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AUTOMATIC BLOWDOWN FOR
STEAM GENERATOR

{George W. Mattox, El Monte, Calif., assignor to Clayton
Manufacturing Company, El Monte, Calif,, a corpora-
tion of California

Applicaticn November 18, 1955, Serial No. 546,175
7 Claims. (Cl. 122—382)

‘The present invention relates in general to steam gen-
:erating equipment and, more particularly, to a blowdown
system for a steam generator or boiler. While applicable
to various steam generators or boilers, and particularly
to those which have a pulsating unit which can be used
to comntrol the blowdown function, the invention will be
particularly exemplified as applied to a closed steam

-generating system wherein the feed or make-up water

introduced into the system is always maintained in bal-
ance with the amount of water withdrawn -from the sys-
tem in the form of steam so that a substantially con-
stant volume of excess water is always present in the
system, the excess water being constantly circulated
throughout the system. Such a steam generating system
:is exemplified in the copending application of Perry Arant;
Serial No. 432,631, entitled “Balanced Feed Water Sys-
and assigned to the same as-
It should be clear,
however, that a closed steam generating system preferably
includes a boiler, an accumulator and a circulating pump
connected in series in such a manner that the fluid in the
system flows from the accumulator through the circulating
pump, through the boiler, and into the accumulator again,
steam being drawn off from the accumulator as required
to meet the demand. The steam generator includes a
feed pump for introducing make-up water into the system
whenever the amount of liquid in the system falls below a
predetermined value, the feed pump preferably being ren-

.dered operative to introduce make-up water into the sys-
‘tem by a control means which responds to the water level

in the accumulator. The control means may render the
feed pump inoperative to introduce make-up water’ into
the system, when the amount of water in the system is up
to the desired value, in various ways, as by by-passing
the make-up water discharged by the feed pump-back to
the inlet of the feed pump, by rendering a pumping ele-
ment of the feed pump inoperative, or by stoppmg the
feed pump entirely.

In such a steam generator, impurities concentrate in
the excess water in the steam generating system with the
passage of time, even with proper. conditioning of the
make-up water introduced into-the steam generating
system to balance the water withdrawn in the form of
steam concentration of impurities occurring primarily in
the accumulator due to steam-water separation in the
accumulator and to discharging the make-up water in a
zone below the water level in the accumulator where the
water temperature is such as to precipitate out many of
the impurities which may be present in the make-up
water. Conventionally, the impurity concentration is
reduced from time to time by periodically blowing down
the steam generating system manually so as to bleed
off the impurity-laden ‘water in the system. Such manual
blowing down of the system is preferably accomplished
by means of a manual blowdown valve commumcatmg
with the lower end of the accumulator.

With the foregoing manual blowdown procedure, when-
ever the impurity concentration in the excess water in
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the system reaches a level such as to tend to produce
scale formation, corrosion, embrittlement, -or ‘carryover
of contaminants into the steam discharged by the system,
it is necessary to shut the steam generator down ‘while
the manual blowdown of the system is accomplxshed
which is obviously undesirable.

In view of all of the foregoing, a primary object of
the present invention is to provide means for blowing
down a steam generatmg system automatically while the
steam generator is 'in operatlon With such a means,
the impurity concentration is kept within acceptable
limits for prolonged periods of time t0 eliminate frequent
shutdowns, which is an important feature. :

More particularly, an object of the invention is to pro-
vide means for bleeding off water from .a steam gener-
ating system in proportion to the introduction of make-
up water into the system so that impurities are removed
at a rate proportional to the rate at which they are intro-
duced.

Another object is to prov1de a steam generator blow-
down valve means for bleeding off impurity-laden water,
this valve means being operated whenever feed water is
being introduced into the system, thereby attaining a con-
centration removal rate proportwnal to the. concentra-
tion introduction rate.

Another object of the invention is to provide an oscil-
latory blowdown valve means which cyclically opens and .
closes a blowdown outlet communicating with the steam
generating system, and to provide means for oscillating
the blowdown valve means to alternately open and close
the blowdown outlet whenever make-up water is being
introduced into the system by the feed pump. This oscil-
lating or pulsating action of the blowdown valve means
results in self—cleamng thereof to assure a uniform blow-
down rate, which is an important feature. )

Another object is to provide a feed pump which in-
cludes means for producing pressure pulsations concur-
rently with the introduction of make-up water into the
steam 'generating system, and to -apply these pressure
pulsations to the oscillatory blowdown valve means to
oscillate same between its open and closed posmons
With this construct1on, whenever the feed pump is rend-
ered operative to introduce make-up water into-the sys-
tem, the blowdown valve means is automatically actu-
ated to bleed impurity-laden water off ‘from -the ‘system,
thereby attaining a blowdown:rate proportionsl to:: the,
make-up rate, which is an important feature. .

Still. another object of the invention is to provxde a
feed pump having a pulsation chamber and having means
for producing pressure pulsations in such chamber when-
ever the feed pump is operative to introduce make-up
water into the steam _generating system, a related object
being to provide an 'oscillatory blowdown valve means
which includes a valve member movable toward and
away from a valve seat and having connected thereto
diaphragm means, or the equivalent, exposed to the pres-
sure pulsations in the pulsation chamber.

The feed pump may be caused to produce these pressure
pulsations” in -the pulsation chamber only during ‘intro-
duction of make-up water in variocus ways. Preferably,
the feed pump includes a diaphragm or piston-which is
oscillated .to introduce make-up water into the system
and to produce pressure pulsations in the pulsation
chamber, the feed pump being rendered inoperative to-
introduce make-up water and .fo produce pressure ‘pulsa-

-.tions either by rendering the diaphragm or piston non-

70

oscillatory, or by by-passing the make-up “water dis-
charged back to the inlet of the feed pump. Another'
alternative would be to stop-the feed pump completely
whenever the amount of excess water in the steam gen-
erating water is at the desired value.

In order to bleed off water of maximum impurity



concentration,  an important object 1is to connect .the
blowdown valve means to the accumulator in communica-
tion with a zone in the accumulator wherein the impurity

concentration is at-a:maximum. ° This zone.is just below

. -the water level in the accumulator, the impurity ‘Concen-
" tration being:a maximum in this zone due to'the release
_of precipitation ‘of impurities in the accumulator at the

| 2,021,564

water -level therein: upon stearn-water separatlon in the :

accumulator
- More-particularly, an ob]ect is to- prov1de a slurnmer

10

- duct which communicates at one end with the accunu- -

‘Jator -in' a zone just below the water level therein, and:

.which: commumcates at 1ts other end thh the olowdown
valve means.

" An important ob]ect of the mventlon is to s0 1ocate-

the skimmer duct -in the’ accumulator that it extends
downwardly ‘therein from.the blowdown 'intake zone in

heat -transferring relation ~with . the .water in ‘the dower -

regions of the accumulator, the lower.end. of ‘the skimmer
" duct being conrnected to the blowdown valve means. - Since
-a substantial yertical temperature.gradient or stratification
exists in-the water zone of the accumulator, due pri-

20

-marily to-the “introduction’ of make-up water into this "

zone: thereof, .. the -impurity-laden - water. flowing "down-
wardly. through the skimmer duct during:blowdowa  is
cooled- materially so that it can be safely discharged -at

25

-any suitable point of disposal, such as- a-sewer, Wthh 7

is an important feature of the invention.

~The foregoing objects; advantages, features and results
Qf the -present invention, together with various other
objects, advantages, features.-and results thereof which
-will be quite- evident to. those skilled in this art in the
light of  this spec1ﬁcat10n may be attained . with the

exemplary embodlment of the invention which is illus-
trated in the accompanymg drawmgs and ° which .is

Referring to the draw-

ings: - co-

30.

Flg 1 is a dlagrammatlc view of a steam generator n

matlc blowdown at a rate proportlonal to the make-up
rate;
+Fig. 2 is a view, partlally in sectlon and partlally in

40

elevatlon of a feed pump. embodymg one mearns of

during feed-water mtroductlon and

‘Fig '3 isa sectional v1ew of a blowdown valve means. -

: of the invention. .

Referrmg partlcularly to Fig. 1 of the drawmgs the ‘

1llustrated steam generator-includes a closed system com-
prising a steam genérating unit or boiler 10, an accumu-
lator-or-steam separator 12 and a circulating pump 14,
all connected in: series, with the circulating. pump down-
stream from the- accumulator and upstream from the
boﬂer
“a steam outlet: 16 .connectible to. a-load, and includes
a:feed water inlet 18 through which make—up water is
introduced. by a feed pump 20 .the operatlon of which
is- reguldted by a control .means 22 responsive. 0. the
water Jevel: in the: accumulator 12, the c1rcu1at1ng pump
" 14 and the feed .pump: 20. being combined ‘in & single
pumping unit 24 in the particular constriiction ﬂlustrated
- The; steam.. generating system .also includes a blowdown
outlet 26 controlled “by a blowdown - valve means 28
responsive to the. introduction of make-up water into the
_ system. by the feed pump 26, as hereinafter described.
‘Considering the steam generating.systern. in more detail,
the boiler 10 includes: a continuous heating: coil- 36 hav-
ing:-an-inlet>end ‘32 and. an -outlet end . 34, this. coil-
mcl di
mountmg a helical water-wall section -38. - A thermo-
_statically controlled: burner ‘40: evaporates water “in. the:
heating: coil” 30 as it flows from the.inlet end 32 ef the
coil toward:the cutlet end 34 thereof.
The ‘steam generated within. the - heatmg coxl 3{} is
;dxscharged sinto .the-accumulator-12 through a- discharge

The steam generating system.is provided with :

4

‘means 42, the latter being mounted on the upper end of

a dlscharge pipe’ 44 which extends upwardly within the
accumulator 12 to a.point above the desired water level
46, and which is connected to the outlet end 34 of the

-heating coil by a pipe 48. The discharge means 42,

which may be of any suitable type, separates the steam
generated in the heating coil 3¢ from the water passing
therethrotgh, whereby the steam zone in the accumu-
lator, above the water level 46, contains substantially
dry steam, the water discharged by the discharge means
42 descending to thé water -Zone below the water level
46. The steam outlet 16 communicates with the interior
of the accumulator 12 at the upper end of the steam

‘zone therein to minimize water carry-over into the steam

outlet. The water ‘level 46 within the -accumulator 12
may be determined visually through a sight tube 50 com-
municating with . the interior of the accumulator above
and below the water level; -~ ‘

The -circulating. pump 14 continuously ~draws water
from the water zone of the accumulator 12 and delivers
it to the inlet ‘end 32 of the heating coil 38 while the
steam generator is in operafion, the inlet 52 of the circu-~
lating pump being connected” to the water zore of ths
accumulator 12 by a pipe 54: -The pipe 54.communi-
cates with the water zone of thé accumulator at a’level
intermediate: the upper and Iower ends of the water zone
§0-as to: circulate water havifig a minimum impurity
concentration, the imputity  concentration being higher
adjacent the ‘water level 46 due to the discharge of
impurities by the dischargeé means 42 and due to. pre-
cipitation of impurities- at -the feed-water inlet 18, and
being higher near’ the bottom ‘of the accumulator, where
sludge ténds to collect. The outlet 56 of the circulat-

ing pump 14 is connected to the inlet end 32 of the héating

coil- 30 by 'a pipe 58, thereby completing the closed
steam generating system-or loop.

Cons1der1ng the circulating pump 14-in a httle more
detail, various types may be:utilized, the one illustrated
being exemplary only. In the particular' construction
illustrated; a: standpipe 68 is provided, this standpipe
having at its upper end an ‘inlet-outlet check valve as-
sembly -62 which causes incremental flow from thé inlet
52 to the outlet 56 in response to pressure pulsations in

_the standplpe. Such pressure pulsations in: the standplpe

are created in a pulsation chamber 64, which communi-
cates with the'lower end of the standplpe, by a diaphragm
66 which may be oscillated in any suitable mannér. In
the particular construction -shown,’ the~ diaphragm 66 is
oscillated by a piston 68 through a'body of oil trapped in
a cylinder 70 when the piston 68-is moved toward the
diaphraom 66 to cover ports 72 leading to a sump 74
in the pumping unit 24. " The. piston 68 is reCIprocated to
oscillate'the diaphragm 66 in this'manner by an eccentric
means 76 driven by a-shaft 78, the latter, in turn, being
driven continuously in' any suitable mannér,” as by an
electric motor 89, Flg 1 while the steam generator is

) in. operatlon

60

65

1ng a number of $piral: pancake . sections 36 - Sr- .

70

* Considering the: feed pump 20 it is" also shown as-in-
cluding a standpipe, identified by the numéral 82, sur-
mounted by an inlet-outlet check valve assembly, desig-
nated by the numeral 84. This assembly 'provides an in-
let 86 which comniunicates with a hot well, not shown;
through 2 pipe 88, and provides an outlet 90 which is
connected to the feed-water inlet 18 into the accumulator
12 by a pipe 92, the inlet 18 being locatéd in a zone where

the water temperature in the accumulator’is such as'to .

precipitate various impurities. These impurities settle to
the- bottom of the accumulator, from which they may
be removed ‘periodically ‘by means of a manual blow-off
or-blowdown valve 94. Adverting to the feed pump.26,
the standpipé 82 communicates’ at ifs lower end with a

_ pulsation chamber 96 one wall of which is formed by a

75

diaphragm 98. This diaphragm is biased in one direction
by a compression spring 160 ard is biased in the opposite
direction by oil pressire prodiced in a cylinder 102 by
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a piston 104 when it covers ports 106 communicating
with the sump 74. The piston 104 is reciprocated by the
eccentric means 76, the two pistons 68 and 104 prefer-
ably being interconnected for simultaneous reciprocation
by the eccentric means. The feed pump 20 operates in
the same way as the circulating pump 14. More par-

uCularIy, as the piston 104 reciprocates, the oil trapped.
in the cylinder 102 between the piston and the diaphragm

98 each time the piston covers the ports 106 moves_the
dxaphragm in one direction, the diaphragm being moved
in the opposite direction, upon movement of the pxston in
the opposite direction, by the spring 100. Thus, pressure

pulsations are produced in. the water-filled pulsation.
chamber 96, these pressure pulsations being transmitted:

through the standpipe 82 to the check valve assembly 84.
The latter regulates communication between the inlet 86
and the outlet 90 of the feed pump 20 in such a way as

to produce incremental make-up water flow toward the,

inlet 18 in response to the pressure pulsatlons

Since, as hereinbefore suggested, it is desired to main-
tain the amount of water in the steam generating system
substantially constant by adding make-up water at a rate
sufficient to balance the steam demand, the feed pump

20 is rendered operative to produce pressure pulsations:
in the pulsation chamber 96 whenever the water in the.

accumulator 12 tends to drop below the desired water
level 46, the water level being sensed by the cofitrol

means 22, which governs the operation of the feed pump-

20 in a manner about to be described. ‘The control means
may be of any suitable type, and preferably includes:a.

switch, not shown, which is actuated-whenever the water
level varies from the desired level 46. The control means-
22 is electrically connected, by an electrical conductor
means 107, to a means 108, Fig. 2, for preventing pres-:

sure pulsations in the pulsation chamber 96 whenever the
water level in the accumulator is at or above the desired
level 46. The means 108 may comprise a valve 110 con-

trolled by a solenoid 112 to which the switch of the con-

trol means 22 is electrically connected by thé conductor
means 107, the valve 110 controlling communication be-
tween the sump 74 and a port 114 communicating with
the cylinder 102 between the ports 106 and the diaphragm
98. With this construction, whenever the water level
attains or exceeds the desired level 46, the control means
22 is actuated and operates the solenoid 112 to produce
opening of the valve 110 so as to permit the discharge of
oil from the cylinder 102 into the sump, thereby prevent-
ing displacement cf the diaphragm 98 by the piston 164
and preventing pressure pulsations in the pulsation cham-

ber 96. Thus, make-up water is introduced into the 5

steam generating system by the feed pump 20 only when
necessary to maintain the desired water level in the ac-
cumulator 12, no make-up water being introduced at
other times even though the shaft 78 and eccentric means
76 operate continuously.

The foregoing merely represents one way of producing
pressure pulsations during the introduction of make-up
water. Pressure pulsations may be prevented in other
ways when no make-up water is being introduced into
the steam generating system. For example, instead of
an oil by-pass as shown, a make-up water by-pass
governed by the contirol means 22 may be utilized.. "Al-
ternatively, the feed pump 20 may be driven independ-
ently of the circulating pump 14 and stopped whenever
no introduction of make-up water is necessary.

The steam generator thus far described in detail, is,
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except for the automatic blowdown means to be described -

hereinafter, generally similar to the steam generator dis-
closed in specific detail and claimed in copending appli-
cation Serial No. 432,631, supra. Reference is hereby
made to said copending application for a more specific
disclosure of the steam generator, minus the automatic
blowdown means of the present invention.

As suggested earlier herein, the automatic blowdown
means, which includes the blowdown outlet 26 controlled

6

by the oscillatory blowdown valve means 28, bleeds off
impurity-laden water from the accumulator 12 whenever
the feed pump 20 is operative to introduce make-up water
into the system along the avenue hereinbefore described.
Thus, the blowdown rate is always proportional to the
make-up rate so that the rate of impurity removal is pro-
portional to the rate of impurity introduction into the
system.  Consequently, the impurity concentration level
is maintained within acceptable limits for prolonged
periods of time with only infrequent necessity for manual
blowdown, by means of the manual blowdown valve 94,
to completely clear the system of impurity-laden water.

Considering the automatic blowdown means in more
detail, the blowdown outlet 26 is connected to a pipe
116 which, in turn, is connected at its other end to the
blowdown valve means. 28, the latter controlling flow
from the pipe 116 to a waste pipe 118 leading to a suit-
able point of disposal for the impurity-laden water, such
as a sewer.,

The valve means 28 includes a valve body 128 having
ports into which the pipes 116 and 118 are threaded,
there being a connecting passage, indicated generally
by the numeral 122, which extends through -the valve
body 120 from the pipe 116 to the pipe 118. Disposed
within the valve body 120 and forming part of the
passage 122 is a velve seat 124, shown as a separate
member pressed into a counterbore 126 in the valve
body. This valve seat is engageable by an oscillatory
valve member 128 having a stem 130 which is of smaller
diameter -than and extends through the valve seat and
through a guide bore 132. The stem 130 of the valve
member 128 is connected to a member 134 having an
anmular flange 136 which serves as a seat for a compres-
sion spring 138, the other end of the spring being seated
in a counterbore 140 in the valve body 120. As will
be apparent, the spring 138 biases the valve member 128
toward the seat 124, and thus tends to close the passage
122 through the valve body 120.

Considering the manner in which the valve member
128 is moved off its seat 124, the member 134 is seated
against one side of a diaphragm 142 clamped between
one end of the valve body 120 and a closure 144. 'The
opposite side of the diaphragm 142 is exposed to the
pressure in the pulsation chamber 96, as by means of
a pipe 146 threaded into the wall of the pulsation cham-
ber and threaded into the closure i44. Thus, pressure
in the chamber 96 tends to unseat the valve member
128, this unseating tendency being opposed by the spring
138 and by the pressure in the steam generating system
applied to the outer end of the valve member 128. The
area of the diaphragm 142 is sufficiently large that,
whenever pressure pulsations occur in the pulsation
chamber 96 in response to the introduction of make-up
water into the system, the valve member 128 is moved
off its seat. The distance that the valve member 128
may move off its seat 124, which determines the rate
at which impurity-laden water is bled off from the sys-
tem, is determined by an adjustable stop means 148 en-
gageable by the outer end of the valve member 128 to
limit its movement off its seat. The adjustable stop
means 148 is shown as including a threaded stop 150
adapted to be locked in any given position by a lock
nut 152, :

Considering the operation of the oscillating blowdown
valve means 28, it will be remembered that pressure
pulsations occur in the pulsation chamber 96 when, and
only when, make-up water is being introduced into the
steam generating system, pressure pulsations in the cham-
ber 96 when, and only
ber 96 being prevented at other times by the means 1€8.
The pressure pulsations produced in the chamber 96
during the interval of introduction of make-up water
cause the valve member 128 to rapidly and repeatedly

oscillate between its closed position in engagement with

seat 124 and its open position in engagement with stop
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150, the position of which determines the rate at which
stop impurity-laden water is bled off. Preferably, the
stop 150 is adjusted to provide a blowdown rate of 3% %
to 4% of the evaporation rate. This oscillating action
of the valve member 128 results in self-cleaning of the
valve member and its seat 124, whereby operation of the
valve means 28 is not adversely affected by the impurity-
laden water passing therethrough into the waste pipe
118. In other words, this self-cleaning action permits
the valve means 28 to maintain a uniform blowdown
rate for each intermittent period of time, which is an
important feature of the invention. ’

Another important feature of the invention resides in
the location of the blowdown: outlet 26, which is shown
as including the open upper end of a skimmer duet
or tube 154 positioned in the water zone of the accumu-
lator 12. The upper end of this skimmer duct com-
municates with the water zone in the accumulator be-
low the water lever 46, in a zone where the impurity
concentration is relatively high, due to the- discharge of
impurities above the water level by the discharge means
42, and due to precipitation of impurities from the feed
water introduced by the feed water inlet 18. By locating
the inlet end of the skimmer duct 154 in a zone of high
impurity concentration in this manner, maximum im-
purity removal with a minimum of water removal is at-
tained. The skimmer duct 154 extends downwardly in
the water zone of the accumulator 12 to, or substantially
to, the lower end of the accumulator in heat-transfer-
ring relation with the water in the water zone, the
lower end of the skimmer duct being conmected to the
pipe 116 leading to the blowdown valve means 28. The
water in the water zone is subject to considerable vertical
temperature stratification due to the introduction of the
feed water into the system by way of the accumulator
12. For example, the temperature at the lower end of
the water zone in the accumulator may be in the neigh-
borhood of 100° F. when the temperature in the upper
end of the water zone is of the order of 300° to 400° F.

Consequently, as the water which is bled off passes down- =%

wardly through the skimmer duct 154, it is cooled very
appreciably due to the temperature stratification in the
water zone of the accumulator, and the temperature of
the impurity-laden water discharged into the waste pipe
118 is therefore sufficiently low to permit disposing of
it in a sewer, or the like, which is an impostant feature.

Thus, the present invention provides an automatic
blowdown means which discharges impurity-laden water
in response to the iniroduction of make-up water into
the system so that the blowdewn rate is proportional
to the make-up rate to obtain a rate of impurity dis-
charge proportional to the rate of impurity introduc-
tion into the system. By using an oscillating blowdown
valve means 28, such valve means is self-cleaning so that
its operation is not adversely affected by the impurity-
taden water passing therethrough, whereby the blowdown
valve means will operate without attention for prolonged
periods of time. Also, by utilizing the temperature strati-
fication in the accumulator 12 to cool the water which
is bled off, it may safely be discharged into any con-
venient means of disposal.

Although I have disclosed an exemplary embodiment
of my invention herein for purposes of illustration, it will
be understood that various changes, modifications and
substitutions may be incorporated in such embodiment
without departing from the spirit of the invention as de-
fined by the claims hereinafter appearing.

I claim as my invention: .

1. In combination: a closed steam generating system
including a boiler, an accumulator and a circulating pump
in series; a feed pump communicating with said system
for intermittently introducing make-up water thereinto,
said feed pump including means for producing pressure
pulsations in the make-up water as it is introduced into
"said system; means confrolling the’ introduction of make-

[34]
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up water into said system by said feed pump for ‘main-
taining the amount of water ip said accumulator substan-
tially constant; and oscillatory blowdown valve ‘means
communicating with said accumulator for bleeding water
therefrom, said blowdown'valve means including an os-
cillatory element for controlling flow from said accumu-
lator, said element normally occupying a closed position
and being operable by means responstve to said pressure
pulsations to rapidly and repeatedly move from closed to”
open position in response to the introduction of make-up
water into said system.

2. In combination with a steam generating system: a
feed pump communicating with said system for introduc-
ing make-up water thereinto, said feed pump including
means for producing pressure pulsations concurrently with
said introduction of make-up water into said- system;
means for controlling the introduction of make-up water
into said system by said feed pump; and normally closed
oscillatory blowdown valve means exposed to-said means
for producing pressure pulsations, and operable rapidly
and tepeatedly by said pressure pulsations from closed to
open position and communicating ‘with a portion of said
steam generating system for bleeding.off water from said
portion in response to the introduction of make-up water
into said system by said pump.- .

3. In combination with a multi-component steam. gen-
erating system: a feed pump communicating - with said
system for introducing -feed- water thereinto, said feed
pump including a pulsation chamber and’including means
for producing pressure pulsations in said pulsation cham-
ber concurrently with said introduction of feéd water into
said system; means responsive to:the amount of water
in a component of said system for controlling such: intro-
duction of feed water into said system by said feed pump;
and normally closed oscillatory blowdown valve' means
connected with said system and exposed to said pulsation
chamber and rapidly and repeatedly operable from'¢losed
to open position by said pressure pulsations therein’for
bleeding off water. from said system in response-to the
introduction of said feed water into said systein by said
feed pump. o ’ s :

4. A blowdown for a closed stecam generating system
including a boiler, an accumulator and a circulating pump
in series, said steam generating system also including feed
pump means for introducing make-up water thereinto,
and further including control means for rendering. said
feed pump means operative to introduce' make-up water
into said system whenever the water level in said ac-
cumulator is below a predetermined value and for ren-
dering said feed pump means inoperative to introduce
make-up water into said system whenever the water level
in said accumulator is not below said predetermined value,
said accumulator having an outlet;, and said blowdown
including: normally closed oscillatory blowdown valve
means communicating with said outlet; and means respon-
sive to operation of said feed pump means to introduce
make-up water into said system for rapidly and repeatedly
oscillating said blowdown valve means between its closed
position and its open position each time said feed pump
means is in operation.

5. In a steam generator, the combination of: a closed
steam generating system including a boiler, an ‘accumu-
lator and a circulating pump in series, said steam- generat-
ing system also including normally inoperative feed pump
means capable of being rendered operative to introduce
make-up water into said system, and said system further
including control means for rendering said feed pump
means operative to introduce make-up water into said
system whenever the water level in said accumlator is
below a predetermined value and for rendering said pump
means inoperative to introduce make-up water into said
system whenever the water level in said accumuylator is
not below said predetermined value, said accumulator
having an outlet; normally closed oscillatory blowdown
valve means communicating with said outlet; and means



9
responsive to operation of said feed pump means to in-
troduce make-up water into said system for rapidly and
repeatedly oscillating said blowdown valve means between
its closed position and its open position each ‘time said
feed pump means is in operation.

6. In combination with a multi-component steam gen-
erating system having a steam outlet, a feed water inlet
and a blowdown outlet: normally inoperative feed-water-
introducing means operative in response to a reduction
in the amount of liquid in a component of said system

below a predetermined value for introducing feed water -

into said system through said feed water inlet as required
to maintain the amount of liquid in said component sub-
stantially constant; and oscillatory means connected with
said blowdown outlet and being automatically responsive
to operation of said feed-water-introducing means for
rapidly and repeatedly effecting opening and closing of
said blowdown outlet while said feed-water-introducing
means is in operation. ' ’

7. In an automatic blowdown for a steam generating
system having a water zone, a steam outlet, a feed water
inlet and a blowdown outlet, the combination of: nor-
mally inactive feed-water-introducing means operative in
response to a reduction in the amount of water in said
water zone below a predetermined value for introducing

feed water into said system through said feed water inlet
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as required to maintain the amount of water in said water
zone substantially constant; normglly closed oscillatory
blowdown valve means operable to open and close said
blowdown outlet; and means autcmatically responsive to
operation of said feed-water-introducing means for con-
tinually oscillating said blowdown valve means rapidly
and repeatedly between its closed position and its open
position while said feed-water-introducing” means is in
operation.
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