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1

The present invention relates to steam generat-
ing apparatus, and more particularly to a novel
system of feed water supply and recirculation for
use with g steam generating unit and steam sep=
arator, whereby a maximum of efficiency in op-
eration can be attained. .

The principal object of the invention is to pro-
vide a steam generating system in which heaf
losses are reduced to & minimum. -

Another object of the invention is to eliminate
the hot well heretofore used in steam generating
apparatus . to receive trapped-out ligquid and ac«
companying vapor from a steam separator, and
thereby avoid the escape of such vapor and the
loss of its heat content to the atmosphere. In
this connection, and aside from the heat loss, the
escape of such vapor from the hot well is ob-
jectionable and undesirable in many installa-
tions.

One of the important features of the invention
is that water is pumped to the heating coil at a
rate in excess of the maximum steam generating
capacity of the unit, whereby all overheating and
possible burning out of the coil is avoided.

Another important feature of the invention is
that the excess liquid above a given maximum
level in the steam separator, instead of being
trapped-off into a hot well, is conducted from the
steam trap directly to the intake chamber or in-
take manifold of a feed pump and reintroduced
into a heating coil or equivalent means.

Still another feature of the invention is the
disposition of a check valve on the discharge side
of the steam trap to prevent back-filling of the
steam separator when the apparatus is initially
started.

Another feature of the invention is the pro-
vision of means for condensing any steam that
may be present in the intake manifold of the feed
pump to prevent vapor-locking of said feed pump.
Such feed pump is claimed in application Serial
No. 746,189 filed on May 6, 1947, which is a.di-
vision of the instant application.

A further feature of the invention is the use
of .a centrifugal pump serving in the dual ca-
pacity of s make-up water pump and a circulat-
ing pump for the heat exchange means asso-
ciated with the intake manifold to prevent vapor-
locking of the feed pump. A check valve asso-
ciated with said centrifugal pump prevents the
trapped-out liquid from the separator from back-
ing up into said pump.

_ A further feature is the use of a relief valve
on the outlet side of the steam trap set to open
at a pressure lower than that normally main-

10

15

20

30

35

40

45

50

&6

tained in the steam separator so that a pressure
differential exists upon the opposite side of said
steam trap assuring satisfactory operation of said
steam trap at all times.

A still further feature of the invention is that
excess liquid is taken from the lower end of the
steam separator and is recirculated through the
heating coil and the amount of liquid trapped-
out of the steam separator through the steam
trap is thus materially reduced.

_ Other objects and feeatures of the invention
will- be apparent from the following description,
taken in conjunction with the accompanying
drawings, in which:

Figure 1 diagrammatically illustrates g steam
generating system embodying the principles and
advantages of the present invention;

Figure 2 is an enlarged view, partly in eleva-
tion and partly in section, taken on the line 22
of Figure 1, and particularly illustrating the
check valve arrangement associated with the in-
take chamber or manifold on the inlet side of the
feed pump; .

Figure 3 is g sectional view through the intake
manifold, taken on the line 3—3 of Figure 1, par-
ticularly showing the arrangement of the heat
exchange tube for condensing any vapor that
may be present in the intake manifold to thereby
prevent vapor-locking of the feed pump;

Figure 4 is a sectional view taken on the line
44 of Figure 2; and

Figure 5 is a sectional view taken on the line
5—5 of Figure 2.

Referring now to Fig. 1 of the drawings, the
numeral | generally indicates a combined pump
means which provides a feed water supply pump
P and g recirculating pump R. The pump measn
I is driven by a motor 2 through a belt 3. The
motor 2 also drives a blower 4 through a belt 5.
The blower 4 is connected by a suitable conduit
6 with an air inlet chamber 7 of a steam generat-
ing unit generally designated by the numeral 8.
The steam generating unit 8 comprises a suitable
burner nozzle 9 to which fuel is supplied through
a conduit 92. Tuel from the nozzle 9 is sprayed
into a combustion chamber 10 contained within
a housing 1 and is ignited by suitable electrode
means f2. The housing {I contains a heating
coil or steam generating unit 13 of the pancake
type through which the liquid to be heated is cir-
culated. A flue 14 is provided at the upper end
of the housing 1! for the escape of the products
of combustion.

The feed pump F includes an intake feed man-
ifold 15 and an outlet feed manifold {6 inter-
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connected by identical housings 17 containing in~
let check valves 18 and {9 (see Fig. 2), which
housings will be described in greater detail here-
inafter. The intake feed manifold 15 is con-
nected by a pipe line 20 with the discharge open-
ing 21 of a centrifugal or make-up pump 22. The
centrifugal pump 22 is driven by a motor 23
through 2 belt 24. The inlet opening 25 of the
centrifugal pump 22 is connected by a pipe 26
with a feed water tank 27 containing water at
a temperature low enough so that no vapors arise
therefrom. A predetermined minimum water
level is maintained in the feed water tank 27 by
a float mechanism 28 operatively associated with
a float-controlled valve 29-and a water supply
pipe 30.

The pipe line 20 has a pressure gauge 3{ con-
nected therein adjacent the intake feed mani-
fold 15 and a one-way check valve 32 arranged
between the centrifugal pump 22 and the pres-
sure gauge 3{. The check valve 32 is connect-
ed in the pipe 20 so as to allow flow therethrough
only in a direction toward the intake feed man-
ifold 15. A manually operated shut off valve 208
is. connected ‘in the pipe line 20 on the inlet side
of the check valve 32. A cross-fitting 33 is con-
nected. in the pipe.line 20 between the pres-
sure gauge. 3/.and the check valve 32. The up-
per.opening of the cross-fitting 33 is connected
with a pressure relief valve 34, the outlet of
which valve is:connected by .a.pipe 35 with the
feed:water tank 2T. A conduit 36 has one end
thereof connected with the. stem of a pipe-T
200 inserted in the pipe line 20 at a point be-
tween the centrifugal pump 22 and the manual
valve. 202 -and has its. other end connected with
heat exchange means. in the form of a cooling
tube; 31 which extends through the infake feed
manifold 15, as is best. shown in Figs. 1 and 3.
A leak-proof joint is provided between the out-
side of the tube 87 and the manifold 5 by suit-
able. stuffing boxes 38; at each end of said man-
ifold. The inlet end of the cooling or heat ex-
change. tube 37:is connected to the conduit 25
and the outlet end of said tube is connected by
a.conduit. 39-with the pipe 35 going to the feed
water tank 27:from the relief valve 34. An ad-
justable needle valve 48 is connected in the con-
duit 39-to..control.the rate or volume of fluid

that can pass through the heat exchange. tube 37. :

Referring now to Figs. 2 and 5, the check valve
housings. £1:are identical in construction and a
description of one will therefore suffice for both.
The housing, {7 has an inlet opening 41 (Fig. 5)

which .is. counterbored as indicated at 42 to re- ;

ceive, a bushing. 43. The intake feed manifold
{5-has an outlet opening 44 which is counter-
bored at 45:to receive the bushing 43. The bush-
ing 43 thus serves to align the housing [T with
the, intake manifold 15. A stud 46 is threaded
into the housing. (T and projects through an
opening 47:in the manifold (5. A cap nut 48
is. mounted upon .the outer end .of the stud 45
and secures. the housing and manifold ‘together
in assembled relation. Suitable sealing means
49 is interposed between the.confronting faces
of the housing {7 and manifold 15 to avoid leak-
age . and a suitable gasket 50 is disposed between
the cap nut 48.and the manifold 15.

The. opening. 41 in the housing {7 communi-
cates.with a.passageway 51 (Fig. 2) controlled
by. the.check valve (8. previously referred to.
The check valve 8 is normally urged toward its
seat:52 by .a conical spring 53. The housing 17

is. further.provided with a chamber 54 and the.
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check valve {8 controls the flow of liquid from
the passage 51 into the chamber 54. A bleeder
valve 55 is mounted in the housing (71 directly
above the check valve 18 and provides a means
for venting air from the chamber 54 when the
pump means | is first started.

The housing 7 is still further provided with
an opening 55* (Fig. 2) adapted to communicate
with the chamber 54 when the check valve 19 is
raised from its seat 56. A spring 57 normally
tends to maintain the check valve 19 closed. A
removable plug 58 is disposed in an opening 59
directly above the check valve 19. As will he
apparent from Fig. 4, the opening 55* communi-
cates with the outlet feed manifold 16 and said
manifold is aligned with the housing 17 by a
bushing 60 similar -to the bushing 43. A stud
61 is threaded into the housing [T and a cap
nut 62-on the outer end of the stud secures the
manifold 16 to the housing (1. Suitable seal-
ing means 63 is disposed between the confront-
ing .faces of the housing {7 and the manifold 16
and-a suitable gasket 64 is disposed between the
manifold (6.-and the cap nut 62. One end of
the outlet feed manifold 16 is closed by a plug
65 and its opposite end is connected to a pipe 66.

A standpipe 67 (Fig. 2) is threaded into an
opening 68 in the housing {7 and communicates
at its upper end directly with the chamber 54.
Normally, the standpipe 67 is filled with water
and provides a water column through which
pulsations from the pump means | are transmit-
ted to any liquid contained in the chamber 54.
The pump means | may include any suitable ele-
ments, such as a diaphragm (noft shown) for
producing pulsations in the standpipe 67 to pro-
duce a pumping action.

It will be apparent from the description thus
far, that the water introduced into the intake
feed manifold 5 through the pipe 20 will enter
the opening 41 in the housing (7 and flow into
the passageway 51, the check valve {8 opening
in response to the pressure of such liquid to ad-
mit the same into. the chamber 54 between pulsa-
tions in the standpipe 671 and fill said chamber.
Hence, upon the next pulsation imparted to the
liguid column in the standpipe 67, a certain
amount -of the water will be displaced from the
chamber 54-and -forced past the check valve (8
into the opening 5%* from whence it will flow
into the outlet feet manifold (6 and into the
pipe 68.

The recirculating pump R .of the pump means
{ includes an intake recirculating manifold {5
and an outlet recirculating manifold (68 (Fig. 1).
These manifolds are generally similar to the
manifolds i{5:and (6 previously described, except
that the inlet recirculating manifold (5% is not
provided with a heat exchange tube and is closed
at one end by a plug i15*. The.outlet recirculat-
ing manifold . 162 is closed at one end by a plug
16>, The manifolds 15* and 162 are intercon-
nected by housings 172 similar to the housings
11 :previously described and it . will be understood
that the housings 172 contain check valves sim-
ilar to the check valves 18 and 19 already de-
scribed. It will also be-understood that the hous-
ings 172 have standpipes (not shown) which
function like the standpipes 6T to provide a
pumping action to effect recirculation of the
excess liquid as will be described hereinafter.

The inlet recirculating manifold 15* is con-
nected by a pipe 70 with the lower end of a steam
separator. 7i. A manually controlled valve 12
in the line .10:serves to cut off communication
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between the steam separator 7{ and the recir-
culating pump R. A strainer 713 is connected
in the pipe line 70 and serves to prevent the
passage of any foreign matter from the steam
separator 71 through the pipe 70 into the inlet
recirculating manifold 152, A strainer cleanout
valve 14 is connected to the strainer 13 as shown.
The outlet recirculating manifold 162 is con-
nected by a pipe 75 with a conventional mixing
chamber 76. The pipe 66 from the outlet feed
manifold 16 is also connected with the mixing
chamber 716. The mixing chamber 16 is, in
turn, connected by a pipe 17 to the inlet end
18 of the heating coil 13. A manually con-
trolled shutoff valve 19 connected in the pipe 71
controls the flow of liquid to the heating coil
13. Hence, it will be clear that feed water
supplied through the pipe 66 and recirculating
water supplied through the pipe 15 will be
brought together in the mixing chamber 76 and
then delivered to the heating coil {3 through
the pipe 71. A pressure gauge 16* indicates the
pressure on the line 17 going to the heating coil
3. A valve 80 is connected with the mixing
chamber 16 for effecting blowing-down of the
heating coil (3.
The outlet end of the heating coil 13 is con-
nected by a pipe 81 (Pig. 1) with the steam
separator 71, so that the heating coil discharges
into the upper portion of said steam separator
and any of the liquid not flashed info vapor
in said steam separator collects in the bottom
thereof, and the level of said liquid is indicated
by a gauge glass 82. In order to prevent the
liquid level in the steam separator 71 from ris-
ing above a predetermined height, one end of a
pipe 83 is connected to said separator at a level
corresponding to the maximum desired liquid
level in the separator, and the other end of said
pipe is conveniently connected with the lower
opening of the cross-fitting 33. The pipe 83
has a manually operable shut-off valve 84 con-
nected therein on the inlet side of a steam trap
85. A one-way check valve 86 is connected in
the pipe 83 between the steam trap 85 and the
_cross-fitting 83. The check valve 86 is installed
to allow flow in the pipe 83 only in a direction
away from the steam trap 85.
Steam may be taken from the upper end of the
steam separator 71 through a pipe line 87 con-
taining a manually operable shut-off valve 88.

The pipe line 87 is connected with a load dia--

grammatically indicated at 89. A condensate re-
turn pipe 98 returns condensate from the load
to the feed water tank 27. The steam sep-
arator 71 is also provided with a pressure gauge
91, a safety valve 92 and a blowoff or drain
valve 93. o

The operation of the apparatus from a cold
start is as follows:

The motors 2 and 23 are preferably so ar-
ranged that both start simultaneously. Hencs,
the pump means |, which handles both feed
water and recirculating water, will start simul-
taneously with the centrifugal pump 22. The
capacity of the pump means { exceeds the maxi-
mum steam generating capacity of the unit 8
so that an excess of water is supplied to the
heating coil 13 and avoids all possibility of said
heating coil burning out, and the capacity of the
make-up pump 22 greatly exceeds that of the
feed side F of the pump means | so that water
can be withdrawn through the pipe 26 from the
feed water tank 27 at a rate greater than the
said feed pump F can handle the same. Such
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water will be forced past the check valve 32 in
the pipe line 20 and will enter the intake feed
manifold 16 and passage 5f in the housing {1
from whence it will flow (between pulsations in
the standpipe 67) past the spring-pressed inlet
check valve {8 into the chamber 54. The pulsa-
tions will force this water past the check valve
19 into the outlet feed manifold (6, through the
pipe 66 and into the mixing chamber 16. The
water will then be conducted by the pipe 71 to
the inlet end 18 of the heating coil 13. When
the coil 13 is filled, water will be discharged
through the pipe 8( into the steam separator
71, and the fact that the coil 13 is filled will be
indicated by the rise of level of the water in
the steam separator 11, as indicated by the gauge
glass 82. Back-fillng of the steam separator 7l
is prevented at this time by the one-way check
valve 86 in the pipe line 83, which is maintained
closed by the pressure created by the cenfrifugal
pump 22, Any water delivered to the steam sep-
arator Tl will be conducted through the pipe
line 70 to the intake recirculating manifold (5
and will be pumped through the housings (712
into the outlet recirculating manifold {62 from
whence it will be conducted by the pipe 15 to
the mixing chamber 16, as will be readily under-
stood, so that both feed and recirculating water
will now be supplied to the heating coil through
the pipe 71. While such recirculation is oc-
curring, the burner 9 is started and the coil
{3 is heated. )

Meanwhile, water will continue to be supplied
by the feed pump F and will be withdrawn from
the steam separator Tf and recirculated by the
recirculating pump R until the liquid in the heat-
ing coil (3 is heated to a point where at least a
portion of it will flash into steam when in-
troduced into the steam separator 4. The gauge
91 will indicate the steam pressure in the sepa-
rator 71. As the pressure increases in the steam
separator and should the level of the liquid in
said steam separator rise to a height above the
connection of the pipe 83 therewith, the liquid
will be trapped-out of said steam separator
through the steam trap 85 and will pass through
the pipe line 83 into the pipe 20 connected with
the intake feed manifold 15. During this por-
tion of the cycle, if the water discharged from
the steam trap 85 is under a greater pressure
than that developed by the centrifugal pumnp 22,
the check valve 32 will close, preventing any
back-surging into said centrifugal pump. The
centrifugal pump 22 will then “slip” to any ex-
tent necessary to compensate for the reduction
in the volume of its discharge caused by com-
plete or partial closing of the check valve 32.

Due to the steam vapor accompanying the
water discharged through the steam trap 85 and
delivered through the pipes 83 and 29 to the in-
take feed manifold 15, or to the flashing of the
heated liguid as the result of a reduction of pres-
sure, it is possible for some vapor to occasionally
enter or to form in the intake feed manifold (5
and cause a vapor-lock at the inlet check valves
{8. Ordinarily, the feed pump F would remain
vapor-locked only until the steam condensed,
but such delay is undesirable and could prove
detrimental to the operation of the steam gen-
erating apparatus because the interruption of a
continuous flow of water to the heating coil {3
would result in overheating and possible burning
out of said coil. By circulating cooling water
from the feed water tank 27 through the heat
exchange tube 37 (by means of the centrifugal
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“pump “22°and’ condu1ts 236 ‘and -39) eny “steam
“yapor ‘introduced -into-or formed ‘in‘the infake
“feed- mamfold t5 is- unmedlately ‘condensed ‘and
-vapor-locking - ~6f ' the “féed ‘pump P +is totally

rgyoided. -Incidentally, the heat-absérbed-by the -

liquid pumped thioush the heéat-éxchange tube
431 15 not 1ost-because-said liquid -is ‘returned <to
“the feed water tank-21.

‘The “téndency -for-a vapor -lock to- formvas ‘a
result of “ﬂashmg” due ‘to'a’ preesule drop w111
heated hquld may be tr apped back from thesteam
‘separator’ ‘T1-at a‘préssure of ‘about:100-1bs. and
"ot a ‘température of-about 337° . -Evén-a-slight

“préssure drép-in the intake feed manifold 5§ will -

" permit- some of ‘this liquid “to flash -into"stéam.
On-the other ‘hand, the water which -is pa=sed
through the heat-exchange tube 37 is takén from
the féed water tank 2T which contains watér at'a

“trelatively low température of ‘about-175°,-and this”

‘temperature is sufficient to condense any vapor in
‘tHe manifold ‘(5. -As hds-been pointéd out he-
“fore,'the discharge end of the héat eéxchange-tube
"37 is’‘conniected with the feed water tank 21 “by
the eonduit<39 so that the:centrifugal -“pump-22
“in- efféect: circulates -the -feed “water through‘the
"heat exchange tube-37.

"By ‘way ‘of ‘contrast, no heat ‘éxchange tiibe is
necessary in “the "intake recirculating manifold
‘I'8* “pecause ‘the “liquid “entering said manifold
is’stibject to the pressiire in-the steam separator
71 and hence no pressure drop can ocetr in said
manifold which would cause any flashing of the
liquid into steam and vapor-lock the recirculat-
ing pump R.

‘As the steam ‘pressure is built up in the stéeam
separator Ti1 and the stéam is withdrawn {rom

"the top of said steam separator to'meet a given

demand, the liquid level in said separator may
‘drop below the level of the pipeline 83, in- Whlch
‘event no water ‘will be trapped-back from- ‘the
separator through the steam trap 85. This will
result in a reduction in the pressure in'the pipe-
line 83 on the outlet side of the stéam trap-85
“so that the pressure tending to close the check
valve 32 becomes less' and when this p1essu1e is
‘exceeded by the pressure developed by the cen-~
trifugal or make-up pump 22, the cheéck valve
32 will open and the pimp 22 Wil then’ Tesliine
‘supplying feed watér froin the tank “27 to the
feed pump F.

‘The relief valve 34 is provided to prevent equal-
ization of the pressure in the Steam sepdrator
Tt with the pressuie at the’ mtake ‘feed manifold
15.
‘dered ineffective. 'Accordingly, the relief valve 34
is adjusted to open at a plessure “that will al-
‘ways insure ‘a diffeiential such as to. pérmit the
“steam tfap 85 to function and prevent the liguid

1ével “in the steam séparator T1 from rising too:

“high. Thus, the apparatus may be designed to
‘maintain steam in the steam’ separatm T at“a
. presstite of say, albout 100 Ibs. per ‘dquare inch,
whereas the relief ‘valve 34 may be set to open
“at'a pressure of ‘about 50 1bs. per’sq. irich, there-
“by p1owdmv g, .pressure differential of ‘dbout 50
‘Ibs. per sq. ihch which will insure satzsfwctmy
operation of thie steam trap 85.

It “will ‘be “apparent from the foregoing that
none of the heat contert of the liquid trapped-
out of the steam separator Ti is lost, becatise this
liquid is iminediately delivered to the intake feed
manifold 15, where, if it is commingled with
make-up water, it will heat such water, and sich
‘heat ds is taken out of fhe trapped liguid ‘and

Otherwise, the steam trap'85 would be ren- :5;
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“olit 6f“the steam to-coridense the'same is absorbed
“by-the cooling water flowing through the heat ex-
-change’ tube 31 ard-réturned to the- feed “watér
“tink 27. The watér‘level in the feed’ water- tank
“21-is maintained’ by the’ float mechanism 28, as
previotsly ‘ explained, and - comparatwely ‘cold
‘Water is introduéed into the -said-tank ‘at'about
“the same ‘rate-as the steam demand’so that-this
‘eold ‘water ‘assures a témperatire of not more
“than“about 175° “4h said feed tank which ‘tem-
~perature-is-too lo’w‘to cause ‘any vapors-to Tise
-from the surface“thereof.

It is'to be: understood that a conventional pres-

“sure Switch' (not shown) may be‘connected with

the:steam separator 11 to automatically - control

-the ‘Opération of the motor 2, which drives' the

feed and recirculating pump means I, so'that the

“pump ‘means “will be’stopped when 'a predeter-
“mined maximum pressure is attained inthe steam
20

separator 1f. Howeéver, the eentrifugal pump-22
is preferably arranged so that it will operate con-

-‘tmuously ‘when the’ apparatus is in use, thereby
:assunng ‘a supply of ‘watér to the feed pump F
"when' the motor | is restored. It will’ also be un-
“dersbood ‘that the “supply-of “fuel’ to’ the burner

nozzle 9 may be controlled or modulated in ac-

‘cordance with the stéam demand by any suitable
“eontrol means.

Wh11e a heating coil- {3 has béen ‘shown-as ‘a

“méans for heating the liquid, it will be under stood

that sich’ heating’ coil is'not' critical and that the

‘Prirciples of the system are equally’ applicable to

boilers of header and tube construction. It will

‘also’ be *apparent that-the invention' is not re-
“stricted to the’ particular form of hedt ‘exchange
‘means associated with the feed pump to prevent
‘vapor-locking thétreof. Moreover, it will also be
-apparerit that 'a‘separate feed ‘pump and a sepa-
‘rate recirculation pump, ‘with a motor for driving

edch (not shown), ‘may be used in lieu of the com-~
bined feéd pump and recirculating pump ‘and the

“single motor drive therefor presently shown; ‘all
‘without departing from-the-spirit of the inven-

t1on or-thie-scope of the anrexed-claims.
I claiin: _
-1.-Steam -génerating ‘apparatus comprising:

‘gonduit means ‘adapted - to receive a liquid: to be

heated, said conduit fieans Having an-inlet and

“an-outlet; means for heating said ‘conduit’ means;
& feed pump for pumping liquid into the inlet of
‘Said éonduit means; said feed punip havingan in-
“let; a’Steam separator connected with the outlet
“of “said “eoniduit means; a-eontinuous pipe line
“having omne end -thereof connected -with - said
: steam separatm at a predetermmed maxxmum de-

'nected with said feed pump for conducting -heat-

ed liquid directly from said steam separator to

“Saidfeed ‘pump; -and means independent of said

pipe line and connected with said feed' pump for

"cooling- said ‘feed ‘pump inlet to prevent vapor
locking ‘of ‘said feed pump.

-9, ‘Steam - generatmg apparatus compnsing

“¢onduit mealis adapted -to receive’ a liquid to be
‘heated, said conduit means having ‘an-inlet and
“an cutlet; means for heating said conduit nieans;
“a’feed pump for plimping liqiid into’' the inlet of
*said conduit'means; said féed pump having an in-
‘take'chdmber; 'a steam-séparator connected with
“the ‘outlet -of’ $aid conduit means; a continuous
“pipe line connected ‘with -said steam -separator

Taving one'end thereof communicating with said

‘stedm * sepa1ato1 ‘at ‘a’predetermined maximum
“desired 11qu1d level ‘and the other end thereof
-connected with said feed pump intake chamber;
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a steam trap in said pipe line for passing heated
liquid and accompanying vapor from said steam
separator directly to said feed pump intake
chamber; and means independent of said pipe
line for cooling said intake chamber to condense
any vapor that may be present therein and thus
prevent vapor-locking of said feed pump.

3. Steam generating apparatus comprising:
conduit means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
a feed pump for pumping liguid into the inlet
of said conduit means, said feed pump includ-
ing an intake chamber and a spring-pressed in-
let check valve in said intake chamber: a steam
separator connected with the outlet of said con-
duit means; a -continuous pipe line connected
with said steam separator having one end there-
of communicating with said separator at a pre-

determined maximum desired liquid level and

the other end thereof connected with said feed
-pump intake chamber; and a steam trap in said
pipe line for passing heated liquid and accom-
panying vapor through said pipe line from said

steam separator directly to said feed pump; and

means independent of said pipe line and con-
nected with said intake chamber for cooling said
. Intake chamber to prevent vapor-locking of said
inlet check valve.

4. Steam generating apparatus comprising:

conduit means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means:
a feed pump for pumping liquid into the inlet

of said conduit means, said feed pump including

an intake manifold and a spring-pressed inlet
check valve arranged in a passageway com-
municating with an outlet of said intake mani-
fold; a steam separator connected with the out-
let of said conduit means; a pipe line connected
with said steam separator having one end thereof
communicating with said steam separator at a
predetermined maximum desired liquid level and
the other end thereof connected with said feed

pump intake manifold; a steam trap in said pipe -

line for passing heated liquid and accompany-
ing vapor from said steam separator directly to
said feed pump; and heat exchange means in-
dependent of said pipe line connected with and
having at least a portion thereof disposed in said
intake manifold for condensing any steam that
may be present in said intake manifold and
thereby prevent vapor-locking of said inlet check
valve.

5. Steam generating apparatus comprising:
a heating coil having an inlet end and a dis-
charge end; means for heating said coil; feed
pump means for pumping liquid info the inlet
end of said heating coil, said feed pump means
including an intake manifold and an inlet check
valve controlling the flow from said manifold; a
steam separator connected with the discharge
end of said heating coil; a pipe connecting said
steam separator with said feed pump means ar-
ranged to conduect liguid at a given level from
said steam separator fo said intake manifold; a
steam trap connected in said pipe for passing
heated liquid and accompanying vapor from said
steam separator to said intake manifold; heat
exchange means in said intake manifold for con-
densing any steam that may be present in said
intake manifold and  thereby prevent vapor-
locking of said inlet check valve; means for sup-
plying make-up water o said inlet manifold; and
means for diverting a portion.of said make-up
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water and introducing the same into said heat
exchange means.

6. A steam generating apparatus comprlsing
a heating coil having an inlet end and a dis-
charge end; means for heating said coil; feed
pump means for pumping liquid into the inlet end
of said heating coil, said feed pump means in-
cluding an intake manifold and a spring-pressed
check valve arranged in a passageway communi=-
cating with an outlet of said intake manifold; a
steam separator connected with the discharge
end of said heating coil; a pipe connecting said
steam separator with said inlet manifold; a
steam trap connected in said pipe, said steam
trap serving to pass heated, excess liquid above
a given level from said steam separator to said
intake manifold; a centrifugal pump for sup-
plying make-up water to said intake manifold;
a heat exchange tube in said intake manifold for
condensing any steam that may be present in
said intake manifold and thereby prevent va-
por-locking of said inlet check valve; and a con-
duit for cooling liquid having one end connected
with the discharge side of said centrifugal pump
and its other end connected with one end of
said heat exchange tube.

7. Steam generating apparatus comprising:
conduit means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit
means; a feed pump for pumping liquid into the
inlet of said conduit means, said feed pump in-
cluding an intake chamber; a steam separator
connected with the outlet of said conduif means;
a pipe line having one end connected with said
steam separator and having its other end com-
municating with said intake chamber; a steam
trap connected in said pipe line for passing
heated liquid and accompanying vapor from said
steam separator to said intake chamber; a feed
water tank; a second pump having inlet and dis-
charge openings; a pipe line connecting said feed
water tank with the inlet opening of said sec-
ond pump; means for cooling said intake cham-
ber to condense any vapor that may be present
therein; a supply conduit having one end com-
municating with the discharge opening of said
pump and its other end communicating with
said heat exchange means; and a return conduit
connecting said heat exchange means with said
feed water tank, whereby the water from said
feed water tank is circulated through said heat
exchange means to prevent vapor-locking of said
feed pump. :

8. Steam generating apparatus comprising:
conduit means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
a feed pump for pumping liquid into the inlet
of said conduit means, said feed pump including
an intake manifold; a steam separator connected
with the outlet of said conduit means; a pipe
line connected with said steam separator hav-
ing one end thereof communiecating with - said
steam separator at a predetermined point above
the bottom of said steam separator correspond-
ing to the maximum desired liquid level to be
maintained in said steam separator and having
the other end thereof communicating with said
intake manifold; a steam trap in said pipe line,
said pipe line normally conducting liguid from
said steam trap directly t6 said intake mani-
fold; means independent of said pipe line for
cooling said intake manifold to prevent vapor
locking thereof; a one-way check valve in said
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-pipe line between said steam trap and said intake
manifold arranged to allow flow only in a direc-
tion: from . said steam trap toward said intake
.manifold; and means for supplying liguid to said

-intake manifold of said feed: pump, said check .

valve. preventing back-filling -of liquid. from said
.intake manifold into said steam separator dur-
ing the initial starting of the apparatus.

-9, Steam = generating - apparatus comprising:
conduit means adapted to receive a liquid to be
- heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
feed pump means for supplying liquid to the in-
let. of said conduit means; -a steam separator
connected with the outlet of said conduit means;
‘a pipe line connecting said steam separator with
.said feed: pump means; a centrifugal pump for
pumping liquid to. the intake of said feed pump
-means;.and a one-way check valve between said

-centrifugal pump and said feed pump means ar- .

.ranged to allow flow only in:a direction away
.from-said centrifugal pump, whereby when- the
‘pressure of the liguid from said steam separa-
. tor:.exceeds the pressure of said centrifugal pump,
-said check valve will remain closed and said cen-
trifugal pump will slip.

10.-Steam generating -apparatus comprising:
.conduit means -adapted to receive a liquid to be
heated, said conduit ‘means having an inlet and
-an outlet; means for heating said conduit means;
a feed pump for pumping liquid into the inlet
.of said: conduit means, said feed pump includ-
ing:an intake manifold; a steam separator con-
nected with the outlet of said conduit means;
‘g pipe line -connected with.said steam separator
having one end thereof communicating with said
steam separator at a: predetermined point above
the bottom of said steam separator correspond-
ing to the maximum desired liquid: level to be
maintained- in-said' steam separator-and having
the other-end-thereof communicating with: said
intake manifold; a-steam trap in said-pipe line
for: passing heated- liquid and :accompanying va-
por: from said separator to said intake manifold;

a make-up pump for supplying liquid to said in- .;

take. manifold; a check valve arranged between
said ‘make~-up  pump -and said intake- manifold,
said check valve being-arranged to be opened
only -when the pressure of the liquid trapped
through said steam. trap is lower than the pres-
sure of the make-up liquid delivered to said in-
take manifold by said make-up pump.

11. Steam generating .apparatus comprising:
conduit means adapted fo receive a liquid-to-be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
feed pump means for supplying liquid to the inlet
of : said -conduit means; a steam separator con-
nected with the outlet of said conduit means; a
pipe. line connecting ‘said steam separator with
said-feed pump:means, said pipe.line having its
point of .connection with said steam separator ata
means adapted to receive:a liquid to be-heated,
said conduit means having an inlet and an out~
let;: means for heating said conduit means; feed
pump: means for supplying liquid to the inlet of
said conduit means; a steam separator connected
‘with- the outlet of said conduit means; -a pipe
line connecting said. steam separator with said
feed pump means;.said pipe line having its point
of ‘connection ‘with-said steam :separator at-a
given: predetermined height to maintain - a given
Taaximum water level in-said steam separator;-a
steam trap-connected in said pipe line for trap-
ping-out liguid . from -said steam separator -to
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‘said feed pump means; -a centrifugal pump. for

pumping: make-up liquid to the intake- of said

.feed pump means; and a . check valve arranged

between said centrifugal pump and said feed

.pump means, whereby when the pressure of .the

liguid trapped through said steam trap exceeds
the pressure developed by said centrifugal pump,
said - centrifugal pump will slip and said feed
pump means will pump said trapped-out liquid
into the inlet of said conduit means.

.12. Steam - generating apparatus comprising:
conduit' means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
a feed pump for pumping liquid into the inlet
of said conduit means, said feed pump including

-an intake manifold; a steam separator connected

with- the outlet of -said conduit means; a pipe
line connected with said steam separator.hav-
ing one end thereof communicating with :said
steam.separator at a predetermined point:above
the bottom of said steam separator correspond-

ing to the maximum- desired liguid level to:be

maintained in-said steam separator and hav-
ing the-.other end thereof communicating with
said intake manifold; a steam trap.in said pipe
iine for passing heated liquid and accompanying
vapor- from said separator to said intake mani-
fold; a one-way check valve in said pipe line be-
tween said-steam trap and said intake manifold;
a make-up pump connected with said pipe: line
for -supplying -make-up liquid .to said intake
manifold, said check-valve being-arranged.to pre-
vent back-filling -of liquid into said steam sep-
arator during the: initial-starting of the appara-
tus; a second check valve adjacent said make-up
pump,-said second check valve being arranged to
be opened during:operation of ‘the  apparatus
only -when the- pressure: of the liquid trapped
through said-steam trap: is lower than the pres-
sure of -the make-up liquid - delivered by .said
make-up pump.

-13.. Steam: generating apparatus as defined in
claim 12, in'which a. relief valve is arranged be-
tween the two check valves, said relief valve be-
ing-set to- open at a pressure substantially less
than that normally maintained in said steam sep-
arator, whereby a pressure differential is main-
tained on the opposite sides of said steam trap.
conduit means adapted to receive a liquid to be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
a feed:pump for pumping liquid into the inlet
of said conduit means, said feed pump including

5 an intake manifold; a steam separator connected

with the outlet of said conduit- means; a pipe line
connected with said steam separator having one
end thereof communicating with said steam sepa-
rator and having the other end thereof communi-
cating with said intake manifold; a steam trap in
said ‘pipe line for passing heated liquid-and aec-
companying vapor from said steam separator to
said intake manifold; and arelief valve connected
in' said pipe line between said steam trap and
said- intake manifold, said relief valve being set
to open-at a pressure substantially less than that
normally - maintained in said-steam separator,
whereby a pressure differential is maintained on
the opposite sides of said-steam trap assuring
satisfactory operation thereof. :

~15.-Steam generating -apparatus ‘comprising:
conduit means-adapted to receive:a liquid to be
heated, said conduit means having an inlet'and
an-outlet; means for heating said conduit means:
a.feed pump for pumping liquid into the inlet-of
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sald conduit means; a steam separator connected -

with the outlet of said conduit means; a pipe line
connected with said steam separator having one
end thereof communicating with said steam sepa-
rator at a predetermined point above the bottom
of said steam separator corresponding to the
maximum - desired liquid level to be maintained
in said steam separator and having the other end

thereof connected with said feed pump; a steam -

trap in said pipe line for passing heated liquid
and accompanying vapor from said separator to
said intake manifeld; a one-way check valvé in
said pipe line between said steam trap and said
intake manifold, said check valve being arranged
to allow flow only in a direction from said steam
trap foward said intake manifold; and a pressure
relief valve connected in said pipe line, said pres-
sure relief valve being arranged to open at a pres-
sure lower than that normally maintained in said
steam separator.

16. Steam generating apparatus comprising:
conduit means adapted to receive a liquid to. be
heated, said conduit means having an inlet and
an outlet; means for heating said conduit means;
a feed pump for pumping liquid into the inlet
of said conduit means, said feed pump including
an inftake manifold and a spring-pressed inlet
check valve arranged in a passageway communi-
cating with an outlet of said intake manifold; a
steam separator connected with the outlet of
said conduit means; a pipe line connected with
said steam separator having one end thereof
communicating with said steam separator at a
predetermined level above the bottom of said
steam separator and having the other end there-
of communicating with said intake manifold; a
steam trap in said pipe line for passing heated
liquid and accompanying vapor from said steam
separator to said intake manifold; a feed water
tank; a make-up pump for pumping water from
said tank and supplying the same as make-up
water to said intake manifold, said make-up
pump having inlet and discharge openings; a pipe
line connecting said feed water tank with said

inlet opening of said make-up pump; heat ex- .

change means in said intake manifold for con-
densing any steam that may be present in-said
intake manifold and thereby prevent vapor-lock-
ing of said inlet check valve; a conduit having
one end connected with said discharge opening
of said make-up pump and its other end con-
nected with one end of said heat exchange means;
and a return conduit connecting the other end of
said heat exchange means with said feed water
tank.

17. Steam generating apparatus as defined in
claim 16, in which a recirculating pump is con-
nected with the lower end portion of the steam
separator and with the inlet of the conduit means
for recirculating the liquid in said steam sepa-
rator through said conduit means.

18. Steam generating apparatus comprising:
conduit means adapted to receive a liquid to be
heated, said econduit means having an inlet and
an outlet; means for heating said conduit means;
a feed pump for pumping liquid into the inlet of
said conduit means, said feed pump including an
intake manifold; a feed water tank; a centrifugal
pump having inlet and discharge openings; a pipe
line connecting said feed water tank with the
inlet opening of said centrifugal pump; a pipedine
connecting the discharge opening of said cen-
trifugal pump with said intake manifold; a one-
way check valve in ‘said pipe line arranged to
allow flow only in a direction from said centrif-
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ugal pump toward said intake manifold; a steam
separator connected with the outlet of said con-
duit means; a pipe line having one end connected
with said steam separator at a predetermined
height to maintain a given maximum water level
in said steam separator and having its other end
communicating with said intake manifold; a
steam trap connected in said last-mentioned pipe
for passing heated liguid and accompanying va-
por from' said steam separator to said intake
manifold; a check valve in said last-mentioned
pipe line between-said steam trap and said intake
manifold; a relief valve connected in said last-
mentioned pipe line between said check valve and
said intake manifold, said relief valve being set

-to open at a pressure substantially less than that

normslly maintained in said steam separator so-
that a pressure differential is maintained upon
opposite sides of said steam trap; a heat ex-
change tube in said intake manifold; a conduit
for conducting liquid from the discharge side of
said centrifugal pump to one end of said heat ex-
change tube; a conduit connecting the other end
of said heat exchange tube with said feed water
tank; a needle valve connected in said last-men-
tioned conduit for controlling the rate of flow
of cooling fluid through said heat exchange tube;
means for maintaining a predetermined water
level in said feed water tank; and a recirculating
pump for pumping liguid from the lower end of
said steam separator to the inlet of said conduit
means.

19. Steam generating apparatus comprising: a
steam generating system including conduit means
adapted to receive a liquid to be heated and a
sump for condensate from said system; a pump
for pumping liquid into the inlet of said conduit
means, said pump including an inlet check valve
and an inlet chamber ahead of said check valve;
a conduit connected with said system for return-
ing liquid at steam forming temperature to the
inlet chamber of said pump; a heat exchange
tube extending into said inlet chamber for cool-
ing the heated liquid returned thereto to thereby
prevent vapor-locking of said inlet check valve;
packing means around said heat exchange tube
for preventing the escape of fluid from said inlet
chamber; and means interconnecting said tube
with said sump for circulating the sump liquid
through said tube to effect said cooling.

20. Steam generating apparatus, comprising: a
steam generating unit adapted to receive a liquid
to be heated, said unit having an inlet and an
outlet for the liquid to be heated; means for
heating said unit; a feed pump having the outlet
thereof connected with the inlet of said unit for
pumping liquid into said unit at a rate in excess
of the maximum steam generating capacity of
said unit; a steam separator connected with the
outlet of said unit; a conduit interconnecting said
steam separator with the inlet of said feed pump
for conducting excess heated liquid from said
steam separator directly to the inlet of said feed
pump; and means independent of said conduit
connected with said feed pump inlet for passing
a coolant therethrough to cool said feed pump
inlet to prevent said excess heated liquid from
causing vapor-locking of said feed pump.

21, Steam generating apparatus, comprising: a
steam generating unit adapted to receive a liquid
to be heated, said unit having an inlet and an
outlet for the liquid to be heated; means for heat-
ing said unit; a feed pump having the outlet
thereof connected with the inlet of said unit for
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pumping - liguid:into :said unit-at a: rate in:excess-
of: the: maximum- steam generating: capacity of;
said unit; -a: steam-separator:-connected with-the:
outlet: of ' said unit;.: a; conduit interconnecting
said steam separator and said-feed pump for con-
ducting - excess- heated.. liquid: from said steam-
separator directly to the inlet-of said feed pump;
a.feed-water tank connected:with said feed pump;
and.means for-withdrawing liquid from said feed

water-tank. and delivering- the-same to said-feed. 10

pump:inlet to.effect cooling.of said:excess -heated
liquid to prevent vapor-locking of-said feed pump-
inlet.

22. Steam-generating-apparatus, comprising: a

steam generator unit. adapted-to receive-a:liquid 15

to.be heated, said unit having an-inlet and an-
outlet for the liquid to be-heated; means for -heat-
ing.said unit; a.feed pump having- the: outlet:
thereof.connected ‘with .the:inlet-of said unit for

pumping liquid into said unit; a.steam-separator-2¢:

connected with the. outlet. of said unit;- conduit
means.interconnecting -said steam separator-and
said feed pump for conducting-heated-liquid from
said steam-separator directly-to. the -inlet of :said

16
feed pump; a-feed watertank; and means includ-
ing a.pump for delivering-water. from. said:feed
water-tank to the inlet of said feed.-pump in heat-
transfer relation with said heated liquid for cool-.

5. ing- said. heated: liquid- sufficiently to. preclude.

vapor-locking -of -said-feed pump.
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