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1. 
The present invention relates in general to a 

separating apparatus adapted to separate mois 
ture from an aqueous vapor passing therethrough. 
More specifically, my invention is concerned with 
the construction and operation of means for 
separating entrained moisture from vapor flow 
ing from a point of vapor generation to a point 
of use. My invention is therefore applicable to 
vapor generators, and to steam boilers, in particu 
lar, wherein the steam as generated passes into 
an elevated pressure vessel, such as a steam and 
water drum, from which the steam is discharged 
to a point of use, either direct from the drum, or 
through a superheater, for example, if steam of a 
higher temperature should be required. 
In certain types of steam boilers having an 

elevated steam and water drum, a steam collector 
or “dry pipe' is provided in an upper portion of 
the drum, above the highest operating Water 
level therein, so as to collect steam from hori 
zontally distributed uppermost regions of the 
boiler steam space for discharge through one or 
more outlets. In many cases, the quality of 
Steam thus made available has been entirely ade 
quate, but in other instances, for greater effi 
ciency of various steam driven apparatus, for 
example, a greater "dryness' of steam is re 
quired, for which purpose the apparatus of the 
present invention is especially intended. 

In general, the vapor-moisture separator here 
in disclosed comprises a vapor-pervious, non 
compacting body or maSS interposed in the path 
of steam approaching the openings into the dry 
pipe, and providing an eXtraordinarily large pro 
portion of steam-contacted area for each cubic 
inch of space occupied by the mass. In practice, 
such a body or mass may be suitably formed, for 
example, of metallic screen-like sheets arranged 
in layers and providing a ramification of tortuous 
passages of relatively Small cross section through 
Which the moisture carrying Vapor is directed. 
The various features of novelty which chair 

acterize my invention are pointed out with par 
ticularity in the claims annexed to and forming 
a part of this specification. For a better under 
standing of the invention, its operating advan 
tages and Specific objects attained by its use, 
reference should be had to the accompanying 
drawings and descriptive matter in Which I have 
illustrated and described a preferred embodiment 
of my invention. 
Of the drawingS: 

Fig. 1 is side elevational view, partly broken 
away, diagrammatically showing an embodiment 
of my invention in a horizontally arranged Steam 
and water boiler drum; 
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Fig. 2 is a sectional end view of the structure 

shown in Fig. 1, taken along line 2-2; 
Fig. 3 is an enlarged plan view of the separator 

and dry-pipe assembly included in Fig. 1; 
Fig. 4 is an enlarged cross-sectional view of 

the assembly shown in Fig. 3, taken along line 
4-4; 

Fig. 5 is a partial side elevation of the assembly 
shown in Fig. 3, as viewed from line 5-5; 

Fig. 6 is a cross-sectional view, similar to Fig. 
4, ShoWing a modification; and 

Figs. 7 and 8 are enlarged fragmentary views 
showing the relative positions of separator ele 
ments in different layers. 
In more detail, the structure illustrated in 

Fig. 1 includes a cylindrical pressure vessel O, 
Suitably the upper, horizontal, steam and water 
drum of a boiler, and having rows of inlet tubes 
f2, in a Side Wall, through which moisture carry 
ing Steam is discharged into the drum, and rows 
of downcomer tubes 4, in the bottom wall, 
through which water is returned to the vapor 
generating elements, not shown. A steam out 
let is provided by nozzle 5 mounted over an 
Opening in the uppermost part of the drum wall. 
A manWay opening 6 of elliptical formation is 
formed in each end wall of the drum, and a suit 
able removable closure provided therefor. 
A cylindrical dry pipe T, extending horizon 

tally throughout the greater part of the length of 
the drum, and removably positioned adjacent 
the uppermost wall of the drum, is provided with 
an outlet connection 8 which communicates 
directly with the steam outlet opening in nozzle 
5, through a demountable socketed connection 

20, each end of the dry pipe being closed. The 
dry pipe is Supported from the upper drum wall 
by means of Split hanger bands 9 and straps 2, 
arranged at longitudinally spaced intervals. Be 
tween the locations of hangers 9, and through 
out the greater part of the distances therebe 
tween, and beyond, the dry pipe is perforated in 
its upper Wall portion with numerous holes 
23, as indicated in Fig. 3, to provide entrance for 
Steam into the dry pipe, the combined area of all 
Such holes 23 being considerably greater than 
the CrOSS Sectional area of the outlet connections 
8 and 5 so as to avoid restriction of steam flow 
through the drum due to the dry pipe. The holes 
or perforations 23 are confined to an arcuate 
band of less than 45 and of symmetrical ar 
rangement relative to the vertical centerline of 
pipe 7. 
An upright cross baffle 24 is positioned be 

tween the Steam inlet connections 2 and the 
dry pipe 7 to provide a primary steam and water 
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separating stage prior to the entrance of steam 
into the dry pipe, the upper edge of the baffle 
lying adjacent an upper wall portion of the drum 
and being supported therefrom, as by a bar 25, 
and its lower edge extending downwardly below 
the lowest operating Water level. The ends of 
baffle 24 are spaced from adjacent ends of the 
drum so as to provide the only areas through 
which steam may pass into the larger drum Space 
26 within which the dry pipe is located. 

Exteriorly of the dry pipe 7, and mounted 
thereon, are a series of steam filter or scrubber 
units 27 which overlie all dry pipe perforations 
23, and which are respectively positioned over 
perforations in separate groups, with each unit 
2 being suitably formed in a single length, or 
in separate successive lengths or sections 28, aS 
may be necessary, depending for example on the 
distance between successive dry pipe hangers 19, 
and thereby the maximum longitudinal extent of 
each group of perforations to be covered. As 
seen in Figs. 4 and 5, each separator or Scrubber 
section 28 comprises a vapor-pervious, inter 
stitial mass 3 which in the illustrated embodi 
ment is of arcuate formation and concentrically 
arranged with respect to the dry pipe 7, the maSS 
or body 3 embracing approximately three 
fourths of the total circumference of the dry 
pipe in symmetrical relation to the vertical cen 
telline thereof. 
The material used in fabricating each filter 

section 28, to provide the mass 31, is of a gen 
erally screen-like character and, for the purpose 
of this invention may be one of several forms 
which are commercially available, including for 
example such products as expanded metal and 
hardware cloth. The form indicated herein and 
actually employed by applicant is a form of ex 
panded metal commonly known as metallath and 
ordinarily utilized as an anchoring groundwork 
for mortar, plaster, or cement. As is Well knoWn, 
the metal lath provides an all-over pattern of 
approximately diamond-shaped openings, of 
greater length than width, distributed through 
out the sheet and separated by strands or ribs 
which extend transversely to the plane of the 
sheet, at varying inclinations thereto. Each 
strand or rib has a thickness dimension less than 
its width and presents that thickness dimension 
toward opposite surfaces of the material. AS 
viewed from the edge of the sheet, the ribs pre 
sent a generally saw-toothed appearance at Op 
posite sides. When such sheets are assembled in 
mutually contacting layers, the serrated forma 
tion of the facing surfaces serves to maintain a 
considerable area of each sheet in Spaced rela 
tion to the next Successive sheet, and thus re 
sults in an extremely large proportion of the 
total available metal Surface being exposed to 
the steam passing through the layered maSS of 
sheets. A desirable form of metal lath available 
for the purpose is one which provides diamond 
shaped openings having a length of approximate 
ly A inch and a width of approximately 4 inch. 
The number of layers required may range from 
about 10 to 15, to meet the majority of service 
requirements. 

It may be found that when a front surface A. 
of one sheet is assembled in adjoining relation 
to the back surface B of a second sheet, the open 
ings in both sheets Will tend to match, and 
thereby reduce the extent of surface exposed to 
steam passing through the openings. In that 
event the front surfaces A, A of the first and 
second sheets may be arranged in facing rela 
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4. 
tion and the back surfaces B, B of the second and 
third sheets, and so on throughout the mass, so 
as to result in a lateral displacement of each 
opening in one sheet from the corresponding 
opening in the next sheet, as indicated in Fig. 8, 
at positions 32d, 32b, and 32c. When the sheets 
in Successive layers are rolled to arcuate form 
as in Fig. 4 and Fig. 6, in which form the succes 
Sive layers are of substantially concentric curva 
ture, an additional displacement of openings from 
One layer to the next is automatically effected in 
the direction of curvature, as indicated in Fig. 7, 
at positions 323c, 32y, and 322, due to change in 
radius. In reference to Figs. 7 and 8, it is as 
sumed that the longitudinal axis about which the 
sheets are curved is a line parallel to the bottom 
margin of the drawing. Thus, with successive 
layers curved about a common horizontal axis, as 
herein disclosed, each opening is elongated in the 
direction of curvature whereby the length dimen 
Sion of each opening lies in a vertical plane nor 
mal to the common axis of curvature. 

in prO'Viding adequate Surface area, through 
Out the mass 3, the resulting overall diameter of 
each section 28 may be greater than the mini 
nun transverse dimension of the manway open 
ing | G, and thus prevent the insertion of sections 
into the drum for assembly on the dry pipe. In 
dividual lengths or sections 28 may therefore be 
conveniently formed in complementary half-sec 
tions or elements 28d, and 28b, and a suitable 
hinge or other form of separable connection pro 
vided. So as to enable, each element to be sep 
arately passed through the elliptical opening f6 
either for aSSembly within the drum, or after 
assenbly, for removal from the drun. 
An assembly of two half-sections or elements 

is detailed in Figs. 3, 4 and 5 wherein at the 
upper end of each element, the edges of indi 
vidual sheets 32 are brazed or welded to the up 
right leg of an angle 34 extending longitudinally 
throughout the Width of the sheets and consti 
tuting a base member of the element. A capping 
bar 35 is Welded to the top end of each angle 34, 
and thereby combining therewith to define a 
channel or recess Within which the ends of all 
layerS of the element are assembled and Sup 
ported. The tWO half-sections are connected ad 
jacent opposite longitudinally spaced ends by 
in eans of hinges 36 each having its leaves con 
nected to the respective capping bars 35. A 
Spacer bar 37 is Welded to the bottom leg of only 
one angle 34 at a position intermediate the two 
uppermost longitudinal rows of dry pipe perfora 
tions 23. Other spacer bars 38 extend circum 
ferentially of the dry pipe f, and are welded 
thereto at their opposite ends, as indicated, the 
bars 38 being angularly displaced from the per 
forated area of the pipe and being arranged at 
longitudinally spaced positions adjacent the ends 
of each half-section, and intermediate the ends. 
The longitudinal spacer bar 3 and the circum 
ferential spacer bars 38 thus combine to main 
tain each complete filter section 28 at a prede 
termined minimum radial distance from the Wall 
of the dry pipe when in the final assembled po 
Sition. 
The filter Sections 23d and 28b terminate below 

the longitudinal centerline of the dry pipe and, 
at positions below the lower end of each spacer 
bar 38, the lower end portions of all plates 32 of 
each Section are bent in Wardly toward the dry 
pipe So as to bring the innermost plate into arcu 
ate contact with the wall of the pipe throughout 
the width of the plate, and throughout an appre 
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ciable length of arc, as at 39, and thereby pro 
vide an effective seal which substantially pre 
cludes the by-passing of steam through the gap 
which would otherwise remain between the lower 
ends of mass 3 and the dry pipe. The seal at 
points 39 is maintained by a series of retainer. 
clamps 42 which are positioned directly over the 
respective circumferential spacer bars 38, as in 
dicated in Fig. 5. Each clamp 42 is suitably 
formed in two sections 42a and 4.2b which are 
connected at their upper ends to capping bars 35, 
and which at their lower ends are connected by 
an adjustable clamping means such as a threaded 
stud bolt 43, fitted with nuts 45. Each retainer 
clamp 42 is, for the most part, circular So as to 
conform to the circular contour of the mass 3, 
whereas its lower end portions 46 are substan 
tially straight and extend in substantially tan 
gential relation to the wall of the dry pipe in con 
formity with the generally tangential alignment 
of the lower plate edges which, as seen in Fig. 4, 
are arranged in stepped Succession. 

In the assembled position on dry pipe , each 
complete filter unit 27, of one or more Sections 
28, is engaged at opposite ends by retaining rings 
47 which are welded to the dry pipe So as to pre 
vent longitudinal displacement of the unit from 
its predetermined operative position over a group 
of dry pipe perforations 23. The rings 47 also 
serve to seal the ends of the unit So as to prevent 
the bypassing and leakage of steam which might 
otherwise occur at those ends, due to longitudinal 
inflow and outflow. Thus, with the provision of 
lateral seals 39 and end seals 47, all steam enter 
ing the intermediate annular Space 4 l, between 
the mass 3 and dry pipe 7, is compelled to paSS 
through the interstices distributed throughout 
the mass. In the form shown, where each Sepa 
rator unit 27 comprises two sections 28 in axially 
abutting relation, it will be noted that no retain 
ing ring is required between the adjoining ends. 

Fig. 6 illustrates a modified arrangement of 
moisture separator or steam Scrubber wherein 
the layers of screen-like material, instead of be 
ing formed of individual sheets, Superposed One 
upon another, are formed as Successive convolu 
tions of a continuous sheet, or series of sheets, 
tightly rolled, so as to provide the Spool-like 
structure or mass 5. The end of the outermost 
convolution may be suitably secured to the Con 
volution directly beneath by a Weld, for example, 
at 52, or other convenient holding or banding 
means provided so as to maintain the Spool in 
tact. The spool is mounted on dry pipe 7 in 
radially spaced relation thereto, utilizing longi 
tudinally arranged bars 53, as shown in Fig. 6, or 
circumferentially arranged bars 38, as shown in 
Fig. 4. Retaining rings 47 arranged as shown in 
Fig. 5 may be utilized for maintaining the Spool 
in predetermined position longitudinally of the 
pipe and additionally, for sealing the ends of the 
spool against longitudinal inflow or outflow of 
steam. 

In each form of separator herein disclosed, the 
total vapor flow area afforded through either the 
mass 31, or mass 5, is considerably greater than 
the flow area afforded through the dry pipe per 
forations 23. As a result, the velocity of vapor 
flow through mass 3 or 5 is relatively lower, 
so that moisture which collects on the exposed 
metal surfaces by adhesion is permitted to accu 
mulate thereon instead of being carried along 
into dry pipe T by the steam or other vapor. 
With the progressive separation of moisture in 
this manner, and the resulting formation into 
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6 
droplets, the accumulated liquid flows down 
wardly through the mass under the influence of 
gravity for discharge from a lower region of the 
curved filter assembly, and thus into the Water 
Space of drum 10. Drainage of collected mois 
ture is facilitated by the arrangement of Openings. 
as in Figs. 7 and 8, with the longer dimension 
of each opening in the direction of curvature, 
wherein the strands which define each opening 
are formed with parallel side portions which lie 
in substantially vertical planes, and with inter 
secting end portions which extend at acute angles 
to such planes. With separators of the Specific 
forms shown, moisture carryover is, for all prac 
tical purposes, eliminated or at least decreased 
to an acceptable minimum as compared With the 
carryover heretofore resulting from use of the 
dry pipe alone, throughout a corresponding range 
of loads. Moreover, as loads are increased, the 
point at which moisture carryover tends to in 
crease more rapidly occurs at a much higher load 
With the separator unit installed than with the 
dry pipe alone. Furthermore, these forms of 
noisture separators are especially adapted to 
function with negligible additional preSSure drop 
over the normal pressure drop attributable to 
the dry -pipe per se, throughout corresponding 
load ranges. 
While both forms afford Substantially the Sane 

advantages from an operational Standpoint, it is 
obvious that each includes certain Specific fea 
tures which render it more adaptable to certain 
conditions than the other. For example, the 
form detailed in FigS. 4 and 5 is particularly 
adapted for use in pressure vessels where the size 
of access opening is the limiting factor, as pre 
viously described. On the other hand, the form 
detailed in Fig. 6 is of simpler construction and 
therefore entails lower fabrication costS, although 
requiring a relatively larger size of access open 
ing to permit the insertion and removal of Sepa 
rator units 2i. The latter form also affords in 
creased moisture separating capacity together 
with somewhat better drainage action which can 
reasonably be attributed to the increased area of 
moisture collecting surface provided, and the in 
creased arcuate extent of Such Surface. More 
over, in the form shown in Fig. 6, the maSS 5 
may be initially formed in One or more Sections 
for assembly over the dry pipe Within the drum 
or, if desired, may be formed directly on the dry 
pipe and the complete combination thereafter 
assembled within the drum. 
While in accordance With the provisions of the 

statutes I have illustrated and described herein 
the best form of my invention now known to me, 
those skilled in the art will understand that 
changes may be made in the form of the appa 
ratus disclosed without departing from the Spirit 
of the invention covered by my claims, and that 
certain features of my invention may Sometimes 
be used to advantage Without a corresponding use 
of other features. 

I claim: 
1. In combination, a pressure vessel having in 

let openings through which a mixture of vapor 
and liquid is introduced and having a vapor Out 
let, a vapor collecting member Within an upper 
interior space of Said vessel and having vapor 
inlet openings in an upper wall portion thereof, 
said member having a vapor Outlet connected to 
the vapor outlet of said vessel, and moisture sepa 
rator means overlying said vapor inlet openings 
in spaced proximity to said member and being 
sealed to said member and wholly Supported 
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thereon beyond the area, occupied by said open 
ings, said separator means comprising a vapor 
pervious mass formed of Screen-like material 
arranged in successive mutually contacting layers 
of substantially concentric curvature and provid 
ing openings in each of a majority of said layers 
laterally displaced in at least one direction from 
corresponding openings in the next. Successive 
layer, said openings being elongated in the direc 
tion of curvature of Said layers. 

2. In combination, the structure as claimed in 
claim 1 and further characterized by said open 
ings in said screen-like material being defined 
solely by strands of the material constituting 
Said material, each of Said Strands having a thick 
ness dinnension less than its width and presenting 
said thickness " dimension toward opposite sur 
faces of the naterial. 

3. In combination, a vapor collector of gen 
erally tubular for nation adapted to extend hori 
ZOntally within a Space containing noisture 
carrying vapor under pressure, Said Collector hav 
ing a Series of vapor inlet openingS in and longi 
tudinally distributed throughout an upper wall 
portion thereof, moisture Separating means 
Wholly Supported on Said collector and compris 
ing a vapor-pervious mass Overlying said open 
ings in Spaced relation to the wall of said col 
lector, Said maSS being formed of Screen-like 
material of the nature of metal lath arranged in 
SucceSSive mutually contacting layers of Substan 
tially concentric curvature relative to said coi 
lector and having portions extending downwardly 
at opposite Sides of Said collector, and means for 
Sealing Said inaSS at opposite ends and for sealing 
Corresponding ends of the Space Separating said 
maSS from Said collector, Said imaterial having 
Openings elongated in the direction of curvature 
of Said layers. 

4. In combination, a vapor collector of gen 
erally tubular formation adapted to extend hori 
ZOntally. Within a Space containing noisture 
carrying vapor under presSUre, Said Coliector hav 
ing a Series of Vapor inlet openings in and longi 
tudinally distributed throughout an upper wall 
portion thereof, moisture separating means 
Wholly Supported on Said collector and compris 
ing a vapor-pervious mass overlying said open 
ings in Spaced relation to the wall of said col 
lector, Said ma SS being formed of metaliic screen 
like material of the nature of inetal lath arranged 
in SucceSSive mutually contacting layers of sub 
Stantially concentric curvature relative to said 
collector and having portions extending down 
Wardly at Opposite Sides of said collector, and 
means for maintaining Said ima,SS in predeter 
mined position longitudiinally of said collector 
and for Simultaneously sealing opposite ends of 
the Space Separating Said mass from said collec 
tor, said material having its screen openings elon 
gated in the direction of curvature of said layers. 

5. The combination which comprises a vapor 
collector of generally circular Cross section hav 
ing a vapor outlet and adapted to extend hori 
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8. 
Zontally within a space containing moisture 
carrying vapor under pressure, Said collector hav 
ing vapor inlet openings in and longitudinally 
distributed throughout an upper Wall portion 
thereof, moisture separating means comprising a 
vapor-pervious interstitial mass of arcuate for 
mation overlying said openings and concentri 
cally arranged with respect to said collector in 
Iradially Spaced relation thereto, said mass en 
bracing at least the upper half circumference of 
said collector and being longitudinally divided 
into Separably connected Sections, each having a 
lower marginal area in vapor sealing engage 
ninent with Said collector at a region below the 
centerline position thereof, means restraining 
said Sections against radially outward displace. 
ment with respect to said collector, and means 
engaging said sections at opposite ends for pre 
venting longitudinal displacement thereof. 

6. The combination which comprises a vapor 
Collector Of generally Circular CroSS Section hav 
ing a vapor outlet and adapted to extend hori 
ZOntally Within a Space containing moisture 
Carrying vapor under pressure, said collector hav 
ing vapor inlet openings in and longitudinally 
distributed throughout an upper wall portion 
thereof, moisture separating means comprising a 
Vapor-pervious interstitial mass of arcuate for 
nation Overlying Said openings and concentri 
cally arranged With respect to said collector in 
radially Spaced relation thereto, said mass em 
bracing the major portion of the total circum 
ference of Said collector and being transversely 
divided into a group of longitudinally successive 
Sections in axially abutting relation, with each 
Section of Said group, longitudinally divided into 
Separable pin-connected sections each having a 
lowei marginal area, in vapor sealing engage 
ment With Said collector, means restraining said 
Separable sections against radially outward dis 
placement with respect to said collector, and 
means engaging opposite ends of said group of 
axially abutting Sections for preventing axial dis 
placement of each relative to another and to said 
collector, 

EDWIN DURHAM. 
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