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'This invention relates: generally to. apparatus

 and methods for the concentration ‘of variotis
liquid materials, containing one or more vaporiz-.
able. components in two ‘or. more. evaporating'

§ effects or stages. It has particular application

“where the liquid material to be evaporated cop~:

tains organic ingredients, such as: mﬂk or milk
‘products, fruit julce, and the like.

_irrespective of the fact that the lquid material

‘- being.-handléd is more: concentrated than the
18 liquid fed into the first effect. '

- Another object of the’ invention is to provide a

multiple effect evaporator of the “vapor-mist”
type,. which maintains the . _desired character of

.evaporating - action as the liquid becomes more
90 concentrated..

Another object of the invention is'to provide"'
an evaporating apparatus and method’ which will )
be characterized by the existence of a relatively :
small amount of liquid’ being concentrated in the-

88 system at any one time. This characteristic is of

advantage in handling material such - as “milk’
products or fruit juices, which aré apt. to be: in-»

jured by prolonged heating.
Another cbject of the inventfon is to provide a
80 multiple effect evaporator in which a single pass
- of .the liquid through. the ‘different eﬂects 'will
- suffice to produce a relatively high degree of con-
centration.

. Further objects ‘of the’ invention will appearr
88 from the following description, in which the pre-

ferred embodiment of the. invention has been set

forth in detail in’ conjunction with the accom-=

panying drawing

_ 'The apparatus’as iilustrated in the drawinx
.4p affords two evaporating effects: or stages, each of.
which utilizes evaporating tubes: through which .
the liquid material being evaporated is- caused. to:
pass. A vapor-mist type.of. evaporation is util- -
ized, such as is disclosed in.our co-pending: appli-

4B cation Serial No. 14,300, filed April 2, 1935. . The
first effect utilizes one. heater. I, while the second
“effect utilizes the two heaters 2a and 2b. .
Heater- | consists of a plurality of evaporating
- tubes 3, which ‘have their ends secured to the
8 upper: and lower tube sheets 4 and 8. “The tubes
‘3, for substantially their. entire length are. sur-
rounded by .the steam jacket” .. Within ‘the
jacket 8 the tubes 3 are surrounded by a conduit
1 forming in effect & cylindrical ‘bafle. The lower

ll -annular end wall l of the jacket O is attached to

conduit 1, tnd a lower extension of the conduit 1
is attached to'the tube sheet 6. The upper annu- ..
lar end wall' 9 of the steam jacket: is shown-at- :

‘tached 'to:an. extension 10, ‘which:in: turn.is se-

cured to the tube sheet 4. The upper énd of-con=-. 8
duit 7 terminates short of the annular end wall 9, .

‘whereby ‘steain introduced -into -the jacket flows:
- * upwardlythrough the space (I, and then down-:
‘. Tt is an object of the invention to provide an i
10. apparatus and. method of the above ‘character
“which will be characterized by’ emcipnt evapora=-’
tion in & second or subsequent evaporating effects,

wardly ‘through the conduit T :and:-about -the
evaporating tubes 3. The space above tube sheef: 10
4 is énclosed by the head {2, which' forms.a pri-

‘mary expansion ‘chamber - communicating with':

the upper -ends:of .the evaporating tubes-3.: Pipe

‘{3 is shown for introducing liquid:to be evapor- .
- . ated into the head:{2, and-is shown connected to 18

the outlet of a: preheater 18a. - -
“The mist of liquid:and vapor discharged from

the lower-ends of the evaporating tubes 3.is de-

livered into: & separating.and: collecting receiver
4. Depending’ conduit 16, which'extends down-- 20

‘wardly from the lower tube sheet §,serves to con-

nect this receiver with the heater 1. TImmediately
pelow the lower end of conduit-16. there is an in--
clined entrainment. tray 11 which aids-in effect~
ing ‘séparation between liquid and:vapor. Vapor gg

‘is:removed from receiver:i4 by Tonduit 18, while

lquid is removed by .the depending: pipe Is A
bafle 21 tends to minimize:entrainment of :lquid-
particles ‘in the vapor removed through conduit

18, e ‘90 .
'I'he heater !a can be constructed in a manner

- similar to the heater |- described above. -However,
for reasons to be presently explained, the cross-
sectional -flow: area. afforded by the tubes. 3a is

made substantially less'than the cross-sectional %
flow area.of the tubes:3 for heater |, This can be
done by utilizing tubes of the same: internal di-
ameters for: both:heaters, with a -substantially
fewer number of tubes 3d: so that the combined
cross-sectional flow area will be: substantially less. 40 :
It can also be’ accomplished by using substantially
the same number of tubes as compared with the
number of tubes for heater ‘|, but with the tubes
3a being of ‘& substantially- smalier internal di-
ametér. In this connection, good results have 46
been secured by making the total cross-sectional
flow ‘area sfforded by tubes 3a:about 60%: of the
cross=section flow area’ afforded by the tubes 3

.for the first heater. Heater 2b can be a duplicate

of heater 2a. ' Because ‘'of the smaller cross-sec- 80
tional flow area afforded by the tubes 3z and.3b
of these two heaters, it is evident: that the re-
maining parts of these heaters can be of reduced
size, as compared with the heater 1,

Instead oi providing separate coilecting and 85
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separating receivers for the two heaters 2a and

20, a single receiver 22 is provided. This re-
celverreceivesliquid and vapor from the two heat-

ers, through the conduits f6a and 18b, and is

" 5 provided with entrainment trays 1Ta and 170.
Baffle plates 2{a and 21b are also shown, to pre-
vent entrainment of liquid :particles with the
vapor withdrawn through conduit 23. A baffle
24 segregates liquid collected in the lower part
10 of recelver 22,

and separately withdrawn through the pipes: 2§
and 26.
1s- The additional equipment and connections Al-

lustrated in the drawing are as follows:—Steam

is admitted to the jacket € :of the first heater 1
through pipe 21.. Where it is desired to utilize
- steam from a high pressure source, with admis-
g0 sion of steam {o'the heater { at a relatively lower

_ pressure, a de-superheater 28 is employed, which

is connected-to .a high-pressure steam: pipe 28,

- to suitable pressure reducing means.. Condensate -
is shown being-withdrawn from the first heater.

¢ | through pipe 38 and. condensate pump 3f. A

part of this condensate can be sprayed into.the

de-superheater 21, as indicated by pipe 32. Pipe

19, which receives liquid from the receiver 14,
is shown connected to the inlet side of a pump

30 33 which has its discharge side connected by pipe

34 to the head l2a of heater 2a. Conduit I8,.

through which vapor is withdrawn from the re-
ceiver : {4, is shown connected to the jack-

. ets of ‘the two heaters 2a and 2b.  Thus the .

35 supply vapor to the heaters 24 and 20 is
vapor. evolved. from the liquid being evaporated
in the first effect, and is vapor under like tem-

perature and pressure conditions. - Such an ar-

" rangement can be termed parallel heating, of the
40 second effect heaters. ’

-Pipe 2§, through which liquid  collected from

the heater 2a is withdrawn, is shown connected

to the inlet side of a pump 38, the discharge side

_ of which is-connected by pipe 38 to the head 12b -
45 of heater 2b. Pipe 26, which receives liquid dis-

charged from" heater.2b, connects to the .inlet
side of a pump 31, the ‘discharge side of - which

connects with a pipe 38 for final delivery. Con-

~densate from both the heaters 2a and 2b is shown.
‘50 being withdrawn through pipe.39.and 4§ to the
condensate pump #2. Pipe 43 is shown com-
municating with all of the heaters |, 2a and 2b,
and leads to suitable evacuating means for the

removal of non-condensables. Vapor conduit 23, y

58 which connects to the receiver 22, leads to a suit-

able condensing - apparatus whereby a desired

degree of vacuum can be maintained.
Operation ‘of the apparatus. described above,
and the carrying out ‘of the method involved, are
‘s0 8s follows:—The Hquid- to' be evaporated, after

being heated to a predetermined temperature,

is conveyed through pipe 13 to the head 12 of the
first heater 1. In passing through this head and
into tubes 3 the preheated liquid is converted
‘¢ ‘by a primary evaporation, due to the maintenance
in-heater | of & .pressure lower than the vapor
pressure of the liquid, into a highly dispersed
mixture of vapor and liquid. As the mixture of
- vapor and liquid passes down through the tubes
70 3, a further expansion of liquid into vapor occurs
under the influence of heat supplied by the steam
in jacket §, whereby the liquid is maintained in
the form of a fine mist from -which progressive
evaporation occurs throughout the length of the
78 tubes. Maintenance of the liquid in the form of &

‘whereby the: liqguid components °
-discharged from the tubes 3a and. 3V are not .
allowed to intermix, but are separately collected

. heater 2a of the second effect.

highly dispersed mist through the length of the
tubes is effected by the primary flash evaporation
and by the continued evaporation in the tubes
by the transfer of heat therein to the primarily
formed vapor-liquid mixture in which the volume 5
of the vapor is sufficiently large compared to the
volume: of liquid to hold the liquid mist particles
in dispersion, It will be evident that the dis- "’
charge from the lower ends of tubes 3 will con-
sist of vapor and entrained mist particles of 19
liquid.

The partially evaporated liquid separated out.-
in the receiver I4 is delivered by pump 33 to the
In flowing down-
wardly through the evaporating tubes 3a, evapo- |5
ration occurs in substantially the same manner -
as described above in connection with the first
heater I. Liquid from the heater 2a¢, which has
collected in the receiver 22, is delivered by pump
35 to the heater.2b. Here the liquid is further 59
concentrated by passing -downwardly through the
tubes 3b, so that as finally delivered by the pump
31 it is of the concentration desired. :

Due to the concentration occurring in the ﬂrst
effect, it is evident that the liquid supplied-to the o8
second effect is considerably smaller in volume:~
as compared to ‘the liguid fed through pipe 3, -
and in most instances it is of higher viscosity i § &
such partially concentrated liquid were passed -
through a single heater forming the second effect, ‘39*
having . tubes affording the same cross-sectional -
flow ‘area as in the heater of the first ‘effect, if -
would not be possibie {o attain the degree-of high .
concentration desired, without decreasing the vol-
ume- of ‘liquid supplied to such a low point, in 35
comparison. with the cross-sectional flow area
afforded by the evaporating tubes, that incrusta-
tion of the ‘tubes would result and the rate of heat
transmission ' to the liquid ‘would ‘be lowered.
However, with two heaters such as described, each 40 ‘
having a ‘considerably . smaller number of tubes .
than the heater of the first effect, to afford less ag-
gregate cross-sectional flow area, a greater quan-
tity of Hquid is caused to pass through- each tube.
It has been found that as the liquid material 45
becomes more concentrated; more efficient evapo-
ration is obtained without incrustation, when the
quantity of liquid suppled to each tube Is in-.
creased. This can be better explained by point-
ing out that in general as the liquid material g4°
becomes: more concentrated, its surface tension’
and viscosity increases, and more energy is re-
quired to disrupt the liquid into fine mist par-
ticles.. Such mist particles are desired in‘order to :
afford a high rate of heat ‘transmission and to gg'
avoid -incrustation. Such factors are taken in
account in the present invention by avoiding a8
decrease in the amount of liquid in any one tube
of the second effect, for a given instant; below a

- minimum value such as will be found to cause un-. 60

even distribution of particles of the liquid with
the tubes and consequent incrustation and inef-
ficient - heat - transfer... This - minimum value,
which is made possible by the reduced cross-sec-
tional flow “area afforded by the -evaporating

. tubes of t_he ‘second éffect, can not precisely be

specified, but can be readily determined by ex-
periment for each particular liquid material and
set of conditions presented. Becauseof the man- 70
ner in which evaporation is conducted and par- -
ticularly because of the manner in -which con-

‘centrated liquid material is' handled in the sec-

ond effect, a high degree of concentration is ob- ..
tained in a: minimum number o effects and with- '3




- passage which is ‘being continuously supplied.:
“'with'heat, whereby the convetsion:-of more liquid ;.
into vapor occurs progressively- throughout ‘the::’

10 -1BV0. ] :
" - eyaporating tubés:’ Transit: of ‘vapor and liquid::

15

“'tubes precludes blanketing of the inner walls
~with streaming fllms of liquid, and consequently -
the ‘vapors discharged from the lower ends of

| 2,168,362
out ‘returning any of the: liquid material for &

_second passage through the heaters. == o

It may be further ‘explained that

chamber; is-flashed into-an elongated: ‘restricted

through the evaporating tubes-occurs at a rapid

and ever-increasing rate and produces a condi- -
tion of turbulence which promotes efficient heat .
transfer -and vapor evolution from -the liquid

mist, and which is also condicive to a minimum

‘amount of incrustation on the inner tube walls. =

The relatively high rate of passage through the

the tubes are superheated'to a material degree.

Better control of the equipment can be secured -

if the pumps 33, 35 and 27 are.of such a character:

as .to have decidedly drooping head. capacity . ;
n- = -two  heaters rovid
tubes, means for delivering liquid to be. evapo-

curves.. We have reference to pumps of the cen-

" 4rifugal type which are sensitive to a change in

" bers afforded by heads 12a¢ and
be accomplished by suitable means such as ori- -
fice plates overlying the upper ends of the tubes,.

-~ apparatus,

- tube passages.

 inflow head. Assuming that the pump 33 is of -

{his type, it-is evident that while the pump is

" operating at a constant speed the - quantity of
‘Hquid
‘through pipe - 34

material -delivered to the second ‘effect

accordance with the amount of liquid flowing

through pipe 18 from the.receiver i4. Thus, if -
“all of the pumps 38, 35 and 37 are of this type,
it is evident that the receivers 14 and 22 can be -

maintained entirely drained of liquid at all times,
in spite of slight variations ‘occurring in -normal
operation. Aside from tacilitating control of the
maintenance of receivers 4 ‘and 22
substantially

times is advantageous in that by such operation

. the amount of liquid being treated in the appa- .
- ratus, at any one time,:is

apparatus is particularly
liquid materials, such as. mi 0
julces, since the’ period ‘of time. for which the

material is subjected to. heat ireatment, is re- .

duced. to & minimum.

In some instances it may be found desirable“ »

to somewhat restrict
upper ends of tubes

communication between the
3¢ and 3b, and the cham-
12b.  This can

and which have ‘openings. registering - with -the

We claim: : ‘ v
1..In a liquid evaporating apparatus, a flrst
stage heater ‘including’ a: plurality of- evaporat-
ing tubes, means for introducing liquid to be

: evaporated into sald tubes,’a receiver connected

70

F(

to the discharge ends of said tubes and serving
to collect liquid separated from discharged vapor,
at least two second stage heaters each provided
with evaporating tubes, means for delivering lig-
uid from said receiver to the tubes of one of the
second stage heaters, a receiver connected to the:
discharge ends of the tubes of both the second
stage heaters and serving to collect liquid sepa-
rated from discharged vapor, means serving to

apply vapor discharged  from -the  first stage -

heater for parallel heating of the second stage
heaters, and means for introducing collected lig-

evaporating:
conditions" within -the tubes:$,'3a; and 3, can::
‘be-likened -to ‘a- flash evaporator in:which :the::
_Hqiiid, instéad of -flashing’ within an-enlarged::- ‘

second.. s

will- vary ‘automatically, in. - )
“one heater to the tubes of the other heater,

entirely drained of Hquid at all”

at & minimum, The
adapted for - organic .
milk products or fruit:

- 3
uid discharged from said one second stage heater ..
-+ to:the tub_es.‘ofa,the‘_othgr;»sect)nd_stgge_ﬁ,héa;t,e,r. v

2. In a liquid evaporating apparatus, a first .

bes, means for introd

stage heater including a plurality of evaporating:
ucing lquid to bé evapo-,

bes, & receiver connected to the .
.of said tubes and serving to col-

the. second ‘stage heaters, & Teceiyer connected "

uld’; separated ,
vapor discharged from the first

stage heaters, and means for introducing’ col- -

lected liquid: discharged from said one second

‘stage heater to the:tubes of the. other second.
_stage heater, the
. stage:heaters afl
sectional flow area,

tubes for-each of the second
rding substantially less cross-
than the tubes for the first

stage.
each provided with evaporating

fage heaters and gerving to collect Ud-
: from  discharged vapor, means:
-serving to apply
stage heater for

3, In & liquid evai)thing? apparatus, at least’

harge ends of the tubes of both the ‘

15

‘parallel heating of the second -

28"

rated to the tubes of one heater, a receiver con- ’

nected: to the discharge ends of the tubes of
‘both said heaters and serving to- collect liquid
‘separated from discharged vapor, and means for
jntroducing collected liquid discharged. from said

means. for separately removing liquid discharged
from %he tubes of said-other heater. .

" 4. In a process for the concentration of lquids; °

the steps comprising introducing . the lquid to
be concentrated into- a heating zone ‘in. which

evaporation of the liquid is effected, passing the,
" mixture of ‘liquid ‘and :vapor thereby produced
“into a low pressure zone, separating the lquid:
from the vapor in sald low pressure zone, pass-
ing the separated liquid through & second heat-

ing zone in which further evaporation of the
Hquid is effected, returning the mixture of liquid
and vapor thereby produced to said low: pressure
zone, . separating the ; liquid from the vapor in

-said Jow pressure zone, removing said liquid sepa~
‘rately from the first separated liquid and from

the vapor and removing the vapor separated
after both said heating stages at a rate effective

and.

30

35

to maintain 8 predetermined low. pressure in said -

low pressure zone.

5. In a process for the concentration of ‘llquids, ’

the steps comprising introducing the liquid to
‘be -concentrated into a heating zone in ‘which

evaporation of the Hquid is effected, passing the
mixture of liquid and vapor thereby _produced
into a lowpressure zone, separating the liquid
from the vapor in sald low pressure gone, passing
the separated liquid through a second heating
zone in which further evaporation’of the liquid
is effected, passing the mixture of liquid and

- vapor. thereby produced into & second-low pres-
" sure zone of lower pressure than the first zone,

separating the liquid from the vapor in said sec-
ond low pressure zone, passing the separated lig-
uld through & third heating zone in which fur-

ther evaporation of the liquid takes place, re- -

turning the mixture of liquid and vapor thereby
produced to said second low pressure zone, sepa-

Tating the liquid from the vapor in said second -

low_-pressure. zone, removing said liquid sepa-
rately from the first separated liquid and from

' the vapor and removing’ the vapor from sald

18




second low pressure zone at s rate effective to
mdntamtheprmurethexfelnlover chaninmd

.. first low pressure zone.

10

6.. Inaprooeu!ortheeonoenmtionofnqma )
the steps comprising ‘introducing the Hquid to

be coricentrated into a zone of ‘lower pressure

than the vapor pressure of the liquid whereby -
the .liquid is converted into & gas-liquid - mix--

ture, passing said mixture through a heating zone

in ‘which further evaporation of the liquid takes -

place, thmtterpawuthemlmmtonlec-
ondlwweuuremeoflowerprenurethﬁn

the first zone, separating the: liquid from the -
,mmuuoooondlowpremem.mg

9,168,363

the separated- uquid through: & second heating .
zone in which. further evaporation of the Hquid
takes place, returning the mixture of liquid and
vapor thereby produced to sald second low- pres-

sure zone, separating the nquid from the vapor. s . '

in.said second low pressure.zone, removing said

liquid separately from the first separated lquid

and from the vapor and removing the vapor.
from said second. low.-pressure zone at -4 rate. .

effective to maintain the pressure therein lower m

than in md nrst low pressure zone.

DAVIDD 'PEEBLES. .
PAULDVHANNING




