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UNITED STATES PATENT OFFICE. .

oo '

JOHN PARKER, OF PHILADELPHIA, PENNEYLVANIA, ASSIGNOR TO KESTNER EVAPO-
RATOR COMPANY, OF PHILADELPHIA, PENNSYLVANIA, A CORFORATION OF PENN-

SYLVANIA.

D40,47 3.

Application filed December 2%, 1508,

To ¢ll whom 4t may concers:

Be it known that T, Jonx Panser, & sub-
ject of the King of Great Britain and ire-
fanud and the Isle of Man, vesiding in Phila-

Tmprovements in Ivaporating Apparatus.

. of avhich the following 1s a specification.

10

My invention relates to apparatus de-
signed for evaporating or concentrating lq-
uids of varions characters; and the object
of my invention is to provide a device where-

" in'T am enabled to facilitate the Separation
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of the steam or vapor produced from the
diquid during the process of concentration;

recover the entire liquid content, and nsure
that no entrained liguid -is passed off with
the stepn or vapor gischarged.

My invenition comprises certain improve-

‘mients in what are known as “ climbing film”

evaporators; evaporators in which a body of
liquid in the base of an externally heated
tube or series of tubes is carried upward
therein under the influence of the vapor
formed by the heat. These evaporators are
customarily of comparatively great height

~ and discharge liquid and vapor.at their top.

In the use of these devices, the heated walis

‘of theitibe or;tubes form vapor in the lig-

- yid, lowering its specific gravity and causing
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it to rise iwhile the progressive evolution of

_more. antl ‘more vapor after a time converts

the liquid mass into a climbing film of liquid,
wetting ‘the walls of the tube and carried

‘upward_and forward by the current of
wapor. If a current of vapor traverses sich
& tgbe at a suitable and relatively high ve-

. locity, liquid in the tube is carried forward
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~work under atmospheric préssure, vacuum

as & thin uniform layer along the wall, and
where the tube is vertical this layer will
form a substantially uniform annular wet-
ting film thereon. In the described appa-
ratus, thevefore, the tubes may be descri?)ed
as being almost entirely vapor filled and
film lined, the liguid elimbing upward and

-thus filming the tube or “creeping” upward

as. it is sometimes expressed.

In the described tvpes of apparatus, the
concentration of the liquid discharged at the
top of the tuhe or tubes niay be carried so
far as may be desired nnd the apparatus may

- or pluspressure; Ordinarily, vacuum’is em-
- ployed. A series of such evaporators under

/,
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ditferent pressures, may be arvranged to op-
erate in what s termed “udtiple effect 75
{he vapors evelved in a prior evaporation
ander-higher pressure being used to heat the
Hyuid i a suceeeding evaporation under
fower pressure. In such a series any frac-
tion of the total concentration to be pro-
dueed may -be performed in any individual
etfect. '

In the deseribed apparatus, because of the
high duty of the heating surfaces and the
relatively great quantity of vapor formed
from the Hquid in a given time unit, efficient
wmeans are required for effecting a separa-
tion of the vapor and liquid discharged from
the effect.  In the ordinary types of appe-
ratus working ‘on this principle, this.separa-
tion is effected in a relatively high dome or
separator surmounting the effect. ]

In the present invention I have devised
an hnprovement on this type whereby the
evaporator may be of less total height, the
vapor aund liguid emerging from the top of
tlie effect being carried downward in a suit-

chamber Leing used to jacket the effect,
thereby precluding losses by radiation from
the effect itself. The upper ends of the
{ubes and their contents may be at a higher
temperature than the lower, or, in other
words, there may be less temperature differ-
ential between the tube contents and the.
heating steam at the top than at the bottom,
and since the most efficient operation of the
apparatus depends upon substantially uni-
form heating of the tubes, by prolonging
the vapor chamber dowhward around the
steam chamber, irregular condensation in
the steam chamber is prevented, radiation
losses being precluded, and the heating in
the evaporation tubes is made more uniform,
with the resultof greater cfficiency in oper-
ation. The vapor in the vapor chamber is
of about the same temperature as the liquid
in the evaporation tube, but it does not ab-

“sorb heat to the same extent, and the main’

conduction of heat from the steam jacket
ig, therefore, inward. Radiation losses from-
the vapor chamber outward are not so im-
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able separating chamber and this separating
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portant and do not disturb the effective -

working of the apparatus. In effect, the
vapor chamber forms a thermal sheath

around more or less of the evaporating por-

10°
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tion of the appsratus. While the vapor
chamber may extend downward around the
entire effect, yet in the ordinary and pre-
ferred use of the spparatus it is carried
downward only a part of the distance.

As apparatus of the climbing film type
operate very rapidly, producing a relatively
high concentration 1n g time unit and as
the evaporating tubes discharge vapor cur-
rents traveling at a relatively high rate of
specd, efficient means for separaling vapor
and liquid are ordinarily necessary. = The
vapor chamber should, therefore, be 6f com-
paratively large cross-sectional area to re-
duce the speed of travel correspondingly
prior to emergence of the vapor therefrom,
but prior: to losing this high velocity of
trav‘e]f the vapor currents should be passed
through a suitable separating device. In
this, the suspended: or entrained droplets of
lignid are thrown out. In the subsequent
slow travel of the vapor, separation is pex-
fected and completed. .

In the accompanying drawings: Figure 1,
is a sectional elevation of an apparatus em-
bodying my invention; Fig. 2, is a plan view
of the same; Figs. 3 and 4, are sectional
views on, the lines ¢—a and b—5, respec-
tively, Fig. 1, and Figs. 5 and 6, are sec-
tional views illustrating modified details of
the structure embodying my invention.

The evaporating tubes are indicated at 1,
being inclosed within a shell 2 to which
steam is admitted at the point 3, such shell
having an cutlet 4 for the discharge of
condensation from such steam. The [iquid
is fed to a chamber 5 at the base of said
tubes and under the infiiience of the heat
surrounding the latter, rises within said
tubes in the form of a film on the inner sur-
face of the same, being partially evaporated ,
in transit, and from the spper ends of said”
tubes it is discharged Avith more or lesd
velocity together with /the. accompanying
vapor: In the present instgnce, the shell’ 2
is made in several sections, the upper and
lower ends of the same earrying the plates
6.into which the endsbf the tubes are fitted
m any usual and wéll-known manner. In-
termediate the endd, an enlarged section 7
is provided, having the steam inlet connec-
tion 3, and a flange § for & purpose to he
described, which flange may.be dished, and
below the Zection 7, or at any other conven-
ient point in the shell 2, an” expansion sec-
tion 8 is placed.

Surrounding the upper portion of the
shell 2 and in communication with the upper
ends. of the tubes 1, is an annular casing
or shell 10 forming a vapor chamber and
having a centrally disposed cover 11. sub-

- stantially in the shapeé of an inverted cone,

lying directly over 'said tubes, which cone

has depending from' it, at-or adjacent its

o 940,475

marginal edge, a series of vanes 12, for a g5
t=2ubl ?

purpose to be described. These vanes may
be of various contours and variously dis-

posed, but they are preferably curved and
disposed in the manner shown.

- Below the casing 10, being interposed be- 7q

tween said casing and the Hange 8 of the
2 S

section 7, of the shell 2, is a casing 13 hav- -

ing a flange 14 upon which said casing 10
rests, and a wall 15 which extends upwardly
into the vapor chamber inclosed by the cas-,
ing 10, such wall forming, with said dasing’
wall, anannular gutter 16 to receive the NIty
uid flowing down the inner surface of the
walls of the casing 10.

the manner shown, and the liquid and vapor
ejected from the tubes at a high velocity are
diverted:by the cone and the blades, the lig-
uid reaching the walls of the casing down

75

\ : The top of the cas—’"
ing forming the vapor chamber is curved in go

which it flows to the annular gutter 16, and 85

from the latter it may pass to the bottom of
the casing 13, or may be drawn from said
gutter 16. When delivered from the gutter
16 to-the casing 13, it is preferably by means

of a series of pipes or tubes 17 which extend 90

nearly to the bottom of said latter casing
and empty into another pocket or gutter 18
In the lower part of the same formed by the

& . - . 5
flange 8 of the section’ 7, from which latter

2 pipe 19 to another effect or o any other
desired point. If desived, the liquid may
be drawn from the guiter 16 by means of a
pipe 19, as indicated in the modified view,
Fig. 5. o

The steain or vapor outlet from the npper
asing structure is indicated at 20 and coni=
municates directly with the casing 138 so

Jthat all vapor passing from the tubes affer
/separation from the liquid is discharged 105

throngh the smne. The blades surrennding
the cone tend to give the lquid and vapor
discharged from the tubes o certain amount
of centrifugal action, which has the effect of
hurling the lic : _
casing down which it flows to the pocket be-
fore referred to. The vapor passes through
the apertures of transverse baffie plates 21
and 22 disposed between the top of the evap-

Lz

“pocket the liquid may be discharged through 95

100

iquid against the walls of the 110

orating tubes and the vapor outlet 20; each 116

ot said bafile plates removing practically all
of the liquid remaining entrained with the
steam whiech liquid drains into the annulay
guttes These baflle plates are provided

with well known devices such as the cuppad 120

apertures 23 and 24 in staggered relation for
the passage of the steam or vapor whershy
the latter may find its exit through the onf-
fet 20. Any suiteble form of baffle plates

which will serve the purpose of separating i

the liquid snd vapor and collecting the

former may be used. In consequence 4F this
arrangement, all of the liguid is sephrated

P
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N b
from the vavor; the latter is conducted from
the separating chamber without entrained
tiquid, and all of the liquid is conveyed to
thie annular gutter 16 from which it may be
alen divect, or to the lower part 18 of the
asing from which it may be discharged as
desired. )

in lien of the form of separator shown
in Fig. 1, I may employ one of the type
shown in Fig. 6, in which the vanes are
somewhat different -in shape, and extend
downward nesrly to the upper tube sheet.

The cone too, i curved tustead of having

the angular wall illustrated in 1
each instance fhe inner edge of

P
in

i vane

f

lies outside-the discharge srea of the tubes,
and the possible employment of the modified
to the

form of vane which extends .nearly
tube_sheet is for the purpose of pre}
the passage of vapor radially from the toj
of said tubes.- The covers illusteated ave
pluced directly over the tubes, and they ave
of such dizmeter that all of the tubes may be

veadily examined from the top when sueh

cover 1s removed. By removing the bottom

_easing containing the feed chamber as well,

- 30
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it is possible to examine all of the tubes
from end to end, to clean them, and to ve-
place any defective omes.

Where the described apparatus is to be
used as an element of a multiple effect ap-
paratus, tlie vapors passing rubward through
20 may be conducted to the heating jucket of
a next svcceeding effect in the usual way.
Similarly, the heating vipor in the heating
jacket, in lieu of being live or exhaust steain,
may be vapor from another preceding "ef-

fect. Any desired degree of plus or minus |

pressure may. of course, be maintained in
the effect; and generally the pressure in the
evaporating chamber and the temperature
of the steam or vapor in the heating jacket
will be so correlated as to produce a high
rate of evaporation in the tubes.

For the purpose of removing any air that
may exist in the npper portion of the casing
surroundinig the tubes, I provide the pipe 25
which leads from said steam space to the
hottom part of the easing 10 having a ralve

96 controlling the passage of such air to the

casing 10, or to some suitable point at lowey
pressure. ’ )

If desived, the chamber formed by the
casings 10 and 13 which inclose the upper
portion of the steam shell 2 within which the
evaporating tubes 1 ave mounted, may be
sxtended to the bottom of the same, and the
steam inlet supplying the shell inclosing said
tubes may pass through said casing. In
practice, however, T prefer to employ a struc-
ture substantially of the character and de-
sign shown.

The deflector or baffie plates 21 and 22 are
slightly convex te insure the flow -pf the

1 liquid caught by the same to the gutter 16.
and the wall 15 of said gutter is apertured
at 15 for the passage of liquid from the
lower plate. 1f desived, the baflle plates may
be dispoesed at a decided angle as indicated
in g, & )

A single vertieal tube will, of conrze. op-
erate in the same manner as the plurality
shown, but ‘i is preferable for structural
veasons to employ a plurality of compara-
tively wavrow tubes i 2 single heating
aslng. .

While © have
vapor chamber inclosing
b oaed of two easings 10 and 131
-surronnding
tood that this whole sheathing strie-
1 ade in onelplece without de-

v invention: provizion heing
dng and discharging the lg-
sl +1lv thie manner shown. The
2 as desevibed and as shown consists
of upper and lower sections of substantially
the swme diameter, with an intermediate sec-
tion of larger diznefer having the steaw in-
let, with an expansion joint section dis-
posed within the length of said shell 2. -1
may, however, alter the shape of the enlarged
section, and in some instances it may be no
Yiametey-than the other portions
nd when employing iietals of
wificient of “expansion for the
steamn sheil as well as the tube,
innecessary to employ the expan-
n. In other instances it may be
desirabic to cowbine the expansion joint
with the section having the stean inlet.

Tt is possible, in the use of the sepaiating
chamber I have devised to omit the vanes
from the cover or plate 11, the conical-or
other contour of the same serving as a de-
fector to throw the liquid with its attendant
vapor against the walls of the casing where-
by the desired separation is effected.

Other modifications of the structure shown:
as embodying my invention I deem to be
within the scope of the same and in. illus-

16
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chown in the drawings, nor are my claims to
be construed as Iimiled to such stracture.
I speak in certain of the claims of a “tu-

tended 2 single evaporating tube as well as

T claim:

i, In an evaporating apparatus, the com-
binetion of a heating chamber, a vertical
evaporating tubular column, anu & chamber
comunanicating with the upper end of said
tubwdar column apd surrounding seid heat-
ing chamber and having separate outlets for
concentrated liguid end for vapor af

b

tzating such strugture I do not wish.to be -
limited- in any semse to the precise form .

bular column?, and this langaage is. in-

ig points,
below the upper end of said tubular column.

70
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a plurality of evaporating tubes. -
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2. In an evaporating apparatus, the com-
biration of a heating chamber, a vertical

|
|
{
!
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discharging liquid and vapor upwardly into
said receiver, a heating jacket for said tubes,

evaporating tubular column therein, and a | means for separating the liquid and vapor,

“chamber containing liquid separating de-
5 Vvices communicating ‘with the upper end of
-seid tubular column and surrounding said
“heating chamber and having separate out-

lets for concentrated liquid and for vapor
“at points below the upper end of said tubu-
y lar column.

3. In an evaporating apparatus, the com-
bination of a heating chamber, a vertical
evaporating tubular column therein, and a
chamber containing centrifugal liquid sepa-

» rating  devices comununicating with the
upper end of said tubular cclumn and sur-
rounding said heating chamber and havin
separate outlets for concentrated liguid and
for vapor at points below the upper end of
said tubular column. ' :

4. In' an evaporating apparatus, a steam
chamber, a plurality of vertical tubes there-
in, means for feeding liquid to the base of
such tubes, s chamber inclosing the upper
nd of the steam chamber and in open com-
munication with the ends of the tubes to re-
ceive liquid and vapor therefrom, means for
separating entrained liquid from the vapors
in such chamber, and means for. separately
removing concentrated liquid and vapor at
points below the upper end of said tubes. =

5. In an evaporating apparatus, a stesm
chamber, a plurality of vertical tubes there-
in, means for feeding liquid to the base of
such tubes, a chamber inclosing the upper
end: of the steam chamber and in open com-
municatién with the ends of the tubes o re-
ceive liquid and vapor therefrom, means for
separating entrzined diquid from the vapor
in such chamber, meéans for conducting the
liquid fo'a'point of discharge below the level
of the top of the tibes and means for remov-
Ing vapors at & Deint below the Liquid dis-
charge, ) ' ’

6. &n evapoyating apparatus -comprising
& plurality of vertical tubes, means for feed.
ing ligquid into the base of such tubes, a

steam jacket surrounding the tube nest, a

chamber sury ounting the tube nest and re-
ceiving concentrated liquid and vapor there-
from, a depending portion of said chamber
surrounding the steam jacket and means for
separately removing coucentrated lignid and
vapors {rem said chamber at points below
the upper end of said tubes. ’

7. In an evaporating spparatus, a plural-
ity of vertical evaporating tubes, s heating

jacket surronnding said tubes, a vapor jacket
surronnding said heating jacket and receiv-
ing vapor from said tubes, and means for
Hischarging vapor lscated at a lowy point of
said vapor jacket. '

8. In an upward evaporator, a combined
vapor and liguid receiver, a mest of tubes

above the tubes hm‘mg

and means for conducting the vapor down-
wardly around said jackes.

9. In an upward evaporator, a plurality
of evaporating tubes discharging vapor and
liquid upwardly, o heating jacket surround-
ing said tubes, a liguid and vapor receiver
above the tube series having s downward
extension surrounding the cheating jacket
and -2 vapor outlet iz said extension, a
vaned entrainment separator in said. re-
ceiver above the tubes adapted to centrifu-
gaily separate liguid snd vapor and throw
the former against the wall of the receiver,
and an annular gutier receiving liquid flow-
ing down the wall of said receiver.

10. Ir an upward evaporator; a series of
evaporating tubes discharging vapor and
liquid upwardly, a heating jacket surround-
ing said tubes, » liquid and vapor receiver
3 downward exten-
sion surrounding the heating jacket and a
vapor outlet in said exteusion, a vaned en-
tralnmen{ separator in said receiver above
the tubes adapted to centrifugally separate
liquid and’ vapor and throw the former
against the wall of the receiver, an annular
gutler recciving liquid flowing down the
wall of said receiver, and o series of aper-
tured plates spanning said downward exten-
sion and serving to pass liguid to said gutter.

11 In 2 vertical evaporating pan, the
combination. of & heating chamber, evap-
orating tubes located therein, a separating

chamber survounding the said heating cham-

her.and extending partly sbove the top of
the cvaporating tubes, and having outlets

near and on the bottom for the vapors of

evaporation snd the separated liquors, and

means for separating the liquor ‘from the

Yapor. . IR
12. In a vertical evaporating pan, the

70
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combinationn of a heating chamber, evap-

a

orating tubes located therein,
chamber , surrounding the said ~heating

chamber gud extending partly above the to;o,

of the evaporating tubes, snd provided witl
a vapor owutlet at a point below the top of
sald tubes, an annular

of the said séparating chamber abovethe
vapor outlef, a deflsciing plate or covey dic

separating -

¢hannel on the in/éiﬁe A6

S,
/

!

rectly over the evaporating tubes for the

purpose of directing the entrained lqubr to,
said channel, and means for conducting said.
, , {

liquor ffom the channel.
13. In a vertical evaporating

g said heating chamberand ex-
tending partly above the top of the evaporat-
ing tubes and partly below, said chamber be-
ing provided with a vaper outlet at a point

surrounding

/"/’,' E
pan,the coms
bination of a heating chamber, évaporating’;
tubes located therein, a separating chamber

8
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- baffle plates:
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below the top of said tubes; and having an
annularféesiving channel, a deflecting plate
or’cover directly over the evaporating tubes,
blades on saidideflecting plate, and auxiliary
tween it and the vapor outlet
anged to convey any entrained liquor to
ceiving channel.

n an upward evaporator, a plurality
aporating tubes discharging .vapor and’
liquid upwardly, a heating jacket surround‘

ing said tubes, a liquid and vapor ‘receiver

" above the tube series having a- downward ex-

‘having a vapor out

tension  surrounding the heating jacket, and

Tet in said.downward ex-
tension a defléctor of substantially inverted
conical shape in said receiver above the tubes

~ adapted to,divert the liquid and vapor dis-

charged from said tubes snd throw the for-
mer against the.wall of the receiver, aud pro-
vision for dischaiging -the- liquid flowing
down the wall of said Teceiver.
- 15. In an evaporating apparatus, the com-

bination of a heating chamber, vertical evap-

" orating tubes therein, and a chamber com-/|

25

30

-below. the upper eird of said tubes. -

municating with the upper end of said tubes

> and surrounding the upper end of said heat-

ing chamber and having separate outlets for;
concentrated liquid and for vapor at Jinntt/a’

16. In an evaporating apparatus, the coni-
bination of a heating ciamber, vertical evap-

_3,

orating tubes therein, and a chamber con-
taining centrifugal liquid separating de-
vies communicating with the upper end of
s#id tubes and surrounding the upper end of
#%iaid heating chamber ang having separate
“outlets for concentrated liquid dnd for vapor
at points below the upper end of said tubes.
- 17. In a vertical evaporating pan, the com-.
“bination of a heating cﬁambe_r, a plurality of

35
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evaporating tubes located therein, a separat-

ing chamber surrounding said heating cham-
‘ber and extending partly above the top of
thefeviporating tubes and partly below said
top, siid separating chamber being provided
with & vapor outlet at-a point below the top
of said/fubes and having an annular receiv-
ing thinnel, 2 deﬂectinﬁ plate or cover dis-
_posed/directly over said evaporating tubes,
' spitad blades carried by said deflecting plate,
and/auxiliary baifle plates between said de-
ecting plate and the vapor outlet arranged
jto/convey entrained liquid to the receiving
_chisnnel.. o L ] _
/ In testimony whereof, I have signed my
fame to this specification, in the presence of.
/two subscribing witnesses. .

JOHN PARKER,

Witnesses: .
Murray €. Bover

. Jos. H. Kzmn.
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