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
pi ping used in a sem conductor nmanufacturing machi ne,
a gas is required to bePHEEREHTEIONa predet er mi ned
tenperature in sonme cases. In general, therefore, the
pi p€hArEAF HYPMETHPR h AND ofpReS hidBRBING aROP heat MAMBESAmM
the outside thereof. [0003] Patent Document 1
describes a flexible piping menber wherein two pipes
are made into the formof inner and outer pipes so as
TROHN IQAIOVET Hig@at | ng, cool i ng and tenperat ure- keepi ng
effects. Patent Docunment 1: Japanese Utility Mde
[OAmalji cation Laid-Open No. HO1-91189 DI SCLOSURE OF THE
I NVENTI ON 1 PROBLEMS TO BE SOLVED BY THE | NVENTI ON

This 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,
a2 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 fiexible piping member
wherein two pipes are made into the form of inner and cuter pipes
so as to improve heating, cooling and temperature-keeping
effects.

Patent Document 1l: Japanese Utility Model Application

Laid-Open No. H01-91189

DISCLOSURE OF THE INVENTION



[ 0004] 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
PREGHIERS ITHCrEBasOIMEB &Y THRE INVHENTION Patent Docunent
1 is excellent in tenperature keeping effect;
[didx8ver, it cannot be said that the nenber is
sufficient for heating fromthe outside. Thus, a

furt gfer APEOVCERANG $chBeesSaRe. oF0805k sAns b g6t eRbmple,
the invention is to provide a heating nethod making
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increase arises. The member of Patent Document 1 is excellent
in temperature keeping effect; however, it cannot be said that
the member is sufficient for heating from ﬁhe 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 FCR SOLVING THE PROBLEMS
[0006]

The gas heating methed 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



menber is brought into close contact with the inside,
and further the piping nenber body is heated fromthe
outsi de thereof by nmeans of a heating nmeans. [0007]
The gas-heating piping menber according to this
invention is a nenber conprising a hollow body to be
heated fromthe outside thereof, and a heat keeping
menber which is formed to permt a gas to be heated
mgrgegie badeeeughtolnhe abebercantacs wasér the insidese and
i nside of the body so as to be brought into close
feortectthedpipihe hesbde. bpOP08E hmathd dasmhéaki ngtside
nmet hod and t he gas-heating piping nenber according to
thdwesof nvemteams ¢fiez phpangngembensbody is usually a
pi pe. The body nmay be a pipe joint for connecting
[@@PEs, or a block in which a passage is forned. The
material flowing therein is usually a gas. The
mat ertrad gEBYhBE tank Bikb thg mERS chept c KPEDAR & MENDL R nRARYIt 1 on
be made of a porous nmetal material or a larger nunber
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material and a netallic core nmenber. [0009] The porous
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to t?l%e:[nsf’dtlanocf t%or]gogy sc as to be brought into close contact

with the inside.
[0008]

In the gas heating method and the gas-heating 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 may be 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 perous metal sintered body cobtained 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




The porous netal material may be a product wherein
nmeshes are 3 lamnated in the passage direction. In
short, the porous netal nmaterial nay be a naterial
sel ected fromvarious materials as |ong as the
materials have a high thermal conductivity and can
keep a sufficient contact area with gas. The netal is,
for exanple, stainless steel, which does not react
lagdgiatpdii B e PRISSPES 81 BRChaR ed [fa S§8S tr ot Be RpgRsymetal
or aliquid to be heated) . Wen inportance is
magetrdcietayobehe rmat e tont ke iadttgd fuem yegdlousnmgtpsials as
copper or the like. The netal may be titaniumor sone
loviches et alat<hhies hethalves phiei gl thdmwual myaydustt inHiteh aingl can
| arge, are, for exanple, steel spheres. The spheres
kawy dbeutdde-iefnt dattexanptes wiah nhass S]Il'&lme‘tcailpr]a,, for
titaniumor sonme other netal. The heating neans is

exffley,alkiosi fl eys el e wh dtl el eotheaber eaklie¢ aith a
m cro-heater or a tape heater. O her various heating
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the hol | ow body. [0010] The porous netallic foil wth
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for example, stainless steel, copper, titanium or some other
metal. The heatingmeans is preferably, 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 hoilow body.
roo1o0}

The porous metallic foil 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 to 700 pm, and that of the other
sides is from about 200 to 700 pm. Such squares or rectangles
are the hocles. The height (projection quantity) thereof is from

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



are the holes. The height (projection quantity)

thereof is from 200 to 600 pm The nunber of the slit

and rai sed pieces ranges 4 from about 200 to 600

/cnm2. The size and the nunmber of the slit and raised

pi eces are appropriately selected, considering the

di aneter of the passage, the length of the passage,

pressure |oss, and others. [0011] Wen the ,
L rodROHENE P B it ©B8r 658 meTael fezeAnd Whennpmeersey (the slit

and raised pieces is spirally lamnated on itself, its
ancayeisesr plereseiye ARITEPPEL el Y Bed@dt estheonsd dedisw the

the tip of any one of the pieces to contact the
dipmtedldn of agible pPasthge,| ayer ladpsbentt therptesabna,t hirsssure

case, a netallic core nmenber may be used. The |l ength
ldss,t ndrassages direction of the spiral |am nation of

the porous netallic foil with the slit and raised
[gq@ileces does not need to be equal to the Iength of the

body. Plural |am nations nmay be arranged in series,

Wi t h e nMthiROUb o viertRitalon dd eoekelweer 2 11AY ¢0illhgith the

body. The lam nation of the porous netallic foil with

sitie 3d trandkd glsesdk i eces, LAM b MfenaOlaacsi Ngkelr, its
metal foil; thus, the lamnation is excellent in
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i pi ng e ody is heated fromthe outside
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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
cf a single metal foil; thus, the lamination is excellent in
thermal conductivity. When the hollowbody or the piping member
body is heated from the outside therecf, the heat keeping member
inside the body is alsc heated to substantially the same

temperature. The fluid to be heated passes 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 pericd, the

fluid receives heat from the high-temperature piping member,



pi pi ng nenber to the other end through passages
conposed of spaces nmade between the slit and raised
pi eces adj acent to each other and the holes made for
the pieces. In this period, the fluid receives heat
fromthe high-tenperature piping nenber, 5 and the
tenperature of the fluid is raised to a predeterm ned
tenperature. [0012] When the heat keeping nmenber is
anthddeoteapkaprgursuntberheof luid al ¢ inaisysbrtes 2 predetermined
preferred to fit porous plates for hindering the
tempegredntreof the netallic spheres in the passage
direction to both ends of the heat keeping nenber. It
[GGi2]preferred to urge one of the porous plates toward
the side of the other porous plate by neans of an

ur gi nthaterhes hefaar @ePIPIL memdeaOiilsethadief 00k 1at@e number
urgi ng nenber may be a leaf spring, or any other

ofS kiR 1heskdasrbhe ¢oit 8ty S0Fd NBeq e AIIINRG-JBBELtes For
may be an elastic nenber made of rubber or synthetic
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of the nmetallic spheres Is too Iarge, cont act
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the g]:}ler potr%%s o] a '!albcy I?l ans of an urging 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 q:esin, 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 thereof. The lower limit of the metallic sphere
diameter is not particularly limited. However,jjfthediameter
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



di aneter is not particularly limted. However, if the

dianmeter is too small, the spheres are not easily

handl ed and pressure |oss al so becones |arge. Thus,

the dianmeter is preferably 5% or nore, nore

preferably 20% or nore. In such a case, very good

thermal conductivity is exhibited and further gaps

through which a gas passes are sufficiently kept when
sphiga efeEdld icd oS ldpHerldedirint ddet yngilowdeddy o (Hets,

hol | ow body. Thus, efficient heating can be attai ned.
effhie ienttahleiad iggheres bar attaivedssi Theymetat édci apberhe are

holl ow body in a state that one of the porous plates
suiccewsddredy & istteppiimg opltatee hoTAewnbbdlyl io asphetesthat one

filled closely are sandw ched between the two porous

ofptht esosmuaplad e ibehsked BF-EGES R Adip UANENTITEN metallic
[0014] According to the gas heating nethod of this

spheMeRt ifan.] edacheak 1keapiengafBwbenedsbeigeehedhktotiBeporous
i nside of a piping nmenber body such as a pipe, so as

plla@ ke =By Qught, it g Llpse contact with the inside
t herefore, when the piping nmenber body is heated from

the outside thereof, heat of the piping nmenber body
conducts to the heat keeping nenber so that the heat

i qgﬁp j heated to a tenperature
E su sf%g?}al yagxﬁyfﬁqy)that of the piping nenber

[Ogﬁgﬁ. A gas to be heated is effectively heated to a
edeterm ned tenperature while the gas

According to the gas heating method of this inventicn,
a heat keepingmember 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 ocutside thereof, heat of the piping member body
conducts to thé heat keeping member so that the heat keeping
member is alsoc 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 1f the
heating length of the piping member body is made short, 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



passes in the heat keeping nenber. Accordingly, even
if the heating |length of the piping nenber body is
made short, heating can be attained to the sane
degree as in the nmethod w thout using any heat
keepi ng nmenber. [0015] According to the gas-heating
pi pi ng nenber of this invention, a heat keeping
menber is inserted to the inside of 7 a holl ow body,
a & ldow bopy, beoughttd Meobsbogbtcontactlede teareact with the
i nside; therefore, when the piping nmenber body is
iniaied theomidne ehesi déet hepeof, mérala¢ r odhe hodpted from
conducts to the heat keeping nenber so that the heat
tHeeapi e deeniesr et al Iseatheaf ethetidodyt espenatyr €o the heat
substantially equal to that of the body. A gas to be

kewgsiref rembe eet truakytheahest tieedp P dineSdR N&Aalso heated
tenperature while the gas passes in the heat keeping

tdRiMempe AGGH i AMSbarfviRM 1§ dhhed ivihd FWithdfhody. a
t he pi ping nmenber body is made short, heating can be

g tad ned faydde @@féég{f@elﬁshé%tR§%§t§gb {:%&?’g%%fggned

no heat keeping nenber is used.
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e\ ustrating a firs bodi ment” of "a gas- _
adU . er.. acc Lhg.to. t.his, invention, Fig. .21S
B 00 RS AL 00 e AL h 3R Rember
body is made short, heating can be attained to the same degree

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

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a vertical sectional view illustrating a first
embediment 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.

Flg. 4 is a graph showing measurement results of a change
in temperature of the gas-heating piping member of the first
embodiment.

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

inventicn.



Fig. 3is a flow diagramshowi ng a structure of a
testing machine. Fig. 4 is a graph show ng
nmeasurenent results of a change in tenperature of the
gas- heating piping nenber of the first enbodinent.
Fig. 5is a vertical sectional viewillustrating a
second emnbodi ment of the gas-heating piping nenber
accordlng to this invention. 8 Fig. 6 is a rap
showi g néadéirfERPhr @%9W@§gdmeaa31emmt e of a change
 tenperature of the gas-heating piping nenber of the

11 cklof ot efboER Fehe . O ANGTE ONC OF 1 REFERBNCE NEVBERSof the
[0017] (1) piping nenber (2) tape heater (heating

seeamd ) emp3yimeme. body (hol | ow body) (4) heat keeping
menber (11) porous netallic foil (11la) slit and
rai sed pieces (12) netallic core nenber (21) piping
menber (22) tape heater (heating neans) (23) pipe

EXRCANATob 00 bREWBRENCE NUMBERS

[0017]

(1) piping member

{2) tape heater (heating means)

(3) pipe body (hollow body)

(4) heat keeping member

(11) porous metallic foil

(lla) slit and raised pieces

{(12) metallic core member

(21) piping member

(22) tape heater (heating means)

(23} pipe body (hecllow 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]



(24) heat keeping nenber (24a) netallic sphere

(41) (44) porous plates BEST MODE FOR CARRYI NG QUT THE
I NVENTION [0018] Wth reference to the draw ngs,
enbodi nents of this invention will be described
hereinafter. [0019] 9 Figs. 1 and 2 show a first
enbodi ment of a piping menber suitable for carrying

out t as heat met hod of thjs invention. [0020]
Th| s %‘iﬁg a’b% gr(‘i‘ﬁ g 5%&%8@@9%%5%@%@ B (B rember
a hollom1body, a tape heater (2) as a heating unit
Stfﬂoﬁ%i%e OFPT tFREBXRY Rt ctreudnar brebing mpshpddpi( Shis
and a heat keeping nenber (4) inserted to be brought
invRnEdse contact with the internal circunference of
the body (3). [0021] The heat keeping nenber (4) is a

[&EPGlal | y-wound | am nation of a porous netallic foil
(11) (thickness: 50 n) wth slit and rai sed pieces

(11a)Thikc pdpdinaghgmbele (hpats degpigwgl weEnbhesips bamdde (3) as
of the single netallic foil (11); thus, the nenber is
a I @goabdy) hefampel heer@uct(ivyi k. aFﬂébBQh@Uﬁﬁat formed on
the external circumference of the body (3), and a heat keeping
member (4) inserted to be brought into close contact with the
internal circumference of the body (3).
[0021]

The heat keeping member (4) is a spirally-wound
lamination of a porous metallic foil (11) (thickness: 50 um)
with slit and raised pieces (1lla). Accordingly, the heat
keeping member is made of the single metallic foil (11); thus,
the member is very goced 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
(1la). Thus, gaps into which a gas passes is s.ufficiently 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 of projections.

[0022]
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the contact between the | ayers adjacent to each other

is not face contact that planes of the netallic foi

(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 netallic

foil (11L with the slit and raised pieces (1la) can

be oBtAihber for isexanpnrecdmt eaveihbet sisteaknicof gille pipe

material to pass between a pair of rollers each
bodavi(¥g .a Ehki Aidiceal (Surfisce mmtaid iax Aidrtge .nuben dhis

projections. [0022] 10 Afilter (5) is arranged at an
fidutelret( 59 deceddeaf hehe dirpe thedyapd) heathe fikhtea £B1L1 in

is anetallic filter. Wien this filter (5) receives
thieealerigeomtilie tapeHieatiartd?) (58 dadtidm 14 herevented.

tenperature of the filter (5) section is prevented.
[0o@323] In Fig. 2, a nmenber represented by alternate

long and two short dashes lines is a netallic core

nmenbern, £1g) 2, lafm&%&?%pyreséﬁ‘@e&‘%%t aK@@PﬁQQeWrand two
(4) is conposed of the porous netallic foil (11)

sh'i::I}% %é}gegrlqne@ Fg an%@?ﬁ§l&'écﬁ%ﬁ me%b?h ﬁffrl?%?essary,

I C materla, e net I C core rren’oe

th%oggélr:a':é %&%eﬂ%ﬁuﬁgng%%géég%éécgfet %OFPE\% m%t‘:alllc
foJie(Pi %hmah g:la?ncyralsed pieces (1la), 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 conditions, the test fluid
was nitrogen gas, and the test pressurewas 300 kPa at theprimary
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
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to 200C. Fig. 3 is a flow diagramof a testing machi ne
for making this neasurenent. About test conditions,
the test fluid was nitrogen gas, and the test
pressure was 300 kPa at the primary side. The
secondary side was open to the atnosphere. The test
flowrate was 5 SLM The test |line was heated to a
setup tenperature (200 C), and subsequently the
(Zhlabid iyl tefr t ) +t enfdroat wed anvasl jastemaiviedde THE) , and a
tenperature of tenperature-neasuring points was then
ma st drlded met{e@0251 ) Asanbl tbéraaedi s rodenpd 3o tthe atmosphere
testing nmachine has a structure wherein a gas to be
theaigd a $1bnt rotkiced sting kalvikeabbng gdse R A8@mperature
menber (1) through a pressure-reducing valve 11 (51) ,

atahiidest 652)he pibh oW nisiee Adiysdndenv@l e a6t 1eBRthereos
a mass flow nmeter (54), and the gas is opened to the

cal Mspheiurddreugh fedpOVarale @QhHéEé ngsyal ¥ﬁd(§§)7
The gas tenperature at an inlet of the piping nenbe

rdshe &g, 4 DAL &Itheageg Eg%?&%ggand e%aiﬂeg%e@e@ﬁu&?g Jiange of

vvlthterrp ature respective

Ieng@ﬁ-u O@a{)@é@@rl %&)wsnggsdé%eﬁa :acnlg a%%%‘gas a

di
il it a§é§86§\ve°%t i hBER T ohab "FasChEEs Cpanbay : 00 W,
ancf erst oc od f{ﬁ“f@ 4, about a nenber having no
[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,
Cn 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
slit 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 keeping nenber, the tenperature thereof is raised
only to about 100 C al though the outside setup
tenperature is 200C. On the other hand, according to
the piping nenber (1) of the invention having the
heat keepi ng nenber (4), the tenperature is raised up
to about 150C, and thus the heating efficiency is
l'argelyy inproved. [0027] The | ami nation of the porous
net alfliide Pdillystpatds B $¢reond [grbcgidierdi e8da piigdey member
(I'la) is wound around the cylindrical netallic core
supgpipdie (f02) caamyitd st rict wWas preaeitis ndrhgdsef fthm
the central portion from being rel eased and further
inyspgesn.heat to be kept in the core nmenber (12) itself
to inprove the heating efficiency. [0028] 12 Fig. 5
[OiORISYst rat es a second enbodi nent of a pipi ng nmenber
suitable for carrying out the gas heating nmethod of

the Thakeptpong he@BOtT Thip Pi RidipITIDe: (a2i!aliplesbody (23)
conposed of a plpe body (23) as a hollow body, a tape

ashgai&®T14@DoBs, @ REARLI Héaﬁéﬁn&ip%{?% R@Et‘iﬂ% ﬁééﬁgnfgrmed

circunferenceé of the bod y (23), and eat eep

ROt et ot o] 5P AL nea
keleBt:Lﬁ'Egnﬁlember (24) made of many metallic spheres (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
(31la) 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
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ci rcunference 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 nenber (31) having,
in the external circunference of its internediate

ortion, e Screw ortlon (31a) and having, in
J W%@%%%cﬂh@e‘? c% leevet §3 3gzonfronti ng end

ortion, a flange portion (31b) in a hexagonal prism

The other joint (26), which is on the left side

of the figure, is conposed of: a second joint menber

(32) 'lﬁmxmﬂ@allnﬁ st xea é7Aal) ad coertfarteheepohgingnber (24)

internediate portion, a flange portion (32a) in a
altexageralsppeirsm.f ofheadiahavengthéneof hies esdtertmall /4 of the

circunferences in the vicinity of both of its ends,
inmlde stirsgwe tpmr to Onshd 324 e amold¢ 322)) . a sl eeve (33)

joined to the pipe body (23) ; and a cap nut (34) for
[0dmdiecting the second 13 joint nenber (32) and the

sl eeve (33). [0031] The netallic spheres (24a) as the

heat ThReEH VG HTRIREsdAMd B astealbsphe(es; e (32) have

di aneter thereof is set to 1/4 of the inside dianet er

snﬁgﬁaggﬁgﬁggfgﬁgéiéagk (38?%%%$Qﬁﬂt'&%%p%%%l%%qgndhaVlng a
small diameter than the inside diameter 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, is interposed a gasket (46) for ensuring the
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smal | di anmeter passages (35) and (38), respectively,

having a small dianeter than the inside dianeter of

the pi pe body (23); and have, at their sides

confronted with the pipe body (23), Ilarge dianeter

passages (36) and (39), respectively, having a

di aneter equal to the inside dianeter of the pipe body

(2 Bet ween the snall di ameter passages (35) and
Se@éé}’-‘h&ﬁ&i’tﬁé Itegeordizangest ffdssages (36) and (39)

are formed steps (37) and (40), respectively. [0033]
[09Hé]sl eeve (33) is conposed of a body (33a) having the

same di aneter as the pipe body (23), and a flange

port Porif83Bpr fforimge: &t tehevedrad Inot gooiousedltardg hedl) is

pi pe body (23) . The top wall of the cap nut (34)
steonkachsot hhs ftamge3pordfi ame( I3kt jandcf menber (B2), the

cap nut (34) is screwed onto the nmale screw portion
ple82c)40f Haoeiseconduieid geahetet32yual hey eby fixmBGer of

the second joint nenber (32) . Between the sleeve (33)

thante £He diSeEYr bakBhgReber a(xﬁihav&a@aﬁaxgﬁ HNigE (808 made

confronted with each other, is interposed a gasket

to( A8¥ef ar sﬁaw&knalaﬁstéﬂ §ﬁ§ha£3hé' dYaRbrdhe EORML ORd et 14 ¢
face. [0034] A circular fringe of a netallic porous

spHEQE% Qé%%)'s Tﬁ§§L§¢?6HE fJ¥ES¥§¥3 Q%7L Qéoﬁggrf#iéEe for

I nt e te (41) "havi

prgb@H%E% %ﬂgaheEglEh% gpﬁ@?EQr Qﬁa from dropping cut when
and after the metallic spheres (24a) are filled.
[0035}

One end of a cylindrical compression ceoiled 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

of the other porous plate (41).
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the | arge di aneter passage (36) and having many hol es
(42) made  to have a smaller dianmeter than the
di aneter of the netallic spheres (24a) . This porous
plate (41) is a stopper plate for preventing the
metal lic spheres (24a) from droppi ng out when and
after the netallic spheres (24a) are filled. [0035]
e end of a cylindrical conpression coiled spring

[45fIhg an outside dianeter equal to the dianmeter of
the |large dianmeter passage (39) is struck onto the
st ep A4 dhet Rarsécondnforemberehdbl {8Aittemt tchdhe pipe
other end of this coiled spring (43), a circular

baget dRBi)¢ pbrovstaliatie fphPres (aarilraa)ngae:da whicchsihagetllye filled
same shape as used as the stopper plate, that is, an

irogt shete pigieabretigr (2guaints diwe ditinet etheobotrbasl algee (41)
di anet er passage (36), and has many hol es (45) made

id asbaves @ stapber mliare! eTherkaTtidls dhanetiesr gfortdis plate
nmetallic spheres (24a). The coiled spring (43) has a

(4t usakrkengeh 10006 than1bbeedi stanced fromndhenst eRiled
(40) of the second joint nenber é32 to one of the end

sgraeRs (@)t he QkEﬁn edyaf 23e ﬁ@orp&%{}?ﬁnﬂ eenBRial( '3'22)

spheres (24a) ed closely into pi pe body (2
t h f
BT S ol e (8) i

tﬁéﬂ@g@éS?ééFOd¥n(f§%F1&%? q§§allk%liﬁ. E%%e&%%a%2ﬁg?'filled
in the pipe body (23) are sandwiched between the two porous
rlates (41} and (44), so as tobe 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 therecf. 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 embodiment alsoc, the heating efficiency was
largely raised. 1In Fig. 6, “GAS 5 slm” and “GAS 10 sim”

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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into the pipe body (23) in a state that the porous
plate (41) 1is used as a stopper plate. Thereafter,
the other porous plate (44) is arranged inside the
sl eeve (33) and further the coiled spring (43) is
arranged at the second joint nenber (32) . The sl eeve
(33) is then fixed to the second joint nenber (32)
with the nut (34) . In this way, the nmetallic spheres
repagkypbfpl dedfeiranthéspypecbotigd(Pefvaee thadwmehethere the
between the two porous plates (41) and (44), so as to
mebelhétdsphecerdiagetd shhsrael hddda)t aeepipedgameniies case
(21) is forned by sinple works, the nenber (21) being
whgeeyngoodt ahltbespheresndbet nyeywhkrephagogapsSlow rate is
t hrough which a gas passes sufficiently, and causing a
lasgsll pressure [oss. [0037] About this piping nenber
(21), the netallic spheres (24a) were rendered stee
spheres and the testing machine in Fig. 3 was used to
nmeasure a change in the tenperature thereof. As a
INDESYREATSHPSE ARRBALI Yt he same results as in Fig. 4
were obtained as illustrated in Fig. 6. It was
gghfied that according to this enmbodi ment al so, the
[OE ! at ! .
ealing eff|C|ency was Iargely raised. In Fig. 6,
(gfslé ? dgr eG@S}‘l#OIﬁl%lt od 5 E:te: é.%gtlntv%t%tfllo%vy raatl:neesat
under s d t hat, accaordi thls menber ,
e R T DL Th S LR T8 § BRGFB S SRR e RB e Pody
case where the
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 tc the same degree as in the case of usiﬁg no heat
keeping member even if the heating length of the piping member

body is made short.
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nmetallic spheres (steel spheres) (24a) are used and
the case where no netallic spheres are used when the
gas flowrate is large. | NDUSTRI AL APPLI CABILITY
[0038] In the gas heating nmethod of this invention, a
heat keeping nenber is inserted to the inside of a
pi pi ng nenber body, such as a pipe, so as to be
brought into close contact with the inside;
therefore, when the pipi n§Adifer body is heated from
the outside thereof, heat of the piping nmenber body
conducts to the heat keeping nenber so that the heat
keepi ng menber is also heated to a tenperature
substlant Rabky kgabingomehacd pfwhdmee ipipiheg tmkebeing member
body. Thus, the gas to be heated is effectively
whiedt ednt branpméded erad nedo¢ ergqeared Useinbekreetihes @&% inside
passes into this heat keeping nenber. Accordingly,
oft ke phgahigngetde rbbodgt t At Bedhi eht Hige SPa® FHRYMRE PRSI in a
the case of using no heat keeping nenber even if the
sthaa! tRgtlenghbaef kd &iei f Pleh®eFeld o ihBoMdse contact
short. 17 CLAIMS 1.” A gas heati ng ne d wherein a

e ] e r t
witept hkeepisngnenhg fiﬁ@tﬁ@r‘:@@ec}é a pl S ngﬁ_g.s heated

heated is insérted to the insi

Hé’]tdﬁ(ﬁ/@l&é] E}‘I‘@rr%@? ﬁgr}%é’&ng §§eg hla u@tﬁég Lhat

the eat keepl ng ne rought into c cont act

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

the heat keeping member is made of a porous metal material.

3. The gas heating method according to claim 1, wherein
the heat keeping member is made of a porous metal material and

a metallic core member.

4. The gas heating method according to claim 2 or 3,
wherein the porous metal material is a product wherein a porous
metallic feil having slit and raised pieces is spirally

laminated on itself.
5. The gas heating method according to claim 1, wherein

the heat keeping member is made of a large number of metallic

spheres.

18



with the inside, and further the piping nmenber body is
heated fromthe outside thereof by neans of a heating
neans. 2. The gas heating nmethod according to claim1,
wherein the heat keeping nenber is made of a porous
metal material. 3. The gas heating nmethod according
to claiml, wherein the heat keeping nenber is nade of
a porous netal material and a netallic core nenber.
4. THe glds9redieal’netied naceerderg qnwt il ineadro B ow body
wherein the porous netal material is a product wherein
tabpdrenised feral the dwididemvhagesiti tamhed haasdtkquigspmenber
is spirally lamnated on itself. 5. The gas heating
whistthde dccoedi hg permliangks whebeilmeatde theadte kaepisr) into
menber is made of a |arge nunber of netallic spheres.
tHEB memb rgasrdh €at tngepk pdngo Me®elns L@EPSf iy bbdiplddWs to
body to be heated fromthe outside thereof, and a

bdheatogapiing: drethese ddricdct Svioh Medlet Onpepait a gas
to be heated to be passed into the nmenber and is
inserted to the inside of the body so as to be
brought into close contact with the inside. 7. The

“heat i cl . : - .

o S 1S LS A SR RSB, 1 ca00m
wH;B;_ICeglrndiﬂgget ?{)éa?% é]fe?ne Trlf]:f s e At & Q. BL PLAI, ntPcea{ls metal
material.

8. The gas-heating piping member according to claim 6,
wherein the heat keeping member is made of a porous metal

material and a metallic core member.

9. The gas-heating piping member according to claim 7
or 8, wherein the porous metal material is a product wherein
a porous metallic foil having slit and raised pieces is spirally

laminated on itself.

10. The gas-heating piping member according to claim 6,
wherein the heat keeping member is made of a large number of

metallic spheres.

11. The gas-heating piping member according to claim 10,

wherein porous plates for hindering the movement of the metaliic
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wherei n the heat keeping nenber is made of a porous
nmetal material and a netallic core nenber. 9. The
gas- heating pi ping nmenber according to claim?7 or 8,
wherein the porous netal material is a product wherein
a porous netallic foil having slit and rai sed pieces
is spirally lamnated on itself. 10. The gas-heating
pi pi ng, menber according to claim®6, wherein the heat
SDREESENYT TEH &2 SS9 Srdé I6EtAonA KR THUiRd tef PoRrbiands ©f the
spheres. 11. The gas-heating piping nenber according
hepd degidnpo memfieer-ei n porous plates for hindering the
novenent of the netallic 19 spheres in the passage
direction are fitted to both ends of the heat keeping
menber. 12. The gas-heating piping nmenber according to
cl ai A2l1, Thahgrseiteaonim b i phagposmbsr ploatoesiing tio @adiim 11,
toward the. side of the other porous plate by nmeans
whefredn uvhegi bg FREDEbrold. pTheegagshaabeagtpivRragtABNMBEHe of
according to claim11l or 12, wherein the body
theORheTe pod chltb @ 13t 3} MedHY tese fdrd t iﬂi% héfbe £nds
thereof, and a step for receiving one of the porous
plates is fornmed in each of the joint units. 20

13. The gas-heating piping member according to claim 11
or 12, 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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