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FRANKLIN A.

MORLEY, OF SYRACUSE,

NEW YORK.

Letters Patent No. 107 ,0323, dated September 20, 1870.
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IMPROVEMENT IN EVAPORATING SALT-WATER AND OTHER LIQUIDS.
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The Schedule refarred to in thzse Lietters Patent and making part cf tha same.

To all whom & mas Y CONCEFN :

Be 1t known that I, FRANKLIN A. WIORLEY of Sy-
yacuse, in the county of Onondaga and State of New
York, have invented an Improv ed Method for Evap-
_omtmtr Salt-Water and Other Liquids; and I do here-
by declare that the following s a full, clear, and ex-
act description thereof, w hicl will enable tlmbe skilled

in the ait to make and use the suame, reference being

iad to the accompanying drawing forming part of thh
%pemﬁmtlon in whiclie— -

Figure 1 is @ vertical ]cmfrltmhml sectlon of my in-
~ wntlﬁu
 Figure 2 is a cross-section, enlarged, t.«.llaen i the
Hne z z in fig. 1. |
Figures 3, 4 5, 6, 7, 8§, and 9 are det.-.ul views,
]Jln'ule 10 shows Eb more full or extended applica-

tion of the method, with a modification, showing the
use of a fr esh—xmter qtuam-bmlw for actuating tlse Se-.

ries of salt-boilers.

Simiar letters of reference indicate like parts in the

several figures,
- The {)bject of this invention is to apply the hLeat in
such manner that it may be used repeatedly upon the
several boilers of a series, efficiently and without loss
of evaporative force, as hereinafter explained.

In the ‘weompamnw drawing—

Al A? A% At is a series ot smlt—bmlﬁm or ev :111{11&113-'

ing-vessels, and

B shows a vessel for heatin g and purifying t.he feed-‘

water,

Iach boiler A formed by a nest of flues or tubes, «
«, that connect an upper chiamber, D, with a lower
conoidal chamber, I; and each boiler is filled with salt-
water, so that its upper chamber D is neatly full, the
tubes a ¢ and the lower chamber II being entirely
full,

The heat from the farnace O flows into the cham-
ber k k, and steam is formed above the water in D%

This steam flows from D' througl -the pipe d' d',
into a shell or jacket, £ 7, that incloses the Hues of the
second boiler A% and hiere the steam is condensed on
said Hues ¢ @, and gives up its heat to form steam in
chamber D3 -

This new steam in D? flows through’ tlle pipe
into the jacket £ f of the third boiler .M, and is con-
densed on the Hues of said boiler, and, in giving up its
lheat by condensation, new slemn is formed in the

chamber DY and this steatn, passing through pipe &,

into the jacket of boiler A% is condensed on the flues
of said boiler, and forms steam in chamber DY, and

this steam from D* Is allowed to escape into the open

air, or is withdrawn by an ejector-condenser, or the
steam from this Iast Doiler can be used to heat the
feed-water, as hereinatter more fully explained.

B>+

In order to repeat the effect in this manner, witli-
out loss of evaporative power, I generate the steam in
the first boiler A! under a pressure of about one hun-
dred and fifty pounds to the square ineh, making the
temperature of the steam in Dtabout 3650 Falren-
heit.

This steam passes into A% and, cundensmw upon its

flues, forms steam in D? LU a tempuatme ol 315°,

and with_ a pressure of seventy-two pounds to the
incli; and this new steam flows into jacket A% and,
condensing on the flues, makes steam in D® at a tem-
perature of 265°, with a pressure of thirty pounds;
and this steam passes into A* and condenses on_its:
tubes, and forms steam in D* at atmosphel e Dress-

ure.
By this means the sveam on the outside of eacii set -

of flues is-kept at a tenperature of about 50° above
the water within the flues, and this gives a rapid ebn-
lition within all the hUllBlH One-hilf of this differ-
ence of temperature between the steain outside and

the water inside of the flues, or 259, makes the water
in the boilers Dboil with sufficient cenergy to give 4
rapid cireulation in said boilers.

It is necessary to have a g-:}od circulation in the
boilers, to prevent salt from forming on the he&tmm
surfaces. |

The cirenlation is Obtmned by m
tubes @ a of different diameters,

A large tube, ¢, is placed in the center of each nest
of tubes, and as this tube holds mueh more water, in
proportion to its heating-surface, than the smaller

making the flies or

tubes, the consequence is the smaller tubes always be-

gin to boil first,.and the steam-bubbles cause an up-
ward current in said small tubes @, and this upward
current 1s cmnpeuswted by a doww ard ﬂuw through
the large 1}1pe .

Wlwn in - fall opemtion, the water never boils in
the large tubes, as the water, in passing down thern,
is s.nhjeuted to a constantly-increased pressure of water
above, and although the temperature of the water is
increased - while passing down the large tubes, the

boiling all takes place in the ascending cmrrents or

small tnbes when the water has moved nearer to the
surface, a,nd a portion of the weight of water above is
removed, and, by this means, a stmnn' circulation of-
water or blmels maintained, and the Le: ating-surfaces
are very efficient, as thu stta..-un bubbles are swept rap- .
idly from them,

The downward current in each large flue  takes
all of the salt from the upper chamber D, and throws
it down in the conoidal chamber E, from which the

salt 1s occasionally removed, by blowing out by steam
pressure, into a sunitable t*mlt; or 1ecemng-veasel

The w aste heat or the gaseous products of combus-



tion from the furnace C pass thirough the chamber K
K K to the chimney L, and said waste heat, in pass-
ing to the chimney, passes around all of the jackets f
. J ot the boilers, and prevents radiation of heat from
said boilers A, and, by this means, the repeating pro-
cess is kept up mth full force from boiler to boiler.

The water formed in the jacket of A2 from conden-
sation of steam “falls to the Dottom of the chamber
formed by said jacket, and the exit of this water is
regulated by a float-vailve, G°.. When {he water has
accumulated sufficiently to -Hloat the valve-lever G?
the water escapes tiirough the pipe ¢* into the jacket
of A% This water has left A% at a temperature of
3059, and enters A, whu{..the, temperature is only 315°,
and the. consequence is that, as the water entoers A%
it gives off steam enough to instantly lower its tem-
pemtum to 316°, and in this manner a portion of the
heat from this w ater of condensation is extracted by
furnishing steam to heat the water-tubes of A%,
~ The water of condensation passes from one jacket
to the next, and in this manner gives off steam all the
Way. thloug:h thie series, and all of the water of con-
densation is discharged from the exit-pipe ¢* at a
temperature of 212° and is then thrown away, or B
used to heat feed-w lter
. The condensation water from the pipe g* is used to

heat the feed-water for the boilers, as tollows:

A long shallow tank, I I, fig. 3 i1s made, and pro-
rided with partitions h. It at each end s0 as to form
compartments H H?, and a series of ﬂuus, t, are then
placed in these pdrtltums h-l, so as to connect the
commltmeuts H H? with each other.

The hot-“_att,r waste-pipe g*1s then connected with
the pipe ¢°% and the lLot water passes iuto the com-
partment H, and from thence flows througli all of the
filnes @, to the eompartment H2 and out tlu'ourrh the
pipe g°. ‘While the hot wateris flowing through the flues
i, the cold salt-water is admitted Tnto the tank by

t!m pipe J, and flows along the flues i to the opposite

end of the tank and'is dischar ged at the pipe J°2

It will be notlced that the cold water flows through
the tank in a direction opposite to that taken by the
hot water, and by this means the Leat is more thor-
onghly extracted from the hot water; as the cold
water first encounters the hot-water pipes, after a
large portion of its heat has been given up, and flow-
ing tow.-,u‘d J2, it is constantly coming in contact with
water of a higher temperature, untll it reaches J?,
where the hot water is at about 2129, In this Way A

quantity of feed-water, equal to the Lot w ater, can be
heated to nearly ‘3‘000, while if both the hot and cold -

water travel in the same direction, the temperatures
could only be equalized, and not tlmt In practice, as
the hot water would be thrown away at o tempera-
ture of 10° or 20° hotter than the feed-water as it
Jeft the heater.

The flues ¢ are fitted in the partitions & % loose

enough, so they can be moved endwise, to allow them
to be taken out of said partitions for cleaning, when a
scale has formed on them. As the heat is a low
one, this scale or -deposit  can be removed with a
stiff broom, by merely rolling the flues in their seats,
50 as to get at their lower qule:s* but where the seale
is more atubum n these flues 4 can be slipped out in 2
few moments, and a relieving set of flues put in, and

the flues tlmt have been removed: ean be scaled

at lelsure, or the same set of flues can be sealed and
returned ta their places, and no relieving flues used.

A modification of thh heater is shiown by fig, 7, the |

principle of which is the same as that-just exp]mued
only the distance traveled by both the hot anil: cold
water is greater, witlhiout increasing the length of the
tank, the route taken by the w Aters leIb]lIl“‘ pon
itselt several times.

expoesed to each otlter for a longer time, and for this

l—

L

This increasiug of the dlsmnce.
through which the waters travel allows them to be-
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recason the heater is- more economical or effective, as
nearly all of the abnormal lLieat in the waste water can
Le extracted and given to the feed-water. |
The feed-water, after passing through the heater 1,
is pumped into a large plain feed-boiler, B, fig. 1, and
its temperature is there brought fully up to the boil-
ing-point by waste heat from tlle furnace C, and the
water or brine is then hot enongh to supply the

bmlu' A, and is pumped into said Doilers at once, if

there are no impurities to be first taken from the
water. If the brine holds carbonate and sulphate of
lime in solution, then it is purified, so as to get a good
quality of salt, and ‘to prevent formation of scale in
the bollers A. - |
The brine is purified as follows:
There are two or more of these feed-boilers B usui

and they are made to relieve each other, so as to keep

up a constant supply of feed-water. A feed-boiler is
filled with brine, and salt is blown from one of the
boilers A into the feed-water, to fully saturate it with

salt, and this, in connection w1th its termperature, be-

ing brmmht to the boiling-point, causes the carbonate

of Time to be thrown dow n, the water having a greater

affinity for salt than for the carbonate of lime, and the
increased temperature of thie water dlmng oft the

carbonic acid, so that the .lime becomes insoluble and

settles to the bottom of the boiler B. A portion of
the sulphate of lime is also precipitated, but it may
be found necessary to take a further step for wholly
removing this impurity, which will be expldmul her*t,--

after.

To facilitate the saturation of the feed-water mtl:

salt, and not waste the salt, a perforated vessel or

wire rack, M, figs. 8 and 9, is pronded and suspende!
on & shaft, / l fig. 8, the said shaft and raclk I M be-
ing ]}]:L(!Ld within the boiler B in a vertical position,
au{l in such maunner as to be rotated by the same
power that operates the feed-pumps of the works;
and a quantity of salt being blown into this rack, and

the rack caused to rotate s]ow]y, a current of wateris
-con&tantly thrown outward from the center of the

rack through the salt and over its surface, and this
agitation-or current soon brings all of the water in
confact with the salt, and saturation i 1s rapidly brought

; '1buut and.the mltatlon also facilitates the liber a,twn

of the carbonic acid.

The rack M .has an open center, m, ﬁg 8, that al-
lows water from below to pass up into the center of
the rack, to supp]y the centrifugal current that is
cnnstautly passing oub hmmmtftlly through the salt
m the rack.

Salt can be blown into this rack, when it is in mo-
tion or at rest, by suitable cmldmts or pipes, that lead
from the conmd.«,{l chambers E and terminate over or
in the upper part of the rack M.,

To check the discharge of salt from said blow-pipe,
and. prevent it from being thrown over the rack into
the body of the boiler B, by the suddéen dispersement
of the hot water as it Ieaves the blow-plpe, the mul

pipe has a per folttted chamber or nozzle, o, fig. 6, at

its diseharging end.

To get out the remaining portion of the sulphate ot
lime, Lfter the tfeed-water has been heated and brought
to the boiling-point, a cover is provided for the boiler
B, with a large valve or door opening inward, for con-
wm(,m,e of access, which will {Jﬂnﬁne the stefmm that

is formed in the bmlu*, and the temperature of the

teed-water is raised to 365°, and the salt-rack M is
Kept in motion to agitate the water. At this tempei-
atare the brine Lias become purified from the sulphate,
and the feed-water is then runoff into the boilers
without the Aid of feed-pumps, the pressure in B be-
ing sufficient to halance or overcome the pressure in
tlic boilers A. |

The sulphaté of lime is totally insoluble in water

at a temperature of 3009, and by the time the feed-




water has reached the temperature of 3609, the im-

purities have had time to settle, and the brine is ready

for use. - ,

But little scale is formed in the Loilers A when the
feed-water lias only leen saturated and heated to
to 212°, and the boilers could be run for axbout sixty
days, and then cleaned readily by filling with fresh
water until the Hues are covered, and adding a mod-

crate portion of chloride of ammoniam and Iiydro-

clilorie aecid. |
The boilers A are also designed to obviate scaling
as much as possible, the loose impurities being with-

drawn from the cireulation as fast as they are liber-

ated, by falling from the downward current as it leaves
the lower end of the large flue , and settling into the
~conoudal chamber I, where no steam forms to agi-
tate them, and where they are Lelow the agitation
caused by the circulation of the brine; but, as a bet-
ter quality of salt is made by first purifying the feed-
water frony the sulphate of lime, the heating of the
feed-water to 300° and upward is preferable, with wa-
ter containing much of this itnpurity. o

Fig. 4 shows a section of the ejector-condenser.
The object of this condenser is to make the last one
or two boilers of the series-boil at a temperature less
than 2129, the last boiler operating at a temperature
of 150°, or thereabout, so that a greater difference of
temperature can be obtained between the first and
last boiler of the series, and thereby make the evap-
oration more active and energetic throughout the
series. | B S

The condenser is operated by admitting cold water
through the pipe s, and the steam, flowingin through
the pipe ¢*, condenses so rapidly at the mouth of the
cold-water pipeastoeject the condensing water and air,

and keep up a vacuum of several pounds in said con-

denser S and chamber Dt

The boilers are fed by suitable f‘eed—pumps that are

operated by a small engine, the steam to work
the engine being taken from some one of the boilers A.
- The pumps are so located as to be keptat a hotter
temperature than the feed-water, and by this means
no salt will form on their inside or working-parts.

To do this each pump has more or less of its body
placed within the chamber D of its boiler. The
reason for this is that saturated water, if chilled
by its contact with the.pump, would hold in solution
less salt, and deposit a portion ; but, if the, tendency
of the contact is to licat the water, its capacity for
- salb 1s increased, and no salt is deposited on the pump

as the water 1s passed through., B

The boilers are provided with gauge-cocks, so that
the height of waterin the chambers D can be known
when they have been pumped up to the proper height
and, as the gauge-cocks are liable to become fouled by
salt, a follower, N, fig, 5, is used to clear them, as oc-
casion may require. If; on opening a gauge-cock,
neither water or steam is ejected from the boiler, the
follower N is inserted, and pushed through by a blow
with a mallet, the follower having a side handle n, to
prevent hot water from being thrown upon the hand
of the operator. | -

. The salt-blowing pipes are provided with suitable
gates or cocks for opening and closing them at will,.
and the several boilers are each provided with a safety
or escape-valve, similar to those in common use on
other steam-boilers. -

The salt is drawn from the boilers A into a tank,
P, by the salt-blowing pipes e ¢, figs. 1 and 2.

The water that is blown out into the tank P with
the salt is drawn out of said tank by the feed-pumps,

and returned to the boilers, and the salt is then.

-shoveled into baskets, or onto racks above said tank,
to drain into the tank. |
This tank can be placed above the boilers, as shown,

3
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or can be placed near the ground by the side of the
boilers. o - | |

The salt-blowing pipes ee ean be conducted upward |
through the center of the boilers, as shown in fig. 1,
or they can make the connection between the salt-
chamber & and tank P, outside of the boilers.

- Liach blowing-pipe ¢ has a cap, r, to catch the dis-
charge, and cause it to drop from the end of the pipe
into the tank., o o

The tubes 4 in the heater I ean have collars of hemp,
or rubber rings, for tightening the joints in the par--
titions h, and these packing-rings can be pressed on
tire juint by a follower or nut on-one end of the pipe,
while a fixed shonlder on the pipe will answer for the
opposite end. This will allow these-flues to be taken
out for removing scale from them, or for cleaning out
the tank I at any time, although, usually, the loose
deposit of lime will be rinsed out througlh one or more
holes in the Lottom of the tank, that are closed by -
plugs when the lieater is in use..

- Fig. 10 shows a more full application of the method

than is shown by fig. 1.
Waen the works are extended to this extent the
condenser is dispensed with, and all of the steam that

15 genérated by the last boiler A2 is conducted into

the teed-water in B, (after said Teed-water has been-
heated to nearly 200° by the heater I,) to raise its '1

temperature fully up to the boiling-point.

The salt made by the boiler A2 is also added
to the feed-water, so that the steam thus used does
not weaken the brine, and the salt-making work of
the boiler A” is sacrificed to give the additional heat
to the feed-water, for simplicity of method, and for
expediting the preparation of said feed-water. No
extra vessels are required; and the lheat of the steam
is conveyed to the water in B at once as they come in
contact, | I

A fresh-water boiler, T, can be used to actuate the
series of boilers A' A* A3 &e., and steam from this
fresh-water boiler passes through the pipe ¢ into the

jacket of boiler Ay and, as this steam condenses, the

water immediately returns to its boiler T by a pipe,

a, and in this mannerthe height of water in the fresh-

water boiler regulates itself, and requires little or no
care ; and, as distilled water is constantly returned to
the boiler, no scale can form in it, and it is always in

‘@ clean and efficient condition, and there is no danger

of overheating the boiler-plate of said boiler.
T'his boiler will drive a small steam-engine for work-
Ing the feed-pumps, and for rotating the saturating-
racks, and this will take some water from the boiler;
but what feed-water that is required tobe pumped in-
to the boiler is taken from the waste-pipes ¢, so that

-nothing but distilled water will enter the fresh-water

boiler. And, as the other boilers A- are leated by
steam, there is no boiler-plate about the entire works
or tlues that can be injured by heat, and a good de-
gree of endurance for the apparatus is thereby in-
sured. . | -
The chambers D and E are of cast-iron, made suf-
ficiently strong to bear any pressure that may -be
brought upon them, and will wear a long time, as thic.

‘Iron is not exposed to overheating.

and the flnes @ ¢ are also of ‘wronght-iron. |
A much larger number of flues, @, are used than'is
shown in the drawing, so that a large heating-surface

The jackets or shells ffare wrought-iron plates,.

- is obtained for the steam. -

- Where the system is extended so far as shown in
fig. 10, the evaporation in each boiler is less. rapid as
the difference of temperature between the steam on
the outside of the flnes and the water inside of them
is reduced to about 14°, but this is sufficient to give
the proper cireulation in the boilers A, but it is about
the practical limit of the process.



No more heat is required to evaporate the water "

under pressure than in an open vessel.

The method generally in use is the kettlu metliod,
the evaporative efficiency of which is '5.5 pounds of
water to the pound of coal.

The best steam-boilers are capable of converting
twelve pounds of water, fromn the Doiling-point, into
‘steam, for each pound of fuel. A good fresh-water
boiler, T, is capable of making twice as much steam
per pound of fuel as is made by the kettle system now
in use, and the effect of steam from the boiler T is
increased tenfold by the series of boilers A ; conse-
quently, the evaporative power of this m(,tlmd is about
twenty times that of the ordinary method.

Having thus described my invention,

- ‘What I claiim, and desire to secure 1n Letters Pat-
ent, 18—

1, A series. of evaporators, A' A® A3 the steam of |
the preceding one boiling the next; as deseubed when
mranged in a chamber, K K, between the fumaoe G
and chimney or outlet L, so that the waste heat from
the furnace shall pass arouud the seriesof evaporators,
and prevent radiation or loss of heat from sald evap-
orators or steam-jatkets f f.

4

-last boiler of i series
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2. The pipes g', to convey the water of condensa-

tion from the jacket of one evaporator of a higher

temperature to that of the next evaporater, so that

more heat can be extracted fremn the condensation
water and applied to the exﬁpmahng-muf‘lces, sub-

stantially as described.
3. The salt-boilers A, when made with an upper
chamber D and lower clmmbel I, and said chambers

connected with each other by flues « a, and having a

steam-jacket, f f, as hérein described.

-4, The ejector-condenser S, in combination with the
, Al A? A" as herein- specified.
- 5. The camblmtmu of the’ tank or salt-receptacle
P with the salt-pipes e ¢, for the. purpose specified.

6. In eombination with the salt-blowing pipes ¢, the
caps 7, for the purpose herein descr ibed.

The above specitication of my invention signed by
me this 16th dn} nf May, 1870.

I'. A. MORLEY.

Witnesses:
W, J. DODGE,
18, H. MILT.S.
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