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This invention relates {o the comtrol of How-
ing fluids, and in particular to the proportion-
ing of the several flows of g divided Auid, through
and in accordancs with the available heat of 2

- plurality of heaters for the heating of the fSuid,

It has as iis primary object to provide 2 methed

- and an apparalus for distributing or proporiion-
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ing o Aowing fluid through o number of heatars
in accordance with the aveaileble heat supplied to
the heaters.

A further object is to so proporiion the Auwid
©0 b2 heated belween the beaters that sufdcient
cooling of the heaters will result to prevent dem-
age 1o them, s :

Still another object is o o proporiion the fuid
that as nearly a uniform temperature of the fuld
will be obtained af the exit of the hesters, o8 is
©ossible. )

In order to make clear my Invention I have
chogen io Musiratz end will descride o pre-
ferred embodiment in conngciion with the re-
heating of steam after i hos passed through a
zelatively high pressure turbine and pricr o DASS~
ing through a relatively lower pressure furbine,
I preferably cause the steam to fow through
heat exchangers heated by the waste soscous
products of combustion of steam generating hoil-
ers, and wherein the smount and hest content
of the gases for hesting varies with the rate of

operation of the bolers. I proporiicn the fow
of stearn through these heaters In accordance
with the available heat, considering the rate of
operation of the boiler or rate of fow of sieam
generated by the boller as an index of the amount
of available heat in the wasie products of com-
bustion.

In the dravwing, which is & dlagrammetic repre-
sentation of apparatus embodying the nvention,
I have Hlustrated two stearn genereiing bollers 1

and 2 heated by the combustion of & sultable fuel

in the furnaces 3 and ¢ respectively, and dis-
charging steam through the plpes 5 and 6 to &
header 7. The header 7 may supply steam 0 @
burbine or other steawn ubilizing apparatus (noh
shown) from which exhoust steam is dezirably
rehenizd before golmg fo other steom uillizing
epparatus (not shown). I have assumed that the
steam exheusted from the first mentioned steam
utilizing apparaius is available through = header
8, and I desire to proportion this stesm from the
header 8 through the pipes § and 10 to the waste
gas heal exchengers 11 and 19.. The heat ex-
changers 11 and 12 belng positioned In the path
.of discharge from the bollers 8 and 4 of the wasie

S gaseous products of combustion of the bollers, for

he heating of the exhaust steem Howing thrdugh
the exchengers by the hest aveilable in the waste
gases. The reheaied steam leaves the healer 11
through o pipe 13, and leaves the hester 12
through e pipe 14, the pipes 13 and 14 leading to 60
{urther steam uiilizing apparatus (not shown).

I find that the rate of discherge of steam
through the pipes 5 and 6 serves as an securade
index of the rate of operation of the boilers, and
of the availability of total heat per unit of time 65
in the wasie products of combustion passing the
heaters 11 and 12. To measure the rate of fow of

-Steam leaving the Loller through the pipe 5, T

have inserted in the pipe between comvenient
Hanges, o fow nozzie 15 scross which will occur 70
& pressure diference bearing & known relation
to the rate of fow of sieomn through the nowie.
I have shown similer flow nozzies 16, 17, 18 posi-
tloned In pipes 6, 9; 10 respecitvely for cousing & .
pressure drop across the respective Sow nozzies, 78
which pressure drop I may craploy 25 § mMeasure
of the flow of steam through the respsciive pipes.
Cenerally indicated ot 19, 20, 21 and %2 ore
rate-of-fiow meters of the steam flowing through |
the pipes 6, 6, © and 10 respectively. The meiers 20
are similer in construciion and operation, and
while thelr copacities may vory, as well as the
conditions of the steam being messured, efc.,
which would change constants one from §he other,
I feel that it is vnnecessary to deseribe in detall 88
the construction and opsration of more then one
of the similer meters, and propoge o avoid dupli-
cation and repetition by deseribing only the meter
indicated ot 18. . o
Connected to the pipe 5, ab the inlet side of the €5~
flow nozzle 15, is o progsure pipe 23 joinlng omd
transmitiing pressuss to the hizh pressure log of
a mereury sealed U-tube 24, of which 25 indicates
& low pressure leg connected by ¢ Dregsure pips %6
to the plpe § at the outlet alde of the nomde 15. 68
When stearn Is flowing through the pips §, past
the nozzle 15, & pressure difference will exist due
to the temporery increngs in veloclty of the steaza
through the nozzle, and will be efestive through .
the pipes 23, 26 upon the U-tube 24, to the end 100
that the mereury level will ¢end to lower in the
high pressure leg of the U-tube and rlse within the
low pressure leg 25 of the U-tubz, the diference
In clevation being & measure of the pressure dif-
ference. ‘
Within the chamber 25 and around one Jeg of
& transformer core (not shown) Is orranged o
primary winding 27, heving conductors leading
through the cover plate of the chamber 25 to com- .«
nech to & transformer winding 28 cxternal of the 110
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flow meter. Transformer winding 28 forms the
secondary winding of a step-down or insulating
transformer which has its primary winding 29
connected by the conductors 30, 31 to a source of
alternating current, of constant potential, indi-
cated by the power lines 32. Primary winding 27
is thus connected to a source of alternating cur-
rent 32 through the intermediary of the step-
down transformer comprising the windings 28
and 29. It is desirable that a voltage of compara-
tively small value be impressed on the winding
27, while the voltage ordinarily met with is of 110
volts or more, and the purpose of the step-down
transformer is to provide a voltage for the wind-
ing 27 of suitable value.

The U-tube 24, upon which is effective a pres-
sure difference resulting from a flow of steam
through the flow nozzle 15, is sealed with mercury
which is a conductor of electricity. The relatively
high pressure at the inlet to the flow nozzle forces
the mercury downward in the high pressure leg
of the U-tube, and upward in the chamber 25
around the winding 27, the difference in elevation
of the mercury being a measure of the pressure
difference and of the flow. The mercury in rising
forms a ring around the lower end of the trans-
former 27, comprising a closed secondary winding
of a single turn for the transformer whose pri-
mary winding is 27, and the resistance of which
varies in accordance with the depth of the
mercury ring.

The current flowing in the primary winding 27
will be proportional to the resistance of the sec-
ondary winding formed by the mercury ring, so
that as the mercury rises and falls in the casing
25, the current flowing in the primary winding
27 and hence in the circuit comprising conductors
30,-31, will vary in accordance with the depth of
the mercury ring, and consequently with the rate
of flow of steam through the pipe 5.

In the circuit comprising the conductor 31 is
a suitable solenoid coil 33 adapted to vary in ef-
fect upon a core 34, for positioning the same
vertically, in dependence upon, or proportionsl to,
the current flowing through the conductor 31.

Similarly, a flow meter 20 serves to vary the
current flowing through a transformer primary
35 connected by conductors 36, 30 and by con-
ductors 37, 31 to the power lines 32. Interposed
in the conductor 37 is a solenoid winding 38 simi-
lar to the solenoid winding 33 and effective to

‘position a core 39 in proportion to the current

flowing through the conductor 37.

The flow meters 21 and 22 are similarly provided
with transformer primaries 40 and 41 respec-
tively, through each of which flows a current
proportional to the pressure difference existing
across the flow nozzle to which the respective flow

meters are connected. The transformer primary

40 connected at one terminal through the econduc-
tor 30 to the power lines 32 and at the other ter-
minal through the conductor 42. The trans-
former primary 41.is connected at one terminal
by conductors 36, 30 to the power lines 32 and at
the other terminal by a conductor 43 to the power

lines. Positioned -in the conductors 42 and 43 re- .
spectively are solenoid windings 44 and 45, re- .

spectively effective in positioning the solenoid
cores 46 and 47.

I have shown the four solenoids, namely 33,
38, 44 and 45, as arranged in close proximity for
cooperation thereof, and will now explain in de-
tail the desirable cooperation of the solenoids
for accomplishing a proportioning of the flow of

-the steam in the pipe 8 through the pipes 9 and
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10 in proportion to the steam flowing through the
pipes 5 and 6. The solenoid cores 34 and 39 are
oppositely positioned across and connected to, at
a common pivot point 48, a fulcrumed beam 49.
Similarly positioned, and pivoted to a common
point 50 of the fulcrumed beam 49 are the solenoid
cores 46 and 47, the arrangement being such that
the beam 49 is fulcrumed intermediate the points
48 and 50, and either at a point equidistant from
the points 48, 50, or otherwise as desired, depend-
ing upon the capacities of the flow meters and
the desired proportionality to be maintained be-
tween the various flows.

It will be seen that the arrangement of the
fulecrumed beam 49 with the solenoid cores 34,
39, 46 and 47 forms a balancing system wherein
the beam 49 will be positioned in a clockwise or
counterclockwise direction around its fulcrum,
depending upon the balance or preponderance
of forces in the various solenoid coils. Thus if
the current flowing through the solenoid 33 as
an indicatiorn. of the rate of flow of steam through
the pipe 5, is equal to the current flowing through
the solenoid 38 as an indication of the rate of
flow of steam through the pipe 6, then equal
forces will be effective upon the point 48 through
the solenoid cores 34 and 39, whereas if the rate
of flow of steam through the pipe 5 predominates
that through the pipe 6, and correspondingly the
current flowing through the solenoid 33 predomi-
nates that flowing through the solenoid 38, then
the beam 49 will tend to move, for example, in
a clockwise direction around its fulcrum. Simi-
larly, should the current through the solenoid 44,
as an indication of the rate of flow of steam
through the pipe 9 predominate the current
through the solenoid 45, as an indication of the
rate of flow of steam through the pipe 10, then
the pull of the solenoid 44 upon the point 50
will be greater than the pull of the solenoid 45
upon the same point, and the beam 49 will tend
to rotate in a counter-clockwise_direction about
its fulecrum. .

If, however, the preponderance of the rate of
flow of steam through the pipe 5 over that through
the pipe 6 is in the same amount or proportion
as the preponderance of the flow of steam through
the pipe 9 is over that flowing through the pipe
10, then the force tending to rotate the bar 49 in a
clockwise direction will be equal to and balanced
by the force tending to rotate it in a counter-
clockwise direction, and the bar 49 will not rotate
about its fulcrum. This due to the fact that the
rate of flow of steam through the pipes 9 and
10 is in desired proportion to that through the
pipes 5 and 6. If, however, the proportionality
is other than desired, and for example, the coun-
terclockwise force is greater than the clockwise

force, then the bar 49 will tend to rotate in a -

counterclockwise direction around its fulerum, as

might result from the rate of flow through the-

pipe 9 being greater in proportion to the rate of
flow of steam through the pipe 10, than the pro-
portion of flows through the pipes 5 and 6.

. Through my invention, the rotation of the bar
49 effects a correcting of the proportion of the
flow of steam through the pipes 9 and 10, where-
by in the example given, the flow through the
pipe 8 would be decreased, and that through the
pipe 10 would be increased, until the proportion
of flows between the pipes 9 and 10 would be
the same as that through the pipes 5 and 6. I
have shown as an extension of the bar 49, a
contact arm 51 adapted upon rotation of the bar
49 around its fulcrum in a clockwise direction
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to engage and contact with s point 52, and upon
rotation in a counter-clockwise direction to en-
gage a contact 53. The contact 52 is shown as
connected by a conductor 54 with reversible
means indicated as reversible electric motors 55,
whereas. the contact 53 is conmnected through
8 conductor 56 with the motors 55. A return
line 30 joins the motors 55 to the power lines 32;
the contact arm 51 being connected through the
conductor 31 to the power lines 32. ‘The motors
55 are.similaer and rotate together, each motor
connected through gearing.58 to s valve 5. One
valve 59 is positioned in pipe 9 end the other in
pipe 10, the motors 55 being connecied to the
conductors 30, 54, 56 oppositely in 8 manner such
that simultaneous rotation of the motors 55 re-
sults in opposite rotation of the gearing 58, to
the end that one valve 59 will be opened while
the other is closad.

The arrangement illustrated and described,

contemplates the dividing and proportioning of g
fiuid to be heated, in accordance with the heat
available at the heaters through which the fuid
is to pess in divided flow. The heat available will
depend upon the rate of overation of the boil-
ers, and as gn index of the rate of operation, I
measure the rate of steam oulput from the boil-
ers. By compering the sicam flow from the
bollers, I obtain a relationship which I may use
as e gume to the proportioning of the Auid to be

o
heated

Bt **‘111 be resdily understandable that the type
of fow meter ustrated end descrived is not
n@cmssarﬂy the only type ussble in my invention,
as I may equally as well employ the invention in
connection with foat actuated or lauid sesled
Lell or other types of meiers. Nor do I desire 1o
be limitad o the use of my invention in connec-
tion with steam genemtm: bollers and waste gas
heal exchangers. In fach, while T have lustrated
and described o preferred embediment of my in-
vention, I desive it to be distinctly understood
that I am not to ke limited theveby other then by
the claims in view of prior art.

’V’n t I claim 5 new and desire to sccure by

Leiters Patent of the United Statss, ig:——

1 The method of proportioning the fows of 2
lurality of streams of o fluid o be heated in

accoxdmce with the available hest supplied to

i ou.Jf1 which the streams of the fAuid
ars se_ erately passed, which consisis in indient-
ing the ra t of fow of each sivenm, determining
the rztio of said rates of fow, indicating for ench

henter the vﬁlue of & factor bearing o functional
relation fo the heat available ot the henter, de-
termining the ralio of said values, compering
sald reilos, ond subjecting the sirecms to. rote

. comirol in sccordance with the departure of s=id

comparison from o predetermined value.

2. The methed of nmponmmn, the fAows of &
plurality of sireams of o fuid fo bz heated in
aczordance with the availeble hest supplied to
hepters through which the streams of the fAuld
are separately passed, which consists in obtaining
2 measure of the pmportiona.lity of the flowing
streams, obizining o mensure of the proporiion-
ality of the aveileble heat at the heaters, deter-
mining the relation between sald proportion-
alities, and subjecting at least one of the sireams
to rate control in accordance with the depariure
of said relation from s predetermined value.

3. In combination, a pipe for the fow of o fuid
to be heated, branches to seid pipe for joining
the pipe to & plurality of heat exchangers, sald
heat exchangers each having available the hea

3

contained in 8 second fluid flowing therethrough
in heat conducting relation with the first fiuig,

valve means for proportioning the d1str1but10n'

of the first fluid from the pipe to said branches,

“means for indicating for each heater the value of
& factor bearing a functional relation to the heat
available at the heater, and common means for
determining the proportionality Jbetween said
values for positioning said valve means. .

4. In combination, & plurality of furnaces, a
heat exchanger for each furnace and having svail-
able for heating the waste gaseous products of
combustion of said furnece, a pipe for the fiow
of a fluid to be heated, branches to said pipe for
joining the pipe to each hester, valve means for

proportioning the distribution of the fuid through

the branches, means for indicating for each heater
the value of a factor bearing e functional rela-
tion to the heat available at the heater, and
common means for determining the proportion-
ality between szid values for positioning said va,lve
means.

5. In combingtion, a plurahty of vapor generat-

ing boilers, & waste heat exchanger for each boiler

and having availeble for hesting the waste
gaeseous products of combustion of the boiler, an
inlet pipe for each heater for the flow of & fuid
to be heated, valve means in each inlet pipe to

regulate the fow of sa2id fluid, a measvring means -

of the rate of fAluid flow through each pipe, means
for comparing said rates of flow for determining
the retio thereof, indicating means of the value
of o factor of the operation of each boiler, means
for comparing said values for determining the
ratio thereof, means for comparing said ratios,
and means positioned by said last-named means
for actuating s2id valve means.

6. In combination, & plurality of vapor generat-
ing boilers, & waste heat exchenger for each boiler
and having' available  for hesting the waste
gaseous products of combustion of the boiler, an
iniet pive for each heeter for the flow of & Huid
to be heated, valve means in each inlet pips to
regulate the fiow of said fuid, means in connection
with each inlet pipe which produces & fow of
current which is o messure of the fluid fow
therethrough, s discharge pipe for each boiler for
the flow of vapor from the boiler, means in con-
nection with cach discherge pipe which produces
& flow of current which is & measure of the vapor
How therethrough, and a balanced reley con-
nected o said two last-named mesns responsive
to the proportionglity between the rates of flow
of vepor discharged from-the Loilers and the
rates of fow of vapor to sald heat exchangers
for affecting movement of said velve TREARS.

7. In combinalion, & plurslity of steam gener-
abing bollers, o waste heat exchanger for coch
boller 2nd having available for heating the waste
geseous products of combustion of the beiler, o
pine for the flow of fuid to bz heated, branches
from the pipe to the hest exchengers; control
means for proportioning the Auld to be heated
to the hesters, & fow meter for esch bmnch
which produces & flow of current which is =
meagure of the Guid fdowing through the bmnch
a How meter for cach boller and which preduces
® How of current which i & measure of the rate
of boller output, and o balanced relay conmected
to said fow meters, sald belanced relay eflective
to octunte said comtrol meansg.

8. In combinotion, o plurality of vapor gener-
ating boilers, & waste heat exchanger for each
boller and having avaliable for heating the waste
gaseous products of combustion of the boiler, an
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inlet pipe for each heater for the ﬂow of a
fluid to be heated, valve means in each inlet

pipe to regulate the flow of said fluid, a flow

meter for each inlet pipe which indicates the
rate of fluid flow therethrough, a discharge pipe
for each boiler for the flow.of vapor from the
boiler, a flow meter for each discharge pipe
which indicates the rate of vapor flow there-
through, a balance means to which the flow me-
ters are connected, and means responsive {o the
balance of measurements for effecting movement
of said valve means.

9. The method of proportioning the flows of
a plurality of streams of fluids in accordance
with the availability of a variable to each of
said plurality of streams, which comprises indi-
cating the rate of flow of each stream, determin-
ing the ratio of said rates of flow, indicating
the value of a factor bearing a functional rela-
tion to the availability of said variable to each
stream, determining the ratio of said values, com-~
paring said ratios, and subjecting the streams to
rate control in accordance with said comparison.

10. The method of propertioning the flows of
a plurality of streams of a fluid in accordance
with the ratio between the rates of flow of a
second plurality of streams of a fluid, which
comprises indicating the rate of flow of each
stream, determining the ratio between the rates
of flow of said first plurality of streams, deter-
mining the ratio between the rates of flow of
said second plurality of streams, comparing said
ratios, and subjecting the first plurality of
streams to rate confrol in accordance with the

.departure of said comparison from a predeter-

mined value. :

11. The method of heating a plurality of fluid
streams each flowing through a heat exchange,
which comprises measuring the rate of flow of
each stream, determining the proportionality for
each heat exchanger between the rate of flow of
the related stream and the available heat for
heating same, and subjecting at least one of said
streams to rate control from said proportionality.

12, The method of controlling the flow of
steam to a heater having available for heating
the steam the gaseous products of combustion
from the furnace of a steam generator, which
includes regulating the flow of steam to said
heater in accordance with the flow of steam from
said generator, the flow of steam to the heater
being independent of the flow of steam from
the generator.

13. The method of controlling the flow of a va-
por to & heater having available for heating the
vapor the gaseous products of combustion from

' the furnace of a vapor generator, which includes

regulating the flow of the vapor to the heater
in .accordance with the flow of vapor from the
generator, the flow of vapor to the heater being
independent of the flow of vapor from the gen-
erator.

14. In combination, a vapor generator and a
Turnace for heating the same, a vapor heater
wherein is available the gaseous products of com-

1,980,455

bustion from said furnace, and means respon-
sive to variations in vapor outflow from the gen-
erator controlling the flow of vapor through the
heater, the flow of vapor to the heater being
independent of the flow of vapor from the gen-
erator,

. 15, The method of proportioning the flows of
a plurality of streams of a first fluid in accord-
ance with the ratio between the rates of flow of

a plurality of streams of a second fluid, which-

comprises indicating the rate of flow of each
stream, determining the ratio between the rates
of flow of the plurality of streams of the first
fluid, determining the ratio between the rates of
flow of the plurality of streams of the second fluid,
comparing said ratios, and subjecting the first

8t

85

90

plurality of streams to rate control in accordance .

with departure of said comparison from a pre-
determined value.

16. The combination with a plurality of fluid
heaters each having a furnace disposed in heat
exchange relation thereto, means for producing
effects respectively representative of the flow of
fluid through each of said heaters, means sensi-
tive to the difference in said effects, and means
controlled by said last-named means for chang-
ing the rate of flow of fluid through at least one
of said heaters.

17. The combination with a plurality of fur-
nace chambers, a vapor generator and a fluid
heater arranged in heat conducting relation to
each of said furnace chambers, means associated
with each of said fluid heaters for producing an
effect representative of the rate of flow of tluid
therethrough, means associated with each of said
vapor generators for producing an effect repre-
sentative of the rate of flow of vapor therefrom,
means sensitive to said effects, and means for
changing the ratio between the rates of flow of
fluid from said heaters controlled by said last-
named means.

18. The combination with a plurality of fur-
nace chambers, a vapor generator and a fluid
heater arranged in heat conducting relation to
each of said furnace chambers, an electric cir-
cuit associated with each of said fluid heaters,
means for producing an electrical current in each
of said circuits bearing a functional relation to
the rate of flow of fluid through the associated
heater, an electrical circuit associated with each
of said vapor generators, means for producing an
electrical current in each of said last-named cir-
cuits bearing & functional relation to the rate of
flow of vapor from the associated vapor gener-
ator, a movable member, an electro-magnetic
winding connected in each of said circuits for
exerting s force on said movable member, valve
means for controlling the rate of flow of fluid
through each of said heaters, electrical means
for controlling said valve means, a source of cur-
rent for energizing said electrical means, means
for regulating the energization of said electrical
means from said source of current controlled by
said movable member.
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