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This invention relates to multiple stage
heaters, more particularly to heaters in
which steam is utilized for heating water
for industrial processes, boiler feed, and the
5 like, and it has for an object to provide
a heater of the character designated which
shall utilize the heat of the steam more
economically than has been possible here-
tofore in heaters of this character. It is
a further object of my invention to provide
means in connection with an apparatus of
the character designated which shall insure
the primary steam consumer, as for example,
a steam turbine from which the steam for
process heating is taken, from injury due
to flooding of the heaters and the steam
‘connections leading thereto. :

These and other objects, which are made
~more manifest in the further description of
my invention may be:attained by the ap-
paratus herein described and illustrated in
the accompanying drawings in which Fig. 1
‘is w diagrammatic view partially in section
and partially in elevation of a multiple stage
heater embodying my invention; Fig. 2 is a
sectional elevation of a piston motor for con-
trolling the supply of steam to respective
pressure stages of the heater; Fig. 3 is a
~diagrammatic view of a modification of the
construction illustrated in Fig. 1 employed
in conjunction with a main turbine and a
house turbine and Fig. 4 is a diagrammatic
view of a still further modification of the
construction illustrated in Fig. 1 in which
barometric_connections displace the pumps
necessary to circulate the water to be heated
through the heating system.

- According to the present invention, I em-
ploy a jet heater of any suitable type, in
construction similar to the ordinary baro-
metric or jet condenser, as a first-stage heat-
er, the water therefrom being discharged in-
to the circulating passages of a surface heat-
er of any ordinary construction. I have
found it advisable to have at least one jet
or contact heater arranged in the series be-
canse of its deaerating qualities, The dis-
‘charge water from the surface heater may
pass to one or more surface heaters, or di-
rectly to a device for utilizing the heated
water. - This arrangement is particularly

adapted for use of low-pressure stearn and
permits the water to be heated by the absorp-
tion of heat from steam at a high degree

5. of vacuum in the first-stage heater and to

pass into the second and any succeeding
heaters at an increased temperature, and
there absorb further heat of steam at in-
creasing absolute pressures. A further
economy 1is attained by leading the non-
condensable fluids from the last stage heater
progressively through the several heaters,
thus recovering both the heat and the water
carried by the uncondensable fluids, and
finally discharging the non-condensable
fluids from the first-stage heater only after
contact with the cold first-stage cooling
water and after the heat and water vapor
has been recovered therefrom as completely
as possible. The invention further contem-

plates the conveying of condensate from the

surface heaters to the first-stage jet heater
so that, where pumps are necessary for re-
moving the condensate and air, a single air
pump and a single condensate pump, pref-
erably mounted on the same shaft suffice for
all heaters. Further means are provided
for forming a liquid seal in a condensate
pipe leading from the surface heaters and
means for controlling the relative pressure
conditions in the several heateérs is also pro-
vided.

In Fig. 1, I show a multiple stage heater
composed of a first-stage jet heater 10 and
a second-stage surface heater 11. The jet

“heater 10 comprises a mixing chamber 12,

a steam inlet 13, an annular water box 14
surrounding the mixing chamber and having
an inlet 15 and nozzles 16 arranged to de-
liver sprays of water across the mixing
chamber 12. The mixing chamber 12 is pro-
vided at its lower portion with a converg-
ing conoidal apron 17 which serves to di-
rect fluid from the mixing chamber 12 to
a well 18 disposed at the lower portion of
the heater. A centrifugal water pump 20
mounted on a power shaft 21 is arranged
to withdraw water from the well 18 and dis-
charge it through a pipe 22. A non-con-

.densable fluid pipe 28 leads from the upper

portion of the well 18 to a pump 24 which
is preferably mounted upon the same power
shaft 21 as the pump 20, the discharged non-

condensable fluids being delivered therefrom .

to -the atmosphere. :

The second-stage heater 11 may be of any
well-known construction and as shown com-
prises a cylindrical shell 30, the ends of
which are closed by water boxes 31 and 32.
Tubes 33 traverse the space. within the ¢ylin-
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drical shell 30-and ave secured in the water
boxe: in the ordinary manner. The water

¢ 31 is provided with an inlet compart-
ment 35 with which the pipe 22 communi-
cates and an outlet compartment 36 from
which the heated water 1Is ('li%hal'ffed
through an outlet 37 to other heaters or
use. A steam inlet 88, adapted for connec-
tion with a source of steam supply, is cen-
trally disposed in an upper portion of the
shell 30,

The two heaters are connected one to the
other through the waier pipe 22, already de-
scribed, and also through a vent pipe 40 fmd
a condensate dischavge pipe 1. The ver
pipe 40 leads from a central portion of the
steam space within the o ’11(71 ical shell 50
to an upper portion of the mixing chamber
12, and 1@ preferably provided with a valve
42. Interposed in the condensate discharge
pipe 41 i3 a ‘waler sealing or regulatins
chamber 43, situated JU]“CGI‘ - to and at the
level of the bottom of the heater 11. T

]
1

The
pipe 41 leads from the bottom of the steam
chamber of the heater 11 into thc chamber
48, and a second section of pipe 11 ieads
from the bottom of the chamber *n the well
18 of the first-stage heater 10 Aovent 45
connects the UD]‘GI portion of the regulat-
ing chamber 43 to an upver portion of the
steam Chz\mber ()‘E the surface hout“v go that
the level of the condensate n the regulating
chamber, is at all times th2 same as that in
the heater 11. A valve 46 }S arranged with-
in the regulating chamber 43 to control dis-
charge of condensate t helofmm to the well
18 of the first-stage heater. and is actusated
by a float 47 in such manner that the valve
46 cuts off the flow of condensate when the
level of the condensate in the heater 11 Talis
to a predetermined low level.

A harometric overflow pipe 48 having an
admission vaive 49 may ﬂko communicnte
with the regulating chamber 43, the arrange-
ment- hemg such that the valve is oponed Iy
the float 47 upon an excessive rise of conden-
sate therein. The excess condensate is con-
veyed through the pipe 48 to a water geal

50 disposed at such level with respect to the

regulating chamber as to maintain a hare-

metric head in the pipe 48.

Tt may be desirable nnder certain condi-
tions to regulate the steam supply of the
second stage heater in response to pressure
conditions within the frst-stage heater. Ta
accomplish this. I place a valve 52 in the
steam inlet 38 of the qocond stage leater,
which valve is arranged to be operated by a
piston motor ‘»3 through a rod "1— Ax
shown in Fig. 2, the piston motor 53 has a
casing 55 divided by a piston 56 into a first-
stage pressure chamber 57 and a seeond-

‘stage pressure chamber 58 conuec fed respec-

tlvelv through pipes 39 ‘nm 60 to the first
and “sacond: stage heaters. The piston 38 is

110‘1((\1 10.

1,591,822

subjected on the side to which the rod 54 is
secured to the pressure prevailing within
the second-stage heater and to a supple-
mental variable pressure hy a suitablespring
61. On the opposite side, 1t is subjected to
the pressure prevailing within the firs '—~L\no
Rigidly secured to the 1)1stnn iy
by a rod 62 is an auxiliary piston 63. llm
auxiliary piston, which may be of different
dinmeter than the piston 36, is subjected on
one side to the pressure prevailing within
the first-stage heater and on its opnosite
510e to the pressure of the dtnm&phmv
Should it be desired to operate the lieaters
10 and 11 at pressures above atmosphere.
hydraulic pressure may be employed to act
upon the outer face of the auxiliary piston
63. The difference n ]n essire between the
atmosphere and that of the first-stage heater
determines the amount of force exerted by
the auxiliary piston 63 through the rod G2
upon the piston 56.

The first-stage hcater is prefer (1})]\' pro-
vided with a vacuum hreaker 69 of any w nll
Lnown construction so arranged as to place

the heater in communication with the at-
mesphere upon an excessive rise of water in
the well 18, in order to stop the flow of
water through the nozzle 16, and thus to pre-
vent the flooding of the steam connections
leading to the heater.  As shown, a chamber
70 communicates with the upper por tion of
the well 18 through a port 71 and iwith thc
atmosphere through a port T2. .\ valve T
controls the pm" 72 and is operatively con-
nected to n flont T4 the arrangement bmnf'
such that vpon water in the well 18 reachine
the level of port 71 the chamber 70 is jin-
mediately filled with \mter, the float 71

raised to open the valve T3, thus placing the
intevior of the heater 10 in communication
with the atmosphere.

The operation of the apparatus is readily
understood from the above descr s];t.(m
Steam at a low absolute pressure. prefer-
ably exhaust steamn from a prime mover, en-

ters the first-staze through the inleft 15,
The water to be heated ontcls the water hox

14 through the inlet 15 and is-sprayed into
the steam in the mixing ¢hamber 12 through
the nezzles 16, Within this chamber. the
steam 1is condensed and the {emperature of
the water raised. The heated water falls
inte the well 18 whence it is conveved hy the

pump and the pipe 22 to the sccond-siage
surface heater 11. The partially Theated

water makes two passes through the tnhes 33
of the surface heater 11 and is discharged
therefrom through the port 37. The sec-
ond-stage heater is supplied with steam at
higher pressure and temperature than the
first- -stage heater and consequently further
heats the water passing through the tubes 323
thereof.

Simece ‘steam novmally contains a small
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amount of air and other non-condensable
fluids, a certain quantity of these non-con-
densable fluids collects in each of the heat-
ers. These fluids ave economically removed
and the heat largely recovered by venting
them from the surface heater to the jet
heater where they mingle with the incoming
steam and are thus brought info intimate
contact with the spray jets of cold water
which condenses the entrained condensable
vapors and absorbs the heat of these fluids.
The non-condensable fluids from both heat-

ers are then withdrawn from the fivst-stage

heater through the pipe 23 and are dis-
charged by the pump 24 into the atmos-
phere:

The condensate from the steam utilized in
heating the water in the surface heater 11
is preferably conveyed to the well 18 of the
heater 10 by means of the pipe 41, in order
that a single pump 20 may serve to with-
draw the water from both heaters. Since
the pressure in the heater 11 is higher than
that in the heater 10, it is necessary to inter-
pose a sealing means in the condensate pipe

41 to prevent incompletely condensed steam
from passing from the surface heater into

the jet heater. The sealing means employed
in the construction ilustrated in Fig. 1 com-

prise a chamber 43 in which a certain level

of water is at all times maintained. When
the water is at a higher level a float 47 oper-

“ates to open the valve 46 and permits the

flow of condensate from the regulating
chamber 43 to the well 18. If for any rea-
son an excessive amount of water should
collect in the chamber 43, the valve-con-
trolled barometric overflow 48 drains away
the excess and thus prevents the heater 11
from being flooded.

Flooding of the first-stage heater is also
prevented by the provision of the vacuum
brealer 70 which is designed to place the
heater 10 in dirvect commuiiication with the
atmosphere upon a predetermined rise of
water level therein. Iach heater is thus
provided with an independent means for
preventing the flooding of the heater and the
steam connections leading thereto, an im-
portant desideratum when the steam for
heating is supplied from theexhaust or from
bleeder passages of a prime mover.

The pressure -control valve 52 serves to
regulate the quantity of steam entering the
second-stage heater in response to pressure
conditions within the first-stage heater.  Any
inerease of pressure in the first-stage heater
will be transmitted to the first-stage chamber
57 of the piston motor 53. Within this cham-
ber, the additional pressure moves the pis-
ton 56 to compress the spring 61 an amount
sufficient to produce an equilibrium of
forces. 'This movement of the piston 56
opens wider the valve-52, whereupon addi-
fional steam is admitted through the inlet

3

38 to the second-stage heater 11 until such
time as the pressure builds up a sufficient
amount to move the piston 56 to restrict the
supply. In this manner, the relative pres-
sures prevailing within the second-stage
heater 11 are maintained at predetermined
higher values than those prevailing within
the first-stage heater 10. :

The relative pressure values prevailing
within the first and second-stage heaters
may be represenied by a straight-line grapn.
By selecting two relative pressure values
such as 5 pounds absolute in the first-stage
heater corregponds to 10 pounds absolute in
the second-stage heater, and 10 pounds in
the first-stage heater corresponds fto 12
pounds absclute in the second-stage heater,
a straight-line may be established. From
this line, the relative pressures prevailing
simultaneously in the heaters throughout the
entire range of operation may be ascer-
tained.

Should the Ievel of the water in the first-
stage heater reach a height sufficient to open
the vacuum breaker, the first-stage chamber
57 of the valve motor 53 is placed in com-
munication with the atmosphere. The addi-
tional pressure present therein moves the
piston 56 to compress the spring 61 to open
wider the valve 52, whereupon additional
steam is admitted to the second-stage heater
11 until such time as the pressure prevailing
therein is sufficient to throw the piston 56
together with the rod 62 and the auxiliary
piston 63 to the left the required distance
to completely close the valve 52 in the steam
inlet of the second-stage heater. This
operation is eatirely automatic and when
vacuum conditions have been re-established
in the heater 10 the valve 52 is re-opened to
permit steam to enter the second-stage
heater as under normal operating conditions.

Water heating apparatus constructed as
above described operates with a high degree
of thermal efficiency, since all the heat of the
steam is utilized as completely as possible,
including the heat of the non-condensable
fluids which is largely extracted during the
passage of these fluids through heaters of
progressive lower temperature prior to their
withdrawal from the system. A further ad-
vantage arvises in the need of but a single
non-condensable fluid pump, and a single
water pump, an avrangement which permits
a considerable economy of motive power for
the operation of the pumps and a reduced
cost in the manufacture of the multiple stage
heater.

In Fig. 8, T have illustrated a diagram-
matic arrangement of apparatus similar to
that above described in relation to ¥Fig. 1

‘and for the purpose of this specification a

detailed description thereof is deemed un-
necessary. The arrangement of apparatus
comprises a ‘main turbine 79 with its con-
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denser §1 and a house turbine 80 exhaust-
ing into a combmed jet condenser and first-
stage heater 10. A plurality of tubulav
su Hﬂce leaters 117 and 117 are arranged in
series with the frst-stage heater 10. The
water to be heated is collected in a feed
tank 84 which receives the condensate re-
moved from the main condenser 81 by the
pump 85. In addition thereto, make-up
water is supplied through a suitable con-
nection 87 which may, if desired, be pro-
vided with automatic regulating means for
maintaining a pxedeteumned level of water
in the tank. The water is removed from
the tank 84 and conveyed through the con-
duit 88 by mieans of the vacuum prevailing
in the first-stage jet heater 10, in which it
mingles with the exhaust from the house
turhine 80. Within this combined heater
and Cr)Ddﬂnsm the exhaust steam is con-
densed and the temperature of the water is
raised. 'The heated water is then conveyed
by the pump 20 and conduit 22 to the sec-
ond- Qtsgc heater 117 and thence through
the conduit 227 to the thivd-stage heater 1.
The second and third-stage heaters 117 and
117 are of the surface t"pe. and may be of
any well-known construction, but are pref-
erably similar to that described in 1(=1at10n
to the second-stage heater shown in Fig.
1. After heing dizcharged from the third-
stage heater 117 at 89, the water may be
utilized for feeding boﬂels. or, a portion
thereof may be used for that purpose and
a portion utilized for industrial purposes.

The temperature and pressure maintained
in the second and third-stage heaters 117
and 1177 ave 1'01:1ﬁi\'e1y higher than that
maintained in the heater preceding so that
the f empe} ature of the water is successively
inereased by being pas\eﬂ in series through
{he three heaters. Steam of a pressure
slightly higher than that corresponding to
the vacuum prevailing in the first-stage jet
heater 10, is preferably supplied from’ a
bleeding connection 83 provided in the main
turbine 79, and conveyed through the con-
duit 89’ to the inlet nozzle 38" of the second-
stage heater 117, Steam of still relatively
higher pressure is taken from a second
bleeding connection 82 provided in the main
turbine 79, and conveyed through the con-
duit 91 to the inlet nozzle 33" of the third-
stage heater 117,

In order to provide automatic means for
maintaining the aforesaid relatively higher
pressures in each succeeding heater 111 the
series, I provide regulating devices 53" and
53'" and a vacuum breaker 69. The vacuum
breaker 1s similav to that described in rela-
tion to and shown in Fig. 1, and by which
the first-stage jet heater 10 is placed in com-
munication with the atmosphere upon anex-
cessive rise of water therein. Theregulating
devices 53" and 33" . contrql respsctively

1,591,822

throngh vods 54" and 54" the valves 52 and
5277 in the steam inlet nozzles 38" and 38"
of the heaters 117 and 1177, They are simi-
lar in construction to the reg ulating devices
(Lc~01'1Le<1 in relation to and shown in Figs.
1 and 2 and serve to control the amount of
steam entering the succeeding heater in re-
spounse to the pressure plemlhnn within the
heater preceding in the series. These pres-
suves in the heaters ave conveyed to the reg-
ulating devices through suitable conduits
597, 5977, 607 and 60””. The regulating de-
vice 587 also includes means for completely
ummg the valve 327 upon a functionmng of
tne vacunm breaker 69, and the regulating

eviee 53 clozes the valve 527 upon a pre-
«R\Lel mined rise of Dressure within the sec-

' d A ]\6-( er J1
The air and non-condensable fluids con-
tzined in the steam are cconomically re-
moved from the heaters and the heat largely
recovered therefrom by venting thlmmh tle
conduit 407 the third-stage heater 117 into
the second-stage heater 117 in which a rela-
tively lower pressure is maintained. This
heater is in turn vented by means of the con-
duit 407 into the first-gsiage jet heater 10.
The non-condensable fluids from both sur-
face heaters und the jet heater ave finally
removed from the jet heater through the
conduit 23 by means of an air pump 2:£ and
dischavged to the atmosphere.  In this way,
a single air pump is sufficient for all three
heaters.

The condensate from the steam utilized
in heating the water in the surface heaters
is conveyed to the first-stage jet heater in a
manner similar to the removal of the non-
condensed {luids.  Condensate from the
third-stage heater 117 is removed therefrom,
by the second-stage heater 117 through the
conduit 4177, and the first-stage heater 10
in turn removes the condensate from the
second-stage heater 117 through the con-
duit 417, Within the frst- \t'we jet heater,
it combines with the water to e heated and
is vemoved therefrom by the pump 20 and
dischorged to the sy %tcm As the heaters
are maintained at relatively lower pressures
in the divection of flow of the condensate,
sealing means, similar to that deseribed in
relation to and shown in Fig. 1. are pro-
vided in the condnits 417 and 4177 for pre-
venting incompletely condensed steam from
passing hetween the heaters. Fach of the
sealing or regulating chambers 437 and 437
is vented by means of the conduits 457 and
4377 to the respective snurface heaters 117
and 117 from which it receives condensate,
and may he so located as to maintain a pre-
determined level of water therein. In order
to insure that this level of water may not
reach such height as may endanger the
main turbine bO ba 1‘01110111(‘ overflow pipes
437 and 437 may be p;m-:ded similar to
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that shown in Fig. 1. These
charge into the feed tank 84 and
outlet portions submerged therein.

The above outlined arrangement of ap-
paratus provides a very efficient and highly
economical method of heating water. It 1s
especially  adapted for installations which
are required to produce a large amount of
hot water for industrial processes in addi-
tion to that required for feeding the boilers.
A considerable amount of water may be
heated to any desired temperature by com-
bining a suflicient number of surface heat-
ers of required capacity, with the jet or
contact heater. ~ Irrespective of the num-
ber of heaters employed, a single air pump
and a single water pump only are required,
thereby entailing the expenditure of a mini-
mum -amount of energy for the operation
of the ausiliary machinery.

The multiple-stage heater iliustrated in
Fig. 4 represents a modified construction
which is particularly adapted for use where
ample head room 1s available for the in-
stallation of the apparatus. - In this con-
struction, no removal water pump is re-
quired, water being withdrawn from the
heater by barometric connections. The first-
stage heater 100 is similar to the fvst-stage
heater 10, above described, and, as shown,
comprises a mixing chamber 101, a steam
inlet 102, an annular water box 108 having
an inlet 104, and nozzles 105 for discharg-
ing jets of water across the mixing cham-
ber. The mixing chamber is provided in
its lower portion with a converging conoidal
apron 106 which serves to deliver the heated
water to a well 107 at the lower portion of
the heater.

A second-stage surface hewter 110-is locat-
ed at a con51derably lower level than' the
lieater 100 and receives water from the well
107 “through -a semi-barometric coniection
111.- The second surface stage heater 110
may be of any well-known construction. As
shown. it consists of a cylindrical shell 112,
water boxes 113 and 114, and tubes 115, the
latter traversing the space within the cylin-
drical shell and secured to the water boxes
in the usual manner. The water box 113 is
provided -with an inlet compartment 116
with which the pipe 111 communicates, and
an outlet compartment 117 from which the
heated water 1s discharged through an out-
let 118. A steam inlet 119 is suitably dis-
)o°ed in the cylindrical shell 112. The wa-

er delivered from the outlet 118 of the
heater 110 passes downwardly through a

ipes dis-
ave their

_semi-barometric. connection 120 to a pump

sump 121, the lower end of the barometric
eonnection 120 being immersed in the water
of the sump. The condensate from the
heater 110 may be withdrawn by any suit-
able means through a pipe 122. ~As shown,

the pipe 122 may lead to the sump 121,

S

where the barometric head is sufficient to
drain the condensate from the heater 110.
The discharge portion of the pipe is im-
mersed in the water of the sump. A vent
connection 123 leads from an upper por-
tion of the steam chamber of the heater 110
to an upper portion of the mixing chamber
101 and is preferably provided with a valve
124.  Automatic control means similar to
that shown and described in relation to
Figs. 1 and 2 may be provided.

The operation of the apparatus illustrated
in Fig. 4 ig similar to that already described
in relation to Fig. 1. The water to be heated
enters the first-sta 1ge heater through the in-

,let 104, water box 103 and nozzles 105 where

it mingles with and condenses the steamn ad-
mitted through the inlet 102 and then passes

downvardly through the well: 107 and baro- -

metric connection 111 to the surface heater
110. The water traversing the second-stage
heater 110 is Suojectefl to “steam at a higher
pressure and temperature than that delivered
to the firgt-stage hmier 100 and is finally dis-
charged through the barometric connection
120 to the sump 121 from which the water is
conveyed to use. The non-condensable fluids
pass in a counter direction to the flow of
water from the cecond-stage heater to the
first-stage heater in order to utilize fully the
heat of the steam. The condensate from the
heater 110 may be mingled with the heated
water or may be withdrawn independently
for use if de,ailed I’r is to be understeod
that a plurality of surface heaters at succes-
sively lower levels may be utilized in the
construction shown in Fig. 4, the heaters
preferably receiving steam at successively
higher pressures and temperatures so as to
effect a gradual and constant heating of the
water ﬂowmo therethrough.

While I have shown my invention in but
three forms, it will be obvious to those
skilled in the art that it is not so limited, but
is susceptible of various other changes "and
nmdlhmtlons without departing from the
spirit- there o= and I desire cﬁ therefore, that
only such limitations shall be placeu there-
upon as arve imposed by the prior art or as
are specifically set forth in the appended
claims.

What T claim is:
1. A multiple-stage heater comprising a
contact heater and a surface heater, meang

for delivering separate supplies of steam to

each heater, means for passing water to be
heated through the heaters in series, and
means for v entmo the surface heater into the
contact heater.

2. A multiple-stage heater complis’
contact heater and a plurality of suriac
hieate ers, means for delivering separate sul,~
plies of steam to each l*eqter, the steam sup-
phed to each successive heater being at a
relatively higher pressure, means for passing

10

75

80

85

90

95

100

105

110

120

130



10

30

St

<t

GO

&

the water to he heated through the heaters
in series, means for venting each heater, with
the exception of the heatex first in the se-
ries, into the heater of successively lower
pressure, and means 1\,1 withdrawing non-
condensable Huids from the heater fiist in
the zeries.

3. A multiple-stage heater comprlsmo h)
{ipst-stage contact heater and a second-stage
surface i eater, means for deh\ ering separate
supplics of steam to ench heater, the steam
delivered to the surface heater being at a
higher pressure, means for passing water to
be heated through the heaters in series, mea
for venting the surface heater into the con-
tact heater, and means for withdrawing non-
(<\nd<‘ow ble finids from the contact heater.

A multiple-stage heater comprising a
ﬁlct stage contact l\euter and a second-stage
surface heater, means for delivering cepa-
rate supplies of steam to each heafer, the
steam delivered to the surface he ’Itel oemo
at a higher pressure, means for passing wu-
ter to be heated through the heqtels in se-
ries, and means for delivering condensate
from the surface heater into the contact
hedter

A multiple-stage heater comprising a
mst stage contact heater and a second-stage
surface heater, means for delivering sepa-

rate supplies of steam to each hea iter, the

steam delivered to the surface heater
being at a higher pressure, means for pass-
ing water to e heated through the heatersin
series, means for delivering condensate from
the surface heater into the contact heater,
and means for withdrawing condensate from
the contact heater.

6. A multiple-stage heater comprising a
contact heater and a plurality of surface
heaters, means for delivering separate sup-
plies of steam to each heater, the steam sup-
plied to each successive heater being at a
relatively higher pressure, means for pass-
ing the water to be heated through-the heat-
ers in series, means for venting each heater.
with the e\ceptlon of the heater first in the
series, into the heater of successively lower
pressure, and means for delivering conden-

sate from each heater, except the first in the
Qeues, into the heater of successively lower

pl eSQUl e.

A multiple-stage heater comprising a
ﬁlst stage contact heater and a second-
stage surface heater, means for deliv-
ering separate supplies of steam to each
heater, the steam delivered to the surface
heater being at a higher plesmre, means for
passing Wfliel to be heated thr ough the heat-
ers in series, means for delivering - condensate
from the surface heater into the contact
heater, and means establishing a seal in said
condensate delivering means For preventing
the passage of steam therethrough.

A multiple-stage heater comprising a

1,501,822

contact heater and a plurality of surface
heaters, means for delivering separate sup-
plies of steam to each heater, the steam sup-
plied to each successive heater heing at
relatively higher pressure, means for prss-
ng Watel to be heated through the heaters
in series, means for dehveun(r condensate
from each heater, with the e\coptlon of the
heater first in the series, into the henter of
successively lower pressure, and miean
establishing a seal in each of said condensate
delivering means for preventing the paszage
of steam therethrou gh.

9. A multiple- stfwc heater compu«nw i
first-stage contact h ater and second-stage
surface hmte1 means for delivering separ ato
supplies of steam to each heater, the “steain
delivered to the surface heater heing at :
higher pressure, means for pqcsmo w at
to be heated thloUOh the lLeaters in series
means for dthCl'lnﬂ' condensate from tvu
surface heater into the contact heater, means
ebtabhshlnﬂ a seal in said condensate deliv-
ering means for preventing tl\c passage of
steam therethrough, said sealing means in-
cluding a b‘uometuc overflow (onncdum.
Whelﬂbv the level of condensate within the
surface heater may be maintained within
deumte working limits.

A multlple stage heater co: npm‘mg a
contacU heater and a plarality of surface
heaters, means for delivering separate sup-
plies of steam to each heater, the steam sup-
phed to each successive heater being st o
relatively higher pressure, means for pass-
ing water to be heated tlnouoh the heaters
in series, means for delivering condensate
from each heater, with the exception of the
heater first in the ser ies, into the heater of
successively lower pressure. snd means es-
tablishing a seal in each of said condensate
dehvelmfr means for preventing the pm»mn
of steam tnemtl'umgh, each of said sealing
means including a Dbarometric overflow.
Wheleby the level of the condensate within
the surface heaters may be maintained swith-
in definite working limits.

11. A multiple- stdoe heater comprising o
first-stage contact heatex and a second-stage

surface heater, means for delivering sepa-
rate supplies of steam to each heater, the
steam dehvered to the surface heater ;)u“;z'
at a higher pressure, means for passing

water to be heated tluouah the heaters in
series, means for dehvelmn concensute from
the surface heater into the contact heater.
means establishing a seal in <«::u1 condensate
delivering means for preventing the pussage
of steam therethlouvh said sealing means
including a b‘u'ometrlc overflow connection.
Wherebv the level of condensate within the
surface heater may be maintained within
definite working llmlts said sealing means
including a closed chamber go disposed as to
contain condensate at a level of the conden-
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-discharge of condensate into
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a “barometric

sate in the surface heater, a
said chamber,
»

overflow communicating with
and a float confrolled valve for permitting
said overflow
when the condensate in the surface heater
rises above a predetermined level.

12. A multiple-stage heater comprising a

piurality of heaters, means for delivering

ter,

separate supplies of steam to each hea
Interconnecting means for passing water to
be heated through the hesters in series, and
oe heated through the heaters in series, anc

means responsive to the pressure in each pre-

- ceding heater for controlling the delivery of
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steam to the heater next in the series.

13. A multiple-stage heater comprising a
plurality of heaters, means for delivering
separate supplies of steam to each heater,
interconnecting means for passing water o
be heated through the heaters in series, and
a device responsive-to the pressure in each
preceding heater for controlling the delivery
of steam to the heater next in the series,
said device including means for automati-
cally shutting off the delivery of steam upon
a predetermined rise in pressure in the pre-
ceding heater in the series.

14." A multiple-stage heater comprising a
first-stage heater and a second-stage heater,
means for delivering separate supplies of
steam to each heater, interconnecting means
for passing water to be heated through the
heaters in series, and means responsive to
pressure in the first-stage heater for con-
trolling the delivery of steam to the second-
stage heater.

15. A multiple-stage heater comprising a
first-stage contact heater and a second-stage
surface heater, means for delivering sepa-
rate supplies of steam to each heater, means
for passing water to be heated through the
heaters in series, and means responsive to
the pressure in the contact heater for main-
taining predetermined greater pressures in
the surface heater.

16. A multiple-stage heater comprising a
first-stage heater and a second-stage heater,
means for delivering separate supplies of
gteam to each heater, the steam delivered
to the surface heater being at a higher pres-
gure, interconnecting rmieans for passing
water to be hested through the heaters in
series, means responsive to préssure in the
first-stage heater for controlling the delivery
of steam to the second-stage heater, means
for venting the second-stage heater into the
first-stage heater, and means for withdraw-
ing non-condensable fluids from the first-
stage heater.

17. A multiple-stage lieater comprising a
first-stage contact heater and second-stage
surface heater, means for delivering sepa-
rate supplies of steam to each heater, means
for passing water to be heated through the
heaters in ‘series, and means responsive to

.

the pressure in the contact heater for con-
trolling the delivery of steam to the sur-
face heater.

18. A multiple-stage heater comprising a
first-stage contact heater and a second-stage
heater, means for delivering separate sup-
piies of steam to each heater, means for pass-
ing water to be heated through the heaters
in series, & vacuum breaker for thé contact
heater operable upon a predetermined rise
of water level therein, and means operable
when the vacuum breaker acts for shutting
off the steam supply to the second-stage
heater.

19. A multiple-stage heater comprising a
first-stage contact heater and a second-stage
surface heater, means for delivering sepa-
rate supplies of steam to each heater, the
steam delivered to the surface heater be-
ing at a high pressure, means for passing
water through the heaters in series, 2 vacnum
breaker for the contact heater operable up-
on a predstermined rise of level there-
in, and a device responsive to the pressure
in the contact heater for controiling the
delivery of steam to the second-stage surface
heater, said device including means for auto-
matically shutting off the steam supply to
the second-stage surface heater upon a
functioning of the vacuum breaker.

20. A multiple stage heater comprising 2
first stage heater and a plurality of sur-
face heaters, means for delivering separate
supplies of steam to each heater, the steam
supplied to each successive heater being at
a relatively higher pressure, means for pass-
ing the water to be heated through the
heaters in series, and means for venting each
heater, with the exception of the heater of
lowest pressure, into the heater of succes-
sively lower pressure. :

3 +
wailer

v

RS

0

~7
"¢

&

e

100

21. A multiple stage heater comprising a .

firgt stage heater and a gecond stage surface
heater, means for delivering separate sup-
plies of steam to each heater, means for

1

passing water to be heated through the

heaters in series, means for venting the

second stage heater to the first stage heater,
and means for withdrawing non-condensable
fluids {from the first stage heater.

22. A multiple stage heater comprising a
first stage heater and a second stage heater,
means for delivering separate supplies of
steam to each heater, the steam delivered to
the second stage heater being at & higher
pressure, means for passing water to be
heated through the heaters in -series, and
means for venting the second siage heater
into the first stage heater.

In testimony whereof, T have. hereunto
subscribed my name this 15th day of August
1923. :

LINN HELANDER.
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