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My invention is concerned with a feed water
control system for boiler plants that will properly
distribute the load between the various pumping
units, that will insure economy of the feed water
and safety of operation of the entire system. My
invention’ is more barticularly directed to the
proper distribution of the feed water through the
bumping units prior to itg introduction into the
feed water header and is not concerned with the
distribution from the header to the various boil-
€rs of the plant, which latter distribution may be
effected in any well known manner.

In modern high pressure boiler plants, the feed
water system is divided into a plurality of separate
units corresponding in general to the number of
turbines receiving steam from the boilers. Each
pumping unit receives the condensate from one
turbine and pumps the same through various pre-
heaters to the common feed water header of the
plant; the preheaters being heated by steam with-
drawn from different stages of the turbine and
returned to the condenser.

Satisfactory regulation for such feed water sys-
tem must insure at all times a sufficient pressure
in the feed water header, and must be so arranged
that the various pumping units deliver water to
the header as it is received from the correspond-
ing condenser, and in such a way as to equalize
the stored water in the various surge tanks, and
obviate as far as possible the temporary addition
of makeup water or removal of excess water from
surge tanks. Without such a system of control,
it is difficult to maintain the quantity of water
going through the pumps close énough in quan-

' tity to the amount of water delivered to the surge
tanks, so that the tanks become neither empty
nor overfilled. ’

The.regulating system which I have devised
meets these requirements and precludes the
necessity of temporarily adding makeup water or
the waste of feed water from the condensate of
any unit. Insuring a flow of water through the
heaters in proportion to the load on the turbine, it
assists in maintaining a ‘proper temperature of
the water delivered to the header and insures fur-
ther a pressure in the header sufficient at all timeg
to care for the boilers at all ratings. A control
of the water distribution between the various
pumping units to insure the desired equalization
of the water stored in the sufge tanks may be
effected by the automatic proportioning of the
water delivered by any one pumping unit to the
load upon the turbine supplying condensate to
that unit., My invention, therefore in one re-
spect, comprises a regulating system wherein each

.2 common header 3 through the usual

bumping unit is responsive to and ‘varies with
the load on the individual turbine associated
therewith, and all the -units are conjointly re-
sponsive to maintain adequate header pressure,
Preferably, to prevent temporary slight variations €0
in load reacting upon the regulator, the control of
each unit is arranged to be more rapidly re-
sponsive to header pressure variations, or to rate
of water delivery from the unit than to changes
in the turbine load. 65

For a better understanding of my invention,
reference may be had to the accompanying draw-
ings, of which: :

Fig. 1 illustrates diagrammatically a feed water
regulating system embodying my invention;

Fig. 2 illustrates in more detail a modification
of the invention representing a preferred embodi-
ment thereof; and ‘

Fig. 3 illustrates g control system generally
similar to that of Fig. 2 but showing g slightly 75
different arrangement of the regulators.

Referring first to Fig. 1, two boilers of a high
bressure boiler system are diagrammatically il-
lustrated by the drums 1 delivering steam to a
common header 2 and receiving feed water from 8o
econo-
mizers 4. In the particular.installation illustrat-
ed, two turbines, 5 and 5, receive steam from
the header 2 and four constant speed or hooster
bpumps 6, 6 and 6’, 6’, of which one pump 6-and 85
one pump 6’ may be a spare, deliver feed water
to the water header 3. A pump 7 delivers feed
water through preheaters § and 9 to pumps 6, 6.
Preheaters 8 and 9 are heated by steam with-
drawn from different stages of turhine 5, which 90
steam, together with the exhaust steam from the
turbine, is condensed in the condenser 10 and
passes from there into the storage or surge tank
11, from which it is withdrawn as feed water by
the pump 7. A second pumping unit comprises 97
the pump 7’ receiving condensate from the tur-.
bine 5’ and delivering it as feed water through
the preheaters 8’ and 9’ to the booster pumps
6, 6.

To regulate the operation of the bumping units,
I provide for each unit a regulator responsive
both to a function of the operation of that pump-
ing unit and to a function of the rating of, or
load upon, the particular turbine associated
therewith. In. this particular embodiment the 105
regulator is responsive to g function of the rate
of flow of the water from the bumping unit 7
and to a function of the rate of flow of steam
to the turbine 5. The simplest type of such a
regulator is illustrated diagrammatically in Fig. 119
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1 as comprising a pivoted balance lever 12 adapt-
ed, upon displacement from neutral position, to
directly vary the speed of pump 7 by adjustment
of a resistance 13 in the armature circuit of the
motor 14 driving the pump.

A pair of chambers 15 and 16, each having one
wall movable in response to the pressure within
the chamber and so connected to the lever as to
tend to act oppositely thereupon, are connected
by means of pipes 17 and 18 respectively with
the steam supply pipe for turbine 5 at either side
of a restriction 19 so as to be responsive to a
function of the rate of flow of steam to the tur-
bine. Similarly, a second pair of diaphragm
closed chambers 20 and 21 oppositely connected
to lever 12 are connected respectively with the
feed water header 3 and the outlet of pump 7 to
be responsive to a function of the rate of flow
of water delivered by the pump. The arrange-
ment is such that an increase in turbine load
with consequent increase in steam flow thereto
reacts upon the balance in a direction to increase
the pump speed until the water flow there-
through is increased to a value sufficient to re-
store balance upon the lever. In this manner the
pump is continuously operated at such a rate as
to insure at all times a sufficient, but not exces-

sive, supply of water thereto, and furthermore, |,

because the flow of water through the preheaters
8 and 9 is continuously maintained in proportion
to the steam supplied to the turbine 5 and hence
also to the steam withdrawn from the turbine for
heating the preheaters, a uniform temperature
of the feed water is insured. Pump 7’ is likewise
provided with a regulator 12’ responsive to the
rate of steam flow to turbine 5’ and to the dif-
ferential in pressure between the pump outlet and
the feed water header. The pressure in cham-
bers 20 and 20’ will be equal as each is equal to
that-in the header 3.

Tt will be apparent that an increase or decrease
in load upon one turbine will cause the regulator
associated with the pumping unit receiving con-
densate from that turbine to correspondingly in-
crease or decrease the rate of operation of that
pumping unit but will have no effect upon. the
regulator for other pumping units, for the flow
of steam to any one turbine reacts only on the
regulator associated with the pumping unit re-
ceiving condensate from that turbine.

If the pressure in header 3 varies for any rea-
son, as for example a change in the total load
upon the plant, all of the regulators will be effect-
ed simultaneously, causing like changes in the
rate of pumping of each unit without disturbing
the distribution therebetween; header pressure 3
being connected as shown, to act upon each regu-
lator.

From the broad aspects of my invention it is
immaterial what particular force or forces vary-
ing with the turbine operation are selected to act
upon the respective regulators. Instead of a pres-
sure differential varying with the steam flow to
the turbine, any other force varying with the load
thereupon, could as well be employed.

Theoretically, the arrangement of Fig. 1 will
insure equalization of the stored water in the
tanks 11 and 11’. In that arrangement, how-

ever, as no means are provided directly responsive
to water level changes in the surge tanks, the in-
dividual regulators, in practice, would need to be
extremely sensitive and precise in operation to
prevent possible occurrence of cumulative errors
in the regulation. For this reason, and to pre-
vent operation of the regulation upon each tem-
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porary and small variation in load, I prefer to
utilize forces varying with -the water levels in
the surge tanks instead of the forces above enu-
merated as the controlling forces upon the regu-

lators. Broadly, however, a force varying with 80

the water level in a surge tank is in effect one

varying with the load upon the turbine deliver-
ing condensate to that tank, for the level varies
as a function of the turbine load, increasing and
decreasing responsively with increasing and de-
creasing load but is not rapidly responsive fo
temporary small load variations. In Figs. 2
and 3 I have accordingly illustrated specific means
which I employ for utilizing surge tank level vari-
ations in regulating the distribution of load be-
tween the pumping units of a feed water system.
In Fig. 2 the pump regulator for each unmit is
shown as being provided with a loading force
varied by a second regulafor which’in turn is
movable in response to storage tank level varia-
tions. In Fig. 3 the pump regulator for each unit
is shown as responsive to the pressure differential .
across a valve in the feed water line of that unit,
which valve in turn is adjusted by a regulator
responsive to the level variations in the storage
tank from which the pump withdraws condensate
as feed water. -

Referring to Fig. 2, four high pressure boilers,
indicated diagrammatically by the drums 1, re-
ceive feed water from the header 3 and deliver
steam through a common header to two turbines
5. The condensate from one turbine is collected
in the storage tank 11 and from the other turbine
in the tank 11’, from which tanks it is withdrawn
as feed water by the pumps 7 and 7’ respectively. 110 -
Pump 7 is driven by an electric motor 14, which
has a resistance 13 in its armature circuit adjusted
by a regulator 22. Regulator 22 is preferably
of the type in which auxiliary power means are
brought into operation upon departure from equi-
librium of the balance lever 23 acted upon by
controlling forces. In the particular embodiment
illustrated, regulator 22 comprises a pivoted bal-~
ance lever 23 carrying a member 24 to which is
attached a throttle valve 25 adapted to vary the
leakage of actuating fluid from a chamber 26.
Tending to tip lever 23 in a counter-clockwise
direction is a spring 27 attached at one end to
the lever 23 and slidably mounted in a fixed run-
way 29. A motor 30 by means of suitable reduc-
tion gearing varies the position of rack 28, and
hence the tension of spring 27 in response to the
operation of a regulator 31 responsive to the
water level in the storage tank 11. Opposing the
tension of the spring 27 upon the lever 23 is a
force varying with the pressure in the header
3 as transmitted to a chamber 32 by a pipe 33.
Chamber 32 is closed by a diaphragm 34 con-
nected to the lever by a rod 35 and to a fixed
part of the regulator by a compression spring 36. 135
A power piston 37, movable in response to the
pressure in chamber 26, carries a piston rod

38 to which is linked a pivoted arm 39 adapted,
through suitable linkage, to vary the resistance

13. 'The upper surface of piston 37 is open to 140
the atmosphere and carries a weight 40 tending

to lower the piston against the pressure acting-
on the lower side thereof. -Actuating fluid under
pressure is supplied to chamber 26 from a pipe

41 provided with a vrestricted orifice 42 and 145
connected to any suitable source of pressure (not
shown). To prevent hunting of the regulator,
piston rod 38 carries at its upper end & cup or
dash-pot 43 cooperating with a piston 44 slidable
therein and carried by member 24. To insure 150
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that variations in pressure’in chamber 32 will
cause proportionate travel of piston 37, and there-
fore proportionate increments or decrements of
resistance 13, springs 45 are connected between
the movable elements 24 and 43 to give a stabiliz-
ing force upon the lever 23 varying with the
position of piston 37.. A regulator 22’ is arranged
to control the speed of pump 7’ in response to
the pressure in header 3 and in response to the
tension of a spring 27 adjusted by a regulator
31’ responsive to the water level in storage tank
11’. It is not believed necessary to describe regu-
lator 22’ in detail as it is similar in all respects
to regulator ‘22 and as the various ele-
ments thereof have been indicated by the same

_ reference numerals but with primes attached
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thereto as are the corresponding elements in
regulator 22. ’

Assuming for the present that no load change
occurs upon either turbine and that the turbines
are under equal load, then the tensions of spring
27 and 27 will be equal and may be consid-
ered as constant forces acting upon levers 23 and
23’ respectively. The pressures in chambers 32
and 32’ will be equal as each is equal to that in
the header 3. Under these circumstances the
regulators 22 and 22’ insure equal division of
the load between the two pumping units.” This
will be readily apparent when it is noted that
each balance lever 23 and 23’ is subjected to
three foreces, viz.,, one due to the tension of
spring 27 or 27’, one due to the pressure in the
header 3, and one due to the tension of springs
45 or 45’. The tension of springs 45 or 45’ is
‘e measure of the rate at which the pump 7 or
7" is operating, for the pump operation depends
upon the position of the rheostat arm which in
turn depends, as does the tension of springs 45
or 45', upon the position of the power piston
within the regulator. As under the assumed
equal load conditions on ‘the turbines, the ten-
sions of springs 27 and 27’ are equal, and as
the pressures in chambers 32 and 32’ are equal,
it follows that unless the pumps 7 and 7' are
running at equal rating one or the other of
balance levers 23 or 23’ will be out of balance
due to unequal tensions of springs 45 and 45'.
The balance lever on the regulator for which-
ever pump is operating at the wrong speed will
therefore tip to vary the leakage from chamber 26
or 26’ to therefore unbalance the pressures on
the power piston, causing it t0 move in a direc-
tion to equalize the tensions of springs 45 and

45’ and at the same time to correspondingly

change the speed of the pump to the desired
value,

Under unequal load conditions on the turbines,
the tensions of springs 27 and 27" will be dif-
ferent, thus insuring balance upon the respec-
tive balance levers of the regulators only when
the tension of springs 45 and 45’ are correspond-
ingly different and the pumps are consequently
operating at the required different ratings.

The means for varying the tensions of springs
27 and 27’ in response to the ratings upon the
turbines comprise the regulators 31 and 31’ and
the parts associated therewith. It will be suffi-
cient to describe but one of the units, the other
being identical therewith. :

Regulator 31 is substantially similar to regu-
lator 22." It comprises the pivoted balance lever
46 carrying the member 47 from which depends
the throttle valve 48 arranged to vary the ac-

. tuating pressure beneath the power piston 49

upon an unbalance of the lever. The control-

3

ling forces upon lever 46 comprise a force vary-

ing with the difference in pressure between two
chambers 52 and 53 separated by a- diaphragm
connected to the balance lever, a constant force

introduced by a weight 54 and a stabilizing force-

due to the tension of a spring 55. Spring 55 is
connected to a rack 55¢ vertically movable in
a fixed guide by means of a motor 50 and suit-
able gearing. Chamber 52 is connected to a
constant level device 56 comprising a closed
chamber within which is a partition 57 and to
which through a pipe 58 is supplied a small
stream of water sufficient to maintain water up

-to the top of the partition 57. A pipe 59 con-

hects the device 56 with the surge tank 11 above
the water level therein to permit water flowing
over partition 57 to drain into the tank and to
insure equal pressures above the surface of the
water in the tank and in the device. With this
arrangement, the pressure in chamber 52 will
be that due to a constant head of water while
the pressure in chamber 53 will be that due
to the variable head of water in tank 11. The
difference in pressure in chambers 52 and 53
will thus vary inversely with the water level in
tank 11, which level itself varies as a function
of the load upon the turbine 5 supplying con-
densate thereto through pipe 60. An increase
in.turbine load will therefore be felt upon reg-
ulator 31 as a reduction in the force tending to
turn lever 46 in a clockwise direction. Valve 48
will, therefore, be slightly raised to decrease the
pressure beneath piston 49 and to therefore cause
this piston to descend until the power arm car-
ried thereby closes the circuit of motor 30 to
cause it to operate in a direction to lower rack
28 and to thereby increase the tension of spring
27 and simultaneously to close the circuit of mo-
tor 50 in parallel with motor 30 to. cause it to
operate in a direction to raise rack 55¢ and to
thereby decrease the tension of spring 55 until
equilibrium of forces upon lever 46 is restored
and the circuits of motors 30 and 50 is broken.
The tension of springs 50 and 27 will therefore

‘be varied by amounts dependent upon the level -
-change in tank 11.

The . increased tension of
spring 27 thereupon causes operation of regu-
lator 22 in a direction to increase the speed of
pump 7 to prevent further water level change.

Similarly a variation in the rating of the tur-
bine supplying condensate to the storage tank
11’ causes unhalance of regulator 31’ when the
changed rating of the turbine has been reflected
in a water level change in tank 11’, unbalance
of regulator 31’ operates to vary the tension. of
spring 27’ in a direction and magnitude suffi-
cient to cause regulator 22’ to vary the speed
of pump 7' to compensate for the change in
turbine rating. )

In the arrangement illustrated in Fig. 3, the

- regulators 61 and 61’ responsive respectively to

the water level in storage tanks 11 and 11’ operate
upon unbalance of their respective balance levers
62 and 62’ to adjust valves 63 and 63’ at the out-
let of pumps 7 and 7’ respectively. Regulators 64
and 64’ operate in response to the pressure dif-
ferentials across the valves 63 and 63’ respectively
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to adjust the speeds of pumps 7 and 7’ to main-

tain the pressure differentials constant and to
thereby vary. the feed water supply proportion-
ately with the setting of these:- valves. In the
particular modification illustrated in Fig. 3, the
differentials across valves 63 and 63 include the
preheaters 65 and 65’ with the low pressure side
of the differentials being taken from the header
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3 which insures an equal pressure in pipe 66
and chambers 80 and 80’. The regulator 61
operates the valve 63 by means of a link 68 con-
necting the power arm 69 of the regulator with a
floating lever 70 to which the pistons of a pilot
valve 71 and relay cylinder 72 are likewise con-
nected; the piston of the relay cylinder 72 being
connected to the movable element of the valve
63. The structure of regulator 61 is substan-
tially the same as that of regulator 22 of Fig. 2,
and its connections to the storage tank 11 and
constant level device 56 through which water
level changes disturb the balance upon lever 62

are identical with those above described in con-

nection with regulator 31. The structure of regu-
lator 64, while in most respects similar to that
of regulator 61, differs therefrom in the omis-
sion of stabilizing springs between the movable
parts' of the dash-pot 73. Such springs are
omitted because with the particular connections
to this regulator when the pump 7 is operating at
the desired speed the controlling force applied
to the balance lever 74 is constant and it is de-
sired that the piston of the regulator take what-
ever position is necessary to maintain this force
constant; this force being the difference in pres-
sure between the outlet of the pump and the
maximum boeiler drum pressure in pipe 66.

In operation, when the load is equally divided
between turbines 5 and 5’, the water in tanks 11
and 11’ will be at substantially equal levels and
will subject the regulators 61 and 61’ to equal
controlling forces. The power arms 69 and 69’
will be shifted therefore through equal areas to
such position as will cause the stabilizing springs
of regulators 61 and 61’ to apply forces to the
balance ‘levers 62 and 62’ sufficient to counter-
balance the forces due to the water levels in
tanks 11 and 11’. Valves 63 and 63’ will thus be
opened by equal amounts and consequently, if
the balance levers 74 and 74’ are in equilibrium,
pumps 7 and 7’ must be delivering equal quan-
tities of feed water through the pipes 75 and
75’. 1If now, the load upon turbine 5 is increased
while that upon turbine 5’ is unchanged, the
level in tank 11 will gradually rise due to the
greater supply of condensate from the turbine 5.
This will decrease the pressure differential acting
upon lever 62, causing it to tip in a counter-clock-
wise direction and to thereby reduce the pressure
kbeneath the power piston of the regulator, which
piston will then descend until the increased ten-
sion of the stabilizing springs compensates for
the decreased downward force of the pressure
differential due to water level. The downward
movement of the power piston above described
carries with it the power arm 69 which, through
rod 68 and floating lever 70, lowers the piston
of the pilot valve 71 until the fluid supply pipe
76 is placed in communication with the pipe lead-
ing to the lower end of the relay cylinder and
the drain pipe 77 is placed in communication with
the pipe leading to the upper end of the cylinder
with the result that valve 63 is opened by an
amount corresponding to the travel of the piston
78 permitted before the floating lever 70 closes
the pilot valve by pivoting about rod 68. The
opening of valve 63 reduces the pressure trans-
mitted to chamber 79 and results in a tipping
of lever 74 in a direction to cause a downward
movement of the power piston of regulator 64
and a corresponding decrease in the armature
resistance of the motor driving pump 7, which
movement continues until the increased speed of

.pump 7 restores the pressure in chamber 79 to its

1,064,773

former value. If by the above operation the rating
of pump 7 is not increased proportionately to the
increased rating of turbine 5, the water level in
tank 11 will continue to rise and regulator 61 will
open valve 63 to a greater extent to cause a
further increase in the rating of the pump. Con-
versely a reduction in either turbine load results
in a partial closure of valve 63 or 63’ and a con-
sequent decrease in the speed of the associated
pump. Variation in the pressure in the water-
header 3 such that the pressure in pipe 66 is
raised or lowered operates similarly on each regu-
lator 64 and 64’, causing equal changes in the
speed of pumps 7 and 7/, an increased pressure in
pipe 66 causing a corresponding increase in the
speed of each pump and a decreased pressure in
pipe 66 causing a corresponding decrease in the
speed of each pump.

When centrifugal pumps are acting in parallel
at light load they tend to be unstable in their
action and will not divide evenly the quantity of
water delivered to a common pressure. This in-
stability is caused by the fact that the pressure
from no load up to a certain light load increases
somewhat with the quantity of water, so that the
pump which happens to take the greater supply
of water also generates a greater pressure, which
in turn chokes the other pump and reduces the
quantity of water which it delivers. The valves
63 and 63’ in Fig. 3 introduce a pressure opposed
to the pump, which varies with the quantity of
water and opposes this unstable tendency by giv-~
ing to the combination of pump and valve a re-~
duction in pressure overall with an increase in
quantity of water, which permits the pumps to
work in parallel with their even division, and a
stabilized division in the quantities of water being
handled, so that these valves are virtually water
volume regulators which impose on the pumps
the necessary relative wdter volumes even at
light loads when the pumps would be unstable
and otherwise virtually uncontrollable.

I have now described three embodiments of
my invention. In each embodiment means are
provided for automatically. and independently
varying the operation of each feed water pump-
ing unit of a boiler plant in response to the rat-
ing of or load upon the turbine suppying con-
densate to that unit and for automatically and
conjointly varying the operation of all of the
pumping units in response to the pressure in
the feed water header. In the preferred em-
bodiment of the invention, the regulation of the
pumping units is arranged to be directly re-
sponsive to forces varying with the level varia-
tions in the surge tanks associated with pump-
ing units. R :

I believe it to be broadly novel to so regulate
the distribution of feed water between the vari-
ous pumping units of a boiler plant as to insure
equalization of the storage water in the various
surge tanks and to utilize in such regulation
forces varying with the water levels in such tanks
or with the load upon the individual turbines.
Furthermore I believe it to be broadly novel to
introduce in the regulation of feed water pump-
ing units opposing pressures for stabilizing the
loads between pumps operating in parallel.

The following is claimed:

1. In a boiler plant having a feed water header
and providad with a plurality of feed water pump-
ing units and with a plurality of steam utilizing
devices, each unit receiving condensate from one
device and delivering the same as feed water to
the feed water header of the plant, a regulating
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system for said units including in combination
means for automatically and independently vary-
ing the operation of each unit in response to a
function of the load upon the particular device
supplying condensate thereto and pressure re-
sponsive means for automatically and conjointly
varying the load upon all of the units.

2. The regulating system for a boiler plant
according to claim 1 wherein each of said devices
supplies condensate to a storage tank from which
it is withdrawn by the associated pumping unit

-and wherein the means for automatically and in-

dependently varying the operation of each unit
in response to a function of the load upon the
particular device supplying condensate thereto
comprise means responsive to the water level in
the associated storage tank,

3. In a boiler plant provided with a feed water
header to which a plurality of pumping units
deliver feed water under pressure and with steam
utilizing ‘devices each receiving steam from the
boilers and each supplying condensate to one
of said units, a regulating system for each unit
comprising in combination a mamber adapted
when moved to adjust the rate of operation of
the unit, means responsive to a function of the
load upon the utilizing device delivering con-

. densate to that unit adapted to move said mem-

ber and opposing means responsive to a func-
tion of the rate of flow from that unit adapted

- to move said member.

4. In a boiler plant of the type wherein a plu-
rality of turbines receive steam from a common
header and deliver condensate to separate stor-
age tanks and wherein a plurality of pumping
units, each withdraws condensate from one of
said tanks and delivers it as feed water to a
common header, a regulating system for said
units comprising in combination a regulator for
each unit including a balance adapted when dis-
turbed from equilibrium to cause adjustment of
the rate of operation of the pumping unit asso-
ciated therewith, means for acting on the balance
of each regulator with a force varying as g
function of the water level in the associated
storage tank whereby the rate of operation of

the unit is increased with increase in water level

and opposing means responsive to a function of
the rate of flow from that unit adapted to move
said balance member.

5. In a boiler plant including & plurality of
boilers the combination comprising a turbine re-
ceiving steam from the boilers,
including a variable speed pump adapted. to re-
ceive water condensed from various stages of.
said turbine and to supply the same as feed water
to a common feed water header for said boilers,
a regulator for said pump adapted to vary the
speed thereof, means varying with a function of
the load on said turbine for acting upon said reg-~
ulator in a direction to increase or decrease the
speed of the pump with increase or decrease re-
spectively of the turbine load, a second turbine
receiving steam from said boilers and a pumping
unit including a variable speed pump adapted
to receive water condensed from various stages
of said second turbine and to supply the same
as feed water to the common feed water header

a pumping unit

5

and a regulator for said second pump adapted
to be acted upon by a force varying with a func-
tion of the load upon said seeond turbine
and pressure responsive means for automatically
and conjointly varying the pressure on said reg-
ulators.

6. In a boiler plant the combination compris-
ing a turbine receiving steam from the plant, g
storage tank receiving condensate from said tur-
bine, a variable speed pump adapted to withdraw
condensate from said tank and to deliver the
same as feed water through a branch pipe to the
common feed water header of the plant, a valve
in said branch pipe, means for positioning said
valve in response to the water leve! in said tank,
and a regulator for said pump adapted to vary
the speed of the pump to maintain constant the
pressure differential across said valve.

7. The combination according to claim 6 in-
cluding a second turbine and g storage tank and
bump associated therewith to receive the conden-
sate therefrom and to deliver the same as feed

-water through a second branch bipe to the feed-

water header of the plant, a valve in said second
branch pipe, means for positioning said valve
in response to the leval of the water in the stor-
age tank associated with said second turbine, and
a regulator for said second pump adapted to vary
the speed thereof to maintain constant the pres-
sure differential across the valve in said second
branch pipe and pressure responsive means for
automatically and conjointly varying the pres-
sure on said regulators.

8. In a boiler plant provided with a feed water
header to which a plurality of pumping units de-
liver feed water under pressure and with steam
utilizing devices each receiving steam from the
boilers and each supplying condensate to cne of
said units, a regulator for each unit including a
balance member adapted when displaced from
neutral position to vary the rate of operation of
the associated unit, means for acting upon said
member with a force varying with the load upon
the- utilizing device supplying condensate to the
associated unit, means for acting on said member
with a force varying as a function of the conjoint
operation of all of said units and means for creat-
ing a third force normally maintaining said mem-
ber in equilibrium under the -action of said two
first mentioned forces, and adapted upon oper-
ation of the regulator to vary said third force
in a direction to return said member to neutral
position, ‘ :

9. In combination with a feed water system
comprising a plurality of bumps delivering water
to a common header and receiving water from
separate sources in which the available supply is
adapted to vary, means for varying the outlet
bressure of each pump in response to the supply
of water available in the source associated there-
with, and a regulator for each pump responsive
to the outlet pressure thereof and to a pressure
varying with that in the common header whereby
the operation of the pumps is stabilized and the
quantity of water divided therebetween respon-
sively to the supply available for each.

CHARLES H. SMOOT.,

80

85

95

100

105

110

115

120

125

130

135

140

145

150




