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This invention relates to devices for detecting The invention is based upon the observation
and indicating the presence of non-condensable that the presence of air in a steam system causes
gases such as air in admixture with condensable a sharp drop in the temperature of the steam
gases such as steam. More particularly stated, without materially affecting the steam pressure.

§ the invention relates to devices for detecting and In its broadest aspects my invention consists
indicating the presence of entrapped air in heat- in comparing the actual temperature of the sys-
ing systems utilizing steam as the heating me- tem with the temperature that would prevail if
dium. no entrapped air were present. If the actual and

The invention also relates to devices for auto- theoretical temperatures of the steam are sub-

10 matically removing or causing the escape of en- stantially the same, no air is present. If they 10
trapped non-condensable gases such as air from are not the same, obviously an appreciable amount
heating systems containing steam, of air has been trapped and should be removed

Prior to the present invention most heating sys- or permitted to escape. The difference between
terns cperated considerably below maximum effi- the two temperatures is a function of the amount

18 ciency due to the presence of entrapped air. This of air present, and hence the drop in tempera- 16
can be readily understood when it is considered ture affords a means for determining by the use
that a single stroke of a bicycle pump will inject of engineering data given in handbooks the
cnough air into the drying apparatus of a paper- amount of air that has been entrapped.
making machine to lower the temperature as To summarize, my invention utilizes the simple

20 much as 20° F. The keeping of entrapped air out principle of comparing two factors, one of which 20
of heating coils, evaporators and drying cylinders is the theoretical temperature corresponding to
presented a serious problem due chiefly to the the actual steam pressure in the system and the
difficulty of detecting the presence of the air in other of which is the actual temperature prevail-
admixture with the steam. ing in the system. In other words, I contemplate

26 The principal object of the invention is to pro- indicating the presence of entrapped air by show- 25
vide a relatively simple apparatus for detecting ing the actual drop in steam temperature caused
and indicating the presence of non-condensable by the entrapped air.
gases such as air in admixture with condensable The actual temperature prevailing in the sys-
gases such as steam. tem may be ascertained by means of a thermome-

30 Another object of equal importance is to pro- ter of conventional type or standard construction. 30
vide a device of relatively simple and inexpensive The theoretical temperature corresponding to the
construction for detecting and indicating the steam pressure may be ascertained by means of
presence of non-condensable gases such as air in  a pressure gauge calibrated so as to indicate the-
systems containing steam. oretical temperatures corresponding to steam

35 Another object of the invention is to provide a  pressures. The data for calibrating the gauge 33
device of relatively simple and inexpensive con- may be obtained from standard steam tables.
struction for indicating the amount of non-con- In one of the aspects of my invention, I con-
densable gases present in an admixture of non- template incorporating the thermometer and the
concdensable gases such as air and condensable pressure gauge in a single compact instrument

40 gases such as steam. having a single common scale. In other words, 40

Another object of the invention is to provide a I contemplate superimposing the readings of both
device of relatively simple and inexpensive con-2 devices on a single indicating scale, so as to facili-
struction for removing or causing the escape of tate comparing the two readings. The scale may
entrapped air or other non-condensable gas from  zdvantageously take the form of a chart and the

45 a system containing steam. two devices may be provided with pens or other 45

Still another object is to embody in a single marking implements, in order that the differences
instrument of relatively simple and inexpensive in the two temperatures may be recorded for fu-
construction devices for performing any one or ture reference. Of course, in the foregoing ar-
more of the foregoing objects and functions. ranzement the two devices should be calibrated to

50 A further object is to provide a device for.per- the same scale, so that their readings may direct- 50

forming any one or more of the foregoing func~ Iy correspond with each other.

tions, of such construetion that it can readily be In another aspect of the invention, I contem-

applied to a heating system of conventional type plate utilizing the drop in temperature caused by

without the necessity of making any radical the entrance of air into the steam system to open

changes in the construction of the system, automatically a suitable form of valve to permit 65
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the escape of the air. In using the device of the
invention to operate a valve, it is not alysolutely
essential that a scale or chart be provided to in-
dicate or record the differences between the ac-
tual and theoretical temperatures. Hence, the
valve controlling device may be embodied into a
very simple, inexpensive and compact instrument
having no scale, chart and recording pens. How-
ever, I prefer for most practical purposes to con-
struct the device with a chart and marking im-
plements. Every automatic device requires a cer-
tain amount of watching and supervision, and a
chart gives a daily record which will render cer-
tain that the device is operating satisfactorily and
that the setting has not been accidentally
changed. Furthermore, a condition will arise at
various times when the air will accumulate in
such quantities that the unit will not be able to
cause its expulsion instantaneously. This condi-
tion will show on the chart, and as the air is
expelled and the temperature brought back to
normal a permanent record will be made thereof.
The chart will therefore indicate the frequency
with which the foregoing condifion occurs as
well as how close the operation is being handled.

The device of the invention is applicable to
various types of heating systems utilizing steam
as the heading medium. For the purpose of il-
lustrating the invention, they will be specifically
described with reference to the drying apparatus
of a papermaking machine.

Referring briefly to the drawings, Figure 1 is a
view, more or less diagrammatic in its represen-
tation. of the device of the invention as applied to
the drying apparatus of @ papermaking machine,
and

Figure 2 is a front view, partly broken away to
show normally concealed portions, of the indi-
cating and recording portion of the device,

Referring to the drawings in greater detail and
more particularly to Figure 1 thereof, the nu-
meral | designates the main header which sup-
plies steam to each of the drying rolls 2. 3, 4 and
5 throuch the supply pipes 8, 7, 8 and 9 respec-
tively. These drying rolls which will hereinafter
be referred to as dryers discharge through their
sinhon pipes 10, 11, {2 and I3 respectively into
the condensate header 14. The dryer (5 which
is the first of the series of drying rolls shown in
the drawings receives its steam directly from the
eondensate or return header 14 through the pipe
{6, and in turn discharges its condensate through

the return pipes {1 and i8 into the receiver {9,

which serves as the control chamber for the de-
vice of the invention. The condensate from the
receiver 19 passes to the hotwell (not illustrated)
through the pipe 20 and the trap 2i. Hence, any
air which may be entrapped passes to the wet
end of the paper machine and through the first
dryer {5 into the control chamber 9.

1t is to be noted that pipes i1 and 18 are joined
so as to form a T, one horizontal end of the T
being connected to the dryer {5 and the other
end being provided with a valve which is indicated
generally by the numeral 22. The construction
of the valve will be hereinafter described. The
valve may discharge either to the atmosphere or
to a vacuum pump through the pipe 23.

The numeral 24 designates rather generally the
detecting and indicating device. This device has
two connecting lines 25 and 26 to the receiver or
control chamber (8. The line 25 is a plain pipe
connection between the chamber 19 and the pres-
sure element of the device 24. Connection 26 is a
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capillary tube from the temperature element in
the device 24 to a sensitive bulb 27 which is posi-
tioned within the control chamber.

Referring now to Figure 2 of the drawings, it
will be noted that the device 24 in its general form
does not differ essentially from conventional
forms of recording devices in general use in the
industries for recording temperature or pressure
readings. It will be further noted that the device
is provided with two pens 28 and 29 and two
actuating elements 30 and 31. The pen 28 is con-
nected through suitable linkages to the actuating
element 30 and the pen 29 is connected to the
element 31. The element 30 is the temperature
element and is connected to the capillary tube 26
while the element 31 is the pressure element and
is connected to the connecting line 25. It is con-
sidered unnecessary to describe in detail the con-
nections between the pens and their actuating
elements as these are matters of design and do
not constitute essential parts of my inventive
concept. Likewise, it is not considered necessary
to describe the cleckwork mechanism for rotating
the chart 32 on which the variations in readings
are recorded. This chart is also of conventional
form, being subdivided to indicate parts of a day
and temperatures. As has been stated coil 30 is a
temperature element and coil 3/ is a pressure ele-
ment. The coil 30 is calibrated so that the pen
connected thereto records actual steam tempera-
tures in the control chamber, while the coil 31 is
calibrated so that the pen connected thereto
records the theoretical temperature correspond-
ing to the actual pressure in the control chamber.

As thus far described, the device may be used
to indicate to the operator of the paper machine
whether or not air has been entrapped in the
system. He is therefore in a position to take the
necessary steps to eliminate the air if it is shown
to be present. For this purpose, the valve 22 may
be of the manual type. For large plant operation,
it is preferable that the valve be automatic in its
operation or that it be capable of being operated
both manually and automatically. Electrical
valves of various types may be employed. The ex-
pansible diaphragm type of valve disclosed in
Patent No. 1,225,887 issued May 15. 1917 to John
H. Swan may be readily adapted for the purposes
of the present invention.

Instead of using the type of valve disclosed i ©

the aforesaid patent, T may employ a solenoid
type of valve such as is illustrated in Figure 1 of
the drawings. 'This valve is shown as having the
body portion or casing 33, the stem or spindle 34,
the valve disk 35 carried by the stem or spindle,
the valve seat 36 to which the valve disk is nor-
mally urged by the spring 37 and the core 38
and the coil 39 of the solenoid which actuates
the valve in order to expel the air which has been
entrapped in the system. The numerals 40 and
§1 indicate the wires carrying the source of cur-
rent to the solenoid. }

The wires 40 and 4/ may be connected to
suitable contacts 42 and 43 on the pens 28 and 29
and to a suitable source of electrical energy. The
lighting circuit may, as shown in the drawings,
be rendered suitable for the purposes of the in-
vention by placing a transformer 44 in the circuit.
A switch 45 may be interposed in the circuit so
that the valve 22 may be rendered inactive when-
ever desired.

Referring to the contacts 42 and 43, it will be
noted that they are carried by the arms 46 and
47 respectively. These arms constitute extensions
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of the arms of the pens 28 and 29 respectively.
Since they extend beyond the pivot points of the
pen arms, it follows that the contacts tend to
approach each other as the pen points separate
and vice versa. In other words, as the actual
steam temperature tends to drop, the contacts
approach each other. One or both of the con-
tacts may be adjustably mounted, so that they
will touch at any given drop in actual steam tem-
perature. For most purposes a setting so that
the contacts will be closed when the actual steam
temperature drops 10° F. is satisfactory.

The arm 46 should preferably be made of flexi-
ble material, preferably metal, so that after the
contact has been made, the temperature pen may
continue to drop if the temperature keeps on
dropping. If both arms were of stiff material
the temiperature pen would be unable to drop any
further after the contact is made. A stop may be
provided to limit the travel of the temperature
arm in case it is not considered necessary to
record the drop in temperature below a given
minimum.

In Figure 2 of the drawings the chart is illus-
trated as showing part of an actual day’s record of
the operation of the device. The outer wavy line
i1s the theoretical steam temperature line and as
should be expected is fairly contant, for the
dryers of a papermaking machine are generally
supplied continuously with steam at a constant
pressure and this pressure is not appreciably af-
fected by the presence of entrapped air. The
inner line which represents the variations in
actual steam temperatures shows a drop starting
at about 6 A. M. which increases more or less
rapidly until it reaches a maximum at about 10
A. M. This precipitous drop of about 70° clearly
Indicates that the unit was unable to expel all of
the entrapped air as rapidly as it was being taken
into the system. The chart also shows that the
temperature rapidly went back to normal be-
tween 10 and 11 A. M., indicating that during
this time the air was being rapidly expelled.
Thereafter the actual temperature line followed
the theoretical temperature line fairly closely, in-
dicating that between 11 A, M. and 3 P. M. no ap-
preciable amount of air was present in the Sys-

“tem.

It will be understood from the foregoing de-
scription, that when the temperature pen 28 drops
a predetermined amount depending upon the set-
ting of the contact arms 48 and 47, the contacts
42 and 43 will be closed, actuating the solenoid
and thus opening the valve 22 so that the en-
trapped air'is permitted to escape. As soon as a
sufficient amount of air is expelled to cause a
separation of the contacts, the circuit is broken
and the valve snaps shut. The opening and shut-
ting of the valve is continued as often as suf-
ficlent air is entrapped and expelled to cause the
requisite changes in actual steam temperature.

It is to be noted, as was previously pointed
out, that when the device is to be used to actuate

3

an automatic or electric valve it is not absolute-
ly essential that the device be provided with
either an indicating or recording means. In
other words, the two recording pens may be
omitted, so that the two plvotally mounted con-
tacts 42 and 43 are directly actuated by the coils
30 and 31. It is also to be noted that in actual
practice, the actual temperature line may be re-
corded in blue or black ink, while the theoretical
temperature line may be recorded in green or red
ink to facilitate distinguishing between the two
sets of readings.

The foregoing disclosure and description con-
tain the essential and distinctive thought and
concept which characterize my invention, but it is
to be understood that my inventive thought and
concept may be combined with other concepts and
that its details may be modified in various ways or
replaced by other details without affecting the
peculiar results obtained and without departing
from the spirit and the scope of the following
claims, in which I intend to claim all the patent-
able novelty inherent in my invention.

I claim:

1. In a device of the character described, the
combination with a system containing steam, an
electrically operated valve to permit the escape of
air from said system, a control chamber through
which passes steam from said system, an electric
circuit for actuating said valve, said circuit being
normally open and having two movable contacts
adapted to close said circuit, one of said contacts
being actuated by changes in actual steam tem-
perature within said control chamber and the
other of said contacts being actuated by changes
In actual steam pressure within said control
chamber. ST

2. In the device defined in claim 1, each of said
contacts being mounted on a pivoted arm,

3. In a device of the character described, the
combination with a system containing steam, an
electrically operated valve to permit the escape of
air from said system, an electric circuit for actu-
ating said valve, said circuit being normally open
and having two movable contacts adapted tp close

-sald circuit, one of said contacts being actuated

by changes in actual steam temperature within
sald system therefor and the other of said con-
tacts being actuated by changes in actual steam
pressure within said system therefor.

4. In a device of the character described, the
combination with a system containing steam, an
automatically operated valve to permit the escape
of air from said system, a thermometer to meas-
ure the actual temperature of the steam within
said system, a pressure gauge calibrated to indi-
cate theoretical temperatures corresponding to
actual steam pressures to measure the theoretical
temperature corresponding to the actual steam
pressure within said system and means controlled
by a predetermined difference between the two
measurements to actuate said valve.

FREDERICK C. STAMM.
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