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VARIABL!

L]

ORIFICE BLACK LIQUOR NOZZL.

Field Of Invention

The present 1nvention relates

CO0 nozzles used for

—

the 1njection and atomilzation of black liguor that 1s

combusted 1n a chemilcal recovery boller.

Background of the
fluid that 1s the by product of

This

Invention

Black liguor 1s a

the pulpling process. fluid contains both organic

pre——

from the pulping of

and 1norganlc material resulting

wood. Black Liguor 1s burnt i1in a special boiller where

che heat from the organic matter 1s used to generate

steam and the 1norganlic matter 1s reduced to extract

the pulping chemicals which are then returned to the

pulping process. In order to ensure the proper
combustion and chemilcal recovery the ligquor has to be
atomlzed to an optimum size. Thilis depends on the

boiller geometry as well as operatlng parameters such

combustion air flow, liquor flow rate, 1njection

pressure and temperature.

In accordance wilith the prior art, black ligquor 1s
spraved 1nto the boiler through dedicated nozzles.

Figure 1 1s a schematic of the most widely used nozzle,
the splash plate 10.
been used are used the V-jet 20 shown 1n Figure 2 and

The

Other nozzles types that have

more recently the beer can 30 shown 1n Figure 3.

—

latter has come about as a result of new developments

1n boiler combustion.

—

In the case of the splash plate nozzle the black

liquor 1s delilvered through the pipe 14 which 1s

mounted to the inlet orifice 11 on the nozzle body 13.
The

fluid leaves the nozzle through the discharge

Both the 1nlet and discharge orifices 11
The

orifice 12.

pre——

and 12 are an 1ntegral part of the nozzle body 13.

fluid upon leaving the orifice impacts on the splash

PCT/US2007/071714
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plate 15 where 1t spreads out to form a sheet that
eventually breaks up 1nto droplets that burn.
For the V-jet nozzle 20 the fluid 1s delivered

chrough pilpe 24 which 1s mounted to the 1nlet orifice
5 21 found on the nozzle body 23. The fluld leaves the
nozzle through the discharge orifice 22. Both the

inlet and discharge orifices 21 and 22 are an 1ntegral

pre——

part of the nozzle body 23. Fluid traveling through the

—

discharge orifilice contracts and spreads out like a fan

10 forming a thin sheet that eventually breaks up into
droplets that burn.

For the beer can nozzle 30 the fluid 1s delilvered

through pipe 34 which 1s mounted to the inlet orifice
31 found on the nozzle body 33. The fluid leaves the
15 nozzle through the discharge orifice 32. Both the

inlet and discharge orifices 31 and 32 are an 1ntegral

—

part of the nozzle body 33. Fluid traveling through the

inlet orifice 31 travels down a small transition

—

channel 35 and enters the 1nner cavity 36 of the nozzle

20 body 33 at a point tangential to the cavity wall. The

fluilid swirls around the cavity and eventually leaves

the nozzle body 33 through the discharge orifice 32
found at the bottom of the nozzle body. The fluid

leaving the discharge orifice spreads like a cone which

25 eventually breaks up 1nto droplets that burn.

p—

Summary of the Invention

In accordance with the i1nvention, a nozzle for the

—

spraying of black liguor 1n a recovery boller 1s

pre——

30 provided, where the discharge orifice of the nozzle can

caslly be varied wilithout having to change the entire

nozzle. This enables one to fine tune the atomization

to the speciflic combustion setup at that time and

place.

—

35 The subject matter of the present 1nvention 1s
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particularly pointed out and distinctly clalmed 1n the

pre——

concluding portion of this specification. However,

both the organization and method of

—

wlith further advantages and objects

operation, together

pre——

chereof, may best

be understood by reference to the following description

taken 1n connection with accompanying drawlngs wherein

like re:

Figure

nozzle.

Figure
Figure

Figure

Can ®

Figure

"erence characters re:

—
e

Brief Description of the

er to llke elements.

Drawlngs

pre——

1: Cross section of prior art splash plate

pre——

2: Cross section o:

—

- prior art V-jet nozzle.

3: Schematic of prior art beer can nozzle.

pre——

4: Cross section of wvar

1able orifice beer

pre——

S5A: Bottom view of the discharge end of the

varliable orifice beer can.

disk

Figure

5B: Detail view of roll

from Figure 5A.

Figure 6: Cross section of the

Jjet.

Figure 7: Another wvariation fo

piln and orifice

varlable orifice V-

r the V-jet nozzle.

Detalled Description

reduction 1t may be necessary for o

In order to optimilize the combustion and chemical

ne to change the

orifice silze to vary the 1njection pressure or vary the

fTlow rate.

pre——

For all of the prior ar

discharge orifice 1s an 1ntegral pa

body which would therefore require

C nozzles above, the

—

rt of the nozzle

one to change the

entire nozzle body 1n order to change the orifice. In

another i1nstance 1t may be necessary to change the

Or1:

flow area and/or change in shape.

"1ce due to wear which results 1n the 1ncrease 1n

With the nozzle

arrangement 1n accordance wilith the i1nvention disclosed
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here one has to only change'a single piece that bears the
opening for the discharge orifice in order to change the
orifice size.

Figures 4 & 5 shows the arrangement of a beer can type
nozzle 40 1n accordance with this invention. Figure 4 shows the

cross section through the nozzle while Figure 5A shows a view

of the bottom end of the nozzle 50 with the details for the
variable orifice. Figure 5B gives a more detaills view of a
section of the arrangement 1n Figure 5A. In the case of the
beer can nozzle 40 the fluid 1s delivered through a pipe 41

which 1s mounted to the inlet orifice 45 found on the nozzle

body 42. According to Figure 5A the fluid entering through 41
travels through the passage 51 and enters the body at the top
of the inner cavity 46 of the nozzle while traveling tangent to

its wall. The fluid swirls around the inner cavity as

1llustrated by the path 53 and i1s finally ejected through the

orifice the orifice 44. The orifice 1s made by drilling a hole

on the orifice disk 43. Unlike the prior art 30 in Figure 3,
this disk i1s not an integral part of the nozzle body 42. It 1is
a totally independent component which 1s placed 1n a recess at

the exit end of the nozzle. When the nozzle 1s 1n use the

orifice disk faces down. A snap ring 48 prevents i1t from
falling out of the nozzle body. In order to achieve the

swirling flow inside the nozzle the discharge orifice should

lie rotationally 1n the guadrant furthest away from the inlet

orifice. In order to maintain this position the orifice plate
is held securely by pin 49 that has part of 1ts circumference

engaged with disk 43 while the remainder engaged with the

nozzle body 42. In liu of the pin a flat face could be cut on
the perimeter of the disk. A corresponding flat face would be

cut in the nozzle body as well. In either case, the pin or flat
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face and the orifice hole are set 180° apart and the lie along

the line 52 which 1s at an angle of 45° from the center line of
the inlet orifice 54. The pin 1s inserted into a hole 1n the
housing. The depth of the hole is selected such that the pin
does not protrude beyond the surface of the disk. It 1s
important to have the pin flush with the outer surface of the
disk in order to properly seat the snap ring. While 1t 1s .
possible to hold the disk by cutting a male thread on the edge
of the disk corrosion and thread distortion due to heat does
not make it very practical. In order to enable one to operate
the nozzle in the environment of a chemical recovery boiler
while maintaining the ability to change the orifice diameter by
swapping out the orifice disk the nozzle housing are made of

different materials which have substantially different thermal

expansion coefficients. The thermal expansion coefficient of
the disk is greater than that of the nozzle housing. The disk

diameter and the recess diameter i1n the nozzle body are

carefully controlled so that at room temperature (~20°C) a
specific gap 47 1s maintained between the two of them. The
black liguor delivered to the nozzle 1s 1n the range of 100-
130°C. Therefore at elevated temperatures the disk would expand
more than the housing hence closing the gap 47 ensuring a seal

of the inner cavity 46. When the nozzle 1s taken out of service

and the temperature lowered to room temperature the disk will

shrink to its original size which 1n turn will enlarge the

clearance between these two components enabling one to swap out
the disk thereby changing the orifice diameter.

Figure 6 shows a V-jet nozzle 60 fitted in a manner
according to this invention. Fluid enters the nozzle through
pipe 61 which is mounted to the 1inlet orifice 65 on body 62.
Sandwiched in between the pipe 61 and the nozzle body 62 1is the
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orifice insert 63. Fluid passes from the pipe into the inner

cavity 66 and 1s then ejected through the discharge orifice 64.
The i1nsert has a shoulder 69 which butts up against the
shoulder 68 located at the end opposite 1inlet orifice. In order
to keep the specific orientation of the spray from a V-jet
insert 63 1s free to rotate in side the nozzle body. Once the
orientation of the orifice 64 has been finalized the nozzle
body 1s tightened up against the pipe through matching threads
on the pipe and nozzle body. A sloped interface 67 between the
orifice 1nsert and the pipe ensures the fluid does not leak out
of the nozzle body.

Figure 7 1llustrates another variation of the V-jet
nozzle.

Thus, 1n accordance with the invention, a nozzle
arrangement 1s provided to enable changing of orifice
properties to adjust flow and spray pattern without requiring
the replacement of the entire nozzle body.

This can provide lower cost operation and maintenance, for

example. Further, the orifice propertiles may be changed to
provide desired drop sizes and droplet velocities in the spray
for optimum combustion in the recovery boiler.

puir
pw

The scope of the claims should not be limited by the

preferred embodiments set forth in the examples, but should be
given the broadest interpretation consistent with the

description as a whole.
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Claims

What 1s claimed 1is:

1. A nozzle for spraying black liguor in a recovery
boller, comprising:

a nozzle body,

an inlet orifice,

a removable discharge insert having a discharge orifice
defined therein,

wherein said nozzle body includes a discharge insert
fixing mechanism for securing said discharge insert in
position relative to the nozzle body, said fixing mechanism
comprising a pin having a circumference partially engaged
with a perimeter of said discharge insert and partially
engaged with said nozzle body,

wherein said pin and sald discharge orifice are set 180°
apart, and wherein said pin and said discharge orifice lie
along a line which 1s at an angle of 45° from a center line

of the inlet orifice.

2. A nozzle for spraying black liquor in a recovery
boiler, comprising:

a nozzle body having an inlet orifice and an outlet,

a removable discharge 1nsert having a discharge orifice
defined therein,

wherein said nozzle body includes a discharge 1insert
fixing mechanism for securing said discharge insert in
position relative to the nozzle body, said fixing mechanism
comprising a geometric feature on a perimeter of said

discharge insert and a corresponding engaging feature defined
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in said nozzle body, wherein said geometric feature and said
discharge orifice are set 180° apart, and

wherein said geometric feature and said discharge

orifice lie along a line which 1s at an angle of 45° from a

center line of the inlet orifice.

3. A nozzle for spraying black liquor 1n a recovery
boiler, comprising:

a nozzle body having an inlet orifice and an outlet,

a removable discharge insert having a discharge orifice
defined therein,

wherein said nozzle body includes a discharge 1insert
fixing mechanism for securing said discharge insert 1n
position relative to the nozzle body, said fixing mechanism
comprising a geometric feature on a perimeter of said
discharge insert and a corresponding engaging feature defined
1n said nozzle body,

wherein said removable discharge insert 1is disk shaped
and said geometric feature comprises a flat portion defined
along a portion of the perimeter of said removable discharge
insert and said corresponding engaging feature comprises a
corresponding flat face portion defined 1in said nozzle body
for cooperative engagement between said flat portion defined
on said removable discharge insert and said flat face portion
defined in said nozzle body,

wherein said flat portion and said discharge orifice are
set 180° apart, and

wherein said flat portion and said discharge orifice lie

along a line which is at an angle of 45° from a center line

of the inlet orifice.
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4. A nozzle for spraying black liquor in a recovery
boiler, comprising:

a nozzle body,

an inlet orifice,

a removable discharge insert having a discharge orifice
defined therein, said discharge orifice immediately
discharging to the atmosphere outside said nozzle body,

wherein said nozzle body includes a discharge insert
fixing mechanism for securing said discharge insert in a
position such that the discharge orifice lies along a line
which 1s at an offset angle from a center line of the inlet
orifice, and

whereiln said discharge 1nsert fixing mechanism comprises
a pln having a circumference partially engaged with a
perimeter of said discharge 1nsert and partially engaged with

sald nozzle body.

5. The nozzle according to claim 4, wherein said
discharge orifice defines an opening to provide a desired

spray pattern of black liquor sprayed through said nozzle.

6. The nozzle according to claim 4, wherein said pin

and said discharge orifice are set 180° apart.

7. A nozzle for spraying black liquor in a recovery
boiler, comprising:

a nozzle body,

an inlet orifice,

a removable discharge 1nsert having a discharge orifice
defined therein, said discharge orifice immediately
discharging to the atmosphere outside said nozzle body,

wherein said nozzle body 1ncludes a discharge 1nsert

fixing mechanism for securing said discharge insert in a
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position such that the discharge orifice lies along a line
which is at an offset angle from a center line of the 1nlet
orifice, and

wherein said discharge insert fixing mechanism comprises
a geometric feature of said nozzle body and a corresponding
geometric feature on said removable discharge insert, for
defining interacting features that fix the position of said

removable discharge insert 1n relation to said nozzle body.

8. The nozzle according to claim 7, wherein said
removable discharge insert is disk shaped and said geometric

feature comprises a flat portion defined along a portion of

the perimeter of said removable discharge insert and said
corresponding geometric feature comprises a corresponding
flat face portion defined in said nozzle body for cooperative
engagement between said flat portion defined on said
removable discharge insert and said flat face portion defined

in sald nozzle body.

9. The nozzle according to claim 8, whereiln said flat

portion and said discharge orifice are set 180° apart.

10. The nozzle according to claim 7, wherein said
discharge orifice defines an opening to provide a desired

spray pattern of black liquor sprayed through said nozzle.

11. The nozzle according to claim 7, wherein said
fixing mechanism further comprises a snap ring member
positioned adjacent an outlet face of sailid removable

discharge insert and between said outlet face and a discharge

opening of said nozzle body.
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12. The nozzle for spraying black liquor according to

claim 11 wherein sald snap ring member 1s 1mmediately

adjacent said outlet face.

13. A nozzle for spraying black ligquor 1n a recovery
boiler, comprising:

a nozzle body,

an inlet orifice,

a removable discharge insert having a discharge orifice
defined therein, said discharge orifice 1mmediately
discharging to the atmosphere outside said nozzle body,

wherein said nozzle body includes a discharge 1insert
fixing mechanism for securing said discharge 1nsert 1in a
position such that the discharge orifice lies along a line
which is at an offset angle from a center line of the inlet
orifice, and

wherein said offset angle 1s 45 degrees.

14. A method of providing an adjustable black liquor
spray, comprising:

providing the nozzle defined in claim 1, and having a
discharge insert receiving portion therein;

choosing and inserting the removable discharge insert

into the discharge insert receiving portion of the nozzle

body, and

securing said removable discharge insert in position

relative to the nozzle body using the discharge insert fixing

mechanism,

wherein the discharge orifice defined 1n the removable
discharge insert provides a desired black liquor spray

characteristic.
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15. The method according to claim 14, wherein said
removable discharge insert has thermal expansion properties,
whereby at a higher, operating temperature, the removable
discharge insert expands to securely seat 1n the nozzle, and
at a lower, non-operating temperature, the removable

discharge insert contracts to enable removal and replacement

thereof.

16. The method according to claim 14, further
comprising the step of removing the removable discharge
insert and replacing it with another removable discharge
insert having an orifice of different configuration from the
first removable discharge orifice, thereby changing the spray

pattern produced in operation.
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