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United States Patent O

xod . 2,774,415
1CC . Faténted Dec. 18, 1956

1

2,774,415
EVAPORATOR

‘Harold ‘H. Belcher, Orange, Mass., assignor-to’ Rodney

‘Hunt Machine Company, Orange, ‘Mass., a corpera-
“tion of Massachusetts . B
‘Application Getober 25, 1951, Serial No. 253,126
15 Claims. (ClL 159—6)

The present invention relates to.apparatus. for . con-
centrating or evaporating liquids and separating entrapped
liquid from the resulting vapor.

My invention is illustrated in connection with an evapo-
rator or concentrator of the type shown in Patent No.

.2,596,086 and application Serial No. 216,217, filed March

17, 1951, by Hans C. Bechtler .for Evaporator.

In the concentrating or evaporating of liquids, especially
sensitive liguids such as milk, fruit juices or-the like,
it is important that the liquid be.protected from over-
heating which may injure the flavor, vitamin content,
enzyme activity or the like. It has been found that such
over-heating is most likely to occur at the boitom of the
evaporator-concentrator where the liquid "is most .con-
cenfrated. The relatively thick viscous  conéentrate
should be kept agitated and should be expelled from the
apparatus quickly after evaporation.

Another problem in the construction of an. evaporator-
concentrator of this type is in providing a suitable lower
bearing for the rotor since this lower bearing should
fulfill a number of exacting conditions. The bearing
should "be such that the rotor may be “easily remioved
and replaced for cleaning and sterilizing. Proper lubrica-
tion is important because the rotor rotates at fairly ‘high

‘speed -and the ‘lower ‘bearing is subJected 10 fairly hlgh

temperatures. Where the beanng is lubncated “by con-
‘centrate, lubrication may be inadequate. Tt is ‘also “es-
sential that this lower bearing be lubricated in -such a
way that the lubricant does not contamindte the ‘liquid
‘being concentrated ‘‘‘‘‘
vide a thin ‘filim concentrator—evaporator in whrch over-
‘heating of the concentrate is substantially- prevented

Another ob}ect is to ‘provide a thin film ‘concentrator-
evaporator in which the concentrate is quickly ‘removed
after concentration: .

Another object is ‘to provide a thin film conceAtrafor-
evaperator having an improved lower bearinig. i

 Another object is to provide a thin film conceritrator-
evaporator in -which the rotor may bé readily inserted
and removed. )

Another objéct is to provideé a thin filin -evaporator-
concentrator in which the lowér bearing may ‘be réadily
removed and replaced

Another object is to provide a thin film -évaporator-

-comicentrator Which may be effectively lubricated “without

contaminating the liquid being concentrated or €vapo-
rated.

These and other objects and advantages réside ifi ‘cértain
novel features of construction -arrangement and com-
bination of parts as will hereinafter be more Tully et
forth and pointed out in the appended claims,

Referrmg to the drawmg
thin film evaporator-concentrator embodynw my inven-
tion;

Figire 2 is a vertical section of the lower part ‘thereof;

Figure 3 is an enlarged vertical section of the lower
bearing ‘and vane structure of a thin film evaporator TMm-
bodying my mventlon,

Figure 4 is ‘a fragmentary horizontal section’taken:on
hne 4—4 of F1gure 3;

Figure 5 is a fragmentary vertical section taken ‘oh
lme ‘5—5.of Figure 3;

Figure 6 is an enlarged fragmentary vertical section
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of ‘a'modified form of the lower bearing and oitlet-séction

“of the apparatus

Figure 7 is'a plan view of the’ bottom:plate of the

-dppardtus of Flgure 6 shown removed froni the ‘assembly;

Figure 8 is an enlarged fragmentary vertical ‘section
of ‘a “further modification of the discharge séction of

‘the apparatus;

Figure'9 is a fragmentary séction taker along ling'9—9

- Of Figuré.8; and

:Figures .10 and 11 -are fragmentary views of a niodi-

“fied ~discharge ‘pipe -installation which ‘may be  incor-

porated in the apparatus in Figure 8. .
The general construction of an -efficient thin film

-evaporator:concentrator is described and ‘claimed -in ‘thie

aforesaid . Patent 2,596,086 ~and “application ‘Serial ‘No.

-216,217,:filed March 17,1951, by ‘Hans C. Béchtlér én-

titled “Evaporator »
-Referring particularly:to Frgures 1'and 2, this apparatus

-is -of -tubtlar construction -and *is normally ‘operated: in

vertical-position. The lower portion, indicated generally

-at 10,.1s* the evaporator portion of the apparatus ‘and’the

upper portion, indicated generally.at 12, is the- ‘separator
-portion. The liguid -to ‘be concentrated -is :introduced

‘through a:pipe or fitting 14 which is génerally located

between the :evaporator -10 :and - separator ‘12 :and flows
down -through “the -evaporator.10 by : gravrty ‘The con-
centrated liquid 'is ‘withdrawn through ‘a pipe or ﬁttmg
16 at the -bottom of -the evaporator 10 .and vapor ‘is
discharged through 4 :pipe or ¢ondiit :I8 above ‘the “sep-
arator 12,

The evaporator portion has a wall 20 which is nor-
mally cylindrical throughout substantiaily the-entire’length
‘of.the evaporating chamber. This wall 20 may be tapered
to:form ‘a frusto-conical rather than a ¢ylindrical: cham-
‘ber .and, while a cylindrical chamber is ordinarily pre-

ferred, it.is to be understood that the term “¢ylindrical”

when -applied to -the evaporator includes dlso a -cham-
ber of tapered or conical form.

The separating chamber 12 may -bé a-continuation of
the evaporating chamber or-may be larger or ‘simaller than
the evaporating chamber 10 but .in ‘the :preferred form,
the separating chamber 12 formed by -a ‘wall 22 is of
larger diameter than the evaporating -chamber -and the
walls 20 and 22 are connected by.a conical wall 24, A

= flange 26 is secured around the upper end of the wall

22, above the pipe or conduit 18, and-is reinforced by
braces 28 and 30 secured to pipe 18 and -a 'second pipe
32 ‘respectrvely These braces 28 and 30 may be welded
to the ring 26 and to the pipes 18 and 32,

The top of the apparatus is closed by a. cap 34 re-
movably secured on the top of wall 22 and- nng 26 by
screws or bolts 36 and a suitable :gasket 38 insures a
pressure-tlght seal.

An extension 40 on top of the cap . 34 carries-a bearmg
‘housing 42 at its upper end for receiving suitable bearings

indicated generally at 44. The specific construction ‘of

these bearings forms no part of the present-invertion bit
they are prenerably of the antl-fnctron, self—ahgnmg type

and lower ends to prevent leakaoe of oil along the shaft.
"The shaft 46 may -also be provided with an oil flinger cup
50 between the bearing housing 42 and the cap 34 to
afford further protection against the leakage of oil or
Tubricant along the shaft.

A suitable pressure seal such as the water seal 1nd1cated
gcnerally at 52 is usually provxded between the shaft 46
and cap 34 and various satrsfactory forms of pressure
séal ar¢‘known. A conical wall 54 extends betwéen the
joirit of wall 22 and. cap 34 and the lower end of the
pressure’ seal 52 and sérves to Teinfordé thé pressore
seal and protect it from the hot vapors.
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The shaft 46 is relatively short and is detachably
secured at its lower end to the rotor 56 as indicated
generally at 58.

This connection is preferably protected from the hot

~ vapors by a cap 60. This cap also simplifies the cleaning
and sterilizing of the rotor assembly.:. The rotor 56
of the apparatus is coaxial with the shaft 46 and could
be a solid shaft but is preferably of tubular constructxon
to save weight and cost.

The connection 58 between shaft 46 and rotor 56 is
accessible through the large pipe or handhole 32 which
is-usually opposite the pipe or conduit 18 and is normally
closed by a door 62. The pipe or handhole 32 is suffi-
ciently. large to permit a workman to reach into the
chamber 12 for various operations such as adjusting or
examining the seals 54,-disconnecting the shaft 46 from
the rotor 56 so .that the cap. 34 and.shaft 46 may be
removed as a unit for cleaning or repairing the apparatus
or the'like.  Suitable means such as a gasket is provided
to form a pressure seal between the door 62 -and hand-
hole 32.

- In my preferred form of apparatus, an annular ﬁange
-64 is welded around the lower end of the wall 20 and.a
flat plate 66 is detachably .secured to the flange 64 by
bolts 68: A gasket 70 forms a pressure seal. between the
flange 64 -and: plate 66. - -

-A sleeve 72 is. welded to the plate 66 and extends into
the chamber 10 substantially concentric with the--wall
20. A bearing 74 which I prefer.to be of the water-lubri-
_cated type, is secured within'the sleeve :72. . Many suit-
-able bearing materials are known and various- rubber-
graphite compositions - are - entirely ‘satisfactory.: The
-sleeve 72. and bearmg 74 are reinforced by a frusto-
conical wall 76 which is welded to the sleeve 72 and plate
.66 .

- The rotor 56 extends through the entire length of the
separating chamber 12 and evaporating chamber 10 and

-a:plug or ring 78 is threaded, welded or otherwise rigidly
-secured .in the rotor. - A stub shaft 80 in axial alinement
"with the shaft 46 is threaded, welded or otherwise firmly
-secured in the plug or ring 78 and projects downwardly
therefrom into the bearing 74.

“ As shown in Figures 2 and 4, the rotor 56 extends
downward beyond the plug or ring 78 outside the sleeve
‘72 into: close proximity ‘with the conical wall 76.- The
sleeve 72 . extends upward beyond the bearing 74 into
-close: proximity with the plug or ring 78 and protects
the- bearing from myury in: the event- that the rotor 56
is dropped. - ’

- The outer surface of the beanng 74 is provided with
:longitudinal grooves 82 and- with an annular penpheral
notch 84 at the bottom. - The plate 66 has two opemngs
86 -and 88 in alinement with the central bore and peri-

-pheral notch respectively of the bearing 74 so that the

‘lubricant, preferably water, may -be introduced - through

‘the. opening 86 ‘and withdrawn through  the. opening 88 -

by suitable means, not shown. The openings 86 and 88
‘are ‘maintained under vacuum, -substantially the same

as: the vacuum on outlet 16 as hereafter described.  In

order - to - keep : the lubricant - from flowing  over the
sleeve 72 where it mlght contaminate the concentrate,

the stub shaft 80.is provided- with ‘a flinger ting 90

and the upper end of the sleeve 72 is recessed as indicated

‘at. 92, opposite the flinger ring 90 so that the lubricant .

is -returned to-the top of the bearing 74 and w1thdrawn

through grooves 82, notch 84 and opening 88. ’

- The evaporating chamber 10 is preferably heated by a
“'steam jacket  formed by the wall 94 and steam is intro-

duced through a pipe 96 at the upper end of the jacket &

and'is exhausted through a pipe 98 at the lower end of
the” jacket.
provided -to exhaust the air from the steam jacket when
operatnon is started and the wall 20 is preferably provided
W1th ‘means such as nngs 102 at -intervals-to remove

- oaTHeAs cTT s

-4

' condensatlon from the surface of wall 20 allowmg maxi-

* mum contact of the steam.

10

The rotor 56 is imperforate - throughout its length and
is sealed at both ends. The rotor 56 is smaller than the
evaporating chamber-10 formed by the wall- 20, and
within the chamber 10, and is provided with a plurality
of blades or vanes 104 which :extend outward. from .the
rotor into close proximity with the wall 20. In the em-
bodiment shown in Figures 1 and 2, there are four
equally spaced vanes or blades 104 which project radially
outward toward the wall 20. Ordinarily the vanes or-

- blades 104 are flat strips of metal or the like and may -
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If desired, -an  exhaust pipe .. 100 ‘may be

70

from excessive heat. -

be rigidly secured along one entire edge to the rotor 56

‘by: welding or the like, or the inner edges of the vanes.

may be recessed as indicated at 106 and the vanes welded
to the rotor at spaced points as indicated at 108. - This'
latter construction is less costly than the first. form but
the first form may be easier to clean or sterilize. - It is
not essential that the vanes 104 be flat radially nor that
they extend longitudinally ‘along the rotor but the flat
longitudinal vanes are 51mp1er to make and attach to the
rotor and are also lighter in weight. .
The vanes 104 are continuous longitudinally and from :
the rotor 56 to close proximity with the wall 20 so that
every part of the space between the rotor 56 and wall
20 is acted upon by the vanes 104 when the- rotor is
rotated. Holes;: notches. or perforations” in the vanes
104 will' not prevent satisfactory operation so long as
liquid cannot. pass from the inlet 14 to the outlet 16 and

liquid or foam cannot collect or remain in the steam
‘jacket portion -of the .evaporator portion 10 Wlthout
_ being acted upon by the vanes 104:

The. clearance between the vanes 104 -and the walI'
20 is kept as small as possible within reasonable me-
chanical limitations. Any number of vanes 104 may be
used but, because of the small clearances, it is important
that the rotor 56 be balanced and the vanes are there-

fore preferably symmetrically .disposed about the rotor.

As shown in Figure 2, the rotor 56 and vanes 104
exfend a substantial distance below the bottom -of -the
steam- jacket into close proximity to the plate 66. The
liquid at the lower part of the evaporator 10 is usually
quite thick and susceptible to. burmng, especially if any -

foam or-liquid is allowed to collect in this lower portion.
The vane portions below the steam jacket keep the foam

and liguid agitated and by .stopping the steam jacket .
short of the bottom, the foam and liquid are protected
My improved. construction further
protects the concentrate from over-heatmg by forcing

the concentrate out of the .apparatus.

The -outlet opening 16is located ad]acent the wall 20
and the frusto-conical wall 76 extends downward and

outward from the sleeve 72-into close proximity to the .

inner edge of the outlet opening -16. = This frusto-conical
wall thus acts with the centrifugal force on the concen-

- trate due to the action of -the rotor 56, to force the con-
centrate downward and outward toward: the - outlet

opening.
Further, the lower ends of the vanes 104 are bent
rearwardly of the direction. of rotation. as. indicated -at

110 in Figure 5 and these curved lower ends serve:to

force -the concentrate downward toward the plate 66
and outlet opening 16. .

In each of the embodiments. illustrated, the vanes. 104
continue along the rotor up into the separating: chamber

-12 and a grid, consisting of a plurality. of vertical, radially -

disposed, spaced baffles 112 ‘and spaced honzontal an-
nular baffles 114; is positioned in the separating chamber

12 opposite the upper end of the rotor 56 and vanes 104.

The lower ends of ‘the baffies 112 are tapered to-sedt
on the conical wall portion 24 and: the horizontal : and

- vertical baffles 112 and 114 are ‘preferably welded to-

gether so that the entire grid may be inserted or removed
from: the separating chamber as a unit. ‘There is. pref-

erably a clearance between the lower hortzontal bame




-as ‘shown in Figure 1.

5’9’-?‘7‘7’4,41*5

114 and-the wall 22 so that’ hand can run downthe wall
-22-withont intérference and the top horizontal. ‘baffle 114
‘is -preferably -higher than the upper ends of vanes 104
The baffles 112 and 114 extend
inward into close proximity to the vanes 104 so that
“the vapor-cannot pass through the separatlng chamber
without being acted upon by the vanes.

ZAs pomted out above, ‘the evaporator-concentrator is
operated in-a vertical position and mounting brackets
“1%6-may be secured to the apparatus for securing the
“apparitus to suitable supports
" The apparatis is usually operated under a vacuum and
‘a’condenser and pump, not shown, which may be cf any
“suitable construction, are connected to the vapor outlet
condmt 18. The concentrate is dxscharged through the
pipe-16 and a- surtaole trap, ‘or:pump, not-shown, which
‘maintains -the vacuum

-In operaflon ‘the shaft 46 may be provided with a
pulley, - not-shown, above the bearing housing 42 and be
-driven by a suitable source -of power such ‘as an “electric
‘motor, not shown. The rotor is rotated raprdly but the
‘exact speed of rotation is not critical. The operatron
‘is successful when the shaft 46 and rotor 56 carrying
the vanes 104 are rotated at a speed such that the cir-
cumferential speed of the vanes 104 is in the general
range:of ten to fifteen meters per second.

-The liquid to be concentrated is introduced through

the pipe 14 which is ordinarily above the steam jacket to

avoid burning of the incoming liquid and is preferably
between the evaporating chamber 10 and separating
chamber 12 although it may be located in the separatrng
chamber 12. If desired, a plurality of inlet pipes 14

.may be symmetrically disposed around -the wall 20 to

equalize the cooling effect of the liquid and notches 118
may be provided in the vanes 104 opposite the inlét 14

“to facilitate introduction of the liquid to be concentrated.

‘The wall 20 is heated by introducing steam at the
-desired temperature and pressure and the vanes 104 force
“the liquid ‘out against the heated wall 20 in a thin film.
-The liquid flows down the wall 20 by gravrty to the
bottom of ‘the evaporator housing and is withdrawn
through the pipe 16. As the liquid flows down the wall
20, vapor is driven off and this vapor passes ‘upward
"between the rotor 56, wall 29 and the vanes 104. The
.moving vanes 104 drive entrapped droplets of foam or
liquid outward against the wall 20.

The rotor 56 is usually of fairly large diameter rela-
tive to the diameter of the evaporaung chamber 10 and
‘the vanes 104 are relatively narrow since narrow vanes
are stronger and more rigid than wide vanes. However,
it is desirable that there be sufficient space between the
rotor 56 and the wall 20 so as not to impede or unduly
restrict the passage of the vapor upward through the

evaporating ‘chamber 19.

Because the rotor 56 is imperforate and the vanes 104
are substantially continuous longitudinally and radrally,
the entire contents of the evaporating chamber 10 is at
.all times subject to centrifugal force resulting from ro-
tation of the rotor and vanes. This tends to suppress
-the formation of foam and to force any foam which may
be formed outward against the heated wall 20. Like-
wise, the rising vapor must pass between the vanes which
tend to drive entrapped liquid or foam particles outward
against the heated wall 20. There is no place within the
steam jacket portion of the evaporator portion 19 where
-Yiquid or foam can ccllect free from the action of the
rotating vanes 194.

All of the vapor from the evaporating chamber 16
passes upward through the separating chamber 12 which
dis normally unheated except by the vapor. Ordmanly
the temperature .in the separating chamber 12 is insuf-
ficient to cause substantial further evaporation of the

liguid. The purpose of this separating chamber is to

remove any unevaporated foam or liquid carried -by the
vapor so that operating losses may be kept as low as
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‘to ensure” extractron of hthds which are iiot ‘easily” sepa-

rated “from “their vapors ‘Such heat “should, “howevér,
.be kept at a minimum “to. avoid burning ‘the ‘separated
11qu1d ﬂowmg down the Wall 22.

In the: preferred form ‘of separator shown, the length
and ‘speed of rotation of the rotor. 56 and vanes 104 in
the separating .Zoneis such that the vanes will meéve
through at Teast “the anvular distance betwéen. adjacent
'por is moving. the length of the vanes in
‘zone so that every part-of the vapor: pass-
rng through the separatmg zone is acted npon by, a vane
104 moving through the ‘vapor and. any.entrapped foam
or liquid will be driven outward by. “centrifuigal - force
toward the wall 22. The vertical baffles 112 preveit ro-
tation of the separated foam: and liquid ‘within the sepa-
ratmg chamber :and thie horizontal baffles 114 prevent the
separated foam ‘and hqurd from ‘being carried upward by
the vapor. = The 'top’ horizontal baffle. is located  above
‘the_ends of ‘the, vanes 164 to ‘prevent the Vapor from
carryrng entrapped foam or liquid over the top of the
gnd Any foam and hqurd in the vapor in the separat-
‘ing. chamber 12 is projected ‘outward dgainst the wall.22
‘by the vanes: 104 -and flows ‘down the walls 22 and 24
back into. the evaporatmg chamber.

As, pomted out in. apphcatlon Serial No. 216,217 of
Hans' C. Bechtler referred to, above, it is important that
the apparatus be easy_to take apart for cleaning. and
sterdlzmg

In my ;apparatus, the connection 58 may. be teached
through handhole 32° ‘and shaft 46 disconnected from the
Totor 56. The cap 34 carrying the shaft 46 may. then be
removed and the rotor 56.left in place with the plug er
ring 78 resting on the sleeve 72. The interior of the : ap-
paratus may then be cleaned with a brush or by flushing.
If more complete cleaning or sterilizihg is. desired- the
cap 34, shaft 46 and rotor 56 may be removed .as .a unit
and cleaned and sterilized outside the ‘apparatus. The
separator grid may be removed after removal of the -cap
34 with or without remioving.the rotor 56.

If it is necessary or desirable fo remove the lower
bearlng for cleaning or stenhzmg or for. replacement or
repair, the plate 66 and entire bearmg unit -can be re-
moved without disturbing ‘the rest of the apparatiis. by
removing the screws or bolts 68.

The apparatus described above has been found .to be
particularly effective in the production of concentrates
having relatively low viscosity.

However to facilitate .efficient removal . of.the more
viscous concentrates, such as eggs and gelatin, particular-
ly when such. substances are concentrated to 50% .solids
or greater, the modifications of thé discharge -section of
the apparatus shown in Figures 6 through 11 of the draw-
ings may be preferred

Referring now more particularly to Figare 6, it. will, be
seen that the bottom ‘plate 66 has been rteplaced with:a
bottom plate 120, to which the bearing -slegve 72 and
cone 76 are secured in the same.manner- as described in
connection with' Figure 3. The plate 120 is clamped be-
tween the flange 64 and a ring 122 by means of a plu-
rahty of bolts, not shown, which extend through the
ring 122, plate 128 and flange 64. Cored passages 124
and 126 are formed in plate 120 for the purpose of sup-
plylng and withdrawing lubricant respectlvely in the man-
ner previously described. ‘The outer ends of the passages
124 and 126 may be connected to a siitable lubricant
circuit, not shown. Four arcuate slots 128 are provided
in the plate 120, directly beneath the rounded tips 110 of
the rotor vanes, through Whrch the concentrate may -be
'discharged into a conical receiving séction 130, which is
preferably welded at -its upper end to the nng 122. At
its lower end the -conical section 130 carries a threaded
fitting for attachment to a suitable container or pipe.
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~  Except for the modifications just described, the evap-
orator-concentrator apparatus of Figure 6, is identical to
“that illustrated in Figures 1 and 2. The concentrate is
‘forced through- the slots- 128 by the action of the vanes
and the vane tips 110, as in the case of discharge pipe 16,
“the principal difference being in the enlargement of cross-
‘section of the discharge passages.

In the modification of Figuie 8, the bottom plate 66
‘has been replaced with a detachable discharge section
‘comprising a bottom plate 140, welded to a tubular sec-
tion 142, in turn welded to an annular attaching fiange
144. The flange 144 is secured as by bolts 146 to an an-
nular flange 148, which is welded to tubular section 20
and -forms the bottom. of the heating jacket. "In this
modification, section 20 terminates at a point flush with

- strictive, the scope of the invention bemg mdrcated by

10

15

‘the lower ‘surface of the flange 148, to permit the flush

installation of the tubular section 142.. A 'seal 150 is pro-
vided at the juncture of tubular sections 20 and 142, to
‘effect a fluid-tight connection at. this point.. Lubricant
‘passages 152°and 154 in plate 140 function in the same
‘manner as passages 86 and 88 previously. described. It
will be noted that the conical reinforcing wall 156 which
~teplaces the wall 76, has been extendéd almost.to the
tubular section 142. The contour of thé bottom of the
vanes 104 has been modified accordingly. The rounded
construction ‘of the lower tip of the vanes-may be re-
tained. However, the vanes will function propetly if the
'vane tips are straight and coplanar with the vane body.
.The- discharge pipe 158 is welded to the tubular section
142, and extends tangentially therefrom as seen in Figure
- 9, extending downwardly at an angle preferably in the
neighborhood of 45° or less, with respect to the plane of
the bottom plate 140. By virtue of this constraction, full
advantage is taken of the centrrfugal throw of the rotor

blades, and the concentrate is taken off the wall ‘142

tangentially of the direction ‘of flow of the concentrate

thus insuring a satisfactory dischargé even where highly

viscous concentrates which tend to clmg to tubular wall
. 142 are produced.

The drscharge pipe 162, lllustrated in_Figures 10 and
11 ‘which is installed at the intersection of the bottom
plate and the vertical tubular section is arranged to take
full ‘advantage of both the centrifugal and vertical flow
components imposed on the concentrate by the rotor
blades 184 which revolve in the direction. indicated by
the arrow. This installation of the discharge pipe would
be most eﬁectlvely utilized in a discharge section of. the
type illustrated in Figure 8, miodified so as to bring. the
slope of the reinforcing cone into agreement with that
shown in Figure 3.

It:is believed that the tangential discharge pipe instal-
lations shown. in-Figures 8 through 11 will have partic-
ular utility in handling certain highly viscous. concen-
trates which are apt to-cling to the vertical wall of the
apparatus, although the lighter and less. viscous concen-
trates, which fall readily to the bottom plate, may be han-
dled efficiently by the apparatus illustrated in Figures 1—7.

It will be understood that the apparafus of Figures 6
‘through 11 may be partlally or wholly disassembled for
cleaning, inspection or repairs m the same manner as the
apparatus of Figures 1-5. ~

It is also to be noted that, Where operatrng condrtxons
require, additional.discharge pipes. or openings -may. be
incorporated in all forms of the apparatus. -

- From the foregoing it will be apparent that.] am able

to attain the objects of my invention and provrde a new -

and improved -apparatus for concentrating liquids  in
‘which operatxonal losses are minimized. The apparatus
is 'simple in construction and the parts are so made that
‘the. apparatus may"be readily drsassembled for cleamng
:and. sterifizing.

- The invention may be embodred in other specrﬁc forms
without d.,partmg from -the spirit-or. essential character-
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the appended claims rathér than by the foregoing descnp-

tion, and all changes which come within-the. meamng,
_and range of equivalency of the claims are therefore i fn-

tended to be embraced therein.

What is claimed and desired to be secured by Umted
States Letters Patent is:

1. In an evaporator, including a chamber having a
substantrally vertical : cylindrical wall, a rotor rotatably
mounted in said chamber substantially coaxial with said
wall, a plurality of vanes radially spaced around said

rotor and extending outward therefrom into close proxim--
ity with said-wall, means for rotating said rotor; means -
at the upper end of said chamber for introducing liquid

to be evaporated, and heating means on said wall below
said inlet; a substantially flat plate detachably secured to

said chamber and closing the lower- end. thereof; and said -

plate having a plurality of circumferentially spaced out-

lets for unevaporated concentrate, a downwardly and -
outwardly flared member secured at its base to said plate -

within said chamber substantially centrally of said cham-
ber, the outer edge of said member being adjacent said

“outlets to deflect the concentrate outward-toward said.~
“outlets and bearmg structure for said rotor rigidly: se--
cured to said plate, said plate having a first passage for.

supplying lubricant to the center of said bearing structure

and an additional passage for removing lubricant from-

said bearing structure at a point ad]acent the penphery
thereof.

2. An evaporator as deﬁned in claim:1 in whrch the
vanes extend downward into close prommrty with said
plate.and said conical member.

3.  An evaporator as defined in claim 2 mcludmg means
on the lower-ends of the vanes for urging the unevapo-
rated concentrate downward and outward toward sald

“outlets.

4. An evaporator comprising a wall formmg a vertrcally

. elongated chamber, a rotor having a coaxial open cylin-

40

drical portion forming an-open lower ‘end théreof, said
rotor. being mounied for .rotation in-said chamber :sub-
stantially  coaxially with said wall, a plurality of vanes
radially .spaced around said rotor and ‘extending - out-
wardly therefrom into close proximity with said wall,

- means for rotating said rotor, means at the upper end of
- said’ chamber for introducing a fluid to be evaporated,

a substantially flat plate detachably secured to said cham-
ber and closing the bottom thereof, means forming an
outlet for unevaporated concentrate in the lower end
of said chamber,. a stub shaft secured within said open
cylindrical portion of said rotor and coaxial therewith,
a bearmg assembly secured to:said plate -within said
chamber coaxial with said wall for rotatably and shdably
receiving said stub shaft comprising an outer cylindrical
sleeve, an inner cylindrica) sleeve of anti-friction material;

said.inner sleeve being concentric with and shorter. than"

said outer sleeve and the upper part of each of said
sleeves extending - into said open cylindrical _portion- of

' »sald rotor, means. for introducing lubricant. within . said
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istics thereof. * The present embodiment is. therefore to -

be consrdered in all respects as 1llustratxve and  not- re-

inner sleeve, means for preventing lubricant from passing

" over said outer sleeve, means for withdrawing lubricart

from between said sleeves, a frusto-conical member en-
circling said bearing and secured at. its upper end-to said
béaring and at its lower. end-to . said plate, said member

5 being secured to the plate at substantially the same dis-
“tance from the center of the plate as the inner edge of said
- ‘outlet, the vanes on said- rotor extending - into "close

]

proximity to said member and said plate, and means for . -

-heating the wall of said chamber from a point beneath

said inlet to a point spaced above said plate. .
5. An evaporator as defined in: claim 4 mcludmg :

.means for releasably securing said plate and bearing - to

said wall in fluid pressure tight relation thereto. .
6. An evaporator as defined in claim 4 in which the
heating means comprises a heating jacket surrounding
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said wall from beneath said inlet to a point adjacent the
top of said bearing.

7. In an evaporator including a chamber having a sub-
stantially vertical cylindrical wall, a rotor comprising a
hollow tube rotatably mounted in said chamber substan-
tially coaxial with said wall, a plurality of vanes radially
spaced around said rotor and extending outward there-
from into close proximity with said wall, means for ro-
tating said rotor and means at the upper end of said
chamber for introducing liguid to be evaporated; a plate
closing the bottom of said chamber, means forming an
outlet for unevaporated concentrate in said plate adja-
cent said wall, a stub shaft secured within said tube adja-
cent the lower end thereof and coaxial therewith, a beaz-
ing secured to said plate within said chamber coaxial with
said wall for rotatably and slidably receiving said stub
shaft, and a frusto-conical member encircling said bearing
and secured at its upper end to said bearing and extending
downwardly and outwardly into engagement with said
plate adjacent the inner edge of the outlet to direct un-
evaporated concentrate toward said outlet.

8. An evaporator as defined in claim 7 in which the
hollow tube of said rotor extends downwardly over the
upper part of said bearing into close proximity with the
top of said frusto-conical member, and the vanes on said

rotor extend downward from said tube info close prox-

imity with said frusto-conical member and said plate.
9. In an evaporator, including a chamber having a
substantially vertical cylindrical wall, a rotor rotatably
mounted in said chamber substantially coaxial with said
wall, a plurality of vanes radially spaced around said
rotor and extending outwardly therefrom into close prox-
imity with said wall, means for rotating said rotor and
means at the upper end of said chamber for introducing
a liquid to be evaporated; a substantially flat plate clos-
ing the lower end of said chamber, said plate having a
plurality of circumferentially spaced openings to provide
outlets for unevaporated concentrate, and a downwardly

and outwardly flared member secured at its base to said

plate within said chamber, the outer edge of said mem-
ber being adjacent the inner edge of said circumferentially
spaced openings to deflect concentrate toward said
outlets,

10. An evaporator as defined in claim 9, together with
a conical receiving member for the concentrate and means
detachably securing said member to the lower side of said
plate.

11. Tn an evaporator including a chamber having a
substantially vertical cylindrical wall, a rotor rotatably
mounted in said chamber substantially coaxial with said
wall, a plurality of vanes radially spaced around said
rotor and extending outward therefrom into close proxim-
ity with said wall, means for rotating said rotor, and
means at the upper end of said chamber for introducing
a liquid to be evaporated; a discharge section adapted to
be detachably secured to the lower end of said evaporator,
comprising a tubular member forming a continuation of
said vertical cylindrical wall, a substantially flat plate
rigidly secured to the lower end of said tubular member
to close said chamber, an outlet for unevaporated con-
cenfrate in said tubular member adjacent said plate and
a downwardly and outwardly tapered member secured at
its base to said plate within said chamber, the outer edge
of said member being adjacent said outlet to deflect the
concentrate toward said outlet.
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12. In an evaporator including a wall forming a ver- -

tically elongated chamber of substantially circular section,
a rotor rotatably mounted in said chamber substantially
coaxial with said wall, a plurality of vanes radially spaced
around said rotor and extending outwardly therefrom in
close proximity with said wall, means for rotating said
rotor, and means at the upper end of said chamber for
introducing a liquid to be evaporated; a plate detachably
secured to the lower end of said chamber and forming a
closure therefor, said plate having a plurality of cir-
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cumferentially spaced openings to provide outlets for un-
evaporated concentrate, 2 bearing structure on said plate
for rotatably and slidably supporting said rotor sub-
stantially centrally thereof, said plate having inlet and
outlet passages for lubricant for said bearing formed in
the portions of said plate intermediate said openings, and
a downwardly and outwardly flared member secured at
its base to said plate within said chamber, the outer edge
of said member being adjacent the inner edge of said
openings to deflect concentrate toward said outlets.

13. An evaporator as defined in claim 12 together with
a conical receiving member for the concentrate, and
means detachably securing said member to the lower side
of -said plate.

14. An evaporator comprising means forming a ver-
tically elongated chamber of circular section, a rotor
rotatably mounted in said chamber substantially coaxially
thereof, said rotor having a stub shaft adjacent its lower
end, means for rotating said rotor, means at the upper
end of said chamber for intrcducing a liquid to be evapo-
rated, a plate detachably secured to said chamber and
closing the bottom thereof, said plate having a plurality
of circumferentially spaced openings forming outlets for
unevaporated concentrate, a bearing assembly mounted
on said plate within said chamber coaxial with said wall
for rotatably and slidably receiving said stub shaft, said
bearing assembly comprising an outer cylindrical sleeve,
an inner cylindrical sleeve of anti-friction material, said
inner sleeve being concentric with and shorter than said
cuter sleeve, means forming radially extending inlet and
outlet lubricant passages in said plate, said inlet passage
communicating with the interior of said inner sleeve and
said outlet passage communicating with the interior of
said outer sleeve, a frusto-conical member encircling said
bearing and secured at its upper end to said bearing and
at its lower end to said plate at substantially the same
distance from the center of the plate at the inner edge of
the outlet, and means for preventing lubricant from
passing over the said outer sleeve into the interior of
said chamber. :

15. An evaporator comprising means forming a ver-
tically elongated chamber of circular section, a rotor
rotatably mounted in said chamber substantially coaxially
thereof, said rotor having a stub shaft adjacent its lower
end, means for rotating said rotor, means at the upper end
of said chamber for introducing a liquid to be evaporated,
a plate detachably secured to said chamber and closing
the bottom thereof, said plate having a plurality of cir-
cumferentially  spaced openings forming outlets for un-
evaporated concentrate, a bearing assembly mounted on
said plate within said chamber coaxial with said wall for
rotatably and slidably receiving said stub shaft, said
bearing assembly comprising an outer cylindrical sleeve,
an inner cylindrical sleeve of antifriction material, said
inner sleeve being concentric with and shorter than said
outer sleeve, means forming radially extending inlet and
outlet lubricant. passages in said plate, said inlet passage
communicating with the interior of said inner sleeve and
said outlet passage communicating with the interior of
said -outer sleeve, a conical receiving member for the
concentrate and means for detachably securing said mem-
ber to the lower side of said plate, and means for pre--
venting labricant from passing over said outer sleeve into
the interior of said chamber. :
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