1 9 JUN 2006 Steam Super heater Conprising Shield Pipes The present
invention relates to a heat exchanger according to the preanble of 1 gl gNrTog
1. A heat exchanger of this kind is very useful especially, but not
exclusively, for the recovery of heat energy fromflue gasses froma waste
incineration plant. Although hereafter reference wll be nade mainly to
the use of the heat exchanger in waste incineration plants, it is also
possible to use the sanme with other hot gasses. In waste incineration
~plants it is usual practice to use the hot flue gasses released during

i nci neration of waste f SteanhSupgetivateniConpridingsShizkIPipdo this end the waste
i ncineration plant (WP) possesses a heat exchanger conprising pipes
t hrough which steamis conducted that has to be heated further with the

aid of flue gasses in order.to ai heat ed stea For .t hi s purpose
steamthat is fgff“ﬁé’a“@grfr‘i tilonlrgla'@f):ffﬂ g?a ‘Ee’éac"g’tdg’ﬁﬁ? Eﬁ" q( own in the
art, throughia lhddeatexelnasm of thﬁ%)‘fm%tﬁp’élﬁfhiéeﬁll srpeciatiyicivt gotiraelpsivaly doranger i s
general | y kinomovas & Isitenangg tiper fhegdaeses frbin aowasesSih@ndration péamatAlboughoi | er thi s
super heat erhe@ene Bfctdicd GRS b8 tnfadd fmaAntp s R hgeY()fOtfhe R4t dxeRSgcreAGhsiect i on

consi sting ﬂgme@atﬁﬁkﬁh@ﬂﬁ%‘lsgg?sfslﬁﬁ%ﬁ etff‘é‘sgmﬁ conne %g%sr sting of two

headers between pi pes are provided

that formthe hoal, gﬁﬁraﬁt@ﬁtrrgplérert%ﬁ?a@ﬁ@e tygsettghot segre?eaggaunt ed one

i redi at el y, hehi.n e ot Irection of the
flue gas. AUHEhE crgpm, 4 WA 5 FOT € { PRl § Stefmcaﬂtt ﬁywaﬁtﬂ | utants,
so that it dncipgvsionalant (W) groaweses b yheatarrekanee crompysiag pipes tir@gba’fft@ of the

pl ant com rsgramnit corglostedathiat husttd be hévpedhfotthe Iwith thasid @$ flud pesaydastiee® t 0 conbat

corrosi on (v dupéheaR@rstthil Bt (10 pdedsh stbd thahi@ Bdrmex 6 & dBawei fhadGe and the
flue gasses, QM g .1 Btd)%nc Eﬁaaa% i&%‘%&@@%ﬁ &&‘éﬁé&}%&m& Ben&XRENse of the

total productivit ros on-resi st ant

material s 4Te208E %ﬂ&&rﬁf‘é Orrnatérsteaeﬁrtﬁ%tﬁ P g © e OleRBEe ar o very
expensi ve rrip@hdater gencradly donsinig of a phirgity @b sectionst gacht seetioreensistiee i@ of heat
exchanger s.plikhigty b2 frimex alladageframes canbigtingaif eslo hﬁdérblbetﬁbﬁﬂﬁﬂ&blﬁa pluratityai m 1 i s

known fromdr @@rail@%ﬁ}ﬁ&e@ﬁ @sﬂa{re ﬂfbﬁ?idle& il Rfn \Metﬂlarpéak @k kamcauaary DE

38411122 CltP'é F}aﬁl arl AHned one @tél%hgﬂmd I &Y le Poohl w on, i's
mentioned t ‘i1§ % Fro sup er pi pes, so
as to prot éférte"tg’ﬁl t EIH%E eate p| pes agai nst corrosr on. To that end, the
screen pipes shoul d h ve abdl aneter which is |arger than the dianeter of

t he A general drawback of waste is t t it contains many pollutants, so that its

incineration generally causes corrosion in the parts of the plant coming into contact with
the hot flue gasses. The measures to combat corrosion (low tem- peratures of both the
heat-exchanging surface and the flue gasses coming into contact therewith) are taken at
the expense of the total productivity and efficiency.

More and more often corrosion-resistant materials are used such as nickel-
chromium alloys. However, these are very expensive materials, resulting in high costs
for the manufacture of heat exchangers.

The heat exchanger as indicated in the preambie of claim 1 is known from the
German patent application with publication number DE 38411122 ¢l in the name of
Steinmiiller. In this patent application, it is mentioned that a screen pipe be placed in
front of superheater pipes, so as to protect said superheater pipes against corrosion. To
that end, the screen pipes should have a diameter which is larger than the diameter of the
superheater pipes. Although this does provide good protection against erosion, it has
shown that this embodiment can be further improved.

The invention has the objective to provide an improved apparatus.
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i nvention has the objective to provide an inproved apparatus. 1 9 J

2 The invention has the particular objzective to provide a heat exchanger
that can also be used very well in waste incineration plants. To this end
the invention provides a heat exchanger of the kind nentioned in the
preanbl e, which is characterised by the neasure nmentioned in the
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regul arly L%IE@ g ﬁmﬁy g&e‘s c'lglqenm%g{ng y be placed 1mmed1ately before the superheater
pipes, viewed in the direction of flow, so that the shield pipes catch substantially all the

pollutants in the flue gasses. The superheater pipes will thus stay substantially free from
pollutants and will be able to remain in operation longer. As only the shield pipes need to
be replaced, this will involve very simple and therefore only minor operations.

DE 41 03 440, in the name of Ver. Energiewerke, “Anordnung zur Befestigung
von Verschleifschutzrohren an Heizfldchen”, describes a comparable solution where by
means of half-pipes functioning as shells mounted in front of the superheater pipes, a
screening effect is obtained. This embodiment is also regularly used in practice in waste
incineration boilers in order to render even a problematic steam superheater effective.
However, in general the fast wearing half-pipes are not preferred when a new waste
incinerator boiler is being built.

DE 43 34 1555, in the name of Ver. Energiewerke: “Anordnung zum Schutz von
Rohren ecines Rohrpaketes in einem staubbeladenen Gasstrom" describes a shield
whereby a grid immediately after the bend in the portion where the flue gasses have the
highest velocity, provides a shield against the flue gasses. The objective here is
comparable to the one in the present application but a completely different specific
embodiment is involved, focussing only on combating the effects in the section
immediately following a bend.
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‘ accelerated corrosion until the oxide-film is restored.

The NL-1 015 438, in the name of Amsterdam Gem. Dienst: "Hoogrendements-

AVI" (Amsterdam Municipal Service: High Efficiency - Waste Fired Power Plant)

mentions as most important measure the maintenance of low flue gas velocities as

- method for limiting the impact of the dust particles, and a low temperature to ensure that

the material is able to protect itself by forming a new oxide-film. In order to protect the

first pipe of a section exposed to heavy wear, the document also mentions the use of
water cooling for said pipe.

US-A 2,358,358 in the name of Stromquist, relates to a horizontal boiler, in
which a horizontal flow of flue gases passes through a bundle of vertical pipes for the
generation of steam. Although the effect of erosion (wear) of the superheater pipes is
mentioned (column 1, lines 7-28) no measures for counteracting this effect are given.

The present application therefore proposes to not only protect said first pipe by
means of water cooling, but also to enhance the protective action of said first pipe by
giving it a diameter that is different from that of the superheater pipes behind the first
pipe.
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Identical reference mumbers in the figures always have the same meaning.

Fig. 1 shows a schematic view of a waste incineration plant. The flue gasses are
fed to a first draught 1, where they rise vertically, being subsequently diverted to a
second draught 2, where the flue gasses are conducted downward and diverted to a
further draught 3. The first draught is constructed, among other things, from a known
membrane wall (not shown).

The flue gasses leaving the third draft are subsequently conducted to a heat
exchanger 4 in the form of a steam superheater 5 (in Dutch generally indicated as OVO).
In the form represented, this OVO comprises four different series of heat exchanger
pipes 15-18. At the beginning of the heat exchanger 4 a so-called evaporator wall 6 is
provided. This evaporator wall 6 serves to even out the flow of flue gasses approaching
the heat exchanger 5. To this end the evaporator wall 6 preferably comprises two rows of
evaporator pipes, as shown in Fig. 2. After these two rows of evaporator pipes there is
preferably a small open space 7, after which one following row of evaporator pipes 8 is
provided, after which the first rows of heat exchanger pipes are placed behind one
another, aligned with the pipes of the last row of evaporator pipes, as can be seen in Fig.
2. The small open space 7 is preferably long enough to allow the flue gas velocity to be
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staggered in relation to one another, as shown in the Figures 4 to 7. It is preferred for all
the pipes to be equidistanced from one another. In this manner an even flow is obtained
over the height and the breadth of the flue gasses before entering the OVO.

As there is a free approach to the first row of pipes of the first OVO, they are
preferably embodied as evaporator pipes 8. The remaining pipes of the first OVO 15 are
placed one behind the other, behind the evaporator pipes 8. The protection of the OVO
pipes afforded by the evaporator pipes is especially enhanced if the evaporator pipes are
embodied with a diameter that is slightly larger than that of the (viewed in the direction
of flow of the flue gasses) OVO pipes behind them. In a further preferred variant, the
OVO pipes are embodied slightly oval, with the smallest diameter being oriented at right
angles to the direction of flow of the flue gasses. This reduces wear of the pipes resulting
from erosion caused by fly ash in the flue gasses.

The prior art methods, in which the deposit of fly ash on the pipes of the OVO is
always removed by vibrating the OVO pipes (for example, by striking the headers in
which the ends of the pipes are fastened with a mechanical or pneumatic hammer) may
be much improved by giving the OVO pipes natural frequencies that are different in
different directions due to the difference in rigidity caused by the un- roundness of the
pipes. By causing the header to vibrate with these specific frequencies, the deposited fly
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Fig. 4. This will actually raise the cost price of the heat exchanger only slightly, because
if the distances between the pipes are increased, more material is only required for
headers and housing while the number of welds for the heat exchanger remains the same.
The result of these measures, however, is that the deposit on the pipes may grow longer
(in the opposite direction of the flow of flue gas 33, as shown in Fig. 5), increasing the
inertia forces on the deposited material when the pipes are vibrated by knocking action
(69), see Fig. 6. When cleaning by means of shot peening or steam blowing, this
advantage is less noticeable. Important is in particular that the distance (33 and 51)
between the deposit (34) and the preceding pipe is as large as possible in order to insure
that the pipe can continue to vibrate freely. Because if this distance (33) is less than the
amplitude of the pipe vibration, the deposit of pipe (31) will touch the preceding pipe (30)
causing the pipe to loose its vibration energy so that cleaning is no longer effective. In
practice a sudden increase of fouling becomes apparent, necessitating other cleaning
methods (such as explosives) or the boiler even has to be shut down for manual cleaning.
By building a broad boiler one obtains the desired low flue gas velocities, and by



frequencies of the pipes (all the sanme), a limted energy input wll
provide a maxi mum result. Alternatively, if this is difficult beca;;?;guﬂm'a
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possi bl e pi-pe Bhcgisatteabst{ndd to A8 nexampibe49)),is beger, the Yon Karmbhiverticed @3act ual |y
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giving them a different height, which difference preferably corresponds approximately

with the distance between two successive pipes (47). In practice, this may be optimized

to a distance between 49 and 47. Fig. 7 shows a side view of a section consisting of six

frames, comprising two rows of shield pipes 41, 44 and four rows of superheater pipes

positioned behind these (only the rows 45, 42 are numbered). All the pipes are received

in headers, of which the lower ones are indicated with reference numbers 61- 66. These

headers are positioned at different heights.

The combination of the present invention with that of the simultancously filed
patent application by the same inventor, relating to the application of unround pipes for
the prevention of deposit of fouling, for the removal thereof and to prevent wear of the
pipes is of particular importance.

Preferably they are both combined with the European patent application EP
1,164,330, entitled "High efficiency waste incinerator" in order to obtain a waste
incineration plant with an electrical efficiency of higher than 30%.




anplitude of the pipe vibration, the deposit of pipe (31) will touch the
precedi ng pipe (30) causing the pipe to |loose its vibration energy ﬁ@Jpﬂ§ME
cleaning is no longer effective. In practice a sudden increase of f
beconmes apparent, necessitating other &l eaning methods (such as

expl osives) or the boiler even has to be shut down for manual cleaning. By
buil ding a broad boiler one obtains the desired | ow flue gas velocities,
and by 1 9 JUN 2006 7 conmbining this with the staggered configuration of

t he pi pes, one achi eves several advantages: The .number_of pipes per header
i s halved, so tHhP SHG S BT i b Ao s THOTD BAwUHE P EERGe for a
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t ouches thémgp § H dPeiryratiens The iy erition igfisuted py thg gppenged claimsonie di st ance to
the next pipe (47) is larger, the Von Karman vortices (43) wll be
tenpered sonmewhat, so that the pipes are subjected to | ess erosive wear.
The conbination with this configuration conpensates the extra costs of a
broader boiler because of a considerable reduction of the running costs,

due to the fact that fouling and wear are greatly reduced. As a result of
this proposed configuration, the lunps of fly ash deposit falling down
during knocking nmay be |l arger. Therefore, if the pipes are arranged
vertically, the distance at the |ower side between the headers nust be

| arge enough to allow these lunps to pass through. In order to create this
di stance, the successive headers in the preferred enbodinment are nounted
at different heights. This is preferably done by alternatingly giving them
a different height, which difference preferably corresponds approxi mately
with the distance between two successive pipes (47). In practice, this may
be optimzed to a distance between 49 and 47. Fig. 7 shows a side view of
a section consisting of six franes, conprising two rows of shield pipes

41, 44 and four rows of superheater pipes




-posi tioned behind these (only the rows 45, 42 are nunbered). Al the pipes
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hei ghts. The conbi nation of the present invention with that of the
sinmultaneously filed patent application by the sanme inventor, relating to
the application of unround pipes for the prevention of deposit of fouling,
for the renoval thereof and to preventgwear of the pipes is of particular
i nportance. Preferably they are both conmbined with the European patent
application EP 1,164,330, entitled "H gh efficiency waste incinerator” in
order to obtain a waste incineration plant with an electrical efficiency
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preferably 2 to 3 mls, and a flue gas velocity through the heat exchanger
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superheater "pes (15) which, vi evved in the direction of flow, are provided
i medi ately behind these, in order to mnimse deposit, erosion and
corrosion, characterised in that the dianeter of the shield pipes (8) is
smal l er that the dianeter of the superheater pipes (15).



