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Lawrence's Improvements in Treating, Purifying, and Sterilizing Water, .

A convenient form of heat interchanger is one resembling that already shown for
smaller gurpuses and for private houses. A convenient form of boiling vessel for
baths and washhouses and for general purposes fur softening and sterilizing water
under columnar pressure is the eylindrical form, the depth being 10 or 12 feet or
such depth as will give in the boiling chamber a columnar pressure that will raise
the boiling temperature 10 or 15 degrees above the atmospheric hoiling point.
The vessel would be separated into compartments by diaphragms or shelves or
trays perforated or with spaces between, and would have in addition a sludge
chamber and a depositing chamber. Pressure steam would be the heating medium
for adding the heat required over and above that which would be imparted by the
heat interchanger. The steam would enter the water above the bottom diaphragm
and making its way upwards would be condensed and absorbed in the descending
water, The water would then pass through the perforations in the hottom
diaphragm into the depositing chamber and being diverted downwards by a baffle
plate would rise on the other side aud leave the apparatus at the top pars of this
chamber and return to the heat interchanger. r
. A heating vessel for softening and sterilizing for house purposes under columnar

ressure is a vessel similar to that B.lr(—mf]}' deseribed for sterilizing and softening
ut of inereased size according to requirement,

If placed 6 feet or 12 feet or any convenient distance below the delivery tank,
the crude water could deseend to the boiling vessel from the supply tank and could
ascend to the delivery tank by suitable pipes passing to and from the heat inter-
changer on its way. _ :

Other shaped vessels may be used in treating water under columnar pressure and
the wasre gazes from the furnace may be employed as the hf:ntiug mediam.  For
example, a series of rectangular pressure tanks stacked one above another and
ﬁopnmu:& by pipes and having spaces for flues between them, may be set in

rickwork so as to economise the heat from the furnaces and also soften the
water, _
An important feature where columnar pressure is a factor is the prevention of
encrustation in kitchen boilers. '

It i generally supposed that the eireulation of water between the kitchen boiler
and the supply tank is due alone to a difference of temperature between the columns
and that heat is the sole cause of the circulation. This however is not the case. The
ascending column rises because it is lighter than the descending column but the
cause of the difference is not alone heat but whatever makes one column lighter than
another. Liberated air and water mixed are lighter than water ; water and steam
are lighter than water. ' ' :

Keeping these facts in view, I employ a circulating cylinder specially made with
&iaphra.gms erforated and having a sel,t.'l.in:_!; chamber with baffle plate as already
deseribed, Ftheu circulate the erude water to and from the supply tank to the
top part of this chamber and the softened and clarified water between the hoiler
and the bottum part of this eylinder.

In action, the water owing to ebullition in the kitehen boiler starts in eirculation
and carries with it the steam evolved ; on reaching the circulating vessel the steam
and water become separated the steam passing upward and the water passing
downward carrying any deposit down widl it and then rising to the outflow or
return pipe to the boiler, -

Thus there is no connection established between the water Howing to and from
the boiler to the bottom of the eylinder and to and from the top tank to the top
part of the cylinder. Dut the steam evaporated passing upwards becomes
cendensed, avd the make up water passing downwards becomes softened and
deposited. There being then practically a separation of the crude from the soltened
water by means of the perforated diaphragms, the question of encrustation due to
carbonate hardness is satisfactorily disposed of. :

It might be objected that a jarring noise such as when steam is blown in to water
would result from the system above described, but this would be guardel against by
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roviding in every case for the steam to come into contact with tl:|e+ water near to the
Enil'm point. For instance an arrangement such as a dome placed in quﬂﬂ the eylinder
near ﬂe top for the steam to pass into would cause a layer of boiling water to be
superimposed between the crude water and the steam, :

The third mode of treatment or that under steam pressure is for the purpose 5
of softening and clarifying the water in its passage to, and before entering the
boiler.

This form of apparatus is intended for the removalof the carbonate hardness and,
under certain conditions, the sulphate hurdness as well. 5 e .

The apparatus may conveniently consist of a’ cjli?ﬂrlml vessel, sufficiently 10
strong to witlistand the full pressure of the boiler and it may be placed partly or
entir-sl:;l]' above the water line of the boiler. It may be fitted with diaphragms
or trays perforated as before set forth and having a spindle with arms to disturb
and remove the sediment. There would be also a depositing and sludge chamber,
The water may be farced into this vessel by a pump or injector. But masmuell: as 15
the softening of the water condenses the steam the water may be made to pass into
the boiler by an automatic arrangement, or by oue that would close the inlets and
outlets for steam and water by mechanival means. b carrying this into effect, the
top part of the cylinder would' be divided from the lower part by a steam tight
diaphragm.. A vertical division would divide this compartment into two, and being 20
steam tight, these two compartments would form two vessels for alternate vacuum
and pressure. By forming thie outside of the top part of the glimler into an open
water supply tank, means for eondensing would aléo be provided. A two way cock
furnishing the steam would keep the steam supplied to one or other of these steam
tight chambers and a similar two way valve would at the same time open or cluse 25
one or other of the openings for water to the apparatas, while the vacuum caused
by the water in the tank would open the valve between it and the stean compart-
ment, Thus one or other of the steam tight compartments would be under steam
pressure and delivering its water into the %miler, while the other would be drawing
n water from the supply tanks above. By this apparatus then the water in 30
passing through the orifices in the diaphragms and into the depositing chamber
would become softened and clarified as described and shown in the action of similar
apraratus previonsly.

n preventing incrustation upon heating surfaces by mechanicsl means, I employ
as already explained a revolving spindle with arms or attachments. 35

I also set up galvanic action as & means of preventing encrustation in the heat
and for screening or separating out sedimentary matter in the cold by the employ-
ment of a mixture of metals such as iron and copper woven' together and formed
into a screen.

When iron and copper are interwoven and placed in contact with each other and 40
submerged in water, the iron becomes rusted away and a galvanic action is set up,
the copper being left intact.

When vessels for heating water are made of copper, dises of iron interwoven with
copper wire and placed within the vessel may be used with advantage in the
prevention of encrustation, 45

In sereening out or separatin sedimentary matter from water in the cold, I make
use of a combination of “bhand ” or * wire™ iron interlaced or mixed with copper
wire, and by forming such material into sereens arranged horizontally, vertically, or
at an angle and passing the water to be clarified and purified through one or more

such screens, the aggregation of particles is assisted. In dealing with : 0
contaminated river waters, a purifying and cleansing process is often necessary
before or after softening, and sometimes a slight lime treatment is beneficial to
assist in removing the foul matters. The galvanic water screen is then of special
service before filtration.

The remaining feature to be dealt with in this invention relates to filtration. 3

In the general treatment of water whether in the heat or in the cold perfect
filtration is most essential. Although in most cases when water coutaining carbonate
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hardness is softened and sterilized by the process alveady described a brilliant
water results under certain conditions and a filter is seldom required, yet when
nuxious properties exist in the water or where there are nitrites or sulphates or

i uther hardpess requiring chemical treatment, then the filtration becomes a prominent
question,

This part of the invention is intended to obviate some of the objections in ordinary
filters occasioned by the blocking or choking of the filtering medium and the
disturbanece of the filter bed on cleaning.

This is accomplished by construeting the filter in such a manner as to make the

AU filter, as regards the accumulation upon it, either self delivering or easily cleanable
automatically, mechanically, or by reversal of current.

In dealing with large volumes of water the purifying sometimes has to be sacrificed
ar conducted but imperfectly on account of the diffieulty created by blocking of the
filter, Thus a process, practical as regards throwing out of solution and aggregating

15 the particles, is of no value unless the alter process of filtration can be conducted
npon a large scale in a practical way also.

In the ordinary sand filter as used in water works the slimy decomposing matter
colleeting upon the filter bed is relied upon to form the real filtering medium, when
after the filter bed is cleaned, the filtration of the water passing through is not

20 effected until a collection of slimy matter has again formed. In flood times and
at certain seasons, the necessity of frequent cleaning and the consequent disturbance
of t.];.'ieﬂll.ar bed prevents the water from being of the standard which should be
regul

Now to overcome these various objections, I construct a filter, the fiitering walls

23 of which are disposed vertically, then by placing the filter in a vessel which is
divided into an under and upper chamber by a perforated Hoor and attaching or
fixing the filtering medium to the perforations, I make use of the under chamber
as a settling and sludge chamber and the upper chamber to contain the filtered
water,

30  When the filtering medium iz a textile substance or filter cloth, I sometimes
use supporting frames but not always, when the eylindrical or round form of filter
bag is employed.

hen the filter is formed of a number of circular bags and closed at the top
each bag covering or heing attached to its perforation, then the pressure of the

35 water when the filter is in action will distend the bags. But ondrawing off the slud
from the under chamber the bags will reverse automatically and tend to turn iusiﬁz
out and throw off the accumulation.

A similar result will also take place when the filter cloths are made up oblong in
form and placed and affixed over oblong perforations. While the pressure of water

-4 is in one direction and upward the filter cloths will be strained against their supporting
frames, but on reversal of the water current the collapsing of the filter cloths will
take place and cause them to turn inside out.

A convenient material for the filter cloth frames is wood partially baked or
pre_&nrecl to prevent rotting.

45 hen the filter is intended to be cleaned mechanically I employ one or more
brushes and by preference leave the filter bags open at tﬂe top and support them
by a top frame to prevent them turning inside out.

The brushes may be fixed vertically to a horizontal rod or bar and passed up and
down inside the filter bags either by manual labour or by any convenient travelling

30 mechanical arrangement.

Where large volumes of water have to be dealt with and the filtering medium

uires to be of a permanent and lasting nature, then 1 construct the vertical walls
of the filter either circular in plan or oblong or corrugated to give increase of surface.
1 use as the real filtering mediuw a thin lining of porous material such as artificial

5& sandstone or a very porous cement coated upon its surface with powdered charcoal

or a pulpy or other suitable material.
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a cold or partially heated state and canse it to pass down through suitable openings,
E'-‘l'fﬂl“ﬂtlﬂllﬂ or Eﬂﬁﬁ?ﬂes towards the lower part of the vessel. Then, applying
eat at or near the hottom of the vessel I eause the steam arising to pass up through

the Ii.mit[:ﬂ orifices by which the water passes down. By =o locating the ebullition
the highest pressure due to columnar pressure is attained aud the re-absorption
of dispelled gases in the lower parts of the heating vessel prevented, the steam
being ultimately absorbed in the descending water.

This system of lluatiug ﬁquiﬂa | emp]nj' in varied and modified forms included
generally under the following heads : —

(1) Apparatus for boiling, softening. and sterilizing water at the ordinary
atmospherie pressure.

(2) Apparatus for boiling, softening and sterilizing water, under columnar
pressure.

(3) Apparatus for softening, clarifying and depositing water under steam
pressure.

For each of these classes of apparatus I sometimes make use of a heat
interchnngcr b:f which the heat from LE.E treated water is imparted to the untreated
water,

The sterilizing and softening of water at the ordinary atmospheric pressure may
be performed either with or without a heat-interchanger, but the saving of fuel and
time and the ensuring a constant delivery of cooled, purified water make the use of
the heat-interchanger most desirable.

A common form of apparatus for sterilizing and softening at atmospheric pressure,
(and one which may be portable and suitable for domestie purposes) may consist of
a flat-bottomed vessel say 10 inches in diameter and having the shape of a truncated
cone at the top, the truncated top measuring about 3 inches and the whole vessel
being say 10 inches in height. A pipe about 3 inches in diameter may form an
extension to the top of the cone to inerease the height of the water line and
thereby %'ive a slight additional pressure and temperatare in the boiling chamber,
The whole vessel would be divided say into 4 or 5 compartments by diaphragms,
these being suitably perforated to allow the water to descend by stages through
the openings by whicll the steam would ascend.

The outlow of the water would be from the compartment above the bottom
chamber,

In combination with this sterilizing vessel it is preferable (as before stated) to
use & heat-interchanger, the heating surfaces of which would by preference be made
of folded thin metal plates the foldings running vertically. '}.‘his metal surface
being formed into a water box wounld be placed in a containing case and both the
case and the water box would be fitted with inlet and outlet pipes.

In action, the crude water, entering the water box of the heat-interchanger at
the bottom would, in rising become heated and would flow on to the sterilizing
vessel. Passing into this vessel at the highest point it would descend by the
apertures in the diaphragms and be heated by successive stages on meeting the
ascending steam. The whole of the ebullition being eoncentrated or lucated at
the apertures in the diaphragms, the gases would be driven off and the softened
water would become clarified. It next would flow out of the vessel to the top part
of the containing case of the heat interchanger and would become cool by imparting
its heat to the inflowing erude water. The heating medium may be an rgnuﬁ
gas metal burner, used for supplying light. Such a burner would provide heat
sufficient to sterilize the water for a moderate sized house, since a powerful
heat-interchanger would heat the incoming water to within 15 or 20 degrees of the
boiling point.

Large apparatus may be made to treat the water under atmospheric pressure
and rectangular or other shaped vessels will answer the purpose. Trays may be
used in place of diaphragms and arranged to locate the ebullition to the spaces
between them and to prevent cireulation, but as a large vessel implies depth so it
brings into play the principle of boiling under columnar pressure.
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The softening anvd sterilizing of water under columnar pressure 1s purfu_rn:gé#
in & manner similar to that already described as under ﬂﬂ}ﬂﬁﬂhf'"“_ pressure, B“E
the apparatnos heing applicable to numerous purposes, modifications 1n amr&nnm :
therewith are re tlTl‘etg PR ; o dx 50

For some of these purposes the combination of the heat interchanger and the 5
boiling system is ahsalutemecusnry. For instance in such cases as in FRIMOVIEE
the carbonate hardness from water used for baths and wash-houses where both h
and cold soft water are required. 04 f e i

A convenient form afreliat-interchanger is one resembling that already shown ¢
for smaller purposes and for private houses. A convenient form of boiling vessel 1™
for baths and wash-houses and for general purposes for softening and Et@ﬂjl;g
water under eolumnar pressure is the eylindrieal form, the depth being 10 or 12Teer
or such depth as will give in the boiling chamber a columnar pressure that lﬁ!‘l
raise the boiling temperature 10 or 15 degrees above the atmospheric boiling point,
The vessel would be separated into compartments by diaphragms or she .é_ﬂ_.:'éh 15
trays perforated or with spaces between, and would have in addition E_.ﬁm
chamber and a depositing chamber. Pressure steam would be the heating medinm
for adding the heat required over and above that which would be imparted by e !
heat interchangér. The steam would enter the water above the bottom diaphragm
and making its way upwards would be condensed and absorbed in the descen qt 200
water. e water would then pass through the perforations in the bot \t
diaphragm into the depositing chamber and being diverted downwards by a bafle
plate would rise on the other side and leave the apparatus at the top part of this
chamber and return to the heat interchanger. : e

A beating vessel for heating and softening and sterilizing for house pu
under columnar pressure is a vessel similar to that already described for
and softening but of increased size according to requirement.

It placed 6 fect or 12 feet or any convenient distance below the delivery ts
the crude water could descend to the boiling vessel from the supply tank,
could ascend to the delivery tank by suitable pipes passing to ai.n&’ from
heat interchanger on its way., _ " P

Other shaped vessels may be used in treating water under columaar pr
and the waste gases from t{ue furnace may be employed as the heating met
For example, a series of rectangular pressure tanks stacked one above anothe
connected by pipes and having spaces for flues between them, may be
hriukw_nrk 50 as to economise the heat from the furnace and also soften the ¥

An important feature where columnar pressure is a factor is the prevention of
inerustation in kitchen boilers, e

It is generally supposed that the circulation of water between the kitchen boilex
and the supply tank is due alone to a difference of temperature between tk
columns and that heat is the sole cause of the civeulation. This however is no
case. The ascending column rises because it is lighter than the descendi col
but the cause of the difference is not alone heat but whatever makes one ¢
lighter than another. Liberated air and water mixed are lighter than
wnjﬁer and stEm:n a.fre lighter than wattlar. N

_Beeping these facts i view, | employ a circulating cylinder specially mad
diaphragms perforated and having a settling chn.mb‘fr ﬂﬁth hnﬂg pfla.l'gr as
described. t'.hun circulate the crude water to and from the supply an
top part of this chamber and the softened and clarified water between th
and the bottom part of this eylinder. ‘

In action, the water owing to ebullition in the kitchen boiler starts in cireu
and carries with it the steam evolved : on reaching the circulating ve
steam and water become separated the steam passing upward and the wat
downward carrying any deposit down with it and then rising to the
return pipe to the builer, Thus there is no connection established between the 3!
water Hlowing to and from the boiler to the bottom of the cylinder and to and from
the top tank to the top part of the cylinder. But the steam evaporated passing
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upwards becomes condensed, and the make up water passing downwards becomes
softened and deposited.  When the columnar pressure on the kitchen hoiler gives
too high a beiling temperature it iz preferable to place a heat interchanger inside
the cireulating cylinder and so transmit the heat by condnetion from the water
from the kimﬁen boiler to that in cireulation to the top tank,

It might be objected that a jarring noise such as when steam is blown into water
would result from the system above described, but this would be gonarded against
by providing in every case for the steam to come into contact with the water near
to the hoiling point. For instance an arrangement such as a dome placed inside
the evlinder near the top for the steam to pass ints would cause a layer of boiling
water to be superimposed between the crude water and the steam.

The third mode of treatment or that under steam pressure is for the purpose
of softening and clarifying the water in its passage to, and belore entering the
boiler. i

Thiz form of apparatus is intended for the removal of the carbonate hardness
and, under certain conditions, the sulphate hardness as well.

The apparatus may conveniently consist of a eylindrical vessel, sufficiently
strong to withstand the full pressure of the boiler nnﬂy it may be placed partly or
entirely above the water line of the boiler. It may be fitted with diaphragms or
trays perforated as before set forth and having a spindle with arms to disturb anl
remove the sediment. There would be also a depositing and siudge chamber.
The water may be forced into this vessel by a pump or injector. By this

_apparatus then the water in passing through the orifices in the diaphragm= and into

the depositing chamber would become softened and clarified as described and
shown n the action of similar apparatus previously.

In preventing incrustation upon heating surfuces by mechanical means, I employ
as already explained a revolving spindle with arms or attachments.

1 also set up galvanic action as a means of preventing inerustation in the heat
and for screening or separating out sedimentary matter in the cold by the
employment of a mixture of metals, such as iron and copper woven together and
formed into a screen.

Wken ivon and copper are interwoven or placed in contact with each other and

- submerged in water, the iron becomes rusted away and a galvanic action is set up,

- 45
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the copper being left intact.

When vessels for heating water are made of copper, dises of iron interwoven
with copper wire and placed within the vessel may be used with advantage in the
prevention of incrustation.

In screening out or separating sedimentary matter from water in the cold, [ make
use of a comlanation of *“band ” or * wire " iron interlaced or mixed with copper
wire, and by forming such material into screens arranged horizontally, vertically,
or at an angle, anf passing the water to be clarified and purified through one or
more of such screens, the agpregation of particles is assisted, In dealing with
contaminated river waters, a purifying au{Y cleansing process is often necessary
before or after soitening, and sometimes a slight lime treatment is beneficial to
assist in removing the i_'uuf matters. The galvanic water screen is then of special
service before filtration,

The remaining feature to be dealt with in this invention relates to filtration,

In the general treatment of water whether in the heat or in the cold perfect
filtration is most essential: Although in most eases when water containing
carbonate hardness i softened and sterilized by the process already deseribed a
brilliant water results under certain conditions and a filter 1s but seldom rl_!i:!‘uireﬂ,
Yet when noxious properties exist in the water or where there are nitrites or
sulphates or other iardneaa requiring chemiecal treatment, then the filtration
becomes a prominent questivn, .

This purt of the invention is intended to obviate some of the objections in

- ordinary filters occasioned by the blocking or choking of the filtering medium and

the disturbance of the filter bed on cleaning, This is accomplished by construeting
i - i i
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oftentimes accompanies nitrogenous impurities. A slight treatment with hydrate
of lime, by removing some of the temporary hardness, also causes aggregation.
But lime, added to water, is not uickly removed ; a trace remains for a long time,
and a sand-filter soon becomes in?!umted when simply lime is employed. By the
combination therewith of an iron-process (such as the * Anderson ™) any lime
remaining is speedily removed, if but a small amount enly of metallie ivon is added ;
the action of iron being not only to effect a change in the nitrites, but to reduce
very considerably, the time of the lime-treatment.

herefore, whether it be the removal of the nitrites; the prevention of
incrustation in the sterilizing of water; the shortening of the time for the lime-
process in softening water ; the prevention of induration of filters (whether sand
or cloth) or, the simplification of filtration for water works, the water-screening
principle becomes obviously desirable.

The combination of iron and copper in the water-sereen furnishes an additional
factor, by the oxygen thus set free for the removal of the nitrites from contaminated
water, or even from sewage.

The combinatior in the water-sereen not only sets up galvanic-action and canses
the water to be analysed by electrolysis but it lends itself to the transmission of
electric currents, induced from without, and conveyed to the water-sereen.

For the prevention of incrustation in boiling vessels the employment of mats
of woven copper-and-iron wire cloth, made to suit the vessel, will suffice.

For the removal of nitrites, the surface of the screens must be proportioned
to the amount of nitrogenous impnrities in the water, and to the rate of water-flow.

For the removal of lime-hydrates (when used) the extent of the screening surface
must depend upon the rate of water-flow, and time of treatment. . Also upon
whether iron in metallic or other form is introduced independently of that derived
from the screen.

The action of the water-sereen is to form settling and aggregating surfaces that
shall be self-cleaning so that particles, being attracted will collect and fall down
into suitable receptacles provided.

For water-works the aggregating and separating action of the water-screen
obviates the necessity of frequent cleaning ol filter-beds.

If only 2 grains of lime per gallon are used the iron treatment combined with
that of the lime will give very rapid results. This mode of treatment is applicable
especially in flood times.

When however a more complete softening is desired the combined iron and lime
treatment will reduce the time for the lime action by abont one third of that
required when lime by itself is employed.

ot only is this h{e case but the reactions being rendered rapid and complete
the tendency to induration of the filtering media is counteracted.

The induration of the filtering medium is a serious drawback with the lime
treatment. Another objection also arises when filtering is not resorted to. After
several hours allowed for clarifying of the water in the settling tanks chemical
combinations take place which produce coatings and obstructions in the mains for
a considerable distanee from the pumping stations.

In the accompanying drawings which are intended to illustrate a mode of
performing the invention—

Figs, 1 to 6 show a variety of domestie sterilizing apparatus,

Figs. 1 and 2 are elevation and plan of one form of apparatus as deseribed.
Fig. 3 a variation of the same haviug internal parts removable for eleaning out.

Fig. 4 is a form adapted for steam as the heating medium having trays or cones
which are removahle.

Fig. 5 and Fig. 6 are elevation and plan of a rectangular form having removable
trays more or less above the water line according to the level at which the water
ontflows. The heating medium in this case is steam but gas-jets or other media
will serve.

In all these arrangements it is intended gencrally to use a beat-interchanger A
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Afrom the hoiler, being isolated from the top tank water by the diaphragms, does
not mix therewith, the make-up water alone passes downwards ; and that, having
passed torpugh the boiling-stage parts with its temporary hardness, Consequently,
the water supplying the boiler becomes softened and elarified. Fig. 11 is a
rectangular form of vessel to suit pnﬁitim]:; where a eirenlar form 1z not so
eonvenient, The apertores, in this case are spaces between the trays ¢ and the
walls of the vessel. The action of this form however, is the same as in the
evlindrical form of ecircalating-vessel. Fig. 12 shows a cireulating-cylinder
coutaining a heat-interchanging apparatus. In this apparatus the water in
circulation from the kitchen-boiler entering at b is cooled, as it passes downwards
outside the heat-interchanger, by imparting its heat to the water within the
interchanger, The crude water from the storage tank enters the interchanger at p
and passes out at g. Although the top of the intercharger is left open, more or
less within the closed exterior vessel, each water is kept separate, since the exit-
pipe ¢ dipping below the top of the heat-interchanger, locks in the upper part of
the exterior vessel the gases arising from the water, and causes, them to form a
dividing medium. A smali perforation j* will maintain an equal water-line on hoth
sides of the apparatus. In construction, the circulating eylinder has a removable
bottom to which the heat-interchanger is attached. The plog n in the T piece ia
for removing the sludge.

Figs. 13 and 14 are elevation and plan of apparatus for softening water in its
Eﬂ.ﬂﬂﬂgﬂ to the steam-boiler. Fig. 15 is a modification of the same. The vessels

ere shown, if measuring from 135 to 30 inches in diameter and of proportionate

height may serve for seftening from 100 to BOO gallons per hour of ordinary water,
The trays and cones shown may be varied in form and inereased in number. Also,
they may be alternated with others made of iron and copper interwoven, to prevent
inerustation,

Fig. 13 represents a vessel made of wronght or cast iron having a movable
cover as shown. The internal fittings consist of annular-shaped pans, alternately
Jarge and small. The water entering by the pipe & and falling from tray to tray
passes out at e. The steam, entering just above the water-line at g passes upwards
and escapes (together with the gases Eljr'nreu off fromn the water) at g'. The force-

ump used in conmjunetion to pump the water may take its steam from this pipe.

he spindle with arms and chains attached, is similar to that shown at Fig. 7.

Fig. 15 is a vessel of the same construction, but the spindle is omitted and a
series. of cones substituted for the trays. The pipes »!, n', n!, may be used as
sludge-pipes, or, for supplying the water to each cone sepurately, in which case,
the sludge would be drawn off at the bottom of the vessel only at n.

Figs, 16 and 17 are side and end elevation of specimen of iron band and copper
wire woven material about half natural size. Figs, 18 and 19 full-size side and end
elevation of specimen of coiled iron wire and copper rod or wire. Fig. 20 flat
band-iron punched with copper pin holding them in position. Fig. 21 roof-like
arrangement of wove-iron and copper wire. Various other forms might be shown
such us copper wove cloth laced to iron wove cloth, iron and copper wire twisted

ther and made into fringed eurtains, but those already shown illustrate the
}erciple. Fig. 22 is an end elevation of water-screening tank with a vaviety of
orms of screens showing the water in some cases passing through the screen and in
others between the screening surfaces, ;

s, & & are sereens, ¢ the troughs for catching the sediment, u are baffle plates of
iron extending above the water line.

Figs. 23 and 24 are end elevation and plan of filtering vessel containing
eallapsible filter bags attached to perforated Hoor, and troughs or receptacles for
the sediment, also inlet and outlet for water, The water entering at v passes
upwards and enters the filter-bags and escapes at z.

These bags @, , , are open at bottom but closed at the top and are attached to
the perforated floor w. So long as the water is flowing upwards, they being
distended, are maintained in a vertical position, but on reversal of water-current












