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(57) Abrégée/Abstract:

A method and apparatus for separating the components of a feed material prior to or simultaneously with at least partially
vaporising one of the components Is described. The apparatus comprises at least one inlet (8) for admitting the feed material (10)
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(57) Abrege(suite)/Abstract(continued):

containing the two components to the apparatus (2) wherein a device for introducing a first movement to the feed material Is
located, such as, for example, an in-line swirl generator (14), which imparts a swirling movement to the feed material to partially
separate the components into two swirling flows. The partially separated material on emerging from the in-line swirl generator (14)
IS In an evaporation tube (20) In which the more volatile component is vaporised to further assist in separating the two components
Into a liquid component and a gaseous or vapour component. The liguid component and the vapour phase are discharged from
the apparatus In two streams through the same outlet (36). Modifications of the method and apparatus include (1) having multiple
evaporation tubes (20), each optionally provided with its own in-line swirl generator to facilitate better distribution and separation of
the feed material, and (i) having a reject nozzle (40) and reject conduit (42) located within the generator for allowing passage of
vapour or gas through the in-line swirl generator (14) when there is an intermediate flow formed in the generator (14) and conveyed
to the evaporation tube (20). The method and apparatus of this application are used as a pre-treatment in an overall separation
plant.
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A method and apparatus for separating the com- .
ponents of a feed material prior to or simultaneously U A WL WA WA . W L SAS L R S S\
with at least partially vaporising one of the components
is described. The apparatus comprises at least one inlet
(8) for admitting the feed material (10) containing the
two components to the apparatus (2) wherein a device
for introducing a first movement to the feed material
is located, such as, for example, an in-line swirl gen-
erator (14), which imparts a swirling movement to the
feed material to partially separate the components into
two swirling flows. The partially separated material on
emerging from the in-line swirl generator (14) is in an
evaporation tube (20) in which the more volatile com-
ponent is vaporised to further assist in separating the
two components into a liquid component and a gaseous 32 28
or vapour component. The liquid component and the
vapour phase are discharged from the apparatus in two
streams through the same outlet (36). Modifications of
| the method and apparatus include (i) having multiple
evaporation tubes (20), each optionally provided with
its own in-line swirl generator to facilitate better distri- 2
bution and separation of the feed material, and (1i) hav-
ing a reject nozzle (40) and reject conduit (42) located
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within the generator for allowing passage of vapour or \ 29 | D
gas through the in-line swirl generator (14) when there ~ce \ o 40 S
is an intermediate flow formed in the generator (14) and 1, '\3 f
| conveyed to the evaporation tube (20). The method and 34- ﬁ “t’ | ’ 36 37
apparatus of this application are used as a pre—treatment / \ ol ’
in an overall separation plant, ‘ T BESSSS
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CYCLONTC EVAPORATOR

The present invention relates generally to a method and
apparatus for separating two or more components of a feed
material, particularly a waste stream from an industrial

10 or chemical process containing two or more components from
wh:x.ch stream it is desired to recover Ox recycle one or
other of the components. More particularly, the present
jinvention relates to a method and apparatus for separating
or for facilitating separation of two or more liqgquid

15 components where the liquids have differing properties,
such as for exa.rnple different specific gravities and/or
different boiling points. Even more particularly, the
present invention relates to a cyclonic evaporator and to
a method of using a cyolon:.c evaporator to separate liquid

20 components from each other and to recover and/or recycle
one oOr more of the liquid components, in which the
cyclonic evaporator is provided with a hydrocyclone stage
and an evaporator 'stage . The present invention finds
particular application as an improvement to evaporators

25 for separating licquid components from each other in which
the improvement 1is providing a hydrocyclone stage before
the evaporator stage in order to achieve more efficient
distribution of the waste material to the evaporator,
thereby effeoting more efficient operation of the

30 evaporator to separate the more volatile 'component or

components of the waste material from the remaining

material.
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Although the present invention will now be described with
particular reference to one embodiment of a cyclonic
evaporator for use in separating, in one example, alcohol
5 from aqueous waste material, and in another example water
from milk solids, it is to be noted that the scope of the
present invention is not restricted to the described
embodiments, but rather the scope of the present invention
is more extensive so as to include other arrangements' of
10 the hydrocyclonic evaporator and its use in other

applications and processes,' particularly for treating

different materials.

Existing evaporators suffer from one or more

15 disadvantages. One such disadvantage relates to the
difficulties in separating liquids of different specific
gravities or of different volatilities. This is
particularly so where evaporators are used to separate
volatile materials such as alcohols from agqueous waste

20 materials or water from milk solids.

One reason for the existing difficulties of evaporators
relates to the uneven distribution of incoming feed
material to the evaporator tubes. In many installations,

75 there is a distribution plate located at or towards the
inlet feed, such as, for example, in the inlet chamber of
the evaporator to deflect incoming :Eeed to individual
tubes. However, this plate acts as a barrier to the flow
of the incoming feed material and causes uneven'

30 distribution to individual tubes, particularly where the
evaporator is being fed under the influence of gravity

only. The deflection and distribution of the incoming
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feed to individual tubes is achieved by the presence of a
number of apertures erranged in a spaced apart array in
which each aperture directs material to an individual
rube. As the apertures in the plate are small in size

5 they often become bloc-ked with residues of material from
the feed stream, particularly milk solids and the like.
Blocking of the apertures further exacerbates the problem
ef uneven distribution as the apertures having reduced
flow have a greater tendency to block. ' ' .

10

Another problem with existing evaporator tubes relates to
the build-up of material on the inner wall ef the tubes,
particularly in the region towards about the top third of
the tubes due to incomplete vaporisation of one or more of

15 the components in the feed stream.’ 'fhis is particularly
relevant when milk solids or similar materials are present
in the feed stream being treated since the milk solids, '
being essentially oily ox fatty 1in nature, aﬁre only .
partially vaporised, and accordingly have a tendency to

50 form a sticky residue which deposits on the upper_end of
the inner wall of the tube. This sticky residue attracts
other residual material which in turn adds to the build-up
on the walls of the tubes. The deposit of residue reduces
heat transference through the wall of the tube, which in

25  turn reduces the efficiency of the evaporator, 1ead:i.ng to

more material being deposited and so on.

Tt is an aim of the present invention to provide a method

and apparatus which alilows a feed inat:er:i.a.l having two or
30 more components to be separated into the components pPrior

to or simultaneously with evapo:ration 'of one or more of

the components, so that in combination with the evaporator'

g O T T T PR I T e A
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+the components are more effect ively separated from each

- other.

according to a first aspect of the .pr'e_sent: invention there
5 is provided an apparatus for separating two or more
components of a matej:ial prior to or gsimultaneously with
at least partially vaporising one of the components, said
apparatus comprising at least one inlet for admitting the
feed material containing the twb or more components, a

10 device for inducing a first movement to the feed material

each other and at least one outlet for discharging the

separated components, wherein at ieast one of the

materials is at least partially vaporised prior to being

15 dis.charged' £from the outlet.

According to another aspect of the present invention there
is provided a method of separating one component from
another component of a feed material using a cyclone

20 evaporator comprising admittling the feed material to a

components being vaporised, vaporising at least a part of
the one component, separating the one component from the

75 other component by the one component having a tendency to

component has a tendency oOr propensity to be condensable
to a liquid in the apparatus, and discharging the one and
the other component from the apparatus, whereby the

30 separation 1s substantially maintained.

rvpically, the feed material is an aqueous based waste




10

15

20

25

30

CA 02345770 2007-07-16

material or an organic solvent based waste material. More
tyvpically, the feed material is an alcohol containing
aqueous waste material in which the alcohol is typically

methanol, ethanol, propanocl, or the like.

More typically, the waste material is a fruit juice syrup
containing water residuesgs in which it is reqgquired to'
separate the water f£rom the fruit juice concentrate. More
typically, the wasgte material is a mixture of organic
materials, such as solvents, and other flammable material.
Even more typically, the waste material 1g a water and

milk solids mixture resulting from the dairy industry and

- processes used therein.

Typically, the material being fed to the inlet of the
present invention may be at any temperature to enhance

separation of the two components.

Typically, at least part of one of the components of the
waste material undergoes flash vaporisation.on emerging
from the motion imparting means of the apparatus. More
typically, it is the more volatile of the two materials.
Even more typically, the evaporation of the first
component 1is continued in the evaporator. Even more
typically, at least one of the components is subjected to
the Rangue-Hilsch vortex tube effect, including the

temperature exchanges that are produced by this effect.

Typically, the motion imparting means is a hydrocyclone,
more typlically a hydrocyclone head unit or body unit.
Even more typically, the hydrocyclone is a single or

multiple hydrocyclone having one, two, three, four or more
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conduits in the head or body of the hydrocyclone. More
typically, the hydrocyclone is a tangential flow
hydrocyclone. Preferably, the mo‘t:::.on imparting means is

an in-line swirl generatox. ‘More preferably, the velocity

passage through the hydrocycC lone.

Typically, the waste material fed to the in-line swirl

generator 1is under pressure. More typically, the

10 evaporator chamber is under va.cumn so that when one or

more components emerge from the high pressure zone of the

line swirl generator to the evaporator tube, it OXx they

undergo f£lash vaporisation which in turn further incr

in—
eases

the velocity of the component or components.

15

The present invention will now be described by way of

with reference toO the accompanyling drawings in

example

which:

Figure 1 is a vertical cross-sectional view of

cyclonic evaporator of the present

embodiment of the cyclonic

invention also having a single evaporator tube,

Figure 3 is a vertical cross-section of a still

25

further embodiment of the cyclonic evaporator of the

present invent ion having two
Figure 4 is a flow chart showing use of the

evaporator’tubes,,

cyclonic evaporator of the present snvention in situ in

30 one industrial process.
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evaporator of the present invention, generally denoted as

in different industrial processes to

2 used, for exam;ﬂ.e,
milk solids.

e alcohol from water or water from

geparat
ortion 1in the fomm of a

comprises an upper p

Evaporator 2
housing 4 having an inlet chamber 6

5 cylindrical cyclone

formed inside the hqusing. An :Lnlet 8 :.s located in the

side wall of housing 4 forming chamber 6 for admitting

pypically, feed material

terial 10 into chamber 6.
ids having

feed ma

10 compr::.ses two Or more components such as l:l.q:u

10 different gpecific

volatilities, particularl

gravmtles and/or dxfferent

v an agueous based waste water

stream conta:.n:.ng contamz.nants such as alcohols or other

volatile components, a m:.lk sol:.ds-contan.nlng agqueous

- material, or the like. tt is to be noted that a wide

ent ma’terial's may be treated by the

15 range of diffex
as will be

apparatus and process of the present invention,

descrlbed in more detail later in this specification.

A motion imparting device, such as for example a

preferably an in-line swirl

20 hydrocyclone or similar,
ig located within

) 14 oOXx similar device,

generator (ISG
larly preferred form of the ISG is

chamber 6. A particu

described in international

pCT/AU94 /00456 (WO 95/04602).

5 top surface 15 in which is located a palr of spaced apart

patent application no.

TSG 14 is provided with a

inlet ports
entered chamber 6.

are provided within the body of ISG 14 and extend from the

inlet ports 16 to outlet ports 18 located in the lower

The outlet ports 18 a
of the ISG 14 so that the inlet feed

30 surface of ISG 14. re provided in

the lower surface

material is admi.tted to the ISG in a direction
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substantially parallel to the longitudinal exis of the

ator but exits tangent:.ally from the lower surface

evapor
of the ISG in

arrows A and B 1in Figu

a rotating OY swirling motion as shown by

re 1 which denote the flows of the

5 two components generally. It is to be noted that flow B

red more centrally whereas. flow A is located more

is loca

radially outwards.

Furthexr, it is to be noted that any suitable motion

dev:n.ce may be used to impart a swirling,

10 imparting
helical f£low or the like to the feed

rotating, sp:Lrall:l.ng,
material. It 1is also to be noted +hat any suitable

apparatus OX device for snducing a swirling motion or the

can be used in the method and apparatus of the

it is to be noted that any

like
15 present invention. Further,

feed and any number of dif ferent components can be

ay be more than two

separated, in which case there m

readlily jdentified flows A, B.

upper edge in use of the evaporator rube 20. A cooling

jacket 26 is arranged circumferentially around the

exteriOr of the wall 2 The

4 of the evaporator tube 20.

30 dJacket 26 1s prov::.ded with an inlet 28 for adm:.tt:.ng

coolant or other material 32, typically cold water at a

relatively lower temperature, and an outlet 30 for
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evaporato

the evaporator tube 20.

5 embodiments material 32 may be used to heat the contents

of evaporator tube 20, rather than cooling it.

vided at the base or lower part of

Chamber 34 is pPro
jving liquid which is condensed

evaporator tube 20 for rece

10 in evaporator vube 20. An outlet 36 for discharging
1r 1S

condensed vapour OX liquid and/ or uncondensed vapou

provided at the

for discharging ma.ter:.al

bottom of evaporator tube 20 to one side

37 from tube 20 as will be

described in more detail below.

15

In operation of this form of the apparatus of,'_ the present

feed stream 10 comprising two or more

jravities or differing

invention,

components of varying specif iC ¢

volatilities, such 'as waste water contaminated with

r an agueous material containing milk solids or

20 alcohol, ©
er pressure into housing 4 through

the like, is fed und
Tt is to be noted that feed

stream 10 can be at any desirable or suitable temperature.

After entering housing 4, the liquid stream enters the

25 inlet ports 16 of the ISG 14 and travels through passages

1'7 to emerge from the d:x.schargea ports 18 in a swirling oOr

rotary motion as sndicated by arrows A and B. The inside.

rator tube 20 and chamber 34 is maintained under a

of evapo
cordance with the particular requirements

vacuum set in ac

30 of the actual materials present in the in-feed stream 10

and the conditions for separating these materials.

Accordingly,

.....
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from the ISG 14 they immediately encounter a negative
pressure »one maintained within tube 20 in chamber 34,
whereupon the more volatilve liquid compounds boil and
'produce vapour which flows into chamber 34. Thus, the
5 lower boiling point component of the feed material

‘undergoes flash vaporisation due to the decrease in
pressure and t:emperature' exchanges in accordance with the
Ranque-Hilsch vortex tube effect. A further effect of the
decrease 1in pressui:e is to accelerate the vapour to a high

10 velocity. Thus, the combined effect of imparting a
swirling motion to the feed material to increase its
velocity and subjecting it to a large drop in pressure has
the effect of accelerating the material to an even higher
velocity than is achievable by using the ISG alone. This

15 in turn affects the subsequent motion of the different
components. Heavier liquids are thrown outwardly at high
spe.ed towards the wall 24 of the chamber 34 to contact the
wall of tube 20 ‘as shown generally by the flow of arrow A
and spiral down this wall in a thin liquid 'f:i.lim 38. .

20 Vapours and rion-conden.sable géses: on the other hand spiral
at high velocity towards the centre of tube 20 and down
and around the region of the central axis of the tube to
form a core 40 of the material flow, as shown generally by
'th_e flow of arrow B. .Thus, by this combined effect the

25 more volatile component is vaporised and tends to follow a
pathway -down the centre of tube 20 whereas the less
volatile component is not vaporised and tends to flow down
the wall of tube 20, thereby effecting separation of the
two component;s' to a greater oOr lesser extent. |
The liquid spiralling down ‘the wall 24 of t.he jacket 20

condenses some of the higher boiling temperature vapours




10

15

20

25

30

CA 02345770 2007-07-16

- 11 -

in the inner core 40 of the spiral flow due to heat
transference from the wvapours to the liquid which allows
the lower boiling temperature vapour to remain as vapour
while the high velocity sgpiralling liquid continues down
the wall of the chamber togethefwith a reduced quantity
of low boiling temperature wvapour so that both can exit

through the chamber outlet 36 as a combined flow 37.

The introduction of ISG 14 adijacent the inlet of feed
material allows a better distribution of the inlet feed

material to the evaporator tube 20, thereby allowing more

efficient separation.

Alternatively, in another embodiment there is the
possibility of allowing hot liquid or gas to entex the

jacket 26 in place of coolant 32 where the liquid or gas

igs at a temperature of 1°C or more in excess of that of the

liquid within tube 20 and chamber 34 so that additional
vaporisation of the gpiralling liquid against the walls of
the tube occurs due to increased heat exchange and
increases the rotational velocity of the liquid inside
tube 20 thereby increasging the amount of wvaporisation of
this component which in turn increasesg the amount of
material passing through chamber 34 and exiting this
chamber through outlet 36. It is to be noted that both

liquid and wvapour are discharged simultaneously from

‘outlet 36 in that the liquid tends to collect at the bottom

of and along the lower surface of chamber 34 and outlet 36
whereasg the vapour tends t:o' collect in the upper region of
outlet 36. The vapour and liqgquid being discharged thrbugh
outlet 36 are fed to a further separaﬁor to complete

Beparation of the liquid and vapour into two distinct
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into two distinct streams as shown more clearly in Figure
4. Thus, the hydrocyclonic evaporator or CyClovap of the
present invention is in effect a pre-treatment for

separating two components.

5
The evaporator tube 20 can be from 1 to 20 'metres in
length or even longer. The thin ligquid f£ilm 38 flowing
down the wall 24 of the tube 20 and inside chamber 34 is
partially cooled by the coolant 32 circulating in jacket
10 26. '

A modification of the embodiment described'above i1is shown
in Figure 2, in which there is a reject nozzle 40 fitted
to the housing 4 allowing vapour to escape upwar.dly :'Lnto a
15 secondary chamber 46 located at or towards -the top of the
housing. In this embodiment, similar reference numerals
are used to denote corresponding features of the
embodiment of Figure 1. In the embodiment of Figure 2,
there is a reject nozzle 40 located in the bottom surface
20 of ISG 14 which nozzle is in fluid communication with
reject 'conduit 42 extending internally through ISG 14
about the central axis of ISG 14 to upper chamber 46
located above housing 4. Upper chamber 46 is provided
with outlet 48 for discharging wvapours 5‘0 from chamber 46.
25 This embodiment is particularly adapted to remove air and
other gases from the feed stream, particularly where the
feed stream is aerated. 1In operation of this form of the
apparatus of the present inventiorn, feed material
' containing air or other gas, such as for example nitrogen,
30 is admitted through inlet 8 to chamber 6 in housing 4 '
whereupon it enters ISG 1l4. On entering inlet ports 16,

the feed material is forced through passages 17 to emerge
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through discharge ports 18 in a swirling motion. As
chamber 34 is under vacuum, there 1s a sudden drop in
pressure on transiting' from ISG 14 to evap.oratOr tube 20.
In combination with the swirling motion and drop in

5 pressure, the air or gas has a tendency to collect in a
central core in tube 20,‘ whereas t:.he less volatile liq'uid
material is thrown towards the outside of the tube against
walls 24, such as 1s shown by flow A. The more volatile
material tends to adopt a flow path int;ermediate the

10 central core of gas B and the outer flow of '1;'.qu:i.d A.

The air or other gas in the flow path of the céntral core
of tube 20 rises in tube 20 to enter reject nozzle 40 and
flow through reject conduit 42 to upper chamber 46 and

15 then to outlet 48, whereupon the gas 1s discharged from-

the apparatus as gas flow 50.

_Simultaneously with the air or gas moving upwa.rdly through
reject nozzle 40 and conduit 42, the vapour in the

20 intermediate flow path tﬁravels towards outlet 36 for
discharge through outlet 36 whilst the liguid in thé outer
flow path B adjacent wall 24 3p:i.rals' down the wall to
accumulate at the bottom of chamber 34 for discharge along
the lower portion of Out:let 36. It i1s to be noted that

25 t:he vapour of flow B is discharged simultaneously with the

liquid of flow A through ocutlet 36.

In Figure 3 there is shown a further embodiment of the
present ‘ invention in which there are a multiplé of

30  individual evaporator tubes 20 located within the one
housing. Although only two evaporator tubes 20 are shown,

the apparatus can have any number of tubes 20. Each
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evaporator tube 20 is provided with its own ISG 14 .locat'ed-
at or towards the top. It 1is to be noted that evaporator
tube 20 can take a number of.differeht forms. One such
form is a tube having parallel sides, which tubes are

5 aligned with their sides in spaced apart parallel
relationship to .each other and to the sides of the
evaporator so that all of the walls are parallel. In
another form, the evaporator tubes have stepped sides
which are stepped down from a larger diameter 1£:>c_at'ed

10 towards the input end (top) of the tube 'to' a relatively
narrower diameter located at the output end (bottom) of
the tubes near to outlet 36. In another form of the tube,
the sides are tapered so as to define a relatively larger
diameter at the input end of the tubes to a relatively

15 smaller diameter at the outlet end of the tubes. Further,
it is to be noted that any combinaation of tubes, including
tubes of the same configuration or different '
configurations, can be used as inserts in the apparatus of
the present invention. '

20
Having tubes of varying diameters and profiles
considerable enhances the performance of the Cyclovap of
the present invention as even higher 'vapOur velocities can'
be produced as the water or volatile vapour passes down

25 the side walls of the tube inserts within the evaporator

housing column.

Various profiles of the evaporator tubes 30 can be used in
the embodiment shown in Figure 3 to produce va.rying
30 velocities and f£ilm coefficients for evaporation.
' Volatile vapour components can be removed from the flash

evaporation chamber via small holes provided in the
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smaller diameter support tubes 20 which allows the

volatile vapours to be drawn.into the chamber 46.

The higher velocities obtained by the tube insert prevents
very viscous products from attaching and forming onto the
internal walls of the main evaporator column heating

jacket 26.

The émbodiment of Figure'B and similar systems are
applicable to the Cyclovap as shown in Figure 4. It is
however possible also to use the Cyclovap 1in a'vértical.up
feed rather than a vertical down feed. Thus, in the
system of Figuré 4, the feed material can be introduced at
or towards the base of column 20 and discharged from the

top of the apparatus 2.

The operation of the form of the apparatus of the present
invention as shown in Figure 3 is similar to the operation
of the previously'described'foxms. Inthis form of the
invention, material 10 entering inlet 8 under pressure
flows under pressure to each ISG 14 so that the material
entering each of the respective inlet ports of each ISG 14
is at the same pressurewhichtenhances even.distribution
of material to each individual evaporator tube 20 to '
achieve more efficient separation of the components. In
the embodiment shown in Figure 3, each ISG is provided
with a centrally located reject nozzle 42 in fluid
communication with upper chamber 46. The arrangement
shown in Figure 3 enables feed.material to be uniformly
and evenly distributed to each evaporation tube 20 which
results in more even distribution of the incoming feed

material and more efficient separation of the components
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of the feed matei:ial.

The wvapours and liquid emerging from the base of tube 20
are collected in chamber 60 for discharge through outlet
5 36. Upper separation plate 64 maintains individﬁal tubes
20 in spaced apart rela.tiohship at the top of tubes 20,
whereas lower separation plate 66 maintains the lower end
of individual tubes 20 in spaced apart relationship. This,
coupled with more efficient heat transfer caused by having
10 individual evaporatoxr tubes 20 as ihserts within the

evaporator body or housing, enables better control over
the operation of the evaporator, thereby pemitting more

efficient separation of the components of the feed

material.

15
After the pre-treatment of the feed material in the
Cyclovap of the present invention, the feed material is
passed to a further separation apparatus as will now be
described.

20

Figure 4 is a flow chart showing one example of where the
apparatus of the present invention can be used as part of
an overall :i.ridust::ial process. In the embodiment shown in
Figure 4, feed 10 is introduced in the cyclonic evaporator

25 2 and coolant 32 is admitted to jacket inlet 28 and .
‘discharged through outlet 30. Vapour 1is 'discharged from
cyclonic evaporator through outlet 48 to conduit 70 and
then. via conduit 72 to primary separator 74. Primary
Sepa-rator 74 receives vapour and ligquid from outlet 36

30 through conduit 76 and separates this material into a
vapour which is discharged through line 72 to join with

line 70 for subsequent processing. Conduit 78 from |

R R W AN R X SO SO IR T I i —— ¥ T R T T LR R .
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separator 74 carries liquid for further processing. Thus,
the apparatus of the present invention can be used as a

pre-treatment step to the primary separation of

components.

Examples of use of the apparatus of the present invention

will now be described.

Example 1

10 Mango Puree

The product feed material to be separated was mango puree

at 14° Brix and full fibre content. '

15 The product was pre-heated to 60°C.‘. before being pumped into
the Cyclovap. The outside heating jacket 26 of the

Cyclovap 2 was heated by- low pressure steam at 115°C, the

mango puree feed material was pumped into the Cyclovap 2

at 60°C which provides 10°C of flash to allow essence

20 (aroma) to be removed through vapour nozzle 40 and be
recovered as essence enriched condensation. Mango puree
continued £ lowing downwards in evaporation tube 2 past the
steam heating jacket 26, whilst the inside of the Cyc'lovap

2 was under vacuum which caused the water phase of the

25 mango puree to boil at 50°C. During the downward passage
the mango puree (and water) was re-heated by the steam '

jacket 26 thus causing the water phase to continually

bolil off and form wvapour.

30 Mango puree which by now was concentrated to 30°Brix
together with water wvapour was discharged through outlet

36 at the bottom of the Cyclovap 2 and entered the wvapour
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separator 74 where the mango puree at 30° Brix was pumped
out of the bottom 78 of the separator and the water vapour
taken out of the top through conduit 72 of separator 74

for condensing.

visual inspection of the heating surface inside the
Cyclovap 2 showed no sign of product. deposition. The
plant had been dperated with a tube insert of a plurality
of tubes as shown in Figure 3 in position 'within the

10 apparatus 2.

Exa.mple 2

- Coconut milk

15 The product f'eed material to be separated in this 'example
was coconut milk at 10% total solids non-fat, and 15% fat

content.

Feed product was pre-heated to 70°C before be:’.ng pumped
20 into the Cyclovap 2. The outside heating j'acket 26 of the

Cyclovap 2 was heated by low pressure steam at 90°C, and
the coconut milk was pumped into the Cyclovap at 70°C which

provided 20°C of flash. The coconut milk continued its
passage downwards within tube 20 lpast the Steam heating
25 Jacket 26. The inside of the Cycllovap 2 was under wvacuum

which caused the water phase of the coconut milk to boil

at 50°C. During the dowxiWard passage the coconut milk (and
water) was re-heated by the steam jacket 26, thus causing
the water phase to continuously boil off and form vapour.
30 Coconut m:'i.lk_which was now concentrated at 60% total
solids together with the water vapour was discharged

through outlet 36 at the bottom of the Cyclovap 2 and
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entered the vapour separater 74 where the coconut milk at
60% total -sol:i.ds was pumped ocut of the bottom of the .
separator 74 through conduit 78 and the water vapeur taken
out of the top of the separator 74 via conduit 72 for '

5 condensing. Visual inspection of the heating surface
inside the Cyclovap shown no .sign of product deposition.
The plant had been opere_ted with a tube insert of a

plurality of tubes 20 in position.

10 Example 3

Brewer’s yeast washwater - ethanol recovery

The feed product of this example requiring separation into
its constituent components was brewer’s yveast washwater

15 containing 6% ethanol.

The feed product material was preheated te 75°C and pumped
to the Cyclovap 2 ' which was operated with a vacuum inside
the machine of minus 27 inches of mercury.

20
The brewer’s yeast washwater entered the Cyclovap 2
through the (ISG) and flash evaporatien took place within
the inlet chamber, thus allowing the ethanol to vaporise
together with some water. This ethanol/water vapour

25 passed down the column of evaporator tube 20 and 'ihto the

column jacket area which had water flowing through the

jacket 26 at a temperature of 38°C. At this temperature,

partial condensation was allowed to take place and this
allowed a quantity of the water vapour to be condensed

30 whilst the ethanol remained as a vapour.

The ethanol vapour and partially condensed water as well
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as washwater entered the vapour separator 74 resulting in
the ethanol discharging from the vapour separator at the
top through conduit 72 whilst the washwater with onlv 0.1%

ethanol was pumped out of the bottom of the separator

5 through conduit 78.

The ethanol vapour was fully condensed by a supplementary
heat exchan.ge:'r and the resulting ethanol concentration
achieved was 30% by volume.

10 '
Example 4

Wine marc extract (red) - ethanol recovery

The feed product of this example to be separated into
15 components was wine marc extract which is generated from
the fermented skins of red grapes following fermentation.

This product contains 4% volume ethanol.

The feed product containing 4% volume ethanol was

20 preheated to 95°C and the product pumped to the Cyclovap 2
which was operated with a vacuum of minus 27 inches of

mercury.

The product entered the ISG at 95°C and flashed into the
25 Cyclovap column where flash evaporation took place within
the inlet chamber, thus allowing the ethanol to vaporise
together with some water. This ethanol /wa'ter vapour
passed down the column 20 and into the column jacketed

area which had water flowing through the jacket 26 at a

30 temperature of 40°C. At this temperature, partial
condensation was allowed to take place and this allowed a

quantity of the water vapour to be condensed whilst the
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ethancl remained as a vapour.

The ethanol vapour and partially condensed water as well
as marc extract entered the vapour separator 74 resulting
in the ethanol disgcharging from the vapour separator 74 at
the top via conduit 72 whilst the marc extract with 0.5%
ethanol was pumped out ¢f the bottom of the separator via

condult 78.

The ethanol wvapour was fully condensed by a supplementary

heat exchanger and the resulting ethanol concentration

‘achieved was 38% by volume,

Examgle 5

Glycel concentration

The feed product to be separated in this example was a 10%
glycol solution which is used as a refrigerant. It was
necegsgary to remove the water phase and concentrate the
glycol by batch procegsing. For this process, the

Cyclovap 2 was modified to a rising evaporator system with

‘the ISG at the bottom and the vapour separator at the top,

which is the inverse position to that shown in Figures 1

to 3.

Glycol wag circulated via a small feed pump and steam was

applied'to the vertical column of the Cyclovap 2 to heat

the glycol to B80°C after which a vacuum was pulléd on the

Cyclovap column 20 through the vapour separator.

Steam at a temperature of 100°C was maintained on the

jacket 26 of the Cyclovap 2 and glycol wasg evaporated to
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produce a vapour. This vapour entered the vapour
separator which had a controlled vacuum at 16 inches of
mercury, thus vaporising the glycol but not the water

phase.

The glycol vapour4was carried from the top outlet of the

vapour separator to a condenser where it was condensed and

fed to a collection vessel.

10 Water which was glycol reduced was fed back to the feed

tank from the bottom outlet of the vapour separator.

This process continued until the quantity of liquid
remaining in the feed tank was approximately 15% of the
15 original volume. Upon completion of the trial, the glycol

concentration had increased to 90%.

Advantages of the present invention include being able to
accurately or at least more evenly distribute liquids from
20 the main feed stream to the evaporation tubes so that more
efficient evaporation Can take place, particularly when a
cylindrical form of the housing is used, and more
particularly when an'insert of.a plurality of evaporation

tubes are used.

25
' More effective cleaning of the housing is possible since
there are no distribution plates having apertures which
can block, trays or like baffles located in the housing to
prevent effective cleaning in situ.
30

The ability to produce very high velocity rotating liquid

directly to the evaporator tube and chamber is possible.
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Flow down the length of the inner wall of the tube or
chamber prevents fouling deposits on the inner tube walls

and the like.

5 The provision of the in-line swirl generator allows flash
evaporation into tube 20 to take place, followed by
immediate partial condensing or condensation of the
vapours produced during the flash evaporation. This is
possible by allowi.ng cooling fluid or gas to be applied to

10 the chamber walls to effect partial condensation or '

condensation of the vapours in the evaporation tube.

The apparatus of the present invention provides the
ability to allow volatile vapours or non-condensable gases

15 to be removed from thé top ©of the chamber through the
reject nozzle. Additionally, the size of the reject
nozzle can be varied which allows adjustment of the amount
of volatile vapours or rion-conden:sa.ble gases to be removed
from the evaporat:i.on chamber .through the reject nozzle.

20 Higher boiling temperatu're vapours can be immediately
condensed or partially condensed by allowing cooling fluid

or gas to be applied to the chamber walls.

The preSent invention provides the ability to allow flash
25 evaporation or evaporation and ¢ondensing or partial

condensing to take place in a single or multiple tube

evaporator cylinder by adj usting the length of the céoling

chamber along the length of the chamber wall.

30 The described arrangement has been advanced by explanation
and many modifications may be made without departing from

the spirit and scope of the invention which includes every
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novel feature and novel combination of features

hereindisclosed.

Those skilled in the art will appreciate that thé

5 invention described herein is susceptible to variations
and modifications other than those specifically described.
It is nnderstood that the invention inc1udes all such
variations and modifications which fall within the Spifit
and scope. '

10
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Claims:‘

1. A cyclonic evaporator apparatus for separating at
leagt two components of a feed material from one another
prior to or simultaneously with at least partially
vaporizing one of the components, said cyclonic evaporator
including a swirl generator portion for imparting a '
swirling motion to the feed material and an evaporator
portion having one or more evaporator tubes for heat
exchange, said swirl generator portion having at least one
inlet located at or towards one side of the swirl
generator for admitting feed matexial containing the at
least two components to the swirl generator in a direction
substantially tangentially to the center line of the

eyclonic evaporator, a swirl device located within the

generator for imparting a swirling motion to the feed
material about the center line of the cyclonic evaporator,
and an outlet located at or towards one end of the swirl
generator for discharging the at least two components of
the feed materiail from the swirl generatorin a swirling
motion generally axially in a direction substantially
parallel to the center line of the evaporator wherein at
least one of the components of the feed material is
subjected to at least partial flash vaporisation on being
discharged from the outlet of the swirl generator into the
evaporator to further assist in separating the two
components from each other gso that the components are
diSCharged from the swirl generator into the evaporator at
leasgt partially separated from one another into at least
two streams in which one stream forms a central core flow

path and the second stream is an outer radial flow path.

2. An apparatus according to c¢laim 1 in which
movement of the feed material through the swirl device for
imparting a swirling motion to the feed material imparts a

spiralling motion to the feed material passing through the
swirl generator.
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3. ~ An apparatus according to claim 1 or 2 in which
the device for imparting a swirling motion is a single
conduit or two or more conduits or passageways located

within the swirl generator.

4. An apparatus according to any one of claims 1 to
3, in which the swirl generator is a tangential flow swirl
generator in that the inlet of the swirl generator is
substantially arranged in an axial direction of the
apparatus for receiving tangential flow from the inlet of
the apparatus and the outlet is arranged to discharge the

components 1in an axially swirling motion.

5. An apparatus according to any one of claims 1 to
4 in which the evaporator is formed from a single

evapeoration tube.

6. An apparatus according to any one of claims 1 to
4 in which the evaporator is formed from a plurality of
evaporation tubes wherein each evaporation tube is
provided with a swirl generator such that the components
of the feed material are introduced into each evaporation
tube in a swirling motion produced as a result of passing

the feed material through the swirl generator.

7. An apparatus according to c¢laim 6 in which the

plurality of evaporation tubes have a variety of different

diameters.

8. An apparatus according to any one of claims 1 to
7 in which the swirl generator is provided with a re-ject
nozzle for allowing vapour to pass through the swirl

generator when introducing a swirling movement to the feed

nmaterial for discharge from the apparatus.

9, An apparatus according to claim 8 in which the
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reject nozzle is located in the lower surface of the swirl

generator.

10. An apparatus according to claims 8 or 9 in which
the reject nozzle is in fluid communication with a reject
conduit extending internally through the body of the swirl
generator to allow vapour to pass through the swirl

generator for discharge from the apparatus.

11. An apparatus according to any one of claims 1 to
10 in which there is a further flow path located
intermediate the central core flow path and the outer
radial flow path formed in the evaporation tube or tubes
of the evaporator.

12. . An apparatus according to claim 1 in which the
evaporator tube or tubes forming the evaporator are
provided with parallel sides, stepped sides or tapering

sides.

13. An apparatus according to claim 1 in which the
evaporation tube or tubes are arranged to extend
gsubstantially vertically within the evaporation portion.

14 . A method of separating one component from another
conponent of a féed material containing at leasgt two
components using a c¢yclonic evaporation apparatus of any
one of claimg 1 to 13 comprising the stepsg of:

admitting the feed material containing the at
least two components to be separated from one another to
the swirl generator portion forming one part of the
cyclonic evaporation apparatus to impart a swirling motion
to the feed material for at least partially separating the
components from each other and to enhance the vaporisation
of at least one of the componentsg, passing the feed
material through the swirl generator, vaporising at least

part of one component in the evaporator portion,
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separating the one component from the other component by
the one component having a tendency to remain asg a vapour
in the apparatus whereas the other component hasg a
tendency or propensity to be condensable to a ligquid in
the apparatus, and discharging the one and the other
components from the apparatus in at least two partially
separated streameg whereby separation of the two components
is substantially maintained, wherein one of the components
of the feed material undergoes at least partial flash
vaporisation on emerging from an outlet of the swirl
generator and there is a central core flow path and an
outer radial flow path within the evaporator portion.

15. A method according to claim 14 in which the feed
material introduced through the inlet of the swirl
generator is an agqueous waste material or an organic

solvent based waste material.

16. A method according to claim 15 in which the feed
material introduced into the inlet of the swirl generator

is an agqueous waste material containing alcohol.

17. A method according to claim 16 in which the
alcohol is methanol, ethanol or propanol.

18. A method according to claim 14 in which the feed
material is a fruit juice syrup containing water residues
in which geparation of the water from the fruit juice

concentrate is reguired.

19. A method according to any one of claims 14 to 18 -
in which one of the components of the feed material

undergoes flash vaporisation on emerging £rom the swirl
generator portion to enter into the evaporator portion.

20 . A method according to claim 19 in which the more
volatile of the two components of the feed material
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undergoeé flash vaporisation.

21, A method according to claim 20 in which
evaporation of the first component is continued in the
evaporation tubes of the evaporator.

22. A method according to any one of claims 19 to 21
in which at least one of the components being separated
from the feed stream is subjected to the Rahque-Hilsch
vortex tube effect thereby causing rapid transfer of heat
from one component to another component within the

evaporator tube.

23. A method according to any one of claims 14 to 22
in which the velocity of the components of the feed stream
18 increased by passage through the swirl generator. '

24 . A method according to any one of claims 14 to 23
in which the swirl generator is operated under pressure.

25. A method according to c¢laim 24 in which the
cyclonic evaporator is provided with an evaporation'
chamber and the evaporation chamber is operated under
partial vacuum at least, so that when one or more
components emerge from the high pressure zone of the swirl
generator to the evaporator c¢hamber, the component
undergoes flash vaporisation which further increases the
velocity of the component or components.
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