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A NOZZLE FOR FEEDING COMBUSTION PROVIDING MEDIUM INTO A

FURNACE

The present invention relates to nozzles feeding combustion
providing medium 1into furnaces. The present 1i1invention
thereby typically, but not exclusively, relates to
pulverized coal feeding nozzles and secondary alr nozzles
in tangentially fired burners in steam generation boilers.
Tangential firing 1s described 1n US 4,252,069, UsS
4,634,054 and US 5,483,906.

Pulverized coal feeding burners typically have pivotably
arranged coal nozzle tips protruding into the furnace. The
coalnozzle tips have a double shell configuration,
comprising an outer shell and an inner shell. The i1inner
shell 1is coaxially disposed within the outer shell to
provide an annular space between the 1nner and outer
shells. The 1nner shell 1s connected to a fuel feeding

conduit or pipe, for feeding pulverized coal entralined 1n

an alir flow through the i1nner shell i1nto the furnace. The
annular space 1s connected to a secondary air conduilt for
feeding secondary air through sailid channel into the
furnace. The secondary air 1s meant to provide combustion

alr and cool the outer shell. The fuel feeding pipe 1s

typically disposed axially in the secondary air conduit.

The nozzle tip 1s located 1n an opening 1n a nozzle

supporting wall, typically 1in the outlet of the secondary

alr box. The external cross section of the nozzle tip 1s

typically rectangular and mailinly corresponds to the

internal c¢ross section of the outlet end of the air

conduit. Narrow gaps typically remalin between the periferal

=

walls of the nozzle tip and the walls of the air conduit.

Secondary alr 1s allowed to leak through the narrow gaps.
The alr typically flows horizontally into the furnace. When
the nozzle tips are arranged to discharge fuel and air

horizontally 1nto the furnace the air leaking through the

gaps will flow mainly 1n the direction of the external
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walls of the nozzle tips and thus protects its

wall plates from furnace radiation heat.

The coal nozzle tip 1s typically pivotably connected to the
fuel feeding pipe, in order to be able to control the level
of the fire ball 1in tangential firing. Thus, when the
nozzle tip 1s tilted to provide an upward or downward flow
of fuel and alr 1nto the furnace, one of i1ts walls will be
bent away from the air flow leaking out and thus be more or

less unprotected.

Fuel, as well as, secondary alr nozzle tips of tangential
fired boililer units are exposed to severe furnace conditions
that can lead to thermal distortion and/or high temperature
oxidation. This problem requires operators to annually

-

replace many of their coal and ailir nozzle tips at a fairly

high cost. Especially on tangentially fired boiler units,
the conditions of the nozzle tips play a key role 1in

sustalining long term optimal combustion performance.

It has been noticed that the cooling air flow flowing

P
—

within the nozzle tip of fuel or ailr feeding nozzles cannot

at certain high temperature conditions provide a sufficient

cooling of the external walls of the nozzle tips. Thus the

external wall plates may be heavily damaged, leading to

above mentioned problems.

Exposure to direct radiation, particularly when nozzle tips

are up- or downward tilted 1nduces thermal gradients

through thick stainless steel plates, 1/4 to 3/4 inch

thick. The thermal gradient causes distortion and

r—

eventually closure of the passages 1n the nozzles, leading

to performance degradation. Exposure to high radiation also

results 1n operating temperature exceeding material limits

and eventual oxidation and thinning effect of the plate

resulting in "burnback" and eventual performance

degradation.
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It 1s an object of the present invention to provide an

improved nozzle with which the above problems may be

avoilided or at least minimized.

It 1s particularly an object of the present invention to

provide a nozzle the external walls of which are well

protected from heat radiation.

The objects of the present 1i1nvention are achieved by

nozzles comprising the characterizing features mentioned in

the appending claims.

The present 1nvention provides a nozzle, for feeding

combustion malntalning medium 1nto a furnace at high
temperature conditions. A nozzle according to the present

invention includes according to a preferred embodiment a

nozzle tip and fuel and/or alr feeding means.

The nozzle tilips may be pivotably mounted e.g. to fuel

feeding pipes, alr feeding boxes, such as windboxes,

furnace wall constructions or any other sultable
conveniently located constructions. The nozzle tips are
disposed so as to protrude at least partly into the
furnace. Typically several nozzles may be disposed one on

gt

top of the other and be connected to a wvertical box mounted

to the furnace wall, preferably in a corner area thereof.

Combustion malntaining medium, such as pulverized coal and
air, may be fed through the feeding means and the nozzle

tips 1nto the furnace. Typically pulverized coal is fed as

a mixture with transport air. Secondary air may be fed

separately from the coal. The nozzles may be used to feed

other suitable fuels and gases, as well.

The nozzle tip according to a preferred embodiment of the

present 1invention typilcally i1ncludes a mainly open ended

outer shell and a shroud means covering a portion of the

outer shell. At the first end of the outer shell the
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passage 1nside the outer shell is in flow connection with
the ailir feeding means. The other end of the outer shell
typically protrudes 1into the furnace. The outer shell

typically 1s of square or rectangular cross section, having

rounded corners.

The shroud means 1s typilically made of a shroud plate which
is disposed to cover a portion of the first end of the
outer shell. A gas space 1s formed between the shroud plate
and the covered portion of the outer shell. Shroud air,
such as secondary ailr 1s led through the gas space and
discharged along the uncovered surface of the outer shell,
thus providing protection agalnst radiation heat to the
outer shell. The shroud, 1.e. the plate work thereof, may

be recessed, to form a bulbous shape and therefore be selt

protected from much of the radiation. Some leak air will
also flow rather close to the first end of the shroud even
if the nozzle tip 1s tilted. The 1leak air only later
deviates from the nozzle tip and thus the 1leak air also

provides some protection close to the windbox.

Shroud plates are typically mounted to cover a portion of

the upper and bottom sides of the outer shell. The shroud

plate may be formed to guide the shroud alr in a desired

direction and to provide the desired form of shroud air

flow. The shroud channels or directs cooling air along the

outer shell, outer plate work, of the coal or air nozzle

tips, thereby providing additional cooling to  those

sections more exposed to radiation.

The nozzle tips further include an alr cooling zone formed

A

periferally on the interior side of at least a portion o:

the outer shell. 2An air flow 1s malntailned along the

interior side of the outer shell in the ailr cooling 2zone.

The nozzles according to the present 1invention are
especially suitable for feeding fuel and air into

tangentially fired furnaces, as the nozzle tips may be
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pivotably mounted, so as to allow the directilion of the flow

from the nozzles to be changed. The flow may be directed

upward or downward in order to control the combustion

process in the furnace. Nozzle tips may be tilted either up

or down tyvpically + 30 . The present invention maintains an

air shroud and cooling along the outer shell surtface even

in extreme tillted positions.

The shroud means suggested by the present invention may be

used to protect air nozzles from radiation 1n furnaces, as

well. Then the air flowing through the nozzle provides the

interior cooling of the outer shell and an additional air

flow guided by the shroud means provides the outer

protection of the nozzle tip.

The present invention provides effective radiation heat
protection. High velocity jets, 85 ft/sec to 250 ft/sec, ot
air are strategically directed from specifically designed
channels and blanket the nozzle tip with cooling air. The
air shroud provides added cooling of the nozzle and

decreases thermal gradient across the plate material, due

to double side cooling by air. The combined effect of the
air flows in the shrouded nozzle tip, reduces the thermal

stresses and the subsequent distortion.

The shrouded nozzle tip can be used to replace existing

nozzles in exlisting windboxes or other supporting

structures. The nozzle tips are easy to mount to existing

assemblies. The operating life of the new nozzle tips 1S

long which reduces costs. The fuel and ailr mixing

performance is maintained for longer time as nozzle tip 1s

maintained  undamaged. Also combustion efficiency 1S

maintained over extended periods.

The present invention will be more closely described by

referring to enclosed drawings 1n which

FIG. 1 shows a diagrammatic view of boiler employing the

tangential firing method;
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FIG. 3 shows a cross sectional view according to FIG. 2
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35

of another furnace;

FIG. 4 shows a diagrammatic vertical cross sectional view

p—"

taken in the flow direction of a coal nozzle tip

according to prior art;

FIG. 5 shows a cross sectional view as FIG. 4 of a nozzle
tip in accordance with the present 1nvention;

FIG. 6 shows a diagrammatic vertical cross sectional view

taken in the flow direction of a nozzle tip 1in

accordance with the present invention;

FIG. 7 shows a diagrammatic vertical cross sectional view
taken in the flow direction of the nozzles of a

nozzle assembly 1n accordance with the present

invention and

FIG. 8 shows a diagrammatic axonometric front view of a
coal nozzle tip according to the  present
invention.

FIG. 1 and 2 show a furnace 10 utilizing tangential firing.
Nozzle assemblies 12 are mounted to the walls 14 1in the
corner areas. Fuel and ailr flows 16 are directed
tangentially toward a fire ball 18 1n the center of the
furnace. The fire ball may be lifted or allowed to ftall by

tilting the nozzles 20 1n the nozzle assemblies upward or

downward.

The nozzle assemblies may be arranged directly 1n the

corners or close to the corner areas as shown i1n FIG. 3.

FIG. 4 shows a conventional c¢oal nozzle 20 for fuel

I

feeding. The nozzle tip 22 1s mounted 1n the outlet end of

a secondary air conduit 24. The nozzle tilp 1s pivotably

mounted around an axilis 26. The nozzle comprises an outer
shell 28 and an 1nner shell 30 and an annular air channel
32 between the shells. Alr 1is fed from the secondary air

conduit 24 1nto air channels 32 1in the nozzle tip and
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discharged 1into the furnace 10. Additional air 1s leaking

in horizontal air flows through openings 34 from the

secondary alr condult 24 to the furnace 10 externally of
the nozzle tip. Fuel 1s fed via conduits (not shown in the

drawing) through the central parts of the air conduit 24

and nozzle tip i1nto the furnace.

The nozzle tip in FIG. 4 1is tilted downward. Thus air

leaking through opening 34 will not follow the upper wall

of the outer shell of the nozzle tip but will deviate away

P

from the nozzle. The upper side of the wall will be

unprotected against radiation and may be damaged.

Fig. 5 shows in a similar view a nozzle tilp according to
the present invention. Same reference numerals as used 1n
FIGS. 1 to 4 will be used. The nozzle tip 1s made of an
outer shell 28 and an inner shell 30 coaxially located
within the outer shell. Additionally a shroud means 36 1s

py

disposed on the first end portion 38 of the outer shell,

i.e. the end more close to the feeding means 24, to cover

the first portion of the outer shell.

The shroud means 36 forms with the first end portion of the

outer shell a space 40 or slot. Air 1s introduced into this

space 40 from the alr conduit 24. According to the present

invention an alr flow from the air conduit 24 may be

divided or split up to flow partly 1into the space 32

between the outer shell and the 1inner shell and to flow

partly into the space 40 between the outer shell and the
shroud means. From the space 40 alr 1s discharged to flow
along the external surface of the outer shell and to thus
protect the shell against radiation. The shroud means

provides a well directed flow of cooling alr, as 1s shown

by arrows.

F—

The nozzle tips may be formed of shells having a sguare,

rectangular or circular <cross sections forming annular

spaces therebetween. The shroud may 1f desired Dbe of
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similar square, rectangular or cilircular cross section, but

F

1s typically made of plate material covering only the upper

and bottom sides of the outer shell. An 1ncreased
protection against radiation is typilcally mostly needed on

5 the upper and bottom sides of the nozzle tip.

FIG. 6 shows a slightly different drawing of a nozzle t1p
in accordance wlith the present 1invention. Same reference
numerals will be used as 1n earlier FIGS. 1 to 5. It 1s

10 shown 1n FIG. 6 that the nozzle tip 1ncludes an 1nner part
4?2 delimited by an 1nner shell 30, for feeding coal. The
inner part 1s divided by splitters 44 1into separate flow
channels 46. The fuel feeding conduit introducing fuel into
the nozzle tip 1s not shown.

15

A multishroud construction 1s used to cover the outer shell

28. An air channel 32 is formed between the outer shell and

the 1inner shell as 1in FIG. 5. The first half 38 of the

P

upper side of the outer shell 28 is covered by a first

20 shroud 36. A first alr shroud channel 40 1is formed between
the shell 28 and the shroud 36.

I

A second shroud 48 1s used to cover a first portion 36’ O
the first shroud 26. Thus a second alr shroud channel 50 1is

25 formed between the first shroud portion 36’ and the second
shroud 48.

A multi alr shroud, partly from channel 40 and partly from

channel 50 1s guided to flow along the upper side of the

30 nozzle tip. The ailr shroud from the second air channel will

protect the outer shell and the first shroud from

radiation. It 1s of course possible to add even more

shrouds on top of each other 1n a similar manner 1n order

to provide a multishroud construction. Deflectors 49

35 between wall plates 51 and shroud 48 are not reqguired 1if

wall plates 51 are moved closer to nozzle tip.

FIG. 7 shows a nozzle assembly, comprising a coal feedlng
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nozzle tip 52, an upper single air feeding nozzle tip 54,
lower air feeding nozzle tips 56 surrounding an o0il burner

58 for start up.

The shrouds 36 shown i1n nozzle tips 52, 54 and 56 in FIG. 7
are bulbous. The shrouds could be non-bulbous 1f desired.

FIG. 7 shows more clearly than 6 how the coal feeding
nozzle tip 52 may be pivotably connected to a coal feeding
pipe 60 disposed axially within a secondary alr condult 62,
such as a windbox. The air feeding nozzles are connected to

secondary alr boxes, such as windboxes. The nozzle tips are

downward tilted, such that the axis of the nozzle tip forms

an angle g with the horizontal plane. The angle g may be +

30° from horizontal.

FIG. 8 shows a single coal feeding nozzle tilp. same

reference numbers will be used as in FIG. 6. The nozzle tip
is made of an inner shell 30 and an outer shell 28, which
are disposed coaxially. The 1nterior coal feeding space

within the 1nner shell 1s divided by splitter plates 44

into single coal feeding subpassages 46. The annular space
between the outer and inner shell provides a secondary ailr

feeding channel 32.

A convex, curved shroud plate 36 1s disposed on the upper
side of the outer shell 28 to cover 1its first half 38. An
alr space 40 1s formed between the outer shell and the
shroud. Partition plates 64 are disposed 1in the space to

form therein subpassages parallel with the flow of shroud

alr.

The present i1nvention 1s not i1ntended to be limited to the
embodiments discussed 1n the description above, but will

cover other embodiments 1ncluded 1in the definition of the

invention as defined 1n the appending claims. Thus besides
pulverized fuel and air nozzles also overfire ailr, gas and

01l nozzle tips are 1ncluded in the scope of the invention.
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A nozzle for feeding combustion malntalning medium 1nto

5 a furnace (10) at high temperature conditions, sald nozzle

including

- a nozzle tip (20), at least partly protruding into said
furnace, and

- feeding means (24, 60), for feeding salid combustion

10 medium from a source of said medium to sald nozzle tip,

15

20

25

30

sald nozzle tip i1ncluding

2 .

- a mainly open ended outer shell (28), 1ncluding
a first end wall portion in flow connection with
sald feeding means and a second end wall portion

protruding into the furnace,

- an alr cooling zone (32) formed on the interior

side of at least a portion of said second end wall

portion of the outer shell, by providing an air

flow along said 1nterior side,

- a shroud means (48), 1including a shroud wall

portion disposed to cover at least a portion of

h—

sald first end wall portion of the outer shell,

- an alr shroud channel (40) formed between said

shroud wall portion of the shroud means and said

first end wall portion of the outer shell,

for discharging from said alr shroud channel an

air shroud flow along the exterior side of said

second end wall portion of the outer shell.

A nozzle according to claim 1, wherein

sald feeding means 1nclude a fuel feeding means (60),

such as a pulverized coal pilipe,

- an open ended i1inner shell (30), i1ncluding a first end and

35 a second end, 1s disposed within said outer shell,

the

.

first end of said 1nner shell 1s connected to

supporting means connected to the furnace construction.
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3. A nozzle according to claim 2, wherein

- sald feeding means additionally include a secondary air
conduit (24, 62),

- saild alr cooling zone (32) is formed in a space between
sald outer shell (28) and said inner shell (30) and

- an 1nlet end of the air cooling zone 1is 1in flow
connection with said secondary air conduit, for 1leading

cooling air through said space between said outer shell and

sald 1nner shell.

4. A nozzle according to claim 3, wherein

- said fuel feeding means comprise a pulverized coal

feeding pipe (60) and

- sald coal feeding pipe 1s disposed within said secondary

alr conduit (62).

5. A nozzle according to claim 4, wherein

- salid coal feeding pilipe 1is disposed coaxially within said

secondary alr conduit.

6. A nozzle according to clailm 2, wherein

- said 1nner shell 1s disposed coaxially within said outer
shell and

- an annular open ended space 1is formed between said

shells, at least a portion of the annular space forming

sald alr cooling zone.

7. A nozzle according to claim 2, wherein

1}

sald 1nner shell 1s divided by one or more baffle plates

(44), such as splitter plates, into two or more open ended

fuel feeding passages (46).

8. A nozzle according to claim 2, wherein

said inner shell 1is pivotably connected to the fuel feeding

nmearls.

9. A nozzle according to claim 2, wherein
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salid fuel feeding means are arranged to feed a mixture of

pulverized coal and transporting air.

10. A nozzle according to claim 2, wherein

- saild outer shell 1s formed of a mainly square smoothly
cornered outer casing and

- sald 1inner shell 1s formed of a mainly sguare smoothly
cornered 1nner caslng, smaller 1in cross section than the

outer shell and disposed axially within the outer shell.

11. A nozzle according to claim 1, whereiln

said shroud wall portion comprises

T

the

- a shroud wall plate disposed to cover a portion o:
upper side wall of said outer shell and

- a shroud wall plate disposed to cover a portion of the

bottom side wall of said outer casing.

12. A nozzle according to claim 1, wherein a vertical cross

section of a first end 1n the flow direction of said shroud

wall plate taken parallely to the flow direction is convex.

13. A nozzle according to claim 1, wherein

- sald feeding means 1nclude an alr flow conduit, 1in flow
connection with an air source, such as a windbox,

- the outer shell is divided by one or more baffle plates,
parallel with the air flow, into two or more air flow

subpassages, sald air flow subpassages having an 1inlet end

and an outlet end,

- the 1nlet ends of said air flow subpassages are in flow

connection with said air flow conduit, and

g—

- the outlet ends of said air flow subpassages are arranged

to discharge air into the furnace.

14. A nozzle according to claim 13, wherelin said air
cooling zone 1s formed 1n one of said ailir flow subpassages

delimited by an periferal wall of the outer shell and one

of said baffle plates.
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15. A nozzle according to claim 15, wherein

- two or more alr cooling zones are formed in two or more

P

of said air flow subpassages, each being delimited by an

periferal wall of the outer shell and one of said baffle

5 plates.

16. A nozzle according to claim 1, wherein

sald nozzle tip 1s pivotably connected to a supporting

construction, such as a furnace wall or a windbox.

10

17. A nozzle according to claim 1, wherein the shroud wall
portion covers 1n air flow direction maximally only 50 % of
the length of the outer shell, leaving the second end of
the outer shell protruding into the furnace uncovered.

15

18. A nozzle according to claim 1, wherein
sald nozzle tip comprises
- a mnmultishroud means including said first shroud wall

portion, the first shroud wall portion including in the

20 flow direction a first end, and

- externally of said first shroud wall portion a second

shroud wall portion covering said first end thereof.
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