DESCRI PTI ON

Title of Invention
HEAT EXCHANGER AND METHOD TO MANUFACTURE HEAT EXCHANGER

Technical Field
[ 0001]

The present invention relates to heat exchangers, and methods to
manuf acture a heat exchanger.

Backgr ound
[ 0002]

There i s known, for exanpl e, a heat exchanger using a doubl e tube
inwhich afirst helical elongated protrusion is formed in a wi ndi ng
manner to an inner tube, a second helical elongated protrusion that
matches with the first helical elongated protrusion is fornmed to an
outer tube, the inner tube and the outer tube contact each other in
only the i nner surface of the second helical el ongated protrusion and
the outer surface of the first helical elongated protrusion, and in
t he ot her surfaces are opposed and forma helical flowpassage between
such surfaces (for exanple, refer to PTL 1).

Gtation List

Patent Literature

[ 0003]

PTL 1: Japanese Pat ent Appli cati on Lai d-open Publ i cati on No. 2012- 193869

Sunmmary
Techni cal Probl em
[ 0004]

Wt h t he above-descri bed doubl e t ube, a fl owpassage f or med bet ween
an i nner tube and an outer tube is narrow and the inside of the inner
tubeisformedtobew de. Thus, thereis aproblemthat theflowpassage
formed between the inner tube and the outer tube may easily becone
cl ogged wi th such as | unps of inorganic material. Further, the inside



of the inner tube has a lowvelocity, so that there is a probl emt hat
such as the | unps of i norgani c materi al donot fl oweasily and nay easily
be deposited or accunulated. In other words, there is a possibility
that the fl ow passage between the inner tube and the outer tube and
the flow passage inside the inner tube is obstructed.

The present invention has been nmade in view of the above matters,
and this invention ains to provide a heat exchanger in which solids
do not easily precipitateor accunul ateinthefl owpassage, and a et hod
to manufacture a heat exchanger.

Solution to Problem
[ 0005]

The present invention to achi eve the above-described object is a
heat exchanger i ncl udi ng:

a fl ow passage unit

arranged with a plurality of planar flow passage bodi es each
arranged with two fl ow passages that are curved and bent and adj acent
to each other in asane plane, the plurality of the planar fl owpassage
bodi es being | ayeredinanintersectingdirectionthat intersects with
t he plane, and

in two of the planar flow passage bodies adjacent in the
intersecting direction of the plurality of the |ayered planar flow
passage bodi es, each one of two fl ow passage ports i n bot h ends of each
of t he fl owpassages of one of t he pl anar fl owpassage bodi es i s connect ed
to each one of two fl ow passage ports i n both ends of each of the flow
passages of another of the planar flow passage bodi es; and

a hi gh- pressure pi pethat covers an out si de of the fl owpassage unit.
[ 0006]

According to such a heat exchanger, the fl ow passage unit that is
inserted along an i ntersecting direction into the hi gh-pressure pipe
and covered with the high-pressure pipe is arranged such that the
plurality of the planar fl owpassage bodi es, i ncl udi ngtwo fl owpassages
adj acent inaplaneintersectingtheintersectingdirection, arel ayered
inthe intersecting direction, and the fl ow passages of the adjacent
pl anar fl ow passage bodi es are connected to formtwo fl ow passages as



awhol e. Thus, the cross-sectional area of the fl owpassage can be nade
smal | er t han, for exanpl e, t he case of f or m ng a heat exchanger i ncl udi ng
a doubl e pipe in the high-pressure pipe. Thus, a high flow velocity
can be ensured in each of the flow passages, and solids in the flow
passages can be prevented fromdepositing or accunul ati ng. Further,

the two fl ow passages are arranged i n an adj acent nanner, and by nmaki ng
a high-tenperature fluid flow in one flow passage and naking a
| ow-tenperature fluid flowin the other flow passage, heat exchange
canbeperfornednoreefficiently. Further, becausethefluidunit nade
of two fl ow passages i s provided in the high-pressure pipe, it is nore
sui tabl e as a heat exchanger that exchanges heat usi ng a hi gh-pressure
fluid, for exanple.

[ 0007]

The heat exchanger, wherein preferably

t he pl anar fl ow passage body i s a spiral flowpassage body arranged
alternately with the two flow passages in a dianmeter direction of a
spiral formedwi ththetwofl owpassages, thetwofl owpassages spreadi ng
froma center side to an outer circunference side and curving spirally
in a sane direction shifted i n phase by hal fway fromeach ot her, and

the flow passage unit is arranged with a plurality of the spiral
flow passage bodies layered in the intersecting direction that
intersects the plane, and the fl ow passage ports to the center side
of the two spiral flow passage bodies adjacent in the intersecting
direction are connected to each other or the fl ow passage ports to the
out er circunference side of the two spiral fl owpassage bodi es adj acent
intheintersecting direction are connected to each other to formtwo
conti nuous fl ow passages.

[ 0008]

Wth such a heat exchanger, the two fl ow passages included in the
pl anar fl ow passage body is curved spirally w nding in one direction,
and the two flow passages are alternately arranged in the dianeter
direction of the spiral, thus a boundary secti on between the two fl ow
passages, nanely, a heat-transfer surface, can be nore w del y secur ed.
Thus, heat exchange can be perforned nore efficiently.

Further, with the fl ow passage unit, the plurality of the spiral



fl ow passage bodies are layered in the intersecting direction and
connected to formtwo flow passages, and consequently the two flow
passages are sufficiently | onger than the | ength of the hi gh-pressure
pi petobe substantiallytheentirelengthof the heat exchanger. Thus,
heat exchange can be performed nore efficiently.

[ 0009]

The heat exchanger, wherein preferably, in the fl ow passage unit,
the spiral fl owpassage bodi es are | ayered such t hat aw ndi ng di recti on
of the adjacent spiral flow passage bodies are the sane.

Wt h such a heat exchanger, two fl ow passages can be arranged such
that the fl ow passage in which a high-tenperature fluid fl ows t hrough
and the flow passage in which a |owtenperature fluid flows through
do not contact each other in the intersecting direction.

[ 0010]

The heat exchanger, wherein in the fl ow passage unit, the spiral
f | ow passage bodi es may be | ayered such that w nding directions of the
adj acent spiral flow passage bodi es are opposite to each ot her.

Wt h such a heat exchanger, thereis asectionwherethefl owpassage
t hrough which a high-tenperature fluid passes and the fl ow passage
t hrough which a | owtenperature fluid passes cone into contact inthe
intersecting direction, and so the heat-transfer area can be further
w dened.

[ 0011]

Further, a nethod to manufacture a heat exchanger i ncl udes:

partition material formng to form a plurality of partition
materials formng a partition of arecess that is connected and f or ned
to both surfaces of a netallic plate material, the plurality of the
partition materials includingan openinginoneendpart of therecess;

plate material formng to form a plurality of netallic plate
materials, the plurality of the netallic plate materials including a
pl ane t hat opposesthe partitionnaterial, thepluralityof thenetallic
plate materials formng a fl ow passage by covering the recess of the
partition material, the plurality of the netallic plate naterials
i ncl udi ng an opening in an end part to an opposite side of an end part
provided with the opening of the fornmed fl ow passage;



fl ow passage unit forming to forma flow passage unit by
arranging alternately the partition material and the plate
mat eri al ,
adjusting and integrally fixing positions of the openings
provided in the partition material and the plate nmaterial such that
fl ow passages provided in one side of the partition material are
connect ed to each other and fl ow passages provi ded i n anot her si de of
the partition naterial are connected to each other; and

integrating to integrate by inserting the fl ow passage unit al ong
the intersecting direction in a high-pressure pipe and covering an
outside of the flow passage unit with the high-pressure pipe.

[ 0012]

Wt h such a net hod t o manuf act ur e a heat exchanger, two f| owpassages
formedwithapartitionmaterial andtwo plate material s sharetheplate
materials and the partition material and the plate naterial are
alternately arranged, the partition naterial formng a partition of
connected recesses, the two plate materials being adjacent in the
intersectingdirection of the partition material. Accordingly, there
i's only one dividing plate between the two fl ow passages di vidi ng the
two fl ow passages. Thus, it is possible to increase heat-conductive
efficiency than in the case where the two tubes are placed adj acent
to each other. Further, the flow passage unit is easily formed by
alternately arranging the partition naterial and the plate material,
and adjusting and integrally fixing the positions of the openings
provided to the partition material and the plate materials such that
the fl ow passages provided to one side of the partition nmaterial are
connect ed t o each ot her and t hat t he f| owpassages provi ded t o t he ot her
side of the partition material are connected to each other. Further,
the fornmed fl ow passage unit is inserted in and integrated with the
hi gh-pressure pipe, to easily formthe heat exchanger.

[ 0013]

The nethod to manufacture a heat exchanger, wherein preferably

thepartitionnaterial andtheplatematerial arefornedby adraw ng
pr ocess,

anouter circunferential part of thepartitionmaterial andtheplate



material, which are adjacent to each other, are bent in a direction
that intersects with the plane, and

thepartitionmaterial andthe plate material arel ayered and j oi ned
in a section where the partition material and the plate naterial are
bent in the direction that intersects with the plane.

Wth such a nethod to manufacture a heat exchanger, the partition
material and the plate material can be easily formed with a draw ng
process, and because the partitionmaterial and the plate material are
to be layered and joined in a section bent inadirectionintersecting
the plane, the outer circunference sideis seal ed hernetically and two
fl ow passages can be easily formed wi thout using tubes.

Advant ageous Effects of Invention
[ 0014]

According to this invention, it is possible to provide a heat
exchanger in which solids do not easily clog, deposit, or accumul ate
inthe fl owpassage, and a net hod t o manuf act ure such a heat exchanger.

Brief Description of Draw ngs
[ 0015]

[Flg. 1] Fig. 1 is a schematic view showi ng a heat exchanger
according to the present invention.

[Fig. 21 Fig. 2is aschematic viewshow ng a planar fl ow passage
body and a fl ow passage unit provided to a heat exchanger of this
i nventi on.

[Fig. 3] Fig. 3isaschenatic viewshow ng a nmethod to manuf acture
a heat exchanger of this invention.

[Fig. 4 Fig. 4 is a viewdescribing a secondary fl ow

Description of Enbodi ments
[ 0016]

As an enbodi ment of the present invention, for exanple, a heat
exchanger of a fluid at high tenperature and high pressure, whichis
used in a water-containing biomass supercritical water gasifier, is
descri bed bel ow as an exanpl e.



The heat exchanger 1 of the present enbodi ment includes, as shown
in Fig. 1, a flow passage unit 2 arranged with two conti nuous fl ow
passages 21, 22 that are bent in an adjacent manner w th each ot her,
and a cover 3 that covers the fl owpassage unit 2 with end part openi ngs
21a, 22a, which are to be ends of the two continuous fl ow passages 21,
22 of the flow passage unit 2, protruded to the outside. In Fig. 1,
I norder toshowthe fl owpassage unit 2, the cover 3is shownin virtual
| i nes (dot-and-dash |ines).

[ 0017]

As showninFig. 2, theflowpassage unit 2 has aplurality of spiral
f | ow passage bodi es 25 as a pl anar fl owpassage body i n whi ch two spi ral
fl ow passages 23, 24, are adjacent in a sane plane and bent spirally.
[ 0018]

In each spiral flow passage body 25, each of the two spiral flow
passages 23, 24 spreads fromthe center sidetotheouter circunferenti al
side and curves spirally windinginthe same direction shiftedin phase
by hal fway fromeach other, and the two spiral flow passages 23, 24
are alternately arranged in the dianeter direction of a spiral nade
by the two spiral flowpassages 23, 24. Thus, flow passage ports 23a,
23b, 24a, 24b, to be both ends of the spiral flow passages 23, 24, are
provi ded t o each of the center and t he outer circunference of the spiral
fl ow passage bodies 25. In this enbodinent, the spiral flow passages
23, 24 of each spiral fl owpassage body 25 correspond to fl ow passages,
and the two fl ow passages 21, 22 in which the spiral flow passages 23,
24 of the plurality of the spiral flow passages 25 are connected
correspond to the continuous fl ow passages.

[ 0019]

In Fig. 2, for the sake of explanation, each spiral flow passage
23, 24 is shown as one tube, but the spiral flow passages 23, 24 nay
be divi ded spaces, and for exanple, the two spiral flow passages 23,
24 may be divided with a single dividing naterial .

[ 0020]

The plurality of the spiral flow passage bodies 25 are arranged
layered in a direction intersecting a plane in which the two spiral
fl ow passages 23, 24 are arranged and forned (hereinafter, referred



toas anintersectingdirection). Then, the spiral fl owpassage bodi es
25 are arranged | ayered so that the wi nding direction of each spiral
fl ow passage body is inthe same direction. Inthe description bel ow,
a surface facing left lower side in Fig. 2 of the layered plurality
of the spiral flow passage bodies 25 is described as a front surface
and a surface to the opposite side is described as a rear surface.
[ 0021]

AsshowninFig. 2, withtheflowpassageunit 2inwhichtheplurality
of the spiral flow passage bodies 25 are | ayered, a first spiral flow
passage body 251 and a second spiral flow passage body 252 are
alternately arranged. Inthe first spiral flow passage body 251, the
center side fl ow passage ports 23a, 24a to be end parts to the center
side of the two spiral flow passages 23, 24 are provided to the front
surface side, and the outer circunference side fl owpassage ports 23b,
24b to be end parts to the outer circunference side are provided to
the rear surface side. Inthe second spiral fl owpassage body 252, the
center side fl ow passage ports 23a, 24a, to be end parts to the center
side of the two spiral flow passages 23, 24, are provided to the rear
surface side, and the outer circunference side fl owpassage ports 23b,
24b, to be end parts to the outer circunference side, are provided to
the front surface side.

[ 0022]

The plurality of the spiral flowpassage bodies 25 that are | ayered
are arranged such that the center side fl ow passage ports 23a, 24a of
the two spiral fl owpassage bodi es 251, 252 adj acent intheintersecting
direction are connected to each other or the outer circunference side
fl ow passage ports 23b, 24b of the two spiral flow passage bodi es 251,
252 are connected to each other. The center side fl ow passage ports
23a, 24a and the outer circunference side fl ow passage ports 23b, 24b
are sealed hernetically to each other, and the whole of the plurality
of the spiral flow passage bodies 25 formthe two continuous flow
passages 21, 22.

[ 0023]

Wth the | ayered spiral flowpassage bodi es 25, of the fl owpassage

ports 23a, 23b, 24a, 24bin the spiral fl ow passage bodi es 25 arranged



at bot h ends, the fl ow passage ports 23a, 23b, 24a, 24b, open to a side
i n whi ch an adj acent spiral flow passage body 25 is not provided, are
each provi ded wi t h a communi cati ng t ube 26 t hat connects t ot he out si de.
Inthe exanpl e shown in Fig. 1, the comruni cating tube 26 i s provi ded
to each of the center side fl ow passage ports 23a, 24a, of the spira
fl ow passage bodi es 251, 252 arranged at both ends of the fl ow passage
unit 2.

[ 0024]

As shown in Fig. 1, the cover 3 includes a high-pressure pipe 31
containing the fluid unit 2, and lids 32 to be provided to cl ose both
ends of the high-pressure pipe 31. The high-pressure pipe 31 has a
| ength substantially the sane as the | ength of the | ayered section of
the spiral flow passage bodies 25 in the flow passage unit 2 in the
intersectingdirection. Thelid32includes openings throughwhichthe
communi cati ng tubes 26 are passed t hrough, and has an outer dianeter
that is substantially the same as the dianeter of the high-pressure
pi pe 31, and an outer circunferential edge of thelid 32 is welded to
the end part of the high-pressure pipe 31
[ 0025]

The heat exchanger 1 configured as above i s nanufactured as shown
in Fig. 3, for exanple. In this enbodiment, the heat exchanger 1
including four spiral flow passage bodies 25 w |l be descri bed.

The fl owpassage unit 2 inthis enbodiment is formed by alternately
| ayering a recess formng plate material 10 as a partition material
havi ng spiral recesses 11, 12 as shown in Fig. 3, and a planar plate
material 13 including a planar part 13a covering the recesses 11, 12
formed in the recess formng plate material 10, and then | ayeri ng and
integrating end part plate materials 14 that cover the recesses 11
12 of the recess formng plate material 10 in both ends of the flow
passage unit 2. Inother words, thespiral fl owpassage body 25i s f or ned
by bonding two planar plate naterials 13 to both sides of one recess
formng plate material 10, or by bonding the planar plate material 13
and the end part plate nmaterial 14. Then, the adjacent spiral flow
passage bodi es 25 are configured by sharing the planar plate materi al
13 arranged between the recess formng plate materials 10 i ncl uded in
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each of the spiral flow passage bodies 25. Here, two planar plate
materi al s 13 bonded to bot h si des of one recess formng plate materi al
10, or the planar plate naterial 13 and the end part plate nmaterial
14 correspond to the two plate naterial s.

[ 0026]

I na et hodt o manuf act uret he heat exchanger 1, first, recessform ng
plate materials 10, planar plate materials 13, and end part plate
materials 14 are formed by a drawi ng process to netal plate materi al
that is heat-resistant and heat-conductive. At this tinme, the planar
platenaterials 13andtheendpart platenaterial s 14 do not necessarily
have to be heat-conductive. Further, the recess formng plate
materials 10, the planar plate naterials 13, and the end part plate
materials 14 are forned in advance with openings 10a, 13b, 14b, in
sections to be the fl ow passage ports 23a, 23b, 24a, 24b. It shoul d
benotedthat, inFi g. 3, the openings 10a, 13b, 14b, andt he f| owpassage
ports 23a, 23b, 24a, 24b, are shown by bl ack rectangl es, and hat chi ng
that shows cross-sections of the recess formng plate naterials 10,
the planar plate material s 13, and the end part plate materi al s 14 have
been omtted.

[ 0027]

The recess formng plate material 10is forned on afront and a rear
surface of a plate material such that each of the spiral recesses 11,
12, spread fromthe center side to the outer circunference side and
are shifted i n phase by hal fway fromeach other and curve spirally in
thesanedirection. At thistine, anouter circunferential part i s bent
back along the intersecting direction in which the plurality of the
spiral flow passage bodies 25 are |ayered to forma bent part 10b.
[ 0028]

The planar plate material 13 is bent at approxi mately 90 degrees
in an outer circunferential end part of the planar part 13a covering
the recesses 11, 12 of the recess formng pl ate materi al 10, and a bent
part 13c is formed to be | ayered on the bent back bent part 10b of the
outer circunference of the adjacent recess formng plate material 10
when t he pl anar plate naterial 13islayeredontherecess formngplate
material 10.
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[ 0029]

The end part plate nmaterial 14 al so has a planar part 14a covering
the recesses 11, 12 of the recess formng plate material 10 arranged
to bot h end si des of the fl owpassage unit 2. The outer circunferenti al
end part of the planar part 14a is curved approxi mately 90 degrees,
and a bent part 14c is forned by bending an outer circunferential end
part of the planar part 14a approxi mately 90 degrees. The bent part
1l4c is fornmed so as to | ayer on the bent back bent part 10b of the outer
ci rcunference of therecess formng plate material 10 when t he end part
plate material 14 is |ayered on the recess formng plate material 10
in both end sides of the fl ow passage unit 2, and to | ayer on a pl ane
intersectingtheplanar part 14aintheouter circunferenceof therecess
formng plate naterial 10.

[ 0030]

Next, the fl owpassage unit 2is formed by alternately | ayering the
formed recess formng plate material 10 and the planar plate nateri al
13, layering the end part plate naterial 14 in both end parts, wel di ng
the outer circunferential section along the entire periphery of the
adj acent recess formng plate material 10 and t he pl anar pl ate mat eri al
13 or the end part plate naterial 14, and wel ding the comuni cati ng
tubes 26 to the center side fl owpassage ports 23a, 24a of the end part
plate material 14. At thistinme, therecess formngplate material 10,
the planar plate material 13 and the end part plate material 14 are
arranged such t hat the fl owpassage ports 23a, 23b, 24a, 24b of adj acent
nmenbers when | ayered are opposed to each other, and two connected
conti nuous fl ow passages 21, 22 will be forned when the fl ow passage
unit 2 is forned.

[ 0031]

Next, the forned fl owpassage unit 2isinsertedto contact aninner
peripheral surface of the high-pressure pipe 31. At this tine, the
pl anar part 14a of the end part plate naterial 14 in both ends of the
fl owpassage unit 2 approxi mat el y mat ch bot h edges of t he hi gh- pressure
pi pe 31, and the comuni cati ng tubes 26 are arranged to protrude from
t he edges of the high-pressure pipe 31.

[ 0032]
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Finally, the lid 32 provided with through holes 32a for the
comuni cating tubes 26 is each arranged to the end parts of the
hi gh- pressure pi pe 31, and the end edge of the high-pressure pipe 31
and the outer circunference of the lid 32 are wel ded over the entire
circunference to conplete the heat exchanger 1 provided with two
conti nuous flow passages 21, 2.

[ 0033]

Wth the heat exchanger 1 of this enbodinent, for exanple, a |low
tenperature rawnaterial to be gasifiedis nade to flowthrough inside
one continuous flow passage 21 in a predetermned direction, and
hi gh-tenperature treatnment water that flows out froma gasification
reactor provided in the water-containing bi omass supercritical water
gasifier fl owsinsidetheother continuous fl owpassage 22 i nan opposite
directiontotherawmaterial to be gasified. 1In other words, inside
thefl owpassageunit 2, therawnmaterial tobegasifiedandthetreatnent
wat er fl owt hrough t he two conti nuous fl owpassages 21, 22, i n opposite
directions to each other. In this way, by making the raw naterial to
be gasified and the treatnment water flow through, heat exchange is
per forned between the two continuous fl ow passages 21, 22, with the
recess formng plate material 10 dividing the two continuous flow
passages 21, 22 as a heat-transfer surface.

[ 0034]

Inthis enbodiment, a lowtenperature raw material to be gasified
Is made to flow through one continuous flow passage 21, and high
tenperaturetreatment water i s madeto fl owt hrought he ot her conti nuous
fl ow passage 22, thus while the rawnaterial to be gasified is rising
intenperature, therawnaterial tobegasifiedismxedw thasecondary
fl owinsi de t he fl owpassage bent spirally, and acti vat ed carbon, whi ch
is agasification catalyst that is suspended in the raw material to
be gasi fi ed, and bi omass are m xed and honogeni zed. Further, when the
acti vat ed carbon and t he bi onass are m xed, the contacting rate of the
catal yst and bi omass i nproves, to increase the catalyst effect. It
shoul d be noted that the secondary flowis a flowthat occurs in the
hel i cal tube, as shown in Fig. 4.

[ 0035]
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Wth the heat exchanger 1 of this enbodi nent, the fl owpassage unit
2that isinsertedinalongtheintersectingdirectionandcoveredwth
t he hi gh-pressure pipe3lisarrangedsothat theplurality of thespiral
fl ow passage bodi es 25 each havi ng two adj acent spiral flow passages
23, 24intheplaneintersectingtheintersectingdirection, arel ayered
inthe intersecting direction, and the spiral flow passages 23, 24 of
t he adj acent spiral flow passage bodi es 25 are connected to formtwo
conti nuous fl ow passages 21, 22 as a whole. Thus, for exanple, the
sectional area of the fl ow passages can be nade snal | er than the case
in which a heat exchanger is formed including a double pipe in a
hi gh-pressure pipe 31. Thus, a fast flow velocity in each of the
conti nuous flow passages 21, 22 can be ensured, and solids can be
prevent ed fromdepositing or accunul ati ng i nside the continuous fl ow
passages 21, 22.

[ 0036]

Further, the two continuous fl ow passages 21, 22 are arranged in
an adj acent manner, and so by making a high tenperature fluid flow
through i n ei t her one of the continuous fl owpassages 21, 22 and naki ng
alowtenperature fluid flowthroughinthe other flowpassage 21, 22,
heat exchange can be perfornmed nore efficiently. Further, the flow
passage unit 2 formed with two continuous flow passages 21, 22 is
provi ded i nsi de t he hi gh-pressure pi pe 31, and thus, the above is nore
suitable as a heat exchanger 1 of such as a system including a
wat er - cont ai ni ng bi omass supercritical water gasifier that exchanges
heat using a high pressure fluid, for exanple.

[ 0037]

Further, by making two spiral flow passages 23, 24 provided to the
spiral fl owpassage body 25spirally curvetow ndinthe sanedirection,
the two spiral flow passages 23, 24 are alternately arranged in the
di aneter directionof thespiral, and boundary secti ons of t hetwo spiral
fl owpassages 23, 24, nanely a heat -transfer surface, can be nore w del y
ensured. Thus, heat exchange can be perforned nore efficiently.

[ 0038]

Further, the fl owpassage unit 2 is made by | ayeri ng and connecti ng

a plurality of the spiral flow passage bodies 25 in the intersecting
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direction and formng two continuous flow passages 21, 22, thus the
two continuous flow passages 21, 22 becone sufficiently |Ionger than
t he | engt h of t he hi gh- pressure pi pe 31 whichissubstantiallytheentire
| ength of the heat exchanger 1, thus heat exchange can be perforned
nore efficiently.

[ 0039]

Further, the two continuous fl ow passages 21, 22 can be arranged
so that the continuous flow passage 21 in which high tenperature
treatment water flows through and the continuous flow passage 22 in
which a low tenperature raw nmaterial to be gasified fl ows through do
not contact each other in the intersecting direction.

[ 0040]

Further, according to the nmet hod t o nanuf act ure t he heat exchanger
1 of this enbodinent, the two spiral flow passages 23, 24 are forned
with the recess formng plate naterial 10 that forns partitions of the
connect ed recesses 11, 12, and two planar plate materials 13 adj acent
intheintersecting direction of the recess formng plate material 10,
or the planar plate material 13 and the end part plate material 14.
The two spiral flow passages 23, 24 share the planar plate materi al
13andtherecessformngpl atematerial 10 andthe pl anar pl ate materi al
13 arealternately arranged, thusthereisonly onerecess formngplate
mat eri al 10 as a di vi di ng pl at e bet ween t he t wo conti nuous f | owpassages
21, 22. Accordingly, heat conduction efficiency can be i ncreased t han
in the case where two tubes are nade adjacent to each other.

[ 0041]

Further, the flow passage unit 2 is easily formed by alternately
arrangi ng the recess formng plate material 10 and the planar plate
material 13, and adjusting and integrally fixing positions of the
openi ngs 13a, 13b, 14b provided in the recess formng plate nateri al
10 and the pl anar plate material 13 such that the recesses 11 provi ded
to one side of the recess formng plate material 10 are connected to
each ot her and t he recesses 12 provi ded to t he ot her side of the recess
formng plate material 10 are connected to each other. Further, the
formed flow passage unit 2 is inserted in and integrated with the
hi gh-pressure pipe 31, to easily formthe heat exchanger 1.
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[ 0042]

Further, the recess formng plate material 10, the planar plate
material 13 andthe end part plate naterial 14 can be nore easily forned
by t he drawi ng process. The outer circunferential parts of the recess
formng plate naterial 10, the planar plate material 13 and the end
part plate nmaterial 14, which are alternately arranged in the
intersecting direction are |l ayered and joined in a plane i ntersecting
the planar parts 13a, 14a, with such as the bent part 10b, the bent
part 13c, the bent part 14c and the outer circunferential part of the
recess formngplatenmaterial 10. Accordingly, thetwo continuous fl ow
passages 21, 22 canbeeasilyformedby sealingtheouter circunferenti al
si des.

[ 0043]

I n t he above enbodi ment, an exanpl e has been descri bed i n whi ch t he
fl ow passage unit 2 is fornmed by |ayering the plurality of the spiral
fl ow passage bodi es 25 so that the wi nding direction of the spiral flow
passage bodies 25 is in the sane direction, but it is not [imted to
t he above. For exanple, the flow passage unit nmay be formed so that
t he adj acent spiral flow passage bodi es 25 are arranged such that the
winding directionof the 25is oppositetoeachother. Wth such a heat
exchanger, a fl ow passage i n whi ch a hi gh tenperature treatnent water
flows t hrough and a fl owpassage i nwhich alowtenperaturerawnateri al
to be gasified passes through contact each other in the intersecting
direction, and the contacting area increases, thus it is possible to
further increase the heat-transfer area. Further, the planar flow
passage bodyisnot [imtedtoaspiral shape, as| ongastwofl owpassages
are provi ded adj acent to each ot her and curved and bent in the pl ane.
[ 0044]

I n the above enbodi nent, the heat exchanger 1 is a heat exchanger
of a fluid at high tenperature and high pressure used in a
wat er - cont ai ni ng bi omass supercritical water gasifier, but it is not
limted to such.

[ 0045]

The above enbodinment is to facilitate understanding of this

invention, and should not be used to limt interpretation of this
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invention. The invention may be changed and/or nodified, w thout
departing fromthe gist thereof, and it is needless to say that this
i nvention includes its equival ents.

Ref erence Signs List

1 heat exchanger,

2 fl ow passage unit,

3 cover,

10 recess formng plate material,

10a  opening,
10b bent part,

11 I ecess,
12 recess,
13 pl anar plate material,

13a pl anar part,

13b openi ng,

13c bent part,

14 end part plate materi al
14a  planar part,

14b openi ng,

1l4c bent part,

21 conti nuous fl ow passage,
2la end part opening,

22 conti nuous fl ow passage,
23 fl ow passage,

23a fl ow passage port,

23b  fl ow passage port,

24a  fl ow passage port,

24b fl ow passage port,

25 spiral flow passage body,
26 communi cati ng tube

31 hi gh- pressure pi pe,

32 lid,

32a  through hol e,

251 spiral flow passage body,



252

spi ral

fl ow passage body

17
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CLAI M5

1. A heat exchanger conpri sing:
a fl ow passage unit
arranged with a plurality of planar flow passage bodi es each
arranged with two fl ow passages that are curved and bent and adj acent
to each other in asane plane, the plurality of the planar fl owpassage
bodi es being | ayeredinanintersecting directionthat intersects with
t he plane, and
in two of the planar flow passage bodies adjacent in the
intersecting direction of the plurality of the |ayered planar flow
passage bodi es, each one of two fl ow passage ports i n bot h ends of each
of t he fl owpassages of one of t he pl anar fl owpassage bodi es i s connect ed
to each one of two fl ow passage ports i n both ends of each of the flow
passages of another of the planar flow passage bodi es; and
a hi gh- pressure pi pethat covers an out si de of the fl owpassage unit.

2. The heat exchanger according to claim11, wherein

t he pl anar fl ow passage body i s a spiral flowpassage body arranged
alternately with the two flow passages in a dianmeter direction of a
spiral formedwi ththetwofl owpassages, thetwofl owpassages spreadi ng
froma center side to an outer circunference side and curving spirally
in a sane direction shifted i n phase by hal fway fromeach ot her, and

the flow passage unit is arranged with a plurality of the spiral
flow passage bodies layered in the intersecting direction that
intersects the plane, and the fl ow passage ports to the center side
of the two spiral flow passage bodies adjacent in the intersecting
di rection are connected to each other or the fl ow passage ports to the
out er circunference side of thetwo spiral fl owpassage bodi es adj acent
inthe intersecting direction are connected to each other to formtwo
conti nuous fl ow passages.

3. The heat exchanger according to claim2, wherein
inthe fl owpassage unit, the spiral fl owpassage bodi es are | ayered
such that aw ndi ngdirectionof the adj acent spiral fl owpassage bodi es
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are the sane.

4. The heat exchanger according to claim2, wherein

inthe fl owpassage unit, the spiral fl owpassage bodi es are | ayered
such that wi ndi ng di rections of the adj acent spiral fl owpassage bodi es
are opposite to each other.

5. A nethod to manufacture a heat exchanger conpri sing:

partition material formng to form a plurality of partition
materials formng a partition of arecess that is connected and f or ned
to both surfaces of a netallic plate material, the plurality of the
partition materials includingan openinginoneendpart of therecess;

plate material formng to forma plurality of netallic plate
materials, the plurality of the netallic plate materials including a
pl ane t hat opposesthe partitionnaterial, thepluralityof thenetallic
plate materials formng a fl ow passage by covering the recess of the
partition material, the plurality of the netallic plate naterials
I ncl udi ng an opening in an end part to an opposite side of an end part
provi ded with the opening of the fornmed fl ow passage;

fl ow passage unit formng to forma flow passage unit by

arranging alternately the partition material and the plate
materi al ,
adjusting and integrally fixing positions of the openings

provided in the partition material and the plate nmaterial such that
fl ow passages provided in one side of the partition material are
connect ed to each other and fl ow passages provi ded i n anot her si de of
the partition naterial are connected to each other; and

integrating to integrate by inserting the fl ow passage unit al ong
the intersecting direction in a high-pressure pipe and covering an
outsi de of the flow passage unit with the high-pressure pipe.

6. The method to nanufacture a heat exchanger according to claim®,
wher ei n

thepartitionnaterial andtheplatematerial arefornedby adraw ng
pr ocess,
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anouter circunferential part of thepartitionmaterial andtheplate
material, which are adjacent to each other, are bent in a direction
that intersects with the plane, and

thepartitionmaterial andthe plate material arel ayered and j oi ned
In a section where the partition nmaterial and the plate naterial are
bent in the direction that intersects with the plane.



