1 DESCRI PTI ON MARI NE BO LER STRUCTURE Techni cal Field [0001] The
present.invention relates to a marine boiler structure such as a marine
boiler, a marine reheat boiler, etc., installed in a vessel. Background Art
[ 0002] In conparison with a |l and boiler used in a power plant, etc.,
t he conpactness of the structure is conventionally prioritized in a marine
boiler installed in a vessel due to a ladrge constraint on the installation

space.
DESCRIPTION

MARINE BOILER STRUCTURE

Technical Field

[0001]

The present invention relates to a marine boiler
structure such as a marine boiler, a marine reheat boiler,
etc., installed in a vessel.

Background Art

[0002]

In comparison with a land boiler used in a power plant,
etc., the compactness of the structure is conventicnally
prioritized in a marine beiler installed in a vessel due o a
large constraint on the installation space.

In a conventilonal marine beiler 1 shown in Fig. 5, one or
a plurality of burners 3 are installed at an upper portiocn of
a furnace 2. Combustion gas generated by combusting a fuel in
the burners 3 sequentially passes through a front bank tube 4,
a superheater 5, and an evaporator tube bundle {rear bank
tube) 6, which are disposed downstream cf the furnace 2, to
carry out heat exchange with fluid such as water, etc. flowing
in the tubes. Upon completing heat exchange in this way, the
combustion gas passes through an outlet-side gas duct 7 and is

ejected to the exterior of the marine boiler 1 from a gas



In a conventional marine boiler 1 shown in Fig. 5, one or a plurality of
burners 3 are installed at an upper portion of a furnace 2. Conbustion gas
generated by conbusting a fuel in the burners 3 sequentially passes through
a front bank tube 4, a superheater 5, and an evaporator tube bundle (rear
bank tube) 6, which are di sposed downstream of the furnace 2, to carry out
heat exchange with fluid such as water, 2etc. flowng in the tubes. Upon
conpl eting heat exchange in this way, the conbustion gas passes through an
out | et - si devgastdbict Nptanthis, ejredthed figurhe exierdree 6¢f90he hard ne boil er
1 froma gas 2 outlet 8 Note that, in the figure, reference sign 9 is a
fluid drumfleodi sramyaibrisdpurppandidin.ardl 2 laged hbaderes hep0eos8] I n
t he above-described marine boiler 1, it has been proposed (for exanple, see
Patent Citation[2§08b provide a rectifying plate on an exit side of the
evaporator tube bundle 6, in order to nmake the conbusti on gas generated by
conmbustion in the bue nersreddenchobad ymditiow ttleidaghlt het sugsedleeat er 5 and
t he evaporator tube bundle 6. Patent Citation 1. Japanese Unexani ned Patent
Appl i cat i oproBubkiicafdoredopl200Re24340Mm Y SEeakign 1) .tdDirsclvasier e of
| nvention [ 0004]
rectifying plate on an exit side of the evaporator tube bundle
6, in order to make the combustion gas generated by combustion
in the burners 3 uniformly flow through the superheater 5 and
the evapcrator tube bundle 6.
Patent Citation l: Japanese Unexamined Patent
Application, Publication No. 2002-243106 (see Fig. 1).
Disclosure of Invention
[G004]
In the conventional marine boller structure described
above, because the gas temperature distribution of the
combustion gas becomes unbalanced, there is a problem in that
corrosion concentrates at a lower portion of the superheater
5.
In addition, in a marine boiler 1 whose furnace 2 1s
small due to size reduction, particularly when the burners 3
are tilted toward the superheater 5, because the flames from
the burners 3 are inclined toward the superheater 5, in a
region of the superheater 5 close to the flames, the flames

are a factor causing accelerated thinning of the tubes

constituting the superheater 5 due to high temperature.



In the conventional marine boiler structure described above, because the
gas tenperature distribution of the conbustion gas becones unbal anced,
there is a problemin that corrosion concentrates at a | ower portion of the
super heat er 5. In addition, in a marine boiler 1 whose furnace 2 is
smal| due to size reduction, particularly when the burners 3 are tilted
toward the superheater 5, because the fBanes fromthe burners 3 are
inclined toward the superheater 5, in a region of the superheater 5 close
to the flanes, rhecfdanes,aheat facdisr icatsengaaceelwrideadichhhoh gpcof t he
tubes constituting the superheater 5 due to high tenperature. 3
Further nor ep heat sédiessonn the ner imeHen ef ischéainguéevelspzelNOx
reduction, and the problem of increasing | evel of NOx has been pointed out,
reachi ng abeudt b380 P 4RA ppm i nesonercasest BOD exalid epm Anasawe i ne
boiler 1 for oil-fired conbustion. [0005] As indicated by an arrow G
in the figueseest heoahonerdescthbeond niad andecef 1t Hier caribiufstriedn gas
tenperature is caused by the fact that nost of the conbustion gas flows

t hrough t hechutBaceabottom portion of the furnace 2; thus, in the
tenperature distribution of the conmbustion gas passing through the
superheater 5, tpgpgenperature tends to increase toward the center of the

| ower portion of the superheater. |In addition, because there is also a

tenperature difher engardded be ¥aperrdd aniing dthe theutebese tEhevkenperature
i ncreases toward the downstream side where the vapor tenperature is higher.
described imbalance of the combustion gas temperature is
caused by the fact that most of the combustion gas flows
through the furnace bottom portion of the furnace 2; thus, in
the temperature distribution of the combustion gas passing
through the superheater 5, the temperature tends to increase
toward the center of the lower portion of the superheater. In
addition, because there is also a temperature difference in
the vapor flowing in the tubes, the temperature increases
toward the downstream side where the vapor temperature is
higher.

Therefore, in the superheater 5 of the above-described
marine boiler 1, corrosion increases toward the lower portion,
and, moreover, even in the same lower portion, corrosion is
greater at positions where the temperature of vapor flowing in
the tubes is higher. In other words, in the superheater 3,
there is problem in that corrosion increases in regions cf
higher temperature.

[0006]



Therefore, in the superheater 5 of the above-described marine boiler 1,
corrosion increases toward the | ower portion, and, noreover, even in the
sanme | ower portion, corrosion is greater at positions where the tenperature
of vapor flowng in the tubes is higher. In other words, in the superheater
5, there is problemin that corrosion increases in regions of higher
tenperature. [0006] 4 Agai nst th#és background, in a marine boiler
structure, in order to prevent or to suppress partial progression of
corrosi on and thjaniaig thhaenkankdorundorinosi bar Progread$iroRyF rrARETDccdY s in
tubes constituting a superheater, there is a need to nake the tenperature
di stributi ondef tonbustnonogaso pagsimgst broaghl tiheosngssikearér uni f or m by
renedying a tenperature distribution in a furnace. In addition, in order to
cope Wi th reeceotienwindnhgntahg ptobl-ens forhecerissomeedotessaomari ne
boiler structure that is capable of reducing the |l evel of NOx contained in
t he conbusthatn gasurs in tulfhe poeseirtutdimyert sopehasaityean tbeneceivead in |ight
of the above-described circunmstances, and an object thereof is to provide a
mari ne boi heedsts utd iy ehehatmpsraapad|@ safripemedyi oy mbostdannf gasm
progression of corrosion by nmaking the tenperature distribution of

conbust i onpgasihfathpAassesheheepgiheatsdipemieater punidrerdpingnd that is
capabl e of reducing the level of NOx contained in the conbustion gas.

[ 0007] tempBr Ot @Y dietsobveibhelmhoviendeser i bed Jrabliens, it hergrresent

i nvention enploys the follow ng sol utions. A first aspect of a marine
boi |l er strugt UpBe agTA dicR@ntOchher PHASEH] igRventhon tiserme MBI anacbail er
structure configured such that conbustion gas generated by conbustion in a

burner flows fpomaifdeacert beowgh. A siper heatepaand @n revaRonat ohet ube
bundl e, including a bottomair port that supplies part.of
level of NOx contained in the combustion gas.

The present invention has been conceived in light of the
above-described circumstances, and an cbiject thereof is to
provide a marine boiler structure that is capable of remedying
a non-uniform progression of corrosion by making the
temperature distribution of combustion gas.that passes through
a superheater uniform, and that is capable of reducing the
level of NOx contained in the combustion gas.

[0007]

In order to solve the above-described problems, the
present invention employs the follewing sclutions.

A first aspect of a marine boiler structure according to
the present invention is a marine boiler structure configured
such that combustion gas generated by combustion in a burner
flows from a furnace through a superheater and an evaporator

rube bundle, including a bottom air port that supplies part of



5 the conbustion air as bottomair froma bottom portion of the furnace,
wherein the bottomair port is positioned closer to the superheater
relative to a burner center line, and an ejecting direction of the bottom
air is set wwthin a range inclined in the burner direction fromthe
vertically upward direction. [0008] Wth the above-described marine
boiler structure of the first aspect, because the bottomair port that
supplies part of the conbustion air as the bottomair fromthe furnace
bot t om por thencemoyrtdwindedy @heodidiaromiai frppra Battyoscgpedier odertto t he
superheater relative to the burner center line; and the ejecting direction
of the bot fomate, iiegetinwihdiottven radngecikhcl $ neeplitionkd BUPARF ' rection
fromthe vertically upward direction, it is possible to change a fl ow
pattern of thhescomiustieonrgastive tive f umace wettert Hénkl, owndf athe bott om
air. That is, because the flow of the conbustion gas heading toward the
super heat eejtcomdg hie feathaceobotidrbqidrem eari §simit ivalthyinpasheds¢ n an
opposite direction fromthe superheater due to the flow of the bottomair,
fl ow concenheaihag ion taef bopace diotdomaporfi-bontlse deemarcaia velbwi it ed, and
t he conbustion gas can flow substantially uniformy toward the superheater.
In additioairedieating the bottomair in this way constitutes a two-stage
injection of the conbustion air, which is effective in reducing NOx in the
conmbusti on gas. [0®0g410009] In this case, in order to sinultaneously
achi eve size reduction of the furnace, it is preferable that the conbustion
air used as theyboi t1ga abbvbedabouihbad forohel Bsslof dherdtatral odnmduat of
air.

first aspect, because the bottom air port that supplies part

of the combustion air as the bottom air from the furnace
bottom portion is provided; the bottom air port is located
closer to the superheater relative to the burner center line;
and the ejecting direction of the bottom air is set within the
range inclined in the burner direction from the vertically
upward direction, it is possible to change a flow pattern of
the combustion gas in the furnace with the flow of the bottom
air. That is, because the flow of the combustion gas heading
toward the superheater from the furnace bottom portion is
initially pushed in an opposite direction from the superheater
due to the flow of the bottom air, flow concentrating on a
furnace bottom portion side can be eliminated, and the
combustion gas can flow substantially uniformly toward the
superheater. In addition, injecting the bottom air in this
way constitutes a two-stage injection of the combustion alr,

which is effective in reducing NOx in the combustion gas.



In addition, it is desirable that the ejecting direction of the bottomair
ports be set within in a range between the vertically upward direction (0O
degree) and about 45 degrees in the burner direction. Furt her nore,

for the bottomair, it is desirable to ensure a high flow rate of about 20
to 100 ms by 1) setting the nunber of bottomair ports to be mninally
equal to the nunber of burners, or 2) by using a continuous slit-shape.

[ 0010] A second aspect of a nmarine boiler according to the present
invention is a b@GéHe boiler structure configured such that conmbustion gas
generated by conbustion in a burner flows froma furnace through a

super heat er andlarttesapesat ointemiehundlsenul heterl Ny acdideeasizport that
supplies part of the conbustion air as side air froman upper portion of

t he furnacegdwbei® mf heesifdenaie, pdrtisi prpbsiehbnadhad] dder cowbedigion
superheater relative to a burner center line, and an ejecting direction of
t he side akbrisssetaaitinki hothenraingdd rdcunedOt dwar d dset kit hbesuperheat er
and the burner, with reference to the vertically downward direction.

[ 0011] amoMt hof el rabove- descri bed marine boiler structure of the second
aspect, because the side air port that supplies part of the conmbustion air
as the side airziframithenypperipoiddiomafe thetf unanacedtsngr durdedion he side
air port is located closer to the superheater relative to the burner center
line; and blietri asdiingh diirepbion ©f ddie wgitdlenain & sraeje bwitkheneflee ence to
the vertically downward direction, wthin the range inclined toward both

t he superhgatercand, thsakdr aeEsctidn i @ pRSSEB) e2ho Hhrnge sadegrbustion zone
and a flow pattern of the conbustion gas in the furnaee with the fl ow of
the side akhe Fhatet 3ideeeaygse the conbustion zone in the furnace is
adjustable with the flow direction of the side air, for exanple, when the

conmbusti on zoneph S HBMEG e, N8 di K £ald by, f Lem & he-siupenkeaber, flanes
al so nove away fromthe superheater, thus 'changing the flow pattern of the

conmbusti one@asre [9UiZn flow rhPeaddidian, 2y +8pROOPE) AL Y1 )adkusihgg the

flow direction of the side air, even in a furnace of a conpact narine

boi ler, flages,Gahe P& PLReBREd: framiNcld Mengihonat oy thgi9uper haat er.
number of burners, or 2) by using a continuous slit-shape.

[0010]

D second aspect of a marine boller according to the
present invention is a marine boiler structure confilgured such
that combustion gas generated by combustion in a burner flows
from a furnace through a superheater and an evaporator tube
bundie, including a side air port that supplies part of the
combustion air as side air from an upper portion of the
furnace, wherein the side air port is positioned closer to the
superheater relative to a burner center line, and an ejecting
direction of the side air is set within the range inclinea

toward both the superheater and the burner, with reference to

the vertically downward direction.



Furthernore, by injecting the side air, it is possible to adjust the degree
of spreading of the conmbustion air, which is effective in reducing NOX in
t he conbustion gas. Mreover, because the injection of the side air forns
an B air curtain at an upper portion on the superheater tube side, a
bypass flow at the upper portion of the superheater can be reduced. [0013]
In this case, in order to sinultaneously achieve size reduction of the
furnace, it is preferable that the conbustion air used as the side air be
about 30 %or | E&&ligf the total amount of air. In addition, it is
desirable that the ejecting direction of the side air ports be set within a
range of about BOtidddreeeboeactedoritrsl sapérheheeledistaceitoneantl e bur ner
direction (-30 degrees to +30 degrees) centered around a vertically
downwar d deeectd oreg@tdegree)se [(0014lide air port that supplies part of
the combustion air as the side air from the upper portion of
the furnace is provided; the side air port is located closer
to the superheater relative to the burner center line; and the
ejecting direction of the side air is sef, with reference to
the vertically downward direction, within the range inclined
toward both the superheater and the burners, it is possible to
change a combustion zone and a flow pattern of the combustion
gas in the furnace with the flow of the side air. That is,
because the combustion zone in the furnace is adjustable with
+he flow direction of the side air, for example, when the
combustion zone is moved in a directicn away from the
superheater, flames also move away from the superheater, thus
"changing the flow pattern of the compustion gas.
[00127
In addition, by appropriately adjusting the flow
direction of the side air, even in a furnace of a compact
marine boiler, flames can be prevented from inclining toward
the superheater.
Furthermore, by injecting the side air, it is possible to
adjust the degree ¢f spreading of the combustion air, which is

effective in reducing NOx in the combustion gas.

Moreover, because the injection of the side air forms an



Furthernore, it is preferable that the side air ports of the present

i nventi-on be arranged in the sane blast box as the burners. In this
case, wWith respect to the nunber and the arrangenent of the side air ports,
three possible cases are 1) to arrange themdirectly adjacent to the
burners in the same nunber as the nunber of burners; 2) to arrange them
bet ween the burners in a nunber one | es8 than the nunber of burners; or 3)
to arrange them adjacent to the burners by providing slits in a continuous

port; and, aforcehieigi @& ahryupper inprdésir bl ehe o t&ThigRe fS 4§ rat e of
about 20 to 60 ms. 9 [0015] Accqrdln? to the present invention
descri bed aboyeass rflewf atnalte wirer maritaenbef| Ere &qﬂ§fhﬁémﬁﬁa%%%ﬂﬁfof t he

conbusti on gas concentrated at a bottom portion of the furnace can be
changed wi thdtdredi nfluence of bottomair and side air. As a result, because
t he conbustion gas tenperature at a superheater inlet is made uniform and
t he conventi onalO0Q@¥Hnperature i nbal ance can be elimnated or reduced, it is
possible to provide a marine boiler structure in which nonuniform corrosion
progressi on contentlriat edsat an | owdrr gor tsilonloénedies suparhiedeesits renedi ed.
In addition, because the use of the bottomair realizes two-stage injection
of the conbustitoipmiadf tardfbecause itthes mrederanlefthidie tdiedecabrnswakes t he
degree of spreading of the conmbustion air adjustable, a narine boiler
structure bbrwhieh dheheewebcodi N®e conrtai 3Ed%i nrt hescarfbtidei dbatgas is
reduced is realized. Brief Description of Draw ngs
amount of air.
In addition, it is desirable that the ejecting direction
of the side air ports be set within a range of about 30
degrees each in the superheater direction and the burner
direction {-30 degrees to +30 degrees) centered around a
vertically downward direction (0 degree).
[0014]
Furthermore, it is preferable thait the side air ports of
the present invention be arranged in the same blast box as the
burners.
In this case, with respect to the number and the
arrangement of the side air ports, three possible cases are 1)
to arrange them directly adjacent to the burners in the same
nunber as the number of burners; 2) to arrange them between
the burners in a number one less than the number of burners;
or 3) to arrange them adjacent to the burners by providing

slits in a continuous port; and, for the side air, it is

desirable to ensure a high flow rate of about 20 to 60 m/s.



[ 0016] [Fig. 1] Fig. 1 is a longitudinal sectional view show ng a
first enbodi ment of a marine boiler structure according to the present
i nvention. [Fig. 2A] Fig. 2Ais a plan view of a relevant portion of
Fig. 1, showi ng an exanple arrangenent of bottomair ports. [Fig. 28] Fig.
28 is a plant view of a relevant portion, 10 showi ng a nodification of
Fig. 2A [Fig. 3] Fig. 3 is a longitudinal sectional view show ng a
second enbodi nent of a nmarine boiler structure according to the present
i nvention. [00Flg. 4A] Fig. 4Ais a plan view of a relevant portion of
Fig. 3, showi ng an exanple arrangenent of side air ports. [Fig. 4B]
Fig. 4B is a planceidweoftoathel pwegdntpomtvieoi i os hded g beedf kbsve noth fa4 cat i on
of Fig. 4A

furnace of a marine beiler, the flow pattern of the combustion

gas concentrated at a bottom portion of the furnace can be

changed with the influence of bottom air and side air. BAs a

result, because the combustion gas temperature at a

superheater inlet is made uniform and the conventicnal

temperature imbalance can be eliminated or reduced, it is

posgible to provide a marine boiler structure in which non-

uniform corrosion progression concentrated at a lower portion

of the superheater is remedied.

In addition, because the use of the bottom air realizes
two~stage injection of the combustion air, and because the
injection of the side air makes the degree of spreading of the
combustion air adjustable, a marine boiler structure in which
the level of NOx contained in the combustion gas is reduced is
realized.

Brief Description of Drawings

[001¢1

{Fig. 1] Fig. 1 is a longitudinal sectional view showing
a first embodiment of a marine boiler structure according to
the present invention.

[Fig. 2A] Fig. 2A is a plan view of a relevant portion of

Fig. 1, showing an exzample arrangement of bottom air ports.

[Fig. 2B] Fig. 2B is a plant view of a relevant portion,



[Fig. 40] Fig. 40 is a plan view of a relevant portion, show ng a second
nodi fi cation of Fig. 4A [Fig. 5] Fig. 5 is a |longitudinal sectional
vi ew showi ng a conventional nmarine boiler structure. Explanation of
Ref erence: [0017] 1A, 1B: marine boiler 2: furnace 3: burner 5: superheater
6: evaporator tube bundle

10

showing a modification of Fig. ZA.

[Fig. 3] Fig. 3 is a longitudinal sectional view showing
a second embodiment of a marine boiler structure according to
the present invention.

[Fig. 4A] Fig. 4A is a plan view of a relevant portion of
Fig. 3, showing an example arrangement of side alr ports.

[Fig. 4B] Fig. 4B is a plan view of a relevant portion,
showing a first modification of Fig. 4A.

[Fig. 4C] Fig. 4C is a plan view of a relevant portion,
showing a second modification of Fig. 4A.

[Fig. 5] Fig. 5 is a longitudinal sectional view showing
a conventional marine boiler structure.
Explanation of Reference:

[0017]
1A, 1B:; marine boiller
2: furnace
3: burner
5: superheater
6: evaporator tube bundle
20, 20A: bottom air port
30, 30A: side air port

Best Mode for Carrying Out the Invention
(0018}
An embodiment of a marine boiler structure acceording to

the present invention will be described below based c¢n the



20, 20A: bottomair port 30, 30A side air port Best Mde for Carrying Qut

the I nvention [0018] An enbodi nent of a marine boiler structure
according to the present invention will be described bel ow based on the 11
dr awi ngs. In a marine boiler | A showm in Fig. 1, one or a plurality

of burners 3 are installed in a.blast box 3a at an upper portion of a
furnace 2. The burners 3 conbust fuel sdpplied using conbustion air and

supply generated conbustion gas to a downstream heat exchanger
drawings.

In a marine boiler 1A shown in Fig. 1, one or a plurality
of burners 3 are installed in a blast kox 3a at an upper
portion of a furnace 2. The burners 3 combust fuel supplied
using combustion air and supply generated combustion gas to a
downstyeam heat exchanger.

The combustion gas generated in the burners 3 passes
through a heat exchanger disposed downstream of the furnace 2
where it performs heat exchange. In a configuration shown in
the figure, a front bank tube 4, a superheater 5, and an
evaporator tube bundle (rear bank tube) 6 are arranged in the
heat exchanger in that order, and the combustion gas is heated
through heat exchange with fluid, such as water, etc., that is
flowing through individual tubes of the heat exchanger. Upon
completing heat exchange in this way, the combustion gas
passes through an outlet side gas duct 7 and is ejected to the
exterior of the marine boiler 1 from a gas outlet 8. Note
that, in the figure, reference sign 9 is a fluid drum, 10 is a
vapor drum, and 11 and 12 are headers.

[0012]

First Embodiment

As shown in Figs. 1 and 2, in a marine boiler structure
of this embodiment, bottom air ports 20 that supply part of
combustion air as boitom air from a furnace bottom portion Za

of a furnace 2 are provided in a marine boiler 1A which is



The conbustion gas generated in the burners 3 passes through a heat
exchanger di sposed downstream of the furnace 2 where it perforns heat
exchange. In a configuration shown in the figure, a front bank tube 4, a
superheater 5, and an evaporator tube bundle (rear bank tube) 6 are
arranged in the heat exchanger in that order, and the conbustion gas is
heat ed t hrough heat exchange with flui dZ2 such as water, etc., that is
flow ng through individual tubes of the heat exchanger. Upon conpl eting
heat exchafigel gt sonahat tpaluEiBest Pea garReFdesedYt RPBUGRt " diit | et si de
gas duct 7 and is ejected to the exterior of the marine boiler 1 froma gas
outl et 8. Noteerhat flionst heon g Eummarer éncleasiigyw $hrevghffuid drum 10 is
a vapor drum and 31 and 12 are headers. [0019] First Enbodi nent As
shown i n Fegserieairsd 2, ap@ ar ewdnwradoir] substhwctisr € -of Ththike tewhodi-frent
bottomair ports 20 that supply part of conmbustion air as bottomair froma
furnace boprtohs pi taren 12aabéd acfaparade 2har evprdviaded Pnralabivhe doiler 1A
which is 12 configured so that combustion gas generated by conbustion in
burners 3 téowsr frigmst K& birnac&Znepassi ngnd hiowrpdidisopepheai®¥tBdand an
evaporator tube bundle 6. The bottomair ports 20 are | ocated closer to the
super heat edibecieiat iofe the kenten dimegstCedofrohethmubretom3alangoits
addition, an ejecting direction of the bottomair jetted fromthe bottom

air ports 20 is sat WMithRhnaAanangw anrahaegel Odndngldaned thet dereiviect i on of
the burners 3 froma vertically upward direction. Note that, the

above- descg kbeg battemsakr ¢ pof ts w8 199N0sei£d dixLetbam air ducts 21
formed in the exterior of the furnace 2, and the conbustion air is supplied
through these qﬂﬁﬁ§that, the above-described bottom alr ports 20 axe
connected to bottom air ducts 21 formed in the exterior of the
furnace 2, and the combustion air is supplied through these
~ducts.
(00203
The bottom alr ports 20 are provided, for example as
shown in Fig. 2A, in the same number as the number of burners
3, thereby setting the flow rate at which the bottom air is
jetted high. That is, the bottom air ports 20 are arranged in
positions directly adjacent te the burners 3 in plan view 50
that part of the combustion air used as the bottom air is
injected while maintaining its flow rate at a high flow rate
at or above a predeterminéd value,
In consideration of good combustion, etc. in the furnace
2, it is preferable that the amount of the bottom air usable
here be about 30 % or less of all combustion air. Note that,

in order to adequately affect the flow pattern of the



[ 0020) The bottomair ports 20 are provided, for exanple as shown in
Fig. 2A, in the sane nunber as the nunber of burners 3, thereby setting the
flowrate at which the bottomair is jetted high. That is, the bottomair
ports 20 are arranged in positions directly adjacent to the burners 3 in
plan view so that part of the conbustion air used as the bottomair is
injected while maintaining its flow ratie at a high flowrate at or above a
pr edet er mi ned val ue. I n consideration of good conbustion, etc. in the
furnace 2, cprbist irefiesabPesehited Hetarpuier of ¢ el Botedm afr tiRabl e here
be about 30 %or less of all conbustion air. Note that, in order to

adequat el ybaftestatthdnfilechepaf ter ncief bogon181e st i<6n g&sisdescri bed

| ater, for the flowrate of the bottomair injected fromthe bottomair
ports 20, desisadbsitalheure ensigle H.dv ghtel ol dlee o0 &bodf028/%30 100
m's, dependi ng on various conditions, such as the size of the furnace 2,
etc. [0020)epending ton yadésiipabbreditiams, heuefesti e diirzecrifohhdf the bottom
air ports 20, at positions closer to the superheater 5 than to the burners
3, be set wuthameaZraige fromO degree, i.e., the vertically upward
direction, to about 45 degrees toward the burner direction. That is, it is
desirable that {dhe2@ngul ar range 01 in Fig. 1 be set within a range

approxi mately between 0 and 45 degrees, so that the flow of bottomair can
efficiently pushtthe ddsdawableconbustiorigasipseditewt:idot ochdhe- bohecrarrow G
in the figure), which tends to concentrate at the furnace bottom portion
2a, in a dkiechbons ABY afr @bkl beossiperdeat eo bhe superheater 5 than to

the burners 3, be set within a range from 0 degree, i.e., the
vertically upward direction, to about 45 degrees toward the
burner direction. That is, it is desirable that the angular
range 81 in Fig. 1 be set within a range approximately between
0 and 45 degrees, so that the flow of bottom air can
efficiently push the flow of combustion gas (see two-dot
chain-line arrow G in the figure), which tends to concentrate
at the furnace bottom portion 2a, in a direction away from the
superheater 5.

(60221

In & marine boiler structure provided with the bottom air
ports 20 described above, the flow pattern of the combustion
gas in the furnace 2 can be changed with the flow of bottom
air. That is, as shown by a solid-~line arrow Gl in the
figure, the flow of combustion gas heading toward the
superheater 5 from the furnace botltom portion 2a is initialiy

pushed in the opposite direction from the superheater 5 due to



[ 0022) In a marine boiler structure provided wth the bottomair
ports 20 descri bed above, the flow pattern of the conbustion gas in the
furnace 2 can be changed with the flow of bottomair. That is, as shown by
a solid-line arrow 01 in the figure, the flow of conbustion gas headi ng
toward the superheater 5 fromthe furnace bottomportion 2a is initially
pushed in the opposite direction fromt¥fe superheater 5 due to 14 the flow
of bottomair flow ng upward. Because of this, with the flow toward the
furnace bothenfpor t9opcEion| ger pakaiidld yPprEFentiEEaUFReCt orbiist iditgas
flows spiraling upward in the furnace 2; therefore, a flowthat is
convent i onaheyT toncemarst sdeaf vEmcd RATaeE Bt bR or 516 Parsi ey s
elimnated, and the conbustion gas flows substantially uniformly toward the
super heat epr8vei0@23]the combhpt petheyasndrlgy's §9i¥¢&¥ﬁﬁiqmyaﬁﬁelﬁo{?%n1air
descri bed above, the flow pattern of the conbustion gas is altered, and the
conbust i onfgasaét o rgefrednrehea f irarvadddsotisomrpoentiiomaiadyi nto t he
superheater 5 is initially pushed to the opposite side fromthe superheater
5, therebycbecagtxmiddrrat yhpuShenktowartdon persuperiestisie 5ssi de.
Accordingly, at a |lower portion of the superheater at the furnace bottom
portion 2aesidénated heersupeeheatiewssiora duisghi lveaperatiard igasd vr egi on where
corrosion is accelerated is reduced. In addition, due to the effect
of col li si onibetmegn:dvre-dconbustperhgasand t he opposing flow of the bottom
air injected upward, m xing of the conmbustion gas is enhanced, and an
advantage is al sooaiforded in that the tenperature inbal ance at an inlet as
a whole is reduced in the superheater 5.

In other words, by injecting the bottom air described

above, the flow pattern of the combustion gas is altered, and
the combustion gas flowing from the furnace bottom portion 2a
intc the superheater 5 is initially pushed to the opposite
side from the superheater 5, thereby being uniformly pushed
towards the superheater 5 side. Accordingly, at a lower
portion of the superheater at the furnace bottom portion 2a
side of the superheater 5, & high temperature gas region where
corrcsion 1s accelerated is reduced.

In addition, due to the effect of collision between the
combustion gas and the opposing flow of the bottom air
injected upward, mixing of the combustion gas is enhanced, and
an advantage is also afforded in that the temperature
imbalance at an inlet as a whole is reduced in the superheater
5.

[0024)

In the furnace 2 of the marine beoiler 1A, because the



[0024] In the furnace 2 of the marine boiler 1A, because the 15 conbustion
gas tenperature at the inlet of the superheater 5 is made uniform as
descri bed above, the conventional tenperature inbalance can be elim nated
or reduced. Therefore, it is possible to renedy the non-uniformcorrosion
progression concentrated at the |lower portion of the superheater 5 and to
i nprove durability and reliability. 15 In addition, because the use of
the bottom air described above neans that the conbustion air for the
burners 3 icomppngettredidm tewpestbiges, 2t tthel solbecohespeswieheatdr reduce the
| evel of NOx contained in the conbustion gas. [0025] . I nci dental |y,
al t hough t he nadbewnigfordportordracyilpot tabP@, i theetowtprdiianglt he nunber of
burners 3 in the above-descri bed enbodi ment, ports equal to or greater in
nunber t hanetheraunberingkloheebcamers alpynibetpdovi deruasdor der to ensure a
high flowrate of the bottomair to be injected. In addition, as in a
nmodi fi cati adheshdéwne i nitFiig. p2Bsikcbattinususdyl thel nke—boticom aprrpsies 20A in
whi ch partitions are appropriately inserted nay be used.
progression concentrated at the lower portion of the
superheater 5 and to improve durability and reliability.
In addition, because the use of the bottom alr described
above means that the combustion air for the burners 3 is
injected in two stages, it also becomes possible to reduce the
level of NOx contained in the combusticn gas.
[0025]
Incidentally, although the number of bottom air ports 20
is set equal to the number of burners 3 in the above-described
embodiment, ports equal to or greater in number than the
number of the burners may be provided in order to ensure a
high flow rate of the bottom air to be injected. In addition,
as in a modification shown in Fig. 2B, continuous slit-like
bottom air ports Z0A in which partitions are appropriately
inserted may be used.
[0026]
Second Embodiment
A second embodiment of a marine boiler structure
according to the present invention will be described based on

Figas. 3 and £ZA. Note that, identical reference signs are

assigned to components similar Lo those of the above-described



[ 0026] Second Enbodi nent A second enbodi nent of a marine boiler
structure according to the present invention will be described based on
Figs. 3 and 4A. Note that, identical reference signs are assigned to
conponents simlar to those of the above-described 16 enbodinent, and
detail ed descriptions thereof will be omtted. In this enbodi nent, a
marine boiler 1B is provided with side i&r ports 30 that supply part of the
conbustion air as side air fromthe upper portion of the furnace 2. The
side air pembsd8fenye gudovictedld¢n ddrerdardobbasherné ¥aldsbehenburdters 3.
The side air ports 30 descri bed above are arranged closer to the
super heat er 5 r&hathive enbotihsebur remagdmeekolliae G, isapdovhded] ekl ng
direction of the side air is adjustably set within an angul ar range 02 t hat
i nclines tewdedabotioittise 3upkeheatmrlys pamd thethareergislion ehrreference to
the vertically downward direction. That is, it is preferable that 02 in
this case badsetitof ahouhe30pdegrmes;icandit hereformed t2.i sThkesiydEbl e to
provi de an adjusting mechanismw th which the

air ports 30 are provided in the same blast box 3a as the

burners 3.

The side air ports 30 described above are arranged closger
to the superheater 5 relative to the burner center line CL,

and the ejecting direction of the side air is adjustably set
within an angular range 02 that inclines toward both the
superheater 5 and the burners 3, with reference to the
vertically downward direction. That is, it is preferable that
02 in this case be set to about 30 degrees, and therefore, it
is desirable to provide an adjusting mechanism with which the
side air perts 30 are tiltable within an angular range cf +30
degrees in the ejecting directions.

[0027]

In addition, the number of side air ports 30 provided in
the same blast box 3a as the burners 3, for example, as shown
in Fig. 4A, is the same as the number of burners 3. This is
to set the jetted flow rate high for the side air that uses
part of the combustion air. That is, in the example shown in
the figure, the side air ports 30 are arranged in positions
directly adjacent to each burner 3 sc that the side air is

injected while maintaining the flow rate at a high flow rate



side air ports 30 are tiltable within an angul ar range of 30 degrees in the
ejecting directions. [0027] In addition, the nunber of side air ports
30 provided in the sane blast box 3a as the burners 3, for exanple, as
shown in Fig. 4A, is the sane as the nunber of burners 3. This is to set
the jetted flowrate high for the side air that uses part of the conbustion
air. That is, in the exanple shown in the figure, the side air ports 30 are
arranged in positions directly adjacent to each burner 3 so that the side
air is injetted sbive amiratalpimg:acheafivew rate at a high flowrate 17 at
or above a predeterm ned val ue. I n consi deration of good conbusti on,
etc. in the furbhaceideratsopref eratl eorhastiver atsuntinotheh&ulBAdOm ai r
usabl e here be about 30 %or less of all conbustion air. Note that, in
order to adequates yrdffeeeblehehdt akpatroent of tie Tdrsrsgionugaikle
described later, for the flowrate of the side air injected fromthe side
air ports 36reibeiasvdesidlabl ertbeensu @ld koghustow retre abots Wfat20 to 60
m's, dependi ng on various conditions, such as the size of the furnace 2,
etc. [0028Lkn order Wd ledsuchtal gonf fauir athieorf Loiwt pastgossifbltéet 0 change a
conmbustion zone fornmed in the furnace 2 and the flow pattern of the
conbust i oncgasuwt idn tdwe ,f Hewcoivédel siede dior khgefied fatemotthehsi siedai r
ports 30. That is, because the conbustion zone formed in the furnace 2
beconmes adptist abf ecidt acear dpaceiad tdid herfilsowtdi tecis awsafrabhe tmj ect ed
side air, for exanple, when the ejecting direction of the side air is
inclined tewatidetheniyr mabs Baté heboomursticonozeneni s, tdepehuringcen2 can be

noved in a direction away fromthe superheater 5.
various conditions, such as the size of the furnace 2, etc.

{0028]

With such a configuration, it is possible to change a
combustion zone formed in the furnace 2 and the flow pattern
of the combustion gas with the flow of the side air injected
from the side air ports 30. That is, because the combustion
zone formed in the furnace 2 becomes adjustable in accordance
with the flow direction of the injected side air, foxr example,
when the ejecting direction of the side air is inclined toward
the burners 3, the combustion zone in the furnace 2 can be
moved in a direction away from the superheater 5.

As a result of this, the flames that combust the fuel
injected from the burners 3 are also formed at positions away
from the superheater 5. Therefore, the flow pattern of the
combustion gas, not to mention the direct influence of the
flames on the superheater 5, can be changed as shown by arrow

G2 in the figure. That is, because the flow of the combustion



As a result of this, the flanmes that conmbust the fuel injected fromthe
burners 3 are also forned at positions away fromthe superheater 5.
Therefore, the flow pattern of the conbustion gas, not to nmention the
direct influence of the flanmes on the superheater 5, can be changed as
shown by arrow G in the figure. That is, because the flow of the
conbustion 18 gas initially forns a flldw directed in a direction away from
t he superheater 5 due to the influence of the side air, the conventional

f1 ow concelfgatett iatl héofme nackl Bottisrepset i on? 24l 1o Eeredrad, L4 MWer eby

bei ng changed so as to substantially uniformly flow over the entire surface
of the supéhhestreriBatiar 6t Hee words inglpsnposaf bifee t3ddeedlite e

t enperature inbal ance generated at the inlet of the superheater 5 by

al tering thenféow patlt élovobchbenivotisustitohhgasuviads tied L) Be¥ o of t he
above-described the side air. [0029] In addition, because it becones
possi bl e t Gaapproprddites],y thdpelsy hdigd lcbwndiedesti oh of supetantieabiy by
changing the inclination angle 02 of the side air ports 30 descri bed above,
t he fl anesucafobel prEvented:f toe émcilienisng fhowartl the sweehhebeer>5 in the
furnace 2 of the conpact marine boiler 13. As a result, it is possible to
el i m nat e theophablwmddf, accekepateidblitchitrniraguof thbesmgerehergsuper heat er
5 due to the direct influence of the flanmes inclined in a direction toward
t he tubes. imbalandarddmenmmee, abetlatisin ltdhe cdegheesope spragadi Agbpf t he
conbustion air can be adjusted by injecting the side air fromthe side air
ports 30 desceirbeg whove.ow bagtson het ares cposskblentgay edudetNEX in the
conbustion gas. [0030] Mreover, the injection of the side air described

above injection of the above-described the side air.

[0029]

In addition, because it becomes possible to appropriately
adjust the flow direction of the side air by changing the
inclination angle 02 of the side air ports 30 described above,
the flames can be prevented from inclining toward the
superheater 5 in the furnace 2 of the compact marine boiler
1B. As a result, it is possible to eliminate the problem of
accelerated thinning of tubes of the super heater 5 due to the
direct influence of the flames inclined in a direction toward
the tubes.

Furthermore, because the degree of spreading of the
combustion air can be adjusted by injecting the side air from
the side air ports 30 described above, it also becomes
possible to reduce NOx in the combustion gas.

(0030}

Moreover, the injection of the side air described above



19 can form at the tube side of the superheater 5, an air curtain with the
side air at the upper portion thereof. The formation of the air curtain as
descri bed above can reduce a bypass flow of the conbustion gas that flows
so as to pass through the upper portion of the superheater 5. That is,
because the ampbunt of conbustion gas that perforns heat exchange by passing
t hrough the superheater 5 increases, itl9s also effective for inproving the
efficiency of the marine boiler 1B. [0031] Incidentally, in the
enbodi ment cdeste ibedtabbee tubg t hidesfechet BUPhEFRifFers-afB at¥ angenent of
the side air ports 30, a nunber equal to the number of burners 3 is
arranged drretely widjhacent stferatn;athdhevepper heoxfumethargct he T&er angenent
are not limted thereto. . In the first nodification shown in Fig. 4B,
t he nunber fofmaiden aifr ther esr30uimignesl dsscrhagd tHwvirumpar refudrirmers 3,
and the side air ports 3 are each arranged between the adjacent burners 3
and 3. in bgdass oflow it heesecnnds tigdi ficcatheah Shown S, aBi §0 AG;St he
configuration is such that a continuous side air port 30A is sectioned by
appropri at ehyopgovildi ngpeli psrBilcrand itheasnpagedataelj dcenfthao ihe burners 3.
In these nodifications, a high flowrate of about 20 to 60 mis is also
ensur ed i nbthevjetiled ssicdetabf. c¢fdBR}]ion2@as that performs heat
exchange by passing through the superheater 5 increases, 1t is
also effective for improving the efficiency of the marine
boiler 1B.
[0031]
Incidentally, in the embodiment described above, with
respect to the number and arrangement of the side air ports
30, a number equal to the number of burners 3 is arranged
directly adjacent thereto; however, the number and the
arrangement are not limited thereto.
In the first modification shown in Fig. 4B, the number of
side air ports 30 is one less than the number of burners 3,
and the side air ports 3 are each arranged between the
adjacent burners 3 and 3. In addition, in the second
modification shown in Fig. 4C, the configuration is such that
a continuous side air port 30A is sectioned by appropriately
providing slits 31 and is arranged adjacent to the burners 3.
In these modificaticns, a high flow rate of about 20 to 60 m/s

is also ensured in the jetted side air.

[0032)



In this way, according to the marine boiler structure of the present

i nvention descri bed above, in the marine boilers |A and IB, the flow
pattern of the conbustion gas concentrated at the furnace bottom portion 2a
can be changed in a controlled manner with the influence of the bottomair
or the side air. As a result, at the inlet of the superheater 5, the
conventional tenperature inbalance is el mnated or reduced, pronoting a
uni form of the conbustion gas tenperature, and therefore, non-uniformty in
the marine boil & Etirustayr eaicsoréhedited thiet Har éspdeti 1y thEUFEGHT eX'si on of
tube corrosion concentrated at the |lower portion of the superheater 5.

| n addi ti oshebpeasers tihweodibusteorridiad iabovaj ett ethd manisesbagesrsMi th t he
use of the bottomair, and because the injection of the side air makes the
degree of $preadi by dfhe Héowopbustimriitheadpustablen das lsorheehsassd t he
marine boiler structure has a reduced |level of NOx in the conbustion gas.

[ 0033] at That fusjaden bolie craponel hoidaercast bactiuarged itrhe present
invention, it is possible to reduce the inbal ance occurring in the inlet

t enper at ur ecof rohked uperkeaivéthSthy diituesicki ng the lunbuskiionostlte of the
flames and the gas flow pattern through changing the injection nethods of

t he conbuskiaa air, asdateecsedceatN@hebyniaj ect itige tshpecbrbustion t&ier in

st ages. Note that, the present invention is not limted to the

enbodi ment sodesstidhed akeyeraande apsOpiricat @ sakl énataions ar eed@teppssi bl e
wi t hout departing fromthe gist of the present invention; for exanple, it

i s al so appkbsabl ey t0 whimarinesr eheatomoidtabnpyayi detbatdturicgheatl burners

and a reheat furnaces downstream of an evaporator tube bundle 6.
therefore, non-uniformity in the marine boiler structure is
remedied with respect to the progression of tube corrosion
concentrated at the lower portion of the superheater 5.

In addition, because the combustion air is injected in
two stages with the use of the bottom air, and because the
injection of the side air makes the degree of spreading of the
combustion air adjustable, in both cases, the marine boiler
structure has a reduced level of NOx in the combustion gas.

[GO33]

That is, in the marine boiler structure of the present
invention, it is possible to reduce the imbalance occurring in
the inlet temperature of the superheater 5 by controlling the
combustion state of the flames and the gas flow pattern
through changing the injecition methods of the combustion air,
and to reduce NOx by injecting the combustion air in stages.

Note that, the present invention is not limited to the

embodiments described above, and appropriate alterations are



22 CLAIMS: 1. A marine boiler structure configured such that conbustion
gas generated by conbustion in a burner installed at an upper portion of a
furnace flows fromthe furnace through a superheater and an evaporator tube
bundl e, conpri sing: a bottomair port that supplies part of the
conmbustion air as bottomair froma bottom portion of the furnace,

wherein the bottomair port is positiontd closer to the superheater
relative to a burner center line, and an ejecting direction of the bottom
air is set PRPERPRE a'irtdiyé CRERFRBY i rarhéhbuehet <f ride& ISR SERBmM t he
vertical ly upward direction, and wherei n_the conbustion air used as
t he bottomiavenisowetfaro e3empder 1lesis GilsChérpbi @t SRrare, and a
flowrate of 20 to 100 ms is ensured for the conbustion air. 2. A marine
boi | er struehapre konfdypredigachviHatr derudiirpnr yaandendcacét by
conbustion in a burner installed at an upper portion of a furnace flows
fromthe fdrnasest hbough raasupér heat@pandoantevapgoratisr 4-.ube bundl e,
conpri si ng: a side air port that supplies part of the conmbustion air
as side air fromthe upper portion of the furnace, wherein the side
air port is positioned closer to the superheater relative to a burner
center line, and an ejecting direction of the side air is set, with
reference to the vertically dowward direction, within the range inclined
toward both the superheater and the burner, and



wherein the conbustion air used as the side air is set to 30 %or |ess of
the total amount of air, and a flowrate of 20 to 60 nmis is ensured for the
conbustion air. 3. A marine boiler stgucture according to Caim2, wherein
the side air port is arranged in the sane bl ast box as the burner.

CLAIMS:

1. A marine boiler structure configured such that combustion
gas generated by combustion in a burner installed at an upper
portion of a furnace flows from the furnace through a
superheater and an evaporator tube bundle, comprising:

a bottom air port that supplies part of the combustion
air as bottom air from a bottom portion of the furnace,

wherein the bottom air port is positioned closer to the
superheater relative to a burner center line, and an ejecting
direction of the bottom air is set within a range inclined in
the burner direction from the vertically upward direction, and

wherein the combustion air used as the bottom air is set
to 30 % or less of the total amount of air, and a flow rate of
20 to 100 m/s i1s ensured for the combustion air.

Z. A marine boiler structure configured such that combustion
gas generated by combustion in a burner installed at an upper
portion of a furnace flows from the furnace through a
superheater and an evapcorator tube bundle, comprising:

a side air port that supplies part of the combustion air
as side air from the upper portion of the furnace,

wherein the side air port is positioned cleser to the
superheater relative to a burner center line, and an ejecting
direction of the side air is set, with reference to the
vertically downward direction, within the range inclined
toward both tThe superheater and the burner, and

wherein the combustion air used as the side air 1s set to
30 % or less of the total amount of air, and a flow rate of 20
to 60 m/s is ensured for the combustion air.

3. A marine boiler structure according to Claim 2, wherein
the side air port is arranged in the same blast box as the

burner.



