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3,002,372
STEAM PURGE HNDHCATOR METHOD AND
APPARATUS

William L. Bulkley, Munster, Ind., and Dan Smith, Chi-

cago, Iil., assignors to Standard Qil Company, Chxcago

I, a corporation ef Indiapz

Filed Mar. 31, 1958, Ser. No. 724,995
i3 Claims. (Cl. 73—29)

This invention relates to method and apparatus for de-
termining a variable composition comprising a mixture of
readily condensable gas and relatively non-condensable
gas. In a more specific sense, the invention relates toc a
system for indicating the end point of steam purging
operations.

In petroleum refining, it is often necessary to remove
fon-condensable combustible and/or combustion-support-
ing gases from a system before introducing other sub-
stances into the associated apparatus. If such gases re-
main in the system they may cause corrosion, may poison
catalyst, or may constitute a fire or explosion hazard dur-
ing a subsequent operation within the system. .

Steam purging of process vessels and the like is one
method commonly employed to purge such gases below
the level at which combustion resulting in explosion or

detonation could occur. Normally, the practice has been

to discontinue steam purging upon a show of steam at
the exhaust, the assumption being madé that steam has
completely displaced the non-condensables from the sys-
tem. However, this method does not give a reliable in-
dication of the removal of the combustible or combustion-
supporting gases because such gases are not necessarily
displaced first by the flow of steam from the exhaust end
of the system. Thus the gases are often exhaiisted in
partial admixture with the purging steam and the mere
show of steam, therefore, does not indicate that the
system has been completely purged of the non-"ondenaa—
ble gases.

We have made tests of steam exhaustmg into the af-
mosphere and based on visual observations and photo-
graphs, there is little difference in the appearance of pure
stcam on the one hand and steam-air mixtures on the
other, unless the air content of the steam exceeds 50%.
Such an indication is of liitle value:

Many systems have heretofore been proposed for meas-
liring the proportion of condensables in a steam purging
operation for indicating the safe end point. One such
system measures change in volume at constant pressure.
Apparatus conventionally used in'such system consists es~
sentially of a glass bulb enclosed in a sheet metal case and
insulated against heat loss, the upper part of the enclosed
bulb being graduated
A stop-cock is provided at the upper end of the glass
bulb and a two-way stop-cock at the lower end of the
bulb permits connection at the bottom either to a water-
filled leveling bottle or to the atmosphere. Air is dis-
placed from the bulb by water from the leveling bottle.
The upper stop-cock is then connected to a sample point
on the steam purged vent pipe, preferably with heavy-
walled rubber tubing.

The upper stop-cock is opened to displace the water
from the bulb into the leveling bottle and as the water
level reaches the lower two-way stop-cock, the latter is
turned to permit the sample of purged gas ic flow freely
through the apparatus for not less than about five min-
utes. A sample is then -trapped within the glass bulb
by operating both upper and lower stop-cocks. Water
from the leveling bottle enters the indicator bulb to re-
place the condensed vapor. The non-condensable gas
volume remaining within the bulb is read from the cali-
brated scale on the bulb, However, before making the
reading, the water levels within the bulb and leveling
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bottle are made equal by adjusting the latter, thereby as-
suring atmospheric pressure in the bulb. It will be ap-
parent that such an apparatus is fraglle and that the sys-
tem is complicated so as to require considerable techni-
cal skill and judgment in its operation.

An important object of the invention accormngly is to
provide a system which avoids all of the complications and
difficolties inherent in the volume measuring kind of ap-
paratus. A more specific- object is to provide a system
wherein it is not necessary to measure the volume of the
non-condensables directly. A further ob]ect is to pro-
vide a simple and relatively inexpensive portable ap-
paratus which is both durable and accurate and which
¢an be used to make the determinations of ncnmcondeﬁsa-_
bles by simply noting the pressure within a sample c,yl-
inder before and after condensation of 2 confined vol-
ume of exhaust steam purge effluent.

1t is also a principal-object of this invention to provide
an apparatus for the determination of the amount of
readily condensable gas or the percentage of non-con-
densables present in a mixture. A further object of the in-
vention is to provide a method and apparatus for deter-
mining the end point at which all non-condensable gases
have been removed from a system in a steam puytgm0
operatlon A more specific object of the invention is to’
provide a steam purge indicator of simplified construction
and operation and wherein a simple pressure measure-
ment will provide an indication of the non-condensables
in the. system being purged. )

Briefly, according to the invention, a sample of vent

- steam is passed through a chamber, the chamber being
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provided with inlet and outlet valves at opposite ends
thereof. The temperature within the chamber is mmeas-
vred, and when equilibrium conditions are indicated by
a constant temperature reading, the inlet and cutlet valves
on the sampling chamber are quickly closed, in that or-
der, to trap a sample of purge gases within the chamber
at atmosphéric pressure.

The chamber containing the trapped sample is cooled
rapidly to a preselected temperature, preferably about
100° F., by, for example, immersing in water. The cool-
ing redur‘es the pressure within the chamber by con-
densing the condensable water vapor. The pressure in-
dicated by a gauge communicating with the chamber is
a measure of non-condensables in the vent gas.

Since the vapor pressure of water at 100° F. is about
2 inches Hg, 100% steam in the sample chamber will
produce a vacuum numerically equal to 2 inches Hg less
than the.total barometric pressure. Thus, for example,
if the local barometric pressure is equal to 30 inches Hg,
the vacuum gauge reading will be 28 inches Hg., If less
vacuum is observed, for example, 26 inches Hg, this in-
dicates the presence of non-condensables. Accordingly,
the percent non-condensables can be indicated as a func-
tion of the vacuum gauge reading and a limiting vacuum
reading can be specified beyond which the purge may be
considered satisfactory. If the actual percentage of non-
condensables present necd be kncwn, it may be calculated
from data obtained with the instrument by methods well
known to those skilled in the art.

The device may be calibrated quickly in the field by,
connecting to a steam line. This will indicate the gauge
reading for 100% steam thereby eliminating the need for.
determining the local barometric pressure. This will also
serve as a leak test for the device. :

In addition to simplifying the calculation and ehmmat-
ing the need for referring to a barometer, the initial
measurement on steam, free from non-condensables, pro-
vides a leak test of the apparatus wherein tightness. is:
shown by maintainence of the low pressure reading.
Further, this check has the effect of measuring thé baro-:
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metric pressure with the instrument gauge thereby com-
pensating for minor inaccuracies in the gauge.

Further advantages and details of the construction of
our apparatus will be described by reference to the ac-
companying drawings wherein:

FIGURE 1 is a schematic elevation illustrating the in-
vention; and

FIGURE 2 illustrates an automatic recording embodi-
ment of the invention.

Referring to FIGURE 1, the sample cylinder 1 is pro-
vided with an upper inlet valve 1% and a lower outlet
valve 12, each communicating with the interior of the
cylinder 10. The cylinder 10 is of a shape which allows
free passage of purging gases throughout its interior with-
out any holdup by occlusion or otherwise. The lower
end of the cylinder 18 is provided with a triped support
13. 'The upper end of the apparatus is provided with a
carrying handle 14. .

The pressure gauge 15 is in communication with the

cylinder 1¢ below the inlet valve 11 and a thermometer
well 16 projects through a wall of the cylinder 16. The
outlet valve 12 is adjusted to drain fluids from the cyl-
inder 10 and to maintain atmospheric pressure therein
during the sampling.
" When it is desired to make a test, exhaust steam from
a purging operation is charged by line 17 to the cylinder
19 through the inlet valve 11 while the outlet valve 12 is
maintained in an open position. The condensation tem-
perature of the exhaust steam, Le. the point at which no
further reduction in pressure is observed, is measured in
well 16. The purge gases are permitied to flow through
the device until the temperature as indicated by the ther-
mometer 18 is constant. The inlet valve 11 is first closed
and then the outlet valve 12 is also closed thereby trap-
ping a uniform sample of exhaust steam at atmospheric
pressure. )

The cylinder 18 is cooled by natural convection or the
cooling rate may be accelerated by spraying with cooling
fluid or immersing the cylinder 1% in such a bath 18a
as schemactially shown in FIGURE 1.

If low ambient temperatures require excessive time to
obtain the equilibrium condensation temperature within
cylinder 10, an insulated container (not shown) can be
provided into which cylinder 16 can be inserted during
the flow of the sample into the device. After equilib-
rium condensation temperature is reached and valves 11
and 12 have been closed, the cylinder 19 is removed from
the insulated container and cooled as described. If de-
sired, the tripod support 13 may be modified so as to
support the insulated container.

When the measurement of non-condensables in steam
is desired for the control of a comtinucus process, for
example, or for other reascms, rémote indication and/or
continuous recording of such measurements may be de-
gifable. Such a device is illustrated in FIGURE 2 and
can be made completely automatic.

Tn the embodiment of FIGURE 2, the steam-air mix-
ture is admitted through valve 11 and exhausted at the
Bottom of the chamber 10 through valve 12. A portion
of the same steam is admitted to coil 22 surrounding the
chamber 10, and connected to the chamber 1¢ through
two-way valve 20. ’

Cycle timer 21 controls valves 11, 12 and 20 in such a
manner that fiow into the chamber 18 and coil 22 con-
tinues for a presslected time sufficient to bring the cham-
ber 18 to equilibrium temperature. The cycle timer 21

then closes valves 11 and 12 {o trap the sample within’

the chamber 10 and at the same time actuates two-way
valve 20 to flow cooling water from line 23 through the
coil 22 in place of the steam mixture.

" Absolute pressure transmitter 24, coupled with re-
ceiver 25, which may be indicating or recording or both,
provides continuous record of the pressure in chamber
10.  As described with respect to FIGURE 1, the pres-

sure: within the chamber 1§ after cooling to the prese-
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lected temperature is a measure of the non-condensables
in the stream introduced to the test chamber 18.

If desired, receiver 25 can be made a recorder-con-
troller which will sense the equilibrium “hot” condition

£ the chamber 19 and actuate the cycle timer 21 so that
it may follow through the cycle described above.

The system in accordance with the invention is particu-
larly advantageous when used to determine the safe oxy-
gen content of steam-air mixtures used in operations such
as the regeneration of desulfurization reactors during re-
forming operations or for determining the safe end point
when purging combustion-supporting gases from process
However, the devices may be
readily adapted to a control operation involving the de-
termination of non-condensables and condensables in a
given system. It is also contemplated that a non-con-
densable purge gas may be used to purge a condensable
gas or vapor from a system in which case the end point
in the purging operation is determined by the presence of
100% non-condensables in the exhaust from the system
being purged. .

" Although the invention has been described in terms of
a preferred embodiment which has been set forth in
some detail, it should be understood it is by way of illus-
tration only and that the invention is not necessarily
limited thereto. Alternative embodiments of the inven-
tion will become apparent to those 'skilled in the art in
view of the accompanying description and accordingly,

- modifications in the invention are contemplated without
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departing from the spirit thereof.

What we claiim is:

1. A method for measuring and indicating the presence
of non-condensable gases in admixture with a condensable
gaseous medium which comprises trapping a selected vol-
ume of said admixture under atmospheric pressure, cool-
ing said trapped volume to a preselected temperature well
below the condensation temperature of the said gaseous
medium, and indicating the pressure of said volume at
said preselected temperature as a measure of the trapped
non-condensable gases.

2. The method of claim 1 wherein the said condensable
gaseous medium is steam and the preselected temperature
is about 100° .

3. A method for quantitatively indicating the presence
of non-condensable gases in admixture with a condensable
gaseous medium which comprises trapping a sample of
said admixture within a container under atmospheric pres-
sure, cooling said container to a pre-determined tem-
perature well below the condensation temperature of
the said gaseous medinm, and indicating the pressure with-
in said container as a measure of the non-condensable
gases present in the admixture.

4. A device for indicating the presence of non-con-
densable gases in an admixture with steam which com-
prises a sampling vessel for said admixture, temperature
indicator means on said vessel, pressure indicator means
for said vessel, an inlet valve positioned on and com-
municating within said vessel, an outlet valve positioned
on the lower end of said vessel, a cycle timer valve-control
device sequentially closing said inlet valve and said out-
let valve, respectively, and fluid cooling bath means for
immersing said vessel.

5. A device for indicating the end point of steam purg-
ing operations which comprises a portable vessel, means
for indicating the temperature within said vessel, inlet
valve means on one end of said vessel, outlet valve means
on the other end of said vessel, a cooling bath means
adapted to receive said vessel, handle means on said ves-
sel for manipulating said vessel so as to submerge it with-
in said cooling bath, means for indicating pressure in said
vessel, and cycle timer means for sequentially closing
said inlet and outlet valve means.

6. A device for indicating the presence of non-conden-
sable gases in a condensable gaseous medium which com-
prises a portable container, means.for indicating the pres-
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sure within said container, inlet valve means on said con-
tainer, outlet valve means on said container, means about
said container for controlling the temperature thereof, and
means for automatically controlling said inlet valve means
and said outlet valve means and wherein said means for
controlling the temperature of said container includes
coil means surrounding said container and through which
heat exchange media flow.

7. A device for indicating the presence of non-conden-
sable gases in a condensable gaseous medium which com-
prises a portable container, means for indicating the pres-
sure within said container, inlet valve means on said con-
tainer, outlet valve means on said container, means about
said container for controlling the temperature thereof, and
wherein said means for indicating the pressure comprises
an absolute pressure transmitter and a pressure recorder-
controller, and a cycle timer means for controlling said
inlet and outlet valve means, said cycle timer means being
actuated by said recorder-controller.

8. An automatic steam purge indicator apparatus com-
prising a sample trapping vessel, valved inlet means on
said vessel, valved outlet means on said vessel, pressure
sensitive means connected to said vessel, means for heat-
ing said vessel, means for cooling said vessel, and cycle
timer means actuated by said. pressure sensitive means
to control said inlet and outlet valves and said heating
and cooling means.

9. The apparatus of claim 8 wherein said cycle timer
is adapted to close said outlet valve after closing said in-
let valve,

10. The apparatus of claim 8 wherein said heating
means comprises coil means about said vessel adapted to
receive a portion of the steam being sampled, and where-
in said means for cooling said vessel includes a source of
cooling fluid which is flowed through said coil means.

11. A device for indicating the presence of non-con-
densable gases in a condensable gaseous medium which

10

15

20

25

30

35

6

comprises a portable container, means for indicating the
pressure within said container, inlet valve means on said
container, outlet valve means on said container, means
about said container for controlling the temperature there-
of, and wherein said means for indicating the pressure
comprises an absolute pressure transmitter communicat-
ing with said container and a pressure receiver remote
therefrom, and a cycle timer means for controlling said
inlet and outlet valve means, said pressure receiver being
a recorder-controller ‘arranged. to actuate the cycle timer
means, :

12. An apparatus for measuring and indicating the
presence of noncondensable gases in admixture with a
condensable gaseous medium which comprises means for
trapping a selected volume of said admixture under at-
mospheric pressure, means for cooling said trapped vol-
ume to a preselected temperature well below the con-
densation temperature of the said gaseous medium, and
means for indicating the pressure of said volume at said
preselected temperature as a measure of the trapped non-
condensable gases.

13. An apparatus for quantitatively indicating the pres-
ence of noncondensable gases in admixture with a con-
densable gaseous medium which comprises means for
trapping a sample of said admixture within a container
under atmospheric pressure, means for cooling said con-
tainer to a predetermined temperature well below the
condensation temperature of the said gaseous medium,
and means for indicating the pressure within said con-
tainer as a measure of the noncondensable gases present
in the admixture.

References Cited in the file of this patent
UNITED STATES PATENTS

2,160,004 Stamm e May 30, 1939
2,299,899 Houghland . _______ Oct. 27, 1942
2,538,710 Smith Jan. 16, 1951




