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8 Claims. 

This invention relates to a system or appara 
tus wherein steam is employed for driving or 
Otherwise operating elements of the apparatus, 
said apparatus being provided with means for 
returning condensate to a boiler instead of dis 
charging steam to atmosphere and filling the 
boiler with water when necessary. - 

In steam processing plants where steam is used 
to heat the machines, it is desirable, in the in 
terest of economy, to return the condensate to 
the boiler at the highest possible temperature. 
This prevents excessive heat losses and effects a 
marked saving in fuel consumption. In many 
cases, a saving of 15% to 20% in fuel costs has 
been accomplished by returning the condensate 
to the boiler at an increased temperature. 
To accomplish this it is necessary to pump 

condensate at temperatures greatly in excess of 
the atmospheric boiling point. This can be done 
Only With the so-called closed Systems as to ex 
pose the high temperature condensate to the at 
mosphere would result in its flashing into steam 
and being lost With the heat it contained. This 
WCuld necessitate its replacement With cold Wa 
ter at a marked increase in fuel consumption. 
Such conditions Would also greatly reduce the 
net power output of the boiler as a larger per 
centage of the fuel heat Would be used to bring 
the cold raW water up to the temperature of the 
returning Condensate. 
The pumping of condensate, or fluid, at high 

temperatures, introduces peculiar difficulties not 
met With in the pumping Of low temperature 
fluids. Under saturation conditions of steam 
and Water the flash point or steam forming point, 
that is, the temperature point at which the Wa 
ter, or a portion thereof, Will flash into steam, is 
a function of both the temperature and the pres 
Sure. To illustrate: at atmospheric pressure, Wa 
ter boils and steam forms at 212 F., while at 
100 pounds gauge pressure, steam forms at 338 
F., (approximately). Now, if With Water at 338 
F., a pressure of 110 pounds is maintained, steam 
Will not be formed. However, if the pressure 
drops to 100 pounds or less, steam forms and 
greatly alters the pumping conditions. 
NoW in the case of a condensate pumping 

System, any given temperature Will have a cor 
responding Safe pumping pressure. As an illus 
tration: We may pump Water at 300' F. Without 
trouble So long as We maintain at the pump in 
take a pressure of approximately 63 pounds gauge 
Or more. If, however, We permit the pressure to 
fall to Say 52 pounds gauge, We are at the steam 
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stead of condensate. Again, if we carry 110 
pounds gauge pressure on the boiler, we may re 
turn the condensate to the boiler at 326 F., if 
and provided We maintain at the pump intake a 
pressure of 93 pounds gauge or more. If we 
permit the pressure at pump intake to drop a 
few pounds below 93 pounds gauge, we will have 
steam instead of condensate. 
A displacement pump Will not pump steam be 

cause steam is an elastic fluid and will not permit 
additional fluid to enter the pump chamber. 
Also, a centrifugal pump Will not pump steam 
because steam is much lighter than water and 
does not set up the centrifugal action which is 
the principle involved in the centrifugal pump. 
In either case, if steam is permitted to enter or 
form. Within the pump, a steam or vapor lock is 
formed and the System becomes cold and water 
logged and rendered inoperative until the tem 
perature falls below, or the pressure rises above, 
the flash point of the fluid in question. 
To remedy this condition and to prevent steam 

forming in the pump and system, due to the pres 
Sure falling below the flash point for the tem 
perature of the condensate, it has previously 
been the practice to control the starting relay of 
the condensate pump by means of a thermally 
responsive control set somewhat below the flash 
point corresponding to the lowest pressure at 
which the pump was desired to operate. Under 
this arrangement, the control will stop the pump. 
before the pressure in the lines drops to the flash 
point for the temperature set as a maximum and 
Will again start the pump after a fall of temper 
ature determined by the setting of the control de 
Vice. This System of controls is faulty and has 
been found unsatisfactory when used. 
One object of the invention is to provide a 

highly efficient and thoroughly satisfactory and 
dependable System of controls for the pumping 
of high temperature condensate by using a tem 
perature responsive control actuated by the tem 
perature of the condensate as discharged from 
the pump, such temperature responsive control 
being mechanically, not electrically, controlled by 
the pressure in the boiler or main steam line. 
The System controls the pump motor relay by a 
temperature responsive control but uses the pres 
Sure of the boiler or main steam line to auto 
matically adjust the cut-out point of the tem 
perature responsive control through mechanical 
leanS. 

Another object of the invention is to provide 
an apparatus wherein condensate can be returned 

forming or flash point and will have steam in- 55 to the boiler at a temperature within 15 F. to 
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18 F. of the temperature corresponding to the 
initial Steam pressure. This is done by means Of 
a temperature responsive control Set to open its 
circuit and stop the motor at a point 15 F. to 
18 F. below the initial boiler steam pressure, the 
boiler or Steam line pressure then being used to 
shift the contact points on the temperature re 
sponsive control forward or back Ward, according 
to whether the steam pressure rises or falls. 
Thus, using the Smooth action of the tempera 
ture responsive control and the constant or slow 
ly changing pressure of the boiler, and the addi 
tional non-shock range of the temperature ac 
tuated control, I eliminate all shocks to pump 
or system, provide a means which will control 
the pump perfectly over a wide range of pres 
sure and temperature, and still insure safe pump 
ing conditions at the pump intake at all times. 

In addition, I find I can handle much higher 
temperatures and provide closer regulation than 
is possible by any other arrangement. With this 
arrangement, the drop from boiler to machines 
may be as little as 3 F. to 4 F., and from ma 
chines to return pump discharge 12 F. to 14 F. 
Even closer regulation is possible While maintain 
ing high differential pressures and rapid drain 
age of condensate from all lines and machines. 
Another object of the invention is to provide 

means for the control of COndensate pumpS and 
the like which will permit the pumping of liq 
luids at high temperatures Without steam binding 
or vapor lock occurring at the pump. 
Another object of the invention is to provide 

an apparatus which is efficient and effective 
over a very Wide range of pressures and tem 
peratureS. 
Another object of the invention is to provide 

an apparatus of this character which is auto 
matic in action. 
Another object of the invention is to provide 

apparatus which makes possible the coordina 
tion of a temperature responsive means and a 
preSSure responsive means for the purposes de 
Scribed. 
Another object of the invention is to provide 

an apparatus adapted to coordinate the pressure 
of water under saturated steam conditions and 
the expansion preSSure of a heat responsive fiuid 
confined in an expansion chamber. 
Another object of the invention is to provide 

means for such purpose as will coordinate a 
preSSure responsive means the action curve of 
Which is a straight line With a thermally re 
Sponsive means the action curve of which is not 
a Straight line. 
Another object of the invention is to provide 

an apparatus which is simple in construction, 
loW in cost, and which may be easily installed 
in Steam plants by Workmen of ordinary skill. 
A preferred embodiment of the invention 

is illustrated in the accompanying drawings, 
Wherein: 

Figure 1 is a diagrammatic view showing the 
apparatus installed. 

Figure 2 is a View showing a portion of the 
apparatus partially in elevation and partially 
in Section. ... - 

Figure 3 is a view in elevation, looking at one 
edge of the disc and elements carried thereby. 

Fig. 4 is a fragmentary view showing a modi 
fied construction in elevation. - 
This improved apparatus is shown diagram 

matically in Fig. 1, and referring to this figure, 
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2,357,440 
in the boiler I, flows through the steam line 2 
and its branches 3 to machines A. Which may be 
of any steam-driven type. The steam, after op 
erating machines 4, flows through pipes 5 and, 
instead of being discharged to atmosphere as a 
steam cloud, passes into a pipe line 6 as a con 
densate which is delivered to the inlet of a pump 
7. From this pump, the condensate is forced 
through pipe 6' back to the boiler. It will thus 
be Seen that the hot condensate is delivered into 
the boiler where it is again converted into 
Stean Without the temperature of Water in the 
boiler being materially reduced, as would be the 
case if it were necessary to replenish Water in 
the boiler by periodically admitting water which 
would have to be heated before being converted 
into Steana. Operation of the pump 7 is con 
trolled by an electric switch 8 and opening and 
closing of the Switch is controlled by combined 
action of a temperature responsive control 9 
COnnected with the return pipe 6 and a pressure 
responsive control connected with the steam 
line 2. 
The SWitch 8 has been illustrated in the form 

of a mercury SWitch mounted horizontaily in 
the forks if of an arm 2 which is disposed 
Vertically and pivoted on a fulcrum pin 3 pro 
jecting laterally from the upper portion of a 
disc 4, and, from an inspection of Figure 2, it 
Will be seen that when the arm 2 is tilted about 
pin 3 to shift the switch toward the position 
indicated by line A-A, the circuit for the motor 
of pump 7 will be closed and that when the 
Switch is shifted toward the position indicated 
by line B-B, the circuit will be opened and 

The disc 4 
is mounted On a fulcrum 5 shown in Fig. 3, for 
turning movement about the fulcrum to adjust 
ed positions, adjustment of the disc being ac 
complished through the medium of the pressure 
responsive control 0 and tilting of the switch 
arm 2 being accomplished by action of the tem 
perature responsive control 9. The mercury 
SWitch 8 merely represents one specific form of 
SWitch which may be used, it being understood. 
that other forms of Switches may be substituted 
and either carried by and moved with the switch 
an Or mounted Stationary over the disc and 
Opened Or closed by movement of the switch 
3. 

The temperature responsive control 9 is of the 
Construction shown in Fig. 2, and, referring to 
this figure, it will be seen that the casing 6 
defines a chamber 7 closed at its top by a dia 
phragm 8. The diaphragm is clamped about 
its margins between the flange 9 of casing 6 
and the flange 20 of a hood 2 carrying an up 
Standing yoke 22. At the top of the yoke is a 
sleeve nut 23 through which slidably passes a 
rod 24 having its lower end yieldably held 
against the diaphragm by a spring 25 which 
bears against the lower end of the sleeve nut 
and rests upon a collar 26 carried by the rod. 
A pipe or tube 27 extends downwardly from cas 
ing 6 with its lower end portion passing into 
the condensation pipe 6 where it is secured by 
a packing nut 28. At its lower end, the tube 
27 carries a bulb 29 disposed within pipe 6 
and variations of temperature within pipe 6 will 
cause gas. Or liquid with which the bulb and the 
tube and chamber 7 are filled to expand and 
contract. As the liquid expands, the diaphragm 
Will be forced upwardly and rod 24 shifted Up 

it will be seen that steam which is generated 75 Wardly through the sleeve nut. The upper end 
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of rod 24 is pivoted to one arm of a bell crank 
30 having its other arm pivoted to a shackle Ol' 
link 3 which extends horizontally and has its 
inner end pivoted to the lower end of arm 2 
and it will be readily seen that when the rod 
24 is shifted upwardly and the link 3 shifted 
toward the right of Fig. 2, arm 2 will be tilted 
about the pin or fulcrum 3 and its upper por 
tion tilted toward the left in the direction of 
line B-B to open SWitch 8 and stop operation 
of the motor or pump . The link or shackle 
mid-section 32, in the form of a rod threaded 
in Opposite directions from its ends So that when 
this Section is turned through the medium of 
Wheel 33, longitudinal adjustment of the link 
Will be accomplished. When the temperature 
of condensate in pipe 6 is lowered, the rod 24 
is Shifted downwardly by Spring 25 and arm 2 
Will be tilted to shift the switch toward the posi 
tion indicated by dotted line A-A and closed 
to Start the pump and force accumulated con 
densate through pipe 6' to the boiler. It will 
thus be seen that the switch will be automat 
ically Opened and closed in response to variations 
in the temperature of condensate flowing through 
pipe line 6. 
The pressure responsive control 3 for regul 

lating the action of the Switch is similar in con 
Struction to the temperature responsive control 
and has a casing 34 defining a chamber 35 which 
is connected with the steam pipe 2 by a pipe 33. 
The top of the chamber is closed by a diaphragm 
3 clamped between the flange 33 of the casing 
and the clamp 39 of a hood 4 and upon the 
diaphragn rests the lower end of a rod 4 wich 
is slidable vertically through a sleeve nut, 42. 
This sleeve nut is threaded through the top of 
a yoke 43 and about the rod is a spring 44 hav 
ing its upper end bearing against the sleeve nut 
and its lower end abutting a collar 45 carried 
by the rod. The Spring urges the rod down 
Wardly and, by turning the sleeve nut, tension 
of the Spring may be adjusted. When pressure 
rises in the steam line 2 and in pipe 36, the 
diaphragm will be flexed upwardly and the rod 
shifted upWardly with it and when the pressure 
is reduced, the Spring 44 forces the rod and the 
diaphragm downwardly. Therefore, the rod is 
Shifted vertically in response to variations in 
preSSure, 

The disc 4 is to be turned about its fulcrum pin 
in response to variations in pressure in the steam 
line and, in Order to do so, there has been pro 
Vided an arm 46 pivoted on a fulcrum pin 42 
and having its outer end pivotally connected with 
the upper end of rod 4 by a pin 48. This arm 
46 carries a cam 49 which is pivotally connected 
With the inner end of the arm by a pin 50 and 
extends longitudinally of the arm with its inner 
end secured by a screw or bolt 5, carried by the 
arm and passing through an arcuate slot 52 
formed in the cam. The outer end or front end 
Of the cam is Widened to provide a head 53 formed 
With a curved edge 54 constituting a cam surface 
and bearing against a roller 55 which is rotatably 
carried by a pin 56 projecting laterally from the 
lower portion of the disc 4. When the arm 46 
is tilted about its fulcrum pin 47, the cam 49 is 
SWung Vertically and its cam surface 54 acts on 
the roller to turn the disc 4 about the fulcrum 
pin 5 and angularly adjust the position of arm 
2. The extent of movement required of arm 2 

to Open or close the switch may thus be con 
trolled. A spring 57 yieldably resists turning of 
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the disc in one direction and thus causes the roll 
er 55 to be held in engagement With the can 
surface 54 of the cam 49. The roller is thus caused 
to move with the cam and the disc and the arm 
12 carried thereby will be automatically adjust 
ed in response to variations in pressure. It Will 
thus be seen that opening and closing of the 
switch is effected in timed relation to Variations 
in pressure of steam passing through the pipe 
line 2 as well as in timed relation to variations 
in the temperature of condensate flowing through 
pipe 6 to the pump. 
In Figure 4, there has been disclosed a modi 

fied construction wherein turning adjustment is 
directly imparted to the disc instead of by means 
of a cam. In this embodiment of the invention, 
a bell crank 5 is provided and has its hori 
Zontally extending arm pivoted to the upper end 
of rod 4 by a pin 58 and the disc is connected 
with the vertical arm of the bell crank by a link 
59 which has one end connected to the disc by 
a pin 69 and its other end connected with the 
bell crank by a pin 6 passing through a selected 
one of the openings 62 formed in the bell crank 
arm. Since the bell crank is formed with a plu 
rality of openings 62, movement imparted to the 
disc by movement of the rod 4 may be regulated. 
This is similar to the manner in which movement 
of the disc is controlled by loosening the fasten 
er 5 and tilting the cam 49 about pin 5 to an 
adjusted position. 

Having thus described my invention, What I 
claim is: 

1. In an electric circuit control device, the com 
bination with a temperature responsive control 
means, a pressure responsive control means, and 
an electric contact switch; of a disc rotatably 
mounted, a pin positioned intermediate the Cen 
ter and periphery of said disc, a switch control 
arm mounted pivotally upon said pin, means for 
moving one end of said arm in response to the 
action of the temperature responsive control 
means, means for operating an electric circuit 
opening and closing deVice With the Other end 
of said arm, another pin positioned intermediate 
the center and periphery of Said disc, a roller 
mounted upon the second mentioned pin, a cam 
bearing against Said roller, means for Varying and 
adjusting the throw of said cam, means for caus 
ing said can to vary the position of the roller and 
pin and said disc in response to the action of the 
pressure responsive Control means, and means 
for adjusting the various parts to temperature 
and pressure langes. 

2. In an electric circuit control device, the com 
bination. With a temperature responsive control 
means, a pressure responsive control means, and 
an electric contact switch; of a rotatably mount 
ed member, a fulcrum carried by said member, 
a Vertically disposed switch arm pivotally mount 
ed on said fulcrum and carrying said switch at 
its upper end, means for causing said switch arm 
to tilt upon Said fulcrum in response to the ac 
tion of the temperature responsive control ele 
ment and tilt the switch for opening and clos 
ing the SWitch, means actuated by the pressure 
responsive element for causing said rotatably 
mounted member to turn about its mounting in 
response to the action of the pressure responsive 
control element and affect adjustment of the 
switch, and means for adjusting the Various parts 
to different ranges of temperature and pressure. 

3. In an electric circuit control device, the com 
bination. With a temperature responsive control 
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means, a pressure responsive control means, and 
an electric contact SWitch; of a movable member 
rotatably mounted, a fulcrum intermediate the 
end and center of Said member, an arm for Con 
trolling the electric SWitch pivotally mounted on 
said fulcrum and connected With the temperature 
responsive control means for movement in re 
Sponse to the action of the temperature respon 
sive control means, and means to cause the first 
member to rotate in response to the action of the 
pressure responsive control means independent 
of said temperature responsive control means, 
including a movable member and a cam carried 
thereby for engaging the rotatable member, Said 
cam being movable to adjusted positions for ad 
justing the position of the rotatable member and 
the arm carried thereby. 

4. In an electric control device, the combina 
tion. With a pressure responsive control element, 
a temperature responsive Control element and an 
electric Contact SWitch; of a rotatably mounted 
member, a fulcrum carried by said member, an 
arm for operating an electric switch mounted 
upon said fulcrum and connected with the ten 
perature responsive control element for move 
ment in response to action of the temperature re 
Sponsive control element, a roller mounted on the 
rotatable member, a cam having an arculate edge 
at one end bearing against Said roller, an arm 
pivotally mounted and carrying said cam, said 
Cam being movable to adjusted positions, and 
means for tilting said arm and thereby causing 
said cam to transmit motion to the rotatable 
member in response to the action of the pressure 
responsive COntrol means. 

5. In an apparatus of the character described, 
a rotatable disk, a Switch holder pivotally carried 
by said disk, an arm pivotally mounted interne 
diate its length, a cam, a pin carried by Said an 
and mounting the cam for tilting adjustment 
at a point near its effective edge, an abutment 
carried by said disk and engaged by the effective 
edge of said cam, an extension for said cam ex 
tending longitudinally of the arm and formed with 
a slot eXtending transversely of the arm, a bind 
ing Screw carried by Said arm and passing 
through the slot of the can extension, means for 
imparting tilting motion to said arm whereby the 
cam acts upon said abutment to rotate the disk 
to an adjusted position, and means for tilting Said 
switch holder to open and close the Switch. 

6. In an electric circuit control Switch, the 
combination. With a temperature responsive. Con 
trol means including a longitudinally shiftable 
rod and a pressure responsive Control means in 
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cluding a longitudinally shiftable rod; of a disc 
mounted for rotary adjustment between the rods, 
a switch-actuating arm pivoted to Said disc for 
tilting movement in opposite directions to accom 
plish opening and closing of a switch, a, bell crank 
having an arm pivoted to the rod of the tempera 
ture responsive control means and its other arm 
connected with Said SWitch-actuating arm, and 
means actuated by movement of the rod Of Said 
pressure responsive control means for effecting 
turning movement of said disc to adjusted posi 
tions. 

7. In an electric circuit control device, the com 
bination. With a temperature responsive control 
means including a longitudinally shiftable rod 
and a pressure responsive control means includ 
ing a longitudinally shiftable rod; of a disc mount 
ed for rotary adjustment between the rods, a 
SWitch-actuating arm pivoted to said disc for tilt 
ing movement in opposite directions to accom 
plish Opening and closing of a Switch, a bell Crank 
having an arm pivoted to the rod of the tem 
perature responsive control, means and its other 
arn connected With said Switch-actuating arm, 
a lever pivotally mounted and extending trans 
Versely of the SWitch arm and having one end 
pivoted to the upper end of the rod of the pres 
Sure responsive contiol means, a cam carried by 
the other end portion of said lever, and an abut 
ment carried by said disc and bearing against the 
cam for effecting turning adjustment of the disc 
When the ever is moved. 

8. In an electric circuit control device, the com 
bination. With a temperature responsive control 
means including a longitudinally shiftable rod and 
a pressure responsive control means including a 
longitudinally shiftable rod; of a disc mounted 
for rotary adjustment between the rods, a switch 
actuating arm pivoted to said disc for tilting 
In OWement in opposite directions to accomplish 
opening and closing of a switch, a, bell crank hav 
ing an arm pivoted to the rod of the tempera 
ture responsive control means and its other arm 
Connected With Said SWitch-actuating arm, a le 
Ver pivotally mounted and extending transverse 
ly of the SWitch arm and having One end piv 
oted to the upper end of the rod of the pressure 
responsive COntrol means, a cam pivoted to the 
other end of said lever and extending along the 
lever, a fastener carried by said lever and engag 
ing the Can to hold the cam in set position, and 
an abutment carried by said disc and bearing 
against the cam for effecting turning adjustment 
of the disc when the lever is moved. 

PHILIP H. WILLIAMS. 


