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This invention of improvements in apparatus 
for the drying of air and gases, or the separation 
of liquids from gases, has relation in particular 
to apparatus for separating water from steam, 
and the term “steam drier' herein employed is 
intended to cover apparatus for any or all of the 
purposes mentioned. 
The invention has relation to steam driers of 

the centrifugal type and has for its object the 
provision of improvements which shall enable 
certain advantages to be obtained. 
One object of the invention is to provide a 

steam drier in which the velocity of the steam in 
the separating chamber is very greatly increased 
by converting some of the pressure energy of the 
steam into velocity energy and thereby obtaining 
a more complete separation of moisture from the 
steam. Another object is to obtain a very greatly 
increased velocity but with a very simple type of 
construction because the simplicity of construc 
tion is highly desirable when a multiplicity of 
such separators are combined into a single unit 
as hereinafter described. 
A further object is to provide a drier of multiple 

construction whereby a multiplicity of streams of 
steam, each stream containing a different mois 
ture content, may be led through the multiple 
drier and each stream will receive separate and 
independent drying treatment. 
In the drawings, Figs. 1 and 2 illustrate a single 

drier, Fig. 1 being a horizontal Section on line 
- of Fig. 2, and Fig. 2 being a vertical section 
on line 2-2 of Fig. 1. Fig. 3 is a similar Section 
to Fig. 1 but showing a multiplicity of nozzles 
entering a single separation chamber. FigS. 4. 
and 5 illustrate a multiple type drier, Fig. 4 being 
a horizontal section on line 4-4 of Fig. 5 and 
Fig. 5 being a vertical section on line 5-5 of 
Fig. 4. Fig. 6 is an enlarged view of portion 5 
of the drier. 

Referring now to Figs. 1 and 2, is an Outer 
casing in the form of a cylindrical or a volute 
housing and provided with an outlet 2 in the 
bottom thereof and provided also with an inner 
casing 3 extending through the upper portion 
of casing and projecting downwardly inside Said 
casing forming a closed circuit separating cham 
ber 4 between the inside of the outer casing f 
and the outside of the inner casing 3. Inner 
casing 3 is desirable and it improves the separa 
tion but it is not essential. 6 is an opening 
through which steam is admitted into the sepa 
rating chamber 4. Thus far the construction is 
conventional and wellknown in the art. It is 
readily seen that a cylindrical (or volute) form 
for separating chamber 4 will provide a steam 
flow path having a rapidly changing direction 
and in a closed circuit. However, similar re 
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rection, of at least the dry portion of the fluid, 
Without its actually making a complete circle. 

Extending from opening 6 and positioned 
radially to the chamber 4 is a nozzle , the exact 
nature of which is hereinafter defined, for con 
ducting the steam to be dried from a duct mem 
ber 8 into chamber 4. While I have shown the 
Outlet of the nozzle 7 positioned flush with the 
inner surface of the outer casing of the separat 
ing chamber it is to be understood that this ex 
act position is not essential and that nozzle 7 
may project Somewhat into the chamber 4, or 
may be entirely within chamber 4 and that the 
nozzle may be integral with casing or consti 
tuted therein as in Fig. 3 in which A is the outer 
Casing and 7A and B represent a multiplicity of 
nozzles receiving wet steam from the duct 8A. 
Steam driers may be used under conditions 

Where the pressure and velocity of the steam in 
duct 8 and the pressure and velocity of the steam 
as it leaves duct 3 and the pressure and velocity 
of the moisture and steam, if any, leaving the 
Opening 2 are determined by operating condi 
tions in the System with which the drier is used 
and cannot be modified for the purpose of ob 
taining better operation in the drier itself. At 
the same time if the drier be of sufficient size so 
that the pressure drop through the drier itself 
remains within allowaple limits then the velocity 
of the steam. Within the chamber 4 may not be 
Sufficiently high to produce as high a degree of 
separation as may be desired. 
The trend in modern steam turbine plants is 

toward higher Steam pressures and plants oper 
atting well up toward the critical pressure are in 
contemplation. As the pressure increases the 
difference in density between the steam and 
Water decreases until at critical pressure they 
are alike and consequently the separating effect, 
due to the centrifugal force at any given velocity, 
becomes increasingly less as the steam pressure 
is increased and it is therefore apparent that it 
may be highly desirable to greatly increase the 
velocity in chamber 4 and it is the purpose of 
nozzle 7 to produce this increased velocity quite 
independently of Velocity conditions outside the 
drier and to some degree independently of the 
area. Within the separating sections of the drier. 
When the drier is dimensioned so that the area, 

of the internal parts such as chamber 4 control 
the velocity, the velocity must necessarily be com 
paratively low in order that the friction losses 
will not be excessive. The velocity may however 
be increased several times by the use of a nozzle 
or orifice actually converting pressure energy into 
Velocity energy which is the function of nozzle 
in my arrangement. Nozzle 7 converting pressure 
energy into velocity energy increases the velocity 
in chamber 4 to Several times what it would be 

sults may be obtained by a guided change in di- 60 if the energy conversion nozzle or orifice were not 



used. This means in turn that Some portion of 
the steam entering chamber 4 from duct 8 might 
make several complete circuits around chamber 4 
before leaving the drier. Since the centrifugal 
separating effect increases Substantially as the 
third power of the velocity any increase in velocity 

5 

greatly facilitates the Separating proceSS. - - - 
The purpose of nozzle 7 is to convert a portion - . 

of the pressure energy of the steam in duct 8 
into velocity energy at the exit of the nozzle. A 
nozzle of this type is really an orifice designed 
for a predetermined pressure drop and to Con 
vert a portion of the available heat in the Steam 
represented by said pressure drop into kinetic 
energy which results in a tremendous increase 
in velocity of the jet of steam leaving the nozzle 
because the energy which was previously a pres 
sure energy has now become a kinetic energy or 
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a velocity energy and is therefore converted . 
from one form of energy to another. The Sides 
of the nozzle or orifice are carefully proportioned 
so that they occupy the optimum position in 
the steam path and are not so close to the edge 
of the steam path as to cause swirls or rotary { 
motion in the steam path itself due to excessive 
contact with the edge of the path nor So far 
apart as to produce space into which the steam 
path will expand and cause regeneration of the 
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energy back to its original form, that is from 
velocity to pressure. It is thus seen that nozzle 
must have a very specific design and that a 

slight variation therefrom may render a nozzle 
useless for its purpose, as Would be a diffuser 
type nozzle, or inefficient as would be a straight 
Orifice. 

Nozzle T is the same type of nozzle used in 
impulse turbines and is used for the same pur 
pose, namely, for converting pressure energy 
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into velocity energy and the principles involved . 
in the design are well-known in the steam tur 
bine design art and complete specifications and 
formulae are to be found in modern textbooks 
on steam turbine design and it is thought to be 
both unnecessary and undesirable to attempt to , , 
incorporate this highly technical and cumber 
some detail data herein. 

In operation the steam to be dried passes 
from duct 8 through nozzle 7 into the separat 
ing chamber 4 around which it travels at ex- i. 

50 tremely high velocity which results in substan 
tially all the moisture being thrown out against 
the inner wall of casing and it then flows down 
wardly and finds its way out through outlet 2 
while the dry steam is forced inwardly toward 
the casing 3 and flows around the lower edge 
thereof and up through the central paSSage and 
thence out through opening 9. The purpose of 
dam 5 is to allow an accumulation of water or 
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at least an accumulation of a dense mixture of 
steam and water to accumulate. as shown at 20 
in Fig. 6, prior to flowing over the dam. This 
mixture gives a solid body to which rotary mo 
tion is imparted by the velocity energy or 
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kinetic energy from the nozzle in much the same 
manner that rotary motion or power is imparted 
to the wheel of an impulse turbine. In both 
cases the velocity energy in the steam jet as pro 
duced by nozzle T is impinging or striking a Solid 
non-porous surface and this process is more ef 
ficient than would be a process whereby the 
steam jet were striking an elastic fiuid Such as 
steam or gas. Therefore, the conversion of ve 
locity energy into rotary motion in the form of 
power, which produces the velocity required for 
separation within the separator, is made more 
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2,262,860 
efficient by providing a solid substance for rota 
tion by the impact of the incoming steam rather 
than a more gaseous Substance as Would be the 
case Without the dan. 

Referring now to Figs. 4 and 5. lf is an Outer 
cylindrical casing having a dry steam outlet 9 
at the top and a moisture outlet 2 at the bot 

Suspended within the casing , but 
spaced therefrom, as by members 22, Sufficiently 
to form a vertical waterway as f0, are a number 
of cylindrical inner casings as 3A, 3B, 3C and 
3D. Each of the casings f3A, 3B and 3C 

consists of an upper and lower portion, the lower 
portion being of greater diameter than the upper 
portion and these sections are so positioned with 
in housing O that the smaller portion of One is 
inserted inside the larger portion of the adja 
cent casing the Spaces i4 between the telescoped 
portions of adjacent casings each constituting 
an independent separation chamber having its 
OWn dry steam and moisture outlets. The up 
permost casing 3A forms a chamber, 4A, be 
tween itself and the housing 0 and the bottom 
casing, 3D, has a retracted lower portion, 23, 
which follows the contour of the housing . 
Each of the drier chambers has an individual 
wet steam inlet as 6 and each of these inlets 
is the termination of an individual nozzle 
which may be fed from an individual duct 8 
which may be the terminal of one or more boiler 
tubes. The nozzle 7 is of the same design as 
nozzle 7 of Fig. 1 and may be similarly positioned 
and needs no further comment. Any number of 
individual units may be combined in a common 
housing and the number in Fig. 4 has been 
imited to four elements merely to limit the size 
of the drawing. The housing may be split for 
assembly purposes and then joined by a Weld 
as 2. 

In operation the steam from duct 8 passes 
through nozzle 7 into the separation chamber 
around which it travels at high velocity caus 
ing the moisture to be throWin out against the 
inner wall of casing 3A where it accumulates 
until it flows over the lip or dam i5, after which 
it flows into water space () and eventually finds 
its way out through opening f2. The dry steam 
is forced inwardly against the outer surface of 
the Smaller portion of casing 3B and from there 
flows upward into the central passage and 
thence through the upper outlet 9. 
A multiple drier of the type shown might be 

used in connection with a very high pressure boil 
er of the forced circulation type and in which the 
pressure is So high that there is a relatively Small 
difference in density between the Steam and 
water. Such a boiler might have, for instance, 
twenty-five or thirty tube circuits and the steam 
flowing from these different circuits Would have 
very different moisture contents varying any 
where from a few percent to perhaps fifty per 
cent moisture and the small difference in density 
between the steam and water means that the 
Steam Would not separate sufficiently from the 
Water, by ordinary gravity effect, as in the case 
of lower preSSure boilers. Now, all of these tubes 
might be led into a common header where the 
Steams of various qualities would, to a certain 
extent, become co-mingled into one body of steam 
having characteristics which would be a con 
glomeration of the various constituent steam 
flows but it is well known that such mixings 
represent a considerable loss of power and 
furthermore, to obtain a complete and reliable 

75 mixing is not as simple a matter as might at first 
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appear and in fact may involve rather large and 
unwieldly equipment. If the steam be so mixed 
and then led through a single element drier or 
separator the most satisfactory separation will 
not be obtained unless the mixture is uniform so 
that the moisture content of the steam entering 
the drier remains practically the same at all times 
and if the mixture is not complete, then there 
will be first a steam flow containing one per 
centage of moisture and then the flow will change 
to one containing a different percentage of mois 
ture, etc., whereas to obtain the best operating 
conditions for the separator each individual sepa 
rator should be designed, particularly with re 
Spect to the nozzle, for steam having a definite 
moisture content. 
In my multiple type separator each of the noz 

Ziles is designed for the particular quality of 
steam which it is to handle, thus insuring that 
all the fluid will be separated in the most efficient 
manner regardless of its moisture content and 
furthermore it is obvious that at no stage of the 
Steam making process is it necessary to co-mingle 
steam flows having different moisture contents. 
The term “impulse turbine nozzle' as used 

herein means a nozzle designed to convert pres 
Sure energy into velocity energy in accordance 
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with the principles well known in the art of im 
pulse turbine design. 
What I claim is: 
1. A multiple steam drier which includes; a 

multiplicity of cylindrical separation chambers 
housed in a common pressure tight Outer casing 
having a common dry steam passageway and out 
let for dry steam from the multiplicity of cham 
bers and a common passageway and outlet for 
moisture from the multiplicity of chambers, each 
chamber having its own independent dry steam 
outlet to the common dry steam passageway and 
its OWn independent moisture outlet to the corn. 
mon moisture passageWay and its own independ 
ent passageWay for connection to an individual 
Source of steam to be dried. 

2. A steam drier which includes; a cylindrical 
housing having a central portion of uniform di 
ameter, a lower end portion of gradually de 
creasing diameter and terminating in a moisture 
outlet and having an upper portion of gradual 
ly decreasing diameter terminating in a dry 
steam outlet; a multiplicity of cylindrical casings 
each having an upper portion of uniform diam 
eter, a lower portion of uniform but greater di 
ameter than the upper section and a portion of 
gradually changing diameter connecting the up 
per and lower portions, each of the multiplicity 
of CaSingS being positioned Within the housing 
and concentric thereWith and with the Smaller 
portion of one casing projecting upwardly into 
the larger portion of the adjacent casing and 
forming a separation chamber between the inner 
Wall of the larger portion of One casing and the 
outer wall of the Smaller portion of an adjacent 
casing, With a clearance Space between the cas 
ings at the bottom of the chamber for the exit of 
moisture and a clearance space between the cas- ( 
ings at the top of the chamber for the exit of dry 
steam; an opening in each chamber for the ad 
mission of wet steam into the chamber and pas 
sageways extending from the openings to recep 
tacles containing steam which is to be dried. 

3. A steam drier according to claim 2 Char 
acterized by the addition of a lip positioned at 
the lower end of at least one of the cylindrical 
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3. 
casings and extending inwardly therefrom to 
form a dam for the moisture separated from the 
steam. 

4. A steam drier according to claim 2 char 
acterized by the fact that the wet steam passage 
Ways have the form of an impulse turbine noz 
zle immediately adjacent the opening into the 
Separation chamber. 

5. A steam drier according to claim 2 chair 
acterized by the fact that at least one wet steam 
passageway has the form of an impulse turbine 
nozzle designed for wet steam having a specific 
moisture content. 

6. A steam drier according to claim 2 chair 
acterized by the fact that at least One of the wet 
Steam passageways has the form of an impulse 
turbine nozzle designed for wet steam having a 
Specific moisture Content and at least one other 
of the Wet steam passageways has the form of an 
impulse turbine nozzle designed for wet steam 
having a moisture content which is different 
from the specific moisture content before men 
tioned. 

7. A steam drier which includes; an outer 
cylindrical chamber, the central portion of which 
is of uniform diameter and the lower portion of 
which is converged to form a cylindrical mois 
ture outlet of Smaller diameter than the central 
portion and the upper portion of which is con 
Verged to form a cylindrical dry steam outlet 
of Smaller diameter than the central portion; a 
cylindrical tubular member positioned in the dry 
steam outlet and extending downward to ap 
proximately the point where the central portion 
starts to converge into the moisture outlet, there- . 
by forming a separation chamber between the 
inside of the central portion of the outer casing 
and the outside of the tubular member; an open 
ing in the separation chamber for the admission 
of Steam to be dried and a lip extending a short 
distance inwardly from the Outer casing and Sur 
rounding the lower end of the tubular member to 
form a dam for assisting in retaining a film of 
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Water on the outside wall of the separation 
chamber. 

8. A multiple steam drier which includes; a 
multiplicity of cylindrical separation chambers 
housed in a common pressure tight outer casing 
having a common dry steam passageway and out 
let for dry steam from the multiplicity of cham 
berS and a common passageway and outlet for 
moisture from the multiplicity of chambers, each 
chamber having its own independent dry steam 
outlet to the common dry steam passageway and 
its own independent moisture outlet to the con 
mon moisture passageway and its own independ 
ent passageway for connection to sources of steam 
of different qualities to be dried. 

9. A multiple steam drier which includes; a 
multiplicity of cylindrical separation chambers 
housed in a common pressure tight outer casing 
having a common dry steam passageway and out 
let for dry steam from the multiplicity of cham 
bers and a common passageway and outlet for , 
moisture from the multiplicity of chambers, each 
chamber having its own independent dry steam 
outlet to the common dry steam passageway and 
its own independent moisture outlet to the com 
mon moisture passageway and its own independ 
ent passageway to the outside of the Outer casing 
for the admission of steam to be dried. 

RALPH. C. ROE. 


