1 DESCRI PTI ON MARI NE BO LER 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 conparison with a |l and boiler used in a power plant, etc., the
conpactness of the structure is conventjonally prioritized in a marine
boiler installed in a vessel due to a large constraint on the installation
space. In a conventional marine bgigeirfdpsiywn in Fig. 5 one or a
plurality of burners 3 are installed at an upper portion of a furnace 2.
Conmbusti on gas generated by conbusting a fuel in the burners 3
sequentially passes through a front bank tube 4, a superheater 5, and an

evapor at or tube bundle (rear 6 i re di sposed downstream
of the furnace 2, to carrybgﬁﬁﬂﬁ%é%ﬂgﬁﬁ% i fluid such as water,
etc. flowng in the tubes. Upon conpleting heat exchange in this way, the

conbustion gas passes through an outlet-side gas duct 7 and is ejected to

the exterior of the marine boiler 1 froma gas
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 boiller used in a power plant,
etc., the compactness of the structure is conventionally
prioritized in a marine boiler installed in a vessel due to a
large constraint on the installation space.

In a conventional marine boiler 1 shown in Fig. 5, cne or
a plurality of burners 3 are installed at an upper portion of
a furnace 2. Combustion gas generated by combusting a fuel in
the burners 3 seguentially passes through a front bank tube 4,
a superheater 5, and an evaporator tube bundle (rear bank
tube) 6, which are disposed downstream of 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



2 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. [0003] In the
above-descri bed nmarine boiler 1, it has been proposed (for exanple, see
Patent Citation 1) to provide a rectifying plate on an exit side of the
evaporator tube bundle 6, in order tozmake the conbustion gas generated by
conbustion in the burners 3 uniformy flow through the superheater 5 and

the evapqr@atad ¢.ubgobundhatf. iRatest f@ghatai,omeiéréa@angignulge&amaned Pat ent
Application, Publication No. 2002-243106 (see Fig. 1). D sclosure of

| nventi oy [J00Qf)yy | 1 ¢ he convent: aialm Maride PQidEn SNC i RLdescri bed

above, because the gas tenperature distribution of the conbustion gas
beconmes unbal , there is a problemin that corrosion concentrates at a
| ower portion 0 he superheater 5. In addition, in a nmarine boiler 1
whose furnace 2 is small due to size reducti.on, particQ{arl when t he

burners 3 aré t§i1% ePTGRIF THE L fHER &°55 S hdradde e H9%hes from

the burners 3 are inclined toward the superheater 5, in a region of the
super heqierp B ad oot e e arfiee Raferl] digsation 1) to provide a

reétifying plate on an exit side of the evaporator tube bundie
6, in order to make the combustion gas generated by combustion
in the burners 3 uniformly flow through the superheater 5 and
the evaporator tube bundle 6.

Patent Citation 1: Japanese Unexamined Patent
Application, Publication No. 2002-243106 (see Fig. 1).

Disclosure of Invention

[0004]

In the conﬁentional marine boiler 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 additicn, in a marine boiler 1 whose furnace 2 is
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.



are .a factor causing accelerated thinning of the tubes constituting the
superheater 5 due to high tenperature. 3 Furthernore, heat stress in the
marine boiler is high due to size reduction, and the probl em of increasing
| evel of NOx has been pointed out, reaching about 300 to 400 ppmin sone
cases, for exanple, in a marine boiler3l for oil-fired conbustion. [0005]
As indicated by an arrow Gin the figure, the above- described inbal ance of

the conbusti g g% ARIMRE ddite JtTestauTEdHRY e deadioitikat DS oof duke
conbustion gas flows through the furnace bottom portion of the furnace 2;

thus, |nq (S d SMAIAME drdd RV 0 e GRITUAIRN 1932 103 ok

t hr ough the superheater 5, the tenperature tends to increase toward the
center of the | ower., portion of the .superheat I i.tion, use there
s al so hRg dRst R e cegc%ﬁngfﬁéo%\?gcpgoof |‘%’w@g)dip?“fﬁe“ %S)b%%s t he
tenperature increases toward the downstream side wher, 3?e vapor
t enper ati@eSs TH FEP Fherdt & &2510§ R rheftterois dit i
above-described marine boiler 1, corrosion increases toward the |ower
portion,comestimir-eover, even in the sane |ower portion, corrosion is
greater at positions where the tenperature of vapor flowng in

[0005]

As indicated by an arrow G in the figure, the above-
described imbalance of the combustion gas temperature 1is
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 5,
there is problem in that corrosion increases in regions of
higher temperature.

[0006]



the tubes is higher. In other words, in the superheater 5, there is
problemin that corrosion increases in regions of higher tenperature.

[ 0006] 4 Against this background, in a marine boiler structure, in order
to prevent or to suppress partial progression of corrosion and thinning
(non-uni form corrosion progression) that occurs in tubes constituting a
superheater, there is a need to nake the tenperature distribution of

combusti on gasyaiRASSiHMG & WRUEduiRl, S Uperheatemaimdiaen byt ey, nd na
tenperature distribution in a furnace. In addition, in order to cope with

recent %’M%]Ig%g}@v tlolyrenﬁ; dheneds paneed g d@mIgme ol er

structure that 1s capable of reducing the |evel of° NOx contained in the

conmbusti on gas. The present. i hvention . e ' ' i.ght, of the
above- decsocrrri%r)seldD nci‘F"rncdttj ef}lilr? ces an éﬁut)%srer&g tC%tr}hrgO%relf)b :{Og%tddjé %'J rlg)ell)de a
marine boiler structure that is capable of renedyin a n- uni.f orm
progr esitGt SICHT ot oHAIRP RS tHe g Mpﬁ%}e@%cﬁrs’t Pﬁ?ﬁﬁei v 6f
conmbusti on gas that passes through a superheater uniform and that is
capabl e nfed ddudials the erarasfumodicgmidHePn i KemBRius dtgas.
[0007] In order to solve the above-descri bed problens, the

passing through the superheater uniform by remedying a

temperature distribution in a furnace. In addition, in order
to cope with recent environmental problems, there is a need
for a marine boiler structure that is capable of reducing the
level of NOxX contained in the combustion gas. |

The present invention has been conceived in light of the
above-described circumstances, and an object 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 combusticn gas'that passes through
a superheater uniform, and that is capable of reducing the
level of NOx contained in the combustion gas.

[0007]

In crder to solve the above-described problems, the
present invention employs the following sclutions.

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

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



present invention enploys the follow ng solutions. A first aspect of a
marine boiler structure according to the present invention is a marine
boil er structure configured such that conbustion gas generated by
conmbustion in a burner flows froma furnace through a superheater and an
evaporator tube bundle, including a bettomair port that supplies part of
5 the conbustion air as bottomair froma bottomportion of the furnace,

wher ei n dre Qatdh@miain A9 tad HAIesint iaanedrehnsebdtaont e rsuper heater
relative to a burner center line, and an ejecting direction of the bottom

air is sel Wi R JARYG hd %QJ[titQﬁd dift tha-DUNYo ditrieftd o1 1fdsem the

vertically upward direction. [0008] fth the above-descri bed marine

boi | er ¥ reg?s{ulf)regrfhoeiaﬁte@e rg{)ll;?gct%.%easc%e% o %aru%%nttt%q: q_qtnteo maellfldr gort t hat

suppl i es e°co ion alr as the bottom air fromthe furnace
bottom portion is provided; the bottomair, part is |lacat.ed closer to the
super heﬁ@cqlé}%tqwqt&%é’%ﬁ}?e%mraﬁﬁpﬁé Sez:nd“tgcﬁ%mejae&ain@& di rection
of the bottomair is set within the range inclined in the burner direction
from t helnadrimiashliry thgpvpardiadi rctg G on tH5E Jdss e Y@ ldvanigeag s | ow

pattern of the conbustion gas in the furnace with the flow of the bottom
air. Thatidesstimecause the flow of the conmbusti on gas headi ng

[0008]

With the above-described marine boiler structure of the
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 air,

which is effective in reducing NOx in the combustion gas.



toward the superheater fromthe furnace bottomportion is initially pushed
in an opposite direction fromthe superheater due to the flow of the
bottomair, flow concentrating on a furnace bottom portion side can be
elimnated, and the conbustion gas can flow substantially uniformy toward
the superheater. In addition, injectigg the bottomair in this way
constitutes a two-stage injection of the conbustion air, whichis
effective in ppeeduwging NOx in the conbustion gas. 6 [0009] In this case, in
order to simultaneously achieve size reduction of the furnace, it is

preferabl e that dfie COMRUSLLOR gl 1Sl R iR RO Bl vae sahaut 30 96 or

| ess of the tota anDunt of air. addi ti on, S deS|rabIe t hat the
ejectin rection botton1 port t hi

bﬁtmeenq¥ﬁ%1 55%1 ﬁw&@&edlfecffbﬁ> érg%éﬁgbfﬁgkdta ou ﬂ%g%gegrees in
t he burner dlrectlon Furt hernore, for _the tt.om air rahle to
ensure & P GF rdice DOI taBb G &S GPRYG: ﬁii °b)?r1)le§’(-§‘ttO é)tﬁ nber of

bottomair ports to be mninally equal to the nunmber of burners or 2) by
usi ng a asgntithwdusisl-it-shape. [0010] A second aspect of a narine boi | er
according to the

In addition, it is desirable that the ejecting direction

of the bottom air ports be set within in a range between the
vertically upward direction (0 degree) and about 45 degrees in
the burner direction.

Furthermore, for the bottom air, it is desirable to
ensure a high flow rate of zbout 20 to 100 m/s by 1) setting
the number of bottom air ports to be minimally equal to the
number of burners, or 2) by using a continuous slit-shape.

[0010]

A second aspect of a marine boiler 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 tube
bundle, including a side air port that supplies part of the
combustion air as side air from an upper porticn 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 inclined
toward both the superheater and the burner, with reference to

the vertically downward direction.



present invention is a marine boiler structure configured such that
conbustion gas generated by conbustion in a burner flows froma furnace

t hrough a superheater and an evaporator tube bundle, including a side air
port that supplies part of the conbustion air as side air from an upper
portion of the furnace, wherein the sipde air port is positioned closer to
the superheater relative to a burner center line, and an ejecting
direction of ftgpa:gide air is set within the range inclined toward both the
super heater and the burner, with reference to the vertically downward

direction. 74,0014 Wi he abavedgsgr n@e%dmrérnet% drefreSrughr e of

the second aspect, because t he side a|r port t hat supplies part of the

conbustion ai as t eq:e uasler from t g}r &?rtthtahnsq‘l&fg trptérf:[ta%

provi dedETHE §%E arr cate& relatrve
to the burner center Irne and the ctrn di rection of th i iris '
set, wi e GBI W 21th&@Sydhs S adtfvvr’r:\%at”d S &EEdn P%%tlr‘ﬁ he range

inclined toward both the superheater and the burners, it is possible to

change &hsorfustacsen izoms caridles /f W Faderdd ofPAe igoRtngstticsh Clgget n t he
furnace with the flow of the side air. That is, because the conbustion

zone i n ticheHaursngeerhiesatad] ustlailieranmtich tiehéfdrow dieréet drinsf; tarel sihde ai r,

for exanple, when the
ejecting direction of the side air is set, 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
the flow direction of the side air, for example, when the
combustion zone is moved in a direction away from the
superheater, flames also move away from the superheater, thus
‘changing the flow pattern of the combustion gas.

[0012]

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 of 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



conbustion zone is noved in a direction away fromthe superheater, flanes
al so nove away fromthe superheater, thus changing the flow pattern of the
combustion gas. [0012] In addition, by appropriately adjusting the flow
direction of the side air, even in a furnace of a conpact nmarine boiler,
flames can be prevented fromincliningstoward the superheater.

Furthernore, by injecting the side air, it is possible to adjust the

degree qf; Spreadiing 2ef shhepgerbustitapnaion, twei shpesheaftbectiuve isadeeduci ng
NOx in the conbustion gas. Mreover, because the injection of the side air

forms an %y Alds FLALR dhealy %%eroQQWHno%fo@h%h%u@%@%@%@@&eﬁahuﬁé si de,
a bypass flFow at the upper poP ion of the superheater can be reduced.
[0013] In Ehi case, in order to simultaneously achieve size reduction of
the furf&&8°S% is preferable that the conbustion air used as the side air
be about 30 % or |less of the total anount of air. In addition, it is
desi rabl e t hdt9%lFed ejecting direction of the side air ports be set within

a range of about 30 degrees each in the superheater direction and the
bur ner In this case, in order to simultaneously achieve size

reduction of the furnace, it is preferable that the combustion
air used as the side air be about 30 % or less of 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 30
degrees each in the superheater direction and the burner
direction {-30 degrees to +30 degrees) centered arocund a
Vertically downward direction (0 degree).

[C014]

Furthermore, it is preferable that 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
number 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.



direction (-30 degrees to +30 degrees) centered around a vertically
downward direction (0O degree). [0014] Furthernore, it is preferable that
the side air ports of the present invention be arranged in the sanme bl ast
box as the burners. In this case, with respect to the nunber and the
arrangenment of the side air ports, three possible cases are 1) to arrange
themdirectly adjacent to the burners in the sane nunber as the nunber of
burners; 2) t@camsnange them between the burners in a nunber one |ess than
t he nunber of burners; or 3) to arrange them adjacent to the burners by

providing shids i NtiRUOUS RORT ;: ARGt iler JeherSide aldbwel,t ihs
desirabl e topg%gﬁpgngA%?bh fIgV/fgie 3P'abo&€ 20 to 60 ns. ge 601%

[ ]

Accor di to the present. inyentiagn scrd [ fur f..a
mar i ne. BATTRES B o FB B Lo oor (he CORBuLtrar okt ShscoRIPLEsIo a
bottom portion of the furnace can be changed with the influence of bottom
ai r and ISUEATENAS TR Ads§ PO HEE RS TR @ént’?&’seti S rGES tcé‘rl?pg’leat ure at a
superheater inlet is made uniformand the conventional tenperature

i mbal ancdacarecheriaih rihsatied larencsd gdedpotiton fipeel Higle @1gr-oviide2a mari ne
boil er structure in which non-

result, because the combustion gas temperature at a

superheater inlet is made uniform and the conventiocnal
temperature imbalance can be eliminated or reduced, it is
possible 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¢6]

{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 example arrangement of bottom air ports.

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



uni form corrosi on progression concentrated at a |l ower portion of the
superheater is renedied. In addition, because the use of the bottomair
realizes two-stage injection of the conbustion air, and because the
injection of the side air makes the degree of spreading of the conbustion
air adjustable, a marine boiler structure in which the |evel of NOx
contained in the conbustion gas is reduced is realized. Brief Description

of DrawidigsyidPLeodifi®atllorricr Hid.s 2.l ongi tudi nal sectional view
showing a first enbodi nent of a marine boiler structure according to the

present inventdon. fiFiggy 2A H Q& 124 di% R1RIAN SU8W R2fa18 ikl \\aRky iBQY ti on
of Fig. 1, show ng 'an exanpl e arrangenent of bottomair ports. [Fig. 2B]

Fig. 2B | ant . vi f | t L ' i.ficati
of i g, xS PRt R S Rt S MR

second enbodi nent of a marine boiler structure according to the present

i nvent i g€ [RiSPeMAIL Yt 48 is a plan view of a relevant portion of Fig.
3, showi ng an exanpl e arrangenent of side air ports. [Figtj 4B] Fig. 4B is
a plan view ofFig v equvgrﬂg.pdmij(ﬁq,a plan view of a relevant portion of

Fig. 3, showing an example arrangement of side air 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 boiler
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 according to

the present invention will be described below based on the



showing a first nodification of Fig. 4A. [Fig. 4C] Fig. 4Cis a plan view
of a relevant portion, show ng a second nodification of Fig. 4A [Fig. 5]
Fig. 5is a longitudinal sectional view showing a conventional narine
boil er structure. Explanation of Reference: [0017] 1A, 1B: narine boiler
2: furnace 3: burner 5: superheater 6:1evaporator tube bundle 20, 20A:
bottomair port 30, 30A: side air port Best Mdde for Carrying Qut the

I nvent i QirauiG8] An enbodi nent of a nmarine boiler structure according to
the present invention will be described bel ow based on the 11 drawi ngs. In

a marine boilgy s1AShown Jdi 1912l sHG O & iRf.unal idne B PyiResLs i3are
installed in a blast box 3a at an upper portion of a furnacé 2. The

U et * o SIls el SURRAG oSG GATRISYA Ul bAuh Yy gener ated
portion of a furnace 2. The burners 3 combust fuel supplied
using combustion air and supply generated combustion gas to a
downstream 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.

[0019]

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 alr as bottom air from a furnace bottom portion Z2a

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



downst ream heat exchanger. 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 heatlZzxchanger in that order, and the
conbustion gas is heated through heat exchange with fluid, such as water
etc., thahfiigurkldowionghkhr evgbuistdion deal genkesatell blyechedtisexehanger. Upon
conpl eting heat exchange in this way, the conmbustion gas passes through an

outlet $,969as 3duabywé 3Sn $hel eeled e 2t heas@xher ikakceknt Be marine boiler
1 froma gas outlet 8. Note that, in the figure, reference sign 9 is a

fluid dry Whe ,é% 325 L3 an%%gngggoklt%% L2rane %ead%é bbPPIR] 41 Fi 1 st

Enbodlnen omn in narlne b0| er structure of this

nbodi t tt t 0 that t
got?ohrggFtﬁrgﬁlgg%ﬁhkgé %ggFﬁgﬁﬁﬁg ; 625“% &Fn§c agggeSESV|ded in

a marine boiler A which is 12 conflgured SO that conbustlon as gener at ed
by comb&SHtEF ildnesuhecs Fhe SWE SIS héCuriPaddds tipRssPRg SURESHER a

superheater 5 and an evaporator tube bundle 6. The bottomair
direction of the bottom air jetted from the bottom air ports

20 is set within an angular range 01 inclined in the direction
of the burners 3 from a vertically upward direction.

Note that, the above-described bottom air ports 20 are
connected to bottom air ducts 21 formed in the exterior of the
furnace 2, and the combustion air is supplied through these

~ducts.

[0020]

The bottom air 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 to the burners 3 in plan view so
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 combusticn air. Note that,

in order to adeguately affect the flow pattern of the



ports 20 are |l ocated closer to the superheater 5 relative to center |ines
CL of the burners 3, and in addition, an ejecting direction of the bottom
air jetted fromthe bottomair ports 20 is set within an angular range 01
inclined in the direction of the burners 3 froma vertically upward
direction. Note that, the above-descrilid bottomair ports 20 are

connected to bottomair ducts 21 fornmed in the exterior of the furnace 2,
and t he camstiicdn qisl, idessifipldced atthirqudivrt hese flductate] @@2@he The bottom
air ports 20 are provided, for exanple as shown in Fig. 2A, in the sanme

nunber ags,thg RUTLEH it N8k the thenrehy Set tyoad he fliewikate at which
the bottomair is jétted high. That is, the bottomair ports 20 are
arranged, i n sitio i.rect Ly adj t the hurners 3417 o Vi ew so
t hat pard[es(%‘frat%]g ggn%ﬁ?ﬂ%n%ai%g%se%%gg rta{}t% Bjro};et omu% ris inj e%{yesd whi |l e
maintaining its flowrate at a hj.gh flow rate at .or abaove r edet er m ned
val ue. [9FPESWSEercdt (VG 1M Sy &0 d i shicted® S Fﬁ&é%ﬁ#ﬁ& e 2, it is
preferable that the amount of the bottom air usable here be about 30 % or
| ess of falnnagentfustit™n air. Note that, in order to adequately affect the

flow pattern of the 13 conbustion gas, described |ater, for the flowrate
of the [0020]

It is desirable that the ejection direction of the bottom
air ports 20, at positions closer to the 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 01 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.

[0022]

In a 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 bottom portion 2a is initially

pushed in the opposite direction from the superheater 5 due to



bottomair injected fromthe bottomair ports 20, it is desirable to
ensure a high flowrate of about 20 to 100 nis, depending on various
conditions, such as the size of the furnace 2, etc. [0020] It is
desirable that the ejection direction of the bottom air ports 20, at
positions closer to the superheater 5 its4an to the burners 3, be set wthin
a range fromO degree, i.e., the wvertically upward direction, to about 45

degr ees tiewand:.t g pourrer adi ecbiwong Thatarids, Béchssdesfrable, thatht he
angular range Ol in Fig. 1 be set within a range approxi mately between 0

and 45 degr 9%, 3Q.Lhat thie il ew-ef phetlammid iean 2aekfilel eakhy apusgh the

fl ow of conmbustion gas (see two-dot chain-line arrow Gin the figure),

whi ch tends tq concentrat t. the fur . : [ a,:
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structure provided with the bottomair parts 20 descrilhed above, the flow
pat t er n T EGE GndisticdR Tegad it Phé Al Agc &2V H&Qagﬁghged with the
flow of bottom air. That is, as shown by a solid-line arrgw Gl in the
figure, adneentaatsld eontilist ifoRnges MeAdioRy HogkacR t23e S18pétheater 5 from
the furnace bottomportion 2a is initially pushed in the opposite

di recti enifriomttche supertheateembbisdient ggas flows substantially

uniformly toward the superheater 5.

[0023]

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 Za
into 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 Z2a
side of the superheater 5, a high temperature gas region where
corrosion is 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 boiler 1A, because the



14 the flow of bottomair flow ng upward. Because of this, with the flow
toward the furnace bottom portion 2a side partially prevented, the
conmbustion gas flows spiraling upward in the furnace 2; therefore, a flow
that is conventionally concentrated at the furnace bottom portion 2a side
is elimnated, and the conmbustion gasi3lows substantially uniformy
toward the superheater 5. [0023] |In other words, by injecting the bottom
ai r desgionpeG: idkoveis thedkewpat tar rmef ithetcetbusis eupgancaseal ter ed,
and the conmbustion gas flowing fromthe furnace bottom portion 2a into

t he Supe@@c?ataer W1 izl Ald MRed PR & he PRSIVt i%indg from the

super heater 5, thereby be| ng uniformy pushed towards the superheater 5

si de. Acordl ortl 4 r tery at t he furnace
bottom pornh on%!i ce t“%) gagluger%ga ag%ds%ﬁ:ed‘%%?le%per ature gas region
where corrosion is accelerat IS reduc%gf n addtloqf due to the effect
of col | iSiSFe et tHie P i%h TGTE h & ¥h &S o g IGR G e

bottomair injected upvvard m xi ng of the conbustion gas is enhanced, and
an advaﬂ@@éﬁ@l&%@%@éﬁdt@&% athdtha HOEEPETdtiere ©5 H5&l ance at an
inlet as a whole is reduced in the superheater 5.

superheater 5 and to improve durability and reliability.

In addition, because the use of the bottom air 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 cohtained in the combustion 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 eqgual 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 20A 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
Figs. 3 and 4A. Note that, identical reference signs are

assigned to components similar to those of the above-described



[0024] In the furnace 2 of the marine boiler 1A because the 15

conbustion gas tenperature at the inlet of the superheater 5 is nade

uni form as descri bed above, the conventional tenperature inbalance can be
elimnated or reduced. Therefore, it is possible to renedy the non-uniform
corrosion progression concentrated atiéhe | ower portion of the

superheater 5 and to inprove durability and reliability. In addition,

because dnft»disfetf, iRl keit:ameal Hedestptiets abeveoreand it bat diieted.
conbustion air for the burners 3 is injected in tw stages, it also

becomes possifh & Qg BHEE e, |LWRl- 0l ML 16ENtA ned drib ke £qikust i on
gas. [0025] Incidentally, although the nunber of bottomair ports 20 1is

set equal; 4o 1e el Of sy ek, LD ARke-deserdded, anbadi ment,

[
ports edﬁaeato or greater in t fhan the nu urners nmay be

provided in order_to ensure a high flowrate of the bottomair.to b
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slit-like bottomair ports 20A in which partitions are appropriately
i nsert edimap e us¥l a0 EBIv idsst did b oditifetlast box 3a as the

burners 3.

The side air ports 30 described above are arranged closer
to the superheater 5 relative to the burner center line Ci,
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 ports 30 are tiltable within an angular range of +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 poris 30 are arranged in positions
directly adjacent to each burner 3 so that the side air is

injected while maintaining the flow rate at a high flow rate



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 wll be
omtted. In this enbodinment, a marine tpiler 1B is provided with side air
ports 30 that supply part of the conbustion air as side air fromthe upper

portion @f drheddinacerddethensindel vailfueorts 30 are provided in the sane
bl ast box 3a as the burners 3. The side air ports 30 descri bed above are

arranged cl osgl ~dn@ iR =3URSS RRALLILD JRIRIIMSH,0 dihe Bur Rk eentekel i ne

CL, and the ejecting direction of the side air is adjustably set wthin

an angular jfange 92 dhab lndhies Lol oty the. surerheater,apaad the

bur ners erence t vertically downwar irection. That is,

it is preferable that _ 02 in this case _he set tq .about, 30 degre and

t her ef of& 7S ¢ j20dsiFak €% dS5o dé’l]—gn C&&]Eﬁfﬁ%ﬁ?& ﬁé&hanﬁgﬂ\emﬁﬁﬁtm ch
the side air ports 30 are tiltable within an aanlar range of 30 degrees
in the direcddey dia edddnd-elppedfidect rhedditaomatire efodhcof side air

ports 30 provided in the sanme blast box 3a as the burners 3, for exanple,
as showtombustion gas, described later, for the flow rate of the side

air injected from the side air ports 30, it is desirable to
ensure a high flow rate about of 20 to 60 m/s, depending on
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 accordancé
with the flow direction of the injected side air, for exampie,
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 alsc 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



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 injected while maintainingthe flowrate at a high flowrate
17 at or above a predeterm ned value. In consideration of good conbustion,

etc. ingihefurnacey Zords ias el eiaklce echan theliamotnbnotiwilye flott om ai r
usabl e here be about 30 %or less of all conbustion air. Note that, in

order tqradequatelaff eclylhe f ow pattiehcef drheneorbust 2ok, gase
described later, for the flowrate of the side air injected fromthe side

air Porte Rndib g 493 ARG LQ - RAMILE 34l G AW R ADRhn20 O 60

i
COony.
m's, depengl ng -on “various conditions, such as the size of the furnace 2,

etc. [Q028] Wth such a _configuration, it is possiblet hange

combust i%6n ?oﬁ@“le&lﬁég itr?etrﬁ%ﬁ 3% dzhaélrgc?f e ﬁso%opg’tu{% %r?ntgfaltﬁﬁe
conbustion gas with the flow of the side air injected fromthe side air
ports 3Gnifegmlys flsecoyss the EHRITSt iSOt LaFen @5 Ghive FUDs TERE Ui mace 2
beconmes adjustable in accordance wth the flow direction of the injected

si de- ai rin footheexamplds, ivhdrs trve sdjdet ity miduatst itdre dfemearadivd® air i s
inclined toward
imbalance generated at the inlet of the superheater 5 by
altering the flow pattern of the combustion gas with the
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 62 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



the burners 3, the conbustion zone in the furnace 2 can be noved in a
direction away fromthe superheater 5. As a result of this, the flanes 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 nention the dirext influence of the flanes on the
super heater 5, can be changed as shown by arrow & in the figure. That is,

because dzhe fdrawy eft the eameustiden ok8 thgasuperirhicalley 5or a®m aifl ow directed
in a direction away from the superheater 5 due to the influence of the

si de ai rc’urgﬁ%n GARYEMIORAl e QW Geneent raled borither Wheaee ot e portion
2a is renedied, thereby being changed so as to substantially wuniformy

fl ow ov t he .entir rface of pey. er. b. er. rds,. it is
possi bl %ﬁ?%ié &béifﬁzgig%%éfgf5%g%%%bae%%%g§ﬁﬁﬁ§$§#ghggt fﬁ§%F%|§t of the
superheater 5 b altering the floqw pattern of the conbustion gas with the
i nj ecti GRS S He %bGfe-tdés S e Siode t&a& f[Llé’Cf%]SO 7 d8dPESSn, because
it becomes possible to appropriatel adjust the flow direction of the side
air by dhaRyialy thee ubRed Pesthion Sigltécozerret§itde -ai FRpbr s’ 30

descri bed above, the flanmes can be prevented frominclining toward the
super hedtegrausd rnthtcharfamiacd Zopfbusie coomgpac tt hedr ineer fsginseheat

exchange by passing through the superheater 5 increases, it 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 modifications, a high flow rate of about 20 to 60 m/s
is also ensured in the jetted side air.

[C032]



1B. As a result, it is possible to elimnate the problemof accelerated

t hi nni ng of tubes of the super heater 5 due to the direct influence of the
flanmes inclined in a direction toward the tubes. Furthernore, because the
degree of spreading of the conbustion air can be adjusted by injecting the
side air from the side air ports 30 descri bed above, it al so becones
possible to reduce NOx in the conbustion gas. [0030] Moreover, the

i njection of trhersideaai,r adessrdibed abave Ririern dedrimr att e utrebetsi de of
t he superheater 5, an air «curtain wth the side air at the upper portion

t her eof .. ythe, - fQrmatiiQn of; dheildripdd aidbRs desehdet rabeve sar dseduce a
bypass flow of the conmbustion gas that flows so as to pass through the

upper portiaqn, of, t S r t . i e e f
conbust i Bh 55 THat T5orr o e s ! Slondiy s By ade g Th o Ra =ed
super heater 5 increases, (it is also effective for i avi ng the efficiency
of the rdritTE® B ASTHFOPAT LN i4ferftd) 187 Ci%r?nt‘i?gé%&‘di ment descri bed
above, with respect to the nunber and arrangement of the side air ports
30, a nuiBEIrdgirdl magnteHe WithfbdhofiHurifice 35§ $hg Rafdgsdp air or the

side air. As a result, at the inlet of the superheater 5, the
conventional temperature imbalance is eliminated or reduced,
promoting a uniform of the combustion gas temperature, and
therefore, non-uniformity in the marine beiler 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 alr 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.

[0033]

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 injection 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

ermbodiments described above, and appropriate alterations are



directly adjacent thereto;, however, the nunber and the arrangenment are not
limted thereto. In the first nodification showmn in Fig. 4B, the nunber of
side air ports 30 is one |less than the nunber of burners 3, and the side
air ports 3 are each arranged between the adjacent burners 3 and 3. In
addition, in the second nodificationzhown in Fig. 4C, the configuration
is such that a continuous side air port 30A is sectioned by appropriately
provi di R =il Ik tancht Separanged Aadmaer! diett bE Biwenenres3nt I n these
nodi fications, a high flow rate of about 20 to 60 mis is also ensured in
the jettied $iderd rod Q34120 kN :thizs AV AGERAING o @ the iFRr i ne boil er
structure of the present invention descri beg above, in the marine boilers
1A and 1B, the.fl. tter. : ti n t at the
furnace rbé&eta%mbﬁ)&ﬁl\glrg%rf?lcr&aegf B}eﬁ%h%gegrﬁé%sﬁ r?%gn%%%nt%?lgjlc%e e?rrlé%%er with the

i nfluence of the pottomair or the side air. As result, at the inlet of
the supdMfEfte™ é{%’w&re@%@ Ao A ROHATY atWPE i%r%]éﬁ‘fnc% is elimnated or
reduced, pronoting a uniformof the conmbustion gas tenperature, and
therefore, non-uniformty in the marine boiler structure is renedied with
respect to the progression of tube corrosion concentrated at the | ower
portion of the superheater 5.



I n addition, because the conbustion air is injected in tw stages with the
use of the bottomair, and because the injection of the side air nmakes the
degree of spreading of the conbustion air adjustable, in both cases, the
marine boiler structure has a reduced | evel of NOx in the combustion gas.
[0033] That is, in the marine boiler stzucture of the present invention,

it is possible to reduce the inbalance occurring in the inlet tenperature
of the superheater 5 by controlling ¢heiMgonbustion state of the flames and
the gas flow pattern through changing the injection nmethods of the

combustion aiz ,y,a @k iR neduce N e idyBctduitd eGP Mt i QRuRISt ioh
stages. Note that, the present invention is not limted to the enbodinents

descri bed ab evne%%a%% gEBp %L?stt%o% 4 (?{ a& 'bq{.ﬁl& efl%:lws Q‘_q'so?d t%! ar}.%l"t

departlﬁﬁ e gl e presen invention; for exanple It 1s also
appl i cabl e to a marine reheatrgﬁller rOVI reheat burners and a

reheat FHMHERS RIRFHTEET 0f GYoAt Gt %V)éélboeu 7 22 CLAIMB 1. A

mari ne boiler structure configured such t hat conbustlon gas generated by
conmbust iSRRI Br ner flows froma furnace through a superheater and an

evapor at or tube bundl e,
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 wvertically upward direction.

2. A marine boiler structure configured such that combusticn
gas generated bylcombustion in a burner flows from a furnace
through a superheater and an evaporator tube bundie,
comprising:

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, with reference to the
vertically downward direction, within the range inclined

toward both the superheater and the burner.

3. A marine boiler structure according to Claim 2, wherein



conprising: a bottomair port that supplies part of the conbustion air as
bottomair froma bottomportion 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 bottomair is set within a range
inclined in the burner direction fromthe vertically upward direction. 2.
A marine boiler structure configured such that conbustion gas generated by
conbust itorR: igice burrmeofd dws dfmemed Umate ddneoudhsa superkeater and an
evaporat or tube bundle, conprising: a side air port that supplies part of
the confyystign air as side air froman 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. 3. A marine boiler
structure according to Claim?2, wherein 23 the side air port is arranged
in the sane bl ast box as the burner.



