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‘James W..Hood, Chicago, L
sApplication April 11947, Serial-No.: 938,680
' 13°Claims. . (CL 122—407)

‘This “invention .relates to improvements in
foreed circulation hoilers:of-the type-in-which
water - to - be - converted - into. -steam is forced

through -boiler - tubes by means .o ble

royu soiler - tubes -1 ieans - of -2 : suitable
pumping - apparatus and- in_proportien - to -the
quantity of steam leaving-the boiler. :
-In the operation. of -once-thru boilers, it has
herstofore  been - -common -practice »to control

the quantity-of feed :water entering the hoiler.
by means- operable -responsive. to -the -action. of

a.steam-flow meter positioned: in the steam out=
let, - and, in -addition, by -an -auxiliary. means
known-as a-spill-over. control which is operakle

responsive to water level within a steam drum .or

separator.
prises-a.coil-of small diameter- pipe, known 'as
2 -spill-over resistor, interposed.in a water. dis-

charge.line leading from the steam drum.or.sep-.
arator, and.a by-pass conduit leading around the.

spill-over resistor amd controlled by-a. normally
closed spill-over valve which.is operable.respon-
sive .to water level -within the steam drum or
separator. '

The spill-over resistor: is usua;lly' adjusted ta.

permit. passage of approximately 10% of the full
logd water entering a boiler when the latter is
being operated at rated pressure. The spill-over
valve and feed water control apparatus are both
operable responsive -to water -level indicating

means.provided on the steam drum or separator:.

For example, when the water.level rises in the
steam drum above a predetermined level, the
spill-over valve moves toward its open position

and the. feed water control-acts to reduce the

quantity of feed water entering the boiler; and:

when the water level decreases in the steam
drum, the spill-over valve moves ‘toward its
closed position, and the feed water control acts
to increase the ‘quantity of feed water entering
the boiler. : ; - '
In-the operation of a once-thru boiler ‘during
periods of increase in load, the steam-flow meter
acts through the feed water control to increase
the quantity of feed water in proportion to' the
quantity of steam leaving the boiler, plus -spill-
over water; while the spill-over control ‘acts t0
maintain a-constant water level within the steam
drum or separator. It will thus be noted"that
a rapid increase in load produces g’ proportional
increase-in water level ‘within the drum, and the
sbill-over control valve is thereby opened to-by-
pass'water from the dewn. ' B
Tt has been learned:that when -a onee-thru
boiler is gberated at rated pressure to produce a

steam-quality ‘of 90%, a rapid‘ increase in-load’

The -spillover. control usually--com-.
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119 -or -more - below - normal - during -the: period

causes the feed water input. to fall a-substantial
amount below- normal: with: respeet- to-the :quan-
tity-of- steam Deing-discharged: from: the hoiler:

For example, assuming the feed water inputris:

while load.is heing increased,: the: steam quality-.
at. the-tube outlets will be approximately 100%::
and due to heat unbalance between: circuits, the.
steam will be superheated-at the exit-of-some-
tubes. and - will eventually.cause-tube failure.due
to-the increased metal temperatures and stresses. .
There is also danger of tube failure due-te-
scale fermation,-even when using the most care-
fully treated feed water. -If is well known in-this
art that .even the mest highly: solyble selids. will
be forced out of solution as the steam-approaches
the 1009 quality and will be depesited-as:gcale
on. the hoiler tubes, particularly: when-forced.out
of solution-as -a mixture-of different. salts. - Ab

_full-load in.a. once-thru beiler withi 10%. -spill-.

over, the-solids.-are concentrated-approximately:
ten times, -amnd-the: congentration.-of ‘the:solids-
increases -during overload of -the-boiler. .- In prac-.
tice,-the concentration:of.solids of-any treated

feed. water must. be maintained. within a-certain.

range; otherwise, the-solids will be-forced-out.of:
solution and some portion fhereof .will -act to.
form-scale on the-tubes. - e

. A rapid-increase.in.load.on .a-once-thru . boiler
causes . an - increase -in water .level - within: the:
steam drum-or-separator; unbalance between.eir-
cuibs, . over-firing -due -to -heat-storage, over-lir-
ing, due to-subnormal pressure; and, as-a natural
result thereof causes the steam fo be. superheated.

_in one ormore of.the.eircuits. if: the normal out-.

let heat.condition of the steam-is of: high quality.
While ' these -abnormal conditions -are-of -shors
duration, -they - do --oceur frequently as ~rapid
changes - in -load ‘ produce . pressure - changes -of
considerable : magnitude- due - to. lack -of -storage:
space.  -Assuming that, during a pick-up-in:load,.
the increment -of theat--above .that reguired :to
generate steam is 1%-of the load: requirements
and that the-new: equilibrium is-reached -within:
one minute, -then during that minute: the total
heat’ input- might reach-160%of that-required.
for steam:generation. ; T ST
It is, ‘therefore, -an -object-of -the: presentin~
vention to minimize or-eliminate-abnormal:con-:
ditions :in -forced -circulation heilers- tending =to
cause. tube. failure due to over-concentration of .
solids or-superheat.conditions. S
Tt is-a> further object of this invention:to: pro«.
vide a forced: circulation-boiler:adapted tosgans'
erate. steam :having -an -average quality -of ‘ap
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proximately 50% at circuit exit, to thus provide
a substantial factor of safety to reduce tube
failure due to over-concentration of solids or
superheat conditions resulting from heat un-
balance between circuits, over-firing due to heat
storage, over-firing due to subnormal pressure,
efe.

It is a further object of this invention to pro-
vide a forced circulation boiler design to pro-
vide greater stability due to its increased water
storage.

It is a further object of this invention to pro-
vide a forced circulation boiler having two or
more forced circulation sections arranged in
series to generate and discharge steam into a
steam drum or separator, together with means
for aufomatically controlling the operation of
said sections.

It is a further object of this invention to pro-
vide a forced circulation hoiler embodying one or
more -natural circulation sections and a con-
tinuous blow-down to take the place of the spill-
over apparatus heretofore employed in once-thry
boilers.

This invention embodies other novel! features,

details of construction and arrangement of parts
which are hereinafter set forth in the specifica-
tion and claims and illustrated in. the accom-
panying drawing wherein:

Fig. 1 is a schematic view illustrating a forced
circulation boiler embodying features of this in-
vention.

Fig. 2 is a wire diagram illustrating the means
employed to vary the flow of steam from the
primary separator to the secondary separator re-
sponsive to variations in water level within said
primary separator.

Referring now to the drawing for a better un-
derstanding of this invention, the forced cir-
culation boiler is shown as comprising a pump 6
for forcing feed water under pressure through a
boiler inlet conduit 7 into a lower header 8 and
thence upwardly through a group of tubes 9 em-
ployed as a primary heating section 1f. Steam
and water are directed from the primary heat-
ing section 1 into a top header 16 and thence into
a primary separator {2.

A steam conduit {3 leads from the top of the
primary separator 12 to an augment nozzle or jet
{4 interposed in a natural circulation section gen-
erally indicated at 6.  Water within the primary
separator 12 is directed downwardly through a
conduit 17 into a lower header i8 and thence
upwardly through a group of tubes 18 compris-
ing a secondary heating section 2i.
water leaving the secondary heating section 21 are
directed into 5 top header 20 and thence into a
secondary separator 22. Steam within the sec-
ondary separator 22 may be directed from line
23 either through an outlet line 25 to the point
of use, or to a superheater 24 and thence to a
point of use through a conduit 26.

Thus, the natural circulation section {6 com-
prises headers 28 and 31, a series of heating
tubes 29, and includes an inlet line 27 and an
outlet line 83. The plurality of tubes 29 lead
from the lower header 28 to the upper header 31
to serve as an auxiliary heating section 32 which
is designed and arranged to absorb approximately
25% of the total heat absorbed by the boiler heat-
ing sections (1, 21 and 16. The conduit 33 leads
from the upper header 3i to the secondary
separator 22, and therefore comprises an inlet
to the separator from said header 31.

In the event the temperature of the water leav-
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ing the primary separator 12 through the con-

duit 17 is too high, it may flash into steam. It
is, therefore, desirable to provide an auxiliary
feed water inlet 34 to direct a supply of rela-
tively cooler water from an economizer 36 to the
conduit 7.

A return conduit 371 leads from the primary
separator (2 downwardly to the lower header
8; and a return conduit 38 leads downwardly
from the secondary separator 22 to the lower
header 18. Check valves 39 and 41 are inter-
posed in the return conduits 37 and 38, respec-
tively, to permit a flow of water from the separa-
tors 12 and 22 to their respective lower headers
8 and 18 when the head between the separators
and their respective headers becomes greater
than the pressure-drop through their respective
heating sections I and 2f. It will thus be noted
that the boiler unit could be operated with nat-
ural circulation under very light loads. A con-
tinuous blow-down 42 comprising a ‘conduit 43
and a blow-off valve 44 is provided for the sec-
ondary separator 22 to regulate a concentration
of solids therein. The continuous blow-down 42
is also useful in placing the boiler in operation.

The water level within the primary separator
12 is regulated by means of a pair of electrodes
104 and 1086, electrode 104 being connected in a
circuit 107 leading to a switch terminal 108,
thence through a relay 109 and secondary wind-
ing it of a transformer (12 to ground. The
electrode 106 is connected in a holding circuit
113 leading through a switch (14, relay 109 and
secondary winding t1{ to ground. The primary
winding 116 of the transformer is connected to 3,
suitable source of current. The supply of steam
passing from primary separator 12 to the second-
ary separator 22 through the conduit {3 is con-
trolled by a valve 117 which is operated by means
of a solenoid 118 connected to a suitable source
of current through a circuit {19. A switch §21
is interposed in the circuit {19 to make or break’
the circuit leading to the solenoid {18 when ac-
tuated by the relay 109.

In the operation of this electric control means
for regulating the water level within the primary
separator {2, a surface contact between the wa-
ter and the electrode {04 acts to energize the
relay 108 to complete the holding circuit through
the switch 114, and to open the switch 121 in the
circuit leading to the solenoid 18. De-energiza~-
tion of the solenoid 118 acts to move the valve
117 to a partially closed position to provide a
restricted passage for the passage of steam
through the conduit (3, and thus increase the
pressure drop between the primary and secondary
separators and thus causing an increased fiow of
water from the primary separator 12 downward-
ly through the conduit 7.

‘When the water level within the primary sepa-
rator 12 falls below the end of the electrode {06,
the holding circuit 113 to the relay 109 is broken,
thereby opening the switch ({4 and closing the
switch 121. The closing of the switch {21 causes
the solenoid {18 to open the valve {17 to a full
open position, if desired, to permit a substantial-
ly unrestricted flow of steam from the primary
separator 12 through -the conduit i3 to the sec-
ondary separator 22.  While a rather simple form
of control has been shown and described for op-
erating the valve {i71 between a full open posi-
tion and partly open position, it is obvious that
other forms of control means could be provided
whereby the valve 11T could be adjusted. for set-
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tings intermediate‘a:mnfépen:positiomancha e~

ted:pattly openposition... ¥ '
“7n ‘the -operation of - the -forced :eirculation
beiler-of ‘the: type:stiown :ands described: to..gen-
erste; ‘for:example, 20,000 pounds of :steam: per:
‘hourat 1500 p. s. i. in'the secondary separator-22
¢ith 507 steam quality at'the exit.of both forced
sgections 1-f:and 21:and embodying anrecon:-:
omizer for heating the: féed water-to:5007:E.; ap~

proximately 16 410 poumdsrof- watersper:houren- -

ters'the-lower header 8 ard:passes through the
primary heating seetion:ff.. “The resultant: mix-
ture of steam:and water:is:adapted:to pass from
the :primary heating:section fl .into :the:sepa-
rater 12-at ‘appreximately 50% steam cguality..
Thé: pressure in the: primarysseparator:[2:is ap=
proximately. 1600 .p. s. i -Approximately 8205
poiinds-of steam!thus generated in-the primary
hedting:section: |1~ passes from: the top.of the pri-

mary-separator 12 through:the conduit: i3:to:the:

aligment mozzie or jet -14::and “thence: into.:the
secondary sseparator :22; ‘while ‘the 8205 pounds:

ofwater-is :discharged downwardly through the’

condait: 1 T:to the: lower-'header 18. :As:sthe ‘tem-
perature ‘of’‘the “waber “passing. downwardly
throvgh’ the conduit: £1!is: approximately- 605> F.
ard-would flash ‘into steam, approximately: 3590
pounds of water-per hour-at 212% 7, is directed
from:the economizer: 38 through:the: conduit: 34

to- be mixed with the water- passing :from: the ;

separator ‘[2:through the: conduit {1,.thus. pro-
vidingrapproximately 11 800 pounds ‘per:hour of
water at approximately :500° F. - for ‘passage
through the.secondary-heating section .24, ‘The
resultant:
chigrged from ~thessecondary: heating isection. 21
into: the secondary separator:22 with 50.%:steam.
quality, and:the: pressure-within; this:separator:is
approximately 1500:p.-s. i
from:the “secondary:separator through rthe:con-
dilt 228 which leads:either:to:a poinf:of use or
to-a:superhiester24 and thence to -a:point: of-use
thrgugh “the. conduit :26. "Approximately 5900
pounds of ‘water per hour:is .directed from the
secondary: sebarator /22 into;the:natural -circula-
tion: section 167to; be hedted and cenverted into
steam withinithe tubes:28 ¢f the auxiliary heat-
ing section'32. . - '
The: pressure ‘drop between the: primary sepa-
ratori k2 and-tlre:secondary: separator:22-is: ap~
proximately: 100 p.7s. &, -including orifices at the
tube:inlets: There must. alsosbe an: equsl: pres-
suresdroprinithe ‘donduit: 18- between: the primary
separator: t2 and -the secondary ' separator -22..
This cdrop:in rpressure: can: he: substantially - con-
troilec: by :means:of: the valve 1T -and the aug~
ment rozzle: or-jet-t4. The ‘augment nozale: or
jet this:adapted:to
the :pressure drop -between ~the primary -and
seecondary separators:to:increage: the- circulation
through -the ~natural’circulation section «f§. X
should:also be noted that the natural: circulation
seetion 16 should’ be:properiy located .to :absorb
approximately 25 %:of-the:fotal: heat ahsorbed by
thecheating sections:tt and 2t-and £6. : :
=WWhile b
one:form, it:is obvious to those skilled in:the:art
thait it is'not!so-limited but: is. susceptible of var-
ious ‘chianges -and modifications without - depart-

ing: from the:spirit: and scope of the claimed.-in- 7o

vention. .- -
-Telaim as my invention:

‘3. In'a forced.éirculationionce: :thr.oughi‘. boiler,

a primary hedting section, means operable tordi=:
rectly ‘and continuously “supply feed > water:under. 7

xture sof isteam -and ~water :is dis- 5

:Steam is discharged

utilizerapproximately-half-of

sinvention “has been shown in bt .
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pressure to:-said. fprimaax&z“he&ting :section,:a, pri=

mary:separator: to: receive steam -and :water from
said primary -heating section;-a water:conduit’

leading: from said. primary separator; & secondary
heating section:conneeted: to-said-water conduil
to-Teceive water under.pressure-from said pri~
mary separator;a.secondary separator to receive:
steam -and :water from:said ‘secondary-heating
seetion;a. natural. circulation type:heating:sec~
tion having-inlet: ‘and- outlet conduits connected
to.said secondary separator, and-means to.adjust

" the pressure drop: between said:primary sepa-

40

rator and:said seconddryseparator. .
.2, -In, a.forced cireulation. one-through boiler,
o primary heating section, means operable to. di-
rectly and: continyousty-supply:feed. water under
pressure to-said: primary heating :section,«a;: prix:
mery-separator to receive-steam: and: water from
said- primary:heating -section, -a water conduit
leading from:said: primazy separator,:a-secondary
heating: section conpected to-said water-condult
to:receive water under pressure.from-said.pri-
mary-separator, a secondary separator-to reeeive’
steam - and - water : from-said - secondary -heating
section, a natural circulation type- heating -sec-
tion* having -inlet and: outlet conduits connected
to said-‘secondary separator, a -steam -conduif
leading: from: said primary separator to:the out~
1etconduit of said-natural circulation: type heat-
ing-section, and means to: vary the pressure drop
through said steam -conduit responsiverto-varia--
tions in-water level “within -said . .primary sepas-
rator. . . : : -
"-3.-Tn a.foreed-eirculation onee-through boeiler,
a-primary heating section;, means operahle:fo di~
rectly-and-continyously supply feed water-under
pressure to said primary: heating-section, & pri-
mary: separator to, receive steam and water-from
said -primary -heating section, -a. water-conduit:
leading from said primary-separator, a secondary
heating section conmected torsaid water cenduit
to receive water -under -pressure from -said -pri-
mary-separator, a secondary sgparator-toireceive
steam -and ~water from -said -secondary heating

- section, a naturdl-circulation: type heating-see-
tion- having inlet-and: outlet conduits connected

to said -seeondary -separator, a steam -conduib

leading from said primary-separator-to.the out-

1et conduit-of said natural circulation type-heat-
ing: seetion, -a valve interposed: inisaid steam: con-

duit, -and means to. move-said valve teward its
open.or closed positions-responsive: to-variations.
in water level-within said primary separator.

4. In & foreed circulation-once-through: boiler,
a. primary heating ‘seetion, means:opergble to di-
rectly-and-continuously-supply feed water  under
pressure-to:said primary heating-section,-a pri--
mary separator to: receive steam and:-water from
said primary -heating section, a -water ‘conduit
leading from said primary separator;a-secondary
hesating: section econnected -to :said -water con-
duit' to:receive ‘water under pressure:from- said

_primary separator, a secondary: separator “to

receive ‘steam amd. water from said ‘secondary

. hesting section, a-natural cireulation ‘typesheat-

ing -section having inlet and outlét conduts con-
nected o said: secondary separator;-and :a.valve
controlled steam . conduit leading from:said pri--
mary:separator to the .outlet condiiit-of said natb-
uraleireutationtype heating section: . )

15, Tnoaforeed-eirculation once-through ‘boiler,
o primary heating section; ‘means operable:to-di~
rectlyrand ccontinuously-supply feed water:-under:
pressuré to:saidcprimary heating:seetion; a pri~

. mary separator:to receive:steam:and water from




2,614,543

7

sald primary heating section, a water conduit
leading from said primary separator, g secondary
heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and water from said secondary heating
section, a natural circulation type heating sec-
tion -having inlet and outlet conduits connected
to said secondary separator, a valve controlled
steam conduit leading from said primary sepa-
rator to the outlet conduit of said natural circu-
lation type heating section, and an augment
nozzle provided in the outlet conduit of said nat-
ural circulation type heating section fto receive
steam from said steam conduit. :

6. In a forced circulation once-through boiler,
a primary heating section, means operable to di-
rectly and continuously supply feed water under
pressure to said primary heating section, a pri-
mary separator to receive steam and water from
said primary heating section, a water conduit
leading from said primary separator, a secondary
heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and water from said secondary heating
section, a natural circulation type heating sec-
tion having inlet and outlet conduits connected
to said secondary separator, a valve controlled
steam conduit leading from said primary sepa-
rator to the outlet conduit of said natural cir-
culation type heating section, an augment nozzle
provided in the outlet conduit of said natural cir-
culation type heating section to receive steam
from said steam conduit, and means to supply
relatively cool feed water under pressure to said
secondary heating section.

7. In a forced eirculation once-through boiler,
a primary heating section, means operable to di-
rectly and continuously supply feed water under
pressure to said primary heating section, g pri-
mary separator to receive steam and water from
said primary heating section, a water conduit
leading from said primary separator, a secondary
heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and water from said secondary heating
section, a natural circulation type heating sec-
tion having inlet and outlet conduits connected
to said secondary separator, a valve controlled
steam conduit leading from said primary sepa-
rator to the outlet conduit of said natural circu-
lation type heating section, an augment nozzle
provided in the outlet conduit of said natural
circulation type heating section to receive steam
from said steam conduit, means to supply rela-
tively cool feed water under pressure to said sec-
ondary heating section, a water return. conduit
leading down from each separator to the feed
water inlet end of its respective heating section,
and a check valve interposed in each of said
water return conduits.

8. In a forced circulation once-through boiler,
a primary heating section, means operable to di-
rectly and continuously supply feed water under
pressure to said primary heating section, a pri-
mary separator to receive steam and water from
said primary heating section, a water conduit

leading from said primary separator, a secondary- ¥

heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and water from said secondary heating
section, a natural circulation type heating sec-
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tion having inlet and outlet conduits connected to
said secondary separator, a steam conduit lead-
ing from said primary separator to the outlet
conduit of said natural circulation type heating
section, means to vary the flow of steam through
said steam conduit responsive to variations in
water level within said primary separator, and
an augment nozzle provided at the juncture of
said steam conduit and the outlet conduit of said
natural circulation type heating section.

9. In a forced circulation once-through boiler,
a primary heating section, means operable to di-
rectly and continuously supply feed water under
pressure to said primary heating section, a pri-
mary. separator to receive steam and water from
said primary heating section, a water conduit-
leading from said primary separator, a secondary
heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and.water from said secondary heating
section, a natural circulation type heating sec-
tion having inlet and outlet conduits connected
to said secondary separator, a steam conduit
leading from said primary separator to the out-
let conduit -of said natural circulation type heat-
ing section, means to vary the flow of steam
through said steam conduit responsive to varia-
tions in water level within seid primary separa-
tor, an augment nozzle provided at the juncture
of said steam conduit and the outlet conduit of
said natural circulation type: heating section,
and means to supply relatively cool feed water
under pressure to said secondary heating section.

10. In a forced circulation once-through hoiler,
a primary heating section, means operable to di-
rectly and continuously supply feed water under
pressure to said primary heating section, a pri-
mary separator to receive steam and water from
said primary heating section, a water conduit
leading from said primary separator, g secondary
heating section connected to said water conduit
to receive water under pressure from said pri-
mary separator, a secondary separator to receive
steam and water from said secondary heating
section, a natural circulation type heating sec-
tion having inlet and outlet conduits connected
to said secondary separator, a steam conduit
leading from said primary separator to the out-
let conduit of said natural circulation type heat-
ing section, means to. vary the flow of steam
through said steam conduit responsive to varia-
tions in water level within said primary sepa-
rator, an augment nozzle provided at the junec-
ture of said steam conduit and the outlet conduit
of said natural circulation type heating section,
means to supply relatively cool feed water under
pressure to said secondary heating section, a
water return conduit leading down from each
separator-to the feed water inlet end of its re-
spective heating section, and a check valve inter-
posed in each of said water return conduits.

11. In a forced circulation boiler, a primary
heating section interconnected with g primary
separator, a secondary heating section intercon-
nected with a secondary separator, and a natural
circulation type heating section having inlet and
outlet conduits, an augment nozzle to supply
steam from said primary separator to said inlet
conduit and means to vary the pressure drop be-
tween said primary and secondary separators,
sald means controlling steam flow in said nozzle,

12. In a forced circulation boiler, a primary
heating section interconnected with a primary
separator, a secondary heating section intercon-:
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nected with a secondary separator, and a natural
circulation type heating section having inlet and
outlet conduits, an augment nozzle to supply
steam from said primary separator to said inlet
conduit and means responsive to variations in
water level in said primary separator, to vary.the
pressure drop between said primary and second-
ary separators, said means controlling steam flow
in said nozzle.

13. In a forced circulation boiler, a primary
heating section interconnected with a primary
separator, a secondary heating section intercon-
nected with a secondary separator, said primary
separator having a steam line to said secondary
heating section, and a natural circulation type
heating section having inlet and outlet conduits,
an augment nozzle to supply steam from said pri-
mary separator to said inlet conduit and means
in said steam line responsive to variations in
water level in said primary separator to vary
the pressure drop between said primary and sec-
ondary separators, said means confrolling steam
flow to said nozzle and said means controlling
fluid flow through said primary separator out-
let.
' JAMES W. HOOD.
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