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1. 

This invention relates to means for control 
ling the speed of the driving member of a liquid 
pump, particularly of pumps used for discharging 
feed water into boilers. 

For this duty, the resistance to be overcome 
When discharging water into a boiler is repre 
sented by the Summation of the pressure in the 
boiler, the static lift from the feed pumps to 
the Water level in the boiler, the pressure drop 
aCrOSS the boiler feed regulator and the fric 
tional resistances in the piping, heaters and 
valves through which the water flows from the 
feed pump to the boiler. These frictional re 
sistances increase approximately as the square 
of the rate at which water is discharged through 
the feed System to the boiler. The boiler may 
be Operated to maintain a pressure as nearly 
constant as possible in the boiler, or it may be 
So operated as to maintain a constant pressure 
at the main turbine inlet valve, in which case 
the boiler pressure rises with the load due to the 
preSSure drop between the boiler and turbine 
which increases as the turbine load increases. 
The Static lift to the boiler is constant. Fur 

ther, to obtain the best results from the boiler 
feed regulator, the pressure drop across the feed 
regulator should be maintained as nearly con. 
Stant as possible. 

It Will be seen that the characteristic of the 
resistances to be overcome rises from a minimum 
When an extremely small quantity of water is 
flowing into a boiler to a maximum when the 
boiler feed pump is discharging its maximum 
quantity of Water into the boiler and is thus a 
rising characteristic with a rise increasing in : 
proportion to the square of the rate of feed 
flow. 
When the feed pump is of the centrifugal type, 

the pump impeller or impellers must be so de 
signed that the discharge pressure of the pump, 
when driven at a constant speed, falls continu 
ously from that developed by the pump when 
no water is being discharged to that developed 
by the pump when discharging water at its 
maximum capacity. The relation between the 
discharge pressure of the pump and the quantity 
of water discharged by the pump is known as the 
preSSure capacity characteristic and is termed 
a falling characteristic because it falls continu 
OUISly from no load to full load. 

Centrifugal boiler feed pumps must have a 
falling characteristic when operating at constant 
Speed if they are to operate stably when running 
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other feed pumps which may be sharing the duty 
of supplying water to a battery of boilers. 
The difference in pressure between the rising 

characteristic of the resistance in the feed Sys 
tem, neglecting the feed regulator, and the fall 
ing characteristic of the feed pump, must be 
absorbed by the feed regulator so that the drop 
in pressure across the feed regulator is very 
much greater at low loads than at the maximum 
load. This gives rise to difficulties in the Oper 
ation of a boiler feed regulator at low loads, and 
a considerable amount of power is expended in 
excess of the minimum necessary to feed the 
boiler. 
The minimum expenditure of energy is ob 

tained when the feed pumps develop a discharge 
pressure characteristic which corresponds with 
the rising resistance characteristic of the feed 
system. For a centrifugal feed pump to develop 
a rising characteristic, it is necessary for the 
driving member of the unit, whether it be an elec 
tric motor or a steam turbine, to vary the Speed 
of the centrifugal pump from a minimum at no 
flow to a maximum speed at the maximum flow, 
the speed rising continuously between these two 
points as necessary to give the desired discharge 
pressure at any given flow corresponding to the 
resistance to be overcome in the feed system to 
ensure that the water passes into the boiler. 
This desired variation in speed of the centrif 
ugal pump can be obtained by the use of a steam 
turbine, a variable speed motor, when electrical 
supply is used as the driving power, or a variable 
speed coupling of the magnetic or hydraulic type 
interposed between a constant speed motor and 
the centrifugal feed pump. 

Reciprocating feed pumps develop an output 
which is proportional to their speed of Opera 
tion, and, at the same time, develop the pressure 
which is necessary to overcome the resistance 
in the feed system at any given flow. 
In one arrangement of reciprocating feed 

pump, the pump comprises two rows of direct 
acting plungers, each row being driven by a sepa 
rate crankshaft through gearing which is inter 
posed between the driving unit and the crank 
shafts. The plungers on each crankshaft are 
arranged in pairs, one plunger on each shaft co 
acting with another plunger on the other shaft 
in a common chamber with common suction and 
discharge valves, so that the discharge from such 
pair of plungers is a maximum when the strokes 
of the two plungers are in phase and a minimum 
when the strokes of the two plungers are in Op 

Solo and stably when operating in parallel with 55 posite phase. 
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The output of the pump is varied by varying 
the phase position of one crankshaft relative to 
the other crankshaft. The phase position of the 
crankshaft mentioned is determined by a Sec 
ondary prime mover such as an electric motor or 
an oil motor driving a gear train interposed in 
the gearing between the main driving unit and 
the Said crankshaft. The output of the feed 
pump in such an arrangement is, therefore, 
varied by starting and stopping the secondary 
prime mover or varying its speed on either side 
of a Speed Which gives equilibrium of the rela 
tive phase position of the crankshafts. 
In another arrangement of a reciprocating feed 

pump, the speed of the feed pump is varied by use 
of a Variable Speed electric motor. 
The present invention provides improved 

means for controlling boiler feed pumps where 
Variation in output is obtained by varying the 
speed of the driving unit or a member of the driv 
ing mechanism, so that such pumps can be oper 
ated Stably and Satisfactorily when running solo 
Or in parallel and With a minimum expenditure 
of power for the duty required. 
The invention is illustrated in the accompany 

ing drawings in which 
Fig. 1 shows diagrammatically a simple type 

reciprocating pump driven by a variable speed 
motor with means for controlling the speed of 
the motor in accordance with our invention. 

Fig. 2 shows diagrammatically a reciprocating 
pump of the phase-changing type in which the 
phase position of two crankshafts is controlled 
by means in accordance with our invention. 

Fig. 3 shows diagrammatically a centrifugal 
boiler feed pump driven by a variable speed mo 
tor the speed of which is controlled by means in 
accordance With our invention. 

Fig. 4 shows diagrammatically a centrifugal 
boiler feed pump driven by a constant speed elec 
tric motor through an hydraulic coupling, the 
driven member of which varies in speed, the var 
iation in speed being controlled by means in ac 
Cordance with our invention. 

Fig. 5 shows diagrammatically a centrifugal 
boiler feed pump driven by a constant speed mo 
tor through an electro-magnetic coupling, the 
Speed of the pump being controlled by means in 
accordance with our invention. 

Referring to Fig. 1, a reciprocating feed pump 
f discharges feed water through a discharge 
branch 2. Provided in the delivery line is a con 
vergent-divergent Wenturi tube 3 through which 
the feed water passes to the feed line 4 connect 
ing to the boiler. 
electric motor 5 in a variable speed Ward-Leon 
ard arrangement comprising an induction motor 
6 Supplied with alternating current and driving 
a direct current generator 7 which supplies direct 
Current to the motor 5. From the throat of the 
tube 3 a connection 8 is led to the top of a piston 
9 having two diameters, the upper diameter be 
ing larger than the lower diameter. The piston 
9 is movable in a cylinder 0 the upper end of 
which is closed by a cover provided with an 
inlet communicating with the throat of the tube 
3. So that the pressure prevailing in the throat 
of the tube is exerted on the top face of the larger 
diameter portion of the piston 9. The annular 
space 2 surrounding the lower part of the pis- i. 
ton 9 within the cylinder fo is connected to the 
inlet side of the tube 3 by a pipe f3, so that the 
annular area of the piston is subjected to the 
pressure at the inlet side of the tube 3. The 
Smaller diameter portion of the piston 9 passes 

The pump is driven by an : 
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through the smaller bore of the cylinder O and 
engages an upper spring cap 4. The lower ex 
tremity of the piston 9 is subjected to atmos 
pheric pressure. 
The piston 9 rests on a Spindle 5 which passes 

through the upper Spring cap f 4 and through a 
Screw-threaded sleeve 6. The sleeve 6 is 
screwed into a lower Spring cap T and is pro 
vided With a collar resting on the bottom of a 
spring cage casing 8. 
The Spring cap fl constitutes a nut engaging 

the sleeve 6. Rotation of the sleeve 6 thus in 
creases or reduces the stress of a spring 9. 
Upward movements of the piston 9 are effected 

by the spring 9 in combination with the pressure 
at the inlet of the tube 3 applied to the annular 
area of the differential piston and atmospheric 
pressure on the lower end of the pistOn 9. 
Downward movements of the piston 9 are ef 

fected by the pressure at the throat of the tube 
3 applied to the top of the piston 9 in Opposition 
to the upward forces. 
The casing 8 carries a fulcrum 20 for a lever 

2 which is connected by a link 22 with the spin 
dle 5. 
One end of the lever 2f Works in contact with 

a rhecstat 23 to control the direct current supply 
to the field of a Servo-motor 24 which is arranged 
to position a rotary rheostat 25 controlling the 
field 23 of the generator 7 energised by the exciter 
27 of the Ward-Leonard arrangement. 

In the position corresponding to equilibrium of 
the pumping arrangement, the lever 2 is in the 
neutral position on the rheostat 23. With the 
lever 2: in this position, the speed of the motor 
5 is constant. Tf the lever 2 is raised into the 
forward position of the rheostat 23, the effect is 
to increase the Speed of the motor 5 and, Con 
versely, if the lever 2 is lowered into the reverse 
position of the rheostat 23, the effect is to reduce 
the speed of the motor 5. An increase in the 
speed of the motor 5 increases the output of the 
pump , and a reduction in the Speed of the no 
tor 5 reduces the Output of the pump l. 
The proportions of the convergent-divergent 

tube 3, the diameters of the differential piston 9, 
and the characteristic of the spring 9, are so 
chosen in relation to the discharge pressure char 
acteristic desired from the pump that they are 
always in balance at the neutral position of the 
lever 2 at any given flow between zero flow and 
the maximum flow required from the pump f. 
We thereby constrain the pump to follow the 
desired predetermined rising pressure capacity 
characteristic and the control is such that, for 
any given constant feed flow, the whole of the 
driving mechanism is maintained at a corre 
sponding constant Speed. 
When the feed regulator on the boiler opens 

and thereby demands an increase in the quan 
tity of water discharged by the pump, the dis 
charge pressure of the pump falls Slightly, and 
the spring 9 raises the lever 2 into the forward 
position of the rheostat 23, thereby speeding up 
the motor 5 and increasing the feed quantity dis 
charged by the pump . As the quantity dis 
charged by the pump increases, the feed dis 
charge pressure rises and the increasing pres 
sure acting upon the piston 9 causes the lever 
2 to fall until it reaches the neutral position 
on the rheostat 23, when equilibrium speed of 
the feed pump is obtained in relation to the quan 
tity of feed water required and the discharge 
pressure corresponding to that flow on the pre 
determined discharge pressure characteristic. 
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If the feed supply to the boiler is reduced by 
the action of closing the boiler feed regulator, 
the pressure rises in the tube 3 and the piston 
9 moves down against the action of the Spring 
9 and causes the lever 2 to move into the 

reverse position of the rheostat 23, thereby re 
ducing the Speed of the motor 5 and the quan 
tity of water discharged by the pump f until 
the discharge pressures in the tube 3 fall until 
the spring acting against the piston 9 lifts the 
lever 2 into the neutral position again on the 
rheostat 23, when equilibrium conditions will 
again obtain with respect to the Speed at which 
the reciprocating pump is running, the quantity 
of Water required by the boiler, and the dis 
charge pressure at that flow on the predeter 
mined pressure capacity characteristic. 

If two or more pumps are required to share 
the load in parallel, the section 28 of the dis 
charge pipe between the pump discharge branch 
2 and the tube 3 is provided with a branch 29 
and an isolating valve 30 leading to a Cross-Con 
necting pipe 3f, the pipe 3 being common to 
all the pumps which may be required to Operate 
in parallel. 

If the pump is driven at a higher speed, and 
therefore delivers more water than another pump 
or pumps with which it is operating in parallel, 
then, owing to the piping resistance, the pressure 
in the section 28 of the discharge line of the 
pump will be higher than in the corresponding 
sections of the discharge lines of the other pump 
or pumps. This higher pressure will induce flow 
through the branch 29 and valve 3 to the inter 
connecting pipe 3, thereby reducing the flow 
through the tube 3. The reduced flow will re 
duce the pressure drop between the inlet and the 
throat of the tube 3 and will increase the pres 
sure communicated by the connection 8 to the 
top of the piston 9, thereby causing the lever 
2 to be lowered into the reverse position of the 
rheostat 23, reducing the speed of the motor 5 
and reducing the quantity of water discharged 
by the pump . Similarly, if the pump is driven 
at a lower speed and delivers less water than 
the other pump or pumps with which it is oper 
atting in parallel, then the pressure in the section 
28 of the discharge line of the pump will be 
lower than in the corresponding sections of the 
discharge lines of the other pump or pumps. 
This Will cause water to flow from the inter 
connecting pipe 3 through the valve 30 and the 
branch 29, thereby increasing the flow through 
the tube 3. This increased flow will increase the 
pressure drop between the inlet and the throat 
of the tube 3 and will reduce the pressure Com 
municated by the connection 8 to the top of the 
piston 9, thereby causing the lever 2i to be raised 
into the forward position of the rheostat 23, 
increasing the speed of motor 5 and increasing 
the quantity of water discharged by the pump l. 
In this way, therefore, the plump is constrained 
to deliver its due share of the total flow required 
and the pumps in operation are constrained to 
operate stably and satisfactorily in parallel. 
The branch 29 may be connected to the dis 

charge branch 2 of the pimp instead of to the 
section 28 of the discharge line. 

Referring to Fig. 2, a reciprocating feed pump 
32 is of the phase-changing type in which there 
are two crankshafts, each driving a line of direct 
acting plungers. 
One crankshaft 33 is driven at constant speed 

by a motor 34 through gearing which is inter 
posed between the driving unit and the crank 
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shaft. The driving unit may be a constant Speed 
electric motor or a constant speed steam turbine. 
The other crankshaft 35 is driven by gearing from 
the same driving unit, but a gear train 36 of the 
differential type is interposed in the gearing be 
tween the driving unit and the crankshaft. 
The plungers on each crankshaft line are ar 

ranged in pairs, one plunger on each shaft Co 
acting with another plunger on the other shaft 
in a common chamber with common suction and 
discharge valves, so that the discharge from such 
pair of plungers is a maximum. When the strokes 
Of the two plungers are in phase and a minimum 
When the strokes of the two plungers are in Op 
posite phase relation. 
The output of the feed pump is thus varied by 

modifying the phase position of the crankshaft 
35 relative to the crankshaft 33 by means of the 
differential gear train 36. The phase position of 
the crankshafts in the arrangement shown in 
Fig. 2 is varied by means of a reversible hydraulic 
motor 3 through a driving shaft 38 and a Worm 
39 meshing with a worm wheel 49 on the dif 
ferential gear 36. 
An oil pump 4 is arranged to draw oil from 

a slump 42 and discharge through a control valve 
43 to the hydraulic motor 3 from where it flows 
back through the control valve 43 to the oil 
Sump 42. 
The discharge system of the oil pump 4 is 

provided with a relief valve 44 set at a suitable 
pressure to enable the oil pump to discharge 
back to the oil sump in excess of the requirements 
of the hydraulic motor. 
The feed pump 32 discharges feed water 

through the discharge branch 2 and there is 
provided in the delivery line a convergent-diver 
gent tube 3 through which the feed Water passes 
to the feed line 4 connecting to the boiler. 
From the throat of the convergent-divergent 

tube 3 a connection 8 is led to the top of the 
piston 9 having tWo diameters, the upper di 
ameter being larger than the lower diameter. 
The piston 9 is movable in a cylinder f0, the up 
per end of which is closed by a cover f provided 
with an inlet communicating with the throat of 
the tube 3, so that the pressure prevailing in the 
throat of the tube is exercised on the top face 
of the piston 9. The annular space 2 within the 
cylinder 0 is connected to the inlet side of the 
tube 3 by a pipe 3 so that the annular area of 
the piston is subjected to the pressure at the inlet 
side of the tube 3. The Smaller diameter portion 
of the piston 9 passes through the smaller bore 
of the cylinder O and engages the upper spring 
cap 4. The lower extremity of the piston 9 is 
subjected to atmospheric pressure. 
The piston 9 rests on the Spindle 5 which 

passes through the upper Spring cap 4 and 
through a screw-threaded sleeve 6. The sleeve 
6 is screwed into the lower spring cap 7 and 

is provided with a collar resting on the bottom 
of a Spring cage casing 8. 
The lower spring cap constitutes a nut en 

gaging the screw-threaded sleeve 6. Rotation 
of the sleeve thus increases or reduces the 
stress of the Spring 9. 
Upward movements of the piston 9 are effected 

by the spring f$ in combination with the pressure 
at the inlet of the tube 3 applied to the annular 
area of the differential piston and atmospheric 
pressure on the lower end of the piston 9. 
Downward movements of the piston 9 are ef 

fected by the pressure at the throat of the tube 
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3 applied to the top of the piston 9 in opposition 
to the upward forces. 
The valve 43 is shown in the neutral position 

when the forces acting on the piston 9 are in 
balance against the load of the spring at the pre 
determined position of the valve 43 for equi 
librium of feed pump output. The valve 43 oper 
ates in a liner 45 which has a port 46 in com 
munication with an oil inlet branch 47 in the 
discharge line from the oil pump 4. The liner 
also has ports 48 and 49 in communication with 
branches 50 and 5 respectively connected by 
pipes 52 and 53 with the hydraulic motor 3. 
Ports 54 and 55 are also provided in the liner and 
connected to pipes 56 and 67 through which oil 
can be discharged to the oil Sump. 
In the neutral position shown, the Valve 43 

covers the ports 48 and 49 and no oil is discharged 
to the hydraulic motor 37, the output of the oil 
pump 4 being discharged through the relief valve 
44 to the Sump 42. 
When the feed regulator on the boiler opens 

and admits an increase in the quantity of water 
discharged by the pump, the discharge pressure 
of the pump 32 falls slightly, the spring 9 raises 
the valve 43, thereby admitting oil to flow from 
the branch 47 by way of the ports 48 and 49 to 
the hydraulic motor 37, the exhaust from the 
motor 37 passing by way of the pipe 52, and ports 
48 and 54, to the oil Sump 42. 
The motion of the hydraulic motor 37 is such 

that the differential mechanism 36 is driven in 
the direction necessary to increase the quantity 
of feed water discharged by the pump 32. As 
the quantity discharged by the pump increases, 
the feed discharge pressure rises, and the increas 
ing pressure, acting upon the piston 9, causes the 
valve 43 to return to the neutral position when 
the ports 48 and 49 are closed and the motion 
of the hydraulic motor ceases, equilibrium 
being obtained between the quantity of feed 
Water discharged by the pump 32 and the dis 
charge pressure corresponding to that flow on 
the predetermined discharge pressure character 
istic. 

If the feed supply to the boiler is reduced by 
the action of closing the boiler feed regulator, the 
pressure rises in the tube 3 and the piston 9 moves 
down against the action of the spring 9 and 
causes the valve 43 to admit oil from the dis 
charge of the oil pump 4 by way of the ports 
46 and 48 to the motor 37, which is driven in the 
reverse direction, oil exhausting from the motor 
37 passing by way of the pipe 53, the ports 49 and 
55, and the pipe 5 to the oil sump. 
The hydraulic motor drives the differential gear 

36 in the direction required to reduce the quan 
tity of water discharged by the pump 32 until the 
discharge pressures in the Wenturi tube fall until 
the spring acting against the piston 9 lifts the 
valve 43 into the neutral position, thereby cutting 
off the Supply of operating oil to the motor 3 
when equilibrium obtains between the quantity of 
water discharged by the pump, the quantity of 
Water required by the boiler, and the discharge 
pressure at that flow on the predetermined pres 
Sure capacity characteristic. 
The proportions of the convergent divergent 

tube 3, the diameters of the differential piston 9, 
and the characteristic of the spring 9 are so 
chosen in relation to the discharge pressure char 
acteristic desired from the pump 32 that they 
are always in balance at the neutral position of 
the valve 43 at any given flow between zero flow 
and the maximum flow required from the pump. 
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We thereby constrain the pump 32 to follow the 
desired rising pressure capacity characteristic, 
and the control is such that, for any given con 
stant feed flow, the whole of the driving mech 
anism is maintained at a corresponding constant 
Speed. 
Any variation in the quantity of the feed water 

required will call into play forces which will move 
the valve 43 as necessary to restore the equilib 
rium position for the required new rate of flow of 
feed Water to the boiler. 

If two or more pumps are required to share the 
load in parallel, the Section 28 of the discharge 
pipe between the pump discharge branch 2 and 
the tube 3 is provided with a branch 23 and an 
isolating valve 30 leading to a cross connecting 
pipe 3, the pipe 3 being common to all the 
pumps which may be required to Operate in par 
allel, as described with reference to Fig. 1. 

Referring to Fig. 3, the feed pump 58 is of the 
Centrifugal type discharging Water through the 
discharge branch 2, a non-return valve 59, the 
convergent-divergent tube 3, and the feed dis 
charge pipe 4 connecting to the boiler. 
The pump 58 is driven by a variable speed elec 

tric motor 60 which may be of the slip ring alter 
nating current type controlled by a liquid rheo 
stat 6. The position of the rhecstat 6 is con 
trolled by the operation of servo-motor 62 through 
pulley mechanism 63, starting and stopping of 
the servo-mctor 62 being effected by a rheostat 
64 which is controlled by the lever 2 actuated 
by the differential pressure regulator which was 
described with reference to Fig. 1. 
AS previously described With reference to Fig. 1, 

a demand for an increased quantity of feed water 
causes the lever 2 to rise, thereby starting the 
servo-motor to alter the position of the liquid 
controller 6 to increase the speed of the motor 
60 and the pump 53 until the required quantity 
of water is being delivered by the pump 58, at 
which point the lever 2 will be restored to the 
neutral position, and the servo-motor 62 will be 
stopped again. Conversely, if a smaller quantity 

45 of water is required by the boiler, the lever 2 will 
be lowered and the servo-motor 62 will operate 
in the opposite direction to lower the Speed of 
the motor 69 and reduce the quantity of water 
supplied by the pump 58 until the lever 2 is 

50 restored to neutral position and the Servo-notor 
62 is stopped when the centrifugal pump 58 is 
discharging the required quantity of water to the 
boiler. 

If two or more pumps are required to share the 
55 load in parallel, the Section 28 of the discharge 
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pipe between the non-return valve 59 and the 
tube 3 is provided with a branch 29 and an iso 
lating valve 38 leading to a cross connecting pip2 
31, the pipe 3 f being common to all the pumps 
which may be required to operate in parallel as 
described with reference to Fig. 1. 
Referring to Fig. 4, a centrifugal feed pump 

58 discharges Water through the discharge branch 
2, the non-return valve 59, the convergent 

5 divergent tube 3, and the discharge pipe 4 con 
necting with the boiler. 
The pump is driven by a motor 65 running at 

constant speed coupled directly to the driving im 
peller 66 of a hydraulic coupling 67, of which the 
runner 68 is coupled directly to the shaft of the 
centrifugal pump 58. 
The impeller 66 and the runner 68 are oper 

atively interconnected hydraulically by oil which 
is circulated between the impeller 66 and the 
runner 68. When the hydraulic coupling is full 
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of oil, the Speed of the runner 68 is approximately 
only 1% per centless than the Speed of the im 
peller 66. As the quantity of oil in the coupling 
is reduced, the speed of the runner 68 decreases 
and is a function of the quantity of oil remain 
ing in the coupling. Oil in the impeller 66 and 
the runner 68 has access to a space 69 by way 
of a small passage 70 of determinate cross Sec 
tional area, from which flows a certain amount 
of oil under the action of centrifugal force. In 
mersed in the rotating oil within the space 69 is 
a stationary scoop 7 communicating with a 
chamber 72 surrounding the shaft of the runner 
68. The arrangement is such that the scoop. If 
collects and discharges oil from the space 69 into 
the chamber 72, whence the oil is discharged by 
way of a pipe 73, a control valve T4, and a pipe 
75, to an oil reservoir 76. 
An oil pump 77 driven by a motor 78 is ar 

ranged to draw oil from the reservoir 76 and to 
pump it back into the coupling 67 by way of a 
pipe 79, the control valve 74, the pipe 73, the 
chamber 72 and passages 80 and 8 into the run 
ner 68. 
The control valve 74 is actuated by a differ 

ential pressure regulator of the type described 
in detail with reference to Fig. 1. When the 
control valve 74 is in the neutral position as 
shown, there is no flow of oil from or to the 
coupling 67 by way of the pipe 73, and the dis 
charge of the oil pump 77 is discharged by way 
of the relief valve 82 to the reservoir 75. When, 
however, a demand for an increased quantity of 
feed water causes the control valve 4 to be 
raised, oil flows by Way of the pipe 79, the con 
trol valve 4, the pipe 73, etc., into the hydraulic 
coupling 67, thereby increasing the speed of the 
runner 68 and the Speed of the centrifugal pump 
58 until the required increased quantity of water 
is being delivered by the pump 58, at which point 
the control valve Will have returned to the neu 
tral position and the flow of oil into the hydraulic 
coupling will be cut off. Conversely, if a smaller 
quantity of water is required by the boiler, the 
differential pressure regulator Will cause the 
control valve 4 to fall whereby oil is discharged 
from the coupling by Way of pipe 73, the control 
Valve 4 and the pipe 75 to the oil tank. A re 
duction in the quantity of oil in the hydraulic 
coupling 6 will cause the speed of the runner 
68 to decrease and consequently the speed of the 
centrifugal pump Will also be reduced until the 
quantity of water discharged to the boiler falls 
to the required quantity, at which point the dif 
ferential pressure regulator Will have restored 
the control valve 4 to its neutral position and 
flow of oil from the coupling Will be cut off. 

If two or more pumps are required to share 
the load in parallel, the section 28 of the dis 
charge pipe between the non-return valve 59 and 
the convergent-divergent tube 3 is provided with 
a branch 29 and an isolating valve 30 leading 
to a cross connecting pipe 3, the pipe 3 being 
common to all the pumps which may be required 
to operate in parallel, as described with refer 
ence to Fig. 1. 

Referring to Fig. 5, the centrifugal feed pump 
58 discharges through the discharge branch 2, 
the non-return valve 59, the convergent-diver 
gent tube 3, and the discharge pipe 4 connecting 
with the boiler. 
The pump is provided with a motor 65 running 

at a constant speed and driving the centrifugal 
pump 58 through an electro-magnetic coupling 
83. The speed of the driven half of the electro 
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10 
magnetic coupling 83 is controlled by a rheostat 
84 which is operated by a servo-motor 85 which 
Operates intermittently and is controlled by a 
rheostat 23. The rheostat 23 is actuated by a 
lever 2, the movements of which are effected 
by a differential pressure regulator as described 
with reference to Fig. 1. 
As previously described with reference to Fig. 1, 

a demand for an increased quantity of water 
causes the lever 2 to rise, thereby starting the 
servo-motor 85 to alter the position of the rheo 
stat 84, to increase the speed of the driven por 
tion of the electro-magnetic coupling 83 and, 
therefore, the speed of the centrifugal pump 58, 
until the required quantity of water is being de 
livered, when the lever 2 will be restored to the 
neutral position and the servo-motor 85 will be 
stopped again. Conversely, if a smaller quantity 
of water is required by the boiler, the lever 2 
will be lowered and the servo-motor. 85 will op 
erate in the reverse direction to lower the speed 
of the driven half of the electro-magnetic cou 
pling 83 and so reduce the speed of the cen 
trifugal pump 58, thereby reducing the quantity 
of water supplied by the pump until the lever 
2 is restored to the neutral position and the 
Servo-motor 85 is stopped when the centrifugal 
pump 58 is discharging the required reduced 
quantity of water to the boiler. - 

If two or more pumps are required to share 
the load in parallel, the section 28 of the dis 
charge pipe between the non-return valve 59 
and the convergent-divergent tube 3 is provided 
With a branch 29 and an isolating valve 30 lead 
ing to a CrOSS connecting pipe 3 ?, the pipe 3 
being common to all the pumps which may be 
required to operate in parallel, as described with 
reference to Fig. 1. 
In these Several typical applications which have 

been described showing the application of our 
invention to control the appropriate driving 
member of a feed pump, it will be seen that, when 
the governing device is in the predetermined neu 
tral position, the Speed of the appropriate driving 
member is in equilibrium and the output of the 
feed pump is constant. 
The proportions of the convergent-divergent 

tube 3, the diameters of the differential piston 9, 
and the characteristic of the spring f9, are so 
chosen in relation to the discharge pressure chair 
acteristic desired from the pump that they are al 
Ways in balance at the neutral position of the 
governing device at any given flow between Zero 
flow and maximum flow desired from the feed 
pump, the feed pump being constrained to follow 
a desired predetermined rising pressure capacity 
characteristic and, for any change in the demand 
of the quantity of feed water, the governing de 
Vice Speeds up or slows down the appropriate 
driving member until equilibrium is again ob 
tained at the required flow of feed Water and the 
Corresponding discharge pressure. 
We claim: 
1. An apparatus for controlling the delivery 

pressure of a liquid pump at a predetermined 
value for each and every given rate of flow of the 
pump, comprising a cylinder, a piston recipro 
cable in said cylinder, one end portion of said 
piston being of larger diameter than the other, 
the end portion of Smaller diameter extending 
through the adjacent end of the cylinder and 
being exposed to atmospheric pressure, Said pis 
ton having an annular portion complementary to 
said portion of Smaller diameter, a spring opera 
tive to oppose outward movement of the smaller 
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end portion of the piston, a Venturi nozzle 
through which discharge from the pump passes, 
a conduit connecting the space in the end of the 
cylinder opposite the free end of the larger por 
tion of the piston with a region of low pressure in 
the Venturi nozzle, a conduit connecting the space 
in the other end of the cylinder in which the an 
Inular portion of the piston reciprocates with a 
region of high pressure in the Venturi nozzle, 
Whereby variations of pressure in said regions will 
CauSe movement of the piston in the cylinder, a 
rotary motor member connected to the pump, 
and means operated by movement of the piston 
to control the speed of the rotary motor member 
and thereby to control the pump from a given 
preSSure datum against the atmosphere, the pro 
portions of the Wenturi nozzle, the larger and 
Smaller diameters of the piston, and the charac 
teristic of the Spring being Such with respect to a 
rising pressure capacity characteristic desired 
from the pump that the piston is stationary in 
a predetermined position for any given liquid flow 
at the corresponding discharge pressure of the 
pump on the pressure capacity characteristic. 

2. An apparatus for controlling the delivery 
pressure of a liquid pump at a predetermined 
value for each and every given rate of flow of the 
pump, comprising a cylinder, a piston reciproca 
ble in said cylinder, one end portion of said piston 
being of larger diameter than the other, the end 
polition of Smaller diameter extending through 
the adjacent end of the cylinder and being ex 
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posed to atmospheric pressure, said piston hay 
ing an annular portion complementary to said 
portion of smaller diameter, a spring operative to 
oppose outward movement of the Smaller end por 
tion of the piston, a Wenturinozzle through which 
discharge from the pump passes, a conduit con 
necting the space in the end of the cylinder op 
posite the free end of the larger portion of the 
piston With a region of low pressure in the Wenturi 
Inozzle, a conduit connecting the Space in the 
other end of the cylinder in which the annular 
portion of the pistOn reciprocates with a region of 
high pressure in the Wenturinozzle, whereby vari 
ations of preSSure in said regions will cause move 
ment of the piston in the cylinder, a rotary pump 
driving motor, means for driving the pump from 
said motor including a coupling having a driven 
member, and means operated by movement of 
the piston to control the speed of the driven mem 
ber of the coupling and thereby to control the 
pump from a given pressure datum against the 
atmosphere, the proportions of the Wenturi noz 
2le, the larger and Smaller diameters of the piston, 
and the characteristic of the Spring being such 
with respect to a rising pressure capacity char 
acteristic desired from the pump that the piston 
is stationary in a predetermined position for any 
given liquid flow at the corresponding discharge 
pressure of the pump on the pressure capacity 
characteristic. 

HAROLD HILLIER, 
THOMAS McALPNE. 


