HEAT-RESI STANT ASSEMBLY FOR PROTECTI NG BO LER TUBES  TECHNI CAL FI ELD

- This invention concerns a heat-resistant assenbly for the tubes in a boiler.
" such as a waste heat boiler which uses the heat from a garbage incinerator
More specifically, .it concerns a heat-resistant design for a block of

boil er tubes in a plant which obtains steamenergy froma boiler using the
exhaust gas from conbusting garbage or isustrial waste. TECHNI CAL
BACKGROUND Heat -resi stant structures for protecting boiler tubes in
wast e heat HEAT/RESTSTANT IASSEMBLY FOR\@PROTECTING .BOXLER)TUBES:, in Patent
Publ i cation 2-203194, as is shown in Figure 9, boiler tubes 101 are
connected by fins 102 to formtube walls 100. Panels 104 are constructed of

heat - r esi st apiicHNTcE, FIiE,Ar eas between the upper surfaces of panels 104
and the surfaces of tube walls 100 which face towards the gas and the areas
bet ween each pai rTlbks atpweshionugencerasf gl heatwnes isdandr agsembiie el s

arg fjxed tAHeHRGHYR! i 108oPYer such as a waste heat boiler which uses
the heat from a garbage incinerator. More specifically, it
concerns a heat-resistant design for a block of boiler tubes
in a plant which obtains steam energy from a boiler using the

exhaust gas from combusting garbage or industrial waste.

TECHNICAL BACKGROUND _

~ Heat-resistant structures for protecting boiler tubes
in waste heat boilers are well known in the prior art. For
example, in Patent Publication 2-203194, as is shown in
Figure 9, boiler tubes 101 are connected by fins 102 to form
tube walls 100. Panels 104 are constructed of heat-resistant
brick. The aréas between the upper surfaces of panels 104
and the surfaces of tube walls 100 which face towards the gas
and the areas between each pair of adjacent tubes are filled
with mortar 107. The panels are fixed to tube walls 100 by
means of stud bolt 103. The end of the aforesaid stud bolt
103 which is exposed is covered by cap 110, also constructed
of heat-resistant brick.

This prior art design requires'fhat a depression 109 be
provided in heat-resistant panel 104 to contain cap 110.
This resulted in an extremely thick panel 104 with very low
heat conductivity.

This- problem was addressed in Japanese Patent
Publication 4-227401, wherein the design pictured in Figure
8 was proposed. A heat-resistant block provides a composite
structure for the boiler tubes while insuring a good

conductive transfer of heat. To explain Figure 8 more fully,
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to lend strength to the tubes 11 by connecting them in either
a horizontal or a vertical array. 12 is a boiler tube
assembly consiéting of a number of rows of tubes 11 and the
flat ribs 13 which connect the adjacent tubes 11 in either a
horizontal or a vertical array.

Reference numeral 26 identifies heat-resistant blocks
of a ceramic material which are placed so as to protect the
aforesaid tubes 11 from the combustion gases. The aforesaid
tubes 11 are protected from the heat of the combustion
exhaust gases and the corrosive atmosphere they create by the
heat-resistant blocks 26.

23a is a'bolt to affix the aforesaid block 26 onto one
of the flat ribs 13. The bolt extends from rib 13 through
heat-resistant block 26. When nut 23b is tightened, block 26
.is fastened to tubes 11 and rib 13. 20 is mortar which fills
the spaces between the heat-resistant block 26_énd tubes 11
or ribs 13.

In the heat-resistant assembly of the prior art boiler
described 'above, block 26 is composed of a highly
heat-resistant ceramic, and the space between tubes 11 or -
ribs 13 and block 26 is filled with mortar 20. This promotes
the flow of heat while protecting tubes 11 from the
combustion gases and their corrosive atmosphere.

‘However, because the aforesaid prior ért block is
composed of a ceramic, its heat conductivity is relatively
high. If only the portion around nut 23b is indented, and

surface 26a, which faces the combustion gases, is to be flat,



a horizontal or a vertical array. 12 is a boiler tube assenbly consisting
of a nunber of rows of tubes 11 and the flat ribs 13 which connect the

adj acent tubes 11 in either a-horizontal or a vertical array.
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the combustion gases, gets quite high. This results in a
thermal expansion differential between tubes 11 (which are
composed of a heat-resistant metal) and heat-resistant block
26 (which is composed of a ceramic). The end result is that
block 26 experiences high thermal stress.

If the ideal conditions are not met for heat transfer
between the assembly of block 26 and tubes 11, the
temperature of the exterior surface of block 26 will
increase, and the residual ash 24 of the combusted fuel will
melt and adhere to the block, forming a layer of thermal
insulation.

Because the heat transfer capability of this layer of
ash islextremely inadequate, once ash 24 begins to adhere,
the further melting and buildup of ash is promoted and the
layer of insulation becomes thicker and thicker, posing a
significant obstacle to heat traﬁsfer. And because ash 24
contains corrosive components such as chlorine compounds,
-tubes 11 are exposed to high-temperature corrosion which may
result in damage. |

- The aforesaid heat-resistant block 26 is attached tb
tubes 11 and flat ribs 13 by bolt 23, which is fixed to one
of tye flat ribs 13. The compression which occurs when the

bolt 23 is tightened and the difference in thermal expansion

between tubes 11 (which are composed of heat-resistant metal)



-3- "block 26 will necessarily have to be quite thick. As a result,
boilers with the prior art design were not able to achieve the maxi mum heat
fitow which is essential to boiler efficiency. Furt hernore, because
heat is not transferred efficiently fromblock 26 to tubes 11, a large
tenperature differential occurs between the interior and exterior of block
26, and the tenperature of surface 26a, i{fe surface which is exposed to the
conbusti on gases, gets quite high. This results in a thermal expansion
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be damaged or fall away from the boiler tubes.

DISCLOSURE OF THE INVENTION

This invention was developed in view of the problems
discussed above. Its objective 1is to provide a
heat-resistant assembly which would not entail a thick block,
which would experience less thermal stress, which would not
suffer from high-temperature corrosion of its mounting
fittings and so would provide a longer service life, and
which could transfer heat very efficiently.

Another objective of this invention is to provide a
heat-resistant assembly which would not experience the
problems which occurred with prior art devices, including
damage due to warping of the block, inefficient heat transfer
due to the thickness of the mortar, and high-temperature
corrosion of the securing means used to attach the block to
the tube assembly.

This invention relates to a heat-resistant assembly
which protects the boiler tubes from the products of
combustion by interposing a heat-resistant block between the
tubes and the combustion gases.

The heat-resistant assembly comprises a block and an
interlocking attachment means. The inner side of the block
faces the aforesaid tube assembly. The block is formed so as

to effectively shield the tubes from the combustion gases.



signi‘ficant obstacle to heat transfer. And because ash 24 contains
corrosive conponents such as chlorine conpounds, tubes 11 are exposed to

hi gh-t enperature corrosi:on which may result in damage. The aforesaid
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-4- and bl Atk 12astwond of corposedfates,cartmti cyhiely faselst the t habeal

war pi ng. This stress and the {he | ,stress due to the tenperature

Gt Peront i apSESTEEs Thauinhad- omte, dibeF Lorkiie S HATRE BEAPess 9 n
danmage to tBecWteDK fix, sollde aoobesakdabRhbléjatBadblutk2dhdatheckapeed to
t he conbustion gases, which are liable to corrode them If the corrosion is

al | oned to BYJREREAT hedt -FHGT Wardsh| 5BR 2BtAR}CSEIBANALEACEBRREl MeaRsy
fromthe bojLer;4bESd between the aforesaid tube assembly and the

heat-resistant block.

This invention is distinguished by the fact that the
aforesaid boiler tube assembly and heat-resistant block are
interlockingly secured to each other by the interlocking
attachment means. |

The meaning of the phrase "boiler tubes" is not limited
to the boiler tubes only. It also includes the fittings
which connect the tubes and the flat ribs or the entire tube
assembly.

For the purposes of this invention, the aforesaid boiler
tubes preferably comprise at least two tubes and the flat rib
which joins them.

The heat-resistant blocks comprise curved portions which
conform to the shape of the aforesaid tubes and ribs, and
flat portions which connect the curved portions. The
invention is distinguished by +the fact that the
heat-resistant block is interlockingly secured to the tube
assembly, in such a way that it can freely be installed or
removed, by an interlocking attachment means mounted in one
of the flat portions where the rib of the aforesaid tube
assembly faces the heat-resistant block.

This invention is also applicable to a boiler in which
adjacent tubes are not connected. by flat ribs but are
installed independent of each other in the chamber containing
the combustion gases.

In this 'case, the aforesaid heat-resistant block

comprises an assembly of a number of curved shroud portions
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With the present invention, the shroud which encases the
boiler tubes does not have a square cross section like that
of a prior art shroud with a flat surface facing the
combustion gases. Rather, its shépe follows the contour of
the tube surface. This allows the heat-resistant block to be
made thinner, and it prevents the temperature of the block
from spiking because of the large differential between its
interior and exterior or because of heat absorbed by the
boiler tubes. This design thus reduces the thermal stress
experienced by the heat-resistant block.

As has been discussed, the block is of a uniform
thickness, so its thermal conductivity is high. It can
efficiently transfer thermal energy to the boiler tubes.
Excess heat cannot be trapped in the block, and ash does not
accumulate on the surface of the block which is exposed to
the combustion gases, as occurred with prior art devices. As
a result, the thermal conductivity of the block remains high.

The aforesaid prior art heat-resistant block pictured
in Figure 8 is relatively thick, and its thickness is not
uniform. For this reason it is liable to warp due to thermal
stress. The heat-resistant block according to the present
invention is of a relatively thin and uniform thickness and
is formed of arc-shaped segments. In addition to~addressing

the aforesaid problems, this design mitigates thermal stress.

‘Because the block is thin and uniform and conforms to the



-5- At least one of its surfaces, that which faces the tube assenbly, is
curved. The interlocking attachment means is to securely fix, so as to be
det achabl e, the bl ock and the tube by nortar, in other words, the

interl ocking attachnent neans is |ocated between the aforesaid tube
assenbly and the heat-resistant bl ock. This invention is distinguished
by the fact that the aforesaid boiler tumw assenbly and heat-resistant

bl ock are interlockingly secured to each other by the interl ocking
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more effectively, so that e&en though they are metal, they
pose no problem in terms of heat transfer. This provides
greater freedom for the design of the interlocking attachment
means. |

The block is not attached to the tube assembly using the
compressive force of a bolt and nut as in the prior art, but
is held by interlocking the two members securely. This
design is thus virtually free of the thermal constraint which
occurs between the tubes and the block due to the bolt and
nmt. .If a thefmal lag occurs because of the differential in
thermal expansion between.the two components, this lag will
effectively be absorbed so that thermal warping will not
occur. The design naturally prevents thermal damage.

Because, ﬁnlike prior art devices, this design does not
employ a bolt and nut which are exposed to the combustion
gases, it is not subject to high-temperature corrosion.

The aforesaid anchor to be used in the present invention
should be as described below.

To wit, the aforesaid interlocking attachment means
comprises a tongue and recess which are provided.on the
aforesaid heat-resistant block and tube assembly,
respectively. When the tongue ehgages in the recess, the
block is interlockingly secured to the tube assembly.

As can be seen in Figures 5 through 7, the tongue and



This invention is also applicable to a boiler in which adjacent tubes are
not connected by flat ribs but are installed independent of each other in

t he chanber containing the conbustion gases. In "this case, the
aforesaid heat-resistant block conprises an assenbly of a nunber of
curved shroud portions : -6- cut along
the axial direction which ,when conbi nedss-cover the entire periphery of the
af oresai d t ubes. The invention is distinguished by the fact that the
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tongue on the outer surface of the tube assembly and a
tapered recess on the inner surface of the block, the block
can be interlockingly secured by pressing the tongue into the
recess.

Interlockingly secufing the heat-resistant block to the
tube assembly by forcing a tapered tongue into a tapered
recess provides a simple mounting design which does not allow
the block to draw away from the tubes. Because the
interlocking attachment means can loosen and tighten, the
exposed side of the block is free to experience thermal
expansion without excessive thermal stress occurring.

If the present invention is applied to a tube assembly
which comprise at least two tubes and a flat rib which links
them, the heat-resistant block should comprise curved
portions which conform to the shape of the aforesaid tubes
and ribs and flat portions which connect the curved portions.

-Even if .the interlocking attachment means, coﬁprising a
tapered tongue and recess, is placed where the flat portion
of the block is up against the flat rib of the tube assembly,
it should still engage in such a way that its tongue and
recess can become loosely interlockingly attached. This
allows for a certain amount of thermal expaﬁsion in the
vicinity of the interlocking attachment means so that the
block will not experience excessive thermal stress.

Instead of the aforesaid tapered tongue and recess, the
interlocking attachment means may comprise a projection on

the inner surface of the curved portion of the block which



made thinner, and it prevents the tenperature of the block from spi ki ng
because of the large differential between its interior and exterior or
bécause of heat absorbed:by the boiler tubes. This design thus reduces the

thermal stress experienced by the heat-resistant bl ock. As has been
di scussed, the block is of a uniformthickness, so its thermal conductivity
i s high. It can efficiently transfer tdpermal energy to the boiler tubes.

Excess heat cannot be trapped in the block, and ash does not accumul ate on
t he surf ace emigaiges hiiddk the cutexr euxfaed iof tUhe dcubausti on gases, as
occurred with prior art. devices. .a result., th%.therna hcon%gftivity of
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"7 assembly is uniform, so there is no point where the mortar
which fills the gap can get too thick.

According to this configuration, the aforesaid
interlocking attachment means comprises a tongue which
projects from the tube assembly in the direction opposite the
force of gravity and a recess on the heat-resistant block in
which the tongue engages. The block, then, is interlockingly
secured to the tube assembly using the force of gravity.
More specificélly, the aforesaid heat-resistant block is
mounted to the aforesaid boiler tube assembly in the same way
that a picture is hung on the wall.

According to this configuration of the present
invention, the block is affixed to the tube assembly, in the
same way that a picture is hung on the wall, by an
interlocking attachment means comprising a tongue and recess.
This design eliminates the need for the bolt and nut employed
in the prior art. Because the block is hung on the tube
assembly, as it were, there is leeway for thermal expansion
between the tubes and the block, and thermal compression will
not occur. The block can be made thinner, and significant
temperature differentials between the inner and outer
surfaces of the block or incidents of local spiking can be
kept to a minimum. This will reduce the thermal stress
experienced by the block.

The heat-resistant biock of the aforesaid invention.

should have a number of curved shroud portions, each of which



cylindrical shape of the tubes, it can conduct heat to the tubes nore
efficiently and so inprove the thermal efficiency of a steam generator

pl ant. The aforesaid interlocking attachment nmeans is not exposed in
t he chanber containing the conmbustion gases, but instead is on the side of
t he bl ock which faces the boiler tubes. In other words, it is conpletely

I nsul ated fromthe conbustion gases. Theiboiler tubes are able to absorb
heat nore effectively, so that even though they are netal, they pose no
problemin tsdrieddsf deafinglentfube imhas prumaydesf gtebéer conedddringorof he
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corrosion. The aforesaid anchor to be used in the present invention
shoul d be as described bel ow. To wit, the aforesaid interl ocking
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shield for protecting the tubes in a waste heat boiler which

is a preferred embodiment of this invention. Figure 2 is a
view of the principal partslof the shield in Figure 1 from
the direction indicated by arrow Z. Figure 3 is a cross
section taken along line A-A in Figure 1. Figure 4 shows a
modification of the shield pictured in Figure 1. Figure 5 is
a radial cross section of another heat-resistant shield for
protecting boiler tubes which is a preferred embodiment of
this invention. Figure 6 is an axial cross section of still
another heat-resistant shield for protecting boiler tubes
which is a preferred embodiment of this invention. Figure 7
is a horizontal cross section of the heat-resistant shield
for protecting boiler tubes shown in Figure 6. Figure 8 is
a view corresponding to Figure 1, showing a heat-resistant
shield for protecting boiler tubes which is an example of the
prior art (fatent Publication 4-227401). Figure 9 is a view,
also corresponding to Figure 1, which shows another
heat-resistant shield for protecting boiler tubes which is a
further ekample of the prior art (Patent Publication
2-203194). |

EMBODIMENTS



respectively. Wen the tongue engages in the recess, the block is

interl oekingly secured to the tube assenbly. As can be seen in Figures
5 through 7, the tongue and recess constituting the aforesaid

i nterl ocking attachnment neans may both be tapered so that the block is
securely fixed when the tongue is forced into the recess. - I n ot her
words, as can be seen in Figures 5 through-7, if the interl ocking
attachnent .neans conprises a tapered tongue on the outer surface of the
tube assenbly andm thispeeetiioacesssloall bisoussyr isudeiadlotwd hpréfexied t he
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expansi on w thout excessive thermal™stress occurring.
the invention is not limited only to the example given, which
is meant merely for the purpose of illustration.

We shall first discuss a preferred embodiment of this
invention with reference to Figures 1 through 4.

Figure 1 is a horizontal cross section of a
heat-resistant shield for the tubes in a waste heat boiler
which is a first embodiment of this invention. Figure 2 is
a view of the shield in Figure 1 as seen from the direction
indicated by arrow Z. Figure 3 is a cross section taken
along line A-A in Figure 1.

Figures 1 through 4 show cross sections of a combustion
chamber for a boiler. This chamber is a high-temperature
incinerator for garbage or industrial waste. 12 is the
boiler tube assembly, which comprises multiple rows of tubes
11 and flat ribs 13, which connect adjacent tubes 11 in
either a horizontal or a vertical array.

16 is a heat-resistant block which shields the entire
exposed surface of the aforesaid tube assembly 12 from the
combustion gases. The heat-resistant block 16 is produced by
plading.in a mold a material with relatively good thermal
conductivity, such as a castable material. The block
comprises curved portions 1l6a, which shield the surface of
the aforesaid boiler tubes 11, and flat connecting portions
16b, which extend from.the curved portions l1l6a along the flat
ribs 13 of the tube assembly.

Tongue 18 protrudes at an upward angle with a fixed

pitch in the axial direction (i.e., vertically) from a flat



|f the present invention is applied to a tube assenbly which conprise at

| east two tubes and a flat rib which |inks them the heat-resistant block
shoul d conprise curved portions which conformto the shape of the aforesaid
tubes and ribs and flat portions which connect the curved portions. Even if
the interlocking attachment neans, conprising a tapered tongue and recess,
is placed where the flat portion of the-bbock is up against the flat rib of
the tube assenbly, it should still engage in such a way that its tongue and
recess can heidonk3| ofisadhe | afamrésaid ngbylert £obed.assenbly al2 ows Inortle
certain anmount of. t herpmal . expansi on kf tﬂe vicinity gf %Qg 'ntﬁélgckin

at t achment Cigp ¢ KREChh EBITREPMIS RSt ehe EROEs| A& fhl
stress. cdlNHread @ind ke iy aT, tiaRey ethild Behquyl ILRES erldiye.
interlockin%hg}tachnent means ng%%conprise a projection on the inner

surface of the@g¥gr J8dipotnFerleskingly|spqungd din recess 17 by means of

cont GACaSe R S ST farcaobe Wil ol ORI Mon ddtard
block 16 is hung in this fashion, it is fixed firmly to flat
rib 13 of tube assembly 12. o

Thus with the exception of the collar 19 which faces the
aforesaid tongue 18, every part of the heat-resistant block
16 has the same thickness.

Ordinarily, one set of the aforesaid tongue 18 and the
corresponding collar 19 and recess 17 in block 16 would be
provided between two rows of boiler tubes 11; however, one
set could also be provided for three or more rows of tubes.

The gap between the inner surface of curved portions 1l6a
of the heat-resistant block 16 and the outer surface of the
tubes 11, and that between the inner surface of flat
connecting portions 16b and flat ribs 13 of the boiler are
filled with a thin layer of mortar 20.

In the center of the inner periphery of curved portion
l6a of the aforesaid block 16 is a protrusion 21 which is
shaped 1like a flat mountain. A portion of the outer
periphery of tube 11 comes in contact with the very top of
the protrusion to assure that a secure connection is
maintained between block 16 and tube 11.

The free ends of flat portions 16b of each
heat-resistant block 16 aj:e formed into the shape of a
half-U, ending in horizontal protrusions 16c, a design which
mitigates thermal stress. |

Instead of using U-shaped grooves to mitigate thermal
stress, the free ends of flat portions 16b of the block can

be separated by gaps with a specified clearance 16d, as shown



proj ection engages so closely with the outer surface of the tube that
corrosive gases are prevented fromentering the interlocking attachnment
nmeans fromthe conmbustion gas chanber. Also, the gap between the bl ock and
the tube assenbly is uniform so there is no point where the nortar which
fills the gap can get too thick. According to this configuration
the aforesaid interlocking attachnment means conprises a tongue which
projects fromthe tube assenbly in the direction opposite the force of
gravity and im FHepae dn t he heat-resistant bl ock in which the tongue

engages. The blo hen,..is.interl.ockingly secured to, the tuhe, enbly

using the force 3451 d:lt}ﬁw?l &?S%?Esgﬂéﬂ??gc%’%ll%/,%?aﬂ"e'r(ﬂ%]r%sad}td "ﬁb’:ﬁaﬁf 5t ant
bl ock is mMWHee®bdiq drhauley e Iridt -Haid igvtdrithdIenty id ndtear IsvE t hat
a picture is hung on the wall. According to this configuration of the

present invéeausied t ke bfbek iniluf didxeaft Pehkex utabessesPRblyn 1he byane
way that a Pdrf‘s.téirﬁﬁi gﬁ'ﬁ'gugnlhhﬁ. WPleloeddy BN i’r{'.t@ﬁéoggfnﬁgwﬁ tg_ Eeypdreans
nd rec Ri s en

conpri sing a tongue ess. esign eltmnates t e or the
bolt and nutwosxdl dedy ian pilkdyare @ dthe waBdcaudd tthmshldeses iothmepdorta he

t ube assenbl S it re..there js |eeway for thernal pansi on.hetween

the tubes af (R RFeRivikhy 3 R MR 2B BhE A% PRt eT ABE DRk, Shiedds ock
can be nadewdieineras andrés @it f thepé isnmper dheirmadl idomipiieisisdlon Dritwessh t he
i nner and outer surfaces of the block or incidents of |ocal spiking can be

kept to a nitwbeukl (and £1aY |rikdde and the heat-tesdstant, daskoe M) t he
- bl ock. fﬂ@%mﬁga%t&%§%§Hﬁﬁ%nﬂﬂfﬁﬁ&é&i the aforesaid invention should have

a nunber of curved shroud portions, each of which
With the exception of collar 19, the thicker portion of

the block in which recess 17 is formed to interlockingly
secure the block to the tube assembly 12, heat-resistant
block 16 is of a uniform thickness. This design provides
excellent thermal conductivity. The thermal'energy can be
effeétively transmitted to tubes 11, and the temperature
differential between the interior and exterior surfaces of
‘heat-resistant block 16 is reduced, thereby reducing the
thermal stress on the block.

With the aforesaid heat-resistant block 16, boiler tube
assembly 12 is completely shielded from the combustion gases
by thin layer of mortar 20. Because there are no components
such as bolts which are exposed to the combustion gases,
high-temperature corrosion does not occur.

Because one segment of the aforesaid heat-resistant
block 16 is provided for two rows of tubes 11, the block can
be made thinner and smaller. The block can easily be handled
(or carried), mounted or removed. And the fact that it
mounts in picturé-hanging fashion makes it even easier to
interlockingly attach or remove. _

Protrusion 21, formed on curved portion 16a, is in firm

contact with the outer periphery of tube 11 to prevent any



-10-""shields a single tube in an array of tubes consisting of several
(preferably two) rows. Each shroud portion should be affixed to the

af oresai d tube by neans of a single interlocking attachment neans. The

bl ock can be made thinner and snaller. Because it is affixed to the tube by
a single interlocking attachment neans, it is easy to nount and renove. It
Is also easier to handle (i.e., to carryl4- BRI EF DESCRI PTION OF THE

DRAW NGS Figure 1 is a radial cross section of a heat-resistant shield
for protecticibustibribgases ahmtmématcdwé ®ighhitefpesatups ed@rreion

enbodi nrent of this _invention. ur.e I.s a view of the princ arts of
the shield ifFom gainings T’B?r???l |‘?ré9ttf1‘lﬂ? AFFEERAE VRS Eﬁ? 09\?"2*?%?—'?

IS a cross seidud i@kgnqal-epgski 1g.A- éebau'éteg%% %ap’:'lﬂzlﬂ'v\féeqm m@& a6
modi fication of  the shield pictured in Figure 1. Figure 5 is a radial cross

section of amek kubehaaserbiysi2nis shixad) angt uniform, the mortar 20 used
to fill the gap can be of an appropriate uniform thickness.

The length of horizontal protrusions 16c on the ends of
each block segment 16 can be .adjusted to maintain an
appropriate gap between block 16 and tube assembly 12. When
the opposed horizontal protrusions come in contact through
thermal expansion, damage to the block is prevented.

Figures 5 through'7 show a second preferred embodiment
of this invention. 1In all three drawings, a tapered tongue
and recess serve as the interlocking attachment means.

In the embodiment pictured in Figure 5, adjacent tubes
are linked by a flat rib. As has been discussed, 12 is a
tube assembly coﬁprising multiple rows of tubes 11 and the
flat rib 13 which connects the adjacent tubes 11 in either a
horizontal or a vertical array.

56 is a heat-resistant block which shields the entire
outer surface of tube assembly 12 from the combustion gases.
The heat-resistant block 56 is produced by placing in a mold
a material with relatively good thermal conductivity, such as
a castable material. The block comprises curved portions
56a, which shield the surface of the boiler tubes 11, and
flat connecting portions 56b, which extend from the curved
portions 56a along the flat ribs 13 of the tube assembly.
These aspects of the design are identical to corresponding
aspécts of the first embodiment. .

In this embodiment, heat-resistant block 56 is mounted
to the tube assembly by round, tapered recess 58, formed on
the surface of flat rib 13 of tube assembly 12 opposite flat

.connecting portion 56b. Recess 58 is formed, as can be seen



protécting boiler tubes which is a preferred enbodi nent of this invention.
Figure 6 is an axial cross section of still another heat-resistant shield
for protecting boiler tubes which is a preferred enbodi ment of this
invention. Figure 7 is a horizontal cross section of the heat-resistant
shield for protecting boiler tubes shown in Figure 6. Figure 8 is a view
corresponding to Figure 1, showi ng a heatstesistant shield for protecting
boil er tubes which is an exanple of the prior art (Patent Publication
4-227401). Hrgwhe erossaseteionataken caloras poirk g-A} aus friguring-ishapéd ch

shows another heat-resistant_shield for protecting boiler tubes which is a
further exarfARSToLUidE Bgﬁor ﬁ? E tg}fbl‘?%er rPé-%l%fe serves

EMBODI MENTS g5 recess 58. In this section we shall discuss in detail two
preferred enmbodi ments of this invention with reference to the draw ngs. To
the extent that tindentatiomnilapnpiemonnd dipke which tapers along its

depth, is in the location opposite hollow ring 58 on flat
portion 56b of heat-resistant block 56, on the side which
faces flat rib 13 of tube assembly 12.

Tapered protrusion 59 on heat-resistant block 56 is
pressed into tapered recess 58 on flat rib 13 until the_block
is interlockingly secured onto the tube assembly.

The small space left between heat-resistant block 56 and
flat rib 13 is filled with mortar 20.

Figures 6 and 7 show another embodiment of this
invention in which boiler tubes 11 are connected to each
other by flat ribs in a parallel array.

Figures 6 and 7 differ from Figure 5 in that boiler
tubes 11 in these figures are completely surrounded by an-
atmosphere of combustion gases.. Thus the entire surface of
tube 11 must be shielded by heat-resistant block 66.

In this case block 66 comprises two segments which meet
along the vertical axis to cover the entire periphery of the
‘aforesaid tube 11. These segments, 66A and 66B, have
semicircular cross sections.  Tapered recess 68 and tapered
projection 69 constitute the interloéking attachment means

 which secures the block to the tube in such a way that it can
be mounted or released. These interlocking attachment means
are placed where shroud segments 66A and 66B meet the outer
surface of the tube assembly.

In this embodiment, one square tapered recess 68 is
provided on either side of the outer surface of tube 11 so
that the interlocking attachment means are disposed in the

centers of the inner surfaces of shroud segments 66A and 66B.



rel ative position of the structural conmponents which are nmentioned in these
exanples is not specifically disclosed, the invention is not limted only
tdb the exanple given, which is neant nerely for the purpose of '
iIlTustration. W shall first discuss a preferred enbodi nent of this

I nvention with reference to Figures 1 through 4. Figure 1 is a

hori zontal cross section of a heat-resistant shield for the tubes in a
wast e heat boiler which is a first enbodinent of this invention. Figure 2
is a view of the mhicdrd ben deqgnrin ks cesss fgartide th rEogues 7 Hhdilebadled by

arrow Z. Figure 3 is_a cross section taken along l.ine A-Ain Figure 1.
Figures 1 tHfodgieR ahsngcline %‘éé{ | AL ?%n%ﬁ&??ﬁnsgﬂa%%?e‘%%rﬁ?m
boi l er. ThighehaibeiceS oF N - LABBST AnH eth8Ciat@¥ad! OfifRin J@hBAGG Y

i ndustrial waste. 12 is the boiler tube assenbly, which conprises
mul ti pl e rowsligles genstituhel tapared ecessegitdhr connect adj acent tubes 11

I n either ahorizsg[]_t r t kgal r ' < '
bl ock which shieldst de%ee [ \rﬂg’%egggs% surl? aecaec%f éesaa?toﬁr&gt’?g?]{jeq%u%éeﬂ
assenbly 12 &% ain t tise cbobationnwhiehs cofirespeatisr ¢oi tapeirdd adcess i68.

roduced b lacing in. a | d eri,al wth relatjyvely .good_thernal
(F:)ondﬂctivi%/ n gh@% J%’sd% g&stﬁﬁ?%‘éﬁ%wl’ortl?ﬁe 08’%”% faces dh&ed

portions 16xfoMaisaldsbhpbielNfesekd e f 4 f\f‘a&ﬁéﬁ&sﬁi&jé&%ﬂ&{ g9 R@asidnl .

and flat connecting portions 16b, which extend from'the curved portions 1l6a
al ong the flig& £prmed3 by cxeating 8geabey taperedrorgeesss §favt inddhaat an

upward angl g iR 2 fd %8 Risdud.h the axial direction (i.e., vertically)

froma flat
' The aforesaid tapered recesses 68 and tapered

projections 69 may be circular, square, or polygonal
according to the user’s discretion.

When tapered projections 69 on shroud segments 66A and
66B are pressed into tapered recesses 68 on tubé 11, the
shroud is interlockingly secured to the tube.

The small space which remains between heat-resistant
block 66 and tube 11 or flat rib 13 is filled with mortar 20.

Small clearances 651 and 652 should be left between the
free ends of shroud segments 66A and 66B in both the
peripheral and axial directions. This will prevent the
segments from colliding with each other due to thermal

expansion and so prevent thermal warping or other damage.

EFFECTS OF THE INVENTION
As has been discussed above, with this invention a
heat-resistant block is interlockingly secured to a boiler
tube assembly by an interlocking attachment means whose two
segments are provided on the surfaces of the block and tubes
 which face each other, and which allows the block to be
attached (interlockingly secured) to or removed from the tube

assembly. This interlocking attachment means may, for



-12-" rib 13 of the aforesaid boiler tube assenbly 12. In the |ocation
whi ch corresponds to tongue 18, block 16 has a collar 19 and a recess 17,
i ht o which tongue 18 can-engage. Tongue 18 is interlockingly secured in

recess 17 by neans of nortar 20 and the force of gravity. When _
heat -resi stant bloock 16 is hung in this fashion, it is fixed firmy to flat
rib 13 of tube assenbly 12. Thus w-th-t he exception of the collar 19

whi ch faces the aforesaid tongue 18, every part of the heat-resistant block
16 has the sxamplei,ckompsise a tdpeirethriidngueoandseecesst Which oaklew dcheongue

18 and the rrespongdi ng col lar .19 and recess .17 in.block 16 woul d
provi ded bef%fgﬁ‘ -?ﬁog?o ngfoﬁo\:}ll%rt'{ SFSHR 1%\)%&3&}‘9 B ‘éagg?g%o?ﬁ 3-35? SO
be provi ded fioicd fequraivity ad Gcudfe tithesnuch as B igfuetisediurndeorn nner

surface of curved portions 16a of the heat-resistant block 16 and the outer
surface of Bhd@ddbesThis dagignAisRangas widd ithe Pkl fardk Bt fsgd in

fﬁmef;'ygg (F}?fémllg%;@[‘dwﬁiéﬁ wePs L3pBkelineob et caiifustiide Galdd), a
: and so prevents high-temperature corrosion from occurring.

Because the block is mounted by means of interlocking
attachment means which can become looser or tighter instead
of a bolt and nut, it never becomes frozen to the tube
assembly due to thermal expansion. The block can be made
thinner, and the temperature differential between the inner
and outer surfaces of the block is smaller than in prior art
devices. Temperature spiking is controlled, and the
reSulting thermal stress on the block is reduced.

The aforesaid heat-resistant block comprises a tubular
shroud which conforms to the surface of the tube assembly.
This design allows the block to be relatively thin and of a
uniform thickness throughout. The block has high thermal
conductivity and so can transfer thermal energy effectively
to  the tubes. It does not overheat and so does not
experience a buildup of ash on the surface which is exposed
to the combustion gases, as prior art blocks did. This block
is thus able to maintain high thermal conductivity.

With this invention, gases which cause high-temperature
corrosion aré effectively prevented from infiltrating the
interlocking attachment means from the combustion gas
chamber. 1In addition, the gap between the block and the tube
assembly is uniform, so the layer of mortar which fills the
gap cannot become excessively thick in any location.

With this invention, the heat-resistant block can easily
be mounted and removed. It is also easy to handle (i.e., to

carry).



In the center of the inner periphery of curved portion 16a of the aforesaid

block 16 is a protrusion 21 which is shaped like a flat nountain. A
portion ofl [ ry of tube 11 conmes in contact with the very
top of thej ﬂlﬂmﬂmﬁ"ﬂ" ure that a secure connection is maintained

bet ween bl ock ¥6 &nd"t ube *11. The free ends of flat portions 16b

of each heat-resistant block 16 are formed into the shape of a half-U,
ending in horizontal protrusions 16¢, a design which mtigates thernal
stress. I nstead of using U-shapedchhuSes to mtigate thermal stress,
the free ends of flat portions 16b of the block can be separated by gaps
wth a specified clearance 16d, as. shown -

-13- in Figure 4. A heatbiesistshteabedniayt fir apkosbctiaysbvilehi el d
.for the boiler tubes, heat-resistant_ block 16 Is inter|ockin gly secured to

flat rib 13t¥beBofrem comlustionRrpdupt sy, haydes: pnetbrERRisnt Macks 17
in the sanegWayctidk B8Eween boiler tubes and combustion gases to shield

said boiler tubes from combustioh products, comprising:
a heat-resistant block formed in such a way that an inner
surface of said heat-resistant block faces said boiler tubes
and effectively shields the tubes from said combustion
products, and at least one surface of said heat-resistant
block facing said boiler tubes being curved along said boiler
tubes; and

én interlocking attachment means between said
heat-resistant block and said boiler tubes, which can be
engaged or released, to interlockingly attach said
heat-resistant block and said boiler tubes.

2. A heat-resistant assembly for protecting boiler
tubes according to claim 1, wherein said boiler tubes are
connected by a flat rib, said heat-resistant block comprises
a curved portion to shield each of said boiler tubes and a
flat connecting portion which extends from the curved portion
along said flat rib to shield said flat rib, and said
interlocking attachment means, which can be engaged or
released, is provided between said flat rib of said boiler
tubes and said flat connecting portion of said heat-resistant
block. '

3. A heat-resistant assembiy for protecting boiler
tubes according to claim 1, wherein said heat-resistant block
covering an entire periphery of said boiler tubes when
assembled, comprises_a plurality of curved shroud portions
extending along an axial direction of said boiler tubes, and

said interlocking attachment means, which can be engaged or



woul d hang a picture omthe—wall. It thus does not need to be nmounted with
a bolt and i heat shields were. As a result there is no

t her mal conﬂ'MHﬁHﬂ!”%HMtube 11 (and flat rib 13) and the

heat - r esi st an ack,x ermal stress is mnimzed. Wth the
exception of collar 19, the thicker portion of the block in which recess 17
is formed to interlockingly secure the bheck to the tube assenbly 12,

heat -resi stant block 16 is of a uniformthickness. This design provides
excel | ent t hedleasedoniscproviged Tetvdear rsalide earggdcahroed epdeicioneseland
transmtted tqQ tybes 11, and the tenperature differential between the
interior an§adg gﬂlgwers e@s of heat-resistant block 16 is reduced,
thereby reducing 4 he thhepragat-pbs£56aRf h@%emm?k-f_or pr¥tebting aanesaid
heat -resi stant block 16, boiler tube assenbly 12 is conpletely shiel ded
fromthe cowpss ocpessting e nClajwr 3 rvhereinQ syt gidtar@ckinie no
conponent s l i 0 t OIS O BRS

hi gh-terrper%#&?gﬂ@g??oéégﬁgd%@ﬁl%%%c3%91&'1% A}Elec%ause onsgrbsegne%%tdoofnthe
af oresai d heatidr esbeotidetr bl bukes6 |iangrovsaixdl f dredtworesgtanit t ulkdock], the
bl ock can be nadetthiﬁper and smaller. The bl ock can easily be handl ed (or
carried), mOGREET O rertoved. And the fact that it nmounts in

pi cture-hangi ng feashi gn ne&kesrésisvent eassenbly | foer peekeotlingatoigleror
renove. Protrusion 21, fornmed on curved portion 16a, is in firm,
contact wit Fubgs ARKITHNY phar ¢lgim (he whersipr pdst tepgue and said

recess are both tapered.

6. A heat-resistant assembly for protecting boiler
tubes according to claim 4, wherein said tongue projects from
said boiler tubes in a direction opposite a force of gravity,

- and said recess is interlockingly attached with said tongue.



-14-" conbustion gases which m ght cause hi gh-tenperature corrosion from
galnlng access to the tube assenbly via the path between tongue 18 and
recess 17. Because the gap between bl ock 16 and tube assenbly 12 is fixed
and uniform the nortar 20 used to fill the gap can be of an appropriate
uni form t hi ckness. ' The length of horizontal protrusions 16¢c on the
ends of each block segnent 16 can be affusted to maintain an appropriate
gap between bl ock 16 and tube assenbl&ng \When t he opposed hori zont al
protrusions cone in contact through t Expan5|on darmage to the bl ock
is prevented. Figures 5 through 7 show a second preferred enbodi nent
of this invention. In all three draw ngs, a tapered tongue and recess serve
as the interl ockiThg aobideerime nednsthis invenhéoBnbbei ikt BHAtideed a n
Figure 5 a e r b r S ed,
12 is a tub?eggsg%%l% ﬁfjlrgs:’sélén%( ¥°I EL#%\%\% b lt1 A% %%fg 1@:%1 (afﬁ%% ri
13 whi ch comoactentiadidl aalj elbok hehegréélsﬁantt bebck,hmmthnteadpecmemces
vertical arra s a heat-re5|stﬁnt bl ock .whi ch shlel S the entire

out er surfa&@yﬁf t%ﬂ%@enﬁl €88 ¢f r om YALCRonidddi oPYhseuf
heat - r esi st Mt@ﬂpe&@ﬂu&eprwbm&y ot afté‘meﬁnEJ.HQ' ¢iRtTRG8’ hdld Wd h

relatively good t hermal conductivity, such
would provide a longer service llfe, and which can transfer

b

heat very efficiently. This structure would be interposed
between the boiler tubes and the combustion gases. Such a
structure would be distinguished by the fact that it
comprises heat-resistant block 16, itself composed of curved
portion 16a, whose inner surface at one point comes in
contact with the aforesaid boiler tube 11, and connecting
portions 16b, and the aforesaid boiler tube assembly 12. The
interlocking attachment means which interlockingly secures
these two components together in such a way that the block
can be mounted or removed comprises recess 17, 58 or 68 and
tongue 18, 59 or 69.



a castable materi al .
shield the surface of

The bl ock conprises curved portions 56a, which
the boiler tubes 11, and flat connecting portions

56b, which extend fromthe curved portﬁpny 5ga along the flat ribs 13 of

t he tube assenbly. These aspects of the design are identical

correspondi ng aspects

heat -resi stant block 56 is nmounted to the tube assenbly by round,
formed on the surface of flat

recess 58,
opposite fl.at connecti
- 15-

in the cross section taken al ong

to

In this enbodi nent,

t aper ed
at rib 13 of tube assenbly 12

ng portion 56bP Regeass 38 is forned, as can be seen
ne A-A, using ring-shaped taper

of the first enbodi nment.

gui de 58a. The area in the center of the guide serves as recess 58.

| ndentati on 59a, a round hol e which tapers along its depth,

| ocati on opposite hol
bl ock 56, on the side
Tapered protrusion 59

is in the
owring 58 on flat portion 56b of |Beat-resistant
whi ch facejlflat rib 13 of ti@e agsenbly 12.

on heat-resistant block 56 is pressed into taperedq

recess 58 on flat A
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is interlockingly secured onto the tube assenbly. The smal | space |eft
bet ween heat-resistant block 56 and flat rib 13 is filled with nortar 20.
Figures 6 and 7 show another enbodi nent of ,this invention in which boiler
tubes 11 are connected to each other byZ‘Iét ibs in a parallel array.
Figures 6 and 7 differ fromFigure 5 in that boiler tubes 11 in these
figures are conpletely surrounded bma&m)s ere of conbustion gases.
Thus the entire surface of tube 11 *sh~l ded by heat-resistant bl ock
66. In this case bl ock 66 conprises two segnents which neet al ong the
vertical axis to cover the entire periphery of the aforesaid tube 11.
These segnents, 66A and 66B, have semicircular cross sections. Tapered
recess 68 and tapered projection 69 consti t:ﬁ@ t he interlocking attachnent
means whi ch secures the block to the tube i uch a way that it can be
nmount ed or rel eased. These interl ocking hnment means are pl aced where
shroud segnents 66A and 66B neet the ¢@uterys #aC? of the tube assenbly.
#SE\68 Is provided on either side
of the outer surface of tube 11 so that thé/p\terlocking attachment neans
Lot 160 oud segments 66A

/Bdces

and 66B.




-16-° ~As can be seen in the cross section in Figure 7, which is taken
along line B-B, square taper guides 68a project fromthe surface of the
tube, and the areas within the taper gub?ﬁ? Epnstitute t apered recesses 68.
Shroud segnments 66A and 66B each have a I cRer portion 63 in the | ocation.
whi ch corresponds to tapered recess 68. On the side of the thicker portion
63 which faces the aforesaid tapered recess 68 is a tapered projection 69
which is formed by creating square tapered recess 69a in the surface of the
shr oud. The aforesaid tapered__recesses 68 and tapered
projections 69 may be circul ar, squaﬂEJ_@F.poﬂygonal according to the
user's discretion. When tapered projections 69 on shroud segnents 66A
and 66B are pressed into tapered recesses 68 on tube 11, the shroud is
interl ockingly secured to the tube. The smal | space which remains

bet ween heat-resistant block 66 and tube 11 or flat rib 13 is filled wth
nortar 20. Smal | cl earances 651 and 652 should be left between the
free ends of shroud segnents 66A and 66B in both the peripheral and axi al

di rections. This will prevent the segnents fronlcoH j ding with each ot her
due to thermal expansion and so prevent thernal mFrpi or other damage.
EFFECTS OF THE | NVENTI ON | l /ng
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As has been di scussed above, with this invention a heat-resistant block is
interlockingly secured to a boiler tube assenbly by an interl ocking
attachment means whose two Segnents are graofi @ed on the surfaces of the

bl ock and tubes which face each other, and which allows the block to be
attached (interlockingly secured) to or renoved fromthe tube assenbly.
This interlocking attachnment neans may, for

-17- exanple, conprise a tapered tongue and rgcess which allow the bl ock
to be hung on the tube assenbly takin idgént of the force of gravity to
secure it, nmuch as a picture is hung on a wall. This design dispenses with
the bolt and nut used in the.prior art, which were exposed to the
conmbusti on gases, and so prevents high-tenperature corrosion from
occurring. Because the block is nounted by nmeans of interl ocking
attachnment nmeans whi ch can becone | ooser or tighter instead of a bolt and
nut, it never becones frozen to tgztube assenbl yadue to thermal expansion.
The bl ock can be nade thinner, an he tenperatu differential between the

i nner and outer surfaces of lJock is smaller L _prior. art
I3 I
> (5sa 58
A o A
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devi-ces. Tenperature spiking is controlled, and the resulting
thermal stress on the block is reduced. The aforesaid heat-resistant

bl ock conprises a tubular shroud which $ogiogns to the surface of the tube
assenbly. This design allows the block To'be“relatively thin and of a

uni form t hi ckness t hroughout. The bl ock has high thermal conductivity and
so can transfer thermal energy effectively to the tubes. It does not
over heat and so does not experience a buildup of ash on the surface which

i s exposed to the conbustion gases,cﬁs-giior rt blocks did. This block is
thus able to maintain high thernmal ﬁb' tivity. Wth this invention,
gases which cause high-tenperature corrosion are effectively prevented from
infiltrating the interlocking attachnent nmeans fromthe conbustion gas
chanber. In addition, the gap between the bl ock and the tube assenbly is
uniform so the layer of nortar which fills the gap cannot becone
excessively thick in any | ocation. Wth this invention, the

heat -resi stant bl ock can easily be {nlgg_ggg_Lennxggﬁ It is also easy to

handle (i.e., to carry). _
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-18-° CLAI V5 1. A heat-resistant

assenbly for protecting boiler tubes from conbustion products, having a

héat - resi stant bl ock structure between bg | gr gubes and conmbustion gases to

shield said boiler tubes from conbustion products, conprising: a

heat -resi stant bl ock fornmed in such a way that an inner surface of said

heat -resi stant bl ock faces said boil ergmt Qes a?j effectively shields the

tubes from said conmbustion products, £(jj *| edst one surface of said

heat -resi stant bl ock facing said boiler tubes being curved al ong said

boi |l er tubes; and an interlocking attachment neans between said

heat -resi stant bl ock and said boiler tubes, which can be engaged or

rel eased, to interlockingly attach said heat-resistant block and said

boi l er tubes. . 2. A heat-resistant agsgnbly for protecting boiler

tubes according to claim1l, wherein said %I I'er iubes are connected by a

flat rib, said heat-resistant block co : al

each of said boiler tubes an?éf‘gl a j
|

urved portion to shield .
ortj @hi ch extends from

t he curved portion al ong sai rd féat rib, and said
or

i nterl ocking attachment ég S, n be e el eased, is
provi ded between said fl ri d_boil er t\ d said flat
connecting portion of said.he &8t bl ock. BOA heat - r esi st ant
assenbly for protecting er ; 68 69
65 '
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tubes according to claim 1, wherein said heat-resistant bl ock covering an
entire periphery of said boiler tubes when assenbled, conprises a plurality
of curved shroud portions extending an?g ngaxi al direction of said boiler
tubes, and said interlocking attachnment ansS, which can be engaged or

-19- released, is provided between said curved shroud portions and said
boi |l er tubes. 4. A heat-resistant assenbly for protecting boiler tubes
according to claim1l1, wherein said interlocking attachnent nmeans conprises
a tongue and a recess provided on said boiler t ubes and sai d

heat - r esi st ant bl ock, respectively. 5. A heat-resistant assenbly for
protecting boiler tubes according to claim4, wherein said tongue and said
recess are both tapered. - 6. A heat-resistant assenbly for protecting
boi l er tubes according to claim4, wherei f n 3 jects fromsaid

boiler tubes in a direction opposite a{orce of gray
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and said recess is interlockingly attached with said tongue. \
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