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The present invention relates to intermittently
operated steam generating apparatus of the type
comprising a heating coil and a steam separator,
and in particular to means for preventing surg-
ing between the heating coil and steam separator
during the intervals when the steam generating
apparatus is shut down or idling.

In steam generating apparatus of the general
type referred to, often, after the burner has been
cut off, sufficient radiant heat is given up by the
walls of the firebox to cause a portion of the
liquid in the lower end of the heating coil to
evaporate. Such evaporation produces steam
bubbles or slugs of steam which expand and cause
liquig and/or vapor to be discharged from the
lower end of the heating coil into the steam
separator in a surging manner. In the majority
of installations, such surges or pulsations are not
objectionable, but in certain cases it is highly
desirable to completely eliminate all surging.

One way of overcoming the aforementioned
surging comprises the installation of an auto-
matically operating bleeder valve in the line he-
tween the heating coil and the steam separator,
the valve being arranged so that it does not
fully close but remains open to a predetermined
extent, or else closes fully but allows limited flow
through suitable ports, when the pump means
supplying liquid fo the heating coil is shut down.
In one form of the invention, the automatic valve
is an electrically operated solenoid valve con-
nected in circuit with the motor that drives the
pump.

A further embodiment of the invention for
overcoming the aforementioned surging com-
prises the use of two pumps, one of which con-
tinues to operate and circulate the liquid through
the steam separator and heating coil so that no
opportunity is afforded for the radiant heat to
evaporate the liquid in the lower portion of the
coil and cause it to surge over into the separator.

Accordingly, the principal object of the inven-
tion is to eliminate surging in steam generaiing
apparatus between a heating coil (or equivalent
means) and a steam separator connected with
said heating coil (or equivalent means).

Another object of the invention is to provide
automatic means for restricting communication
between a steam generating unit and a steam
separator to avoid surging during the inactive
intervals of said steam generating unit.

A further object of the invention is to provide,
in intermittently operated steam generating ap-
paratus, anti-surge means which automatically
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becomes effective when the operation of the feed
pump is discontinued,

Other objects of the invention will be apparent
from the following description taken in conjunc-
tion with the accompanying drawings in which:

Tig. 1 diagrammatically illustrates one form of
the invention including a solencid valve for pre-
venting surging between the heating coil and the
steam separator; .

Fig. 2 is an enlarged elevational view, partly
in section, of the solenoid valve shown in Fig, 1;

Tig. 3 is a horizontal sectional view taken on-
the line 3—3 of Fig. 2; )

Fig. 4 is a rear end view, partly in section, of
the solenoid valve shown in Fig. 2;

Fig. 5 is a vertical sectional view through the
valve taken on the line 5—5 of Fig. 2; and .

Fig. 6 is a view of a bleeder valve element
which will permit the valve of Fig. 5 to com-
pletely close and still avoid surging.

Referring now to Fig. 1 of the drawings, the
numeral | generally indicates a combined pump
means including a feed water supply pump F
and a recirculating pump R. The pump means
{ is driven by a motor 2 throusgh a belt 3. The
motor 2 also drives a blower 4 through a belt
5. ‘The blower 4 is connected by a suitable con-
duit & with an air inlet chamber 7 of a steam
generating unit generally indicated by the nu-
meral 8. The steam generating unit comprises
o suitable burner nozzle 9 to which fuel is sup-
plied through a conduit 18. Fuel from the nozzle
g is sprayed into a firebox 9% contained within a
housing 1! and is ignited by suitable electrodes
i2. The housing Il contains & heating coil i3
of the pancake type through which the lquid
to be heated is circulated. A flue {4 is provided
at the upper end of the housing i{ for the
escape of the products of combustion.

The feed pump F includes an intake feed mani-
fold 15 the details of which need not be shown
herein inasmuch as the pump means DPer se is
not a part of the present invention. The inlet
manifold i5 is connected to a feed water tank
5 by a pipe line 17. The pipe line {7 has a
manually cperable shut-off valve {8 connected
therein and =a strainer 19 associated with a
strainer blow-down valve 28. A predetermined
minimum water level is maintained in the feed
water tank {8 by a float mechanism 2{ oper-
atively associated with a float-controlled valve
22 and a water supply pipe 23. The feed water
tank {5 is vented to the atmosphere by a pipe
24 having a shut-off valve 25 connected therein.

The recirculating pump R of the pump means
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{ includes an intake recirculating manifold 39
similar to the manifold 15. The manifold 80 is
connected by a pipe 31 with the lower end of
a steam separator generally identified by the
numeral 32. A manually controlled valve 33 in
the line serves to cut off communication between
the steam separator 32 and the recirculating
pump R. A strainer 34 is connected in the pipe
line 31 and serves to prevent the passage of any
foreign matter from the steam separator 32
through the pipe 31 into the inlet manifold 3.
A strainer cleanout valve 35 is connected with
the strainer 34 as shown. .

The feed pump F includes an outlet feed man-
ifold 36 which is connected by a pipe 37 to a mix-
ing device 38.- The recirculating pump R in-
cludes an outlet recirculating manifold 39 which
is connected by a pipe 40 with the mixing cham-
ber 38. The mixing chamber 38 is, in turn, con-
nected by a pipe 41 to the inlet end 42 of the
heating coil 13. A manually controlled shut-off
valve 43 connected in the pipeline 44 controls
the flow of liguid to the heating coil 3. Hence,
it will be clear that feed water supplied through
the pipe 87 and recirculating water supplied
through the pipe 40 are brought together in the
mixing chamber 38 and then delivered to the
heating coil 13 through the pipe 4. A pressure
gauge 44 indicates the pressure in the mixing
chamber 38 and, hence, in the line 41 going to
the heating coil 13. A valve 45 is connected with
the mixing chamber 38 for effecting blowing
down of the heating coil 3. A pressure relief
valve 46 is interposed in a pipe line 47 connect-
ing the mixing chamber 38 with the feed water
tank 16. The pressure relief valve 46 serves as a
safety valve for the pump means | and is adapt-
ed to open to relieve any excess pressure in the
chamber 38 by passing liquid directly to the feed
water tank i6.

The outlet end 48 of the heating coil 13 is con-
nected to a thermostat fuel control device 49,
which per se forms no part of the present in-
vention, and said device is connected by a pipe
50 with the steam separator 82, so that the heat-
ing coil discharges through said pipe info the
upper portion of said steam separator. Any of
the liquid not flashed into vapor in the steam
separator 32 collects in the bottom thereof, and
the level of said liquid is indicated by a gauge
glass 51.

In order to prevent the liquid Ievel in the
steam separator 82 from rising above a prede-
termined height, one end of a pipe 52 is con-
nected to said separator at a level correspond-
ing to the maximum desired liquid level, and
the other end of said pipe is connected with a
heat transfer coil 53 in the feed water tank 16,
The coil 53 terminates in an ejector 54 which
serves to agitate the water in said tank while it
is being heated. The pipe 52 has a manually
operable shut-off valve §§ connected therein at
& point adjacent the steam separator 22 and on
the inlet side of a conventional steam trap 56.
A one-way check valve 57 is connected in the
pipe 52 between the steam trap 56 and the feed
water tank [6. The check valve §7 is installed
to allow flow in the pipe 52 only in a direction
away from the steam trap 56.

Steam is taken from the upper end of the
stedin separator 32 through a pipe line 80 con-
taining a manually operable shut-off valve 6I.
THe pipe line 60 is connected with a load di-
agrammatically indicated at 62. A condensate
bipe 63 conducts condensate from the load 62
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to the feed water tank 16. A conventional steam
trap 64 is connected in the line 63 to prevent the
return of any substantial quantities of steam
from the load 62 to the feed water tank 16. The
steam separator 32 is also provided with a pres-
sure gauge 65, a safety valve 66 and a blow-off
or drain valve 67.

An electromagnetically operated valve 10 is
connected in the line 58 between the outlet end
48 of the heating coil 13 and the steam separator
32, The valve 10 is shown in detail in Figs. 2
to 5, inclusive, to which reference will now be
made.

As will be apparent from Fig. 5, the valve 70
comprises a body TI having an inlet chamber 72
and an outlet chamber 73. The flow of fluid
between the chambers 72 and 713 is controlled
by a movable valve element 74, of the double
poppet type. The element 74 includes spaced
heads 75 adapted to cooperate with seating sur-
faces 16 to restrict the flow through the valve
70. One of the features of the valve 10, which
is attained by structure which will be described
more fully hereinafter, is that the element 74 is
limited in its closing movement to prevent com-
plete closure of the valve in order to provide
communication at all times between the heat-
ing coil 13 and the steam separator 32. Hence,
the head portions T5 are not intended to seat and
form a seal with the heating surfaces 16 as they
would normally do.

The valve body 70 is provided with a thread-
ed opening in which a plug 7171 is inserted after
the valve element 74 has been passed there-
through. A threaded opening 78 in the body T0
is aligned with the plug 1T and a cap member
78 is threaded into said opening. The cap mem-
ber 79 is externally shouldered at 80 and said
shoulder is adapted to seat upon a horizontal
flange 81 (Fig. 2) projecting from a bracket 82.
The cap 19 includes a threaded portion 83 which
projects through an opening 84 in the flange
81 and a lock nut 85 threaded onto the portion
83 and jammed against the underside of the
flange 81 serves to mount the valve 10 upon the
bracket 82. A valve stem 86 projects fhrough
the cap 79 and has its upper end provided with
a flanged sleeve 81 which provides a.detachable
connection between said stem ang the valve ele-
ment 14. A fluid-tight seal is maintained around
the valve stem 88 by a stuffing box structure
generally indicated by the numeral 88 associ-
ated with the cap 79. A spring 89 surrounds the
stem 86 and one end thereof engages said stuf-
fing box and its opposite end engages a washer
88. A nut 91 is threaded upon the stem 86 and
engages the washer 90. The nut 91 is adjustable
on the stem 86 to vary the tension of the spring
89 urging the valve element 74 toward closed
position.

The bracket 82 previously referred to is secured
to a casing 92 (Fig. 2) by screws 922, The casing
92 houses a conventional electromagnet 93 hav-
ing a movable armature or core 94. 'The core 94
has depending arms 94% to which a lever 8§ is
pivotally connected at one end by a pin 96. The
lever 85 is fulcrumed intermediate its length upon
a pin 97 carried by an arm 98 depending from the
bracket 82, The free end of the lever 95 ig pro-
vided with a slot 89 adapted to receive the lower
end of the valve stem 86. 'The slotted end of the
lever 85 is provided with curved bosses {00 en-
gaged with the lower side of an adjusting nut
101 carried by the valve stem 86 and held against
rotation by the cotter pin (02. A stop member
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103 (Fig. 2) in the form of a bolt is threaded
into an opening {64 in the bracket 82 and the head
thereof is engaged by the lever 85 at a point
intermediate the pins 96 and 97. A lock nut 105
maintains the stop (€3 in any desired position of
adjustment.

The electromagnet 83 is arranged so that when
it is energized the core 94 is forced downwardly
causing the lever 85 to fulcrum about the pin
97 and effect an upward movement of the valve
stem 86 and the element 74 through the engage-
ment of the curved bosses 60 with the nut 10£.
Upward movement of the element 78, of course,
opens the valve 78 to its wide open position. On
the other hand, when the electromagnet 83 is
deenergized, the spring 8% will move the valve
stem §6 downwardly and tend to close the valve,
but by suitably adjusting the stop member {03
it is possible to limit the extent of closing of the
valve to any degree desired. Normally the stop
103 is so adjusted that it will prevent the spring
89 from completely closing the valve T10. The
object of this arrangement is to restrict commu-
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nication between the heating coil 13 and the steam -

separator 32, to prevent surging as will be ex-
plained hereinafter.

The electromagnetically operated valve 70 is
connected in a circuit in parallel with a conven-
tional pressure-responsive switch, generally in-
dicated by the numeral {18 (Fig. 1), for auto-
matically controlling the motor 2 which drives
the pump means | and the blower 4. The pres-
sure-responsive switch {10 includes a diaphragm
i1 and a linkage 112 for separating contacts i3
and {4 of said switch when a given steam pres-
sure is attained in the steam separator 32. The
details of the pressure-responsive switch are un-
important inasmuch as any suitable or conven-
tional presure-responsive switch can be used.

Current for operating the motor 2 is supplied
through lines #i5 and {8 connected with a man-
ually operable switch {17. When the switch {17
is closed, a lead {{8 connects the line {15 with
the contact 1{2 and a lead (19, including a relay
coil 128, connects the line {{8 with the other
contact 114 of the switch {§8. The relay coil 120
controls a switch 12§ arranged in the circuit be-
tween the electromagnetically operated valve 73
and the manually operated switch §17. The elec-
tromagnet 9% of the valve 710 is connected to the
line 1i5 by a lead §22 and to the line 116 by &
lead 122. It will, therefore, be apparent that
the electromagnet 83 and the motor 2 are con-
nected in the circuit in parallel,

Normally, the contacts 118 and 114 of the pres-
sure switch {48 are clesed and when the manually
operated switch {17 is closed the relay 128 will be
energized, closing the switch 121 so that the elec-
tromagnetically operated valve 79 and the motor
2 simultaneously receive operating current. As
a result, the motor 2 starts to drive the pump
means § and the blower 4, and the valve 718 opens
wide. However, the pressure-responsive switch
110 is arranged so that when a predetermined
steam pressure is developed in the steam separa-
tor 32 it can interrupt the flow ¢f current to the
motor 2 and effect incomplete closing of the valve
10 through the lines {15 and {16 by deenergizing
the relay {29, thereby opening the switch 21,
not withstanding the fact that the manually op-
erated switch 117 is closed.

When the steam generating unit 8 is shut down
manually by opening the switch 117,.0r as a result
of the automatic operation of the pressure-respon-
sive switch 110, the solenoid operated valve 10
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will tend to close simultaneously with the stopping
of the motor 2, inasmuch as they are connected
in parallel, as previously pointed out. The stop-
ping of the pump means |, of course, interrupts
forced circulation of liquid through the heating
coil 11. The burner 9 is automatically shut off
by the thermally responsive control means 49.
Usually, sufficient radiant heat remains in the
firebox 92 after the burner 8 has been shut down
to cause a portion of the liquid in the lower end
of the heating coil 13 to be vaporized thereby.
The vapor thus formed normally tends to leave
the heating coil 13 causing intermittent surging
of liquid over into the steam separator 32, which
is highly undesirable in certain installations.
Any tendency for such surging is overcome by the
present system due to the fact that the valve 710
is permitted to remain slightly open after the
steam generating unit & has been shut down.
Such slight opening of the valve 10 provides a
bleeding action which definitely restricts the flow
of liquid and/or vapor into the steam separator
32 to such extent that all surging is eliminated.
At the same time the bleeding action also pre-
vents any possibility of a substantial amount of
steam being generated and remaining in the
heating coil 13, any such steam tending to pass
over into the steam separator 32 because said sep-
arator is under a lower pressure than said heat-
ing coil. .

The rate at which vapor and/or liquid is per-
mitted to pass from the heating coil I3 to the
steam separator 32 (when the unit 8 is shut down)
is determined by the extent of opening of the valve
10, and this can be varied to suit the requirements
of individual steam generating units by suitably
adjusting the stop 103. '

It will be understood that any excess liguid ac-
cumulating in the steam separator 32 will be re-
moved through the steam trap 56 and returned
to the feed water tank 16 through the pipe 52,
It will also be understood that the circulating
pump R withdraws water from the separator 32
and recirculates it through the heating coil 13.

The valve shown in Fig, 5 is, in effect, a bleeder
valve because it does not completely close. It will
be apparent that the results accomplished by this
valve can also be achieved by a valve which does
completely close, provided that the valve is con-
structed to permit the liquid to bleed therethrough
to avoid surging when the valve is in its fully
closed position. Thus, Figure 6 discloses 3 modi-
fied valve element 742, similar to the valve ele-
ment 74 shown in Figure 5, except that the valve
element 742 has the head portions 752 thereof
pierced by a plurality of bleeder ports 160. It will -
be apparent that when a solenoid valve utilizing
the element T4= is used, in lieu of the valve 70,
such valve can be completely closed and surging
will be avoided by the restricted flow afforded by
the ports 160. Any number of ports 160 may be
employed and their size may be varied in accord-
ance with the requirements of an individual steam
generating unit. Manifestly, if the element T4
is substituted in the valve 70 the means employed
for limiting the closing movement of said valve
may be dispensed with to permit engagement of
the heads 152 with the seats T8.

It will be understood that various changes may
be made in the means and system disclosed here~
in to eliminate surging without departing from
the spirit of the invention or the scope of the an-
nexed claims.

I claim:

1. Steam generating apparatus comprising: a
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steam generating unit including conduit means
having an inlet for liquid to be heated and an out-
let for said liquid; pump means for supplying liq-
uid to said inlet; an electric motor driving said
pump means; a steam separator; a pipe line con-
necting the outlet of said conduit means with said
steam separator; an electrically operated valve
connected in said pipe line, said valve being con-
nected in a circuit in parallel with said pump-
driving motor and arranged to close to a prede-
termined extent upon stopping of said motor to
thereby restrict flow through said pipe line and
thus prevent surging of liquid and/or vapor from
said conduit means over into said steam separator,

2. Steam generating apparatus comprising: a
steam generating unit including conduit means
having an inlet for liquid to be heated and an out-
let for said liquid; pump means for supplying lig-
uid to said inlet; an electric motor driving said
pump means; a steam separator; a pressure-re-
sponsive switch having its pressure-responsive
portion connected with said steam separator and
arranged to open upon attainment of a predeter-
mined pressure in said steam separator; a pipe
line connecting the outlet of said conduit means
with said steam separator; an electrically oper-
ated valve connected in said pipe line, said valve
being connected in g circuit in parallel with said
pump-driving motor, said pressure-responsive
switch being connected in said circuit to interrupt
the flow of current to said motor and electrically-
operated valve upon attainment of said predeter-
mined pressure, and said electrically-operated
valve being arranged to restrict flow through said

pipe line upon said interruption of flow of cur- .

rent, to thus prevent surging of liquid and/or
vapor from said conduit means over into said
steam separator.

3. Steam generating apparatus comprising: a
steam generating unit including conduit means
having an inlet for liguid to be heated and an out-
let for said liquid; pump means for supplying lig-
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uid fo said inlet; an electric motor driving said
pump means; a steam separator; a pipe line con-
necting the outlet of said conduit means with said
steam separator; an electrically operated valve
connected in said pipe line, said valve being con-
nected in a circuit in parallel with said pump-
driving motor; a relay controlling the supply of
current to said motor and electrically operated
valves; a switch connected with said relay con-
trolling the actuation thereof; and a pressure-re-
sponsive means connected to said steam separator
and arranged to open said switch in response to
a predetermined steam pressure in said steam
separator, said relay and switch being so con-
nected that opening of the switch causes the relay
to interrupt flow of current to said valve and
pump, said electrically operated valve being ar-
ranged to restrict flow through said pipe line upon
interruption of the circuit to said relay and thus
prevent surging of liquid and/or vapor from said
conduit means over into said steam separator.
PERRY ARANT.
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