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1

This invention relates to steam utilization sys-
tems, and more particularly to an improved con-
trol system for minimizing the heat loss in a
steam utilization system of the closed type.

A main object of the invention is to provide a
novel and improved system of control for
minimizing the heat loss in a steam utilization
system of the closed type, the improved control
system involving relatively simple apparatus,
providing a great increase in efficiency and
economy in the utilization of fuel, and function-
ing to prevent heat loss in a closed steam utiliza-
tion system by preventing the generation of flash
steam.

A further object of the invention is to provide
an improved steam utilization system of the
closed type wherein a constant and adjustable
differential pressure relationship is established
between the steam lines which supply steam for
utilization and the condensate return lines which
carry the hot steam condensate away from the
machinery or equipment in which the steam is
utilized.

A still further object of the invention is to
provide an improved system of control in a steam
utilization system of the closed type wherein ex-
cessive heat loss due to flash steam generation
in the condensate return lines is effectively pre-
vented, whereby maximum utilization of the heat
generated in the system is provided.

A still further object of the invention is to
provide an improved system of control to estab-
lish and maintain a constant and adjustable dif-
ferential pressure relationship hbetween the
steam supply lines and condensate return lines
in a steam utilization system of the closed type
wherein sufficiently accurate control is provided
to have the steam utilizing egquipment and the
steam boiler at the same elevation or to allow
the boiler to be located above the steam utiliz-
ing equipment, the control system of the present
invention bheing arranged so that just enough
difference in pressure betwsen the steam supply
lines and the condensate lines may be main-
tained to permit the condensate to flow bhack into
the condensate receiver, from whence it may be
pumped back into the hoiler, regardless of the
relative elevation of the boiler and the utiliza-
tion equipment.

A still further object of the invention is to pro-
vide an improved confrol means in a steam
utilization system of the closed type wherein a
substantially constant difference in pressure be-
tween the steam supply lines and the condensate
return lines may be maintained and may be set
at a value just high enough to lift the condensate

§ Claims. (Cl. 237—9)

[

10

15

20

25

30

40

45

50

b5

2

from the trap discharge points of the utiliza-
tion equipment back into the condensate receiver,
whereby the flash loss may be held at a minimum,
thus minimizing waste of steam in the system.

Turther objects and advantages of the inven-
tion will become apparent from the following de-
scription and claims, and from the accompanying
drawings, wherein:

Figure 1 is a schematic diagram of an im-
proved steam utilization system constructed in
accordance with the present invention; ’

Pigure 2 is a schematic diagram of another
form of steam utilization system constructed in
accordance with and employing the principles of
the present invention;

Tigure 3 is s fragmentary cross sectional view
taken through a conventional pressure-respon-
sive differential switch employed in the system
of Figure 1.

Referring to the drawings, and more partic-
ularly to Figure 1, i designates a steam boiler,
and 12 designates the steam supply line con-
nected to the high-pressure side of the boiler
1{. Designated at i3 are steam utilization de-
vices which may be machines, heating devices,
or the like, wherein heat is extracted from steam
to perform useful functions. As shown in Figure
1, each device 13 is connected to the steam sup-
ply line 12 by a conduit 4. Designated at 15
is the condensate return line, the return con-
duit 16 of each of the devices 13 being connected
to the return line i5 through a steam frap i1
and a check valve 18. Designated at 19 is a
condensate receiving tank which is connected to
the condensate return line 15 by a conduit 20.
Designated at 21 is the boiler return line, said
return line connecting the bottom of the con-
densate receiving tank 18 to the boiler 11 and
including a pump 22 and a check valve 23. The
pump 22 is driven by a motor 24 which is en-
ergized from the power lines, shown at 26,
through a conventional float controlled switch
27 connected to the tank 19 in the manner shown
schematically in .Figure 1. The switch 27 is
well known per se and forms no part of the pres-
ent invention. Said switch 27 is connected to
the tank 19 and is arranged so that the motor
24 will become energized responsive to a rise
in level of the condensate in the tank 19 to a
predetermined height. Therefore, the pump 22
will not become energized until sufficient con-
densate has collected in the tank {9 to bring the
level thereof in the tank to the predetermined
height for which the automatic switch 27 is
set.
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Connected to the top of the tank {9 is a conduit
28 provided with a T-fitting 29. Connected to
one arm of the T-fitting 29 is a conduit 86 which
includes a solenoid-type vent valve 3! which is
normally closed. Upon energization of the vent
valve 31, said valve opens and allows the con-
duit 28 to be in communication with the atmos-
phere. Designated at 32 is a conduit which con-
nects the supply line {2 to the other arm of the
T-fitting 29 through a normally closed sclenoid-
type valve 33 and a check valve 38. When valve
33 Is energized and open, high pressure steam
from the supply line 12 will be admitted through
the check valve 34 and the conduit 28 into the
condensate tank 19.

Connected between the conduit 26 and the
steam supply line {2 is a pressure-responsive
switch device 35 which may be, for example, a
pressure-responsive switch similar to Minne-
apolis-Honeywell Differential Pressuretrol Model
PB06A and illustrated in Fig. 3. As shown in
Figure 1, one side of the pressure-responsive
switch device 35 is connected by a conduit 38 to
. the steam supply line {2, and the other side of
said pressure-responsive device is connected by a
. conduit 37 to the condensate line 268. The switch
device 35 is provided with respective terminals
38, 39 and 40. Said switch device may be set so
that when the pressure differential between con-
duits 36 and 237 is substantially less than a pre-
determined value, the terminals 28 and 29 will be
‘bridged. When thus set, the switch device will
operate to bridge the terminals 39 and 48 when
‘the Tvpressure differential etween conduits
. 36 and 37 exceeds said predetermined value.
When the pressure differential between con-
duits 36 and 37 is substantially equal to said
predetermined set value, the switch deviee
35 will be in a neutral condition and both termi-
nals 88 and 40 will be disconnected from terminal
39. It will therefore be apparent that when the
pressure differential between the steam supply
. line {2 and the condensate return Iine 28 is below
a predetermined desired value, the terminals 38
and 39 will be bridged. The respective solenoid
valves 31 and 33 have their energizing coils con-
nected to the respective sets of wires shown at 41,
42 and 41, 43. The wire 4{ is connected to one
terminal of a suitable voltage source. The ter-
minal 39 of the switch 35 is connected by a wire
48 to the other terminal of the voltage source.
Wire 42 is connected to the terminal 38 of the
switch and wire 43 is connected to terminal 490
of the switch. Therefore, when the pressure dif-
- ferential between conduits {2 and 20 is below
the predetermined set value above mentioned, the
energizing winding of valve 3{ will become acti-
vated by the bridging of terminals 38 and 29.
This opens valve 3{ and allows the condensate
tank 18 to be vented to atmosphere, thus reduc-
ing the pressure in the condensate tank. This
increases the pressure differential between con-
duits 12 and 28, and when the pressure differen-
tial is substantially equal to the preset value
above mentioned, the switch 25 operates to dis-
connect terminal 3§ from terminal 29, thereby de-
energizing the valve 31 and allowing said valve
to close. Similarly, when the pressure differential
across conduits {2 and 20 exceeds the predeter-
mined set value, the switeh 38 functions to bridge
the terminals 88 and 46, energizing the valve 23
and causing said valve 33 to open, whereby the
steam from the supply line 12 is admitted into
the tank 19 through the conduit 32 and the con-
duit 28, thereby increasing the pressure in the
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tank 19 and reducing the pressure differential
between the conduit 28 and the supply line 12.
When the desired predetermined differential
pressure is established between conduits 20 and
t2, the switch 85 functions to open the connec-
tion between the terminals 39 and 48, thereby
deenergizing the valve 3% and causing said valve
to close. It will therefore be apparent that by
setting the pressure-responsive switch device 25
to a predetermined setting, the pressure differ-
ential between the steam supply line 12 and the
condensate return line 20 may be held and main-
tained at & value just sufficient to lift the con-
densate from the trap discharge element 17 back
into the condensate tank 18, regardless of the
relative elevation of the condensate tank 19 and
the devices {3. If’is therefore possible to mini-
mize the flash loss in the system, and therefore
to minimize the waste of heat due to flash loss.

In operation of the system of Figure 1, steam
from the boiler {i flows to the steam heated
equipment through the supply line 12 and the
conduits 14. As heat is drawn from the devices
i3, condensate forms in the devices and is re-
leased by conventional steam traps {7 into the
return line (8, whence the condensate flows
through the condensate return conduit 20 into
the condensate tank 19. The condensate aceumuy-
lates in the tank 12 until it reaches a prede-
termined level, at which time the float-operated
switch 27 closes and starts the motor 24 connected
to the pump 22. The pump 22 returns the eon-
-densate through the conduit 21 to the boiler
and continues in operation until the liquid level
in the condensate tank 19 drops to a predeter-
mined low point. When said low point is reached,
the pump 22 is deenergized. As will be under-
stood by those skilled in the art, the correct level
in the boiler 11 is maintained by a separate sys-
tem having no relation to the condensate return
system above described, and operating separately
from different control elements, and having an
independent source of water. The present sys-
tem merely returns the hot condensate to the
boiler and furnishes no make-up water whatso-
ever.

The following is a description of a typical start-
ing operaticn of the system of Figure 1:

The boiler {{ is fired and starts to build up
bressure in the steam supply line. The eguip-
ment {3 is full of air and is cold. As steam first
enters the equipment {3, it begins to displace the
air within the equipment and at the same time
condenses rapidly. The air and condensate from
the equipment pass through the steam trap (7
and out into the main return line {5. The air
and cold condensate flow -along the return line
and through the return conduit 20 into the tank
£9, where the condensate begins to accumulate
and the air passes out of valve 3{ to the atmos~
phere, said valve being open, since there is no
differential pressure between conduits 37 and 28.
Valve &{ will remain open as long as less than
the predetermined value of differential pressure
exists between conduits 36 and 37. The venting
of the condensate tank {9 continues until the
boiler steam pressure builds up sufficiently so
that the limiting differential pressure between
conduits §§ and 37 is reached. At this time, the
valve 3{ becomes deenergized and closes. Dur-
ing the time previous to the closing of valve 24,
all air has been removed from the equipment {3
and the return lines, and the condensate is en-
tering the tank 19 in a hot condition. As the
hoiler continues to build up pressure, the pressure
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in the condensate return system rises along with
it, but always remains a predetermined differ-
ence below the boiler supply pressure.

The above paragraph explains how air is purged
from the system when starting from a cold, no-
pressure condition to establish the desired dif-
ferential pressure. From the point where said
differential pressure is established, one of two
different conditions may occur:

1. The condensate may not come up to full
working temperature, under which circumstances
the pressure in the return line would lag behind
the rise in boiler pressure. The differential pres-
sure control switch 35 would sense this condition,
because the differential pressure tends to in-
crease beyond the predetermined differential-
pressure setting. The increase in differential
pressure beyond the predetermined sef value
causes the switch 35 to bridge the terminals 38 and
40, This opens valve 33 and causes steam to
be admitted into the condensate tank (9 from
conduit 32 through conduit 28, This action would
continue until the pressure in the tank {8 has
risen sufficiently to re-establish the predeter-
mined pressure differential between conduits 37
and 38. When the desired predefermined pres-
sure differential has been re-established, the
switch 35 moves to its neutral position, opening
the connection across the terminals 3% and 40
and deenergizing the valve 23, causing said valve
to close. This places the switch 35 in a neutral
position and establishes a balanced condition
wherein the steam from the hot condensate is
balancing the demand for pressure most of the
time after the system is hot.

2. After the system has been started and the
desired differential pressure has been reached, if
the condensate is up to full saturated tempera-
ture, the following operation may occur: The
pressure in the condensate return line may rise
gradually to a point where the differential pres-
sure is less than the preset value, causing the
switch 35 to operate so as to open valve 31 and
cause steam to be vented from the condensate
tank 19 until the desired differential pressure is
established. As soon as the desired differential
pressure is established, the switch 35 moves into
neutral position and remains therein until the
system again becomes unbalanced.

It will therefore be apparent that the system
above described will operate to maintain the re-
turn system to the condensate tank 19 at any de-
sired setting below that of the steam supply pres-
sure. The desired differential will remain sub-
stantially constant as the steam supply pressure
fluctuates over any range greater than the dif-
ferential pressure setting. The present system
above described not only saves fuel by minimizing
fiash loss, but increases the capacity of the boiler
by returning the condensate thereto at a few de-
grees below the boiler water boiling point, thus
relieving the boiler of the necessity of raising the
water to this temperature.

If the condensate tank {9 and the return lines
29 and {5 were not maintained at relatively high
pressures, there would be an excessive loss of heat
due to steam condensate giving up flash steam
as the condensate is released across and through
the steam traps 17T into the condensate return
line. The present invention operates to main-
tain the return system under a constant relative
pressure lower than the boiler pressure only by an
amount sufficient to produce flow of the conden-
sate hack to the condensate tank (9. By keeping
the differential pressure as low as possible, name-

1y, just low enough to provide proper condensate
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drainage, flash loss is kept down to a minimum
value, thereby providing maximum fuel economy.

The switch 35 employed in Pigure 1 is of stand~
ard construction and is of the opposed pressure-
bellows operated type, as shown in Figure 3. The
two bellows, designated at 38A and 40A in Figure
3, oppose each other and are spring-loaded in a
manner to allow operation in one direction to
close one set of mercury switch contacts when
the desired and set conirol point is reached, and
to operate in the opposite direction when the de-
sired and set control point is not satisfied.

To illustrate the operation of the switch 35, let
us assume that the steam boiler is cold and no
pressure exists in the entire steam and condensate
system. The electrical power is turned on with
the circuit arranged as shown in Figure 1. The
spring 88 in the differential pressure switch ex-
erts a pulling force on the bellows linkage and
initially causes the contacts 38 and 39 to be
closed, thus energizing valve 34, which is thereby
opened. As mentioned above, no pressure exists
in the system upon starting thereof, and at this
point the steam generator is fired up to supply
steam to the apparatus connected thereto. As
soon as the steam generator begins to build up
pressure in the system, all air and gases that are
in the system start to escape through the valve 31
into the atmosphere, thus clearing the steam
lines and steam heated apparatus of all air and
gases, permitting live steam to fill the lines and
apparatus. Valve 31 will be held open by the dif-
ferential switch contacts 38 and 39 until the
steam pressure in the system exceeds the set con-
trol point of the spring 88, said switeh being held
in this position by a difference in pressure in the
Jines 36 and 31. As soon as the steam pressure
in the line 36 exceeds the spring loading on bel-
lows 40A plus the steam pressure in bellows 384,
the mercury switch tube tilts in the opposite di-
rection in just the correct amount to open con-
tacts 38 and 39 but not far enough as yet to close
contacts 39 and 40. As soon as the mercury
switch opens contacts 38 and 39, valve 31 closes.
Valve 31 now being closed, no further venting is
possible. As the steam traps operate to discharge
condensate into the condensate return lines, pres-
sure begins to huild up in the return lines and in
the return system. 1In the event the condensate
is still too cold to give off any flash steam at
this time (start-up), pressure in the return lines
and return receiver will begin to fall too far be-
low the steam supply pressure, thus unhalancing
the neutral position of the differential switch by
reascn of the differences in forces exerted by bel-
lows 38A and 49A and the spring 88 pulling in a
direction to aid, or add to the force exerted by
kellows 38A. Bellows 480A now exerts enough
force on the linkage to overcome the sum of the
forces produced by bellows 38A and spring 88,
thus moving the linkage far enough to close con-
tacts 39 and 48. Contacts 3§ and 4L, now heing
closed, cause valve 383 to open. Valve 33, now bhe-
ing open, steam from the steam supply line is
admitted to the return receiver until the pressure
within the return lines and receiver rises to a
pressure below the steam pressure in conduit 36
by the exact differential desired between the
steam pressure in conduit 3§ and the return pres-
sure. At this time the forces exerted by bellows
38A and the adjustable tension spring 88 over-
come the force exerted by bellows 43A, thus re-
turning the mercury switch to its neutral posi-
tion and thus opening contacts 39 and 40. Con-
tacts 39 and 48, now being opened, the valve 33
closes and the desired differential pressure rela-
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tionship is once again established between the
input steam pressure on the equipment and the
steam pressure in the return lines and return
receiver.

Referring now to the embediment of the in-
vention shown in Figure 2, as in Figure 1, 1§ des-
ignates the condensate tank and 13 designates
the steam utilization devieces. Steam is provided
to the utilization devices from the steam supply
line {2 through the conduit (£, and the conden-
sate leaves each device {2 through the conduit
{8, steam trap 417, the check valve 18, and returns
to the condensate tank through the condensate
return line 28. When the level in the condensate
tank reaches a predetermined value, the pump 22
becomes activated by the closing of the level-
responsive switch G, whereby the accumulated
condensate is retuimed tc the boiler 11, through
the line 2{. As shown in Figure 2, the conden-
sate tank 19 may be provided with g safety valve
5@ which is adapted to open at a limiting high
pressure. Connected to the top of the tank (8
is a vent conduit B{ prcvided with a normaliy
closed solenocid valve A. Designated at 52 and
53 are respective electrical supply line wires. One
terminal of the solenoid velve A is connected to
line wire 83 by a wire 84. The other terminal
of the solenoid valve A is connected by a wire 85
to the line wire 52 through a pressure-responsive
switch P. Switch P is connected betwsen the
steam supply line 12 and the condensate tank
by respective conduits 55, 87, 58 and 88, as shown.
Switch F is arranged to close when the differen-
tial pressure between conduits 38 and §7 is sub-
stantially below a predetermined Hmiting value.
When valve A opens, the tank 18 is vented to at-
mosphere. The cendensate tank is connected to
the steam supply line {2 by the respective con-~
duits §2, %8 and 5§, as shown, a solenoid valve B
being inculded in the conduit £0.
of valve B iz connected tc line wire 53 and the
other terminal is connected by a wire €1 to the
line wire §2 through a pressure-responsive switch
E.  'The pressure-responsive switch % is connsct-
ed by respective conduits 62 and 63 hetween the
conduits 89 and 57, as
is controlled by the differential pressure between
the steam supply iline i2 and the condensate tank
19, The valve B iIs normally closed angd the switch
E is arranged to close responsive to a rise in dif-
ferential pressure ketwesn conduits €7 and &3
beyond the predetermined set value mentioned
above in connsction with switeh F. When the
predetermined differential pressure value is ex~
ceeded, switch E closes, causing the vaive B to
hecome energized and to open, and causing steam
to be admitied from the supply line iZ into the
condensate tank {8. This increases the pressure
in the condensate tank {8 and reduces the dif-
ferential pressure between conduits 62 ang 83,
whereby when the predetermined desired differ-
ential pressure is reached, the switch E opens and
causes the valve B to close. A temperature-re-
sponsive switeh C is provided in condensate tank
{8, said switch being normally closed and being
connected in parallel with switch F, as shown.

The system of Figure 2 operates as follows:

Assuming the apparaius is in a cold condition,
the boiler 1 is fired. Valve A is held open, since
the switch C is closed, allowing the tank {8 to be
vented and allowing condensate to flow back to
the tank 18 as scon as any pressure builds up in
the boiler ti. Since valve A is open, any air in
the system is free o pass out into the atmos-
phere as soon as it reaches the tank 8. The above
condition -continues until the condensate in the
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8§

condensate tank 19 reaches a predetermined tem-
perature, for example, a temperature -of 200° 7.,
or the like, at which time switch C opens. Valve
A cannot close, however, unless differential switch
F is opened by the presence of at least the prede-
termined desired value of differential pressure be-
tween conduits 57 and 8. Venting through valve
A would therefore continue until the differential
pressure reaches the predetermined desired set
condition and the temperature of the condensate
in the tank {8 is more than the above-mentioned
predetermined value, for example, 260° F. When
valve A closes, continued increase in boiler pres-
sure causes the pressure in the condensate tank
to rise. The pressure in the condensate tank {9
will be maintained at the predetermined differ-
ential pressure with respect to the boiler pressure
by the action of valve B which is maintained
open hy pressure-responsive switch & as long as
the differential pressure between conduits 62 and
€3 exceeds the predetermined desired differential
bressure value. When the pressure in tank 9
rigses to too high a value, the differential pressure
between conduits 85 and 57 decreases below the
desired value, causing the switch F to close and
the valve A to open, and allowing the tank 12 to
e vented to atmosphere. The operation of the
system therefore is similar to the cperation of
the system illustrated in Figure 1, inasmuch as
the differential pressure between tank {8 and sup-
ply line 12 is maintained substantially at a con-
stant value regardless of fluctuations of the boiler
steam supplied pressure.

It will be noted that the vent valve A is held
open when the condensate is relatively cold, since
the temperature-responsive switch C is closed.
When the condensate in tank {9 rises above the
above-mentioned predetermined high tempera-
ture, the switch C is open and the valve A will
close unless the differential pressure between the
steam supply line and the condensate tank is
less than the predetermined desired value, since
this will cause the switch P to close. When the
differential pressure is at its desired value and the
condensate in the tank 19 is above the predeter-
mined limiting temperature above defined, both
switches F and C will be open and the valve A
will be deenergized and in cloged condition.

While certain specific embodiments of im-
proved steam utilization systems of the closed
type have heen disclosed in the foregoing de-
scription, it will be understood that various modi-
fications within the spirit of the invention may
occur to those skilled in the art. Therefore, it
is intended that no limitations ke placed on the
Invention except as defined by the scope of the
appended claims.

What is claimed is:

1. A steam wutilization system comprising g
boiler, a steam utilization device, a condensate
collecting chamber, conduit means connecting
said boiler, utilization device and chamber to
define a closed system, a vent valve connected to
sald chamber, additional conduit means connect-
ing the high pressure side of the boiler to said
chamber, a second valve in said additional con-
duit means, and a pressure responsive device con-
nected across said utilization device and arranged
to selectively control said valves in accordance
with variations of the difference in pressure across
sald utilization device and being further arranged
to maintain a substantially constant difference in
pressure.

2. A steam utilization system comprising g
boiler, a steam utilization device, g condensate
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collecting chamber, conduit means connecting
said boiler, utilization device and chamber to de-
fine a closed system, a normally closed vent valve
connected to said chamber, additional conduit
means connhecting the high pressure side of the
boiler to said chamber, a second normally closed
valve in said additional conduit means, and a
pressure responsive device connected across said
utilization device and arranged to open said vent
valve when the pressure differential across said
pressure responsive device is substantially below
a predetermined value, the pressure in the con-
densate collecting chamber being substantially
above atmospheric pressure, said pressure respon-
sive device being further arranged to open said
second valve when said pressure differential is
substantially above said predetermined value.

3. A steam wutilization system comprising a
boiler, a steam utilization device, a condensate
collecting chamber, conduit means connecting
said boiler, utilization device and chamber to de-
fine a closed system, a normally closed electro-
magnetic vent valve connected to said chamber,
additional conduit means connecting the high
pressure side of the boiler to said chamber, a
second normally closed electromagnetic valve in
said additional conduit means, and a pressure
responsive switch connected across said utiliza-
tion device and arranged to selectively control
said valves in accordance with variations of the
difference in pressure across said utilization de-
vice, and being further arranged to maintain a
substantially constant difference in pressure.

4, A steam utilization system comprising a
boiler, a steam utilization device, a condensate
collecting chamber, conduit means connecting
said boiler, utilization device and chamber to de-
fine a closed system, a normally closed electro-
magnetic vent valve connected to said cham-
ber, additional conduit means connecting the
high pressure side of the boiler to said chamber,
a second normally closed electromagunetic valve in

10

15

20

2

wt

30

40

10

said additional conduit means, a pressure-respon-
sive switch connected across said utilization de-
vice, and respective circuit means connecting said
switch to said valves, said switech and circuit
means being arranged to energize the vent valve
when the pressure differential across said switch
is substantially below a predetermined value and
to energize said second valve when said pressure
differential is substantially above said predeter-
mined value, the pressure in the condensate col-
lecting chamber being substantially above atmos-
pheric pressure.

5. A steam utilization system comprising a
steam boiler, a steam utilization device, a con-
densate chamber, conduit means connecting said
boiler, utilization device and chamber in a closed
system, a normally closed vent valve connected
to said chamber, a branch conduit connected be-
tween the high pressure side of said boiler and
said chamber, a second normally closed valve in
said branch conduit, and pressure-responsive
means connected between said chamber and said
high pressure side of the boiler and arranged to
open said vent valve when the pressure differen-
tial between the chamber and the high pressure
side of the boiler is substantially less than a
predetermined value, and to open said second
valve and close the vent valve when said differ-
ential exceeds said predetermined value, the pres-
sure in the condensate chamber being substan-
tially above atmospheric pressure.

ALVA G, ARBOGAST.
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