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'DE.SCRIPTION

APPARATUS FOR HEATING HIGH-TEMPERATURE AIR

AND APPARATUS FOR DISPOSING OF WASTES

Technical Field

" The present invention reiates to the heat recovery
from gas of glevated temperature. More partiéularly, the
invention relates to an apparatus for heating
high-temperature air that is capable of recovering heat
energy out of burnt exhaust gas of elevated temperatﬁré by
heat exchange with air and hence of usind the resultant
heat energy to advantage, where_exhaust gas occurs during
incineration of wastes (in which are included combustibles
of general wastes such as municipal wastes disposed of by
households and offices and_also of industrial wastes such
as waste plastics, shredded car dusts, waste office
equipment, waste electronic equipment, waste cosmetic
containers énd the like) in a incinerator for municipal
wastes and in an iﬁcinerator for industrial wastes. The
invention alsc relates to aﬁ apparatus for disposing of

wastes which is provided with the above heating apparatus.

Background Art

An incinerator for municipal wastes and an
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incinerator for industrial wastes have been equipped with
an apparatus for heating high-temperature air in order to
recover and utilize the heat energy of burnt gas of
elevated temperature derived by incinerating those wastes.
This heating apparatus of high~temperature air is so
designed that heat is recovered by allowing air to flow
tﬁrough-a heat transfer conduit formed of a metal,
followed by heating of the air on heat exchange with the
burnp gas of elevated temperature. The heat energy thus
recovered is utilized as a heat source in decomposing
wastes thermally, in generating electricity and in other
systems.

In Fig. 49, there is shewn one form of a
conventional heatin§ apparatus of high-temperature air. A
burning melting portion 49 is located upwardly of a
burning melting furnace 53, and a heatlng apparatus 1 of
high- temperature air is disposed downwardly of that
apparatus. In the burning melting portion 49, gas and air
for use in combustion are supplied to a burner 56 so as to
burn combustible components such as wastes at a high
temperature of about 1300°C so that a melted slug 53f and
a burnt exhaust gas G are generated. ﬁsually, the burnt
exhaust gas G contains dust (refuse) and constitutes a
highly corrosive gas including corrosive materials such as

chlorine ahd hydrogen chloride which, however, depend on
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the kind of wastes. In such furnace, the burnt exhaust
gas flows at a temperature of 1000 - 1100°C and at a flow
rate of about 2 - 3 m/sec. The heating apparatus 1 of
high-temperature air is essentially constructed with a
heat transfer conduit 9 arranged to recover the heat from
the burnt exhaust gas G of high temperature stated above.
For the heating apparatus 1 of high-temperature air to
entrap heated air in-a iarge quantity, the heat transfer

conduit 9 is structured to be elongate and is usually

_disposed in a plurally paralleled posture.

It is required, therefore, that such heat transfer
conduit located in the incineration furnace and exposed to
a high temperatﬁre and to a highly corrosive gas
atmosphere should be sufficiently durable, in respect of
both the matérial and the.structu:e, with respect to the
corrosive gas of elevated temperature noted above. As
means for impartiﬁg improved corrosion resistance to the
heating apparatus of high-temperature air, it is thought
that a stud pin could be welded to the heat t:ansfer
condﬁit formed of a metal, and an castable refractory

material could be placed in surrounded relation to that

pin and that refractory bricks basically of a rectangular

parallelopiped shape could be arranged with their joints
connected lengthwise and widthwise. These systems permit

such a refractory material to act as a physical barrier
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against convection and mutual diffusion in a corrosive gas
phase, and therefore,'can somewhat prevent the heat

transfer conduit from getting corroded.

Problems to be Solved by the Invention

However, each such system leads to cracked |
refractory material; eventually.resulting in corroded and
impaired fixing jig for the refr%ctory material, or in
damaged and detached refractory material itself, because
of the difference in thermal expansion which arises from
combination of different materials.between the refractory
material and the metallic heat transfer conduit. This
causes a serious corrosion phenomenon in which the
metallic heat transfer conduit becomes corrosively damaged,
creating the problem that the heating apparatus of
high-temperature air suffers from shortened service life
and hence ffom reduced working efficiency with consequent
decline in the efficiency of heat recovery upon heat
exchange.

Moreover, the heat transfer conduit has the problem
that it is rather elongate and hence liable to be
thermally deformable and bendable. Another problem is
that since a plurality of heat transfer conduits are
disposed in parallel to each other, dust contained in an

exhaust gas gets deposited between those conduits, thus
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inviting reduced efficiency of heat recovery based on heat
exchange. |

One object of the present invention is to attain
prolonged service life in an apparatus for heating
high-temperature air and also to ﬁake the apparatus highly
efficiently workable, thereby gaining improved efficiency
of heat recovery througﬁ heat exchange. For other objects,
the invention provides an apparatus for heating
high-temperature air which is less thermally deformable
and less susceptible to dust deposition, and further an
apparatus for disposing of wastes which is provided with

such heating apparatus.

Disclosure of the Invention

In order to achieve the foregoing objects, the
present invention is constructed as will be described
hereinbelow.

In the invention recited in claim 1, there is
provided an apparatus for heating high—temperature.air‘
characterized in that such appratus is located for use in
an atmosphere containing a gas of elevated temperature and
has a heat transfér conduit disposed to heat, by means of
heat exchange with the gas of elevated temperature, air to
be heated and caused to flow through the heat-transfer

conduit, and such heat transfer conduit comprises a heat
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transfer pipe arranged to flow the air to be heated
therethrough, and a refractory protective pipe formed of a
refractory material and held in coaxiaily covered relation
to the heat transfer pipe ﬁith a gapping defined between
the protective pipe and the heat transfer pipe.

Accofding to this invention, the heat transfer pipe
(usually-formed of a metal) énd the refractory protective
pipe formed of a refréctéry material are less susceptible,
by the provision of such gapping, to mutual propagation of
those effects attributable to different thermal expansion
of the different materials used for formation of both
pipes. This makes it possible to reduce damaged and
dgtached portion of the refractory material which tends to
result from such varied thermal expansion.

In the invention recited in claim 2, there is

.provided an apparatus for heating high-temperature air

characterized in that such apparatus is located for use in
an atmoéphere containing a gas of elevated temperature and
has a heat transfer conduit disposed to heat, by means of
heat exchange with the gas of elevated temperature, air to
be heated and flowing through the heat transfer conduit,
and such heat transfer conduit comprises an inner heat
transfer pipe formed of a metal and opened at a tip
thereof, and an outer heat transfer pipe formed of a

refractory material and held in coaxially covered relation
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to the inner metallic heat transfer pipe with a spacing
defined between the outer and inner pipes, and after being
caused to flow through the inner metallic heat transfer
pipe; the air to be heated is heated with the gas of
elevated temperature while the former air is bging passed

at from the open tip of the inner pipe through the spacing

- between the innér and outer ‘pipes.

In this invention, damaged and detached portion'of
the refractory marerial due to the different thermal
expansion stated above can likewise be reduced by the
provision of such gap passage.

The invention recited in claim 3 is as set forth in
claim 1 or 2 and is characterized in that the refradtory
protective pipe or the outer refractory heat transfer pipe
is structured to have an angular face in cross section,
and the heat transfer conduit is disposed in a plural
number and fixed in face-to-face contact with the
adjoining protective pipe or heat transfer pipe at its
sectional angular face.

According to this invention, the refractory
protective pipe or the 6uter refractory heat transfer pipe
is formed to be angular in a tetrahedral shape or the like
when seen cross-sectionally, and the heat transfer conduit
is disposed in a plural number and fixed in face-to-face

contact with the adjoining protective pipe or heat



10

15

20

25

- 8 -

-transfer pipe. Theréfore, the heating apparatus of

high-temperature air so constructed leads to improved
structural rigidity, resulting in a marked decrease in the
thermal decompcsitidn discussed above. Furthermore,.such
face-to-face arrangement renders the apparatus flat
throughout the surface thereof and hence less prone to
dust depos;tion on the surf#ce than an arrangement having
a concave and convex surface so that the efficiency of
heat transfer can be maintained on a high'level and over
an extended period of time.

The invention recited in claim 4 is as set forth in
claim 1 or 3 and is characterized in that the heat
transfer pipe of the heat transfer conduit cdmprises an
inner heat transfer pipe formed of a metal, énd an outer
heat transfer pipe formed of a metal and held in covered
relation to the inner metallic heat transfer pipe with a
spacing defined between the two pipes, the air to be
heated is heated with the gas of elevated temperature
while the former air is being passed through the spacing
disposed between the inner and outer pipes, and such
refractory protective pipe is arranged to cover the outer
metallic heat trandfer pipe and disposed coaxially of the
latter pipe with a gapping defined between the protective

and outer pipes.

The invention recited in claim 5 is as set forth in
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claim 1 or 3 and is characterized in that the heat
transfer pipe of the heat transfer conduit comprises an
outer heat transfer pipe formed of a metal, and an inner
pipe arranged to communicate with one end of the outer
pipe with a spacing defined between the outer and inner
pipes, the inner pipe is formed into a.thermally-insulated
structure with a lower thermal conductivity than the metal,
and the air to be heated is heated with the gas of
elevated temperature along an outer wall of the outer
metallic heat transfer pipe whilelthe former air is being
passed through the spacing defined between the outer
metallic heat transfer pipe and the inner thermal
insulating pipe.

According to these inventions, the air to be heated
is heated alone which is allowed to flow through the

spacing defined between the outer metallic heat transfer

" pipe and the inner thermally insulating pipe, but the air

being passed through the inner thermally insulating pipe
is not heated together with the former air. Namely, the
air preéent in the inner pipe is thermally isolated such
that the temperature change of the air to be heatéd in the
inner pipe is held to so small an extent as to be
acceptable. Enhaﬁced heat transfer efficiency as well as
simplified temperature'control is thus feasible.

More specifically, with use of the heat transfer
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conduit consﬁructed such that the heat of the gas of
elevated temperature is recovered by allowing air to be
heated to flow through the spacing defined between the
outer metallic heat transfer pipe and the inner heat
transfer pipe, followed by discharging of the resultant
heat through the inner heat transfer pipe at from the one
end thereof made to communicate with the outer heat
transfer pipe, or with uée of the heat transfer conduit
constructed such that the heat recovery is effected by
flowing the air in a reverse direction, the heat of the
gas of elevated temperature is recovered by the air being
flowed in the spacing between such outer and inner pipes
and along the.metaliic wall of the outer pipe. In this
case, the recovered heat gets transmitted albng the

metallic wall of the inner heat transfer pipe up to the

air flowing through such inner pipe. For that reason,

conventional practice has the problem that the air present
in the inner heat transfer pipe is markedly changeable in
temperatﬁre, and the air to be heated when taken outside
is wvariable in temperature, the efficiency of heat
transfer being thus difficult to obtain as desired. 1In
order to gain desired heat transfer efficiency, the air
present in the outer heat transfer pipe located outwardly
of the inner heat transfer pipe is required to be

unnecessarily higher. This invites a small temperature
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- difference between a gas of elevated temperature and an

air in the outer heat transfer pipe with eventual need for
a wide area of heat transfér, forcing conventional
practice to employ an appératus of a large scale. The
present invention is so constructed that the heat of a gas
of elevated temperature is transmitted solely to an air to
be heated and caused to flow through the spacing between
the outer metallic heat tranéfer pipe and the inner
thermally inéulating pipe. That is to say, such gas heat
can be prevented from transmission up to an inner wall of
the inner pipe. Hence, a desirable efficiency of heat
transfer is obtainable. |

The invention recited in claim 6 is as set forth in
claim 5 and is characterized in that the inner pipe is
formed of a thermally insulatihg material of low thermal
conductivity other than a metal. The invention recited in
claim 7 is characterized in that the.inner pipe is_brought
into a thermally insulated structure in which the
thermally insulating material.is sandwiched with metallic
tubes. The invention recited in claim 8 is characterized
in that the inner pipe is brought inéo a thermally
insulated structure in which such pipe is formed of a
metal and in a double-piped vacuum-drawn érrangement. In
the invention recited in claim 9, the thermal insulating

material is specified to be ceramics. A highly thermally
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insulating material such as for example ceramigs is used,
as claimed, as a material itself for formation of the-
inner pipe so that structural simplicity is attained.

Thé invention recited in claim 10 is as set forth
in any one of claims 4 -.Q-and is characterized in thﬁt
the air to be heated is caused to flow in a direction
reverse to that of the gas of elevated temperature through
the spacing between the inner pipe and the outer pipe,
both of which pipes are arranged to constitute the heat
transfer conduit. This is conducive to improved |
efficiency of heat tranSfer.

The invention recited in claim 11 is as set forth
in an&’one of claims 1, 3 - 9 and is characterized in that
a plurality of support materials are fixedly placed -
outwardly of the heat t:ansfer pripe to thereby support the
refractory protective pipe.

_These support materials allow the gapping between

the heat transfer pipe and the refractory protective pipe

to be substantially uniform throughout the length thereof.

As a consequence of provision of the support materials,

even if such conduit and pipe are elongate, they are free -

"from fear of being in partial contact with each other.

Additionally, the refractory protective pipe of great mass
can be held in firmly supported relation to the heat

transfer pipe with the result that the former pipe is less
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likely to become unstable.

The invention recited in claim 12 is as set forth
in any one of claims 4 - 11 and is characterized in that
the gapping is defined to communicate with a passageway
for flow of the air to be heated with a through hole made
in a wall of the outer metallic heat transfer pipe.

This construction impaftS-to the: gapping a positive
pressure with respect to the external atmospheré, thus
decreasing a tendency for the gas of elev;ted temperature
to intrude from the outside into the refractory protective
pipe. The outer meta;lic heat transfer pipe can thus be
reliably prevented from getting corrosively deteriorated.

The invention recited in claim 13 is as set fbrth
in any one of claims 1 - 12 and is characterized in that a
partitioned gapping is defined at a region where a tip of
the heat transfer pipe is opposed to a tip of the
refractory protective pipe_or the refractory heat transfer
pipe, and the air to be heated is introduced into such
space ?artitioned at the pipe tips. The same beneficial
effects as in the invention of claim 12 are obtainable
also in the partitioned space.

The invention recited in claim 14 is as set forth

in any one of claims 4 - 11 and is characterized in that

' means is disposed for introducing extraneous air into the

gapping between the refractory protective pipe and the
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outer metallic heat transfer pipe.
In this invention, because the extraneous air is

introduced into the gapping between the refractory

'protective pipe and the outer metallic heat transfer pipe,

a corrosive gas can be completely avoided from becoming
reversely diffused toward and intermixed with the air to
be heated as would be encountered in purging the corrosive
géé by-léaﬁage of thé air to;be heated out of an opening
made in a wall of the heat transfer pipe. This reveals
enhanced anticorrosion and improved reliability concerning
the associated apparatus.

The invention recited in claim 15 is as set forth
in claim 14 and is charécterized in that a partitioned
gapping is defined at a region where a tip of the outer
metallic heat transfer pipe is opposed to a tip of the
refractory protective pipe, and the extraneous air is
introduced into such gapping partitioned at the pipe tips.

The same beneficial effects as noted in the invention of
claim 14 are attained also in the partitioned gapping. '

The invention recited in claim 16 is as set forth
in any one of claims 1 - 15 and is characterized in that
the tip of the refractory proteqtive pipe or the outer
refractory heat transfer pipe is fbrmed.in a convex shape

so as to be less resistant to gas flow of elevated

temperature.
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In this invention, such convex tip has a role to
relax those_thermal effects of concentrated thermal stress
and the like arising from contact of the refractory
protective pipe or the outer refractory heat transfer pipe
with the gas flow of elevated temperature, eventually
leading to reduced damage of wear and breakage as to the -
top end of.either of such pipes;

The invention recited in claim 17 is as set forth
in claim 16 and is characterized in that the convex shape
is of a hemisphericél shape. This hemispherical shape
makes it possible to uniformly distribute those thermal
effects having produced on the tip, contributing to -
furtherlreduced damage to the tip.

Additionally, the convex shape may be a conical

'shape as in the invention recited in claim 18 and a

polyhédral convex shape as in the invention recited in.
claim 19. fhe conical shape stated here includes a shape
in which the top end is chamferéd, and the polyhedfal
convex shape stated here denotes a convéxity shaped to
have a polyhedron such as a polypyramid, a polygon or the
like. In brief, the convex shape may be of a convexity
shaped by a planar face and either one or both of curved
faces as in the invention recited in c¢laim 20, and no
particular'restriction should be imposed on the convex

shape. A convexly streamlined shape may also be included.
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The invention recited in claim 21 is as set forth
in any one of claimé 16 - 20 and is characterized in that
the refractory protective pipe or the outer refractory
heat transfer pipe of the heat transfer conduit is shaped
like a circular pillar when seen outwardly sectinonally,
and either such pipe is formed to be smoothly extensive
from its convéx tip to its base portion. The invention
recited in claim 22 is as set forth in any one of claims
16 - 20 and is characterized in that the refractory
protective pipe or the outer refractofy heat transfer pipe
of the heat transfer conduit is shaped like a tetrahedral
pillar when seen outwardly sectinonally, and either suéh
pipe is formed to be smoothly extensive from its convex
tip:to-its base portion. Here, the smoothly extensive
structure is exemplified to be obtainable as by chamfering.

This 'structure can decrease those stepped or angular
portions tending to take place from the tip to the base,
alleviating the problems of weér and damége of the above
pipe which would result from contact with the gas of
elevated temperatufe flowing at a high speed.

The invention recited in claim 23 is as set forth
in any one of claims 1 - 15 and is characterized in that
the tip of the refréctofy'prdtective pipe or the outer
refractory heat transfer pipe is formed as a refractory

removable cap member.
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Therefore, even when the cap member is centrally
worn or damaged due to collision with the burnt exhaust
gas of elevated temperature caused to flow.at a high speed,
such cap is easily replaced by a new one.

Now, in the caee where the outer metallic heat
transfer conduit is constructed with the refractory
protective pipe located to flow the air to be heated
therethrough, the protective pipe disposed to cover the
heat transfer pipe with the gapping defined between the
two pipes, and the cap member is screwed with the space
provided at a region where the tip of the protective pipe
is opposed to.the tip of the heat transfer pipe, and in

the case where the outer metallic heat transfer pipe is

provided with a through hole for the air to be heated and

caused to pass therethrough to be partly flowed into the
gapping, euch cap is spiral;y secured, i.e., fixedly
screwed. The cap is therefore held by means of spiral
line contact. This means that no particular stress
concentration is existent even if the temperature change
(thermal cycling) is present befween room temperature and
high temperature, and detachment and damage are less
likely to take place. .Since, moreover, the gapping can be
so made in its inside as to have a positive pressure, the
gas of elevated temperature is prevented against intrusion

from the outside into the refractory protective pipe and
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the refractory cﬁp member. Also with this point taken in
view, part of the refractory material can be alleviated
from being impaired, and prolonged cycle of replacement is
rendered possible. |

To form the cap member into a rotatably screwing
type, it is required that, in the case where the heat
transfer conduit is arranged in a plural'nuﬁber and on a
parallel with each other with no gap left therebetween and
with the refractory protective pipe or the outer
refractory heat transfer pipe iongitudinally positioned in
parallel with the direction of gas flow, the outside
diameter of the cap member be so decided that the caps of
two adjacent heat transfer conduits are not impinged on
each other during rotation thereof. -

The invention recited in claim 24 is as set forth
in claim 23 and is characterized iﬁ that the cap member is
formed in a convex shape so as to be less resistant to
flow of the gas of elevated temperature. By uée of this
convex cap, those impacts brought about by gas flow of
elevated temperature are relaxed so that the cap itself is
prevented from wear and damage, and_the cycle of
replacement is prolonged.

The invention recited in claim 25 is as set forth
in claim 23 or 24 and is characterized in that the cap

member is screwed to the tip of the heat transfer pipe
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with a gapping defined at an opposed tip portion, the
screwing is effected with a partial gap, and the heat
transfer pipe is provided atits tip with a through hole
for the air to be heated and caused to pass therethrough
to be partly flowed into the gapping. Because the gapping
at the screwed portion can be so made in its inside as to
have a pdsitive pressure with respect tc the external
atmosphere, the gas of elevated temperature is ﬁrevented
against intrusion from the outside into the refractory cap
member and subsequent contact with the metallic heat
transfer pipe at the screwed portion.

The invention recited in claim 26 is as set forth
in any one of claims 23 - 25 and is characterized in.that
the refractory protective pipe or the outer refractory
heat transfer pipe of the heat transfer conduit is shaped

like a circular pillar when seen outwardly sectinonally,

‘and the cap member and either such pipe are connected to

each other in an externally smoothly extensive manner.
The invention recited in claim 27 is as set forth in any
one of claims 23 - 25 and is characterized in that the
refractory protective pipe or the outer refractofy heat
transfer pipe of the heat transfer conduit is shaped like
a tetrahedral pillar when seen outwardly sectionally, and
the cap member and either such pipe are connected to each

other in an externally smoothly extensive manner. Here,
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the externally smoothly extensive shape is obtainable by
forming such cap and pipe to have the same outside
diameter, or by chamfering such cap and pipe when they are
different in outside diameter.

The invention recited in claim 28 is as set forth
in any one of claims 1 - 27 and is characterized in that
the apparatus for heating high-temperature air comprises a
first air heater positioned upstream of a ﬁassége for flow
of the gas of elevated températuré, wherein a second air
heater positioned downward of such flow passage, the air
to be heated is supplied to and heated in the second air
heater, and the resultant air is then transported to and
heated in the first air heater.

The invention recited in claim 29 is as set forth
in claim 28 and is characterized.in that the apparatus for
heating high-temperature air comprises a'first air heater
positioned upétreémnéf a passage for flow of the gas of
elevated temperatﬁre, and a second air heater positioned
downward of such flow passage, the air to be heated is
supplied to and heated in the first and second air heaters,
respectively, and the two sorts of air heated are combined
together and then taken outside.

In the apparatus for heating high-temperature air
constructed as set forth in claim 28 or 29, the heat

transfer conduit can be made short in length and light in
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weight. This makes the associated suspension support
structure relatively light in weight and moreover permits
simple operation when in'dismantling the heat transfer
conduit from the flow passaje for the gas of elevated
temperature during maintenance. Namely, the present

invention enables the heat energy of the gas of elevated

. temperature to be recovered by the use of air, and the
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apparatus for heating high-temperature air for use of the
heat energy to advantage can lead not only to shortened
length per one heat transfer conduit and simplified
support structure and maintenance operation, but also to
simplified installation in terms of space and precision
and reduced deformation arising from thermal strain. Thus,
improved efficiency of heat transfer is attained.

In the apparatus for heating high-temperature air -
set forth in claim 28,llow—temperature air to be heated is
supplied to and heated in the second air heater. The -
outer heat transfer pipe and the inner heat transfer pipe,
both of which are arranged to.constitute the second air
heater, are made to communicate with each other at one end
of each pipe, specifically at a lower end of each pipe..
The low-temperature air_to be heated is selectively heated
by either one of a system in which such air is supplied
through the inner pipe to and heated in the outer pipe,

and a system in which such air is supplied through the
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outer pipe to and heated in the inner pipe. The former
system may be preferred from the point of view of thermal
efficiency. |

After being heated at a given temperature in the
second air heater as stated above, the air to be heated is
heated bf either one of a system in which such air is
supplied through the first air heater-constituting outer
heat transfer pipe to and heated in the inner tube, and a

system in which such air is supplied through the inner

‘pipe to and superheated in the outer tube. The latter

system may desirably be employed;

on the other hand, in the apparatus for heating
high-temperature air set forth in claim 29, tbe
low-temperature air to be heated is supplied to and heated
in the first air heater and the second air heater,

respectively. With use of the apparatus for heating

‘high-temperature air thus constructed, the area for the

flow passage of the air to be heated can be made greater
than that of the gas of elévated temperature with eventual
decline in pressure loss of the air to be heated. In such
instance, the low-temperature air to be heated is heated
by selecting either one of a system in which such air is
supplied through the second air heater-constituting inner
pipe to and heated in the outer heat transfer pipe, and a

system in which such air is supplied through the outer
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heat transfer pipe to and heated in the inner pipe. When
thermal efficiency is taken in view, the former system may
be desired. The air to be heated and conveyed to the'
first air heater is heated, as in the second air heater,
by selecting either one of a system in which such air is
supplied through the inner pipe to and heated in the outer
Héat transfer'pibe, and a system in which such air is
supplied through the outer heat transfer pipe to and
heated in the inner pipe. The latter system of the two
selections'is liable to suffer ffom increased temperature
of the air at an inlet of the gas of elevated temperature,
increased temperature of the pipe walls and increased
temperature of the refractory material. In. view of
durability, therefore, the former system may be suitably
selected.

The invention recited in claim 30 is as set forth
in claim 29 and is characterized in that the air to be

heated is partly supplied through either one of the first

"air heater-constituting heat transfer pipe or outer pipe

and the inner pipe to and heated in either the inner pipe
or the outer pipe, and the remaining portion of the the
air to be heated is supplied through either one of the
second air heater-constituting heat transfer pipe or outer
pipe and the inner ?ipe to and heated in either the inner

pipe or the outer pipe.
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The invention recited in claim 31 is directed to
the structure of a partition wall for use in an heat
exchanger, which partition wall is disposed to separéte an
air passage from an exhaust gas passage, cﬁa:acterized in
that the partition wall comprises a metallic wall placed
in contact on one side with the air passage, and a
refractory ﬁall placed in contact on one side with the gas
passage, a firsﬁ gapping is defined between the other side
of the metallic wall and the other side of the refractory

wall and made to communicate with a through hole made in

.the metallic wall, thereby flowing burnt exhaust gas

containing corrosive components and dust into the exhaust
gas passage, and a plurality of support materials are
securely attached to the other side of the metallic wall
so as to support the refractory wall. The invention
recited in.dlaim 32 is as set forth in claim 31 and isl
charactefizé& ih that a‘secénd gapping is defined between
the support.materials and the refractory wall and made to
communicate with the fifst gapping.

By the provision of these support materials, the.
gapping between the metallic wall and Fhe refractory wall
can be rendered substantially uniform throught the length
thereof, and the refractory wall of great mass can also be
held in firmly supported relation to the mgtallic wall.

This gives least fear of the refractory wall becoming
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unstable. Further, since the air is flowed via the
through hole into both the first gapping and the second
gapping, the gas of elevated temperature can be prevented
from intrusion into these spacings, and the metallic wall
and the support materials can be reliably avoided from
corrosion. Hence, the metallic wall and the like are
noticeably prolonged in service life.: In addition, the
metallic wall is less corrosive even at high temperature
so that it is possible to heat air at high temperature by
heat exchange with a larger quahtity of heat than is in
conventional practice. Energy efficieﬁcy can thus be.
improved as to the finished apparatus on the whole.

| In the invention recited in claim 33, there is
provided a process for producing a partition wall for use
in a heat exchanger wherein the partition wall is disposed
to separate an air passage from an exhaust gas passage,
the partition wall comﬁrising a metallic wall placed in
contact on one side with the air passage, and a refractory
wall piaced in contact on one side with the gas passage, a
first gapping is defined bétween the other side of the
metallic wall and the other side of the refractory wall
and made to communicate with a through hole made in the
metallic wall, thereby flowing burnt exhaust gas
containing corrosive components and dust into the exhaust

gas passage, and a plurality of support materials are
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securely attached to the other side of the metallic wall
so as to support the refractory wall, characterized in
that such process comprises the steps of disposing an
interlaminar material over the other side of the ﬁetallic
wall by covering vinyl sheet orlpapér.tape thereover, or
by coating tar or paint thereover, coating or sprajing
over the interlaminar material a water-containing castable
material in a predetermined thickness, heating the
castable material to dry and calcinate the same to fhereby
form the refractory wall and to remove the interlaminar
materiai therefrom, and subsequently defining the first
gapping on the refractory wall where the interlaminar
material has been removed.

The invention recited in claim 34 is as set forth
in claim 33 and is directed to the process for producing
the partition wall wherein a second gapping is defined
between the support materials and the refractdry wall and
made to communicéte with the first gapping, characterizied
in that such process comprises the Steps of disposing an
interlaminar material over the support materials, prior to
or after welding of the the support materials to the
metallic wall, by winding inéulating tape made of
polyvinyl chloride thereover, by covering vinyl hose cut
short thereover, by coating aqueous paint thereover, or.by

immersing the support materials in stodk solution of the
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aqueous paint, coating or spraying over thé interlaminar
material a water-containing castable material in a.
predetermined thickness, heating the castable material to
dry and calcinate the same to thereby form the refractory
wall and to remove the interlaminar material therefrom,
and subsequently defining the second spacing on the
support materials where the interlaminar material has been
removed. |

By use of these processes, a heat exchanger can be
produced as desired by the présent invention.

In the invention récited in claim 35, there is
prcﬁided an apparatus for disposing of wastes which is
provided with a thermal decomposition reactor in which
wastes are thermally decomposed to generate a thermally

decomposed gas and a thermally decomposed residue, a

' separator in which the thermally decomposed residue is

sepérated into combustible componehts and.incombuStible
components, a burning melting furnace in which the
thermally decomposed gas and the combustible components
are burnt at a temperature at which to_melt ash to thereby
discharge incombustible matter as melted slug, and an
appératus for heating high-temperature air in which the
heat of gas of elevated temperature is recovered by heat
exchange with air, characterized in that such apparatus

for heating high-temperature air is as set forth in any
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one of claims 1 - 30. This apparatus for disposing of
wastes can be impréved in its operating efficiency in line
with improved operating efficiency of the apparatus for

heating high-temperature air.

Brief Description of the Drawings

Fig. 1 is a longitudinally sectional view showing
important parts of one form of the apparatus for heating
high—temperature air according to the presenﬁ invention.

Fig. 2 is a horizontally sectional view shéwing
important parts of one form of the apparatus for heating
high-teﬁperature air according to the invention.

Fig. 3 is a schematically longitudinally sectional
view showing one form of the apparatus for heating
high-temperature air according to the invention.

Fig. 4 is a lbngitudinally sectional view showing
important parts of another form of the apparatus for
heating high—temperature air according to the invention.

Fig. 5 is a longitudinally sectional view showing
important parts of a further form of the gpparatus for
heating high-temperature air ;ccording to the invention.

Fig. 6 is a view showing the analysis results of
air temperatures in a heat transfer pipe of a comparative
example.

Fig. 7 is a view showing the analysis results of
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air temperatures in the heat transfer'conduit of the
invention. |

Fig. 8 is a longitudinally sectional view showing
important upper parts of still another form of the
apparétus for heating high—teﬁperature air according to
the invention.

Fig. 9 is a longitudinally sectional view showing
important top parts of still another form of the apparatus
for heating high—temperatﬁre air according to the
invention. |

Fig. 10 is a perspective view showing another form
of the heat transfer conduit of the apparatus for heating
high—temperatu:e air according to the invention.

Fig. 11 is a perspective view showing still another
form of the heat transfer conduit of the apparatus for
heating high—temperature_éir according to the invention.

Fig. 12 is a longitudinally secfioﬁal view showing
top parts of still another form of the apparatus for.
heating high-temperature air accérding to the invention.

Fig. 13 is a longitudinally sectional view showing
top parts of still another form of the apparatus for
heating high-temperature air according to the invention.

Fig. 14 is a perspective view showing important
prarts of a heat transfer pipe of the heat transfer conduit

according to the invention.
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Fig. 15 is a perspective view showing still another
form of the heat transfer conduit of the apparatus for
heating high-temperature air according to the invention.

Fig. 16 is a side view showing important parts of
still another form of the heat transfer conduit of the
apparatus for heating high-femperature air according to
the invention.

Fig. 17°is a side view showing important parts of
still another form of the heat transfer conduit of the
apparatus for heating high-temperature air according to
the invention.

Fig. 18 is a perspective view showing important
parts of still another formlof the heat transfer conduit
of the apparatus for heating high-temperature air
according to the invention.

Fig. 19 is a perspective view showing one form of
the apparatus for heating high-temperature air according

to the invention.

‘Fig. 20 is a perspective view showing another form
of the apparatus for heating high—temperature air

according to the invention.

Fig. 21 is a longitudinally sectional view showing
important top parts of a further form of the apparatus for
heating high-temperature air according to the invention.

Fig. 22 is a perspective view showing still another
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form of the heat transfer conduit of the the apparatus for
heating high-temperature air according to the invention.

Fig. 23 is a pérspective view showing still another
form Sf the heat transfer conduit of the the apparatus for
heating high-temperature air according to the invention.

Fig. 24 is a perspective view showing important
parts of still another from of the heat transfer conduit
of the the apparatus for heating high-temperature air
according to the invention.

Fig. 25 is a longitudinally.sectional view showing
important top parts of still another from of the apparatus

for heating high-temperature air according to the

- invention.

Fig. 26 is a persﬁective view showing still another
form of the heat transfer conduit of the the apparatus for
heatinq high-temperature air according to the inventioh.

' * Fig. 27 is a perspective ﬁiew showing still another
form of the heat transfer conduit of the the apparatus for
heatiné high-temperature air according to the invention.

Fig. 28 is a'perspective view showing still another

form of the heat transfer conduit of the the apparatus for

| heating high-temperature air according to the invention.

Fig. 29 is a longitudinally sectional view showing
important top parts of still another from of the apparatus

for heating high-temperature air.according to the
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inventién.

Fig. 30 is a perspective view showing still another
form of the heat transfer conduit of the the aéparatus for
heating high-temperature air according to the invention.

Fig. 31 is a longitudinally sectional view showing
important top parts of still another from of the apparatus
for heating highétemperature air according to the
invention.

- Fig. 32 is a longitudinally sectional view showing
important top parts of stilllanother from of thé apparatus
for héating high-temperature air according to the

invention.

Fig. 33 is a longitudinally sectional view showing
important top parts of still another from of the apparatus

for heating high-temperature air according to the

invention.

Fig. 34 is a-longitudihally sectional view showing
important top parts of still another from of the apparatus
for heating high-temperature air according to the

invention.

Fig. 35 is a schematically longitudinally sectional
view showing still another from of the apparatus for
heating high-temperature air according to the invention.

Fig. 36 is a schematically longitudinally sectional

view showing still another from of the apparatus for
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heating high-temperature air according to the invention.
Fig. 37 is a schematically longitudinally sectional

view showing still another from of the apparatus for

‘heating high-temperature air according to the invention.

Fig. 38 is a schematically longitudinally sectional
view showing still another form of the apparatus for
heating high-temperature air according to the invention. -

Fig. 39 is a schematic view showing one form of the
apparatus for disposing of wastes according to the
invention. |

Fig. 40 is a longitudinally sectional view showing
important parts of still another form of the apparatus for
heating high-temperature air according to the inyention.

Fig. 41 is a longitudinally sectional view showing

.the heat exchanger of Fig. 40.

Fig. 42 is a horizontally sectional view taken
along the line IVI - IVI of Fig. 41.

Fig. 43 is a sectional view, partly enlarged, of

the heat exchanger of Fig. 40.

Fig. 44 is a horizontaliy sectional view taken
along the line IVIV - IVIV of Fig. 43.

Fig. 45 is a front elevational view showing pa;t of
a surface of a metallic sheet. |

Fig. 46 is a sectional view showing important parts

as concerns experiments of the heat exchanger of Fig. 40.
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Fig. 47 is a horizontally sectional view similar to

Fig. 42.

Fig. 48 is a sectional view, as partly enlarged, of

- Fig. 47.

Fig. 49 is a schematically sectional view showing
an apparatus for heating high-temperature air according to

the prior art.

Modes of Carrying Out the Invention

Embodiment 1

With reference to the drawings, certain specific
embodiments of the apparatus for heating high-température
air according to the present invention are described
hereinbelow.

Fig. 1 is a longitudinally sectional view,
vertically cut, of one form of the appargtqs for heating
high-temperature air according to the invention, and Fig.
2 is a horizontally sectional view, laterally cut, of one
form of the apparatus for heating high-temperature air
according to the invention and also is a sectional view
taken along the line II - II of Fig. 3 to be described
later. Fig. 3 is a schematically side view showing the
manner in which the apparatus for heating high-temperature
air according to the invention is installed.

In the embodiment shown in the figures, an
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apparatus 1 for heating high-temperature air has a heat
transfer conduit 5 constructed with an inner metallic heat
transfer pipe 2 opened at its tip and an outer metallic
heat transfer pipe 4 closed at its tip with a spacing 3
defined between the two pipes. A refractory protective
pipe 6 closed at its tip and formed of a refractory
material is disposed in coaxially covered relation to the
heat transfer conduit 5 with a gapping 7 defined between
such protective pipe and the outer pipe 4 of the conduit 5.
As metals for use in constitﬁting the heat transfer
conduit 5, SUS 310 and the like are preferable which are
excellent in heat resistance and corrosion resistance. In
addition, the section thicknesses of the inner pipe 2 and
the outer pipe 4 of the heat transfer conduit 5 are
desirably in the range of about 4 - 6 mm in consideration
of strength, durability, weight and the like. Preferably,
the inside diameter of the inner pipe 2 acting as a
passage for air flow is in the range of 30 - 70 mm, and
the width (1/2 of the difference between the inside
diameter of the outer pipe and the inside diameter of the
inner pipe) between thé outer pipe 4 and the inner pipe 2
is preferably in the range of 10 - 30 mm. It can be said
to be more desirable that a corrosion-resistant film is
formed ‘on an outer surface of the outer heat transfer 4.

Suitable materials for use in the corrosion-resistant film



10

15

20

25

- 36 -

are sole oxides such as alumina, silica and the like, or
cqmplex oxides such as mulite, spinel and the liké, and
the film thickness is chosen as is needed in attaining
co;rosion resistance, thermal cycling and the like. Thus,
the outer pipe 4 can be more reliably protected from
corrosion. |

As refractory'méteriéls used "for the refractory

protective pipe 6, refractories are suitable which do not

- form low-melting compounds even upon reaction with

components contained in waste-incinerated ash. For
instance, a high—-alumina refractory, a chromia refractory,
a silicon carbide ref:actory And the like are preferred.
The section thickness of the protective pipe 6 is
preferably in the range.of about 20 - 30 mm so as to
obtain heat transfer efficiency and corrosion resistance.
Moreover, the gapping 7 between the protective pipe 6 and
the cuter heat transfer pipe 4 is preferably in the range
of about 1 - 2 mm (1/2 of the.difference between the
inside diameter of the protective pipe 6 and the outside
diameter of the outer pipe 4). Too large a spacing is
responsible for reduced efficiency of heat transfer and
also for large~sized apparatus 1 for heating

high~temperature air. Conversely, too small a spacing

fails to sufficiently avoid damage which would result from

the difference in thermal expansion.
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Void filling of such a refractéry can remarkably
decrease the quantity of gas tending to diffusively
transmit the protective pipe 6 and can also enhance the
corrosion resistance of the refractory itself. This void
filiing may be effected by immersing the refractrory
protective pipe 6 in a liquid such as alumina sol, alumina
slurry or the like that clogs the voids of the refractory,
followed by drying and subseéuent'calcination of the
immersed'pipe. By means of the void filling, for example,
an average void diameter of 10 pum or so prior to treatment
may be reduced to that of 5 um or below.

The apparatus 1 for heating high-temperature air is
so arranged that the heat transfer conduit 5 and the
refractory protective pipe 6 are positioned.to be axially
vertical. The protective pipe 6 has invertéd triangular
holeé 6a, 6b made on an inner surface of a sealing end
area 6A thereof, whereas the outer pipe 4 has pawl-shaped
protrusions 4a, 4b formed on an outer surface of a sealing
end area 4A thereof, these protrusions being
interengageable with the holes 6a, 6b of the protective
pipe 6. The protective pipe 6 is supported with resbect
to the heat transfer conduit 5 by interengagement of the
holes 6a, 6b with the protrusions 4a, 4b. In the
embodiment seen in Fig. 1, the pfotective piﬁe 6 is

supported by the heat transfer conduit 5 only with the
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holes 6a, 6b and the protrusions 4a, 4b interengaged with

each other, and other support members for use in
supporting the weight of such protective pipe are not
disposed.

The apparatus 1 for heating high-temperature air in
this embodiment is located vertically in a gas stream
{arrowed by G) of elevated tempefature and -high _
corrosiveness in an incinefator. Air 8 to be heated
descends through the inner heat transfer pipe 2 and then
ascends (arrowed) from an open tip 2A of the inner pipe 2
through the spacing 3 defined between the inner Pipe 2 and
the outer pipe 4. During that time, the air to be heated
is subjected to heating by the external gas flow G of
eievated temperature and high corrosiveness.

At a base end (top end) of the heat transfer
conduit 5, there are located means .for introducing the air
8 to be heated aﬁd means for discharging the heated air,
neither of which is shown. The heat energy recovered is

thus used to advantage.

In the apparatus 1 for heating high-temperature air,
the heatltransfer'conduit 5 is covered on its outer side
by the refractorf protective pipe 6 so that such conduit
is protected from corrosion oh contact with the gas of
elevated temperature and high corrosiveness and hence is

made.highly'durable. Furthermore, even where the
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difference in thermal expansion takes place between the
metal constituting the outer heat transfer pipe 4 and the
refractory constituting the refractory protective pipe 6,
those dimensional changes related to thermal expansion are
less likely to mutually propagate because of the gapping 7
provided between the outer pipe 4 and the protective pipe
6. Hence, the protective pipe 6 is prevented from damage,
delamination, detachment'and the like. Additionally, the
support structure is simple between the refractory
protective pipe 6 and the ouﬁer heat transfer pipe 4, and
the jointing ratio is small as to the refractory in the
refractory protective pipe 6. This serves to prevent the
outer heat transfer pipe 4 from impairing.

Moreover, as viewed in Fig. 2 and Fig. 3, a
plurality of heat transfer conduits 9 constituted with the
heat transfer pipe 5 and the refractory protective pipe 6
are formed in a sectionally square shape and secured in

series and in face-to-face contact with the adjoining

conduit 9 and the protective pipe 6. That is to say, the

heat transfer conduits 9 except for the two outermost ones
are placed on left and right sides in face-to-face contact
with the adjoining conduits 9. Such conduits are mutually
-fixed by use of connecting means not shown so that they

are highly rigid and wholly resistant to thermal

decomposition. Each of the heat transfer conduits 9 is so
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a?ranged as to be coextensive and flat on its outer
surface as shown in Fig. 2. This coextensive flat surface
contributes to reduced deposition of dust.

Owing to the above face-to-face contact fixing in
series according to the present invention, the apparatus 1
for heating high-temperature air is rendered highly rigid
enough to be wholly resistant to thermal_decompositionf
Thus, such thermal decomposition is cohspicuously
decreased in a high-temperature atmosphere, especially in
a passage for the flow of burnt exhaust gas immediately
after combustible residues such as ash and the like are
incinerated at a high temperature (1200°C or higher) into
molten slug. | | |

Embodiment 2

Embodiment 2 of the present invention is described
with reference to Fig. 4. The heat.transfer conduit 9 of
the heating apparatus of high-temperature air is arranged,
as shown in Fig. 4, in an atmosphere containing a
corrosive gas G of elevated temperatﬁre diséharged as from
an incinerator not shown. An air 8 to be heated and
caused to flow through a metallic heat transfer pipe § is
heated by heat exchange with the gas G of elevatéd
temperature, the heat transfer pipe 5 being covered by a
refractory protective pipe 6. The heat transfer pipe 5 is

constructed with an outer metallic heat transfer pipe 4
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sealed at one end with a sealing material 10, and an

inner tube 2 inserted in and communicating with the outer

. pipe 4 through an open tip 2A of the latter pipe. A

gapping 7 is defined between the outer heat transfer pipe
4 and a refractory protective pipe 6, and the air 8 is
flowed counter to the flow of the gas G of elevated
temperature in the innéf pipe 2 and in a.spﬁcing 3 as an
air passageway betweén the outer pipe 4 and the inner pipe
2. In the present invention, the inner pipe 2 is brought
into a thermally insulated structure with use of a
material of a lower thermal conductivity than a metal.
The inner pipe 2 is made to communicate at its base end,
not shown, with an inlet of the air to be heated.

More specifically, the inner pipe 2 shown in the
embodiment 6f Fig. 4 is constructed in doubie—piped form
and also in a thermally insulated structure in which a
thermal insulating material 11 is sandwiched and filled as
shown between the two pipes, or in a thermally insulated
structure in which vacuum is drawn in between the two
pipes (not shown). Moreover, the inner pipe 2 may be
biought into a thermal insulated structure in which the
whole is formed of ceramics as seen in Fig. 5.

With use of the above thermal insulating structuré,
the air 8 to be heated and flowed through the spacing 3 is

heated alone without the air 8 to be heated in the inner
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pipe 2 exposed to simultaneous heating. Thus, the
temperature change of the air 8 to be heated in the inner
pipe 2 is held to so small an extent as to be acceptable.

To allow the air 8 to be heated to flow counter to
the flow of the gas G of elevated temperature in the
spacing 3, the air 8 to be heated may be flowed in two
varying directions according to the flow direction of the
the gas G of elevated teémperature. That is, when the gas
G of elevated temperéture is flowed as shown by the arrow
Gd, the air 8 to be heated is flowed and heated as arrowed
by 8d as through an air supply tube 12 so connected to the
spacing 3 as to introduce the air 8, and the air 8 is
caused to return at a top end of the inner tube 2 into the
latter tube and thereafter taken outside. As another way
of flow, where the gas G of elevated temperéture is flowed
in a direction reverse to the arrow Gd, ﬁhe air to be
heated is first flowed in the inner pipe 2 and returned at
the top end into the spacing 3 of the outer heat transfer
pipe 4 and in a directiqn reverse to the arrow 8d. Thus,
the heat of the gas of elevated temperature is recovered
and then taken outside. In both ways of flow) the air
alone flowing through the spacing 3 recovers thé heat of
such gas, while the air flowing through the inner pipeée 2
stands thermally isolated.

The outer heat transfer pipe 4 is covered by the
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refractory protective pipe 6 with the gapping 7 interposed
therebetween. When used at high temperature, a top end of
the refractory protective pipe 6 ié made movable
downwardly of the heat transfer pipe 5 as by a bellows not
shown in order to compensate for the different thermal
expansioq coefficients between the outer pipe 4 and the
protective pipe 6. With the heat transfer pipe 5 ana the
refractory profective pipe 6 caused to relatiﬁély move
with use of the gapping 7 at room temperature and at high
temperature, the heat transfer pipe 5 and the refractory
protective pipe 6 are preveted from getting mutually
impaired in respect of their respective thermal expansions
even at high temper#ture.' Desirably, extraneous air for
example be introduced in the gépping 7 to thereby avoid a
corrosive gas of eleVated temperature from intrusion into
a wall of - the refractory protective pipe 6 and subsequent
contact with the heat transfer pipe 5. 'The refracdtory
protective pipe 6 is secured at its tip to a tip

protecting material 13 of a. refractory nature that is

‘disposed to cover a sealing material 10, and gappings 7

are also defined between the refractory protective pipe 6
and the outer heat transfer pipe 4 on its outer surface
and between the tip protecting material 13 and the sealing
material 10, these gappings being partitioned from the

above stated gapping.
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Also in this embodiment, the outer heat transfer
pipe 4 is covered on its outer surface with the refractory
protective pipe 6 with the result that the former pipe is
protective against the gas of elevated temperature and
high corrosiveness and hence excellent in durability.
Furthermore, because of provision of the gapping 7 between
the outer heat transfer pipé'4 and the refractory
protective pipe 6, the dimensional changes of both pipes
resulting from thermal expansion do not mutually propagate
even if the difference in thermal expansion occurs between
the metal constituting the outer heat tranéfer pipe 4 and
the refractory constituting the refractory protective pipe
6. In consequence, the refractory protective pipe 6 is
prevented from damage, delamination and detachment.
Besides and preferably, thé heat transfer pipe

constututing metal is SUS 310 or the like which is highly

-resistant to heat and to corrosion. The section

thicknesses of the inner pipe 3 and the outer heat
transfer pipe 1 are set to be preferably in the range of
about 4 ~ 6 mm, but they are decided in terms of strength,
durability, weight and the like. The insidé diameter of
the inner pipe 2 for use as a passage of the air 8 to be
heated is preferably in the range of 30 - 70 mm, ahd the
width (1/2 of the difference between the inside diameter

and the outside diameter of the inner pipe) of the spacing
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3 between the ocuter heat transfer pipe 4 and the inner
pipe 2 is preferably in the range of 10 - 30 mm.

Next, this embodiment is described with regard to
its operation and with refereﬁce to Fig. 4. The heat
transfer pipe 5 is arranged in a vertical posture in a gas
stream (arrowed by Gd) of elevated temperature and high
corrosiveness in an incinerator so that the air 8 to be
heated is introduced into .the spacing 3 of the outer heat
transfer pipe 4 and descends in the spacing 3 and then
ascends through the open tip 2A of the inner pipe 2 ip the
latter pipe (arrowed by 8d). During that time, such air is
heated with an external gas stream of elevated temperature
through the refractory protective pipe 6 and the wall of
the outer heat transfer pipe 4. In this instance, the air

8 to be heated and caused to pass through the spacing 3 is

- heated alone with the gas G of elevated temperature, but

the the air 8 to be heated and caused to pass thﬁough the
inner éipe 2 thermally insulated is not exposed to heating.
NameLy, since the air contained in the inner pipe 2 is
thermally isolated, the temperature change of the air 8 to
be heated is held in the inner pipe 2 to small an extent
as to be acceptable. Hence, high efficiency of heat
transfer is attainable.

" The analysis results as to the reiationship between

the length of the heat transfer pipe in the heat transfer



10

15

20

25

- 46 -

pipe 5 of this embodiment and the temperature of the air
are shown in Fig. 6 and Fig. 7. In these drawings, La
refers to the inner pipe, Lb to the spacing and Le¢ to tﬁe
gas of elevated temperature. Fig. 6 is directed to a
comparative example and hence to the analysis results
obtained for an inner metallic heat transfer pipe formed
of a carbon steel in common use, but not of a thermally
insulated structure. This case reveals that the
temperature of an air to be heated reaches the highest at
a ﬁip of the heat transfer pipe and that after being
flowed and returned in such pipe, the air causes a sharp
decline in temperature at a base end (discharge outlet) of
such pipé. As contrasted, where the inner pipe is of a
thermally insulated structure as viewed in Fig. 7, the
decrease in temperature of the air to be heated in fhé
inner pipe is small between a tip end of the heat transfer
pPipe and a base end thereof as shown. When Fig. 6 and Fig.
7 are compared with each other, it is found that the inner
pipé of a thermally insulated structure allows the
temperaturé change of the air to be heated in such pipe to
be held to so small an extent as to be acceptable.

Embodiment 3

Embodiment 3 of the present invention is described
with reference to Fig. 8 and Fig. 9.

As shown in .Fig. 8 and Fig. 9, an apparatus for
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heating high-temperature air is so constituted tﬁat a heat
transfer conduit 9, i.e., a metallic heat transfer pipe S
covered with a refractory protective pipe 6, is used in
heating an air 8 to be heated and caused to flow in the
heat transfer pipe 5 upon heat exchange with a gas G of
elevated temperature. The heat transfer pipe 5 is
constructed with an outer heat transfer pipe 4 and an
inner pipe fixed thereto and opened at its tip end with a
spacing 3 defined between both pipes for use as a flow
passage of the air 8 to be heated. An upper port 14 is
secured to an upper outer surface of the outer heat
transfer pipe 4 with hermetic sealability retained.
Defined between the outer heat transfer pipe 4 and
the refractory protective pipe 6 is a gapping.7 in which
means 16 (air introduéing pipe) is provided for
introducing therein extraneous air so as to purge the
corrosive gas G of elevated temperature. That is, an
extraneous air 17 is introduced in the gapping between the
outer heat transfer pipe 4 and the refractory protective
pipe 6, such extraneous air being completely isolated from
the air 8 to be heated, so that even upon intrusion of the
corrosive gas of elevated temperature through é wall of
the refractory protective pipe 6 into the gapping 7, this
gas is prevented from getting reversely diffused toward

the air 8 to be heated or intermixed therewith. This
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makes the heat transfer pipe and'the like highly durable
against corrosion at high temperature.

The upper port 14 of the heat transfer pipe is
attached on a lower.surface to an upper end surface of a
bellows 18, and the beilows lé is secured on its lower end
surface to an upper end surface of a refractory presser 19.

These attachments are effected as by welding so as to

' providefhermetié'sealability;' The refractory protective

pipe 6 is secured at one end to a lower end surface of the
refractory presser 19. When in use at high temperature,
an upper end of the refractéry proteqtive pipe 6 is moved
downwardly of the heat transfer pipe 5 by the action of
the bellows 18 due to the difference in thermal expansion
between the outer heat transfer pipe 4 and the refracrtory
protective'pipe 6. By the provision of the bellows 18,
the extraneocus air 17 qan.be-introduced at high
temperature while the outer heat transfer pipe 4 and the
refracrtory protective pipe 6 are being relatively moved
at room temperature and at high temperature. The
extraneous air 17 flows along the inner.surfaces of the
bellows 18 and the refractory presser 19 and also along an
outer surface of a fixing fitment not shown for use in
fixing the protective pipe 6, eventually filling up the

gapping 7.
In this embodiment, the refractory protective pipe
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6 is fixed at its tip end to a refractory top end 15
placed to cover a lower sealing portion 10 of the outer
heat transfer pipe 4 by the use of a male screw 20 and a
female screw 21. That is, the male screw 20 is protruded
downwardly in the lower sealing pbrtion 10 of the outer

heat transfer pipe 4. The female screw 21 is interengaged

- with the male scréw 20 in the refractory top end 15 and

with the gapping 7 provided. By means of the male screw
20 and the female screw 21, the refractory protective pipe
6 is spirally interengaged at a lower end with the
refractory top end 15 with the gapping 7 defined
therebetween. The gapping 7 in this top end is
partitioned by the lower sealing portion 10 from the other
gapping 7 stated above, and a through hole 23 is made in
the lower sealing portion 10 so that the extraneous air 17
is introduced also into the gapping 7 in the top end.

In this embodiment, it is desired that the metallic
material used to constitute the heat transfer pipe, the
section thicknesess_of the inner heat transfer pipe and
the outer heat transfer pipe, the inside diameter of the
inner heat.transfer pipe} the spacing 3 between the outer
and inner pipes and the like be set as in Embodiment 1 or
2,

Embodiment 4

Embodiment 4 of the present invention is described
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below with reference to the drawings.

Fig. 10 is a perspective view showing one form of
the heat transfer conduit of the apparatus for heating
high-temperature air according to the invention, and Fig.
11 is a perspective view showing another form of the heat
transfer conduit. Heat transfer conduits 9 shown in these
drawings have a refractory protective pipe 6 disposed over
theif respective surfaces and prévide an elongaﬁe
tetraheral shape as seen horizontally sectionally. These
conduits are arfanged in a flow passage of a burnﬁ exhaust
gas G of elevated temperature which is derived by burning
combustible components such as wastes or the like at a
temperature as high as about 1300°C so that heat recovery
is carried out from the burnt exhaust gas G of a high -
Femperature of 1000 - 1100°C allowed to flow at a speed of
2 - 3 m per secqndu For use in formation of the
refractory protective pipe 6, refractory materials are
employed which are composed predominantly of alumina and
also contain chromium oxide, zirconia and the like. The
refractory protective pipe 6 of the heat transfer conduit
9 is formed at its tip end 24 into a convex hemispherical
shape that is less resistant té the stream of gas. In
this embodiment, sﬁch protective pipe is formed in such a
manner that the diameter of such semispherical ﬁortion is

substantially identical to the length of one side of such
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tetrahedral portion.

The tip end 24 in the convex shape acts to relax
those thermal effects such as concentrated thermal stress
arising from contact with a stream of gas of elevated
temperature with consequent reduction of such tip end in
réspect of damage such as wear and breakage. 1In
particular, since the convex portion of the tip end 24 is
formed in the semispherical shape, those thermal effects

applied to the tip end 24 are uniformly distributed

_throughout the latter end. This serves to further

decrease damage to the tip end 24.

In the heat transfer conduit 9 seen in Fig. 10, the
semispherical tip end 24 and a base end of the sectionally
tetraheral shape have stepped portions 25 formed at their
conrners. Desirably, eéch such stepped portion 25 is
formed as small as possible to preclude the concentrated
thermal stress noted above. Illustfated in Fig. 11 is a
heat transfer conduit 9 constructed in consideration of |
that point, and this conduit is dévoid of those stepped
portions. Namely, the heat transfer conduit 9 is made
smoothly extensive from the tip end 24 to the base end
with the heat transfer conduit 9 of Fig. 10 subjected to a
chamfering 26 at its stepped portions on four corners.

Fig. 12 is a sectional view showing the tip end of

the heat transfer conduit 9 viewed in Fig. 11 and taken
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along the line XII - XII. As seen in Fig. 12, the heat
transfer conduit 9 is so constructed that an air 8 to be
heated and allowed to flow through an outer heat transfer
pipe 4 is heated on heat exchange with a gas G of elevated
temperature by use of such outer heat transfer pipe formed
of a metal and covered with a refractory protective pipe 6.
The refractory protective pipe 6 has an inverted
triangular hole 24a made on an inner surface the tip end
24, and the outer heat transfer pipe 4 has a pawl-like
protrusion 4a formed on an outer surface of the top end.
The refractory protective pipe 6 and the outer heat
transfer pipe 4 are brought into integral-relation to each
other by interengagement of the hole 24a with the
protrusion 4a.

An heat transfer pipe 2 is inserted in the outer

heat transfer pipe 4 sealed at one end with a sealing

member 4A such that the pipe 2 is made to communicate with
the pipe 4 througﬁ an opened top end 2A. A gapping 7 is
defined between the outer heat transfer pipe 4 and the
refractory protective pipe 6, and the air 8 to be héated
is_flowed counter to the flow of the gas G of elevated
temperature. A:base end, not shown, of the inner heat
transfer pipe 2 is made to communicate with a supply
source of the air 8 to be heated.

Owing to provision of the gapping 7 between the
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outer heat transfer pipe 4 and the refractory protective
pipe 6, the dimensional changes of both pipes resulting
from thermal expansion do not mutually propagate even when
Ithe difference in thermal expansion takes place between
the metal used to form the outer pipe 4 and the refracory
used to form the protective pipe 6. Thus, the refractory
protectiﬁe pipe 6 is preventéd from becoming impaired,
delaminated or detached. Moreover, the outer heat
transfer pipe 4 is provided with minute through holes 27
from which ﬁart of the air 8 to be heated and caused to
flow in the pipe 4 is flowed into the gapping 7. Since,
therefore, the gapping 7 has a positive pressure with
respect to an ambient atmospheré {passage of the gas G of
elevated temperature), the gas of elevated temperature is
less likely to permeate the refractory protective pipe 6
and to intrude thereinto. With the two beneficial effects
produced by the action of the convex tip end 24 and by the
freedom from permeation of the gas of.elevated_temperature,
damage and the like to the tip end 24 of the refractory
protective pipe 6 are further alleviated. At the same
time, the gas of elevated temperature is free from
permeation ﬁo the refractory protective pipe 6 and
subsequent contact with the outer metailic heat transfer
pipe 4. Thus, the outer pipe 4 can be prevented with

reliability against corrosive deterioration.
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A heat transfer conduit 9 shown in Fig. 13 is
constructed with an outer metallic heat transfer pipe 2
opened at its tip end and an outer refractory heat
transfer pipe 29 placed to be coaxial relative to the pipe
2 and to cover fhe pPipe 2 with a gap passage 28 prévided.
between both pipes. After being passed through the outer
metallic heat transfer pipe 2, an air 8 to be heated is
heated with the éas of elevated temperature while such air
is being passed out of the open tip end 2A of the inner
tube 2 through the gap passage 29 between the inner pipe 2
and the outer pipe 29. Iﬁ an apparatus for heating
high-temperature air of such structure, a top end 24 of
the outer refractory heat transfer pipe 2§ is also formed
in the same convex shape as viewed in Fig. 12. Fig. 14 is
a pers?ective view showing a pawl-like protrusién 2a of
the inner heat transfer pipe 2 at its tip end.

Fig. 15 is:a perspective view showing still another
form of the heat transfer conduit according to the present
invention. Although the heat transfer conduit 9 is shown.
in Fig. 10 as béing in a tetrahedral shape when seen
horizontally sectionally, a heat transfer conduit
illustrated in this embodiment is formed to be sectionally
circular. Namely, a refractory protective pipe 6 is an
elongate member in a sectionally circular shape. In this

embodiment, the diameter of a convex tip portion is set to
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be suﬁstantially identical to the diameter of a base
portion, and therefore, no probiems are created as related
to the sepped portions discuused'above. Other structural
details are the same as in Fig. 10. |

The convex shapé of the heat transfer conduit 9 at
its top end 24'may be conical as seen in Fig. 16, or may
bg polyconically convex as seen in Fig. 17. The conical
shape of Fig. 16 is chamfered at its top end. The
polyconically convex shape is not limited to a shape shown
in Fig. 17 and formed with two conical planes, but may be
a polycone such as a tetrahedral cone and the like and a
polygon shown in Fig. 18 and formed convex on a polyplane.

In short, the aboﬁe convex shape of the top end 24 may be
formed as a convex made up of either one or both of a
plahe and a curve and should not be construed as being
restricted to any particular shape.

Fig. lé and Fig. 20 each are perspective views
showing important parts of the apparatus for heating
high-temperature air according to the present invention.‘
In Fig. 19, four heat'transfer conduits 9 are arranged in
intimate contact with each other as taking the heat
transfer conduit 9 of Fig. 10 as a unit, and this conduit
arrangement is disposed in three arrays and placed in a
suspended posture in a gas atmosphere of elevated

temperature. In Fig. 20, four heat transfer conduits 9
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are arranged in intimate contact with each other as taking
the heat transfer conduit 9 of Fig. 11 as a unit, and this
conduit arrangement is disposed in three arrays and placed
in a suspended posture in a gas atmosphere of elevated
temperature. In each case, a plurality of tetrahedral
pillar-shaped heat transfer conduits 9 are disposed in
series with no gap left between and among these conduits.
This is capable of reducing dusf deposition on the
refractory protective pipe 6 as compared to the
arrangement of Fig. 15 in which cylindrical heat transfer
conduits 9 are disposed in series.

In this embodiment, as described hereinabove, the
top end of the refractory proﬁective pipe of the heating
apparatus of high-temperature air is in a convex shape
that is less resistant to the gas flow of elevated
temperature. Thus, those thermal effects such as
concentrated thermal stress and the like are relaxed which
are caused upon contact with the gas flow of elevated
temperéture, and the top end of the refractory protective
pipe is alleviated against damage such as wear, breakage
and the like.

Embodiment 5

Embodiment 5 ot the present invention is described

below with reference to the drawings.

Fig. 21 is a sectional view showing important parts
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of one form of the heat transfer conduit of the apparatus
for heating high-temperature air according to the
invention, and Fig. 22 is a perspecﬁive view showing the
appearance of the heat transfer conduit. A heat transfer
conduits 9 shown in Fig. 22 has a refractory protective
piée 6 disposed over its surface aﬁd provides an elongate
tetraheral shape as seen horizontally sectionally. -This
conduit is arranged in a flow passage of a burnt exhaust
gas G of elevated temperature which is derived by burning
combustible components such as wastes or the like at a
temperature as high as about 1300°C so that heat recovery
is carried out from the burnt exhaust gas G of a high
temperature of 1000 - 1100°C allowed to flow at a speed of
2 - 3 m per second. Fbr use in formation of the |
refractory.protective pipe 6, réfractory materials are

employed which aré composed predominantly of alumina and

also contain chromium oxide, zirconia and the like.

More specifically, as shown in Fig. 21, the heat
transfer conduit 9 is so constructed that an air 8 to 5e
heated and caused to flow through an outer heat transfer
pipe 4 is heated upon heat exchange with a gas G of
elevated temperature with use of such outer heat transfer
pipe formed of a metal and covered with the refractory
protective pipe 6. An inner metallic heat transfer pipe 2

is inserted in the outer heat transfer pipe 4 sealed at
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one end with a sealing member 10 such that the inner tube
2 is made to chmunicate through its open top end 2A with
the outer pipe 4. The air 8 to be heated is allowed to
flow in the inner pipe 2 and through a spacing 3 between
the ocuter pipe 4 and the inner pipe 2 and in a direction
opposite to the flow of the gas G of elevated temperature.
Further, a gapping 7 -is defined between the outer heat
transfer pipe 4 and the refractory protective pipe 6. A
base end, not Shown, of the inner heat transfer pipe 2 is

made to communicate with a supply source of the air 8 to

be heated.

The refractory protective pipe 6 shown in Fig. 22
in this embodiment is provided at its top end with a
refractory cap 30 which is substantially.of the same shape
as and of the same ocutside diameter as the protective pipe
6 and is freely detachable. The cap 30 is screwed, as
shown in Fig. 21, to the.sealing member 10 of the outer
heat transfer pipe 4 opposed to the tip end with the

gapping 7 partitioned from the other gapping. That is to

~ say, the cap 30 is screwed into and fixed to a male screw

31 formed in the seaiing member 10. A female screw 32 is
formed at a portion at which to be engaged with the male
screw 31. Designated at 33 in that figure is refractory
mo¥tar disposed to maintain hermetic sealability against

an external atmosphere when the cap 30 is fixed.
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In the above structure, the cap 30 can be removed
and replaced by a new one even when such cap is subjected
to partly concentrated wear and damage. Replacement is
thus made with utmost ease. Additionally, the cap 30 is
attached by screwing and hence supported by spiral line
contact so that no particular stress concentration is
present 'even if the.température is variablé between at
room temperature and at high temperature, and delamination
and damage are less likely to occur. |

Furthermore, the gapping 7 is defined betﬁeen the
outer heat transfer pipe 4 and the refractory protective
pipe 6 or the cap 30. In this instance, even when the
difference in thermal expansion takes place between the
metal used to form the outer heat transfer pipe 4 and the
refractory used to form the réfractory protective pipe 6
or the cap 30, the dimensional changes caused by the
thermal expansions do not propagate téward each other.

The refractory protective pipe 6 or the cap 3d can thus be
avoided from getting damaged, delaminated or detached.

Mbréover, in this embodiment as shown in Fig. 21,
the outer heat transfer pipe 4 is provided with minute
through holes 27 from which part of the air 8 to be heated
and caused to flow in the pipe 4 is flowed into the
gapping 7. Since, therefore, the gapping 7 has a positive

pressure with respect to an ambient atmosphere (passage of
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the gas G of elevated temperature), the gas of elevated
temperature is less likely to permeate the refractory |
protective pipe 6 or the refractory cap 30 and to intrude
thereinto. With the beneficial effect produced by the
freedom from permeation of the gas of elevated temperature,
damage and the like to the cap 30 are further alleviated.
At the same time, the gas'df elevated temperature is free
from permeation to the refractory protective pipe 6 or the
cap 30 and subéequent contact with the outer metallic heat
transfer pipe 4. The outer pipe 4 can thus be reliably
prevented against corrosive deterioration.

.Fig..23 is a perspective view showing the :
appearance of still another form of the heat transfer
conduit according to the present invention. Although the
heat transfer conduit 9 is shown in Fig. 22 above as being
in a tetrahedral shape when seen horizontally sectionally,
a“"heat transfer conduit illusﬁrated in this embodiment is
formed to be sectionally circular. Namely, a refractory
protective pipe 6 is an elongate member in a sectionally
circular shape. Portions where the cap 30 and the
refractory protective pipe.s are connected to each other
are formed to be smoothly coextensive when seen externally.

Fig. 24 is a perspective view showing the
appearance of still another form of the heat transfer

conduit according to the present invention. The outside
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diameter of a sectionally tetrahedral cap 30 is made
smaller than that of a refractory protective pipe 6. The
reason for this is that in the case where a cap not of a
sectionally circular, but of for example a sectionally
tetrahedral shape, is formed into a rotary screwing type,
the outside diameter of the cap is required to be set for
the caps of adjoining heat transfer conduits 9 to be not
impinged with each other during rotation when a plurality
of heat transfer conduits 9 are arranged with no gap left
therebetween as will be described later.

Fig. 25 is a sectional view showing important parts
of still another of the heat transfer conduit according to
the present invention. This figure is different from Fig.
21 in that a cap 30 is formed in a convex shape that is
less resistant to the flow of gas, in a semispherical
shape in this embodinient. The diameter of the
semispherical cap is made substantially identical to the
length of one side.of the tetrahedral shape. Other .
structﬁr#l details are the same as in Fig. 21._ Further
explanation is omitted with like parts designated by like
reference numerals. |

By provision of the convex cap 30, those thermal
effects such as concentrated thermal stress and the like"
caused by contact with a gas flow of elevated temperature

are relaxed with consequent alleviation of wear, breakage
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and the like. In particular, the semispherical shape makes
those thermal effects uniformly distributive throughout a
top end of the cap 30, contributing to further reduction
in damage and the like with regard to the cap 30 itself.

Fig. 26 is a perspective view showing the
appearance of the heat transfer conduit of Fig. 25, and
Fig. 25 is a sectional view taken along the line XXV ~ XXV .
of Fig. 26. Fig. 27 is a perspective view showing the
appearance of another form of the heat transfer conduit of
Fig._25, and Fig. 25 is a sectional view also taken along
the line XXV - XXV of FigT 27. In a heat transfer COﬁduit
9 of Fig. 26, the top cap 30 and the sectionally
tetrahedral shape at its base end have stepped portions
formed on their corners. In order to avoid the thermal
stress mentioned above, it is desired that the stepped
portions 25 be made as small as possible. A heat transfei
conduit 9 constructed in consideration of that respect is
shown in Fig. 27, and this conduit is free of those
stepped portions. That is, the heat transfer conduit 9 is
formed smoothly extensive from the cap 30 to the base end
with the heat transfer conduit 9 of Fig. 26 chamfered at
26 at its stepped portions on four corners.

Fig. 28 is a perspective view showing the
appearance of still another form of the heat transfer

conduit according to the present invention. Although the
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heat transfer conduit 9 is shown in Fig. 26 as being in a
tetrahedral shape when seen horizbnﬁally sectionally, a
heat transfer conduit illustrated in this embodiment is
formed to be sectionally circular. Namely, a refractory
p:otective pipe 6 is an eloﬁgate member in . a sectionally
circular shape. Portions where the semispherical cap 30
and the rfractory protective pipe 6 are connected to each
other are of the same diameter and are smoothly
coextensive. Hence, no problemé concerning stepped
portiéns are present. |

Fig. 29 is a sectional view showing important parts
of still another form of the heat transfer conduit
according to the present invention. A cap 30 is screwed
into a male screw 31 located in a sealing member 10 of a
outer heat transfer pipe 4, and spacings 34, 35
hermetically sealed are defined at the screwed portion.
The spacing 35 noted here is a spacing partly defined in
the above sérewed portion. Minute through holes 36 are
made af.a portion where the male screw 31 is disposed,
which holes allow an aif 8 to be heated to partly flow
into the spacings 34, 35. This embodiment is so
constructed that part of the air 8 to be heated is
supplied through the spacings 34, 35 to a gapping 7 of the
above top end. Other structural details are the same as

in Fig. 25, and further explanation is omitted with like
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parts designated by like reference numerals.

Consequently, since the spacings 34, 35 of the
cap-screwed portion can have a positive pressure with
respect to the ambient atmosphere, an external gas G of
elevated temperature is alleviated from becoming permeated

to the refractory cap 30. Also from this point, the cap

"itself can be prevented against damage and the like.

Fig. 30 is a perspective view showing important
parts of the apparatus for heating high-temperature air
according to the present invention. In this figure, four
heat transfer conduits 9 are arranged in intimate contact
with each other as taking the heat transfer conduit 9 of

Fig. 27 as a unit, and this conduit arrangement is

- disposed in three arrays and placed in a suspended posture

in a gas atmosphere of elevated temperature. A plurality
of tetrahedral pillar-shaped heat transfer conduits 9 are
longitudinally disposed in series with no gap left between
and'among these conduits and in parallel to the flow of
gas. This leads to reduced dust deposition on the
refractory protective pipe 6.

In the foregoing embodiments, the convex shape of
the cap 30 is deseribed as being in a semispherical shape.
The present invention is not limited to that shape. For

instance, polyplanar convex shapes such as a cone, a

pyramid, a polygon and the like are suitably useful. To
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attach the cap 30 to and detach from a refractory
protective pipe 6, various systems may be chosen in place
of the above screwing system. In one such system, a
stopper portion is formed in the cap and inserted
connectedly in a hole made in the fefractory protective
pipe.

Fig. 31 shows another example in which a top
sealing member 10 is attached as by weldiﬁg to a top end
of an outer heat transfer pipe 4, and a female screw hole
37 is made in the sealing member 10, A triangular hole 38
is recessed in a refractory cap 30, and a support bolt 39
is embedded at its triangular head in the hole 38, A stem

portion of the support bolt 39 is twisted into the female

screw hole 37. In the sealing member 10 and the support

bolt 39, through holes 36, 40 are made in straightly
joined relation to each other in order to partly introduce
an air 8 to be heated so that an surface of the support
bolt 39 is protected.

In an exaﬁple shown in Fig. 32, a female screw hole
41 is made in a top surface portion of a heat transfer
pipe 4, and a stem portion of a support bolt 39 is-screwed
in the female screw hole 41. A ring-like refractory
material receptor 42 is.placed over the support bolt 39,
and a refractory protective pipe 6 is supported by the

refractory material recepter 42. The support bolt 39 has
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a hole 43 made therein, which hole flows an air 8 to be
heated out of the through hole 40. Other structural
details are the same.és in Fig. 31. In Fig. 31 and Fig.
32, the refractory protective pipe 6 is extremely firmly
held.by the support bolt 39.

In an'example shown in Fig. 33, the cap of Fig. 31
is attached to an top énd of the heat transfer:conduit 9
constructed with the the inner metallic heat transfer pipe .
2 and the outer refractory heat transfer pipe 29 as seen
in Fig. 13. In an example shown in Fig. 34, the cab of
Fig. 32 is attached to an top end of the heat transfer
conduit 9 constructed with the the inner metallic heat
transfer pipe 2 and the outer reffactory'heat transfer'
pipe 29 as seen in Fig. 13.

Embodiment 6

ﬁmbodiment-s of the apparatus for heating
high-temperature air accordihg to the present invention is
described below with reference to Fig. 35 to Fig. 38. 1In
these figures, like reference numerals denote like parts.

An apparatus 1 for heating high-temperature air
shown in Fig. 35 is cénstructed with a first air heater 45
located upstream of a flow passage 44 of gas of elevated
temperature and # second air heater 46 located downstream
of that flow passage. Mbie specifically, the first air

heater 45 and the second air heater 46 are provided,
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respectively, with a heat transfer conduit 9 shown for
example in Fig. 25. Namely, such heaters are provided
with heat transfer pipes 501, 502 constituted with outer
heat transfer pipes 401, 402 covered with a refractory
protective pipe 6 and inner heat transfer pipes 201, 202
arranged coaxially of the outer heat transfer pipes 401,
402. The inner heat transfer pipe 201 used to constitute
the first air heater 45 is connected to a line L1 of an
air to be heated, wheieas the iﬁner heat transfer pipe 202
used to constitute the second air heater 46 is connected
to a line Ll1' of an éir to be heated. Moreover, the outer
heat transfer pipe 401 of the first air heater 45 and the
oﬁter heat transfer pipe 402 of the second air heater 46
are joined by a conncting éipe 47.

In the apparatus 1 for heating high-temperature air
thus constructed, an air 8g' of low temperature supplied
from the line L1' of an air to be heated to the second air
heater is heated with a burnt exhaust gas G of elevated
temperature while such air is being flowed through the
inner heat transfer pipe 202 into the outer heat transfer
pipe 402, and the heated air 8gl to be heated is heated
through the connecting pipe 47 in the outer heat transfer
pipe 402 of the first air heater 45 so that an air 8g of a
higher temperature is pfovided which is utilized as other

heat sources from the inner heat transfer pipe 202 and the
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line L1 of an air to be heated.

Fig. 36 shows still another example. An air 8gl of
high temperature heated in the second air heater 46 is
supplied through the connecting pipe 47 to the inner heat
transfer pipe 201 and the outer heat trahsfer pipe 401 of
the first air heater 45 and heated therein into an air 8g
of a higher temberature which is utilized as" other heat
sources from the line Ll of an air to be heated.

In each of the above examples, the apparatus 1 for
heating high-temperature air is described in which the air
8g' of low temperature to be heated is first supplied to
inner heat transfer pipe 202 of the second air heater 46.

The air 8g' may be supplied, where desired, to the outer
heat transfer pipe 402 of the second air heater 46.

Fig. 37 and Fig. 38 show still another examples of
the apparatus 1 for heating high-temperature air. In an
apparatus 1 for Heating high-temperature air shown in Fig.
37, an air 8g’ of low temperature to be heated is partly

supplied from a bifurcated pipe L'la to the outer heat

transfer pipe 401 of the first air heater 45 and heated

therein, whereas the remainder of such air is supplied
from a bifurcated pipe L'lb to the inner heat transfer
pipe 202 of the second air heater 46 and heated therein.
An air 8g of a higher temperature heated in the first air

heater 45 and the second air heater 46 is supplied through
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the line Ll of an air to be heated to other facilities.

In an apparatus 1 for heating high-temperature air

shown in Fig. 38, an air 8g' of low temperature to be

heated is partly supplied from a bifurcated pipe L'la to
the inner heat transfer pipe 202 of the first air heater
45 and heated therein. An air 8g of a higher temperature
thus heated is supplied through the line L1 of an air to
be heated to other facilities.. Each 6f these example
illustrates that an air 8g' of low temperature to be
heated is partly supplied from a bifurcated pipe L'la to
the outer heat transfer pipe 401 or the inner heat
transfer pipe 202 of the first air heater 45 and heated
therein, whereas the remainder of such air is supplied
from a bifurcated pipe L'lb to the inner heat transfer
pipe 202 of the second air heater 46 and heated therein.

The remainder of an air 8g' of low temperature to be

" supplied in the second air heater 46 may be supplied,

where needed, to the outer heat transfér pipe 402. Thus,
the air 8g' to be heated may be selectively supplied to
the first air heater 45 and the second air heater 46. 1In
particular, in the case of supply to the first air heater,
the air is supplied to the outer heat transfer pipe 201.
In such instance, an air 8g’' of a relatively low
temperature to be heated is introduced in a lowe: end or

high-temperature portion so that the temperatures of air,
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pipe walls and refractories are prevented from riée at
that portion. The apparatus for heafing high-temperature -
air can thus be rendered highly durable.

According to the aéparatus for heating
high—température air shown in this embodiment, a given air
to be heated is obtained by use of the first air heater
and the second air heater as stated hereinabove. 1In
consequence, -the length can be small with eventual weight
saving of a support structure for use in suspending the
heating apparatus. Aiso advantageously, it is markedly
simple for the heating apparatus to be taken out upwardly
of a flow passage for a gas of elevated temperature during
maintenance. Additionally, the flow area for an air to be
heated with respect to the flow area for a gas of elevated
temperature is made sufficiently large so that the fléw
rate can be reduced in obtaining a given air to be heated,
and this is effective for decreasing pressure loss.

Next, one embodiment of the apparatus for disposing
of wastes is described which is provided with the
apparatus for heating high-temperature air according to
the #resent invention. Fig. 39 is a schematic view
showing one form of the apparatus for disposing of wastes.

In the apparatus for disposing of wastes of this
embodiment, é waste 50a such as city waste or the like is

crushed for example by a biaxial shearing crusher to
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provide a grain of 150 mm or below which is charged as by
a conveyor into a charge chamber 50. the waste 50a placed
in the charge chamber 50 is supplied through a screw
feeder to a thermal decomposition reactor 52. As the
thermal decomposition readtor 52, a horizontal rotary drum

is used in this embodiment, and such drum is maintained in

'~ low ' oxygen atmosphere by means of‘a sealing mechanism not

shown.

The waste 50a is thermally decomposed in the
thermal decomposition reactor“52, and a heat source is a
heated air 8g (heat medium) supplied through a heated line
Ll of an air heated by the apparatus 1 for heating
high-temperature air which is an heat exchahger located -
rearwardly of a burning melting furnace 53 to be described
later.

By use of the heated air 8g, the thermal
decomposition reactor 52 is maintained at 300 - 600°C,
usually at 450°C or so.

Further, the waste 50a heated with the heated air
8g is thermally decomposed into a thermally decomposed gas
Gl and a thermally decoposed residue 54 composed chiefly
of nonvolatile components which are transported to a
dischager 55 where such gas is separated from such residue.

The thermally decomposed gas Gl separated in the

discharger 55 is supplied through a thermally decomposed
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gas line L2 to a burner 56 of the burning melting furnace
53.' The thermally decomposed residue 54 taken out of the
discharger 55 is relatively high in temperature, say about
450°C, and hence is cooled to about 80°C by a cooler 57,
followed by supply to a separator 58 which is made up of
for example a magnetically selective type, an eddy current
type, a centrifugal type or a wind selective type alone or
in combination, all of which are in common use. In this
separator, the residue is separated intec a fine
combustible component 58d (inclusive of ash) and a crude
incombustible component 58c¢, and the incombustible
component 58c is recovered for reuse in a container 58S.
Moreover, the combustible component 58d ié
pulverized for example into 1 mm or below with use of a
pulverizer 60, supplie& through a combustible component

lihe L3 to the burner 56 of the burning melting furnace 53

. and burnt in a high temperature region of about 1300°C

together with the thermally decomposed gas Gl supplied
from ﬁhe thermally decomposed gas line L2 and an air 6le
for use combustion supplied from a blower 6l1. An ash
generated at that time is converted by means of the
burning heat to a melt slug 53f which deposits on an inner
surface of the burning melting furnace 53 and further
flows down along the inner surface and drops through a

bottom outlet 62 into a water pool 63 in which such slug
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solidifies by cooling.

The burning melting furnace generally called a
dissolution furnace permits the combustible component 58d
such as carbon or the like to burn at a high temperature
of about 1300°C and to melt the incombustible component
containing ash, generating the.melt slug 53f and a burnt
exhaust gas G2 of elevated temperature. The melt slug 53f
is dropped into the water pool 63 and then solidified. On
the other hand, the burnt exhaust gas G2 is heat recovered
as a gas stream of 2 - 3 m per second in flow rate and of
1000 - 1100°C by the apparatus 1 for heating
high-temperature air located downstream of the furnace.

The apparatué 1l for heating high-temperature éir in
this embodiment is constructed with either one or a
suitable combination of the high-temperature air heaters
stated above. As seen in Fig. 25, one example is
constituted of a pair of heat transfer pipés and a
refractory prbtective pipe 6 provided at a top end with a
detachéble cap 30. That is, as mentioned above, even when
the cap 30 gets centrally worn or démaged upon contact
with a gas flow of elevated temperature, the cap alone can
be simply replaced by'a hew one.

The burnt exhaust gas G2 having passed partly
through the apparatus 1 for heating high-temperature air

is heat recovered through a flue gas line L5 in a waste
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heat boiler 64 and dust removed in a dust collector 65.
After removal of poisonous components in a exhaust gas
cleaner 66,.such gas is discharged as a clean exhaust gas
G2 in the atmosphere by an induction blower 67 and from a
chimney 68. Steam obtained from the waste heat boiler 64
is utilized for elecﬁricity generation by means of an
eleétriéity generator 69 provided with a steam turbine.
Part of the clean exhaust gas G3 is supplied through a
cold gas line L6 to a cooler 57 with use of a fan 70.
According to the'appaﬁatus for disposing of wastes
illustrated in this embodiment, the.apparatus for heating
high-temperature air is made wholly highly durable so that
improved working efficiency is attained as concerns the
apparatus for disposing of wastes. Although the present
invention has been described in great detail with regard

to the embodiments shown in the drawings, the  invention

" ' should not be considered restrictive to these embodiments.

It is to be noted that various changes'and modification s

' may be made without departing from the spirit of the

invention.
Embodiment 7

Fig. 40 is a partial sectional view showing
embodiment 7 of the present invention.
A passage wall for an exhaust gas G of high

temperature arranged to partition a passage for an exhaust
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gas of high temperature from the external atmosphere is
provided with a heat exchanger, and an apparatus 1 for
heating an high—temperature air is located coaxially of
the heat exchanger and in an exhaust passage surrounded by
the heat exhanger. The high-temperature air heating.
apparatus 1 has a heat transfer conduit 9 constructed with
an inner metallic heat transfer pipe 2, an ocuter metallic
heat transfer pipe 4 sealed at a top portion and disposed
as a metallic wall for coaxially covering the inner heat
transfer pipe 2 with a gapping 3 defined as an air passage
between the inner and outer pipes, and a refractory
protective pipe 6 sealed at a top portion and disposed to
coaxially cover the heat transfer pipe.

The outer heat transfer pipe 4 communicating on an

inner surface with the gapping 3 for use as the air

passage is disposed to cooperate with the refractory

protective pipe 6 communicating on an outer surface with
an exhaust gas passage 44in forming a partiotion wall 71
soa as to separate the air passage from the exhaust gas

passage.

A first gapping 7 is defined between an outer
surface of the outer heat transfer pipe 4 and an inner
surface of the.refractory protective pipe 6, and the outer
heat transfer pipe 4 has a plurality of through holes

communicating with the first gapping 7.
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- The refractory protective pipe 6 is provided with
on an inner surface of a sealed end 6A of the top portion
with ant holes 6a, 6b, while the outer heat transfer pipe
4 is provided on an outer surface of a sealed end 4A of
the top portion with ant-shaped protrusions 4a, 4b
disposed to be interengageable with the ant holes 6a, 6b,
respectivélyu By interéngagement of the ant holes 6a, 6b
with the protrusions 4a, 4b, the outer portion of the
refractory protective pipe'G is'éositioned with respect to
the outer heat t:ansfer pipe 4.

A plurality of anchors 72 are attached by welding
to the outer surface of the outer heat transfer pipe 4)
which anchors act to support the refractory pipe 6, so
that the first narrow gapping 7 defined between the outer
heat transfer pipe 4 and the refractory pipe 6 is renderéd
substantially uniform over its entire length. Even with
the first gapping 7 provided, the refractory pipe 6 of
great mass is held in securely supported relation to the
outer heat transfer pipe 4 by means of the anchors 72. A
second gapping 73 is further defined between the anchord
72 and the refractorf pipe 6 and made to communicate with
the first gapping 7. ' |

Next, the structure of a heat exchanger 100is
described with reference to Fig.'40, which heat exchanger

is'arranged on a wall of the exhaust gas passage
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surrounding the high-temperature air heating apparatus 1.
The heat exchanger 100 is aftached to a furnace wall of a
burning melting furnace at its exhaust gas outlet. In the
heét exchanger 100, a partition wall 101 is located to
separate an exhaust gas of high temperature and low
pressure (for example, a gas inlet temperature T = about
800 to 1500°C and a gas inlet pressure Pl = about -100 to
-4900 Pa) containing corrosive components such as hydrogen
chloride and the like and dusts from an air passage 102
defined to flow an air 105 of a lower temperature and a
higher pressure than those of the burnt exhaust gas G (for
examplé, of an air inlet temperature T3 = about 300°C and
of an air inlet passage P3 = about +1000 to 10000 Pa). In
that way, the heat of the burnt exhaust gas G is
transmitted to the air 105.

A burnt exhaust gas G of a pressure P2 cooled to a

temperature T2 (for example, to about 500 to about 1300°C)

by means of the heat exchanger is further subjected to
heat recovery as by a waste heat boiler and then -
transported to an exhaust gas treating stage in which a
suction blower has been installed. At this exhaust gas
treating stage, the burnt exhaust gas G is treated to
collect dusts, to remove poisonous materials and to avoid
fumes, followed by escaping §f the treated gas through a

chimney in the atmosphere.
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The heat exchanger 100 is further described.in
greater detail.

Fig. 41 is a longitudinal sectional view showing
the above heat exchanger, and Fig. 42 is a horizontal
sectional view taken along the line IVI - IVI of Fig. 41.
As shown in Fig. 41, the exhaust gas passage 44 of a -
sectinally'recténgular shape is widely provide at a
central portion of the heat exchanger 100 of a sectionally
rectangular shape on the whole, and fhe air passage 102 is
partitioned by the partition wall 101 and located in a
sectionally angular rectangular shape and around the
exhaust gas passage 44.

The partition wall 101 has a plurality of through
holes 103 made at predetermined regions (see Fig. 40, or
Fig. 43 and Fig. 44 to be described later). Additionally,
this partitioﬁ wall has a metallic plate 106 disposed on
one side (i.e., onh an outer peripheral surface 104) for
use as a metallic wall of good thermal conductivity to be
contacted with an air 105 and also a porous refractory
ceramic layér 109 disposed for use as a refractory wall to
be contacted on a surface with the burnt exhaust gas on
the other side (i.e., on an inner peripheral surface 107)
of the whole metallic plate 106 with a first gapping 108
(see Fig. 40, or Fig. 43 and Fig. 44 to be described to be

later) defined between the metallic plate and the ceramic
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layer.

As the ceramic layer 109, it is desired that a
castable refractory material for example of silicon
carbide (SiC) of high thermal conductivity and high heat
resistance be coated or sprayed entirely of the inner
peripheral surface 107 of the metallic plate 106 and in a
thickness of about 10 to about 50 mm. An alumina-rich
refractory and a chromia refractory material may also be
used for the ceramic layer 109. |

The ceramic layer 109 has contained therein a
multiplicity of air spaces (i.e., voids) which permit a
gas to pass through such laYer. Because the ceramic layer
109 is disposed over the inner peripheral surface 167 of
the metallic plate 106, a burnt exhaust gas.G of high
temperature containing corrosive components is not brought
into direct contact with the metallic plate 106 so that
such plate is preventéd against a large-degree:of
corrosion.

_ 'The air passage 102 is provided between ﬁhé
metallic plate 106 and an outer wall plate 106 ocutwardly
disposed with a given gap left relative to the metallic
plate 106.

A lower end portion 111 of the air passage 102 is
so.made as to communicate with a lower air chamber 112

arranged to equalize the pressure of the air 105 having
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been supplied thereto and to flow such air uniformly fully
iﬁ the air passage 102. An upper end portion 113 of the
air passage 102is made to communicate with an upper air
chamber 115 arranged to equalize the pressure of a heat
exchange-derived high-temperature air 114 and to discharge
such air uniformly fully from the air passage 102.

‘Subsequently, the structure of the passage wall for
the heat exchﬁngér 100 is described with reference.to Fig.
43 to Fig. 45. Fig. 43 is a sectional view, partly
enlarged, of the heat exchanger 100, and Fig. 44 is a
horizontal sectional view taken along the line IVIV -~ IVIV
of Fig. 43. Fig. 45 is a front elevational view showing
part of a surface portion of the metallic plate of Fig. 43.

Aslshown in Fig. 43 to Fig 45, the metallic plate

106 contacted with the passage 102 for the air 105 has a

. plurality qf through holes 103 made at given regions, -and

the ceramic 1aye: 109 disposed on one surface (a front
side 116) in contact with the passage 44 for the burnt
exhaus£ gas G is arranged on the inner peripheral surface
107 of the metallic plate 106.

In use of the heat exchanger 100, the first gapping
108 of a given size (preferably of 1 to 3 mm) is present
between the full inner peripheral surface 107 of the
metallic plate 106 and the other full surface (back side

117) of the ceramic layer 109, and the gapping 108 is in
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communication with the through holes 103. The metallic
plate 106 provided therein with the through holes 103 is
of a plate-like shape noted above, but may be of a plate
or the like having a network structure so long as the
latter plate is provided therein with openings like the
through holes.

The anchors 118 in a plﬁral'number are secured in

place to the inner peripheral surface 107 of the metallic

‘plate 106, which anchors serve as support members to

support the ceramic layer 109 when in defining the first:
gapping 108. The partition wall-constituting anchors 118
are formed of iron and in V-shaped rod-like arrangement,
and are fixed at their bottom portions to the metallic
plate 106 by means of welding and embedded at their body
portions in the ceramic layer 109. Thus, such andhors
firmly hold the ceramic layer 109 in place.

In the case of use.of the heat exchanger 100, the
second gapping 119 of a given size (preferably of 1 to 3
mm) is present between the whole surface of each of the
anchors 118 and the ceramic layer 109 and is in
communication with the first gapping 108. The second
gapping 119 may in some instances be omitted.

In order to define the first and second gappings
108, 119{ an interlaminar material is firstly disposed by

winding vinyl resin such as vinyl sheet, vinyl tape or



10

15

20

25

- 82 -

vinyl hose, or paper tape, or by coating tar or paint.

More specifically, prior to formation of the
ceramic layer 109, the inner peripheral surface 107 of the
metallic plate 106 is wholly covered with polyvinyl
chloride sheet, or is wholly coated with aqueous paint.

Meanwhile, before or after being welded to the
metallic plate 106, each of the anchors 118 is wound with
insulating tape formed of polyvinyl chloride,'covered with
commercially available vinyl hose to be used for tap water
and cut short, or coated with aqueous paint.
Alternatively, ‘the anchor 118 may be immersed in the stock
liquid of the agqueous paint.

Subsequently, a water-containing silicon carbide
castable material.(or alumina-rich or chromia castable
material) is coated or sprayed on a whole surface of the
above winyl sheet or the like (i.e., interlaminar
material)disposed over the metallic plate 106, followed by
drying and cal&ination of the castable material upon '
héating u§ to for example about 500 to about 600°C,
whereby the ceramic layer 109 is obtained.

During that heating, the vinyl sheet or the like
mentioned above is melted and vaporrized at from about
150°C or above to about 200°C or above and thus is finally

removed.

It is noted that the anchor 118 has a larger
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thermal expansion coefficient than the ceramic layer 109.
In such case, the gapping 119 may be defined in advance
at room temperature (for example, at 20°C) between the
anchor 118 and the ceramic layer 109 so that even if the
anchor 118 gets expanded more greatly fhan the ceramic
layer 109 upon exposure of the heat exchanger 100 to a
high temperature when in use, the gapping_llg can absorb
the difference in thermal expansion coefficient.’

Consequently, the finished structure is free of
stresses which would be apt to arise from the différence
in thermal expansion coefficient while'in heating and
cooling of that structure. The ceramic layer 109 can thus
be prevented against cracking or breakage.

In addition to the above attention drawn to the
difference in therﬁal expansion coefficient, it is desired
that'thé second gapping 119 be previously set to have a
largér size when being defined at room temperature such
that this gapping provides a desired size during use of
the heat exchanger.

In that case, even when thé heat exchanger 100 is
operated with heating at a high temperature, the |
difference in thermal expansion coefficient can be
absorbed, and the second gapping 119 is rendered always
present between the whole surface of the anchor 118 and

the ceramic layer 109. The second gapping 119 and the
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first gapping 108, therefore, are always in communication
with each other.

When the air 105 flowing through the air passage
102 is compared to the burnt exhaust gas G flowing through
the exhaust gas passage 44, both passages being separated
by the partition‘passage 100, the air 105 has a higher
pressure than the burnt exhaust gas G.

Thus, the high-pressure air 105 flowing in the air
passage 102 intrudes into the ceramic layer 109, while
utilizing the pressure difference as an impulsion, through
both the through holes 103 and the first gapping 108. 1In

the case where the second gapping 119 located around the

"anchor 118 and then to intrude into the ceramic layer 108.

The air 105 is then flowed through the cavities of
the ceramic layer 109 toward the exhaust gas passage 44 as
arrowed at 120, and upon arrival at the surface 116 of the
ceramic layer 109, is flowed into the exhaust gas paasage
44 and mixed with the burnt exhaust gas G.

'Iﬁ this embodiment, the ceramic layer 109 of great‘
mass disposed with respect to the metallic plate 106 and
with the first gapping 108 provided between such layer and
such plate is securely held in place by the anchors 118 in
a plural number. The ceramic layer 109 is thus supported
with great dirmness and sufficient stability so that the

gapping 108 of a small size (for example, of 1 to 3 mm)
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can always be retained with uniformity.

Moreover, since an air stream is directed to the
exhaust gas passage 44 in the whole ceramic layer 109, the
burnt echaust gas G is pushéd back even when such gas
tends to intrude into the ceramic layer 109 amd to flow
toward the metallic plate 106 and the anchors 118.

For that reason, the burnt exhaust gas G does not
almost intrude into the ceramic layer 109, nor does it
contact the metallic plate 106 ana the anchors 118. Hence,
the metallic plate 106 and the anchors 118 are protected
from corrosion in the influénce of those corrosive
components.contained in the burnt exhaust gas G. This
imparts markedly prolonged service 1lif to each of the
members 106, 118.

For failure of the burnt exhaust gas G to enter the
ceramic layer ;09 in this embodiment, the surface 116 of
such layer is made ffee of déposition of the.dusts
contained in the burnt exhaust gas G so that the surface
116 is maintained necessarily clean. Thus, no corrosion
arising from dust deposition occurs in the metallic plate

106, avoiding reduced efficiency of heat transfer. To be’

more specific, the service life of the heat exchanger 100

is greatly improved in this embodiment because the
metallic plate 106 and the anchors 118 are prolonged in

relation to sérvice life.
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BéSides and owing to the provision of the first
gapping 108, those portions which are devoid of air flow
in the ceramic layer 109 are not present between and among
adjacent through holes 103. Additionally, even in the
case of irregular vbids in the ceramic layer 109, it does
not occur thét the burnt exhaust gas G reversely flows and
eventually contacts the metallic plate 106.

Therefore, it is made possible to set pitches e, £
of each through hole 103 in terms of the diameter d (hole
diameter) to be larger than in the heat exchanger od the
prior art(Japanese Utility Model Laid-Open No. 6-40668) ,
thereby decreasiﬁg the number of through holes 103 to be
made. This results in saved boring of the through holés
103 and hence simplified production of the heat exchanger
100.

In Fig. 46, there are shown the experimental
results obtained with the heat exchanger of this
embodiment. As seen in that-figure, a plurality of
through holes 202 are prqvided in a metallic plate 201,
and a gapping 204 of a given size (for example, h = 2 to 3
rmm) is defined betweeg a refractory material wall 203 (for
example, castable refractory material such as silicon
carbide) and the metallic plate 201, the gapping 204 being
in communication with the thfough holes 202.

Thus, when an air 206 is supplied in an air chamber
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205 located backward of the metallic plate 201, the air
205 having passed via the through holes 202 gets
substantially uniformly pressurized in the gapping 204
serving as a pressure chamber, consequently flowing
upwardly in the refractory material wall 203. This has
been confirméd.by those bubbles of aqueous soap coated
over one surface of the refractory material wall 203 and
géherated uniformly thfoughout.the such wall surface.

Fig. 47 and Fig. 48 show still aﬁother form of the
heat exchanger 100 accor@ing to the present invention.
Fig. 47 is a horizontal sectional view similar to Fig. 42,
and Fig. 48 is a sectional_view in partial enlargement of
Fig. 47. A heat exchanger 100 of this form is
substantially identical in its longitudinal section to the
structure of Fig. 41l.

The above heat exchanger 100, like the form seen in
Fig. 42, is such wherein a partition wall 101 is provided
to separate an exhaust gas passage 44 in which to flow
burnt exhaust gases of high temperature and of low
temperature containing corrosive components and dusts from
an air passage 102 in which to flow airs.105 of lower
temperature and of higher temperature than the burnt
exhaust gases so that the heat of such gases is

transmitted to the airs 105.

The partition wall 101 has a plurality of through
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holes 103 made at given regions thereof, metallic pipes
106 each provided on one surface (inner surface 104) with
a metallic wall for contact with the air 105, a porous
ceramic.layer 109 located opposite to the other surface
(outer surface 107) of the metallic pipe 106 and provided
on one surface (ffont surface 116) with a refractory
material wall for contact wiih a burnt exhaust gas G, and
a plurality of anchors -118 disposed as support members to
support the ceramic layer 109.

When in use of the heat éxchanger 100, a first

gapping 108 is defined between the whole outer surface 107

-of the metallic pipe 106 and the other whole surface (back

surface 117) of the ceramic layer 109, the first gapping
108 being made to communicate with the through holes 103.

As shown in Fig. 47, the heat exchanger 100 is
formed to be generally rectangular in its entire section
like that viewed in Fig. 47, and én ekhaust gas passage 44
is thus provided widely centrally of the heat exchanger
100.

The metallic pipes 106 in a plural number for use
as metallic walls serve in their respective insides as air
passages 102 and are arranged vertic#lly of and around the
exhaust gas passage 44 of the heat exchanger 100. The
metallic pipes 106 are secured respectively to a

connecting plate 121.
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The metallic pipes 106 have through holes 103 bored
at given portions and in a desired number. For instance,
all o the metallic pipes 106 may be provided with a
piurality of through holes 103, but a metallic pipe 106
with'through holes 103 and a metallic pipe 106 without

through holes 103 can be alternately placed as shown in

""Fig. 48.' This leads to reduced number of metallic pipes

106 requiring provision of the through holes 103,
resulting in saved boring of the through holes 103.

The first gapping 108 io present between the
ceramic layer 109 and the metallic pipes 106 and between
the ceramic layer 109 and the connecting plate 121, which
gapping is in communication with the through holes 103.

The ceramic layer 109 is of_the same material as in
the foregoing embodiment (Fig. 41). The ceramic layer 109
is held along the exhaust gas passage 44 by means of the
anchors 118 in a plural number fixed as the support
members at given locations of either one or both of each
metallic pipe 106 and the connecting plate 121. Each such
anchors 118 is usually in an.iron-made plate-like shape,
but may be in a V-shaped rod-like shape.

In this embodiment, each anchor 118 is welded at
its base portion to the outer surface 107 of the metéllic
pipe 106and is embedded at its body portion in the ceramic

layer 109. Thus, the ceramic layer 109 is firmly held
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with respect to the metallic pipes 106, and the first
gapping 108 is always maintained at a given size (for
example, of 1 to 3 mm). In use of the heat exchanger 100,
a second gaﬁping 119 of a given size (For example of 1 to
3 mm) is also presént between the whole surface of each
anchor 118 and the ceramic layer 109, tﬁis secoﬁd gapping
being in communication with the first gapping 108.

The first and second gappings 108, 119 in this
embodiment are formed in the same manner as the first and
second gappings 10é, 119 shown in the preceding embodiment
of Fig. 41.

Since the second gapping 119 is provided with the .
heat exchanger 100 placed in heated condition, the |
difference in thermal expanéion coefficient between the
anchors 118 and the ceramic layer 109 can be absorbed as
stated above even when this heat exchanger is exposed to a
high temperaturé while being used.. Further, a gap is
always present between the whole surface of each anchor
118 and the ceramic layer 109 so that the second gapping
119 is in continuous coﬁmunication with the first gapping
108.

An air 105 in the air passage 102 passes via the
through holes 103 and the first gapping 108 by utilizing
the pressure difference as an impulsion, thus intruding

into the ceramic layer 109. Part of thé air 105 flows
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from the first gapping iOS to.the second gapping 119
running around the anchors 118 and then intrudes into the
ceramic layer 109. The air 105 continues to pass through
the voids interspersed in the ceramic layer 108 in a
direction arrowed at 122 and toward the exhaust gas
passage 44 with eventual entry in fhe exhaust gas passage
44.

As staﬁed,above, the deramic layer 109 retains an
air tending to flow toward the exhaust gas passage 44.
Hence, a burnt exhaust gas 122 is pushed back by such air
flow as arrowed at 122 even if the gas is forced to
intrude into the ceramic layer 109 and to flow toward the
metallic pipes 106 and the connecting_plate 121.

Accordingly, the burnt exhaust gas does not almost
intrude into the ceramic layer 109, nor does it contact

the metallic pipes 106, the connecting plate 121 and the.

"anchors 118. This permits the metallic pipes 106, the

connecting plate 121 and the anchors 118 td be protected
against corrosion resulting from those corrosive
components contained in thé burn exhaust gas, thereby
prolonging the service lives of the members 106, 121, 118
to a great extent.

_ The samé advantages as those obtained in connection
with the embodiment of Fig. 41 can be made feasible

because the first and second gappings 108; 119 are
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_ providéd, and the ceramic layer 109 is firmly supported by

the anchors 118.

Heretofore, anchors 118 have got seriously corroded
upon contact with a burnt exhaust gas having intruded into
a ceramic layer 109. These anchors have thus been covered
with a castable material for purposes of anticorrosion.

"In this émbodiment, in contrast to the prior ért
practice, part of the air flows from the second gapping
119 through the ceramic layer 109 toward the exhaust gas
paséage 44. The burnt exhaust gas can therefore. be
prevented from intrusion into the ceramic layer 109 and
subsequent contact with the anchors 118. This dispenses
with the above castable material for use in gaining
anticorrosion, making the resultant heat exchanger
strructurally simple and easy to produce the same.

In the partition wall constructed above, a
plurality of support members are fixed to the metallic
walls to thereby hold the refractory material wall with
respect to each such metallic wall. Thus, a minute gap
can be always uniformly maintained between the metalli
wall and the refractory material wall.

In addition, even in the cése of the provision of
such gapping between the metallic wall and the refractory
material wall, such refractory wall of great mass can be

firmly supported relative to the metallic wall. This
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makes it possible to ldcate the heat exchanger not only
vertically but alsc laterally and slantly, imposing no
restriction on positioning of the heat exchanger.

Furthermore, a multiplicity of anchors (support
members) formed of iron and having a high thermal
conductivity are secured to the metallic plate and the
like so that, upon heating of the anchors'by a burnt
exhaust gas, the resulting heat is transmitted to tﬁe
metallic plate and the like. The finished heat exchanger
is thus improved in respect of the efficiency of heat
transfer.

Each of the preceding embodiments is shown such
that an combustion air in a burning melting furnace is
burnt by means of a heat exchanger. This air is not
particularly restrictive for burning bf.the heat exchanger,
but an air for use in a thermal decompositién drum (not
shown) and other airs may be acceptable.

Although the first and second gappings are used in
each suqh_emboaiment, the first gapping alone may be
accepted with the second gapping omitted.

The heat exchanger may also be formed to be
circular, polygonal, ellipse or the like as seen entirely
sectionally, in addition té a rectangular shape
illustrated in each of the preceding embodiments. In the

relevant figures, like or similar parts are designated by
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CLAIMS

1. An apparatus for heating high-temperature air
characterized in that the apparatus is located in an
atmosphere containing a gas of elevated temperature and
has a heat transfer conduit disposed to heat, upon heat
exchange with the gas of elevated temperature, an aif to
be heated and caused to flow through the heat transfer
conduit, and the heat transfer conduit comprises a heat
transfer pipe, or heat transfer pipes, arranged to flow
the air to be heated therethrough, and a refractory
protective pipe formed of refractory material and held in
coaxially covered relation to the heat transfer pipe with
a gapping defined between the heat transfer pipe and the

refractory protective pipe.

2. An apparatus for heating high-temperature air |
characterized in that the apparatus is located in an
atmosphere contaihing a gas of elevated temperature and
has a heat transfer conduit disposed to heat, upon heat
exchange with the gas of elevated temperature, an air to
be heated and caused to flow through the heat transfer
conduit, and the heat transfer conduit comprises an inner
heat transfer pipe formed of a metal and opened at its tip

end, and an outer heat transfer pipe formed of a
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refractory material and held in coaxially covered relation
to the inner metallic heat transfer pipe with a gap
passage defined between the inner heat transfer pipe and
the outer heat transfer pipe, and after being caused to
flow through the inner heat transfer pipe, the air to be
heated is heated with the gas of elevated temperature
while the air to be heated is being passed at from the
opén tip end of the inner heét transfer pipe through the
gap passage between the inner heat transfer pipe and the

outer heat transfer pipe.

3. An apparatus for heating high-temperature air
according to claim 1 or 2, characterized in that the

refractory protecting pipe or the outer refractory heat

transfer pipe is structure to have an angular face in

cross section, and the heat transfer conduit is disposed
in a plural number and fixed in face-to-face contact with
the adjoining refractory proteétive pipe or the outer
refractory heat transfer pipe at its sectional angular

face.

4. An apparatus for heating high-temperature air
according to claim 1 or 3, characterized in that the heat
transfer pipe of the heat transfer conduit comprises an

inner heat transfer pipe formed of a metal, and an outer
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heat transfer pipe formed of é metal and held in covered
relation to the inner metallic heat transfer pipe with a
spacing definedlbetween the two pipes, the air to be
heated is heated with the gas of elevated temperature
while the air to be heated is being passed ﬁhrough the
spacing between the inner and outer pipes, and the
protective refractory pipe is arranged to cover the outer
metallic heat transfer pipe and disposed coaxially of the
latter pipe with a gapping defined.between the protective

pipe and the ocuter pipe.

5. An apparatus'for heating high-temperature air
according to claim 1 or 3, characterized in that the heat
transfer pipe of the heat transfer conduit comprises an
outer heat transfer pipe formed of a metal, and an inner
pripe arranged to communicate with one end of the outer
pipe with a spacing defined between the outer ahd inner
pipes, and the inner pipe is formed into a thermally
insulated structure with lower thermal conductivity than
the metal,.and the air to be heated is heated with the gas
of elevated temperature along an outer wall of the outer
metallic heat transfer pipe while the air to be heated is
being passed through the spacing between the outer
metallic heat transfer pipe and the inner thermally

insulating pipe.
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6. An apparatus for heating high-temperature air
according to claim 5, characterized in that the inner pipe
is formed of a thermally insulating material of low

thermal conductivity other than a metal.

7. An apparatus fof heating high~temperature air
according to claim 5, characterized in that the inner pipe
is brought into a thermally insulated structure in which
the thermally insulating material is sandwiched with

metallic tubes.

8. An apparatus for heating high—temperature air
acco:ding to c¢laim 5, charécterized in that the inner pipe
is brought into a thermally insulated structure in which |
the inneffpipe is formed of a metal and in a double-piped

vacuum-drawn arrangement.

‘9. An apparatus for heating high-temperature air
according to claim 6 or 7, characterized in that the

thermally insulating material is ceramics.

10. An apparatus for heating high-temperature air
according to any one of claim 4 - 9, characterized in that

the air to be heated is caused to flow in a direction
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reverse to that of the gas of elevated temperature through
the spacing between the inner pipe and the outer pipe,
both of which are arranged to constitute the heat transfer

conduit.

11. An apparatus for heating high-temperature air
according to any one of claim 1, 3 - 9, characterized in
that a plurality of suppbrt.materials are fixedly placed
outwardly of the heat transfer pipe to thereby support the

refractory protective pipe.

12. An apparatus for heating high-temperature air

according to any one of claims 4 - 11, characterized in

"that the gapping is defined to communicate with a passage

for the flow of the air to be heated with a through hole

made in a wall of the outer metallic heat transfer pipe.

13. An apparatus for heating high-temperature air
according to any one of claims 1 - 12, characterized in
that a partitioned space_is defined at a region where a
tip end of the heat transfer pipe is opposed to a tip end
of the reffactive protective pipe or the refractory heat
transfer pipe, and the air to be heated is introduced into

the space partitioned at the tip-ends of the two Pipes.



AN g

14. An apparatus for heating high-temperature air
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'according to any one of claims 4 - 11, characterized in
that means is disposed for introducing an extraneous air
into the spacing between the refractory protective pipe

5 and the outer metallic heat transfer pipe.

15. Ah'apparatus for heating high-temperature air
according to claim 14, characterized in that a partitioned
space is defined at a'region where a tip end of the outer

10 metallic heat transfer pipe is opposed to a tip end of the -
refractory protective pipe, and the extraneous air is
introduced into the space partiﬁioned at the tip ends of

the two pipes.

15 16. An apparatus for heating high—temperatu;e air
according to any one of claims 1 - 15, characterized in.
that -the tip end of the refractory protective pipe or the
outer refractory heat transfer pipe is formed in a convex
shape so as to be less resistanf to the flow of the gas of

20 elevated temperature.

17. An apparatus for heating high-temperature air
according to claim 16, characterized in that the convex
shape is of a semispherical shape..

25
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18. An apparatus for heating high-temperature air

according to claim 16, characterized in that the convex

e decr e et e |
* c L ] S *

19. An apparatus for heating high-temperature air
according to claim 16, characterized in that the convex

shape is of a polyherral convex shape.

| 20. An apparatus for heating high-temperature air
according to claim 16, characterized in that the convex
shape is of a polyheral convex shape is of a convexity
sﬁaped by a planar face and either one or both curved

faces.

21. An apparatus for heating high-temperature air
according to any one of claim 16 - 20, characterized in
that the-refractory?protective pipe or thé outer
refractory heat transfer pipe of the heat transfer conduit
is shaped like a circular pillar when seen sectionally,
and either of the pipes is formed to be smoothly extensive

from its convex tip end to its base end.

22. An apparatus for heating high-temperature air
according to any one of claim 16 - 20, characterized in

that the refractory protective pipe or the outer
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is shaped like a tetraherdal pillar when seen sectionally,
and either of the pipes is formed to be smoothly extensive

from its convex tip end to its base end.

23. An apparatus for heating high-temperature air
according to any one of claim 1 - 15, -.characterized in

that the tip end of the refractory protective pipe .or the

. outer refractory heat transfer pipe is formed as a

refractory removable cap.

24. An apparatus for heating high-temperature air
according to any one of claim 1 - 15, characterized in
that the cap is formed in a convex shape so as to be less

resistant to the flow of the gas of elevated temperature.

25'. An apparatus for heating high-temperature air
according to any one of claim 1 - 15, characterized in
that the cap is screwed to the tip end of the heat
transfer pipe with a space defined at an opposed tip end,
the screwing is_effected with a partial gap, and the heat
transfer pipe is provided at its tip end with a through
hole for the air to be caused to pass therethrough to be

partly flowed into the space.

-~



* ¢ L M § x |

10

15

20

25

- 103 -

26. An apparatus for heating high—temperéture air
according to any one of claim 23 - 25, characterized in
that the refractory protective pipe or the outer
refractory heat transfer pipe of the heat transfer conduit
is shaped like a circﬁlar pillar when éeen sectionally,
and the cap and either of the pipes are connected to each

other in an externaily smoothly coextensive manner.

27. An apparatus for heating high-temperafure air
according to any one of claim 23 - 25, characterized in
that the refractory protective pipe or the outer
refractory heat transfer pipe of the heat transfer conduit
is shaped like a tetrahedral pillar when seen sectionally,
and the cap and either of the pipes are connected to each

other in an externally smoothly coextensive manner.

28. An apparatus for héating high-temperature air
according to any one of claiﬁ 1 - 27, characterized in
that the apparatus comprises a first air heater positioned
upstream of a passage for the flow of the gas of elevated
temperature, and a second air heater positioned downstream
of the flow passage, the air to be heated is supplied to
and heated in the second air heater, and the resultant air

is then transported to and in the first air heater.
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29. An apparatus for heating high-temperature air
according to any one of claim 1 - 27, characterized in
that the apparatus comprises a first air heater positioned
upstream of a passage for the flow of the gas of elevated
temperature, and a second air heater positioned downstream
of the flow passage, the air to be heated is supplied to
and heated in the first and second air heaters,
respectively, and two sorts of the air heated are combined

together and then taken outside.

30. An apparatus for heating high-temperature air
according to claim 29, characterized in that the air to be
heated is partly supplied through either one of the first

air heater-constituting heat transfer pipe or the outer

pipe and the inner pipe, and the remaining portion of the

the air to be heated is supplied through either one of the
second air heater-constituting heat transfer pipe or the
outer pipe and the inner pipe to and heated in either the

inner pipe or the outer pipe.

31. A partition wall for use in a heat exchanger in
which the partition wali is disposed to separate an air

passage from an exhaust gas passage, characterized in that

‘the partition wali comprises a metallic wall placed in

" contact on one side with the gas passage, a first spacing
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is defined between the outer side of the metallic wall and
the other side of the refractory wall and made to
communicate with a through hole made in the.metallic wall,
thereby flowing a burnt exhaust gas containing corrosive

5 components and dust into the exhaust gas passage, and a
plurality of support materials are securely attached to
the other side of the metallic wall so as to support the

refractory wall.

10 32. A partition wall for use in a heat exchanger
acéording to claim 31, characterized in that a second
spacing is defined between the support materials and the
'refractory wall and made to communicate with the first
spacing.

15

33. A process for producing a partition wall for .
use in a heat exchanger_in which the partition wall is
‘disposed to separate an air passage from an exhaust gas
passage, the partition wall comprising a metallic wall

20 placed in contact on one side with the air passage, and a
refractory wall placed in contact on side with the gas
passage, a first spacing is defined between the other side
of the metallic wall and the other side of the refractory
wall and made to communicate with a through hole made in

25 the metallic wall, thereby flowing a burnt exhaust gas
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containing corrosive components and dust into the exhaust
gas passage, and-a'plurality of support materialé are
securely attached to the othéf side of the metallic wall
so as to support the refractory wall, éharacterized in
that the process comprises the steps of disposing an
interlaminar material over the other side of the metallic
wall by covering vinyl sheet or paper tape thereover, or
by coating tar or paint thereover, coating or spraying
over the interlaminar material a water-containing castable
material to dry and calciné the same to thereby form the
refractory wall and to remove the interlaminar material
therefrom, and subsequently defining the first spacing on
the refractory wall where the interlaminar has been

removed.

34. A process for producing é partition wall for
use in a heat exchange in which a second spacing is
defined between the support materials and the refractory -
wall and made to communicate with the first spacing,
characterized in the process comprises the steps of
disposing an interlaminar material over the support
materials) prior to or after welding of the suppbrt
materials to the metallic wall, by winding insulating tape
made of polyvinyl chloride_théreover; by covering vinyl

hose cut short thereover, by coating or spraying over the
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interlaminar material a water-containing castable material

to dry and calcine the same to thereby form the refractory

wall and to remove the interlaminar material therefrom,
and susequently defining the second spécing on the support

materials where the interlaminar material has been removed.

35. An apparatus for disposing of wastes which is

- provided with a thermally décbmposition'feactor”in which

wastes are thermally decomposed to generate a theimally
decomposed gas and a thermally decomposed residue, a
separator in which the thermally decomposed residue is
separated into combustible components and incombustible
componehts, a burning melting furnace in which the
thermally decomposed gas and the combustble components are
burnt at a temperature at which to melt ash to thereby
discharge incombustible matter as molten slug, and an
apparatus for heating high-temperature air in which the-
heat of gas of elevated temperature is recovered by heat
exchange with air, characterized in that the apparatus for
heating high-temperature air is set forth in any one of

claims 1 - 30.
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ABSTRACT

In an apparatus for heating high-temperature air
for use in recovering, by heat exchange, the heat of an
exhaust gas of elévated temperature generated from an
apparatus for disposing of wastes, prolonged éervice life,
improved working éfficiency, improved efficiency of heat
recovery on heat exchange are attainable with least
thermal deformation and reduced dust deposition.

Solving Means

In the apparatus for heating high-temperature air
located in a gas atmosphere of elevated temperature, an
air to be heated and caused to flow through a heat
transfer conduit is heated upon heat exchange with the gas
of elevated temperature. The heat transfer codﬁit is
consﬁructed with a heaﬁ transfer pipe in ‘which the air to
be heated is flowed, and a refractory protective pipe held
in coaxially covered relation to the heat transfer pipe
with a gapping defined between both pipes. The refractory
protective pipe is formed to be angular when seen

sectionally, and the heat transfer pipe is disposed in a

'plural number and secured in face-to-face contact with

adjoining heat transfer pipes and one sectionally angqlar

‘face of the refractory protective pipe.
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