DESCRI PTI ON  GAS HEATI NG METHOD, AND GAS- HEATI NG
Pl PI NG MEMBER TECHNI CAL FI ELD [0001] This invention
relates to a gas heating nethod and a gas-heating

pi pi ng nenber for heating a gas to a predeterm ned
tenperature that is used for producing a chemcal, a’
sem conductor, or the |Iike. BACKGROUND ART [0002] In
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tenperature in some cases. In general, therefore, the
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is invention relates to a gas heating method and a
gas-heating piping member for heating a gas to a predetermined
temperature that is used for producing a chemical, a

semiconductor, or the like.

BACKGROUND ART
* [0002]

In piping used in a semiconductor manufacturing machine,
a gas is required to be heated to a predetermined temperature
in some cases. In general, therefore, the pipes are wrapped
with a tape heater, and heated from the outside thereof.
[0003]

Patent Document 1 describes a flexible piping member
wherein two pipes are made into the form of inner and ouﬁer pipes
so as to improve heating, cooling and temperature-keeping
effects.

Patent Document 1: Japanese Utility Model Application

Laid-Open No. H01-91189

DISCLOSURE OF THE INVENTION



When the heating tenperature of a gas is, for exanple,
in the range of about 200 to 300 Cin the
above-nmenti oned conventional heating nethod, a
necessary tenperature nay not be obtained only by
heating the pipe (hollow body) fromthe outside
thereof. In the case of raising the electric power of
the heater to cope therewith, a problemthat energy

PREEIHMS PHEEaSCLREDSEE. THReTRREReTON Patent Docunment
1 is excellent in tenperature keeping effect;

ver, it cannot be said that the nenber is
sufficient for heating fromthe outside. Thus, a
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MEANS FOR SOLVI NG THE PROBLEMS _[0006] .The gas. heati ng
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keepi ng menber which can transmt a gas to_be heated
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whi ch the gas can be passed in a state that the heat
th«dupitrr o neoper therprotibht ai probdlers e hedntersroy tdosts

the inside, and further the piping nmenber body is
indwzd el afriast.he Thet senber of Patent Document 1 is excellent
in temperature keeping effect; however, it cannot be said that
the member is sufficient for heating from the outside. Thus,
a further improvement is necessary.
[0005]

An object of the invention is to provide a heating method

making it possible that when a gas inside the body of a piping
member, such as a pipe, is heated, the heating efficiency is

improved; and a piping member making it possible to perform such

a heating method easily.

MEANS FOR SOLVING THE PROBLEMS
[0006]

The gas heating method of this invention is a method
wherein a heat keeping member which can transmit a gas to be
heated is inserted to the inside of a piping member body into

which the gas can be passed in a state that the heat keeping



t hereof by nmeans of a heating nmeans. [0007] The

gas- heating piping nenber according to this invention
is a nmenber conprising a hollow body to be heated from
the outside thereof, and a heat keepi ng nmenber which
is formed to permt a gas to be heated to be passed
into the nenber and is inserted to the inside of the
body so as to be brought into close contact wth the
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passage direction. In short, the porous netal

to the inside of the body so as to be brought into close contact

with the inside.
[0008]

In the gas heating method and the gas—heat‘ing piping
member according to this invention, the piping member body is
usually a pipe. The body may be a pipe joint for connecting
pipes, or a block in which a passage is formed. The material
flowing therein is usually a gas. The material maybe a liquid.
The heat keeping member may be made of a porous metal material
or a larger number of metallic spheres, or may be made of a porous
metal material and a metallic core member.

[0009]

The porous metal material is preferably a lamination made
of a porous metal foil with slit and raised pieces, and may be
a porous metal sintered body obtained by heating and sintering
a metal particle material into which a binder is incorporated.

The porous metal material may be a product wherein meshes are



material nmay be a material selected fromvarious

materials as long as the materials have a high

thermal conductivity and can keep a sufficient

contact area with gas. The netal is, for exanple,

stainl ess steel, which does not react easily with a

fluid to be heated (a gas to be heated or a liquid to

be heated) . Wen inportance is attached to thernal
lansiaitied vl tiye gdiasdtd dirgtidie cappshiopt, tite bbkens metal

The netal nmay be titaniumor sonme other netal. The
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exanpl e, "steel spheres. The spheres nay be nade of,
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size of the pieces, the length of one sjide of each of

may tke IeIRREY ©F the ddkao THe pekalaRayt RSt toFappam or some
other sides is fromabout 200 to 700 pm Such squares

other maitalngl &he mesalhephekes, the manggr ghmbjicdt ignlarge,
guantity) thereof is from 200 to 600 pm The nunber

aref fde otdnphed steskdcghearss. r fiigespheres may be made of,

for example, stainless steel, copper, titanium or some other
metal. The heatingmeans ispreferably, for example, a flexible
heater called a micro-heater or a tape heater. Other various
heating means can be used which can match with the contour of
the hollow body.
[0010]

The porous metallic féil with slit and raised pieces is
a metallic foil wherein many slit and raised pieces are formed
at predetermined intervals lengthwise and crosswise. The
thickness of the metal foil is preferably from about 10 to 100
um. About the size of the pieces, the length of one side of
each of the holes is from 200 te 700 um, and that of the other
sides is from about 200 to 700 pm. Such squares or rectangles
are the holes. The height (projection quantity) thereof is from

200 to 600 pm. The number of the slit and raised pieces ranges



from about 200 to 600 /cnR. The size and the nunber of

the slit and raised pieces are appropriately

sel ected, considering the dianeter of the passage,

the length of the passage, pressure |oss, and others.
[0011] When the above-nentioned porous netallic foi

wth the slit and raised pieces is spirally |am nated

on itself, its layers are closely overlapped with
fr&REbAte00t 0BG ¢ drffe tThe Dfzaandobheofutber pces slit
to contact the netallic foil in the |ayer adjacent
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used. The length in ﬁe passage direction of the
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ral sed” pieces does not need to be equa

t I of the body. Plural |am nations may be
lo%é%)‘r a%ﬁ%dggﬁgggr'i es, with or without intervals

ebet ween, inside the body. The | am nation of the
g ks!

us netallic foil with the slit and rai sed pi eces
can be nmad e neta

f [ | foil; t the . .
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inside the body is also heated to substantially the ,
layane arempersaly @vemannad #ith pacheabBBT PRI AU dhie tip
one end of the piping nenber to the other _end through
ofpasgages cbnpbeepiefesspacesntade bhewaekadhdcsifiollaag the
rai sed pi eces adjacent to each other and the hol es
layedeafigacehe pheeeso.| nin hilsiperdser, a metafllluicl core member
recei ves heat fromthe high-tenperature piping nmenber
may be used. The length in the passage direction of the spiral

lamination of the porous metallic foil with the slit and raised
pieces. does not need to be equal to the length of the body.
Plural laminations may be arranged in series, with or without
intervals therebetween, inside the body. The lamination of the
porous metallic foil with the slit and raised pieces can be made
of a single metal foil; thus, the lamination is excellent in
thermal conductivity . When the hollqw body or the piping member
body is heated from the outside thereof, the heat keeping member
inside the body is also heated to substantially the same

temperature. The fluid to be heated paéses from one end of the
piping member to the other end through passages composed of
spaces made between the slit and raised pieces adjacent to each
other and the holes made for the pieces. In this period, the

fluid receives heat from the high-temperature piping member,




5 and the tenperature of the fluid is raised to a
predeterm ned tenperature. [0012] When the heat
keepi ng nmenber is made of a | arge nunber of netallic
spheres, it is preferred to fit porous Plates for

hi ndering the novenent of the netallic spheres in the
passage direction to both ends of the heat keeping
menber. It is preferred to urge one of the porous

and® @3l Pt yhe of 4O 1ulibe 1@t PeR s @8SaPbAé8eP¥rmined
means of an urging nenber (for exanple, a coiled

£ + The urging nenber may be a |eaf spring, or
e@ﬁ% ot %? spring besides the coiled spring. The urging

[0 er may be an elastic nmenber nade of rubber or
synthetic resin, which has elasticity. [0013] If the

dianeter . of the netallic spheres is toq | arge, -the
cont P i TR T X SeP IR PATREF 1) BRECHES: AndoERPeBhmDer
cannot. , be qgbtai ned. Accordingly, the dianeter is
of Mk LT PRARA S ioad BF AT ok s TitaREEEPSoPLRkES For
. holl ow body, nore preferably 4Q%.or |ess thereof. The
hindeetngithe mavenpni@ithec mefdrld C gPhfeiss s thetpassage
.particularlg limted. However, if the diameter is too
dizggtiontke Bphbresdsr efndhecisiaty kearRing meEPeF esshit els
| oss al so becones |arge. Thus, the dianeter is _
prefefredbiy We omaemmie theopeorous plaltles 20%add mbeeside of
: In such a case, very good thermal conductivity is
thexitiheairt polr ans flattehby ngegss bliranuglrging member (for example,
a coiled spring). The urging member may be a leaf spring, or
any other spring besides the coiled spring. The urging member
may be an elastic member made of rubber or synthetic resin, which
has elasticity.
{0013}

If the diameter of the metallic spheres is too large, the
contact area falls so that a sufficient heating effect cannot
be obtained. Accordingly, the diameter is preferably 50% or
less of the inside diameter of the hollow body, more preferably
40% or less therecf. The lower limit of the metallic sphere
diameter is not particularly limited. However, if the diameter
is too small, the spheres are not easily handled and pressure
loss also becomes large. Thus, the diameter is preferably 5%
or more, more preferably 20% or more. In such a case, very good

thermal conductivity is exhibited and further gaps through

which a gas passes are sufficiently kept when the metallic



whi ch a gas passes are sufficiently kept when the
nmetallic 6 spheres are closely filled into the holl ow
body. Thus, efficient heating can be attained. The
netallic spheres are successively fitted into the

hol |l ow body in a state that one of the porous plates
is used as a stopping plate. The netallic spheres
filled closely are sandwi ched between the two porous

spPLALES2 50 a%okR1herhehdy BRRECES Onditow W] O¥hus,
[ 0014] According”to the gas heating nethod of this
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e
i ng nmemnber such as a pipe, so as
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the outside thereof, heat _of tﬂﬁﬁgi I n qﬁgyerT%hd .
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keepi ng, penber is_also heated,t enper at ure
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body. A gas to be heated is effectively heated to a
plptedeber APnER PenPEL&-ure while the gas passes in the
heat keeping nmenber. Accordingly, even if the heating
| ength of the piping nenber body is nmade short,
‘heating can be attained to the sane degree as in the
EFABCHBdOW THEBUINYENTFOMANY heat keepi ng nmenber. [0015]
According to the gas-heating piping nmenber of this
[0014}
According to the gas heating method of this invention,
a heat keeping member is inserted to the inside of a piping member
body such as a pipe, so as to be brought into close contact with
the inside; therefore, when the piping member body is heated
from the outside thereof, heat of the piping member body
conducts to the heat keeping member so that the heat keeping
member is also heated to a temperature substantially equal to
that of the piping member body. A gas to be heated is
effectively heated to a predetermined temperature while the gas
passes in the heat keeping member. Accordingly, even if the
heating length of the piping member body is made shdrt, heating
can be attained to the same degree as in the method without using
any heat keeping member.
[0015]
According to the gas-heating piping member of this

invention, a heat keeping member is inserted to the inside of



i nvention, a heat keeping nenber is inserted to the
inside of 7 a hollow body, so as to be brought into
close contact with the inside; therefore, when the

pi pi ng nenber body is heated from the outside
thereof, heat of the body conducts to the heat

keepi ng menber so that the heat keeping nenber is also
heated to a tenperature substantially equal to that

a Ki11dhe ey, D agasol Ve erdeghedinto effed ioeelnadeatiath the

to a predetern1ned tenperature while the gas passes
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eating I'ength of the piping nenber -body is made
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first enbodinent. Fig. 5is a vertical sectional view

Actprdingdyi ngvanséfonlie babsdngedengtht pé §he- héainggmember
pi pi ng nmenber according to this

body is made short, heating can be attained tec the same degree

as in the member wherein no heat keeping member is used.

BRIEF DESCRIPTICN OF THE DRAWINGS
[0016]

Fig. 1 is a vertical sectional view illustrating a first
embodiment of a gas-heating piping member according to this
invention.

Fig. 2 is a transverse sectional view of the same.

Fig. 3 is a flow diagram showing a structure of a testing
machine.

Fig. 4 is a gr‘aph showing measurement results of a change
in temperature of the gas-heating piping member of the first
embodiment.

Fig. 5 is a vertical sectional view illustrating a second
embodiment of the gas-heating piping member according to this

invention.



invention. 8 Fig. 6 is a graph show ng neasur enent
results of a change in the tenperature of the

gas- heating piping menber of the second enbodi nent.
EXPLANATI ON OF REFERENCE NUMBERS [0017] (1) piping
menber (2) tape heater (heating neans) (3) pipe body
(hol | ow body) (4) heat keeping nenber (11) porous
netallic foil (11la) slit and raised pieces (12)

et aFibC € dlsea A sHolingmeaRG reeRel redd)l tlsa®€ a change
heater (heating neans) (23) pipe body (hollow body)

in(2Ak herbelka®birad oFe Ry Hed %{I p%ﬁ@?eﬁémber of the
(41) (44) porous plates BEST MODE F NG QUT THE

seLHMENgthdl&gg{S] Wth reference to the draw ngs,

nmbodi ments of this invention will be descri bed
herelnafter. [ 0019]

EXPLANATION OF REFERENCE NUMBERS
[0017]

(1) piping member

(2) tape heater (heating means)
(3) pipe body (hollow body)

(4) heat keeping member

‘(11) porous metallic foil

(1la} slit and raised pieces

(12) metallic core member

(21) piping member

(22} tape heater (heaﬁing means)
(23) pipe body (hollow body)
(24) heat keeping member

(24a) metallic sphere

(41) (44) porous plates

BEST MODE FOR CARRYING OUT THE INVENTION
[0018]

With reference to the drawings, embodiments of this
invention will be described hereinafter.

[0019]



9 Figs. 1 and 2 show a first enbodi nrent of a piping
menber suitable for carrying out the gas heating

nmet hod of this invention. [0020) This piping nenber
(1) is conposed of a pipe body (3) as a holl ow body,
a tape heater (2) as a heating unit formed on the
external circunference of the body (3), and a heat
keeping nenber (4) inserted to be brought into close

contBLgs Wil lardde shéives ned r st rembB@imaee of ot pephodymember
(3). [0021) The heat keeping nenber (4) is a

subpakp k| fpﬁﬂéagryhﬁg" Bafl @heOfgars HUDUENJ Bl hdE b8 Lhis

(11) (thickness: 50 pm with slit and Taised pieces
intdd@donAccordingly, the heat keeping nenber is nade

of the single netallic foil (11) ; thus, the nenber
[Oéﬁoyery good in thermal conductivity. Furthernore,

the contact between the | ayers adjacent to each other

[ T . tact that, pl f th tallic foi
17 S LBl 0 B B B R0 ) o
basj f th lit d i [ 1 . Th
@ HEELSy hetti At apg Menfetelz] <S8 peFEibey updf: Formed on
andtpressure loss_ is also small. The porous netallic =
thg GACRER L CHRTERF 1G] ofndNEaPSEY b bednd P1Bpatakeeping
be obtained, for exanple, by causing a netallic foi

memReBr 1) iNSersed fa Weekronghdi Andio £dpser soasert with the

_ having a cylindrical surface having a [|arge nunber of
inpeypatt coneumference of the body (3).

[0021]

The heat keeping member (4) is a spirally-wound
lamination of a porous metallic foil (11) (thickness: 50 pm)
with slit and raised pieces (lla). Accordingly, the heat
keeping member is made of the single metallic foil (11); thus,
the member is very good in thermal conductivity. Furthermore,
the contact between the layers adjacent to each other is not
face contact that planes of the metallic foil (11) contact each
other but point contact on the basis of the slit and raised pieces
(lla). Thus, gaps into which a gas passes is sufficiently kept,
and pressure loss is also small. The porous metallic foil (11)
with the slit and raised pieces (lla) can be obtained, for
example, by causing a metallic foil material to pass between
a pair of rollers each having a cylindrical surface having a
large number cof projections.

[0022]
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[0022) 10 Afilter (5) is arranged at an outlet side
end of the pipe body (3) . The filter (5) is a
netallic filter. Wien this filter (5) receives heat
fromthe tape heater (2), a fall in the tenperature
of the filter (5) section is prevented. [0023] In
Fig. 2, a nmenber represented by alternate | ong and two
short dashes lines is a netallic core nenber (12) . If

neceasEi Mer (15 ﬂ@ﬁirﬂ@@?‘é@&ﬂﬁb@tﬁtiéﬁ JiY<LBRROSEE KE pipe
the porous netallic foil (11) with the slit and
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eén a gas was cause nto the pip
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machine 'S neasu
[Ogggyt t est condltlons the test fluid was nitrogen
and the test pressure mas 300 kPa at the prinary
side, The secondary side was %g' e at nosphere.
The FBSt19f [ZouP M %5@@&\% terpat Ong and two
heated to a setup erature (200 O, and
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Fig. 3, the testing machine has a
foil {(11) with the slit and raisedpieces {(11la), which is a porous

metallic material, and the metallic core member (12).
[0024]

Fig. 4 shows measurement results of a temperature change
when a gas was caused to flow into the piping member (1) heated
to 200°C. Fig. 3 is a flow diagram of a testing machine for
making this measurement. About test éonditions, the test fluid
was nitrogen gas, and the test pressure was 300 kPa at the primary
side. The secondary side was open to the atmosphere. The test
flow rate was 5 SLM. The test line was heated to a setup
temperature (200 °C), and subsequently the stability of the
temperature was ascertained. The temperature of
temperature-measuring points was then recorded.

[0025]

As illustrated in Fig. 3, the testing machine has a

Structure wherein a gas to be heated is introduced into the

heating gas piping member (1) through a pressure-~reducing valve

11



structure wherein a gas to be heated is introduced
into the heating gas piping nenber (1) through a
pressure-reducing valve 11 (51), a filter (52), a
flow rate adjusting valve (53), and a nass flow neter
(54), and the gas is opened to the atnosphere through
a flowrate adjusting valve (55). The gas tenperature
at an inlet of the piping nmenber (1) and that at an

(5P | £teines£0f52 £ana bel spasst edadh LBt i£EPEARYEN €53) , and a
sensors (56) and (57), respectively. The piping
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a he

out 160 mm used heati’ng nmeans was a
B s SR e e 5 S
2t B4 kEbpiing, mebeyd TRECPELE) 2rfh T harcar At A thgreos
2 Ghl b 8BRS Y300CE Sl P kit (A Ik, (R h o T
oA oo A B0 0 e o

to about 150C, and thus the heating efficiency is ‘
a lenrgehyofnpbevédlefommz] The P&RCHACREADNS MAFEHHNBUSA
~metallic foil (11) with the slit and raised pieces
mi¢tdahentsemolstieatb tiendtery |l nay i ebect pbe fanaciye 300 W,
menber (12) , and this structure prevents the gas
andlr pesiheanerntr AB3p8r Ld)on from bei ng rel eased and
further causes
[0026]

As is understood from Fig. 4, about a member having no
heat keeping member, the temperature thereof is raised only to
about 100 °C although the outside setup temperature is 200°C.
On the other hand, according to the piping member (1) of the
invention having the heat keeping member (4), the temperature
is raised up to about 150°C, and thus the heating efficiency
is largely improved.

[0027]

The lamination of the porous metallic foil (11) with the
s5lit and raised pieces (lla) is wound around the cylindrical
metallic core member (12), and this structure prevents the gas
from the central portion from being released and further causes
heat to be kept in the core member (12) itself to improve the

heating efficiency.

[0028]
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heat to be kept in the core nenber (12) itself to
inprove the heating efficiency. [0028] 12 Fig. 5
illustrates a second enbodi nent of a piping nenber
suitable for carrying out the gas heating nethod of
the invention. (0029] This piping nenber (21) is
conposed of a pipe body (23) as a hollow body, a tape
heater (22) as a heating neans formed on the externa

ci r cppferenceust rolte shadie ddd erdtd iandigabr XeHRitey member
menber (24) made of many netallic spheres (24a) an

suifgBléedotoche ri agoblutl e JaPenLOM G imetkddt B8 +he
internal circunference of the body (23). [0030]

inv@hPisn(25) and (26) are fitted to both ends of the
pi pe body (23), respectively. The joint (25), which

[06?9 ne of the joints (i.e., which is on the right
side of the figure), is made of a first joint nenber

31 [ . | h t I, ci nf f.t

(UUrhet Bosh8 APREX EELP A €A NeE bl bey 23
25 BT o] R Wa SpbrPPReSheF| e Hom P6R H(L8gfepns, formed

hexagonal prismform The other joint (26 which is
onohhehexferpadi gérogpierenceytie, the Refhobed) ofand a heat

second joint nenber (32) having, in the externa
kegpipgnienbage (8f)i madentodr Madivate rokkionspleres (24a) and

inserted to be brought into close contact with the internal
circumference of the body (23).
[0030]

Joints (25) and (26) are fitted to both ends of the pipe
body (23), respectively. The joint {25), which is one of the
joints {(i.e., which is on the right side of the figure), is made
of a first joint member (31) having, in the external
circumference of its intermediate portion, amale screw portion
(3la) and having, in the external circumference of its
confronting end portion, a flange portion (31b) in a hexagonal
prism form. The other joint (26), which is on the left side
of the figure, is composed of: a second joint member (32) having,
in the external circumference of its intermediate portion, a
flange portion (32a) in a hexagonal prism form and having, in
the external circumferences in the vicinity of both of its ends,
male screw portions (32b) and (32c); a sleeve (33) joined to

the pipe body (23); and a cap nut (34) for connecting the second

13



fl ange portion (32a) in a hexagonal prismform and
having, in the external circunferences in the
vicinity of both of its ends, rmale screw portions
(32b) and (32c); a sleeve (33) joined to the pipe
body (23) ; and a cap nut (34) for connecting the
second 13 joint nmenber (32) and the sleeve (33).
[0031] The netallic spheres (24a) as the heat keeping
jomabbaemba4) (3@)e sikcdhspibsese TBRB) di aneter t her eof
is set to 1/4 of the inside dianeter of the pipe body
[0023). [0032] The first and second joint nenbers (31)
and (32) have snall dianmeter passages (35) and (38),

respegbinet ¥11 1@k ras $pBL) LH aRBlELat RaBpLRG rhélﬁlbé% (24)
di aneter of the pipe body (23) ; and have, at ‘their

ar§' desct0nbhepted Whhh 4NenPtRe PRI¥e623)s s+ 1/4 of the

di anet er passages (36) and (39), respective avi ng

nfids PRl a4, g“’n%-eﬁeéailaé(ﬂi (35)

[0 gg (38) and the large dianeter passages (36) and
? f are forned steps (37) and (40), respectively.

havi KB RE=SEaRE LR S ThavGIprBotgL] 2859 A73)ahave

f e portion (33b) forned at the end not jointed to
smehd ‘gi‘-ﬁgeBEHyp?ééﬁige?hQ?bpﬁn%i:’rs)of HRRPREH] YRAY | PBVing a
smg?.ritgfélie}:géstgalar?nt ee e.?lrstjjd()en d(J.?:;l?nbe)ter of the pipe body (23};
and have, at their sides confronted with the pipe body (23),
large diameter passages (36} and (39), respectively, having a
diameter equal to the inside diameter of the pipe body (23).
Between the small diameter passages (35) and (38) and the large
diameter passages (36) and (39) are formed steps (37) and (40),
respectively.
[0033] -

The sleeve (33) is composed of a body (33a) having the
same diameter as the pipe body (23), and a flange portion {(33b)
formed at the end not jointed to the pipe body (23). The top
wall of the cap nut (34) contacts this flange portion (33b),
and further the cap nut (34) is screwed onto the male screw
portion (32c) of the second joint member (32), thereby fixing
the second joint member (32). Between the sleeve (33) and the

second joint member (32), faces of which are confronted with

each other, i1s interposed a gasket (46) for ensuring the

14



and further the cap nut (34) is screwed onto the nale

screw portion (32c) of the second joint nmenber (32),

thereby fixing the second joint nenber (32). Between

the sleeve (33) and the second joint nmenber (32),

faces of which are confronted wth each other, is

i nterposed a gasket (46) for ensuring the 14

sealability of the confronted face. [0034] A circular
seklbpgtiel amehal ldoh Mermied pfade. (41) is struck onto

the step (37) of the first joint nenber (31), the
ropkaye (41) having an outside dianmeter equal to the

di aneter of the large dianmeter passage (36) and

havi ROCHRRY1AQ €3i6He) JRUL mdth TAVE GosdBs | Slate (41) is

di aneter than the diraneter of the netallic ‘spheres

) onf 8! $,80 ﬁ 5 A SY s fan

s o R e O 1 T R e S G RS e (31, ene
: nd. after g Ih% .

p1REh LhE nBbthd aiEbuldSoF Blapr 3T PERRE 48 Fle Hiperer of
caojled spring havin an si de.dianeter equ t(){%i

e iakde Aatater Pargach Afbt A SRsadiboeng)is sess (47 made
onto the steE %40% of the secong j Qi nt nenb%r gsz&. ,

toppavRedobRal leRddopmeRrE EBRRGRSpALARSLEE) OLathe metallic
circular netallic porous plate (aéz i s arranged whi_ch

sPhgseshdé243ane ShbpLasows qilaket Hel stish e tpPReg, Pliadte for
i's, an outside dianeter equal to the dianeter of the

pPreyepgtidicabeemepaddage sph8grs dddaladfreanydrepbdsg( 45t when
made to have a smaller dianeter

and after the metallic spheres (24a) are filled.

[0035]

One end of a cylindrical compression coiled spring having
an outside diameter equal to the diameter of the large diameter
passage (39) is struck onto the step (40) of the second joint
member (32). At the other end of this coiled spring (43), a
circular metallic porous plate (44) is arranged which has the
same shape as used as the stopper plate, that is, an outside
diameter equal to the diameter of the large diameter passage
{36), and has many holes (45) made to have a smaller diameter
than the diameter of the metallic spheres (24a). The coiled
spring (43) has a natural length longer than the distance from
the step {40) of the second joint member (32) to one of the end
faces of the pipe body (23), and pushes the metallic spheres
(24a) filled closely into the pipe body (23) against the side

cf the other porous plate (41).
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than the dianeter of the netallic spheres (24a). The
coiled spring (43) has a natural |ength |onger than
the distance from the step (40) of the second joint
menber (32) to one of the end faces of the pipe body
(23), and pushes the netallic spheres (24a) filled
closely into the pipe body (23) against the side of
the other porous plate (41). 15 [0036] After the first
[op8eMt nenber (31) is fitted to the pipe body (23),
the netallic spheres (24a) are successively filled

i nt optherptRe POyt (¥Sint MnamiséAt £31 hats thie 1] Alts the pipe
plate (41) is used as a stopper plate. Thereafter,

boHPe(@ﬁherthé’rn%’bSaﬁ &pHADs l@z;%”%&&egub&@s@&vtélqz filled
eeve (33) and further the coiled spring (43) is

in?é 3?%351 2 | :?c?&egf’? | O e JTRIMRGY 34 uféﬁ%‘t% (41)

e second ] ol nt nenper

15%4%3 h$| r%'dépég’x_é' laten ”f”b%é)‘é’%%ﬁ tr.he %t&ﬂéf(gﬁ)@(}ﬁ{se%late

€ pipe ‘are “sandw

(4§ tﬁ%?%gaﬁf%%iﬁgﬁs 4% e §?tﬁ§{?’ﬁg§%)and o fienS0 3 Oiled
orne

k o 21
SP%éW 33°1H $ReRara i (R GSRS e gt (5207 The

h whi ch a gas passes suff|C|entIy, and causin
Sl§ﬁHPI 33t ek e ddxeq GGSV]’GA%%‘&@n@rﬂ Qipk 6‘?@1‘&’% } with
(21), the nmetallic spheres (24a) were rendered stee
thephetes3hhd the thest vy madle metiad i spheres (24a) filled

in the pipe body (23) are sandwiched between the two porous
plates {41) and (44), so as to be held. According to this method,
the piping member (21) is formed by simple works, the member
(21) being very good in thermal conductivity, keeping gaps
through which a gas passes sufficiently, and causing a small
pressure loss.
[0037]

About this piping member {21), the metallic spheres (24a)
were rendered steel spheres and the testing machine in Fig. 3
was used to measure a change in the temperature thereof. As
a result, substantially the same results as in Fig. 4 were
obtained as illustrated in Fig. 6. It was verified that
according to this embodimenﬁ also, the heating efficiency was
largely raised. In Fig. 6, “GAS 5 slm” and “GAS 10 slim”
represent the flow rates (slm = standard liter/min.) of the gas.

It is understood that according to this piping member (21), a
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was used to neasure a change in the tenperature
thereof. As a result, substantially the sanme results
as in Fig. 4 were obtained as illustrated in Fig. 6.
It was verified that according to this enbodi nent

al so, the heating efficiency was |largely raised. In
Fig. 6, "GAS 5 sInf and "GAS 10 sl represent the
flowrates (slm standard liter/mn. ) of the gas. It

ren}%rl%é!'l:‘}ilgé i%fgfeief&% BECRUS NG LQ LOESBhPLRE SBSDSkhere the

mar kabl e different i s generated between

TSNS LTl e gt anitsiehs ceoe
. I ' . RI ,

G A ATEL 5L A U8 nch 88 Gl URIP fhce 1o
this invention, a heat Kkeeping nenber is inserted to

langfe i nside of a piping menber body, such as a pi pe,

so as to be brought into close contact with the
i nside; therefore, when the piping nmenber body is
heated from the outside thereof, heat of the piping

INDRRIAD NP PEERBBELSTYt 0 t he heat keepi ng nmenber so
that the heat keeping nenber is also heated to a
[(0@¥hperature substantially equal to that of the piping
menber body. Thus, the gas to be heated is effectively
heat®d tloe agas edestingnrdthedperfatilris vilnventtinen gas heat
passes into this heat keeping nmenber. Accordingly,
keéhEndarinbey Canrx@eriaid abridik tastbe sfisrp ehiemeabambody,

the case of using no heat

such as a pipe, so as to be brought into close contact with the
inside; therefore, when the piping member body is heated from
the outside thereof, heat of the piping member body conducts
to the heat keeping member so that the heat keeping member is
also heated to a temperature substantially equal to that of the
piping member body. Thus, the gas to be heated is effectively |
heated to a predetermined temperature while the gas passes into
this heat keeping member. Accordingly, the heating can be

attained to the same degree as in the case of using no heat

keeping member even if the heating length of the piping member

body is made short.
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keepi ng menber even if the heating length of the

pi pi ng nenber body is made short. 17 CLAIMS 1. A gas
heating nethod, wherein a hgals keepi ng nenber which
can transmt a gas to be heated is inserted to the
inside of a piping nmenber body into which the gas can
be passed in a state that the heat keeping nenber is

brought inta ¢ .£an Wi L &, insi.de. xand; mb
furt h]l;'r &E%& %%%glﬁgw{?%?ﬁ%%ay 1|n:'é,lleﬁeat egle from ﬁlég memher
ut,si b i:NQ = he insid
BT R EPERGRLC Y IR B Al 430 1REREed co che jinside
f_a .parous t terial .wherejin 0 lLisC .
°$o§ Ide‘vqgnB‘e@EgFaé% P &5 egiég Sggs%a%?a adsek®in
| am nated on itself so that .its.layers. are, closel
St et Ao KRB ORH A To AR SRS Bey SR contact
one qf the pjeces tq contact, the netallig foil jn . th
witlydihe ddjeiilent SPRerBEEcE ChRcbHRLIAJITRG dtod © heated
according to claim1, wherein the _hea{ keeping nenber
frdmpr e eQubsheear eEees, BYnBRBBE. 05, aan§as i RgafeAgS.
pi pi ng menber, conprising a hol|ow body to be heated
charpatentzeditidl ghat hepe dicatakaering FETREE pishgarenpe @ porous
which is forned to pernmt a gas to be heated to be
mefak durtienial miernedmber penguBsmehabt iediebl thavingisddt and
of the body so as to be brought into close contact
raisdd phecensislepighdinclianinesdd ant heselfheonshat its layers
keepi ng nmenber is made of a porous netal materi al
anherlzisely puevlispped atitlc ebohl ohbet ngp stauseantie tip of any
one of the pieces to contact the metallic foil in the layer

adjacent thereto.

2. The gas heating method according to claim 1, wherein

the heat keeping member comprises a metallic core member.

3. A gas-heating piping member, comprising a hollow body
to be heated from the ocutside thereof, and a heat keeping member
which is formed to permit a gas to be heated to be passed into
the member and is inserted to the inside of the body so as to
be brought into close contact with the inside,
characterized in that the heat keeping member is made of a porous

metal material wherein a porous metallic foil having slit and
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18 raised pieces is spirally lamnated on itself so
that its layers are closely overlapped wth each
other to cause the tip of any one of the pieces to
re98dd el ebbg iPEg] +410f Parindtddén lidyel £ adj epntits layers are
thereto. 4. The gas-heating piping nmenber according to
ctbab I’ HverAghelngi e 2R3t oKREPIHA] cHRED &ihet @APr b5 &hydone of
netallic core nenber. 5. The gas-heating piplng
tABNBEECAE COG bt 4Ot 1 Met a10ri A fosherel BhEheaperosgiacent
metallic foil with the slit and raised pieces Is
tBBt-atped by causing a netallic foil material to pass
between a pair of rollers each having a cylindrica
surface having a |arge nunber of projections. 6. The
gas- heating piping nenber according to claim3 or 4,
wherepn thg ChRgesndfpidieigdTRkAbet ChdcdiRinOBb10140n 3,
100 pm thelTength of” one si'de of each of the hol es
whérf M ROONLQ: KAQpThg@RdmbBR! cBhptRged! AeMetad83d Sore
from about 200 to 780 m the helgﬁt thereof is from
m&éffs10 600 pm and the number of the slit and raised
pl eces ranges from 200 to 600 /cnR2. 7. A gas-heating
pi pi ng nenber, conprising a hollow body to be heated
fromthe outside thereof, and a heat keepi ng nenber

o Pt D SRS b B JERLAL ot

| nsi f.the body so as. to.be brought ipto_glos .
of oin ABe 2P EoR TR SR e AP £l KBERaflOha ratnea

pieces is obtained by causing a metallic foil material to pass
between a pair of rollers each having a cylindrical surface

having a large number of projections.

6. The gas-heating piping member according to claim 3
or 4, wherein the thickness of the metal foil is from 10 to 100
pm, the length of one side of each of the holes is from 200 to
700 pm, and that of the other sides is from about 200 to 700
pm, the height thereof is from 200 to 600 pm, and the number

of the slit and raised pieces ranges from 200 to 600 /cm®.
7. A gas-heating piping member, comprising a hollow body
to be heated from the outside thereof, and a heat keeping member

which is formed to permit a gas to be heated to be passed into
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the heat keeping nenber is made of a | arge nunber of
nmetallic spheres and the porous plates for hindering

the novenent of the netallic spheres in the passage
direction are fitted to both ends of the heat keeping
menber, wherein one of the porous plates is urged

toward the side of the other porous plate by neans of

an urging nenber. 8. The gas-heating piping nenber
according to claim7, wherein the body conprises a

tube and joint units fitted to both ends thereof, and

a step for receiving one of the porous plates is

ther mewbert rarehdls ohsehted dimtthgningideoot the body so as to be
brought intoc close contact with the inside, characterized in that
the heat keeping menber is made of a large number of metallic spheres
and the porous plates for hindering the movement of the metallic
spheres in the passage direction are fitted to both ends of the heat
keeping member, wherein one of the porous plates is urged toward the

gide of the other porous plate by means of an urging member.

8. The gas-heating piping member according to claim 7,
wherein the body comprises a tube and joint units fitted to both ends
thereof, and a step for receiving one of the porous plates is formed

in each of the joint units.
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