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This invention relates to steam generators, and
pertains to the purification of the steam generated
therein. “Moreparticularly, the invention provides
novel means for removing entrained circulating
water from the steam-and drying the steam.

In one form of ‘the invention, the circulation
of the -steam..generabor ‘is arranged so that all
the steam-generated is ‘delivered to one of a plu-
rality of upper drums-in -which novel means are
employed - for separating ‘water from the steam
released -in the drum, beth above and below the
water level therein. From this drum, the sep-
arated steam-and relatively steam-free water pass
through separate ‘groups of circulator tubes to a
second upper drum which is 'otherwise connected
with the ecirculatory system of the unit only by
Gowncomer tubes, The steam:entering the sec-
ond -drum, flows through 2 novel steam washer
inwhich -any of the originally entrained moisture
remaining in the steam, and which ordinarily has
3 high concentration -of-golids, will be removed by
fresh feed water-of & relatively low sotid concen-
tration. Thereafter the washed steam is dried by
passing it-through a novel -drying device before
leaving the drum. -It will 'be understood that the
invention-is not limited- to this particular multi-
drum arrangement. -Apparatusembodying'the in-
vention may be employed inonly ene upper drum,
and in thiscase-one or-more of the steam purify-
ing steps referred-to-may be omitted if desired,
depending upon the operating conditions and re-
quirements of & given installation.

The invention will be understood from the fol-
lowing descr-ipbion'when@considered in connection
with the accompanying .drawings forming-a part
thereof, and in which:

Tig. 1 is a -vertical sectional view of an upper
portion.of a steam generator embodying one form
of the invention,-and

Fig. 2 is-a fragmer tary section view in perspec-
tive of: a steam drying-device of +$he invention
taken.-on the line 2—2 of Fig. 1.

1ike characters-of reference refer to the same
or to similar partsin ‘poth of the views.

Referring to-the drawings, the steam-genera-
tor illustrated has two upber steam - and -water
drums 11 and 12. .Connected to the.drum 4 both
above and below the normal water level therein,
are steam generating or riser tubes 13, and €x-
tending from the drum - 11-to the -dram {2 are
groups of steam circulating and water cireculating
tubes 14 and t5 respectively. Connected to the
1ower portion-of the drum {-1-are:downcomet fibes
16, while pther downcomer tubes 47 -are:connected
to the lower portion .ofthe drum-12.
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Ayithin the drum as shown in Fig. 1, is dewater-
ing apparatus which dewaters the steam and
water- mixture discharged by tubes {3-into said
drum. Such apparatus does pot form a part of
the present invention but is included to- merely
sTiustrate ‘o form eof steam generator having an
improved ‘boiler circulation «due-to an increased
density-of water entering the water circulators.

‘In the drum {2, the steam delivered thereto by
the cixrculators 14 is subjected to a washingaction
in'a steam washer of the general type -disclosed
in applicant’s United States Patent No. 2,380,424,
granted July 31, 1945, generally designated 23.
As illustrated in Fig. 1 of the drawings, the steam
washer comprises @ plurality of horizontally €x-
sending, vertically spaced, generally V=-shaped
trough members 24 which extend jongitudinally
of the drum 2. Each trough member 24 has-a
relatively short fiange 95 ~which extends down-
wardly and-outwardly from the upper end of the
leg thereof which is remote from the steam ‘eir-
culators #4. The upper edge of the leg of each
trough member having the flange 25 may be dis-
posed at the same -elevation or at a somewhat
lower elevation than the upper edge -of the other
leg of the trough member. The trough members
are disposed in nested, but -spaced, relationship
witly the lower edge of each, excepting the lower-
most, -located at an elevation lower than the
upper edges of the trough member immediately
pelow. The flange 25 is sufficiently long to cause
the steam leaving the washer to change its -direc~
tion of-flow abruptly to eliminate as much:aspos-
sible.of the water entrained in the steam. The
troughs 24-are supported by a plurality of spaced,
vertically extending stand pipes 26 whicharecon-
nected at their lower ends to the horizontally ex-
tending -portion of a feed water inlet-conduit -27.
As shown,the stand pipes 26 pass through :open-
ings in the trough ‘members and theyare provided
with-dis¢harge orifices 28 located just above the
1ower ends of the troughs. Fresh feed water is
supplied through pipe 27 at such.pressure in eXcess
of ‘the drum pressure as will ‘fill the stand pipes
26 and flow into the trough membexrs 24 through
the orifices 28. The water will fill the troughs
and will fiow over the flanged upper edges of
the troughs as will presently appear.

-Steam Arying means are 1ocated adjacent -the
steam washer 23 in the drum #2. “Asshown, such
nieans comprise a ToOw of *separate, spaced
vighaped plates 29 adjacent but-spaced from the
washer, and two TOWS ~of separate, “gpaced V-
shaped plates 30 adjacent bub spaced froin each
other-and the plates:2 9. Thelincluded acute.angle
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between the legs of the plates 80 is smaller than
the equivalent angle of the plates 29, as clearly
indicated in Fig. 2. The plates 29 and 30 are
disposed with their edges vertical and with the
plates of each row in nested, but spaced, rela-
tionship as shown, with the edge at the apex of
the angle of each plate located within the area
defined by the next adjacent plate. The number
of rows of drying plates utilized will depend upon
the extent to which the steam is to be dried.

Beyond the drying means in the drum in the
direction of flow of the steam, is a relatively dry
steam space 31, from which the steam flows
through apertures 32 in g vertically disposed dis-
tributing plate 33 which extends longitudinally of
the drum in the upper portion thereof. Secured
edge of the plate 33 is g, horizontally
inclined plate 34, which with the plate 33 and
the inner wall of the drum forms a dry steam
chamber 34’ from which burified steam enters one
or more outlet nozzles or superheater connec-
tions 35.

The steam washer 23 and the several rows of
drying plates or water eliminators 29 and 30,
are suitably supported at their upper ends by a
plate 39 which is secured to the inner wall of the
drum. At their lower ends the drying plates
are supported by a horizontal plate 40, which
is disposed a substantial distance below the nor-
mal drum water level, thus effecting a seal. A
vertical plate 41 which extends irom the feed
water inlet conduit 27 to a point just below the
trough members 24 brevents steam from flowing
below the washer. A skirt baffle 42 which ex-
tends downwardly from the inner edge of sup-
port plate 48, causes the circulating water enter-
ing the drum through ecirculators {5 to flow to-
wards the inlets of the downcomers {1. The ag-
sembly of the steam washing and steam drying
devices is enclosed adjacent each end of the drum
by vertical closure plates 43, one of which is shown
in Fig. 1, to prevent the by-passing of steam en-
tering the drum 12, around either eng of the
washing and drying assembly,

In operation, the steam and water mixture en-
tering the drum ! will be dewatered in said
drum, the separated water flowing through the
circulators 15 to the water space of drum |2,
while the dewatered steam will flow from the
steam space 36 in the drum I{ through the cir-
culators {4 to the steam space 38 in the drum 12,

From the steam space 38, the steam enters
the washer 23 and flows therethrough and into
the space between the washer and the first row
of drier plates 29. The submerged apex of each
trough member 24 wil force the steam in the
space 38 to flow downwardly into the water in
the trough below. The fresh feed water delivered
to the washer troughs through the apertures 28
in the stand pipes, is discharged from these aper-
tures at a relatively high velocity with the result
that the water in the washer troughs normally
is not quiescent. Due to the fact that the
washer extends substantially from the water
level to the upper wall of the drum and for at
least the greater part of the length of the drum,
a large flow ares is provided over which the
steam may enter the washer troughs, so that the
velocity of flow of the steam through the washer
will be relatively low, Thus the time of contact
of the steam with the fresh feed water wil be
relatively long, and the normal agitation of the
water in the troughs which is increased by the
entrance of the steam into the water and the
somewhat higher velocity of the steam in passing
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through the troughs as compared with the velocity
in the steam space 38, will provide thorough con-
tact between the steam and water and an ade-
quate washing of the steam. The flow of steam
through the washer will cause the water to flow
from the washer over the flanged upper edges of
the troughs and downwardly into the water in the
lower part of the drum. The steam leaving the
water in the troughs will impinge against the
flanges 25 and will be forced to change its direc-
tion of flow abruptly from an upwardly inclined
to a downwardly inclined direction, thus eliminat-
ing a substantia] quantity of the water entrained
in the steam. This eliminated water wil flow
downwardly into the water in the bottom of the
drum. As the steam enters the space hetween
the washer and the drier plates 29, the velocity
of the steam is reduced due to the increase in the
area available for the bassage of the steam, and
entrained water wil] drop out of the steam by
gravity in this space before the steam enters the
drier,

The washed steam flows into and through the
bassages between the drying plates 29, and in its
flow through these Dbassages, it is forced to change
its direction of flow abruptly upon entering these
bassages and also in the zone between the apices
of the plates, The entrained water will impinge
upon and be deposited on the plates 29 in the
areas adjoining the zones where the abrupt
changes in direction of flow occur, and this
water will drain down the plates without being
re-entrained in the steam, due to the relatively
low velocity of the steam through the drier and to
the cohesive properties of the water and its ad-
herence to the surfaces of the plates. The steam
leaving the passages between the plates 29, flows
into the space between the plates 29 ang the ad-
Jjacent row of plates 30, and in this space water
will drop out of the steam by gravity. There-
after the steam flows into and through the pas-
sages between the first row of plates 30, into the
space between the rows of plates 30, and into
and through the Dassages between the second row

blates 29 and the space between the
washer and the drier blates 29, the only differ-
ence being that in flowing through the bassages
between the plates 30, the change in direction of
flow of the steam is more abrupt. It will be per-
ceived that the flow of steam is substantially at
right angles to the flow of the water on the plates,
the steam flowing horizontally and the water
draining downwardly to the water in the bottom
of the drum.

From the second row of drying plates 39, the
steam flows into steam space 3 where it changes
its direction of flow again, removing therefrom
entrained moisture, and thence through the ori-
fices 32 in the distributing plate 33 into the dry
steam space 34’, In flowing through the plate 33,
entrained moisture will impinge against the plate

drawn from the steam space 3§ substantially uni-
formly over the length of this Space, and insures
that the steam leaving the washers 23 will he dis-
tributed substantially uniformly over all the drier
plates. From the steam space 34’, the steam js
withdrawn from the drum through the outlet
nozzles or superheater connections 35.

With steam washers and with the driers em-
bodying the invention, the velocity of the steam
through and between these devices will e of the
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order of magnitude of from one to three feet per
second. A satisfactory washer for the purpose
will be composed of troughs having a width of two
inches between the outer ends of the legs, and a
height (apex to base line) of two inches, and
with the troughs spaced on a pitch of one inch.
The drier plates 28 may have a width of two
inches between the outer edges of the legs, and a
depth (horizontal distance from apex to base
line) of three inches. The drier plates 30 may
be the same as the plates 29 excepting that their
width will be one inch. The drier plates 28 and
30 may be spaced on a pitch of one and one half
inches. Tt will be understood that these dimen-
sions are given by way of example and are not to
be construed as limiting the invention because
other sizes of washer troughs and drier plates
arranged on different pitches may be employed.

It will be understood that changes may be
made in the form location and relative arrange-
ment of the several parts of the apparatus dis-
closed herein without departing from the prin-
ciples of the invention. For example, any one
instrumentality such as the dewatering chan-
nels, the weir and apertured plate, the washer, or
the drier, may be employed in the purification of
steam alone or in combination with one or more of
the other instrumentalities. In view thereof, it
will be apparent that the invention is not to be
limited excepting by the scope of the appended
claim.

What is claimed is:

In steam generating apparatus having a drum
and means for introducing steam into the drum,
and means for drying the steam in the drum com-
prising a plurality of spaced, substantially par-
allel rows of separate vertically extending V-
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shaped plates horizontally spaced, with the apeX
edge of one plate within the area bounded by the
next adjacent plate in the same row, the included
angle between the legs of the plates in one row
being different from the corresponding angle of
the plates of another row, the plates being dis-
posed in the drum so that the steam to be dried
flows in a substantially horizontal direction
through the passages between the plates.
MARTIN FRISCH.
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