807,783

1_

F. W. GAY

STEAM GENERATING SYSTEM

June 2, 1931.

1929 2 Sheets-Sheet 1

Filed April 12,

mnh\m.

i
==

",

RS

M

5
8

INVENTOR. -

FRAZER W.GAY

_BY ?WA

ATTORNEY



June 2, 1931. F. W. GAY

STEAM GENERATING SYSTEM
Filed April 12, 1923

1,807,783

2 Sheets~Sheet 2

///
. / ///4- 35
' <. Y- R 2
’ /_—_—:_——"_- At 5
+J| i\ ea |
AN == ARz
\\
W\ @ \\CDO (/
d| @ | | - ;—25
26 . H
0O O I
E —— O | — 24
25— @ —
24 \ ; O —_— O LN
—
O —= ©)
= @ _ — O 29
20 4 @ - O \ 8
& 7 == O _ 25
L 8 Q== > 0 7
3 I @ @\‘\ ! .
7/ N P ‘
oINS = ©) “
/2 o
Z4 L ‘?fl rl I l ) “m: TN o
27 1 NS 7 50 2z
35, _ |
— l | P ‘
(33 “32
INVENTOR.
Fie. 2 FIRAZER W, GAY

BY

WD

(ol ardo—s

ATTORNEY. ..




e

L‘}

Patented June 2, 1931
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1,807,783

PATENT OFFICE

FRAZER W. GAY, OF NEWARK, NEW JERSEY

STEAM GENERATING SYSTEM

Application filed April 12,

This invention relates, generally, to the
generation of steam; and the invention has
reference, more particularly, to a novel steam
generating system especially adapted for

generating and superheating high pressure -

steam.

The rapid increase in boiler pressures in
recent years has resulted in the relatively
common installation of boilers with pres-
) sures lying above one thousand peounds per
square inch and employing high superheat
temperatures. Boilers commonly used ior
such high pressure installations are not only
expensive, owing to the relatively great areas
5 of high pressure tubing required, but are also
somewhat dangerous in use. Also, the
area of high pressure superheater pipes neces-
sary for adequately superheating such steam,
adds greatly to the cost of the steam generat-
ing installation. For effectively superheat-
ing the steam, the temperature of the super-
heater pipes must be much higher than that
of the steam, and when operating with maxi-
mum superheat, the steel temperature is so
high as to materially weaken the superheater
pipe strength. This results in the necessity
for closely controlling boiler conditions so as
to prevent overheating of superheater pipes
and their consequent damage.

It is the principal object of the present in-
vention to provide a novel steam generating
system capable of a safely and cheaply pro-
ducing superheated steam of any desired
working pressure, and wherein fused metal
or metallic alloy is heated at substantially
atmospheric pressure and is employed as the
heat conveying means for.effecting the va-
porization and superheating of steam.

In carrying out the invention, a fused alloy
is cirenlated through tubes suitably located
in a furnace. The alloy is subjected to at-
mospheric pressure only and the maximum
pressure obtaining in the furnace is that due
to the static head of the alloy. In use, the
alloy in.a cooled condition enters the furnace
near the bottom thereof and rises as it is
heated and is taken out at the top of: the
furnace in a highly heated condition tc be
used for producing steam having the desired
superheat. Since the maximum static pres-
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sure in the furnace tubes is in the lowermost
tubes, and as the cooled alloy enters at the
bottom of the furnace, these tubes are never
very hot so that their strength is not weak-
ened by the furnace temperature. The alloy,
as it moves upwardly through the furnace
is heated more and more, while at the same
time the static head on the successive tubes is
decreasing, so that at no time are the tubes
subjected to combined high pressure and
high temperature. The fused alloy deliv-
ered from the top of the furnace is forced by
means of suitable alloy circulating . pumps
into the top of a boiler and sprayed theérein
s0.as to fall upon the watet in the boiler evap:-
orating the same and superheating-the steam
as it rises in the boiler. ~The cocled alloy cel-
lects in the bottom of the boiler and is al-
lowed to run out of the boiler and thence
through a pump engine which functions to
supply driving power to the alloy circulat-
ing pumps. Additional motor means is used
for supplying any additional power that may
be necessary for operating the alloy cireulat-
ing pumps. From the pump engine, the
alloy passes back into the bottom of the fur-
nace to be reheated therein; preliminary to
another passage through the boiler.

Additional superheater means are adapted
to be employed between the various stages of
the turbines so as to inaintain a high super-
heat 'in the steam as it passes through the
turbines.” -~ These additional superheater
means may utilize either high pressure steam
as a source of heat, which steam will not be
over approximately 700¢ F. or alloy may be
tapped from the top of the furnace and
sprayed into-the low pressure steam super-
heating the same. In the latter case the
cooled alloy will be pumped into the bottom
of the furnace as before.

It is well known that in steam turbine
operation, the portion of the heat energy that
is put into water to change it into the vap-
orous state, 1. e. the latent heat of vaporiza-
tion is largely lost in the condensers when
the steam is again recondensed. Only that
portion of the heat energy that is used to
superheat the steam is efficiently converted

-into mechanical work and hence high degrees
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of superheat are desirable. In the super-
heating of low pressure steam, fusible alloy
may first be sprayed through a body of high
pressure steam which serves to heat the fLNoy
and the alloy may then be sprayed into the
low pressure steam superheating the same.
Owing to the finely divided "on(htlon of
the alloy and consequent enormous surface
area of the same, as it is thus sprayed, it
rapidly absorbs heat from the high pres-
sure steam and almost as rapidly gives it
up to the low pressure steam. The pressure
energy of the alloy 10&\*11}0 the high pres-
sure stcam chamber may be used in part to
pump the cooled alloy back into the high
pressure steam chamber for reheating.

Other objects of this invention not at this
time more pql‘tlculurly enumerated, will be
clearly understood from the J’fo‘lowmfr de-
tailed description of the same.

The invention is clearly illustrated in the
accompanying drawings, in which :—

Fig. 1 is a diagrammatic elevational view
partly in section of the novel steam generat-

. ing system of thisinvention, and

Fig. 2 is an enlarged part sectional view
ot the alloy furnace used in the generating

system.

Fig. 8 1s an enlarged fragmentary view 0F

a portion of the structure shown in Fig.

Similar characters of references are em-
ploved in all of the hereinabove described
views to indicate corresponding parts.

Referring to the figures of the drawings,
the reference numeral 1 designates a Luna(e
that iz adapted to heat a suitable metallic al-
loy, such as an alloy of lead, bismuth and
tin, which alloy is used for vaporizing and
superheating steam. 'The furnace 1 com-
prises an inner shell 2 of substantially cy-
lindrical shape having a dome Shupm closes
upper end and an open lower end. The shell
2 is supported from metal uprightb 3 as by
brackets 4. The metal uprights 8 extends
vertically within the furnace 1 and have their
fower ends supported upon the farnace
foundation 6. & substantially eylindrical
outer shell 5 surrounds and is spaced from
the inner shell 2. TFhe outer shell 5 also has
a dome shaped upper end which terminates
in a stack or chimney 7. The lower portion
of the outer shell 5 1s outwardly enlarzed
at 8 so as to provide an enlarged annular

chamber 9, extending between the inner and
outer shells.

The furnace 1 ig illustrated as having a
substantially continuous spirally arranged
furnace tube 10 comprising an outer. and
inner pipe providing an annular space {'hen~
between thz'ouon which space the ﬂllov cireu-
lates in its passage through the furnace. The
furnace tube 10 enters Lh“ boiler in the lower
right hand side thereof, as especialiv shown
in Fig. 2, and is ﬂh*stm"e(‘ as havim e

[t} \)
outer unls or convolutions 11 and LQ pos

1,807,783

tioned within the annular chamber 9. From
the chamber 9 the furnace tube e te‘)ds' into
the inner shell 2 and is wr apped spirelly
within this shell s0 as to extend from the bot-

tom to the top thereot and comprising a plu-
rality of ,sucrx,aswc inner convolutions form-
ing an interior combustion chamber 13.
number of the convolutions at the upper and
lower end portions of the tube 10 within the
inner shell 2 are of pr rogressively udumd
diameters and as each successive overlying
convolution has its periphery contacting
with the next udﬂcenf lower conv Oh't](n],
the combustion chamber 13 is closed at its
sides and has reduced cnﬂ" which provide ¢
desirable space for completing the combus-
tion of the fuel used in the furnace and for
holding the heat produced by such combus-
tion so that the same is conducted through
the walls OJ. the tube convolutions and ab-
sorbed by the alloy within the furnuce tube.

The upper end of the furnace tube 10 ter-
minates in an annular veservoir 14. The an-
nular reservoir 14 has a vent pipe 15 ..hi(,h
connects the interior of this reservolr witl
the interior of the nner shell 2. An ou“et
pipe 16 connects with the annular reservoir
14 and extends (,:(tnr orly of the furnace 1.
The successive convolutions of the furnace
tube 10 within the inner shell 2 : 1\(1 the an-
nular reservoir 14 are supported upon the
metal uprights 3.

An cconcmizer 18 is illustrated as l(m-
honed within the chamber 9 above the coil
11 of the furnace tube. FThe ceonomizer 18
has an inlet pipe 17 and an outlet pipe 25.
The enlarged portion 8 of the ouiter shell is
exteriorly surrounded by an annular wall 19,
thereby providing an air passage 9 extend-
ing between the outw surface of the portion
8 and the inner surface of the uumhu' wall
19. This passage is doJeJ at its upper end
by an end wall 29. Air ports 21 extend be-
tween the metal uprights 3 and connect the
passage 20 to the interior of the furnace. A
hollew cyh wdvical casing forms the greater
portion of the exterior wall of the furnace
and has an upper portm-) 23 surronnding the
intermediate portion of the cuter shell 5 and

an enlarged lower portion 22 surrounding
the fmnular wall 19. This cylindrical cas Jmo
provides an annular air duct or ch 11.1bu‘
extending from the botto‘n of the furnace
toward the top thercof. A piarality of cir-
cumferentially arranged prehester tubes 26
are positioned within the annulsr space pro-
vided between the inner and outer shelis and
these tubes have their upper enu connected
to the air duct 24 near the fop of this duct and
their lower ends connected to the air pas-
sage 20.

The enlarged portion 8 of the outer shell
18 p‘u’tlully doqed ab its lower end by an an-
nular base pre ‘)t

The inner periphery of
the base plate 27 is provided with an up-
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“standing flange 28 which conforms to the

lowermost convolution of the furnace tube
10 positioned within the inner shell. The
base plate 27 together with its flange 28 acts
in conjunction with the air ports 21 to con-
duct air inwardly of the furnace and into
the combustion chamber 13. The furnace 1
is illustrated as being supplied with liquid
fuel passing into an anunular pipe 30 from
which it is fed through burners 31 to'an ig-
nition chamber 32. The ignition chamber
32 is provided at its lower end with a trough
33 which is adapted to coliect refuse material
falling from the interior of the furnace.
Air 1sadapted to be driven into the furnace
1 by means of a blower 34. Air from blower
34 passes through a conductor 35 into the bot-
tom of the duct or chamber 24. This air
passes upwardly within this chamber and
into the preheater tubes 26. Passing down
through these preheater tubes, the air then
enters air passage 20 and from thence it
passes through air ports 21 into the ignition
chamber 82. In the ignition chamber, this
air combines with the burning fuel supplied
from the burners 81 and the gaseous mixture
passes into the combustion chamber 18 where
combustion is completed and great heat de-
veloped, which heat causes the heating of
the furnace tube 10 -and its contained alloy.
The hot gaseous mixture passes up through
combustion chamber 13 and through the inte-
rior aperture 35 in the reservoir 14, which
aperture serves as the furnace throat. Irom

i the throat 85 the gases pass around the up-

per surface of reservoir 14 and down between
the exterior of the inner convolutions of the
furnace tube 10 and the interior surface of
the inner sheil 2. Passing under the-lower
end of the inner shell 2, this gaseous mixture
hen passes up and around the outer convolu-
tions 11 and 12 of the furnace tube, around
the economizer 18 and up between the inner
and outer shell and the preheater tubes 26
and finally out of the chimney 7.

The hot gases within the combustion cham-
ber 13 serve to heat the alloy within the inner
convolutions of the furnace tube to a high
temperature. The passage of the gases
around the reservoir 14 and down along the
outer surfaces of the inner convolutions of
the furnace tube serves to further heat the al-
loy within these members. The somewhat
cooled gaseous mixture then passes over the
outer convolutions 11 and 12 of the furnace
tube. Since the alloy within the convolu-
tions 11 and 12 has just-entered the furnace,
such alloy is relatively cool and consequently
extracts considerable heat from this partly
cooled gaseous mixture. The economizer ex-
tracts still more heat from the gaseous fur-
nace fumes and the preheater tubes 26 finally
extract an additional quantity of heat from

these fumes so that when the fumes finally

pass out of this chimney 7 they are relatively

3

cool. It will benoted that the outer shell 5 as
well as the preheater tubes 26 absorb heat
from the furnace gases, thereby preheating
the incoming-airsupply. Thusthe furnace 1
is extremely economical in operation and se-
cures a maximum heating effect per cubic
volume of combustible fuel.

It is to be understood that the specific fur-
nace disclosed is illustrated by way of exam-
ple only and though suitable as shown for
small installation, this furnace would doubt-
less be constructed in sections for larger units.
Also it will be apparent that other forms of
furnaces may be employed for heating the
alloy, such for example as the commen types
of steam boilers and it is therefore not intend-
ed to Limit the invention to the form of fur-
nace shown.

The alloy within the furnace tube 10visesin
the furnace 1 as it is heated and absorbs
more and more heat as it progresses up-
wardly through this furnace so that by the
time it reaches the outiet pipe 16 this alloy
ig very hot. Inasmuch-as the alloy in the
lower furnace tube convolutions is relatively
cool, the tube walls of theselower convolutions
are also cool and can well carry the higher
static pressure head to which such convolu-
tions are subjected.

The hot alloy leaving the furnace 1 flows

‘through pipe 16 to a pump 86 which pumps

this .alloy through a pipe 37 that connects
with an annular spray ring 38 positioned
within the upper portion of a substantially
cylindrical heavy walled high pressure boiler
39. The spray ring 88 has a plurality of cir-
camferentially arranged small spray aper-
tures through which apertures the hot alloy is
sprayed in a cloud of small droplets. - The
sprayed alloy passes through a superheating
space 40 provided in the boiler 39 and falls
upon the water 42 contained within this boil-
er. The alloy gives up its heat to the water
492 evaporating the same and as the steam so
formed rises into the superheating space 40
the hot incoming alloy acts to superheat this
steam to the desired temperature, depending
upon the temperature of the alloy leaving the
spray ring which may be controlled as de-
gired. The spray ring 88:1s carried by the
apron 43 that is secured to the lower end of
the high pressure steam outiet pipe 44. The
pipe 44 15 adapted to supply superheated
steam to the high pressure turbine 45.

The high pressure boiler 39 is provided
with a substantially cylindrical baffle plate
46 which is spaced inwardly slightly from
the inner walls of the boiler and has its lower
end portion, which projects into the water
42, constricted somewhat at 47. The upper
portion of baffle plate 46 is dome shape and
18 provided with a central aperture 48
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through which the outlet pipe 44 extends.:

The aperture-48'is somewhat largerthan pipe
44 so that saturated steam passing up be-
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tween the baffle plate and the inner wall of
the boiler may pass down through this aper-
ture 48 and into the su’)erheatuw spa e 40.
“he baffle plate 46 is prm’lded interi orly with
a _circumferentially extending trough 50
which is positioned somewhat above the sur-
face of the water 42. A phuahuy oi pipes
or conduits 51 are connected with the trough
530 and extend downwardly through aper-
ture provided in the constricted portion 47.
‘he ’crou"h 50 is adapted to catch a portion
of the ‘1110y sprayed from the spray ring 38
and especially such alloy as runs down “the
inner sides of the baflle plate 46. The alloy
thus collected by the trough 50 is conducted
by 1upcs 51 to the water 1 ing between the
constricted portion 47 and the inner walls of
the boiler 39. Th alloy thus delivered be-
tween the constricted portion j( and the in-
ner walls of the boiler 89 produces a vapid
evaporation of steam from the surface of the
water extending between the baflle plate and
the nlner hoiler \Vo.lln, the constricted por-
tion 47 aiding in directing steam o such wa-
ter surface. This saturated steam rises up-
wardly between these members and serves to
keep the temperature of the boiler walls at
that of the saturated steam, thereby protect-
ing these walls from the high cupemeuu
Lempu'at ure obtaining in the superheating
space 40. A portion of this saturated steam
15 adapted to pass through a feeder pipe 52
into the top of an aux ﬂnry boiler 53. This
saturated steam passing inte the auxiliary
boiler 53 is adapted to condense in a manner
to be further _described, and the water of
condensation 54 so formod is adapted to
colleut in the bottom of the auxiliary boiler.
Excess condensate is returned to high pres-
sure boiler 39 by way of pipe 55. The por-
tion of the saturated steam passing up be-
t veen bafile plate 26 and the inner valls
the boiler 39 which is nob supplied to the
auiliarvy boiler 53, passes through aperture
48 and down into the suoerheatmo space 40
‘here it is superheated and finally passes oub
wough outlet pipe 44 to be consumed by
e high pi'ossu!e tarbine 45. The alloy
prayed within boiler 39 collects in the bot-
Bhl of this boiler at 56 and owing to the high
d pressure in thls boiler, is oradtnlly
mrced outwardly ot the boder through me
pipe 57 and into a pump engine 58 which act
to drive the pump 26. The alloy leaves the
pump engine 38 by way of exhanst pipe 59
Wmdl connects to the furnace tube 10 to be
recirculated thry ong h the furnace 1 for fur-
ther ho ating.  Any additional torque which
may be required to drive pump 36 may be
supplied by any smtable motor not shown.
The exhaust steam from high pressuve tur-
bine 45 pag es th ough a conduit 61 into a
eheater 6 “he reheater 62 is a hollow cy-
indrical v"svel closed at its ends and is pro-
ided with a spray ring 63 which is similar

1,807,783

to the spray ring 38. The spray ring 63 is
(c\,u\l)ued to be suv)phed with hot alloy from
the a2 iliary boiler 53. 'This ailoy is adapt-
ed to be pumped from the sump 64 in the
bottom ot reheater 62 by a pump 65 to a
spray ring 66 provided in the upper portion
of auxiliary boiler 53. This alloy flows from
sump 64 Lnrmwh a plpe 67, through pump
G5 and = p’pe 68 into the spray ring 66 po-
s1t10ned within the upper portion of auxili-
ary boiler 53. The alloy thus sprayed by
spray ring 66 falis downwzu'dly within boiler
58 and is heated by the saturated steam there-
within. This f']}o‘y coll ectmo’ it (}9 in the
b ttom of the auxiliarvy boilex adually
forced oufv'fu'dly of this boﬂer bv the pres-
sure of the saturated steam therein. !11» al-
loy passes ﬂll()d('h a pipe TLand into a pump
engine 72.  The pump engine 72 acis to ‘drive
the pump 65. From the pump engine 72,
this alloy passes through pipe 73 and into
spray ring 63 pxovmefl in uhe reheater G2,
The hot dllo sprayed downwardly within
reheater 62 sérves to sug perheat the relatively
low pressure exhaust “steam coming frow
turbine 45. This superheated steam rises
within the reheater 62 and passes through
outlet pipe 74 thereof into low pressare {ay-
bine 75, therelsy operating this turbine. The
tulbme 75 exhausts mreutly into a con-
denser 76. Cendensate formed within "n'ho
condenser 76 is conducted by a pipe 17 to the
econcmizer 18 prowded in’ furnace 1. Afif-
ter being heated within economizer 18, this

.< (‘

condensate passes through a bo:!ec fead
pump 77 amd by way of a pipe 79 into the
bottom of high pressure Doiler 39. This

th m‘ngh

is

condensed water while passing up
the alloy 56 into the bottom of this ! aone
greatly heated thereby, so that by the
thb feed water reaches the body of \""bo. in
the boiler 1t is substantially at the ‘;011;11:«;
point.

It will be noted that with the exce ph.m of
outlet pipe 44 which may be of relatively

short length, no high pressure, high tempera-
ture piping is used in the novel steainl gener-
ating system of this invention, which is net
onlv conducive of safety and ceon ioiny but
which enables the present system to produce
exceedingly high degrees of superheat.

Also, the act uﬂl pn.vslc'd contact of the
metal alloy with the boiler water and gener-
ated steam produces a rapid transfer of heat
between these subsé;nbes and enables a small
plant installation to have a relatively great

ste a1 generating capacity. )
The use of a baffle means for protecting the
high pressure boiler walls from the high tem-
perature of the incoming alloy and its super-
heated steam is a Valuable innovation as %
greatly enchances the pressure capacity of the
boiler with rdauve safety.

The use of the pressure energy of the al-

loy for 21551‘11110‘ in circulating the same is
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conductive of operating economy as is also
the continuous recirculation of the same al-
loy which in effect operates in a closed sys-
tem. '

As many changes could be made in -the
above construction and many apparently
widely different embodiments of this inven-
tion could be made without departing from
the scope thereof, it is intended that all mat-
ter contained in the above description and
shown in the accompanying drawings shall
be interpreted as illustrative and not in a lim-
iting sense.

‘What is claimed is :—

1. A steam generating system comprising
in combination, a furnace for heating a fluid
circulating alloy while at substantially at-
mospheric pressure and out of contact with
furnace gases, a high pressure boiler, and
pump means for pumping the hot circulating
alloy from said furnace into said boiler to gen-
erate superheated steam therein, said boiler
being so constructed and arranged that the
highly superheated steam generated therein
does not contact with the walls of said boiler.

2. A steam generating system comprising
in combination, a furnace, a high pressure
steam boiler having means to protect its walls

.against dangerously high temperatures and

means comprising a circulating metal for
conveying heat from said furnace to said boil-
er for generating and superheating steam
therein, said protecting means contained
within said boiler serving to retain hot alloy
and superheated steam away from the walls
of said boiler,

3. A steam generating system comprising
in combination, a furnace, a high pressure
steam boiler, means comprising a circulating

40 metal for conveying heat from said furnace

to said boiler, said furnace serving to heat
said circulating metal at substantially atmos-
pheric pressure and while out of contact with
furnace gases, and means for spraying said

45 circulating metal into said boiler for gener-

50
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ating and superheating steam theremn, said
superheated sfeam passing upwardly through
said metallic spray and out at the top of said
boiler without contacting with the walls
thereof. '

4. A steam generating system comprising
in combination, a furnace, a high pressure
steam boiler, means comprising a circulating
metal for conveying heat from said furnace
to said boiler, means for spraying said cir-
culating metal into said boiler for generating
and superheating steam therein, and baffle
means for protecting the boiler walls from
contact with the superheated steam therein.

5. In a generating system, in combination,
means for heating liquid metallic-alloy, and
a boiler, said boiler having a lower internal
liquid space and an upper internal vapor
space, means for spraying the hot metallic al-
loy supplied from said heating means into

5

said boiler, for evaporating the liquid in said
liquid space and for superheating the vapor
in said vapor space, and means for protect-
ing the walls of said boiler from the great
heat of said hot metal and the superheated
vapor.

In testimony, that I claim the invention set
forth above T have hereunto set my hand this
9th day of April, 1929.

' : FRAZER W. GAY.
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