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The present invention relates to.steam. separators, or
accumulators, and more particularly. to .a novel dis-
charge nozzle construction for use.therein. -

The principal objéct of the invention is to- provide a
discharge nozzle for an accumulator which ‘will- maintain
thé moisture carry-over in the steam leaving the - accu-
mulator at a minihum amount.

Another object of the invention is to” provide a dis-
chiarge nozzle for an accumulator which Wwill provide a
substantially uniform . céntrifugal “discharge: pattern and
théreby eliminate thé steam. vortex and liquid disturb-

ances which” normally occur in accumulators having a -

tangentially directed discharge nozzle.

ion is to provide a nozzle
construction which will not defléct liguid into the path
of thé vipor leaving the accumiulator.
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Another object .of the inventiodi is to provide a nozzle

for an acctimuldtor which will funiction over a wide range
of steam demand and over a substantial pressure range
to keep the moisture content in the steam at a minimum.

Stil] ‘another object of the invention is to provide a
discharge nozzle for an accumulator that will maintain a
substantially uniform-separation of liquid and vapor when
performing . under increased velocities. ‘of the fluid, due
to decreased  operating -pressure; at ‘any - given ‘constant
capacity. »

A further object of the invention is to provide a nozzle
for an' accumulator which will ‘produce” a multi=diréction
discharge . to-substantially uniformly distribute that part
of the heated fluid which' does not flash into vapor as a
liquid film on the inner surface of the accumulator wall.

A still:further object of the invention -is-to-provide a
nozzle for-an -accumulator that will not disturb the liquid
that has collected in the-lower -end-of the accumulator,
and-which will ‘provide -an upper strata::of liquid-that has
a temperature -substantially equal to that “of - the -fluid
being discharged into the accumulator;- to- thereby ‘avoid
heat loss thtough condensation in'the accumulator.

A more specific object of the-invention is to provide'a
distributing plate: for 4n accutnulator: nozzle: constructed
so that fhe fluid issuing from the' nozzle'is catised: to 6w
at high velocity in a geneérally circular and upwardly in-
clined direction, ‘whereby to perinit-the fluid in the cen-
tral portion-of the acé¢umulator to flash into substantially
dry vapor, and to cause .the unvaporized:liguid -to im-
pinge against the inner surface of the accumulator by the
action  of - centrifugal force, and to: flow downwardly by
gravity ‘to-colléct in-the lower end:of the. accumulator:

Other objects -and features of the -invention- will be
apparent: from the following. description taken -in con-
junction with the accompanying drawings,. in: which:

Fig. 1 is:a vertical sectional view.through .an accumu-
lator having incorporated therein a fluid: discharge nozzle
embodying the principles of the present invention;

Fig. 2 is a horizontal sectional view taken on the line
of 22 0of Fig. 1;.-

Fig. 3 is an enlarged plan view of the fluid distributing
plate* of the nozzle;- , -
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2
Fig. 4 is a.sectional view taken on the-line:-4—4 of
Fig. 3;and .. - )
Fig. 5:is a side elevational view of the fluid distributing

plate, and.particularly. illustrating. the angularity .of the

peripheral - edges of ‘the vanes with respect to the sub-
stantially flat central portion. of said plate.

Referring now more particularly to Fig. 1, the accu-
mulator is generally identified by the numeral 1- and.com-
prises a tank including a cylindrical side wall section 2
having. .a -dome-shaped head 3 at its upper end: The
head: 3 contains a.ring 4 tack-welded thereto at: 5 and
received in the upper end of the side wall'2. The adja-
cent.edges of the wall 2 and head 3 are permanently
connected-together-by. a continutous weld 6 backed by the
ring 4.

A generally similar head 7 is secured to the lower end
of. the side wall-2 by a continuous weld 8 backed by a
ring 9 within the accumulator -and tack-welded. to-the
head 7,-as indicated at 10. . A stand 11 is disposed below
the accumulator 1 and is welded at 12 to the exterior of
the head 7. _ ,

Héated fluid at.vapor forming temperatures and pres-
sures-is introduced-into the accumulator 1 through a pipe
13 having one-end thereof connected to an elbow 14,
which, in turn, is connected by a conventional pipe nipple
15 to-a threaded . centrally .located opening. .16 in the
head.7. ‘

" The.discharge-nozzle assembly is generally identified by
the numeral. 17-and .comprises.an inlet tube 18 flared at
its-lower end as.ifidicated at 19 and welded or otherwise
suitably secured at 20'in vertical alignment with inlet open-~
ing 16.” Theupper-end of the tube 18 has a shoulder 21,
which fofms a seat for a centrally apertured disk 22 that is
circumferentially, welded, as indicated at 23’, to the upper
end of the tube. 18." The disk 22 is received in the lower
end of a cylindrical ‘member 23 and is circumferentially
welded at its-outer periphery. to said .cylindrical member,
ag. indicated at 24. The disk 22 and-cylindrical member
273 are disposed-concentrically in the accumulator tank and
cooperate to form a cup member in which the. disk 22
forms the bottom wall and thé cylindrical member 23 the
side wall.’ The inside diameter of ¢ylindrical member 23
is substantially greater than that of the upper end of the
tubé- 18 so as to provide a relatively large expansion zone
where the héated fluid from tube 18 may flash into vapor.
it the present example, as will be clearly seen in Figs. 1
and 2, the inside diameter of cylindrical member: 23" is
approximately four times.as great as the inside diameter
of tube 18. . ' ] ‘

A shoulder 25 is formed by an annular recess in the
inner suiface of the side member-23 ‘and a fluid  dis-
tributing -member or plate 26 is disposed. between said
shoulder and 'the disk. 22.° The distributing plate 26
is circulai” in plan view, as bést shown in Figs. 2 and.3,
and.is initially formed as 4.flat disk having a plurality
of ‘radial slots 27 ‘extending inwardly from the outer
periphery thereof for -a distance equal to about one-
fourth the diameter of.the plate. Any. suitable number
of.slots 27. of any suitable- depth may be provided in the
plate 26, but for illustrative purposes four such 'slots of
the.length specifiéd have been shown herein. The por-
tions of the plate between -adjacent slots constitiite a
continuous series. of vanes 28, which are bent or inclined
relative’ to a flat central. portion 29, so that.one radial
edge of each vare -extends downwardly on an angle of
about 22° (measured in a vertical plane) relative to the
horizontal plane of the central portion 29°(see Fig. 4),
and ‘the other radial edge of each vane extends upwardly
on an angle: of dbout 22° (measured in a vertical plame)
relative to—the same horizontal ‘plane.” ‘The bending of
the vanes causes the slots -27 ‘to-dssume-the configura-
tion of-generallyi triangular-shaped: orifices; with ‘an -apex
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of about 44° (measured in a vertical plane) at the cen-
tral portion 29. - The-outer peripheral edge of each vane
28 is disposed at an angle of about 16° to a plane parallel
with the plane of the central portion 29, as best shown
in Fig. 5. This provides for a low angle spiral travel of
the fluid within the cup._ The peripheral edge of each
vane 28 is preferably shaved or ground so that it is truly
vertical. Each vane has a lower corner 31 and an upper
corner 32, and when the distributing plate 26 is posi-
tioned in the cup, the upper corners 32 of the vanes. 28
engage the shoulder 25 and the lower corners 32 engage
the disk 22, The penphery of the vanes 28 have a snug
fit with the vertical inner face of the member 23 so that
there is no fluid leakage at these regions. The dlstnbutmg
plate 26 is preferably secured to the member 23, prior to
welding the disk 22 in place, by tack welding each of
the vanes 28 thereto at a point adjacent the lower corner
31 as indicated at 33. Thereafter, the disk 22 is posi-
tioned in the member 23 and welded at 24 to maintain
the disk 22, cylindrical member 23 and distribution plate
26 in permanently assembled relation. The tube 18 may
be welded to the disk 22 either before or after said disk
has been mounted in the member 23.

A stand pipe or overflow pipe 34 is tack-welded for
convenience in assembly to the tube 18 at a plurality of
points, as indicated at 35. The upper end of the over-
flow pipe 34 is spaced from the disk 22 and is located in
the accumulator 1 at a height corresponding to the maxi-
mum desired liquid level and above a normal liquid level
indicated at L. The lower end of the pipe 34 is bent
outwardly as indicated at 36 and is welded at 37 in
alignment with a threaded opening 38. One end of a pipe
nipple 39 is threaded into the opening 38 and its other
end is connected with an elbow 40 having connection
with a conventional steam frap 41 for trapping excess
liquid out of the accumulator should the liquid level in
the accumulator rise above the upper end of the overflow
pipe 34. A valve 42 is connected in the discharge line
from the steam trap 41, in accordance with conventional
practice. .
~ The lower head 7 may have any suitable number of
threaded openings formed therein for the convenient con-
nection of various pipes thereto. This arrangement
avoids the necessity of making numerous pipe connect-
ings to the side wall 2. Thus, a threaded opening 43 has
a pipe nipple 44 connected thereto, which, in turn, is
connected with a manually operable blowdown valve 45
connected with a blowdown pipe 46, as is conventional
practice. A pipe 47, through which liquid may be with-
drawn from the accumulator 1 for recirculation through
a heating coil (not shown), extends through the head 7
into the accumulator and is sealed by a conventional pipe
gland (not shown). A feed water pipe F extends through
the side wall 2 to a point adjacent the pipe 18 for intro-
ducing feed water at a level such that the upper strata
of hot water in the accumulator is not disturbed, and in
this way condensation losses which would otherwise re-
sult from adding relatively cool feed water to the accu-
mulator are avoided. Similarly, the head 3 may have
any desired number of threaded openings formed therein,
and one such threaded opening 48 is centrally located
in said head and has one end of a vapor or steam dis-
charge pipe 49 mounted therein. A safety valve 50, for
example, a portion only of which is shown, may be con-
nected with another opening in the head 3. Any openings
not used may be closed by a plug 51. -

A conventional water gauge glass 52, the upper end
only of which is shown in Fig. 1, may be connected with
the accumulator 1, together with a plurality of test cocks
53 adapted to be opened to determine the water level
in the accumulator, independently of the gauge glass. It
will be understeod, of course, that the accumulator 1 is
covered with suitable lagging or heat insulating material
(not shown) to prevent heat losses.

In the normal operation of the accumulator and dis-
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charge nozzle shown in Fig. 1, fluid under sufficient tem-
perature and pressure to flash into vapor upon reaching
a zone of lower pressure is introduced through the pipe
13 and travels upwardly in the tube 18 and enters the
lower zone of the relatively large cup below the dis-
tributing plate 26 where it expands and is deflected hori-
zontally outwardly by the baffle effect of- the central
portion 29 of the distributing plate 26.. The fluid is then
angularly directed by the vanes 28, which cause the same
to discharge through the V-shaped orifice between the
vanes 28 and to travel helically upwardly in a generally
circular path.within the cup member 23. Most of the
hot fluid flashes into substantially dry vapor upon expan-
sion and rises in the central portion of the accumulator
directly above the discharge nozzle 17. The fluid travels
at high velocity, and centrifugal force causes the fluid
which has not flashed into vapor to travel upwardly along
the inner surface of the cup member 23 and to discharge
outwardly over the rim of the cup against the inner sur-
face of the wall 2. The distance or clearance between
the. outer periphery of the cup member 23 and the inner
surface of the wall 2 is preferably quite small in order
to quickly dissipate ‘the rotating force imparted to the
liquid. For example, in an accumulator having an in-
ternal diameter of about eight inches, the outside cup
diameter is about 694 inches, so that the clearance space
is only about-4¢ of an inch. While the centrifugal
force and velocity are quite high, the operation is smooth
and the liguid thrown against the inner surface of the
wall 2 never rises to a height where it is deflected in-
wardly by the head member 3 and, therefore, cannot fall
back into the central stream of relatively dry vapor dis-
charging from the accumulator through the pipe 49.

The multiple vane arrangement 28 assures a substan-
tially. uniform centrifugal pattern in which the unflashed
liquid assumes a somewhat annular form as it flows over
the rim-of the cup member 23, wherefore, a substantially
uniform film of liquid flows down the inside wall of the
accumulator. Thus, the conventional steam vortex with-
in the accumulator is eliminated, and the liquid which
flows down the side wall 2 has its rotating force spent
before it reaches the liquid already collected in the lower
end of the accumulator. Hence, the unflashed liquid
does not produce any turbulence in the collected liquid.

The accumulator and discharge nozzle disclosed here-
in may be made of any dimensions desired and constructed
to meet various service requirements, as will be readily
understood. However, the particular dimensions referred
to hereinbefore by way of illustrating an operative ex-
ample, and not by way of limitaticn, concern an accumu-
lator adapted to operate over a pressure range of 50 to
150 pounds per square inch gauge. The relation of nozzle
velocity to steam pressure is very close, and generally
varies in accordance with the density of the steam. For
example, the weight of steam at 150 pounds per square
inch is more than double that of the weight of steam at
50 pounds per square inch. - Discharge velocities deter-
mined from actual tests show that in a 50 H.P. steam
generating unit operating at a constant full capacity, the
nozzle discharge velocity -at 150 pounds per square inch
gauge was 94 feet per second, while at a pressure of 65
pounds per square inch gauge it was more than doubled,
or about 192 feet per second.

It will be appreciated that it is difficult to maintain a
substantially uniform moisture content in the steam issuing
from the accumulator 1 under varying steam pressures, for
example, from about 50 to 150 pounds per square inch
gauge. This difficulty is increased where the demand
on the steam generator varies over a substantial range of
the capacity of the unit. It is not uncommon for a unit
to be required to operate from anywhere between 50
percent to 100 percent of its rated capacity. Changes in
either the steam demand, or the operating pressure, create
a corrsponding change in the velocity of the discharge
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nozzle. Moreover, and contraiy ‘tothe. petformance -of
certain’ previous nozzle -designs;: the iAcréased discharge
velocity of the nozzle disclosed: herem does-not create dis-
turbances in the liguid in thé-separation as ordinarily-oc-
curs with hrgh velocities so that the uniform separation of
moisture from liquid when-operating -at increased veloci-
ties creates no undesirablé operating characteristics.

A steam generating unit is considered to be satrsfactory,
from the standpomt of mmsture ‘content; if the maximum
moisture content is not in excess of 1 percent at an operat-
ing pressure of about 150 pounds per square inch.. How-
ever, actual-tésts have shown that the present: nozzle will
provide steam at a pressure of 150- pounds per - square
inch with a- morsture content as Tow.as:.5 percent. At a
much-lower- pressure and higher nozzle-discharge velocity,
the moisture content is even less. .. Specifically, tests have
shown that-with a pressure of 50 pounds per square inch,

the moisture content in the steam leavmg the accumulator
was as:-low-as 25_, percent, which-is substantially dry
steam.

The- prlnc:lpal advantage ‘of- provrdmg substantially dry
steam.-is quite apparent, namely;-that-with dry steam; the
total heat’ content is greater than that of steam containing
moisture. Heat losses are proportionate to the percentage
of moisture contained within the steam. -Other economies
result from the production of dry steam,-in that there is
no moisture content to cause interferences in the steam
consuming equipment, and there are no undue feedwater
losses due to moisture carry-over. Also, less trapping
out of hot liquid from the accumulator itself is required
by maintaining the liquid level in the accumulator below
the upper end of the overflow pipe 34.

It will be understood that various changes may be made
in the details of construction, size, and arrangement of
the parts of the accumulator and discharge nozzle dis-
closed herein, without departing from the principles of
the invention or the scope of the annexed claims.

I claim:

1. An accumulator, comprising: a generally cylindrical
tank having a head at each end thereof, one of said heads
having an inlet for heated fluid and the other of said
heads having an outlet for vapor; a nozzle pipe disposed
in said tank and having one end thereof communicating
with said inlet; a fluid discharge nozzle at the opposite
end of said nozzle pipe including an expansion zone for
said fluid to facilitate the flashing of said fluid into vapor;
and an overflow pipe in said tank for unvaporized fluid
having its upper end disposed below said discharge nozzle
w_ith one end thereof at a predetermined height to pro-
vide a desired maximum liquid level in said tank and hav-
ing its opposite end connected with an outlet opening in
sa;cli( one head for discharging excess liquid from said
tank.

2. An accumulator, comprising: a tank; a head mem-
ber at one end of said tank having an inlet opening for
heated fluid; a tube for heated fluid in said tank having
its lower end connected with said head and communicat-
ing with said opening; a discharge nozzle mounted upon
the opposite end of said tube and comprising a cup-
shaped member of substantially larger diameter than said
tube to facilitate flashing of said fluid into vapor and
having a central inlet opening and a vaned fluid distribut-
ing member in said cup above said opening arranged
to direct the flow of fluid circumferentially and angularly
upwardly within said cup; and an overflow tube in said
tank for unvaporized fluid having its upper end located
at a predetermined height to provide a desired maxi-
mum liquid level in said tank and having its lower end
secured to said head member and communicating with
an outlet opening in said head member.

3. An accumulator, comprising: a generally cylindrical
tank having a head at each end thereof, one of said heads
having an inlet for heated fluid located centrally thereof
and the other of said heads having an ouilet for vapor;
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a ‘nozzle pipe- disposed: substantially “-coneentrically in
said tank and-Waving-one-:ead:ithereof’ ‘compiunicating
wrth “said: mlet a-flhid. dlsoharge norzzle-at the- opposite
end of ‘said: nozzle pipe inéluding an expansron zone for

-flashing §aid flwidiinto vapor; and ah overflow pipe in‘said
- tank for invapofized - fluid - seciired - to- said nozzle :pipe

and’ having its uppér-énd- disposed below -said discharge

' niozzle - and At & p‘edetermmed helght ‘to' provideé a'de-
“sired miaximhuin liguid Tevel i said tank' and- havmg its
10-
-oné head for discharging-excess:liquid frofiv'said tank.

opposite éiid connected: with’ an-otitlet- opening in said

4; Iii:ane qecuminlator; ‘a tubular” member for heated
dischagge: nozzle motinted upon one-end of
said “tiubular ‘fiember and comprising -a -cup. ‘havidg a

“bottom ‘provided ‘with“a - relitively ‘smiall’ central - inlét

opening comifuticating ‘with ‘said tubular member, anda

~fluid: dlstrrbutmg ‘meimbér - dipesed- horizontally within

said: ‘cupinéluding d | iiflat imperforate -central - portion
Targer than®said- mlet opéhing-spaced axially relative-to

-$aid iilét opemng and!in¢ludingvanes slightly inclined

disposed- aboiit said céntral- portion,
- of ‘fluid-at high velocity: is directed
enti "-portron and tangentla.lly up-

outwardly by-s

“watdly: within©saidseup - by-said- vanes:

5. An accumulator discharge nozzle, comprising: a
tube for heated fluid; a cup member havmg a cylindrical
side wall and a substantia‘lly flat bottom wall with said
bottom wall mounted upon one end of said discharge tube
and having a relatively small central opening compared
to the diameter of said side wall commumcatlng with
said tube, whereby said cup serves as an expansion cham-
ber for heated fluid; and baffle means in said cup includ-
ing a flat central portion spaced from said opening and
a series of radial vanes adjacent said bottom wall of
said cup and spaced a substantial distance below the rim

. of said cup, said vanes having portions disposed above
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and below the plane of said flat central portion with their
outer margins inclined on a slight angle to the plane of
said bottom wall for directing fluid flow upwardly and in
a circumferential direction within said cup for discharge
laterally outwardly by centrifugal force over the rim of
said cup.

6. An accumulator nozzle, comprising: a cup having
a side wall and a flat bottom wall having a relatively
small fluid inlet opening, whereby said cup serves as an
expansion chamber for heated fluid; and a circular vaned
fluid distributing member in said cup, said fluid distribut-
ing member- being provided with a plurality of radial
slots extending inwardly from the outer edge thereof, the
outer marginal portions of said distributing member be-
tween said slots being in contact with said side wall and

- bent on an angle of about 16° relative to the plane of

said bottom wall to provide a plurality of inclined vanes
with the uppermost edge of each vane disposed at a point
about midway of the depth of said cup, whereby the fluid
is directed circumferentially within the cup on a low
angle of spiral for discharge laterally over the rim of
said cup.

7. An accumulator nozzle, comprising: a cup having
a cylindrical side wall, said side wall having a shoulder
formed on the inner surface thereof and spaced a sub-
stantial distance from the rim of said cup; a bottom wall
spaced from said shoulder and provided with a relatively
small inlet opening, whereby said cup serves as an expan-
sion chamber for heated fluid; and a vaned fluid distribut-
ing member in said cup between said shoulder and bottom
wall, said fluid distributing member ‘being substantially
circular and provided with a plurality of uniformly
spaced radial slots extending inwardly from the outer
edge thereof, the outer marginal portions of said dis-
tributing member between said slots engaging said side
wall and being bent on an angle of about 16° relative
to the plane of said bottom wall to provide a plurality
of inclined vanes with the uppermost edge of each vane
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-engaged with said shoulder and-the lowermost edge of
each 'vane engaged with said bottom wall.

8. An accumulator, comprising: a vertical tank having

a side wall and a head -at each end thereof, one of said
heads having ‘an inlet for heated fluid and the other of
said heads having an outlet for vapor; a vertical nozzle
pipe disposed substantially centrally in said cylindrical
tank and having its lower end communicating with said
inlet; 'a fluid discharge nozzle mounted upon.the upper
end of said nozzle pipe and comprising a generally cup-
shaped member having a cylindrical side wall and 4 sub-
stantially flat bottom wall provided with a central open-
ing communicating with said pipe, said cup-shaped mem-
ber being of considerably greater diameter than said
nozzle pipe and having its cylindrical side wall in close
proximity to but spaced from the inner surface of said
tank; and baffle means at the bottom.of said cup co-
operating therewith to provide an expansion zone for said
fluid and arranged to direct the. fiuid, introduced into said
cup through said central opening, in a generally upward,
tangential direction in said cup, whereby said fluid may
readily flash into vapor directly above the bottom of said
cup, .the rim of said cup being sufficiently close to the
inner surface of said tank so that any unvaporized fluid
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is thrown solely by centrifugal force laterally outwardly
over the rim of said cup into contact with said side wall
and thus prevented from being carried upwardly into
the tank by the vaporized fluid. - - :
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