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This invention relates to methods and appa-~
ratus for detecting and measuring impurities in
a vapor, as in steam, which may be in the form
of . dissolvable solids carried with the vapor or

steam in the vapor line and has for an object .

the provision of methods and apparatus for pro-
ducing condensate sampling from a vapor in the
bresence of contaminating gases without con-
tamination of the condensate by said gases.

The measurement of electrical conductivity of
a condensed sample of a vapor is now well estab-
lished as a satisfactory quantitative means of
determining the presence  of dissolved solids.
That method of analysis also has been found
useful in control of contamination of vapors in
various processes of ‘manufacturing such as in
sugar refining, preparation of tomato juice, and
the like.. The present invention in general is
useful in the analysis by electrical conductivity
measurement of materials carried through proc-
essing apparatus in vapor form, such as in the
manufacture of pharmaceutical products, anti-
biotics, and in the elimination of pyrogens in
preparation of distilled water used for medicinal
purposes.
useful in determining the scale-forming impu-

rities in steam. Where steam is used in powser

generation, such impurities, dissolvable - solids,
- may be deposited as solids on the blades of the

turbine or on the surfaces of heat exchangers,

. the effect in either case being a loss of efficiency
and an increase in hazard of operation.

It has been recognized heretofore that the
measurements of the conductivity of a condensed

vapor indicate not only the total dissolved solids .

but also the dissolved gases present. In very
dilute solutions the effect of dissociation of the
various ions present must also be taken into
account. In the past, many schemes have been
proposed for lowering the pressure on the con-
densate and/or applying heat in an effort to re-
move the dissolved gases and thus to eliminate
their effect on the conductivity of the conden-
sate. Gases commonly occurring in vapors in-

clude ammonia, carbon dioxide, hydrogen sul- .

phide and sulphur dioxide. Some of these gases,
particularly ammonia and carbon dioxide are fre-
quently present in quantity to cause greater effect
on the electrical conductivity of the condensed

vapors than many of the dissolvable solids car- :

ried in suspension in the vapors. In consequence,
the effect upon conductivity of such gases, if ab-
sorbed by the condensate, will be as great or
greater than that of the dissolved solids whose
concentration in the condensate is to be ascer-
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tained by electrical conductivity measurement.
Moreover, the variation in electrical conductivity
due to the dissolvable solids carried by the vapor
may have an entirely different effect than that
of dissolved gases present in the condensate.
Hence, presence of gases in the condensate greatly
affect the conductivity measurements snd in
most cases make it relatively impossible accu-
rately to determine the concentration of the dis-
solvable solids in the presence of the gas.

While reboiling or other schemes of removing
gases in solution in the condensate is a. step in
the right direction, considerable difficulty is en-
countered because both acidic and basic gases
combine with the condensate upon condensation
of the vapor. Hence, only partial removal of
uncombined gases can in any event be possible.
Moreover, some gases, as in the case of ammonia,
will combine with salts dissolved in the conden-
sate altering and increasing the conductivity.
The solubility in water of ammonia is so high
that total removal by reboiling is also virtually
Impossible, Moreover, ammonis has a very high
conductivity and greatly affects the measure-
ment even though only a small amount remains
in the solution. More particularly, if there were
present ‘in a solution ten parts per million of
carbon dioxide and a half a part per million of
ammonia, the conductivity of the solution would
be increased by 4% micromhos. If in such a
solution, total dissolvable solids were but one
part per million the corresponding conductivity
would be but 1.7 micromhos. . However, the total
observed conductivity would be the sum of the
two, or 6.2 micromhos. Obviously, the measure-
ment with gases present in the amounts indi-
cated would be of little value in determining the
amount of dissolvable solids present.

In Patent 2,146,312 there is described a method
of testing the purity of steam by maintaining the
condensate under a vacuum in order to minimize
contamination by gases in the condensate.
There was also described in said patent the fact
that in the liberation of steam, droplets of boiler
water containing appreciable quantities of dis-
solved and suspended materials were entrained
with the steam. Such materials mainly comprise

Jinorganic salts, such as sodium hydroxide, car-

bonates, the phosphates, and the chlorides, and
sulphates. While the method and apparatus of
the patent are entirely operative and have been
used successfully, much was left to be desired in
a system which did not require the production
of the relatively high vacuum needed for the op-
eration and in which there could be avoided the
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need for lengthy water column necessary to the
maintenance of a high vacuum on the conduc-
tivity cell.

In accordance with the present invention there
is obtained condensate from a vapor for deter-
mination of its electrical conductivity by a
method and apparatus which avoids contamina-
tion of the conderisate by gases present in. the
vapor sample. More particularly, the present in-
vention is characterized by the produstion of tur-
bulent flow of a stream of the vapor along a path
from which heat is removed from:the stream to
form condensate droplets. The vapor in turbu-
lent flow sweeps over the droplets to méiintain the
surface of the droplets at the boiling temperature
of the condensate. . There is thus prevented ab-
sorption by the condensate of gas in-the vapor
stream.

Further in accordance with the invention, the
vapor stream is introduced into a measuring zone
in ‘whieh there is én @brupt chahge in difection
of the flow of the stream including: the. vapor,
the gases, anid the condensate droplets, the change
of ‘direction being such as to separate the drop-
lets. from the vapor snd gases. 'Thé condensate
droplets are collected in a pool, the conductivity
of which ean be measured at a subsurface loca-
tion. The gases ahd excess vapor are removed
in manmner to avoid gas=contamindtion'of the
collected condensate. In this connection, it is
desired to reduce the pressure ahove the surface
of the collectséd condensate in order to  maintain
poiling at the surface thereof, the boiling pre-
venting contamination or absorption by the con-
densate of gases carried with the vapors.

As applied to the measurement of conductivity
of steam, there is provided a sampling line of
substantial length which discharges steam into a
condensate cell with abrupt change in direction
of Aiow. More particularly, it' may be connected
to the cell to discharge the steam tangentially
therein to produce vortical flow therein. The
dimensions of the sampling pipe and the differen~
tial pressure ab opposite ends are such that there
‘is maintained throughout the length thereof
turbulent flow of the steam. By inducing the

‘ yortical flow within the condensate cell cen-
trifugal gction causes the drops of condensate to
collect on the walls of .the cell and to flow down-
wardly where they ‘are collected to maintain-a
predetermined liquid lével within the cell. The
condensate cell is provided with an inlet to a
discharge or ouilét passage of somewhat greater
‘diameter than the sampling line and is so dis-
posed ‘end tilized as to maintain a low pressure
région above "the level ‘of the condensate to in-
duce boiling thereof at the liguid level. Pref-
erably, theré is intense boiling "at the surface
with drops of condensate thrown upwardly from
the surface to be picked up or entrained by the
‘steam passing outwardly through the outlet pipe.
Thus there is a continuous fresh supply of con-
densate descending along the wall of the cell and
a continuous withdrawal of condensate through
the outlet passage located centrally of the cell.

n dccordance with the foregoing method and
apbaratus, electrodes disposed below the level of
theé condensate are effective for the measuremen?
of the conductivity of the condensate in which
there has not been ghsorbed any of the gases
present in fhe vapor. Not only has the apparatus
as a whole been greatly simplified both as re-
gards operation, manufacture and maintenance,
but also measurements are now possible substan-
tially unaffected by the gases which have here-
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tofore introduced errors into the determination
of the dissolvable solid content of the vapor.

In accordance with a further aspect of the
invention, there is avoided the need for any of
the heretofore complicated and relatively ex-
pensive arrangements which have been proposed
to eliminate absorbed gases from the condensate.

For further objects and advaniages of the in-
vention, reference is to bé had to the following
detailed description taken in conjunction with
the accompanying drawings, in which:

Fig. -1 illustrates a preferred embodiment of
the invention with certain parts in section and

LincHidifig-diagrammatically a suitable measuring
15 ‘

systeni;

Fig, 2is an enlarged sectional view taken on
the line 2=2 of Fig. 1; i

Pig. 3 is an enlarged view of the condensate
cell of Fig 1; :

Pig. 4 illustrates graplis presenting design data
for-the sampling line; and

Figs. 5 and’ 6 illustrate further modifications
of the invention, ceriain of the parts of each
Figure being shown in section.

‘Referring to the drawings, the invention in
oné form has been illustrated in Fig. 1 as ap-
plied to the determination of -the concentratiocn
of dissolvable solids in vapor flowing from any
suitable source through a supply pipe {8. Ex-
teriding into the supply pipe i0 is a sampling
nozzle {1 shown in the form of a pipe having 2
plurality of openings {la facing the direction of
flow of vapor. The nozzle |{ may be secured to
pipe 19 in any suitable manner, as by welding,
4s indicated by the welding bead (2. Withdrawn
vapor flowing . through the nozzle (i passes
through a §hut-off valve 13 which is provided
only for emergensies, the intent being that the
valve {2 shall normally remain in the open po-
sition iA advoidance of possible abrupt changes
in eross-sectional area of the flow passage there-
through aé might oceur due to intermitient open-
ing dnd closing thereof with resultant dislodg-
ment.of deposits of solid material on the interior
surfaces of the valve. It is to be observed that
the valve (3 is located closely adjacent supply
pipe 10 from which extends the sampling line i5.

In avoidance of carry-over of solid particles, a
trap 14 is included on the discharge side of valve
{3 ard in its simple form may include an exten-
sion of pipe 15 within pipe 16 of somewhat larger .
diameter, the larger pipe being welded or other-
wise secured to the pipe I5 as indicated by the
welding bead (6a. .

While the pipe 15 may lead directly to a con-
densate cell 17, a more general arrangement has
been illiustrated in Fig. 1 as including a by-pass
valve 18 adjustable to régulate the flow of steam
through by-pass pipe {9 connected to a discharge
pipe 28 which at both ends 20a and 200 is open
to gtmosphere. The end 28b discharges conden-
sate into a drainage system 21.

From the lower end of the cooling coil formed
by sampling line 15 and on the inlet side of valve
t§ there extends a pipe 22 which is connected by
a coupling 23, shown as a short length of rubber
tubing, preferably made from one of the synthetie
rubbers siich as “neoprene,” or the like, to the
inlet 24 of the cell 7.

As ‘best shown in the enlarged sectional view
of Fig. 2, the inlet 24 enters an annular chamber
25 of cell 17 in a direction tangential thereto and
so directs the inflowing vapor as to produce vor-
tical flow within chamber 25. An outlet pipe 25
extends downwardly, Fig. 1, into the condensate
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cell'1T and forms the inner wall of the annular
chamber 25. The opening in the lower end of
pipe 26, forming the inlet to the discharge path,
is located just above a plurality of openings: 27e
‘of a conductivity cell 21 into which extends a
stem 28, having depending from the lower ends
thereof electrodes 29 and 30 which are best seen
in Fig. 3. “‘Vapor and gases flow upwardly through
pipe 26 and outwardly through the pipe 26a, a
synthetic rubber coupling 31 and pass by way of
pipe ‘32 into the discharge pipe 20, with down-
ward flow of condensate and with both upward
and downward flow of vapor and gases.

In accordance with the present invention, the
pressure drop from the inlet of sampling line {3
to the condensate cell 17 is such that there is
maintained turbulent flow from inlet head i to
the cell 11. By maintaining turbulent fiow from
pipe 10 to cell (1, gases entrained or otherwise
present within supply pipe (0 are not absorbed
by condensate therein.

The sampling line 15 between the supply line
10 and the cell {T is of such length that there
will be adequate loss of heat to produce discrete
particles or droplets of condensate along. the
sampling line. However, by reason of the tur-
bulent flow maintained within the line, the wall
thereof is constantly engaged, scrubbed or washed
by hot vapor which is constantly changing its
direction of flow. Thus, as a droplet is formed
it is brushed or lifted from the inner wall of the
pipe and propelled along the pipe toward the
‘cell. - The droplets 1ag behind the flow of the
vapor and the gases. Advantage is taken of the
fact that the boiling-point temperature of each
droplet  decreases as the pressure  decreases.
Hence the exposed surface areas of the droplets
of condensate remain at boiling temperature
throughout their passage to the cell {1. Their
temperature is maintained at the boiling point
because of the continuous maintenance of heat-
transferring conditions between the vapor stream
and the surface areas of the droplets by the tur-
bulent flow, the temperature of the vapor being
at least as high as the boiling temperature of the
condensate at the pressure to which said droplets

are then exposed. Thus, there is avoided any:

collection of condensateé, the exposed surface of
which has been at a sub-boiling temperature.
By maintaining the surface area of the conden-
sate at the boiling point there is avoided absorp-
tion of gases thereby. ‘
The manner in which the droplets form in the
sampling line - {5 has heen indicated diagram-
matically in inlet line 24 in Fig. 3. Since there
is turbulent flow within lines 15, 22 and 24, it
will be understood, of course, that the. velocity
of the stream therein is relatively high. 'The
diameter of the sampling line 15 will be selected
in terms of the pressure drop . in order to insure
turbulent flow of the vapor therein, as also will
be the diameters of the lines or pipes, 22 and 24.
As shown in Fig, 1, the sampling line 15,.in or-
der to provide the required length in a compact
space, is shown in the form of a coil, The length
of the line 15 is selected.to provide the amount
of cooling needed to produce droplets of conden-
sate during passage of the vapor from supply line
10 to the cell 11. While those skilled in the art
. will understand how to select the needed length
of a line for the cooling requirements, a num-
ber of illustrations in terms of a preferred ap-
blication of the invention, namely, to the deter-
mination of the concentration of the dissolvable
solids in steam, will be supplied together with the
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essential requirements. Itis preferred that there
shall be condensation of from 25% to 15% by
weight of the steam as it arrives at cell 11. As
shown by the graphs in Fig: 4, based upon am-
bient air-cooling at 72° ., the length of the sam-
pling line 15 needed will depend upon the boiler
pressure, a longer line of course being required
as the pressure increases. While the data of Fig.
4 may be utilized in the design of equipment, it
is to be understood that Fig. 4 is not to be taken
as limitative upon the scope of the invention as
regards requirements of the length of the sam-
pling line 15. Referring now to Fig. 4, if the
pressure of steam is of the order of 400 pounds
per square inch, with an inside diameter of .061
inch and an outside diameter of .1875 inch for
sampling line 5, for a fiow of steam through line
15 of the order of 15 pounds ‘per hour, the length
of line 15 should be of the order of 20 feet. How-
ever, if the pressure should be of the order.of 300
pounds per square inch it will be observed that
the line {5 would only need to be about 18 feet
long, while if the pressure is of the order of 500
pounds per square inch a length of line 15 of
about. 23 feet would be indicated. Thus, the se-
lection of a median value of about 20 feet would
be adequate to take care of a range of pressure
changes on the steam in line 16 without adversely
affecting the operation of the invention ag will
be more fully set forth hereinafter. Inasmuch as
the condensate cell 1T will function satisfactorily
for wide changes in per cent of condensation, &
length of line 15 of the order of 20 feet will be
quite satisfactory for pressures from 200 pounds
ber square ‘inch to 600 pounds per square inch,

, the two limits not being critical in' either case.
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The curve 33 illustrates the relationship between
the pressure in pounds per square inch and the
length of tubing in feet for a flow of 15 pounds
per-hour in sampling line {5 having the aforesaid
inner diameter while the curve 34 llustrates the
same relationship where the flow in pounds per
hour through the same sampling line {5 is ten
pounds per hour.

Where the internal diameter of the sampling
line 1§ is increased, as for example to 0.120 inch,
with an outside diameter of 0.25 inch, a some-
what Jonger length of line will be required as in-
dicated by the curves 35, 3§ and 87 respectively -
corresponding with flow rates of 20, 30 and 40
pounds per hour. From thé foregoing, those
skilled in the art will understand at once how to
select proper lengths of the line 5 for any de~
sired set of operating conditions.

In connection with the formation of the con-
dengsate droplets within line 15, it is to be under-
stood that water in common with other liquids
at a constant pressure boils at a fixed tempera-
ture. At the boiling point a large amount of heat
18 required to .convert water to steam and, con-
versely, in cooling a large amount of heat must be
withdrawn to convert steam to water. For ex-
ample, a pound of water may be heated from
room temperature to the boiling point by the ad-
dition of say 140 British thermal units (B, t. u.).
However, at atmospheric pressure it would ré~
quire the addition of about 1000 B, t. u.’s to con~
vert a pound a pound of water into steam, the en-
tire conversion taking place at a temperature of
212° 7., the boiling temperature of water at at-
mospheric pressure. Similar relations hold, as

.are well understood by those skilled in the art,

for the higher and lower pressures and for: the
boiling of liquid other than water. As heat is
applied to water it does not instantanecusly form .
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steamas the boiling point is reached. .On the

contrary, there is heat. transfer to. particles of
water equal to the heat of vaporization so that
these particles are evaporated to steam and sep-
arate from the main body of the water. The
process is exactly the same if heat is lost by the
main body of water in the presence of steam at
the boiling point. The cooling process involves
the condensation of a small quantity of steam
which adds heat to.the main body of the con-
densate. at. the . boiling point. These heat .ex-
changes are instantaneous and reversible an dur-
ing the processes both the steam and the water
remain at the boiling temperature until all the
condensate is boiled away or until all the steam is
condensed. . Fowever, if all of the steam and all
of the condensate in the system are to be main-
tained at the boiling point it is necessary to main-
tained them intimately mixed in such a way that
no condensate can be stored at one point of the
system and covered with a layer of steam and
gases which are quiescent to prevent the heat
exchange process between them. If that were to
oceur, then the radiation from the sampling tube
would cool the stored condensate to below its boil~
ing temperature and gases would be immediately
absorbed thereby.

With the foregoing understanding of the phys~
ical principles involved in the present invention,
it will now be better understood that the radia-
tion of heat from the sampling line 15 which re-
sults in the cooling of the vapor or steam in tur-
bulent flow through line 15 results in the forma-
tion- of small droplets of condensate along the
line 15, such droplets being shown adhering to
the walls of line 24 of Fig. 3 which is to be taken
as representative of the phenomena occurring
throughout line 15, line 22 and line 24.

As soon as a droplet forms on the inner wall of
line {5 it is continuously scrubbled by the vapor
or steam in turbulent flow. Thus the surface of
the droplet is' maintained at the boiling tem-
perature, the temperature of the steam. Addi-
tionally the turbulent flow moves each droplet
along the. jhner wall of pipe 24, which because
of its movement loses its adherence thereto and
then becomes a discrete particle supported and
carried forward by the turbulent flow of steam.
Because the droplets are somewhat heavier than
the steam, they tend to lag behind it, this phe-
nomeng also assuring continued scrubbing of the
surface of the droplets by the vapor which is at a
temperature at least as high as the boiling tem-
perature of the condensate droplets to keep them
at their boiling temperature. The lag of the
droplets behind the steam has the further ad-
vantage that they are contacted by higher tem-
perature steam and thus there is absolute as-
surance that the surfaces of the droplets shall
remain at the boiling temperature.

Since from the supply line {8 to the chamber
{7 there is maintained turbulent flow and the
heat exchange with the vapor or steam and the
droplets, there has been avoided the possibility of
any gas absorption by the condensate during any
part of the passage between the two points.. The
reference to turbulent flow within the sampling
line has been in the technical sense of that term;
that is, a condition of flow in which the head re-
quired for the flow is proportional to the square
of the velocity in contrast with laminar (or
viscous) flow wherein the head varies directly in
proportion to velocity. In general, the velocity
of flow will be of the order of several hundred
feet per second and the flow condition will be up-
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wardly of three thousand as expressed in Rey-
nold’s numbers.

In the condensate cell 1T the stream in tur-
bulent flow is arranged so that there is an abrupt
change of direction of flow thereof, as may he
accomplished by impingement of the stream upon
a solid surface abruptly to change its direction of
flow. By changing the direction of flow of the
stream, the condensate droplets are readily sep-
arated from the vapor and gases and are collected
at the bottom of the chamber to form a liquid
level therein.

In the preferred form of the invention, the in-
let, pipe 24 directs the high velocity stream.into
the annular chamber 25 in a tangential direction,
Fig. 2, and produces in that chamber vortical
flow of the stream including the condensate drop-
lets, the steam and the gases. The centrifugal
force exerted on the heavier droplets of conden-
sate will move them outward and into contact
with the inner surface of the outer wall of the
cell 11. These droplets then descend by gravity
along the wall to the lower part of the cell, en-
tering a body of condeunsate collected therein.
On the other hand, the gases and steam will flow
through a preferential low-resistance path de-
fined by the walls of annular chamber 25 down-
wardly to its open end, and upwardly through
pipe 26 and outwardly through pipe 26¢a, coupling
31 and pipe 32. The vortical flow of the stream
within the annular chamber 25 continues from
the upper portion thereof downwardly and, in
general, will impart rotary flow to the body of
liquid which collects at the bottom of the cell {1.

Though the vortical flow within the annular
chamber 25 is not deemed an essential requisite
of the invention, it is usefully present in the op-
eration of the embodiment of Figs. 1-3. It is
important in accordance with the invention to
separate the condensate droplets from the steam
and gases under such conditions as to avoid con-
tact of the condensate while below its boiling
temperature with gases to prevent their absorp-
tion thereby. Such contact cannot oceur in cell
17 because of provisions now to be explained.
First, the liquid level of condensate within cell
171 is self-regulating. As the condensaie level
rises from the bottom of the cell 1T to a region
approaching the lower end of -tube 28 it will be
observed that the entrance-area to the inlet of
the outlet tube 28, i. e., the space for fiow of
steam and gases between the level of the con-
densate and the lower end of tube 26, gradually
decreases. As that flow area decreases, the veloc-
ity of the gases and steam increases and in ac-
cordance with the well-known Bernoulli’s theo~
rem is a reduced pressure area created which oc-
curs at the surface of the condensate within the
region of the projected ares of the inlet end of
pipe 28, which, of course, is of less diameter than
the outer wall of the cell i1. The lowered pres-
sure at the surface of the condensate reduces the
boiling point of the condensate. As a result
there is violent boiling of the surface of the col-
lection of condensate in cell {7. As the level of
condensate tends to rise, the boiling becomes
more and more viclent because of the greater re-
duction of pressure due to the increased velocity
resulting from the further decreassed area of the
flow path. Hence, the droplets thrown upwardly
from the violently boiling surface of the con-
densate below the inlet end of outlet pipe 26 in-
crease in number and are carried off in greater
quantity. . 'Thus there is continuous removal of
condensate from the pool in cell {7 and constant
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replenishment thereof by flow downwardly - of
condensate droplets along the inner surface of
the outer wall of cell {1. The boiling surface of
the pool of condensate prevents gas absorption.
It will now be seen that there has been cbtained
from the supply line 10 a sample of condensate
within cell {7 which has at no time been subject
to eonditions favorable to absorption of gas. Ac-
cordingly, the conductivity cell 27 with its elec-
trodes 29 and 30 disposed at a subsurface location
within the condensate is effective for the meas~
urement of the conductivity thereof unaffected by
gases which may have been present in the sampile
taken from the line 10. The conductivity cell it-
self. is open at the bottom, with window open-
ings 2Ta and 27b on opposite sides thereof and is
brovided with a series of openings 27¢ near the
top and adjacent the lower end of outlet pipe 28,
the openings 27¢ being provided to prevent ac-
cumulation of vapor within the cell 27 which
within a period of time might be accumulated in
sufficient volume to expose one or both of elec-
trodes 29 and 38, The effect of such exposure
would be to change the effective area in contact
with the condensate and thus due to the change
of area would produce an apparent change of
conductivity which would not in fact be present.
The lower end of the tube 25 and the level of
condensate within cell {7 in effect forms an ori-
fice or flow restriction of variable area. It has
been found that a smoother cutward flow of the
steam and gases is attained by providing an in-
clined or a chamfered end on the tube 26 of ap~
proximately three degrees. While this feature

has been illustrated in the preferred form of the '

invention, it is to be understood it is not essen-
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duced flow within the cell iT.

Inasmuch as there is substantial expansion of
the stearh and gases upon entry into the cell 11,
of substantially larger cross-sectional area than
the line 24, there will of course be a reduction of
pressure therein. Accordingly, the outlet lines
26, 260 and 32 are of materially larger diameter
than. sampling lines 15, 22 and 24 in order to
decrease the pressure drop in lines 28, 26¢ and 32,
. Another reason for the relative large diameter
for the outlet lines, which may be of the order
of five-eighths to three-quarters of an inch I. D.
(inner diameter), s that the cell {7 in the meodi~
fications of Figs. 1 to 3 operates at atmospheric
pbressure.. ‘This will at once be understood by
remembering that the pipe 20 is open at 20a and
20b to the atmosphere. The pressure in cell {7
then depends upon the pressure drop through
outlet pipes 28, 26a, coupling 31, pipe 32 and the
parallel paths through pipe 20 to atmosphere at
openings 20a and 20b. Since the pipes forming
the discharge path are relatively large in cross-
sectional area for the flow of steam, gases, and
condensate droplets therein the pressure drop is
negligible.

The condensate cell I7 is preferably formed of
glass which by reason of its transparency makes
Lconvenient visual inspection as to the conditions
of operation and is useful to indicate the presence
of deposits of undesired colored substances within
the cell itself, such as black iron oxide. “The out-
let pipe 26, of glass, may be formed integrally
with the outer wall of the cell (1. Since the cell
itself is not subjected to pressures much greater
than atmosphere it ‘is feasible to utilize an ordi-
‘nary rubber stopper 38 to seal the cell 1T and to
support the conductivity cell 27 in the lustrated
position.,
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Further in accordance with the invention, it
is necessary to avoid diffusion of gases back-
wardly or in counterflow to the stream leaving
through the outlet pipes 26 and 26z. This has
been accomplished by lengthening the pipe 32 so
that gases cannot diffuse backwardly as far as
the cell 17. Experience has indicated that the
length of the outlet pipe leaving the cell {7 should
be of the order of eighteen inches ang above, a
length of two feet in general being preferred.
This ‘length refers to the point of outlet from
chamber 17 to that point in the discharge system
which is at atmospheric pressure and at which
there is materially reduced rate of flow as in the
parallel paths provided by the pipe 20.

Another feature of the invention embodied in
the modification of Figs. 1 to 3 resides in the fact
that the boiling point of the condensate within
the cell {71 remains substantially constant. This
follows from the fact that the pressure within
the cell 1T is maintained approximately equal to
that of the .atmosphere at which pressure the
boiling temperature of water is substantially con-
stant, 212° F. at sea level. This is a distinet ad-
vantage since it obviates the need for temperature
compensation in the measuring system later to be
described in detail and utilized in conjunction
with the modification of Figs. 1-3,

Though not limited thereto, typical dimensions
of the cell 17 illustrative of one embodiment of
the invention, Fig. 3, are given as exemplary.
The outer diameter of cell {7 may be one and
three-quarter inches, with the inlet Pipe 24 enter-
ing at a point about three and three-eighths
inches above the base of the cell, and being about
three-eighths inch outside diameter. The outlet;
pipe 28, having its end preferably chamfered at
about a 3° angle, will have its lower edge about
two inches above the cell base, being made of
tubing of about one and one-quarter inch diam-
eter to provide an annular chamber 25 about one-
quarter of an inch in radial width. The outlet
pipe. 26¢, having an outside diameter of about
three-quarters of an inch, may have its center
about four and three-quarters inches above the
cell base. The annular junction of outlet pipe 26
and the outer cell wall then would be approxi-
mately four inches ahove the base.  The con-
ductivity cell 27 is preferably about one inch in
diameter supported by a stem of about five-
eighths of an inch in diameter.,

While not eritical to the invention, it has been
found that a flow rate of the stream flowing from
pipes 22 and 24 into the cell {7 may be of the
order of eight pounds per hour. With such a
stream violent turbulence will be required at the
surface of the condensate within cell 17 to hold
down the liquid level. Yet the condensate will
be sufficiently quiescent in the region of elec-
trodes 29 and 32 to prevent exposure thereof dur-
ing the continuous measurement of the conduc-
tivity thereof, If the rate were to be increased
materially above eight bounds per hour, the
dimensions of the cell would have to be changed
in order to prevent turbulence of such violence
as would expose the electrodes 29 and 39 By
providing the by-pass valve 8, the desired flow
to the cell 1T may be regulated as desired, inde-
pendently of flow within pipe 10, and may he
readily set to the desired value, the excess passing
by way of pipe 19 to the exit pipe 20. -The in-
clusion of the by-pass valve 18 makes for greater
flexibility in the application in the field of a single
embodiment of the invention to a variety of con-
ditions without the need to supply a wide variety
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of sampling lines {5 as regards length and in-
ternal diameter, or cells of different dimensioning.

The electrical system diagrammatically illus-
trated in Fig. 1 is to be taken as typical of a suit-
able balanceable measuring system for determina-
tioh of the conductivity of the condensate. As
shown, the conductivity cell 21 including the elec-
trodes 28 and 20 forms an arm 59 of the Wheat-
stone bridge #{, fixed resistors 52 and 53 being
connected in two adjacent arms of the bridge and
a variable resistor 54 being connected in the
fourth arm of the bridge. The resistor 54 may
be adiusted to compensate for variations in tem-
perature due to use of the instrument at differ-

ent altitudes. One diagonal of the bridge is sup-.

plied from the secondary winding of a transformer
85, the primary winding of which is energized
from g suitable source of alternating current sup-
ply, as indicated, at supply terminals 56. An ad-

justable resistor &% of the slidewire type is con- 2

nected between the arms including resistors 52
and 58 with a contact 58 associated therewith for
relative adjustment to bring to zero the potential
applied to a sensitive galvanometer 38 of the
alternating current type which is connected across
the remaining diagonal of the bridge.

The galvanometer 58 preferably forms a part of
2 mechanical relay MR, the two being associated
together in manner fully disclosed in Squibb Pat-
ent No. 1,935,732, deflection of the galvanometer
59 producing through the mechanical relay MR
relative adjustment between contact 58 and slide-
wire 51 until there is zero or null deflection of
galvanometer §59. Thus, a scale §0 having an as-
sociated irnidex or pointer 6! driven by the me-
‘chanical relay MR may be calibrated directly in
terms of the resistance between electrodes 28 and
3%, or in terms of impurities in the condensate.
A pen may be combined with index 81 to mark on
record chart 82, driven at-constant speed by mo-
tor 63, a continuous record of the conductivity
of .the condensate. ' Resistor 54 has been shown
as adjustable to take care of small differences
which may appear as between different conduc-
tivity cells and for calibration purposes.

Tt is to be understood that-instead of a me-
chanical relay and galvanometer of the type illus-
trated, there may be utilized any suitable form of
measuring - instrument for ‘measuring the un-
balance of the Wheatstone bridge 5{. The con-
tact 58 may be manually or automatically ag-
justabkle. Another type of system suitable for the
purpose is disclosed in Anschutz-Kaempife Pat-
ent No. 1,586,233 (Fig. 2). While direct current
systems or balanceaple networks of other types
might be utilized, the aliernating current bridge
is :preferred in avoidance of polarization eifects
Letween electrodes 29 and 238,

The embodiment of Fig. 1 is particularly
adapted to the measurement of condensate de-
rived from steam at high pressure, that is, sub-
stantially -above atmospheric pressure and has
been successfully utilized for steam pressures as
high as of the order of 1250 pounds per square
inch thotigh such sxample is not to be taken as
limitative upon the invention since the modifica-
tion of Fig. 1 is applicable to even higher steam
pressures. In the past when it has been desired
to measure conductivity .of condensate from
steam which is at approximately atmospheric
pressure there was need of sub-atmospheric seal-
ing means.

Tn the miodifications of Figs. 5 and § parts simi-
lar to those already described have been given
like reference characters. In Fig.'5 the inven-
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tion has been illustrated as applied to a supply
line 19 in which it will be assumed that there-is
steam flowing at a pressure substantially that of
the atmosphere or lower. - In any steam generat-
ing plant there are present a number of flowlines
where steam pressures of the order of ‘atmos~
pheric or lower will exist. In accordance with
the invention, steam is supplied to the sampling
coil {5 frem line {8, the temperature of the enter-
ing steam being materially ahove ambient tem-~
perature. R SR

Tn contrast with Fig. 1 where the outlet pipe
28 i5 connected t6 atmosphere, in the modifica-
tion, of Fig. 5 the outlet pipe 82 is ‘connected by
way of control vaive 64 to an outlet pipe 65 which
is connected to the steam generating system at a
point or to a line of lower pressure than ‘that
existing in supply line 18, for example, at a pres-
sure of the order of five pounds per square inch
absolute. In this manner the temperature -of the
vapor within the sampling coil or lifie 15 is'main-
tained not only substantially above ambiént tem-
perature but also above the boiling temperature
of the condensate. There will he material cool-
ing of the vapor and turbulent flow through the
sampling line 18 will be maintained. Droplets of
condensate are deposited in the cell 1T -as ‘de-
scribed in connection with Figs. 1-3. :

1n the modification of Fig. 5 the valve 84 is
adjusted to raise the pressure in coil 15 by ‘the
amount ‘necessary to maintain a temhperature
difference between the steam therein and the
ambient temperature for the desired ‘cooling of
the steam while in turbulent flow therethrough.

In Fig. 5 the valve |3 may be adjusted to regu-

1ate the fow within the sampling coil 15 to that

which is best adapted for the -cell 17 and will
ordinarily be of the order of about eight pounds
per hour.. The valve #4 controls both the quan-
tity ‘of flow through, and the pressure and tem-~
‘perature within, coil 18. Thus there is not
needed in thé modification of Fig. 5 the by-pass
line‘described in Fig. 1. - .

Tt will be remembered that in Fig, 1 the tem-~
perature within the eell 171 is maintained -at ‘the
atmospheric boiling temperaturé - of -the con-
densate since cell 17 in Fig. 1 wds at approxi-
mately atmospheric pressure. ) '

In Fig. b the pressure in-cell {7 may vary some-
what over ‘that established at the beginning of a
run and the Zow rate may change due to change
in pressure: differential as between line {8 and
line §5. ‘In order to take care of all variations of
temperature within cell 17 thereis preferably in-
cluded in the balanceable network or bridge’si a
temperature-compensating élement . connected
therein by conductors 671 and 68. The tempera-
ture-corapensating element 66 may-comprise the
sensisive element of a ‘teraperature~variable -re-
sistor having a suitable negative temperature co-
éficient, such as a “thermistor,” -suitably ‘sup-
ported within a protective housing 6§. Suitable
temperature-compensating resistors are’ disclosed
in Wainer Patent No.'2,371,660. The housing it-
self may be supported by the rubber stopper 38,
the "stopper ‘being provided with ‘two openings,
one for the conduetivity cell 2T and the other for
the housing $9. Thus, the opening for the ‘coh-
ductivity cell'is slightly off center in contrast with
ihe concentric arrangement of Fig. 1. The com-
pensating ‘element 86 changes its temperature
with changes in ‘temperature of the condensate
cell 117 and. introduces the needed correction into
the ‘arm :of  the bridge ‘5! to~ compensate for
changes in conductivity between electrodes ‘29
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and 30 due solely to change in the temperature
of the condensate. Thus, the measuring system
is maintained in ecalibration with respect to
standard conditions of measurement. This tem-
berature-compensating arrangement may be used
in all forms of the invention, if desired.

Referring now to Fig. 6, the invention has been
shown as applied to the sampling of steam below
atmospheric pressure. With the steamn or other
‘vapor: flowing through the line 10 at g pressure
materially below atmospherie pressure, the exit
or outlet line 65 will be connected to g pressure
materially below that of the line (8 and suffi-
ciently low as to produce the needed pressure
drop between line I8 and line 65 for turbulent
flow in the sampling line 5 of the vapor with-
drawn through the nozzle i1. With sub-atmos-
pherie pressures both in lines 10 and 65 the tem-
perature within the sampling line or coil 15 will
likely ‘be below the ambient temperature (ordi-
narily assumed to be about 72° ). Conse-
quently it is necessary to provide additional cool-
ing means, other than air cooling, which may
readily be done by cooling coil 15 as by enclosing
the coil 15 in a pipe of somewhat larger diameter
through which there may be circulation of & cool-
ing fluid, which may be water. The cooling
water may flow by way of inlet line 70 through
coupling 71 and the outer pipe 12. The cooling
fluid or water passes by way of coupling 13 and
line 14 to the discharge line 685, a valve 15 prefer-
ably being included in line 74 to regulate the rate
of flow of the cooling fluid.

It is to be understood that the Nustrated coun-
terflow of the cooling liquid is not essential but
it is the preferred arrangement. It is to be fur-
ther observed that in steam power plants the
ambient temperature sometimes rises far above
72° F. and may sometimes be as high ‘as 110° .
In any case, it is desirable that the Auid entering
through line 10, which may be derived from the
condensate pump discharge, will' be - approxi-
mately twenty degrees cooler than the steam
entering the cell 17. Thus it will be seen that
the cooling requirements of the coil 15 are not
excessive and may readily be provided by avail~
able streams of condensate in the usual steam
plants. Further in connection with the opera~
tion of Fig. 6, it is to be remembered that the
requirements are not only of turbulent fow of
the vapor within. the sampling line 1% but also
of condensation of the order of 25% to 75% by
weight of  the vapor stream. Therefore, the
cooling fluid entering line 10 must not produce
cooling which will yield a greater percentage of
condensation of vapor or steam in the line (5
than the indicated upper limit of about 75% by
weight. Even though the temperatures within
the line (5 are materially below 212° P, it will,
of course, be understood that because of the lower
bressures existing within the coil 15 the vapors
in turbulent flow through the line {5 are at the
boiling temperature of the condensate, There is
retained the scrubbing action of the steam upon
the surfaces of the droplets of condensate which
form in the manner described in connection with
Figs. 1-5. T

While preferred embodiments of the invention
have been disclosed, it is to be understood that
modifications thereof may be made and features
of one modification utilized with other modifica~
tions, all within the scope of the appended claims.

What is claimed is: ’

1.'A system of obtaining condensate from a
vapor for determination of its electrical conduc-
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tivity in avoidance of contamination by gases
present in the vapor which comprises a sampling
line, means for producing turbulent flow of a
stream of the vapor through said line, cooling
means for removing heat from the stream to
form condensate droplets, the uncondensed vapor
at a temperature at least as high as the boiling
temperature of said droplets sweeping the sur-
face of the droplets to maintain the exposed
surfaces of said droplets at their boiling tem-
perature to prevent absorption by said droplets of
said gases in said vapor stream, means for chang-
ing the direction of flow of said stream including
said vapor and said gases to separate said con-
densate droplets from said vapor and said gases,
a collection chamber in which said condensate
droplets are collected to form a pool of conden-
sate, and an outlet line, said outlet line having an
inlet opening adjacent the level of said pool
forming therewith a flow-restriction for said
stream for reducing the pressure above the sur-
face of the collected condensate to produce local.
ized boiling at the surface thereof. :
-2. In a method of testing the purity of steam,
the steps which comprise discharging steam and
gases in turbulent flow into a condensate cell in
& direction to produce vortical flow of said steam
and gases within said cell, discharging said steam
and gases from the upper part of said cell, par-
ticles of condensate condensing from said steam
accumulating within said cell to form a liquid
level therein, and maintaining within said cell a
continuously reduced pressure above the level of
condensate for violent surface boiling of said
condensate and removal of particles thereof with
the discharge of steam from said cell, ‘

3. A process of producing from vapor a con-
densate uncontaminated by gases present during
partial condensation of the vapor, which com-
brises producing along an elongated path turbu-
lent flow of a stream of said vapor including said
gases at a temperature at least as high as the
boiling temperature of condensate to be formed
therefrom, by applying to said elongated path a
pressure head, as between inlet and outlet of said
path, which maintains flow conditions such that
said pressure head is proportional to the square
of the velocity of said stream within said path,
cooling said stream during its flow along said
path to induce formation of condensate droplets,
the uncondensed portion of said vapor stream
continuing at a temperature at least ag high as
the boiling temperature of said droplets, sweep-
ing the surfaces of said droplets with said vapor
stream to maintain their exposed surfaces at
their said boiling temperature to prevent absorp-
tion by them of said gases present in said vapor
stream, collecting said droplets to form a pool of
gas-free condensate while continuously sweeping
said droplets with said uncondensed portion of
said vapor stream, and sweeping the surface of
said pool with said portion of said vapor stream
at a temperature at least as high as the boiling
temperature of the surface of said pool.

4, A process of producing from vapor a con-
densate uncontaminated by gases present  dur-
ing condensation of the vapor, which comprises
producing along an elongated path turbulent
flow of a vapor stream at a temperature at least
as high as the boiling termperature of condensate
to be formed therefrom by applying to said elon-
gated path a pressure head, as between inlet and
outlet of said path, which maintaing How condi-
tions such that said pressure head is proportional
to the square of the velocity of said stream within
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said path, cooling said stream during its fow
alorig said path to induce formation of condensate
droplets, the uncondensed. portion of said vapor
stréeam continuing at a temperature at least as
high’ as the boiling temperature of said droplets,
sweeping the surfaces of said droplets with said
vapor stream to maintain their exposed surfaces
at their said Dboiling temperature to prevent ab=-
sorption by them of gases present in said vapor
stream, changing the direction of flow of ab
least a part of said siream including said drop-
lets. to separate them from said stream, collect-
jng said separated droplets to form a pool of
gas-free condensate while continuously sweeping
said droplets with said uncondensed portion of
said vapor stream, and sweeping the surface of
said pool with said portion of said vapor stream
at a temperature at least as high as the boiling
temperature of the surface of said pool.

5. A process of producing from vapor a con-
densate uncontaminated by gases present during
condensation of the vapor, which comprises pro-
ducing along an elongated path turbulent. flow
of a vapor stream at a temperature at least as
high . as the boiling temperature of condensate
to be formed therefrom by applying to said elon-
gated path a pressure head, as petween inlet and
outlet of said path, which maintains flow condi~
tions such that said pressure head is proportional
to the square of the velocity of said stream within
‘said. path, cooling said stream during its flow
along said path to induce formation of condensate
droplets, the uncondensed portion of said vapor
stream continuing at a temperature at least as

high as the boiling temperature of said droplets, °

sweeping the surfaces of said droplets with said
vapor stream to maintain their exposed surfaces
at their said boiling temperature. to prevent ab-
sorption by them of gases present in said vapor
strearm, collecting said droplets from at least a
portion of said stream to form a pool of gas-free
condensate, reducing the pressure above said
pool of condensate to.induce surfaee boiling, and
sweepirig the surface of said pool with said por-
tion “of said vapor stream at a temperature at
jeast as high as the boiling temperature of the
surface of said pool, and removing vapor and
gases from above said pool of condensate.

6. A process of producing from vapor a con-
densate uneontaminated by gases present during
condensation of the vapor, which comprises Dro-
ducing along an slongated path turbulent flow
of a stream of said vapor including said gases at
a temperature at least as high as the boiling tem-
perature of condensate to be formed therefrom
by applying to said elongated path a Ppressure
head, as between inlel and: outlet of said path,
which maintains flow conditions sueh that said
pressure head is proportional to the sguare. of
the velocity of said. stream within said path,
ecooling said stream during its flow along said
path. to.induce formation of condensate droplets,
the uncondensed portion of said vapor stream
continuing at a temperature at least as high as
the boiling temperature of said droplets, sweep-
ing the surfaces of gaid groplets with said vapor
streamm to maintain their exposed surfaces at their
said boiling temperature $0 prevent absorption by
them of said gases presenf in said vapor stream,

collecting said droplets from at least a portion T

of said stream to form a posl of gag-free com-
densate . while continuously sweeping said drop-
lets with said uncondensed portion of said vapor
stream, passing said vapor stream through. an
outlet passage having its inlet disposed above said
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condensate pool, rise and fall of the liquid level
of said condensate pool varying the area of said
inlet through which said vapor stream passes,
whereby with rise and fall of said liquid level
surfage hoiling is induced for a rate of removal
of condensate from said pool to maintain.a self-
regulating liquid level of said pool, and sweeping
the surface of. said poocl with said portion of said
vapor stream at a temperature at least as high
a3 the boiling temperature of said surface of said
pool. -

7..A process. of producing from .vapor a con-
densate uncontaminated by gases present during
condensation of the vapor, which comprises pro-

ducing along an elongated path turbulent flow of

2 stream of said vapor including said gases at a
temperature at least as high as the boiling tem-
perature of condensate to be formed therefrom,
said flow condition being upwardly of 3,000 as ex-
pressed in Reynolds numbers, cooling said stream
during its flow along said path to induce forma-
tion of condensate droplets, the uncondensed por=
tion of .¢aid vapor stream continuing at a temper-
ature at least as high as the boiling temperature
of said droplets, sweeping the surfaces of said
droplets with said vapor stream to maintain their
exposed surfaces at their said boiling temperature
to prevent absorption by them of said gases pres-
ent in said vapor stream, collecting said drop-
lets from at least a portion of said stream to form
a pool of gas-free.condensate, while continuously
sweeping said droplets with said uncondensed por-
tion of said vapor stream, passing said portion of
said stream through an outlet flow path having

.an inhlet disposed above said pool, rise and fall .of

the liquid level of said pool varying. the area of
said. inlet through which said portion of said

. stream passes, and inducing surface boiling of
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said pool by decreasing said area with rise in said
liguid level, change in the degree of surface boil-
ing varying. the rate of removal of. condensate
from said pecl to maintain a self-regulating
liquid level..- :

8. A process.of producing from vapor 2 con-
densate uncontaminated by gases present during
condensation of the vapor, which comprises pro-
ducing along an elongated. path turbulent flow
of a vapor stream at a temperature at least as
high .as the boiling temperature of condensate to
he formed therefrom, cooling said stream during
its flow. along sajd path to induce formation . of
condensate droplets, the uncondensed portion ef
said vapor stream. continuing at a temperature
at least as high as the bhoiling temperature of said
droplets, sweeping the surfaces of said droplets
with said vapor.stream to maintain their exposed
surfaces at their said .boiling temperatures to
prevent absorption by them of gases present in
said vapor stream, changing the direction of flow
of at least a portion of said stream including its
said droplets to separate them from said stream,
collecting said separated droplets to form a pool
of gas-free condensate while continuously sweep-
ing said droplets with said uncondensed portion
of said vapor stream, passing said vapor stream
along. a fow passage adjacent the liguid level
of said pool to maintain the reduced pressure
along the surface thereof to induce surface boil-
ing. of said pool of condensate, and removing
condensate boiled from said surface in. mixture
with said uncondensed portion of said stream
through an outlet path having a length-sufficient-
1y great to prevent counter-flow diffusion of gas
in contamination of condensate collected in said
pogl, . '
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9. A process of producing from vapor a con-
densate uncontaminated by gases present during
condensation of the vapor, which comprises pro-
ducing along an elongated path turbulent flow of
a stream of said vapor including said gases at a
temperature at least as high as the boiling tem-
perature of condensate to be formed therefrom
and with the turbulent fiow having a Reynolds
number above about 3,000, removing heat from
said stream to induce formation of condensate
. droplets, the uncondensed portion of said vapor
stream continuing at a temperature at least as
high as the boiling temperature of said droplets,
sweeping the surfaces of said droplets with said
vapor stream to maintain their exposed surfaces
at their said boiling temperature to prevent ab-
sorption by them of gases present in said vapor
stream, said droplets not exceeding 75 % by weight
of said vapor stream, collecting from at least g
portion of said stream iis said droplets to form
a pool of gas-free condensate while continuously
sweeping said droplets with said uncondensed
portion of said vapor stream, passing said por-
tion of said vapor stream through an outlet pas-
sage having an inlet adjacent a desired liquid
" level for said pool, and varying the velocity of
flow of said portion of said vapor stream in the
region above said desired level of said pool to
induce surface boiling of said pool of condensate
at a rate which maintains substantially constant
the liquid level of said pool.
10. The method of testing the purity of steam
by measurement of ‘a physical characteristic of
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a pool of condensate uncontaminated by gases -

present in the steam, which comprises produc-
ing throughout the length of an elongated path
turbulent flow of steam under pressure at the
inlet of said path, the length and cross-sectional
area of said elongated path establishing flow
conditions for said steam such that the pressure
head producing said turbulent flow of said steam
throughout the length of said path is proportional
to the square of the velocity of said vapor along
said path, continuously removing heat from said
steam while in said turbulent flow through said
elongated path to produce particles of condensate
within said path, said steam continuing at'a tem-
perature at least as high as the boiling tempera-
ture of said condensate particles, sweeping said
condensate particles with said steam in turbulent
flow to maintain their exposed surfaces at their
boiling * temperature to prevent absorption by
them of gases present in said steam, after passage
through said path directing gt least a portion of
said flow of said steam and said particles of con-
densate into a condensate cell in'a direction to
produce vortical flow of said steam and said par-
ticles of -condensate, collecting said particles to
form a liquid level in said cell, and discharging
from a central zone of said cell uncondensed
steam and gases carried thereby during continued
flow of condensate particles into said cell.

11. The method of determining the dissolvable
solid content of steam in the presence of sases
by producing from the steam condensate uncon-
taminated by said gases, which comprises. pass-
ing steam.in turbulent flow throughout an elon-
gated tube, the length of said tube forming a cool-
ing surface adequate to cool the steam for forma-
tion of particles of condensate, with uricondensed
steam continuing at a temperature at least as
high as the boiling temperature of said con-
densate particles, scrubbing the surfaces of said
condensate particles with said uncondensed steam
to maintain their exposed surfaces at their said
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boiling temperature to prevent -absorption by
them of the gases present in said steam, discharg-~ ~
ing said uncondensed steam and said particles of -
condensate from said tube into g condensate cell
in a direction tangent to a wall thereof to pro-
duce vortical flow within said cell, the particles
of condensate collecting within the cell to form
a pool therein, removing said uncondensed steam
and ‘the gases included therein from a central
region of said cell, maintaining reduced pressure
conditions centrally of said cell to induce sur-
face boiling of said pool of said condensate to
prevent -absorption of gases thereby, removing
along with said uncondensed steam and said gases
particles of condensate boiled from said
bool, and passing said uncondensed steam, its
gases and condensate boiled from said pool
through a discharge pipe having a length exceed-
ing the range of counterflow gas diffusion from
the outlet thereof to said cell. ]

12. The method of determining the coneen-
tration of dissolvable solids in steam by electrical
conductivity measurements of condensate formed
therefrom substantially unaffected by gases pres-
ent in said steam, which comprises passing steam
in turbulent flow through a tube connected to a
condensate cell, the flow condition throughout
said ‘tube being expressed by Reynolds numbers
upwardly of 3000, said tube having a length pro-
viding a cooling surface adequate for removal
of sufficient heat. to induce the formation of
droplets of condensate, the uncondensed portion
of said steam and the gases contained therein
continuing at a temperature at least as high as
the boiling temperature of said droplets, sweep-
ing the surfaces of said droplets with said un-
condensed. steam to maintain their exposed sur-
faces at their said boiling temperature to prevent,
absorption by them of said gases present in said
uncondensed steam, directing said uncondensed
steam and said droplets from said tube into said
cell in a tangential direction for vortical flow
thereof, separating said droplets from said un-
condensed steam by their movement to the walls
of said cell due to centrifugal force produced by
said vortical flow, and removing a$ a region in
said cell above a collected pool of liquid canden-
sate said uncondensed steam and the gases pres-
ent therein.

13. A system of producing from vapor under
pressure a condensate uncontaminated by gasés
present during partial condensation of the vapor,
which comprises a sampling line, means for pass-
ing said vapor and gases into the inlet of said
line for their turbulent fow throughout  the
length of said line from said inlet to the out-
let thereof, the diameter and length of said line
establishing flow conditions for said vapors and

, gases such that the pressure head producing
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said turbulent flow. through said line is propor-
tional to the square of the velocity of the stream
of said vapor and said gases along said line, cool-
ing ‘means for removing heat from said vapor
within said line to induce the formation of con-
densate droplets within and along the length of
said line, the uncondensed portion of said vapor
continuing at a temperature at least as high as
the boiling temperature of said droplets, said un-
condensed portion of said vapor sweeping the
surface of said condensate droplets to maintain
their exposed surfaces at their boiling tempera-
ture to prevent absorption by said droplets of
said gases present in said stream, means includ-

' ing a condensate cell connected to said outlet

of said line for changing the direction of fow
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of said stream to separate the condensate drop--

lets from the uncondensed portion of said stream,
said cell including & collection chamber in which
said condensate droplets are collected to form =
pool of condensate, and an outlet line extending
downwardly into said cell for removing said un-
condensed portion of said stream from said cell
at 2 level below the point of connection of szid
line to said cell, rise and fall of the level of con-
densate toward and away from said outlet line
varying the pressure over the surface of said pool
of condensate to maintain boiling conditions at
gaid surface to prevent absorption by said pool
of condensate of said gases present in said stream.

14, The method of preventing gas absorption by
a pool of condensate, which comprises directing
into a sampling cell a stream comprising a mi%~
ture of gases, droplets of condensate and uncon-
denssd vapor at a temperature at least equal to
the boiling temperature of the condensate drop~
lets, separating from said stream said droplets
for collection of condensate within said cell, re-
moving through an outlet passage said uncen-
densed vapor and said gases from said cell at a
region therein adjacent a desired level of sa2id
condensate, and continuously varying the area
of the inlet to said passage for said uncondensed
vapor and gases with change in level of said
condensate to maintain a pressure within said
cell which induces surface boiling of said con-
densate for removal of particles of condensate
along with said gases and said uncondensed vapor,
said surface boiling of said condensate prevent-
ing absorption of gases by said pcol of conden-
sate.

15. The method of maintaining within a cell
a pool of condensate continuously representa-
tive of a stream of vapor, which comprises di-~
recting into said cell and against the inner sur-
face of an outer wall thereof a stream com-
prising droplets of condensate and uncondensed
vapor ab at emperature at least equal to the
boiling temperature of said droplets, said drop-
lets collecting along said inner surface and flow-
ing downwardly into said cell to form therein a
pool of condensafe, removing through an outlet
passage said uncondensad vapor at 2 region there-
in adjacent a desired level of condensate, the
cross-sectional area of the inlet to said passage
being less than the surface area of s2id poocl
of condensate, and continuously varying the en-
trance-area to said inlet for flow therethrough
of said uncondensed vapor with chauge in level
of said condensate to maintain a pressure over
the surface of said pool of condensate within
the region of said entrance-area fo induce sur-
face boiling of said condensate for removal of
particles of condensate from said pool slong with
fiow of said uncondensed vapor through said
outlet passage, ingress of condensate particles
along said inner surface and egress of said con-
deénsate particles from said restricted area of
said pool maintaining in said cell condensate con-
tinuously representative of the condensable
vapors of said stream.

16. The method of maintaining within a cell a
pool of gas-free condensate continuously repre-
sentative of a stream of vapor, which comprises
directing into said cell and against the inner sur-
tace of an outer wall thereof a stream compris-
ing a mixture of gases, droplets of condensate,
and uncondensed vapor at a temperature at least
equal te the koiling temperature of said droplets,
said droplets collecting along said inner surface
and flowing downwardly into said cell to form
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therein a pool of condensate, removing through
an outlet passage said gases and uncondensed
vapor at a region therein adjacent & desired
level of condensate, the cross-sectional area of
the inlet to said passage being less than the sur-
face area of said pool of condensate, and con~
tinuously varying the entrance-area to said inlet
for flow therethrough of said gases and said un-
condensed vapor, with change in level of said
condensate to maintain a pressure over the sur-
face of said pool of condensate within the region
of said entrance-area to induce surface boiling of
said condensate for removal of particles of con-
densate from said pool along with flow of said
gases and said uncondensed vapor through said
outlet passage, ingress of condensate particles
along said inner surface and egress of szid con-
censate particles from said restricted area of
said pool maintaining in said cell condensate
continuously representative of the condensable
vapors of szid stream, and said surface boiling
of said condensate preventing absorption of said
gases by said condensate.

17. The method of producing from vapor a con-
densate uncontamingied by gases present during
partiat condensation of the vapor, which com-
prises passing said vapor and said gases in turbu-
jent flow through an clongated sampling line,
cocling said vapors during passage through said
line, the length of said line forming a cooling
surfsce adequate to cool the vapor for formation
of droplets of condensate with uncondensed vapor
continuing at a temperature at least as high as
the surface beiling teraperature of said ponden-
sate droplets, applyl a differential of pressure
from inlet to outiet of zaid line which maintains
said varor in turbulent dow therethrough, sweep-
ing the surface of said condensate droplets with
sei@ uncondensed vapor, the ehanging pressure
on said droplets as they progress through said
ine and the temperature of said vapor sweeplng
over said droplets maintaining the exposed sur-
faces of said droplets at their boiling temnerature
to prevens absorption by them of =2id gases pres-
ent in said vapor stream, discharging at least a
portion of said uncondensed vapor angd said drop-
lets of condensate together with said gases into
a condensate cell for separabion of said droplets
therefrora, collecting said separated droplets to
form = pool of gas-{ree condensate, removing said
uneondensed vapor and said gases through 2 flow
desired level
of condensate within said cell, continuously vary-
ing the area of the inlet to said vassage with
change in level of said pool of condensate to main-
tain on the surface of said pool adjacent the
inlet to said passage a preszure which induges sur-
face boiling of said condensate for removal
through said passage of droplets of condensate
along with said gases and said uncondensed
vapor, said discharge passage haviag a length
execeeding the range of counterfiow gas diffusion
from the outlet thereof to the surface of said
pool of condensate.

18. The method of producing condensate from
vapor under pressure under conditions prevent-
ing absorption by the condensate of gases present
in the vapor, which comprises passing said vapor
and said gases in turbulent flow through a fiow
path formed by an elongated sampling line, the
length of said line and the cross-sectional area of
said flow passage formed thereby establishing be-
tween the inlet and outlet of said path flow con~
ditions for said vepor and said gases such that
the pressure head producing said turbulent. flow
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of said vapor and said gases through said flow
bath is proportional to the square of the velocity
of said vapor and said gases within said fow path,
cooling said vapor during its flow through said
path to induce sufficient partial condensation for
the formation of droplets of condensate, with un~
condensed vapor continuing at a temperature at
least as high as the boiling temperature of said
condensate droplets, the changing pressure on
said droplets as they progress through said path
and the temperature of said vapor sweeping over
said droplets maintaining the exposed surfaces
of said droplets at their boiling temperature to
prevent absorption: by them of said gases, dis-
charging at least a portion of said uncondensed
vapor and said droplets of condensate together
with said gases into g condensate cell for sepa-
ration of said droplets therefrom, collecting said
separated droplets to form a bool of gas-free
condensate, and sweeping the surface of said pool
with sald uncondensed portion of said vapor
stream at a temperature at least as high as the
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boiling temperature of said condensate at the
surface of said pool to induce surface boiling
thereof to prevent absorption of said gases by said
condensate in said pool.
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