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15 Claims. (C. 60-94) 
My invention relates to steam power plants and 

more particularly to such plants in which steam 
is bled from a plurality of points of different 
preSSure of a prime mover and introduced into 
Open feed water heaters in direct contact with 
feed water therein. In steam plants of this type, 
Such as have been developed by me, it has been 
my aim to eliminate regulating mechanism so 
far as possible. To this end I have previously 
proposed to coordinate the flow of feed water to 
the amount of steam bled for different loads by 
making use of the characteristics of centrifugal 
pump mechanism and have concentrated, so far 
as possible, the control of feed water flow in a 
primary regulator, Secondary regulation being 
obtained by means of water legs or valve regula 
tion or both. The use of water legs avoids valves, 
In certain plants the heights of water legs make 
it desirable to use valves. In the present instance 
I avoid both any disadvantages inherent in high 
water legs and the use of secondary valve mech 
anism. This is accomplished by the use of a pri 
mary regulation to be hereinafter described and 
the use of vapor release connections between the 
centrifugal pump mechanism and other parts of 
the System. 
The invention will be understood by reference 

to the accompanying drawings showing a pre 
ferred form thereof, which drawings constitute 
a part of this specification, and on which: 

Fig. 1 is a more or less diagrammatic layout of 
a steam power plant employing the invention; 
and 

Fig. 2 is a longitudinal cross-sectional view of 
centrifugal pump mechanism and vapor release 
connections in accordance with the invention. 

In Fig. 1, reference character 10 designates a 
steam generating unit. This steam generating 
unit may be like any known construction and 
may include a plurality of boilers. The steam 
generating unit shown includes a steam and 
water drum 11 to which feed water is supplied 
by means of conduit 12. In conduit 12 is a valve 
13 which is controlled in any of various known 
ways in response to liquid level in the drum 11 so 
that a constant level is maintained in the steam 
generating unit. Steam generated in the steam 
generating unit passes through conduit. 14, and 
may pass through a Superheater 15, to a turbine 
16, or other prime mover. The prime mover 
may, for example, drive an electric generator 17. 
The turbine 16 comprises the usual rotor includ 
ing blade wheels and guides. The prime mover 
may be divided into a number of sections con 
nected by a conduit 18. Steam from the turbine 

passes through connection 19 and into condenser 
20, which is cooled by water passing through Sup 
ply and discharge conduits 21 and 22. 
The plant comprises a feed water System in 

cluding feed water heaters 23, 24, 25, and 26. 60 
The feed water system also includes centrifugal 
pump mechanism designated generally at 27, 
connecting conduits between the feed water 
heaters and a control tank 28. Water is Sup 
plied from the condenser 20 to the feed water 65 
system by means of conduit 29. Water is con 
ducted from the feed water system to the steam 
generating unit through the conduit 12, the 
Water being pumped by means of a pump 30 
which receives water from tank 28 through con- 0 
duit 31. 
The feed water heaters 23, 24, 25, and 26 are 

of the open direct contact type. That is, the 
steam and water in these heaters are in direct 
contact. This is as distinguished from Surface 5 
heaters in which the steam to be condensed and 
the water to be heated are conducted in Sepa 
rate spaces which may be at different pressure. 
A bleed or extraction conduit 32 connects a 

point of high pressure in the turbine 16 with 80 
the feed water heater 26. A bleed conduit 33 
connects a point of lower pressure in the turbine 
16 with feed water heater 25. A bleed conduit 
34 connects a point of still lower pressure in 
the turbine 16 with feed water heater 24. A 85 
conduit 35, which may also be termed a bleed or 
extraction conduit, connects a low pressure point 
of the turbine 16 with feed Water heater 23. 
These bleed conduits may contain non-return 
valves diagrammatically indicated at 36 to pre- 90 
vent back flow of steam or water to the turbine. 
In normal operation, however, these conduits are 
unrestricted and are of such size or area as to 
permit maximum flow of steam at all times cor 
responding to maximum load on the turbine. 95 
The amount of steam flowing through these con 
duits is determined by the amount of Water Sup 
plied to the respective feed water heaters since 
no more steam will flow than the Water. Will 
condense. Putting it another way, the conduits 100 
are of such size that all the steam which the 
water can condense will flow through the bleed 
conduits since they are of large size and of un 
restricted flow area. These conduits contain no 
regulating valves automatically operating in nor- 105 
mal operation. 
The centrifugal pump mechanism indicated 

generally at 27 and shown in detail in Fig. 2 
includes a number of sections depending upon 
the number of feed water heaters. As stated, lic 
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feed water flows from the condenser through 
conduit 29 to the lowest section 38 of the pump 
mechanism, entering the inlet 40 thereof. Rotor 
39 of this pump section pumps the water through 
conduit 41 and into the upper part of feed water 
heater 23. In feed water heater 23 the feed 
water supplied through conduit 41 comes into di 
rect contact with and condenses steam which is 
drawn through conduit 35 and the resultant 
Warmer water produced passes through conduit 
42 and into the inlet chamber 43 of the second 
pump Section 44 including the rotor 45. Pump 
Section 44 pumps the water through conduit 46 
and into feed water heater 24. The feed Water 
here comes into direct contact with steam bled 
through conduit 34. The amount of feed water 
is increased by the amount of condensate pro 
duced by the condensing action of the water pass 
ing through conduit 46 on the steam passing 
through conduit 34. The water then passes 
through conduit 47 and into the inlet 48 of pump 
Section 49, which includes the rotor 50. Pump 
Section 49 pumps the water through conduit 51 
and into the upper part of heater 25 where there 
is additional condensation of steam bled through 
conduit 33, the resultant heated water passing 
through conduit 52 to the inlet 53 of pump sec 
tion 54 which includes rotors 55, there being 
three in this instance for the particular plant 
for which I have designed the pump illustrated. 
From pump section 54 the water is pumped 
through conduit 56 into the upper part of heater 
26. Here, there is a further condensation of 
Steam bled through conduit 32 and a resultant 
Warner Water passes through conduit 57 into 
tank. 28. The connections of the water supply 
and discharge connections to the pump mecha 
nism are made to the usual intermediate points. 
The rotors of the pump mechanism are mount 

ed on a shaft 58 which is driven at constant speed 
by a motor 59. One of the features of the pres 
ent invention is constant speed operation of the 
centrifugal pump mechanism, thereby eliminat 
ing the necessity of variable speed control 
mechanism. 
Interposed in conduit 41 is a valve 60 which 

controls the rate of flow in this conduit and 
which is adapted to close the conduit or to open 
the conduit to full capacity, or to restrict the 
effective area of the conduit to any intermediate 
degree. Valve 60 is controlled by a float 61 con 
tained in a float chamber 62. Float chamber 
62 is on a level with tank 28. The upper part 
of float chamber 62 is connected with tank 28 
by a gas conduit 63. The lower part of float 
chamber 62 is connected to tank 28 by means 
of a liquid conduit 68. By this means, if the level 
is controlled in either tank 28 or float chamber 
62, the same level will prevail in the two vessels. 
In effect, valve 60 is controlled by the liquid 
level in tank 28 and serves to maintain this liq 
uid level constant. Since the restriction of con 
duit 41 determines the amount of water flowing 
through the feed water system, it will be seen 
that the primary control for flow of water through 
the feed water system is the amount of water 
in tank. 28. On rise of water level in tank 28 
and Consequently in float chamber 62, valve 60 
closes more or less. Conversely, on decrease of 
level in tank 28, valve 60 opens more or less. 
Connected to the inlet chamber 40 of pump 

Section 38 is a vapor release conduit 64 which 
is connected to the condenser 20. Connected to 
the inlet chamber 43 of pump section 44 is a 
vapor release conduis 65 which is connected to 
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feed water heater 23. Connected to the inlet 
chamber 48 of pump section 49 is a vapor re 
lease conduit 66 which is connected to the upper 
part of heater 24. Connected to the inlet cham 
ber 53 of pump section 54 is a vapor release 
conduit 67 which is connected to the upper part 
of heater 25. 

It will be seen from Fig. 2 that these conduits 
are of relatively large size and their diameter 
is approximately as great or nearly as great as 
the width of the inlet chambers at the points 
of connection of these conduits thereto. These 
conduits are of such area as to be able to pro 
vide substantially complete release of pressure in 
the inlet chambers. It will be noted that the 
pump mechanism is located below the feed water 
heaters and these vapor release conduits extend 
upwardly from the pump mechanism to their re 
spective points of connection to the feed water 
system and the condenser. 
In operation, the supply of steam to the tur 

bine is controlled in known manner to Suit the 
demand for power. The float valve or other 
regulating means of the boiler Supplies Water to 
the boiler as steam is generated So that the Supply 
of feed water corresponds to the rate of steam 
generation. The withdrawal of feed water from 
tank 28 is consequently in accordance with the 
rate of steam supplied to the turbine. As the 
level in tank 28 is lowered, valve fiO in conduit 
41 is opened and a greater quantity of feed water 
is pumped through the feed water system so that 
the quantity of feed water being pumped is in 
accordance with the demand for feed Water and 
also in accordance with the demand for steam. 
As stated, the centrifugal pump, mechanism 27 
is driven at constant speed. Consequently, the 
amount of water passing through the pump ro 
tors may be anything from full capacity to a 
small fraction thereof, depending upon the load 
on the turbine. The pump rotors are designed 
in accordance with the requirements for feed 
water to correspond to bled steam at different 
loads. In this connection, reference may be had 
to my copending application Serial No. 399,152, 
filed October 12th, 1929, Pat. No. 1,857,332. Pump 
section 38 is normally supplied with a sufficient 
quantity of water for satisfactory operation due. 
to the fact that it is supplied from the condenser 
hot well or storage tank. Such pump sections 
may be so designed that they will not pump 
themselves dry. The conditions with respect to 
pump sections 44, 49, and 54, are quite different, 
however. Except when operating at maximum 
water flow, these Sections are, so to speak, starved 
by the partial closing of the valve 60 and, unless 
the pump mechanism is properly designed and 
provision is made, these sections will pump them 
Selves dry With resulting possible damage to the 
pumps and interference with proper operation or 
other difficulties which cannot be tolerated. In 
a pump of usual design, operating as do the 
pumps here involved, that is to say, receiving 
Water on the Suction side which has absorbed 
Substantially all the live steam which it can ab 
SOrb, and which is therefore close to the flash 
ing point, and which will therefore flash into 
steam if a. Small amount of heat is added to it, 
difficulty is experienced because friction losses in 
the pump entrance cause heating of the water 
and, if in addition to this the pump is starved, 
along with the result that the level of the Water 
in the Suction leg is drawn down, thereby reduc 
ing the pressure on the suction side and conse 
quently lowering the flash point, a considerable 
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1,932,485 
amount of steam may be generated in the pump 
Section, which steam may result in a cessation 
in the flow of water Since the rotor or rotors 
which are in the steam pocket become prac 
tically useless. If, now, water continues to flow 
into the inlet chamber and a Sufficient static 
head is built up, the steam pressure will eventu 
aly be overcome and the steam pocket forced on 
through the pump and the flow of Water Will be 
resumed. This, however, may require a higher 
hydrostatic column than is convenient for the 
elevational disposition of the parts of the plant 
System. 
I overcome this difficulty by providing the con 

duits 65, 66, and 67, and by making the inlet 
chambers of the pump sections of large area. 
The vapor release connections 65, 66, and 67 are 
of relatively large area, so as to relieve the steam 
pressure. By connecting the vapor connections 
from each pump section to the feed water heater 
Supplying Such section, I conserve heat and in 
prove the efficiency of the system. By choosing 
the proper size of vapor release conduits, the 
necessary height of water leg may be reduced to 
almost any desired extent. 

It will be seen that, with respect to each of the 
pump Sections 44, 49, and 54, there is a pump 
Suction chamber, a feed water heater of the direct 
contact type above the pump section, a downflow 
connection from the lower part of the feed water 
heater to a point in the suction chamber below 
the top thereof, and an upflow connection from 
the top of the suction chamber to the upper part 
of the feed water heater. Went connections have 
previously been used on pumps, but these are 
usually Small pipes of a fraction of an inch 
diameter, whereas the vapor release connections 
I have designed for a plant embodying this in 
vention are of several inches diameter. 
While the connection 64 may not be entirely 

necessary, I prefer to provide this connection also 
in order to insure release of steam pockets in 
the lowest pressure pump section. The conduits 
65, 66, and 67 are of particular importance as 
Secondary control members in connection with 
the fibw of feed water through the feed water 
System which includes open direct contact heat 
e.S. 
The operation of an individual pump section 

thus constructed and equipped with a vapor re 
lease conduit is as follows: The first action of the 
pump is to draw down the water in the suction 
conduit. When this water is drawn down low 
enough, a steam pocket is formed, which results 
in a momentary cessation of water flow. This is 
immediately followed by a building up of the suc 
tion head which in turn is immediately followed 
by the expulsion of the pocket through the vapor 
release connection, after which the flow is again 
established and the cycle repeated. I have care 
fully observed this action by means of a glass 
Water column on the suction water leg of the pump 
and I have found that the action is quite rapid 
and varies with the amount of water being 
pumped. When the pump is operating at rela 
tively low flows, as for instance, twenty-five per 
cent of its capacity, the fluctuations in the ele 
vation in the water leg are quite extensive, vary 
ing through Several feet with considerable rap 
idity and at regular intervals and, in one partic 
ular case which I have observed, at the rate of 
about thirty times per minute. As the amount 
of Water being pumped increases, the variations 
become leSS extensive, finally disappearing en 
tirely as the pump approaches full capacity. 

3. 
However, at any load within the useful working 
range of the feed Water System, the Operating 
conditions are entirely satisfactory. 
While I have described my invention in con 

nection with a given plant, it will be understood 
that variations in structure and adaptability of 
the invention are possible within the scope of the 
invention. 
What I claim is: 
1. In a steam power plant, a steam generating 

unit, a prime mover, means to conduct steam from 
the steam generating unit to the prime mover, a 
first direct steam and water contact feed water 
heater, a second direct steam and water contact 
feed Water heater, bleed conduits connecting the 
feed water heaters with points of different pres 
sure in the prime mover, said bleed conduits be 
ing of normally constant effective flow area, and 
of such area as to permit maximum flow of steam 
therethrough at all times during normal operation 
corresponding to maximum load on the prime 
mover, centrifugal pump mechanism having a ro 
tor, an inlet chamber and an outlet chamber, 
means to conduct feed water from said first heater 
to said inlet chamber, means to conduct feed 
water from said outlet chamber to said second 
heater, a constantly open, unrestricted vapor re 
lease conduit connecting the upper part of Said 
inlet chamber with said first heater, means to con 
duct fluid from said prime mover to said first 
heater and means to conduct fluid from Said Sec 
ond heater to said steam generating unit. 

2. In a steam power plant, a steam generating 
unit, a prime nover, means to conduct Steam from 
the Stean generating unit to the prime mover, a 
first direct steam and Water contact feed Water 
heater, a second direct steam and water contact 
feed water heater, bleed conduits connecting the 
feed water heaters with points of different pres 
sure in the prime mover, said bleed conduits being 
of normally constant effective flow area and of 
Such area as to permit maximum flow of Steam 
therethrough at all times during normal operation 
corresponding to maximum load on the prime 
mover, centrifugal pump mechanism having a 
rotor, an inlet chamber and an outlet chamber, 
means to conduct feed water from said first heater 
to said inlet chamber, means to conduct feed 
water from said outlet chamber to said second 
heater, a constantly open, unrestricted vapor re 
lease conduit of relatively large cross-sectional 
area, connecting the upper part of said inlet cham 
ber with said first heater, means to conduct fluid 
from said prime mover to said first heater and 
means to conduct fluid from said second heater to 
said steam generating unit. 

3. In a steam power plant, a steam generating 
unit, a prime mover, means to conduct steam from 
the steam generating unit to the prime mover, 
a first direct steam and water contact feed water 
heater, a second direct steam and Water contact 
feed water heater, bleed conduits connecting the 
feed water heaters with points of different pres 
sure in the prime mover, said bleed conduits being 
of normally constant effective flow area, and of 
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such area as to permit maximum flow of steam. 
therethrough at all times during normal operas 
tion corresponding to maximum load on the prime 
nover, centrifugal pump mechanism having a 
rotor, an inlet chamber and an outlet chanoe, 
means to rotate said centrifugalpurnp mechanism. 
at constant Speed, means to conduct feed water 
from Said first heater to said inlet chamber, means 
to conduct feed water from said outlet chamber 
to said Second heater, a constantly open, unre 
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4. 
stricted vapor release conduit of relatively large 
area connecting the upper part of said inlet cham 
ber with said first heater, means to conduct fluid 
from said turbine to said first heater and means 
to conduct fluid from said second heater to said 
Steam generating unit. 

4. In a steam plant, a plurality of direct contact 
feed water heaters, means to supply steam to said 
heaters, a plurality of centrifugal pump members 
receiving water from the heaters and constantly 
open, unrestricted vapor release conduits connect 
ing each pump member with the feed water heater 
from which it receives water. 

5. In a steam plant, a plurality of direct Con 
tact feed water heaters, means to supply steam 
to said heaters, a plurality of centrifugal pump 
members receiving water from the heaters, con 
stantly open, unrestricted vapor release conduits 
connecting each pump member with the feed 
Water heater from which it receives water, and 
means to rotate the pump member at constant Speed. 

6. In a steam power plant, a steam generating 
unit, a prime mover, means to conduct steam from 
the steam generating unit to the prime mover, 
a first direct steam and water contact feed water 
heater, a Second direct steam and water contact 
feed water heater, bleed conduits connecting the 
feed Water heaters With points of different pres 
Sure in the prime nover, said bleed conduits being 
of normally constant effective flow area and of 
Such area as to permit maximum flow of steam 
therethrough at all times during normal opera 
tion corresponding to maximum load on the prime 
mover, centrifugal pump mechanism having a 
rotor, an inlet chamber and an outlet chamber, 
means to conduct feed Water from said first 
heater to Said inlet chamber, means to conduct 
feed Water from Said outlet chamber to said sec 
Ond heater, a vapor release conduit connecting 
the upper part of said inlet chamber with said 
first heater, means to conduct fluid from said 
prime mover to said first heater including a con 
duit and a valve therein, means to conduct fiuid 
from Said Second heater to said steam generating 
unit and means to control said valve in accord 
ance With differences in the rate of flow in the 
last-mentioned means. 

7. In a steam power plant, a steam generating 
unit, a prime mover, means to conduct steam 
from Said steam generating unit to said prime 
nover, a condenser, means to conduct steam from 
Said prime nover to said condenser, a feed Water 
System comprising a plurality of open direct con 
tact feed Water heaters, a tank, means to pump 
feed Water successively from the condenser 
through the feed water heaters and into said 
tank and means responsive to water level varia 
tions in Said tank for controlling the rate of flow 
of feed water, means to conduct feed water from 
Said tank to the Steam generating unit, and means 
to conduct steam to the feed water heaters from 
points of different pressure in the prime mover, 
Said pumping means comprising a plurality of 
pump Sections, and constantly open, unrestricted 
Vapor release conduits from one or more of said 
pump Sections to feed water heaters behind the 
respective pump sections in the line of flow of 
feed Water. 

8. In a steam power plant, a steam generating 
unit, a prime mover, means to conduct steam 
from Said generating unit to said prime mover, 
a condenser, means to conduct steam from said 
prime nover to Said condenser, a feed water sys 
ten comprising a plurality of open direct contact 

1932,485 
feed water heaters, a tank, means to pump feed 
water successively from the condenser through 
the feed water heaters and into said tank and 
means responsive to water level variations in said 
tank for controlling the rate of flow of feed Water, 
means to conduct feed water from said tank to 
the steam generating unit, means to conduct 
steam to the feed water heaters from points of 
different pressure in the prime mover, said pump 
ing means comprising a plurality of pump Sec 
tions, constantly open, unrestricted vapor release 
conduits from one or more of said pump Sections 
to feed water heaters behind the respective pump 
sections in the line of flow of feed Water and 
means to drive the pumping means at constant Speed. 

9. In a steam plant, a steam generating unit, 
a prine mover, means to conduct steam from 
said steam generating unit to the prime mover, 
a first direct steam and water-contact feed water 
heater, a second direct steam and water contact 
feed water heater, bleed conduits connecting the 
feed water heaters with points of different pres 
Sure in the prime mover, said bleed conduits be 
ing of normally constant effective flow area and 
of such area as to permit maximum flow of steam 
therethrough at all times during normal opera 
tion corresponding to maximum load On the 
prime mover, centrifugal pump mechanism hav 
ing an impeller, an inlet chamber and an outlet 
chamber, means to conduct feed water from said 
first heater to said inlet chamber, means to con 
duct feed water from said outlet chamber to 
said second heater, a constantly open, unrestrict 
ed vapor release conduit connecting the upper 
part of said inlet chamber with a place of lower 
pressure in the plant and unaffected by said in 
peller, means to conduct fluid from Said prime 
mover to said first heater and means to conduct 
fluid from said second heater to said steam gener 
atting unit. 

10. In a steam plant, a steam generating unit, 
a prime mover, means to conduct steam from 
said steam generating unit to the prime nover, 
a first direct steam and water contact feed Water 
heater, a second direct steam and Water contact 
feed water heater, bleed conduits connecting the 
feed water heaters with points of different pres 
Sure in the prime nover, Saidi bleed conduits being 
of nor naily constant effective flow area, and of 
Such area, as to permit Emaximum) flow of steam 
therethrough at all times during normal opera 
tion corresponding to maximum load on the 
prime Rover, centrifugal pump mechanism hav 
ing. 2. Kapeller, an inlet chamber and an outlet 
chanber, means to rotate said in peller at con 
stant speed, neans to conduct feed water from 
Said first heater to said inlet chamber, means to 
conduct feed Water from Said outlet chamber to 
Said Second heater, a constantly open, unrestrict 
ed vapor release conduit connecting the upper 
part of Said inlet chamber With a place of lower 
pressure in the plant and unaffected by said 
impeller, means to conduct fluid from said prime 
nover to said first heater and means to conduct 
fluid from Said Second heater to said stean gener 
atting unit. 
- 11. In a steam plant, a steam generating unit, 
a turbine, means to conduct steam from the steam 
generating unit to the turbine, a condenser Sup 
plied with steam from the turbine, a feed water 
heating system, means to conduct water from 
said condenser to said feed water heating System, 
and means to conduct water from Said feed 
water heating system to said steam generating 
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unit, said feed water system including a plurality 
of direct steam and Water contact feed water 
heaters, a plurality of centrifugal pump members 
having impellers, connections between said pump 
members and said feed water heaters connected 
to break the continuity of water flow at the 
heaters, at least one of said pump members hav 
ing an inlet chamber, an outlet chamber and an 
open, unrestricted vapor release conduit connect 
ing the inlet chamber With a place in Said System 
of less pressure than in said one of said pump 
members, and unaffected by the impeller thereof, 
means to drive said one of said pump members 
so that it is starved of Water, Said vapor release 
conduit being of such area as to completely re 
lease steam therefrom generated due to starving 
the pump member of water, and bleed conduits 
connecting the feed water heaters With points 
of different pressure in the turbine, said bleed 
conduits being of normally constant effective 
flow area, and of such area, as to permit maximum 
flow of steam therethrough at all times during 
normal operation corresponding to maximum load 
on the turbine. 12. In a steam plant, a steam generating unit, 
a turbine, means to conduct steam from the 
steam generating unit to the turbine, a condenser 
supplied with steam from the turbine, a feed wa 
ter heating system, means to conduct water from 
said condenser to said feed water heating System, 
and means to conduct water from said feed wa 
ter heating system to said steam generating unit, 
said feed water System including a plurality of 
direct steam and water contact feed water heat 
ers, a plurality of centrifugal pump members hav 
ing impellers, connections beiWeen Said pump 
members and said feed Water heaters connected 
to break the continuity of water flow at the heat 
ers, at least one of said pump members having 
an inlet chamber, an outlet chamber and an Open, 
unrestricted vapor release conduit connecting 
the inlet chamber with a place in said system of 
less pressure than in said one of Said pump mem 
bers and unaffected by the impeller thereof, means 
to drive said one of said pump members so that 
it is starved of water, said vapor release conduit 
being of such area as to completely release steam. 
therefrom generated due to starving the pump 
member of water, bleed conduits connecting the 
feed water heaters with points of different pres 
sure in the turbine, said bleed conduits being of 
normally constant effective flow area and of 
such area as to permit maximum flow of steam. 
therethrough at all times during normal opera 
tion corresponding to maximum load on the tur 
bine, and means to control flow of water into 
the feed water system in response to variations of 
water level in the feed water system. 
* 13. In a vapor plant, a prime mover, a closed 
receptacle having direct contact of liquid with 
its vapor therein, unrestricted means to conduct vapor from said prime mover to said receptacle, 

said receptacle for receiving liquid pumped 

5 
a centrifugal pump member situated below said 
receptacle and connected thereto to receive liq 
uid therefrom, means to supply liquid in variable 
quantity to said receptacle, means separate from 80 

through said pump member, and a constantly 
Open, unrestricted Vapor release conduit Connect 
ing said pump member with the vapor space of 
said receptacle and of Such area, as to completely 
release vapor from said pump member generated 
therein due to starving the pump member of liq 
luid. 

14. In a vapor plant, a prime mover, a closed 
receptacle having direct contact of liquid with its 
vapor therein, unrestricted means to conduct 
vapor from said prime mover to said receptacle, 
a centrifugal pump member situated below Said 
receptacle and connected thereto to receive liquid 
therefrom, means to Supply liquid in variable 
quantity to said receptacle, means Separate from 
Said receptacle for receiving liquid pumped 
through said pump member, a constantly open, 
unrestricted vapor release conduit connecting 
said pump member With the vapor Space of Said 
receptacle and of such area, as to completely re 
lease vapor from said pump member generated 
therein due to starving the pump member of liq 
uid, and means to drive said pump member at 
constant Speed. 

15. In a steam plant, a steam generating unit, 
a prime mover, means to conduct steam from 
the steam generating unit to the prime mover, a 
condenser supplied with steam from the prime 
mover, a feed water heating system, means to 
conduct water from said condenser to said feed 110 
water heating System, and means to conduct wa 
ter from said feed Water heating System to said 
steam generating unit, said feed Water heating 
System including a direct steam and Water con 
tact feed water heater, a centrifugal pump mem-115 
ber having an impeller connected to receive feed 
water from said heater and to deliver feed water 
to a point of higher pressure in the feed water 
heating system, said centrifugal pump member 
having an inlet chamber, an outlet chamber and 120 
an open, unrestricted vapor release conduit con 
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necting the inlet chamber thereof with a place 
in said system of less pressure than in said pump 
member and unaffected by said impeller, means 
to drive said pump member so that it is starved 125 
of water, said vapor release conduit being of such 
area as to completely release steam therefrom 
generated due to starving the pump member of 
water, and a bleed conduit connecting said feed 
water heater with said prime mover, said bleed 30, 
conduit being of normally constant effective flow 
area and of such area as to permit maximum flow 
of steam therethrough at all times during normal 
operation corresponding to maximum load on the . 
prime mover. RATPH C. ROE. 


