertically through an opening
21b formed in the top wall of the container 21 and is fixedly secured at its
lower end portion to the top plate 23a of the coiled hollow wire holder 23 and
connected at its upper end portion to a suspending section 26 of a frame 27.

A plurality (four in the present embodiment) of coiled hollow wires 22
which are of the same structure as the filter-heat exchanger 6 of Fig. 5
composed of the coiled hollow wedge wire 8 and support rods 7 are secured
fixedly to the bottom plate 23b of the coiled hollow wire holder 23 and extend
vertically downwardly in a state submerged in the fluid to be treated. The
lower end of the coiled hollow wire 22 is closed by a seal plate 28. The open
upper end portion of the coiled hollow wires 22 communicates with the inside
space of the coiled hollow wire holder 23 and the hollow shaft 24 also

communicates with the inside space of the coiled hollow wire holder 23. The



snoke stacks, chimeys, and to any exhaust streamrequiring permtting for
particul ate renoval of Volatile O ganic Conpound (VOC) renoval requiring
perm ssion by the United States Environnmental Protection Agency. This

i ncludes use of the filter-heat exchanger in lieu of or as part of a system
of any type of baghouse or electrostatic precipitator, cyclone system
scrubber incinerator or other type of ail® pollution control device.

Owi ng to the above described feature of the invention that the width of the
slits bet wasollawhehdfv 24centen dethroaghlibe suspermlihg dection\6 landya flexiblechdseng t he
tenperature of the heating/cooling fluid f]l om ng through the hollow wres,
the filter-#awhisk n@mﬂj@mﬁ&%a@,@nﬂabpétlfe@tedjﬂéld 1 eompsetedytotthasnpesendequi r e

phar macout | RATHOBRS TReGRAB SHARCH-1 JBfticbSBer R b, GG iontaiBat i 1 os
ol s or  FRpRe R QR0 Ty phloff gné‘ﬁrtﬂlex%% ol 05 Fuffe AR J B
el ast oneri GrBafedl € The outle%‘% ikhereall d&adon, the filter- heat exchanger is

suitable for use in handling and/or Separation of catalyst particul ates
and/ or removal The ceileal hsilow witss 32 eavhallavapda habt 22akind nneytlde22bofos ader ed

as a reactor plus filter-heat exchanger. The filter-heat exchan er can
al so be usdwatingiepobing fleid wWhich sfidwetbnough tbavsoilsidl hbllowewiteng22.t
the heat t rl?egstine rco 191|ga 1|u(c)1W sno(‘:]urge;1 ' %li ah illc?l includes a reservoir of the
heating/cooling fluid and a pump for feeding the heating/cooling fluid to the
coiled hollow wires 22 is connected to the heating/cooling fluid inlet 22a of the
coiled hollow wires 22 through a heating/cooling fluid supply tube 32 and
connected also to the heating/cooling fluid outlet 22b of the coiled hollow wires
22 through a fluid collecting tube 33. Thus, the heating/cooling fluid is
supplied from the heating/cooling fluid source 31 to the coiled hollow wires 22
through the heating/cooling fluid supply tube 32, flows through the coiled
hollow wires 22, is collected from the coiled hollow wires 22 through
heating/cooling fluid collecting tube 33 and returned to the heating/cooling
fluid source 31 for recirculation.
In this embodiment, a temperature controller 34 is provided in the
" heating/cooling fluid collecting tube 33 for controlling the temperature of the
heating/cooling fluid and thereby controlling the width of the slits of the coiled
hollow wires 22.
In operation, the pump 25 is operated to introduce the fluid to be treated
from the inlet 21a of the container 21 into the respective coiled hollow wires
22. The fluid to be treated flows into the coiled hollow wires 22 and the
filtered fluid flows upwardly inside of the coiled hollow wires 22 and flows out
of the hose 29 through the inside space of the coiled hollow wire holder 23 and
the hollow shaft 24. In the meanwhile, the heating/cooling fluid flows

through the recirculation channel composed of the heating/cooling fluid source



hol l ow wire and thereby facilitating punping of the heavy oil fromthe oil
weill. Applications of the filter-heat exchanger of the invention are
not limted to the above but the filter-heat exchanger can be used for
various other fluid- particle separation and heat exchangi ng operations in
process and ot her industries, pipeline systens and water and wastewat er
treatnent plants. Description of Prefefred Enbodi nents A preferred
embodi ment of the invention will now be described with reference to Figs. 3
to Fig. 12.31, the suipply subt8@sthencaledoablicemwinds 2handithe eollheting twchddger of
the inventign. The filter-heat exchanger has a plyrality of hollow wedge
wires 3 ar rﬁﬁ@émﬁrW%Pf the %wmng{cgq%mg sk 1%%3@@?16}? heetemaperakuteor med
bet ween adj acent;y h ow wedge .wi res 3. The holl ow W res .3.ar

et anged w COPIE o4, BRGET BREatiise SRR BF de 5P a Sridet phtheor
fluid whic 51 low wires 3 and two other sides 3b and
3c form nghﬁlﬁdg%\gﬁ?gﬁ%§%§% “\;\A gensrs@%'n the direction of the flow of the

fluid flow ng oRigsiZghts diRthavembb@inent dhtle idveatiourinagBsch3theofiltefe
hol | ow wedge wires 3 forma common plane and the filter-heat exchanger 2 as

a whol e exhhénttexchahfert offffigt 814 appliebtf a heawy odprodinetiqrawell] el | y arranged
hollow wires 3 are welded to support rods 5 which_are arranged with a
predet er mi ned ifcenventional gnetbotl dor wiking onbheaw o drome pirpduetieewelliss 3

wher eby s i eEsSilﬁIst%aqga?n %lgl ﬂ\,’ %91%8 Ovl\llit rbgrsin?s’taeﬁigg T%‘JO”JVQ srlei%., a production
well 40 and a steam injection well 41 under the ground. The production well
has a tube portion 40a and a screen portion 40b which is located below the
tube portion 40a and in a heavy oil pay zone 43. The steam injection well 41
has likewise has a tube portion 41a and a screen portion 41b which is located
below the tube portion 41a and in the heavy oil pay zone 48.

The heavy oil is so viscous that it does not flow into the production well
through slits of the screen portion 40b of the production well 40 as an ordinary
oil does. For solving the problem, steam under a high temperature and a
high pressure is injected from the steam injection well into the heavy oil pay
zone 43 through the screen portion 41b of the steam injection well 41. By
virtue of the steam injection, the viscosity of the heavy oil in the heavy oil pay
zone 43 1s reduced and the less viscous heavy oil can flow into the production
well 40 through the screen portion 40b and can be pumped out.

According to the embodiment of Fig. 12, a single projection well 44
suffices and the steam injection well 41 used in the conventional method can
be omitted. In the embodiment of Fig. 12, the production well 44 has a tube
portion 44a and a screen portion 44b which concurrently serves as a heater.
As the screen portion 44b, the filter-heat exchanger shown in Fig. 5 1s
employed. The screen portion 44b has an inlet 45 and an outlet 46 for a
heating fluid such as steam and the inlet 45 and the outlet 46 are connected to
a heating fluid supply source 47 through tubing 48 so that the heating fluid



The hol |l ow wedge wires 3 each have an inlet 3d and an outlet 3e for a
heating/cooling fluid flowi ng through the holl ow wedge wires 3. Thus, the
heating/cooling fluid flows through the holl ow wedge wires 3 and the fluid
to be filtered flows through the slits 4 fromthe side 3a of the holl ow
wedge wires 3 to the other side of the hollow wedge wires 3. In
operation, fluid to be treated contai niﬂ& particles to be filtered out

flows through the slits 4 of the hol| ow wedge wires_3 and, as shown in Fig.
4 recirculates between the heating fluid supply source 47 apd the sexegngoriignpe

The. paral | d4by THEnABE HROVF ov EHIGE ity FEted hiafhe Boatipe 1684 GERREPE, i o
w res 5 ar cnEpelh St il et o ik LW Sprtifluba e hfeciOpb i Bd8°
support ro¢3esme less visbéhs 2nd FBWS REPIREprSREEHWEN 48T thidgH él!iﬁs‘?ffl‘tgg at

exchanger of the itnvention, This flilter-%eat exchanger 6 has a coi
hol | ow wedgeresn sortibnesdb.| t er - heat exchanger 6 has support rods 7 extending
in the axial direction of the filter-heat exchanger 6 and arranged
generally cylindrically wth a



predeterm ned interval and having a projecting portion 7a radially
end portion and a holl ow wedge wire 8 wound spirally on tmﬂm@ﬂ de of the

0
support rods 7 in substantially crossing direction to the w@”ﬂemm
The hol |l ow wedge wire 8 is arranged with its one side 8a i o d

two other sides 8b and 8c formng a slit 11 which widens radially inwardly
bet ween adj acent wedge wire sides 8b and88c and with an inward apex 8d of
t he hol |l ow wedge wire 8 being welded to the projecting portions 7a of the
support rods 7 at crossing points 9 of the hollow wedge wire 8 and the
support rod%;é,The_coi l.ed hol |l ow wedge wire 8 has an inlet 8e and an

outl et (not M?lai@ledas'heati ng/ cooling fluid flow ng through the holl ow

d i : i nl 8 be . i ng/ | i fluid
Source for LubTHIAE ot EXh A GRRPS P BBehal BOIPRAvHeY PEWAREEGE v r e
8. To the quilgk Wi%H‘Q' 1i0 W WHEGe M-y mlpﬁrﬁ%ﬁrﬁﬁ%%gn%dibﬁgh? '1&8118\30' 'ng
fluid coll c.|ngtuefsor col'l'ecti ng the heating-cooling [ romthe

coi | ed hol |\piwededaed WhsBow- witsss dalB Me@ingd 04 ORllbNdakd sl BLaws fobr qugh
the coiled hollow wedge wire 8 and fluid to be treated containing particles

to be filt dreadimgitoolingnfuidmdiegébyt Beids heatifig/coolomg tfthed didves derofght fsidcoi | ed
hol | ow wedge 8 to the inside thereof, |eaving the particles to be filtered
out deposi thallosn wares andidugd tobetftterediflaves tously spedightsifrem gne side ofi n t he

i h in Figs. .soli .
enbodi ment “the p%vz\'gllleﬂy alngasfngeﬁ h%Tl%WSWH%(s) to ghg ‘8‘&%&2 e 1‘3ilseergof1 s the

2. A filter-heat exchanger as defined in claim 1 wherein said hollow wires are

arranged generally in the form of a tube..

3. Afilter-heat exchanger as defined in claim 1 wherein said hollow wires are
arranged generally in the form of a flat plate.

4. A filter-heat excahnger as defined in claim 1 wherein said hollow wires are
made of shaped wires.

5. A filter-heat exchanger as defined in claim 4 wherein said hollow wires are
made of wedge wires.

6. A filter-heat exchanger as defined in claim 1 Which further comprises
hollow support rods arranged substantially in crossing direction to the hollow
wires, said hollow support rods each having an inlet and an outlet for the
heating/cooling fluid whereby the heating/cooling fluid flows also through said
hollow support rods.

7. A filter-heat exchanger comprising a coiled hollow wire with a helical slit of
a predetermined width formed between axially adjacent portions of the hollow
wire, said coiled hollow wire having an inlet and an outlet for a
heating/cooling fluid whereby said heating/cooling fluid flows through said
coiled hollow wire and fluid to be filtered flows through said slit from outside
of the coiled hollow wire to inside thereof or vice versa.

8. A filter-heat exchanger as defined in claim 7 wherein said coiled hollow wire

is made of a shaped wire.



13 support rods 5 and 7. Alternatively, holl ow support TOods may be—used
I nstead of the support rods 5 and 7. Fig. 6 shows a nodified enbodi nent of

t he enbodi nent shown in Fig. 3. In the enbodiment of Fig Lmlﬂle"'ﬂs”mm"’
filter-heat exchanger 12 has parallelly arranged hol |l ow L'
forming slits 4 in the sane manner as in the embodi nent of Fig. 3"but, *

i nstead of solid bars, round tubes 13 arl@ used as the support rods on which
t he holl ow wedge wires 3 _are wel ded. These hol | ow support .rods_ 13 each have
an inl et 13h4Achlerheduexchangenes delived i gaim Sehereiysasroiled hallegPowied t he
heating/coaling,fluid can f.l ow not only through the hollow wires 3 but al so
t hr ough t hé® ?faW8§§eT§?e'By this arrangenent, the anount of the

heati nal cool : : : . _ i i ne d
ond the heatd- 08 fita KedtoGitaeet B8 it i Shlinf 1o WARAE I fiR0: WonlgiELTCC

above descridiRgy SESREH: TS Srrdied SUBREAIROS: Grodfitg TiRscliotoloran dleline

hol | ow wi res. The support rods nmay alternatively be fixed to the holl ow

W res by mimikwotvire, said hollowFsuppbet ralst edchaliaviakan irfiet hnd laavoudlsteformay be
fixed to su%port rods w thout using welding or sealant by enploying a | oop
type hol | owhedwgéing/eoeling fhyd stimraby thehgating/copling Suidflowedgeo thnoughd has
a |l oop port%iﬂgg éﬁia and a suaport rod can be inserted in the hole 14b to fix
t he hol | ow jellgw suppart9dsne support rod. In the enbodi nent of Fig.

Tn'Fo. o ey ntGeb BBt RREESRS G Vedge wi re. This hol low wedge
wire 15 has a pj tithider vikg @h§hlet ¥SintRAucing a fluid to be filtered;

a coiled hollow wire provided in said container having a helical slit of a
predetermined width formed between axially adjacent portions of the hollow
wire, having an inlet and and an outlet for a heating/cooling fluid and having
an outlet for delivering out treated fluid;

a heating/cooling fluid source connected to the heating/cooling fluid inelt
of said coiled hollow wire for supplying the hetaing/cooling fluid to said coiled
hollow wire; and

a heating/cooling fluid collecting tube connected to the heating/cooling
fluid outlet of said coiled hollow wire for collecting the heating-cooling fluid
from said coiled hollow wire.

12. A filter-heat exchanger as defined in claim 11 wherein said coiled hollow
wire is made of a shaped wire.

13. A filter-heat exchanger as defined in claim 12 wherein said coiled hollow
wire is made of a wedge wire.

14. A filter-heat exchanger as defined in claim 11 which further comprises a
temperature control means for controlling the temperature of the

heating/cooling fluid for controlling the width of the slit of coiled hollow wire.



formed at a predetermi ned interval one one side thereof and necessary slits
16 "are provi ded by abutnment of these projections 15a to the opposing
surface of the wire 15 without using support rods. Arrangenent of

hol | ow parallel wires or a coiled hollowwre are not limted to the above
descri bed enbodi nents but ot her arrangenent such as knitted wire and weaved
W re can be enpl oyed. Fig. 9 shows &not her enbodi ment of the
filter-heat exchanger of the 14
invention. In this filter-heat exchanger 17, hollow fiber 18 is filled in a
coiled holl ow wedge wire 19 which is of the same configuration and
structure as the coil ed holl ow wedge wibstrach Fi g. 5. This hollow fiber 18

functions to filter out particles @f spmall.di,aneters which enter through
the slits of the coiled hol | ow woliterpeat BRCHAREEE 0| |'ow 1iber 18 may be
provi ded outsid 0} I : i1 4 r round
the coiled holl ;Awg&%egggea\?\ﬁ %}é&%@l@% (g)z;vse e?\é\éfﬁ#%hﬁtyg oge@}?ﬁev?{égsf %ws

fromthe i ngirlthgall ibhgaralle] REtHSIske WML BroddtermtheddowidtB foritaed dRtwbed eof

Fig. 10 shows anot her enbodi nent of the filter-heat exchanger of the

i nvention. AdjdcehthoHewt wiresH8hgeTh@bollaw wiresr(B8hieaeh have ayinlgt andiamul ar
outlet for a heating/cooling fluid whereby the heating/cooling fluid flows
through the hollow wires (3) and fluid to be filtered flows through the slits (4)
from one side of the parallelly arranged hollow wires (3) to the other side of
thereof. The filter-heat exchanger (2) can accomplish filtering and heat

exchanging processes simultaneously in a single step.

(Fig. 3)



cross section. An inlet 2la for introducing a fluid to be treated is forned
inthe lower portion of the containmer 21. A punp 25 is connected to the
filter- heat exchanger 20. The fluid to be treated is filled nearly to the
upper end wal |l of the container 21. A cg@idged hollow wire hol der 23 of a
short cylindrical configuration closed in its upper and | ower end portions
by a top plate 23a and a bottom plate 23b is suspended in the fluid to be
treated in the container 21 by nmeans of a hollow shaft 24 which extends
vertically through an opening 21b forned in the top wall of the container
21 and is fixedly secured at its |ower end portion to the top plate 23a of
the coiled hollow wire holder 23 and connected at its upper end portion to
a suspendi ng section 26 of a frane 27. Aglurality (four in the
present enbodi nent) of coiled hollow wre 2 which are gf-~the sane
structure as the filter-heat exchanges~6 of Fig. 5 coppOsed of the coiled
hol | ow wedge wire 8 and support . kpdS 7 are secured-Af1xedly to the bottom
plate 23b of the coiled hol | oy d extend vertically
downwardly in a state subperged in the flyid to be treated. The | ower end
of the coiled hollow w+® 22 is closed a seal plate 28. The open upper
end portion of the coll et~kall-ow.W+Es 22 comuni cates with the inside

wi r ezfiol der 23 and the hol | ow shaft 24 al so
communi cates with thel space of the coilxed hetTow wire hol der 23. The

A
”

la

FIG. 1

FIG. 2A  FIG. 2B FIG. 2C

NNRNRNNY

N
N N
N N
ARSI

FIG. 2D  FIG. 2E FIG. 2F



15 hollow shaft 24 extends through the suspending section 26 and a
flexi bl e hose 29 which constitutes an outlet of treated fluid is connected
to the upper end portion of the hollow shaft 24. In the bottom portion of
the container 21 is provided an outlet 30 dor renoving particles filtered
out of the fluid to be treated. The outlet 30 is normally cl osed. The
coiled hollow wires 22 each have an inlet 22a and an outlet 22b for a
heati ng/ cooling fluid which flows through the coiled hollow wires 22. A
heati ng/cooling fluid source 31 which includes a reservoir of the
heating/cooling fluid and a punp for feeding the heating/cooling fluid to
the coiled hollowwres 22 is connected to the heating/cool pbng fluid inlet
22a of the coiled hollow wires 22 tRrough a heating/cooling,fluid supply
tube 32 and connected also to the h ating/coq{ing fluid outfet 22b of the
coiled hollow wires 22 through a fluid collecting tube 33. [Thus,°the
heating/cooling fluid is supplied ffomthe heating/ cooling)f?difl source 31
to the coiled hollow wires 22 through the—heati*rg/ cool i ng fVui supply tube
32, flows through the coiled hollow wires 22, {is collected the coiled
hol I ow wi res 22 through heati ng/ cgett i h egti-ng tybe

returned to the heating/cooling d |2 g [ § gt i on. I n
this enbodi ment, a tenperature p i A '
heating/cooling fluid collec
t he heating/cooling fluid g
the coiled hollowwres 2
introduce the fluid to p€

—

of the slits of
is operated to



fromthe inlet 21la of the container 21 into the respective coiled holl ow
wires 22. The fluid to be treated flows into the coiled hollow wres 22 and
the filtered fluid flows upwardly inside of the coiled hollow w res 22 and
fl.ows out of the hose 29 through the insg% space of the coiled hollow wre
hol der 23 and the hollow shaft 24. In thé nmeanwhile, the heating/cooling
fluid flows through the recircul ati on channel conposed of the

heati ng/ cooling fluid source

16 31, the supply tube 32, the coiled hollow wires 22 and the coll ecting
tube 33. The tenperature of the heating/cooling fluid is controlled by the
tenperature controller 34 at a proper tenperature for maintaining the
desired width of the slits of the coiled hollowwires 22. g Fig.12 shows
anot her enbodi nent of the invention in whicjythe filter- heat exchanger of
Fig. 5is applied to a heavy—eil—p uction we 78’A/pvaentional

nmet hod for taking out heavy oil ghfija predyesi on well ¥s, as illustrated
in Fig. 11, carried out by iF=taHl| njg-t o fe i

and a steaminjection well et flhe 31 qu 'b
tube portion 40a and a screen por{t) Off ZFo&{ whi

—h

w,

., a production well 40
he produ@ion well has a
ocat ed bel ow t he
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tube portion 40a and in a heavy. oil pay zone 43. The steaminjection well
41 has |ikew se has a tube portion 4la and a screen portion 41b which is

| ocat ed bel ow the tube portion 41la and in the heavy oil pay zone 48.

The heavy oil is so viscous that it does42@t flow into the production well
through slits of the screen portion 40b of "t he production well 40 as an
ordinary oil does. For solving the problem steam under a high tenperature
and a high pressure is injected fromthe steaminjection well into the
heavy oil pay zone 43 through the screen portion 41b of the steaminjection
well 41. By virtue of the steaminjection, the viscosity of the heavy oi

in the heavy oil pay zone 43 is reduced and the | ess viscous heavy oil can
flow into the production well 40 through the screen portionl240b and can be
punped out. According to the enmbodi ment 4of Fig. 12, a/single
projection well 44 suffices and the steaminjection well 41 used in the
conventional nethod can be omtted. In the enbodi nent of g. 12, the
production well 44 has a tube portion 44a andia screen poytion 44b which
concurrently serves as a heater. As the screepn portion 44b, the filter-heat
exchanger shown in Fig. 5 is enployed. The $cfeen portion 44b has an inlet
45 and an outlet 46 for a heating/fl sugh/as am inlet 45 and
the outlet 46 are connected to h ng id pl ourgel 47 t hrough
tubing 48 so that the heatin | yi 3

13

13a

WAL

13a

FIG. 6

14b 14a

FIG. 7



17 recircul ates between the heating fluid supply source 47 and the screen
portion 44b. Thus, the heavy oil which is heated by the heating fluid
circulating through the filter-heat exchanger which constitutes the screen
portion 44b becone |ess viscous and flowg gnto the production well 44

t hrough slits of the screen portion 44b.

18 What is clainmed is: 1. Afilter-heat exchanger conprising a pluralit
of hollow wires arranged in parallel with a slit of a predeterm ned w dth
formed between adj acent hollow wires, said hollow wires each having an
inlet and an outlet for a heating/cooling fluid whereby said
heating/cooling fluid flows through said hollowwres and fluid to be
filtered flows through said sliltss from one side of the parallelly arranged
hollow wires to the otheﬁ si de qheq of. 2. Afilter-heat exchanger as
defined in claim1 wherei'fl said Eodﬁaﬁres ar é5a 1?

b

]
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y
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arranged generally in the formof a tube.. 3. Afilter-heat exchanger as
defined in claim1 wherein said hollow wires are arranged generally in the
formof a flat plate. 4. Afilter-heat excahnger as defined in claim1l
wherein said hollow wires are nade of s §pg:d wires. 5. Afilter-heat
exchanger as defined in claim4 wherein Said hollow wires are nade of wedge
wres. 6. Afilter-heat exchanger as defined in claim 1 which further
conprises holl ow support rods arranged substantially in crossing direction
to the hollow wres, saighhol | ow U?;uuuzuumw each having an inlet and an
outlet for the heatlng/coollng fluuﬁ he_ heating/cooling fluid
flows al so through Zaid hollom/sup‘ filter-heat exchanger

conprising a coiled | Tow wire i slit of a predeterm ned

wi dth formed between akxtally adja d ions of the hollowwre, said
coil ed hollow wi re havi | anfautl et for a heating/cooling
fluid whereby sai d heati_ng! coolji Ii d {1 ows through sajd coiled hollow
wire and fluid to be filtered f

coiled hollow wire to inside t#

hrough said slit f outsi de of the
br vl ce versa. 87 A filter-heat
an said coiled Hollowwire is made of

21b

d i
N

exchanger as defined in claim?7 mhe
a shaped wire. 24
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9. Afilter-heat exchanger as defined in claim8 wherein said coiled holl ow
wWre is made of a wedge wire. 10. Afilter-heat exchanger as defined in
claim7 which further conprises hollow support rods arranged substantially
in crossing direction to the coiled hollﬁ%\m re, said hollow support rods
each having an inlet and an outlet for the heating/cooling fluid whereby
the heating/cooling fluid flows also through said holl ow support rods. 11.
A filter-heat exchanger conri sing: a container having an inlet for
introducing a fluid to be filtered; a coiled hollowwre provided in
said container having a helical slit of a predeterm ned w dth forned

bet ween axi ally adjacent portions of the hollow wire, having an inlet and
and an outlet for a heating/cooling fluid and having an outlet for

delivering out treated fluid; a heating/cooling fluid source connected
to the heating/cooling fluid inelt of said coiled hoIIOM/mﬁre for supplying
the hetaing/cooling fluid to said iled hollow w and a

heating/ cooling fluid4@pllecting tbe connected t the heat i ng/ cool i ng
fluid outlet of said coiled hollowwre for colle thg t he heating-cooling

fluid fromsaid coil ed O||OM/MA ¢, 12. A filtepZheé exchanger as defined
in claiml1ll wherein sal c0|Ied hollow wire is nade of a shaped wire. 13. A
filter-heat exchangeﬁs;‘vggij.v FHA—c-ai-m-12 - wWheroi i ca-d coi l ed hol | ow

wire is nade of a med e

FIG. 11
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14, A filter-heat exchanger as defined in claim1l which further conprises
a tenperature control neans for controlling the tenperature of the
heating/cooling fluid for controlling the width of the slit of coiled

hol | ow wire. 8,8

48

J |

FIG. 12



