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The present invention relates to an apparattis for
treating a fluid such as for sterilising. and/or
pasteurising and/or homogenising fluid products. More
particularly, it relates to an apparatus for
sterilising, pasteurising .and/or homogenising a fluid
product by injection of steam into the fluid product.

Direct steam ihjection is e.g. used in the food industry
for pasteurising or sterilising of milk or cereal
products. Various types of apparatus for pasteurising or
sterilising fluid food products by injection of steam
are known. The present invention relates to a method and

apparatus wherein steam is injected into a product

stream.

Whereas direct steam injection does not raise particular
problems for low viscosity fluids such‘ as milk, whey and
cream, the pasteurisation of e.g. infant cereal based
food, with far higher vi‘s'cosity, e.g. comprising 20%
starch, is very difficult to control in a homogeneous
mixing. An inhomogeneous mixing will mean that

temperature varies through the product mass and

consequently the product is not homogeneously heat .

treated. In order to safeguard sufficiently heat
treatment of the product i.e. to make sure that all
parts of the product mass are heated to a high enough
temperature, such as is crucial in pasteurising and
sterilising processes, additional steam will need to be

injected. This additional steam consumption is expensive °

and undesirable.
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stream Whereas direct steaminjection does not raise particular 20

probl eéms for |ow viscosity fluids such as mlk, whey and cream the
pasteurisation of e.g. infant cereal based food, with far higher viscosity,
e’g. conprising 20% starch, is very difficult to control in a honogeneous
m Xxi ng. An inhonbgeneous mxing wll nmean that 25 tenperature
varies through the product mass and consequently the product is not
honobgeneously heat treated. |n order to, safeguard suffic

¢ l Sn%§y heat,
treatment of the FPBAgeRisablonoandkBIZLRE PAY O8I FMBEPYEC, tﬁ@?ﬁﬁ@&h&@e
mass are heated tgrgdhtgh @idighh 3@ t eaREHAL Uldhapdit Nne%zlle CiHCigdddn to
past euri sing and ster|I|S|n% processes, additional steamw | need to, be
increase urbulence and velocity of the product,
however, this may not provide a sufficient enough
5 mixing. Alternatively, a mechanical mixing of the

product and the steam may be necessary.

Mixing of the product and steam may be obtained by
passing the product through a static mixer. However,
10 substantial wear of the static mixer is likely to result
from the passage of highly +wviscous products there
through. Such static mixer will therefore have to
frequently be replaced, which increases production
costs. Alternatively, a screw may be used for mixing and
15 for building up a pressurised product. However, the
product creates a large momentum on the screw when
rotated, and hence considerable motor capacity is

required for the mixing.

20 The present invention overcomes the above mentioned
difficulties by utilising a rotatable shaft along which
a plurality of perforated discs comprising product
passage openings, are co—aXially disposed. Accordingly,
the invention provides an improved apparatus and process

25 which accommodates a good mixing and thus a homogeneous
heating together with a surprisingly high
homogenisation. Among other things, the invention has
the following advantages:

® Lowered steam consumption by eﬁsuring a sufficiently
30 homogeneous mixing.
¢ Improved mixing and homogenising by providing a
rotatable shaft along which a plurality of perforated
discs comprising product passage openings are co-
\
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i hj ected. This additional steam consunption is expensive and undesirabl e.

2 Honogeni sation and m xing may be inproved by passing the product through
a_venturi shaped nozzle in order to increase turbulence and velocity of
the product, however, this may not provide a sufficient enough 5 m xing.
Alternatively, a nechanical mxing of the product and the steam nmay be
necessary. M xing of the product and steam may be obtai ned by passing the

product through a static. m xer. However, )
axlally disposed and by passing the product through

said openings while rotating the discs,

e Shock effect due to flowing product hitting the discs
and the passage of the product through the opening
5 resulting in turbulent flow and mixing, and

homogenisation.

e Cutting through the product mass by rotating the discs
to increase the homogenisation of the product.

¢ Reducing motor capacity requirement due to a reduced
10 momentum from the product surrounding the shaft and
the disc,

e Optimising heat distribution by providing an initial
homogenising of the product where after the steam is
injected and the product and steam are mixing together

15 for a condensation of the steam and a heat transfer to
the product.

Accordingly, in a first aspect the present invention
relates to an apparatus for heat treating a fluid
20 product by injecting steam into the fluid product, said
apparatus comprising
a nixing chamber comprising a steam injection
inlet, a product inlet, and an outlet for the treated
product,
25 a rotatable shaft disposed within said mixing
chamber,
a plurality of discs each comprising at least one
product passage opening, said discs being disposed
substantially co-axially on said shaft, and

30 means for rotating said shaft with said discs.

It is preferred that the steam is injected at sonic
velocity. This will increase the turbulence in the steam
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0 substantial wear of the static mxer is likely to result from the
passage of highly viscous products therg through. Such static m xer
mnll therefore have to frequently be replaced, which increases
productlon costs. Alternatively, a screw may be used for mxing and 15 for
buil ding up a pressurised product. However, the product creates a | arge
nmonment um on the screw when rotated, and hence considerable not or capacity

is required for the mxing, 20 The present entlon ove n&& %ﬁe above
ment i oned d|ff|c3P91€SQﬂPQHW4¥%ﬁ%gf% ?BF%%%% e SABLE XF |

plurality of pertanatid @kﬁfair@lﬂpbgsda:ﬁr@@u‘thepaﬁﬁ@ﬂ@ QReyY Nghroabd a

co-axi al |y disposed. Agcordingly, e invention provides an |ngroved

appar at us and pr8@8§§rl valvé "while having upstream a pressure with
approximately twice that downstream. The steam velocity

§ after the valve will then be about 450 m/sec.

Advantageously, at leaet on the downstream end of the
mixing chamber only a small gap 1s left between the
discs and the mixing chamber walls. This results in

10 substantially the whole product mass passing through the
product passage opening in the discs and substantive
homogenising of the fluid product and mixing of steam
and product. Conveniently, at least the downstream part
of mixing chamber is substantially cylindrical and the

15 rotatable shaft is substantially co-axially fitted
within said mixing chamber. '

One or more steam injectors may be positioned along the
shaft for injection of steam, wvia the steam injection

20 inlet, into product passing through the mixing chamber.
The rotating shaft with discs will, while the product is
pumped through the mixing chamber, cut the product
stream and act as a shock generator such as discussed
above. The shaft with discs will, contrary to a screw,

25 not in any substantial way add to the advancing movement
of the product through the mixing chamber. The product
will be pumped into the chamber and advanced by further
product being supplied. The shaft may be provided with
replaceable discs or the shaft and discs may be made one

30 part. The shaft may be rotated by any conventional
motor.

Depending on the required throughput, heating, mixing
and homogenisation, the number of discs and the openings
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25 whi ch acconmopdates a good mi xing and thus a honobgeneous heating

t oget her with a surprisingly hi gb honobgeni sati on. Anpong ot her
thlngs the invention has the foll owi ng advantages: [err] Lowered steam
cdonsunption by ensuring a sufficiently 30 honbgeneous m xi ng. * | nproved

m xi ng and honogeni sing by providing a rotatable shaft along which a
plurality of perforated discs conprising product passage openings are co-

3 axially dlsposed and by passing the product thrqugh
therein may be varied. The more discs provided along the

products path from the product inlet to the outlet for
the treated product the more homogenising and mixing
will be provided. Although the number of discs can beé
5 freely chosen for practical purposes the number of discs
are from 2 to 20, preferably 5 to 15. The diameter of
the product passage openings is preferably in the range
from 2 to 10 mm, more preferably 6 mm. This will provide
a velocity into the product passage openings between 40
10 and 200 m/s, preferably 100 m/s.

In the present context a fluid product is understood to
be a solution or suspension, e.g. aqueous, having a
viscosity of the order of 1000 to 100.000 mPa.s.
15

The fluid product is pumped into the mixing chamber
through the product inlet. It is preferred that the
fluid product is first passed through at the product
passage opening(s) in at least one and preferably 3

20 rotating discs before steam 1is injected into the
product. This gives an initially homogeneous slurry
which is then pressed forward and subjected to steam

injection heating, mixing, and homogenising.

25 The homogenising effect is obtained by the shearing of
the product passing through the discs’ openings. In the
particular case of milk-containing products, a good
homogenising effect is obtained by the arrangement
through shearing of the fatty globules. '

30
The steam injection nozzle is connected to a feed pipe
feeding steam under pressure, preferably between 10 and
15 bar. The product injection nozzle is connected to a
feed pipe feeding the fluid product to be treated. The
Thls Sheet Has Been R
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sai d openings while rotating the discs, [err] Shock effect due to flow ng
product hitting the discs and the passage of gt he product through the
opening 5 resul ting in t ur bul ent flow and m Xi ng, and
honogeni sation. [err] Cutting through the product mass by rotating the
discs to increase the honogeni sation of the product. [err] Reducing notor

capacity requirenent due to a reduced 10 nnnentun1fron1the pr oduct
surroundi ng the shaft and t he di sc, [err CDLIWISIH di stribution bé
provi ding an ini Q4 SfonbEeRi gy RPITR ‘Eﬁo&ﬁctbxf\/n -@re[q.?é:rsq BtV

injected and the QyfitefNEoSt £aRcAENY Xffuﬂﬁel Ogﬁié‘ebal:i—prefsgﬁlr% valve
condensation of the steam and a heat trans

regulates the pressure through the outlet and creates a

back pressure in the mixing chamber to maintain the

5 temperature in the mixing chamber. Poor control of the

back pressure results in loss of steam which gives an

uneconomic production. The back-pressure valve may

advantageously be of the membrane type. Advantageously,

two pack-pressure valves may be used e.g. CPM or APC

10 valves from Tetra-laval.

In another aspect, the invention relates to a method for
heat treating a fluid product by injecting steam into
the fluid product, said method comprising the steps of
15 supplving a fluid product into a mixing chamber
through a product inlet,
injecting steam into said fluid product through a
steam injection inlet in said mixing chamber, in which
mixing chamber being disposed a rotatable shaft and a
20 plurality of discs each comprising at least one product
passage opening, said discs being disposed substantially
co-axially on said shaft, while
passing at least part of the fluid product through
said product passage openings while rotating said shaft
25 with said discs, and
discharging the treated fluid product through an
outlet in said mixing chamber.

In a further aspect, the invention.relates to a shaft to
30 be used for homogenising and mixing in an apparatus or a
process for heating by steam injection a fluid product,
said shaft comprising a plurality of discs each
comprising at least one product passage opening, said
-
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t he product Accordingly, in a first aspect the present invention relates
to an‘apparatus for heat treating a fluid 20 product by injecting steam
into the fluid product, said apparatus conprising a mxing chamber
conprising a steaminjection inlet, a product inlet, and an outlet for the
treated product, 25 a rotatable shaf t dlsposed within said

m xi ng chanmber, a plurality of discs each conprising at |east one product

passage openi ng, sald di.scs being dis osed substantially co-axially on 58
shaft, and 30 disggaheing FotRPFR r}v@ﬁf hcééﬁﬁlaié S/n 3a1d

shaft.

The invention will now be described in greater detail
5 with reference to the accompanying drawings given by way

of example showing an embodiment of the invention and in

which

Fig. 1 is a schematic illustration of the principle

elements of the apparatus according to the invention,
10 and

Fig. 2 and Fig. 3 are schematic illustrations of the

shaft with discs.

Fig. 1 shows the apparatus 10 according to the
15 invention. The appafatus 10 comprises a mixing chamber
11 defined by walls 21 wherein a steam injection inlet
13, a product inlet 12, and an outlet 16 are formed. A
rotatable shaft 14 1is disposed within said mixing
chamber 11 and mounted in bearings 18 within an
20 intermediate support 22. It is connected to an output
rotary shaft 23 of a motor 17 which drives the rotation
of the shaft 14. Said motor may e.g. be a 1.1 Kw, 1400
t/min motor. A sealing 24 is provided to prevent fluid
product from escaping the mixing chamber 11. Said
25 sealing 24 is cooled by means of water supplied via a
water inlet 25. —

The shaft 14 is provided with a plurality of discs 15.

Each disc 15 cqmprises at 1least one product passage

30 opening. The discs are disposed substantially co-axially

on said shaft. Fig. 2 shows a perspective view of the

discs 15 mounted on the shaft 14. Said discs comprises
product passage opening 26. Fig. 3 shows a cross- g
_\
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It is preferred that the steamis injected at sonic velocity. This wl|

I ncrease the turbulence in the steam and g good m xing i s obtained.
Soni ¢ velocity of steam can be obtained by letting the fluid pass through a
venturi valve while having upstreama pressure with approxi mately twce
that downstream The steamvelocity 5 after the valve will then be about
450 m sec. Advant ageously, at |east on the downstream end of the m xing-

chanber only a snmall gap is left between the_ discs and the jixin CQﬁgggr
wal |'s. This resul $&8CFRORRLs YI&¥arRT althy tfﬂéa%oﬂg ct % pggsi ed
through the within the chamber 11. |

The flow through the outlet 16 is regulated by means of
5 a back-pressure valve not shown in the drawings. To use
the apparatus a steam inlet 13 is be connected to steam
injector and a feed pipe for supplying steam under
pressure and the product inlet is be connected to a feed
pipe and a pump for supplying the fluid product to be
10 treated under pressure. The outlet is preferably
connected to a holding pipe by the back-pressure valve.

EXAMPLE

15
The following example illustrates the substantial and
surprising steam reduction obtained with the apparatus
according to the invention when compared with processing
of a similar fluid product in a steam injection nozzle

20 i.e. a nozzle wherein both streams of steam and fluid
product are injected into a mixing chamber in counter-
currency without any further mechanical mixing (S&P
injection). The apparatus according to the invention
used comprises a shaft with 10 discs. The diameter of

25 the discs was o 44 mm and_'each disc had 6 product
passage openings of ¢ 8 mm. The example shows test
results of heat treatment of fluid products with varying
solid matter content. The products were heated to 140°C:

—_—
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product passage opening in the discs and substantive honpgenising of the
fluid product and m xing of steam and productg Conveniently, at |east the
downstream part of mi xing chanber is substantially cylindrical and the 15
rotatable shaft is substantially co-axially fitted within said m xing
chanber. One or nore steaminjectors may be positioned along the shaft for
injection of steam via the steaminjection 20 inlet, into product passing
t hrough t he nixing chanber. The rotating shaft with dISCS mnll while the
product is punpedPre@uetgh SehidmaFRET  chakBaRr, copgHmPEART,(EFECYLIr eam
and act as a shock generatofgsyglipag di scuggediaBevesiohhe shaf trnwehltidnscs
wll, contrary to a screw, 25 not |n any substanfial way add to the
advanC|ng novemnent

A 60-62% - 320 195
5 B 56-58% 330 195

C 58-60% 330 195

D 58-60% 335 200

E 60% 350 215

F 56-58% ' 355 200
10
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of the~p%9duQL_£D%$;gge;EE m xi ng chanber. The product will be punped into
t he cha and a y further product jfgei ng supplied. The shaft may
be provZﬂﬁ able di scs or the shaft and di scs nay be nade one

30 par Jﬁ@@ rotated by any conventional notor. Depending
on the reqU|réd *hre heati ng, m xi ng and honogeni sati on, the nunber

of discs and the openings 5 therein may be varied. The nore discs
provi ded al ong t%%A&&%ducts path fromthe product inlet to the outlet for

1. Apparatus for heat treating a fluid product by
injecting steam into the fluid product, said apparatus
5 comprising

a mixing chamber comprising a steam injection
inlet, a product inlet, and an outlet for the treated
product,

a rotatable shaft disposed within said mixing

10 chamber,

a plurality of discs each comprising at least one
product passage opening, said discs being disposed
substantially co-axially on said shaft, and

means for rotating said shaft with said discs.

15
2. Apparatus according to claim 1, wherein the apparatus
comprises a back-pressure valve for regulating the flow
through the outlet.

20 3. Apparatus according to claims 1 and 2, wherein the
) mixing chamber is substantially cylindrical and the
rotatable shaft is substantially co-axially disposed

within said mixing chamber.

25 4. Apparatus according to claims 1 and 3, wherein at
least one disc is disposed between the product inlet and
the steam inlet.

5. Apparatus according to any of claims 1 to 4, wherein
30 a plurality of steam inlets are positioned along the
rotatable shaft.

6. Apparatus according to any of the claims 1 to 5,

wherein the apparatus is provided with 5 to 15 discs.
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t-he treated product the nore honogenising and m xing will be provided.
A]th0ugh_phg,nnnhpr of discs can be 5 freelychosen for practical purposes
t he nunbe E di scs are fron12 to 20, preferably 5 to 15. The dianeter of

the produ gs is preferably in the range from2 to 10 nm
will provide a velocity into the product passage
1

nor e pref
openi ngs betmeen 4 d and 200 m's, preferably 100 mis. In the present

context a fluid product is understood to be a sol ution or suspensi on, e.qg.
aqueous, having a viscosity of the order of 1000 to 100.000 nmPa.s. 15 The

Hui d DYOSUCt gsgﬁut fé‘ﬁ@st he.ddrding Chamiely tHEougle thgaPmeduct tbnl &f -
Is preferre a
P whereln each disc is provided with 2 to 50 product

passage openings.

8. Apparatus according to any of the claims 1 to 7,
wherein the openings have a diameter in the range from 2

to 10 mm.

10 9. Method for heat treating a fluid product by injecting
steam into the fluid product, said method comprising the
steps of

supplying a fluid product into a mixing chamber
through a product inlet,

15 injecting steam into said fluid product through a
steam injection inlet in said mixing chamber, in which
mixing chamber being disposed a rotatable shaft and a
plurality of discs each comprising at least one product
passage opening, said discs being disposed substantially

20 co-axially on said shaft, while

passing at least part of the fluid product through
said product passage openings while rotating said shaft
with said discs, and _
discharging the treated fluid product through an
25 outlet in said mixing chamber.

10. A shaft to be used for homogenising and mixing in an
apparatus or a process for heating by steam injection a
fluid product, said shaft comprising a plurality of

30 discs each comprising at 1least one product passage
opening, said discs being disposed substantially co-
axially on said shaft.

ThlS Sheet Has Been Reﬂ
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fYuid product is first passed through at the product passage opening(s) in
at least one and preferably 3 20 rotating di §¢s. before steamis injected
into the product. This gives an initially honbgeneous slurry which is then
pr essed forward and subjected to steaminjection heating, m xing, and
honogeni si ng. 25 The honpgeni sing effect i s obtained by the shearing of the-
product passing through the discs' openings. In the particular case of

m | k- cont ai ni ng products, a good honogeni sing effect is obtained by the
arrangenent thr ouyBSERBGFI ng of the fatty gl obules. 30 The steaminjection

nozzle is connected to a feed pipe feeding steam under pressure, preferably
bet ween 10 and -

The present invention relates to an apparatus and a
method for heat treating a fluid product by injection of

5 steam therein in order to provide a sterilisation,
'pasteurisation and/or a homogenisation of the product.
Said apparatus comprising a mixing chamber comprising a
steam injection inlet, a product inlet, and an outlet
for the treated product; a rotatable shaft disposed

10 within said mixing chamber, a plurality of discs each
comprising at least one product passage opening, said
discs being disposed substantially co-axially on said
shaft, and means for rotating said shaft with said
discs. The invention also relates to a shaft to be used

15 for homogenising and mixing in an apparatus or a process
for heating by steam injection a fluid product.

Agure 1
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X5 bar. The product injection nozzle is connected to a feed pipe feeding
t-he fluid product to be treated. The . 6 outlet fromthe apparatus is by a
Back- pressure val ve connected to a hol ding pi pe. The back-pressure val ve
regul ates the pressure through the outlet and creates a back pressure in
the m xing chanber to maintain the 5 tenperature in the m xi ng chanber.

Poor control of the back pressure resulgyg in loss of steam which gives an
unecononi ¢ production. The back-pressure valve may advant ageously be of the
menbr ane type. Advant ageously, '
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two pack-pressure valves may be used e.g. CPMor APC 10 val ves from

Tetra~Laval . I n another aspect, the invention relates to a nethod for heat
tfeating a fluid product by injecting steaminto the fluid product, said
met hod conprising the steps of 15 supplying a fluid product into a

m xi ng chanber through a product inlet, injecting steaminto said fluid
product through a steaminjection inlet/f2n said nixing chanber, in which

m Xxi ng chanber bei ng di sposed a rotatable shaft and a 20 plurality of discs
each conprising at |east one product passage opening, said discs being

di sposed substantially co-axially on said shaft, while passing at |east
part of the fluid product through

g
&
w
4
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bei ng di sposed substantially co-axially on

sai @uprodtet

and HEBbﬁﬁE *§¥ Eifeated fluid product th OUCREPLACRMERT SHEBR dlu ﬁ ._:
chanb rlaspect, the invention I e Bedsrigdnd &i {

used forzhgmpg gjand m xing in an _appar Wyiﬂﬂﬁmﬁ pr. gg 7 Hﬂ¥¥ 'ng
by qtgqaminjection 1l ui d product, said sh is:)l p‘l’ uagallg:ggﬁtg

di sqgs gtat |east one product a?f%g’g cﬁ nggeds‘ 'to pageddi S

10

15

20

25 .

30
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APPARATUS AND METHOD FOR TREATING A FLUID PRODUCT

The present invention relates to an apparatus for
treating a fluid such as for sterilising and/or
pasteurising and/or homogenising fluid products. More
particularly, it relates to an apparatus for
sterilising, pasteurising and/or homogenising a fluid
product by injection of steam into the fluid product.

Direct steam injection is e.g. used in the food industry
for pasteurising or sterilising of milk or cereal
products. Various types of apparatus for pasteurising or
sterilising fluid food products by injection of steam
are known. The present invention relates to a method and
apparatus wherein steam is injected into a product

strean.

Whereas direct steam injection does not raise particular
problems for low viscosity fluids such as milk, whey and
cream, the pasteurisation of e.g. infant cereal based
food, with far higher viscosity, e.g. comprising 20%
starch, is very difficult to control in a homogeneous
mixing. An inhomogeneous mixing will mean that
temperature varies through the product mass and
consequently the product is not homogeneously heat
treated. In order to safequard sufficiently heat
treatment of the product i.e. to make sure that all
parts of the product mass are heated to a high enough
temperature, such as 1is crucial in pasteurising and
sterilising processes, additional steam will need to be
injected. This additional steam consumption is expensive
and undesirable.

sAIE-bpeni ngs while rotatlng said shaft 25 with said %§g§i(~o
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shaﬁﬁﬁﬂ#ﬂB§WEH2éﬁﬂﬁﬁ now be described in greater detail 5 with

ref nce to the adc npanying drawi ngs given by way of exanple show ng an
enb d meng JAN 1997 ijnviention and in which Fig. 1 is a schematic illustration
of thp principle ele nts of the apparatus according to the invention, 10
- are schematic illustrat?ons of the shaft with discs.
Fi g} 1 shoms t he app atus 10 according to the 15 invention. The apparatus
10 €8ﬁﬁ?ﬁ?§s a m xi ng chanmber 11 defined by walls 21 wherein a steam
injection inlet 13, a product inlet 12, and an outlet 16 are forned. A

Homogenisation and mixing may be improved by passing the
product through a venturi shaped nozzle in order to
increase turbulence and velocity of the product,
however, this may not provide a sufficient enough
5 mixing. Alternatively, a mechanical mixing of the

product and the steam may be necessary.

Mixing of the product and steam may be obtained by
passing the product through a static mixer. However,

10 substantial wear of the static mixer is likeiy to result
from the passage of highly viscous products there

~ through. Such static mixer will therefore have to
frequently be replaced, which increases production
costs. Alternatively, a screw may be used for mixing and

I5 for building up a pressurised product. However, the
product creates a large momentum on the screw when
rotated, and hence considerable motor capacity is

required for the mixing.

20 The present invention overcomes the above mentioned
difficulties by utilising a rotatable shaft along which
a plurality of perforated discs comprising product
passage openings, are co-axially disposed. Accordingly,
the invention provides an improved apparatus and process
25 which accommodates a good mixing and thus a homogeneous
heating together with a surprisingly high
homogenisation. Among other things, the invention has
the following advantages:
e Lowered steam consumption by ensuring a sufficiently
30 homogeneous mixing.
e Improved mixing and homogenising by providing a
rotatable shaft along which a plurality_pfﬁperforated

discs comprising product passage openings are co-



rotéhabl sed Wi thin said m xing chanber 11 and nounted
i*n  beari n 20 internedi ate support 22. It is connected to
an out put f a motor 17 which drives the rotation of the

f .
shaft 14. Eajgﬁ%ﬁ&gaﬁﬁ%y elg. be a 1.1 Kw, 1400 t/mn notor. A sealing 24
'S prOV|cec pravent—tluild product from esgaping the mxing chamber 11
Said 25 seallng 24 I s coolled by nmeans of water supplied via a water inlet
25. The sE = ©d with a plurality of discs 15. Each disc 15
conpri ses at Ieast one product passage 30 opening. The discs are di sposed
substantially co-axially on said shaft. F|g 2 shows a perspective view of

the discs 15 nDunted(”if;edigngeé4 gydggngggmmhge%moduct through

said openings while rotating the discs,

e Shock effect due to flowing product hitting the discs
and the passage of the product through the opening
5 resulting in turbulent flow and mixing, and

homogenisation.

e Cutting through the product mass by rotating the discs
to increase the homogenisation of the product.

e Reducing motor capacity requiremént due to a reduced
10 momentum £from the product surrounding the shaft and
the disc,

e Optimising heat distribution by providing an initial
homogenising of the product where after the steam is
injected and the product and steam are mixing together

15 for a condensation of the steam and a heat transfer to

the product.

Accordingly, in a first aspect the present invention
relates to an apparatus for heat treating a fluid

20 product by injecting steam into the fluid product, said
apparatus comprising

a2 mixing chamber comprising a steam injection
inlet, a product inlet, and an outlet for the treated
product,

25 a rotatable shaft disposed within said mixing
chamber,

a plurality of discs each comprising at least one
product passage opening, said discs being disposed
substantially co-axially on said shaft, and

30 means for rotating said shaft with said discs.

It is preferred that the steam is injected at sonic

velocity. This will increase the turbulence in the steam
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the outlet 1 Hs regulated by |

. 3 shows a cross- 8 sectional view.of
ted wthin the chanber 11. The fl ow through
ans of 5 a back-pressure valve not shown in
the drawi ngs} To~ ‘use the appar gtus a steaminlet 13 is be connected to
stean1|nject'r and a_fee peijfor supplying steam under pressure and the
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preferably can be obtained by letting the fluid pass Lhrough a

venturi valve while having upstream a pressure with

approximately twice that downstream. The steam velocity

(¥ )

after the valve will then be about 450 m/sec.

Advantageously, at least on the downstream end of the
mixing chamber only a small gap is left between the
discs and the mixing chamber walls. This results in

10 substantially the whole product mass passing through the
product passage opening in the discs and substantive
homogenising of the fluid product and mixing of steam
and product. Conveniently, at least the downstream part
of mixing chamber is substantially cylindrical and the

15 rotatable shaft 1is substantially co-axially <fitted:
within said mixing chamber. '

One or more stesam injectors may be positicned along the
shaft for injection of steam, via the steam injection

20 inlet, into product passing through the mixing chamber.
The rotating shaft with discs will, while the product is
pumped through the mixing chamber, cut the product
stream and act as a shock generator such as discussed
above. The shaft with discs will, contrary to a screw,

25 not in any substantial way add to the advancing movement
of the product through the mixing chamber. The product
will be pumped into the chamber and advanced by further
product being supplied. The shaft may be provided with
replaceable discs or the shaft and discs may be made one

30 part. The shaft may be rotated by any conventional
motor.

Depending on the required throughput, heating, mixing

and homogenisation, the number of discs and the openings
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?ﬁ@“ﬁrﬁewt t he back-pressure valve. EXAMPLE 15 The

kol | owi ng exa g Aﬁt?gyes tjhe substantial and surprising steam
reducti on obt t arparatus according to the invention when
conpared wt =-68C055Rg |nilar fluid product in a steaminjection
nozzle 20 i. both streans f steam and fluid product are
I pjected intd 'in counter- currency w thout any further
mechani cal m xi ng (S&P |nject|on) The apparatus according to the invention
used conprises a shaft with 10 discs. The dianeter of 25 the discs was
[err] 44 mm and each disc had 6 product passage openings of [err] 8 mm The

exanpl e shows teS{nerein may be varied. The more discs provided along the

connected to
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products path from the product inlet to the outlet for
the treated product the more homogenising and mixing
will be provided. Although the number of discs can be
5 freely chosen for practical purposes the number of discs
are from 2 to 20, preferably 5 to 15. The diameter of
the product passage openings is preferably in the range
from 2 to 10 mm, more preferably 6 mm. This will provide
a velocity into the product passage openings between 40
10 and 200 m/s, preferably 100 m/s.

In the present context a fluid product is understood to
be a solution or suspension, e.g. aqueous, having a
viscosity of the order of 1000 to 100.000 mPa.s.
15
The £fluid product is pumped into the mixing chamber
through the product inlet. It is preferred that the
fluid product is first passed through at the product
passage opening(s) in at least one and preferably 3
20 rotating discs before steam 1is injected into the
product. This gives an initially homdgeneous slurry
which 1is then pressed forward and subjected to steam

injection heating, mixing, and homogenising.

25 The homogenising effect is obtained by the shearing of
the product passing through the discs’ openings. In the
particular case of milk-containing products, a good
homogenising effect is obtained by the arrangement

. through shearing of the fatty globules.

30
The steam injection nozzle is connected to a feed pipe
feeding steam under pressure, preferably between 10 and
15 bar. The product injection nozzle is connected to a

feed pipe feeding the fluid product to be treated. The
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- cont ent [ THE "pr oduct S re heated to 140[err] C Pr oduct Solid matter
St ean congqygpuppg[ﬁg/ ur) Ts soup % S&P i nj ection | nventi on
A 60- 62% 320 195 5 B 56- 58%
330, , 1495 C 58-60% 330
n195 DO 58- 60% 335 _ 6 200 E 60%
350 15 F 56- 58% 355
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outlet from the apparatus is by a back-pressure valve
connected to a holding pipe. The back-pressure valve
regulates the pressure through the outlet and creates a
back pressure in the mixing chamber to maintain the
5 temperature in the mixing chamber. Poor control of the
back pressure results in loss of steam which gives an
uneconomic production. The back-pressure valve may
advantageously be of the membrane type. Advantageously,
two pack-pressure valves may be used e.g. CPM or APC

10 valves from Tetra-Laval.

In another aspect, the invention relates to a method-for
heat treating a fluid product by injecting steam into
the fluid product, said method comprising the steps of
15 supplying a fluid product into a mixing chamber
through a product inlet,
injecting steam into said £fluid product through a
steam injection inlet in said mixing chamber, in which
mixing chamber being disposed a rotatable shaft and a
20 plurality of discs each comprising at least one product
passage opening, said discs being disposed substantially
co—-axially on said shaft, while
passing at least part of the fluid product through
said product passage openings while rotating said shaft
25 with said discs, and
discharging the treated fluid product through an

outlet in said mixing chamber.

In a further aspect, the invention relates to a shaft to
30 be used for homogenising and mixing in an apparatus or a
process for heating by steam injection a fluid product,
said shaft comprising a plurality of discs each

comprising at least one product passage opening, said
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1.["Apparatus for Heat treating a fluid product by injecting steam

Igizj}mNoggyt, aid apparatus 5 conprising a m xi ng chanber
g a steam | njdctjiion inlet, a product inlet, and an outlet for the

CLAI:NB
GWinto t
conpri sl

n_—

treate e it gbl e shaft di sposed within said m xing 10 chanber
.a pturality of discs each conprising at Ieas; one product passage opening,

said di

discs being disposed substantially co-axially on said

shaft.

The invention will now be described in greater detail
5 with reference to the accompanying drawings given by way

of example showing an embodiment of the invention and in

which

Fig. 1 is a schematic illustration of the principle

elements of the apparatus according to the invention,
10 and '

Fig. 2 and Fig. .3 are schematic illustrations of the

shaft with discs.

Fig. 1 shows the appafatus 10 according ‘to the
15 invention. The apparatus 10 comprises a mixing chamber
11 defined by walls 21 wherein a steam injection inlet
13, a product inlet 12, and an outlet 16 are formed. A
rotatable shaft 14 1is disposed within said mixing
chamber 11 and mounted in bearings 18 within an
20 intermediate support 22. It is connected to an output
rotary shaft 23 of a motor 17 which drives the rotation
of the shaft 14. Said motor may e.g. be a 1.1 Kw, 1400
t/min motor. A sealing 24 is provided to prevent fluid
product from escaping the mixing chamber 11. Said
25 sealing 24 is cooled by means of water Supplied via a

water inlet 25.

The shaft 14 is provided with a plurality of discs 15.
Each disc 15 comprises at least one product passage
30 opening. The discs are disposed substantially co-axially
on said shaft. Fig. 2 shows a perspective view of the
discs 15 mounted on the shaft 14. Said discs compriées

product passage opening 26. Fig. 3 shows a cross-



substanth;n.?ﬁjs-,:;;; X,on said shaft, and neans for rotating said shaft

=W th sai REFPERGLMIHY ar at us accordlng to claiml1, wherein the
appar at ug Uﬁprrsés”é“ba k4pressure valve for regulating the flow through
t he -out | qt . %% ﬁwmmqwatu< according to clains 1 and 2, wherein the mxing
chanber ils fisu stantially |cylindrical and theg rotatable shaft is
subst ant i f-ddijsposed within said m xing chanber. 25 4.

Apparatuﬂ accordlng to claijms 1 and 3, wherein at |east one disc is
di sposed T e tne proauct inlet and the steaminlet. 5. Apparatus
according to any of clains 1 to 4, wherein '

sectional view of the shaft 14 with a disc 15 fitted
within the chamber 11.

The flow through the outlet 16 is regulated by means of

5 a back-pressure valve not shown in the drawings. To use
' the apparatus a steam inlet 13 is be connected to steam
injector and a feed pipe for supplying steam under
pressure and the product inlet is be connected to a feed
pipe and a pump for supplying the fluid product to be

10 treated wunder pressure. The outlet 1is preferably

connected to a holding pipe by the back-pressure valve.

EXAMPLE

15
The following example illustrates the substantial and
surprising steam reduction obtained with'Ehé‘apparatus
according to the'inventién when compared with processing
of a similar fluid product in a steam injection nozzle

20 i.e. a nozzle wherein both streams of steam and fluid
product are injected into a mixing chamber ih counter-
currency without any further mechanical mixing (S&P
injection). The apparatus according to the invention
used comprises a shaft with 10 discs. The diameter of

25 the discs was @ 44- mm and each disc had 6 product
passage opeﬁings of o 8 mm. The example shows test
results of heat treatment of fluid products with varying

solid matter content. The products were heated to 140°C:
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; r'.  dgﬁéaﬁﬁﬁblets are positioned along the rotatable shaft. 6.

hZQWWI <,ci 7. Apparat us accor di ng to any of the clains
ei n each dlsm us provided with 2 to 50 product passage
waqcordlng to any of the clains 1 to 7, wherein the
i) the range from2%to 10 nm

provi ded jm
1 to 6,

openi ngs.
openi ngs

\have‘a_dlaneter

T

Product Solid matter' Steam consumption (Kg/Hour)

Ts soup % S&P injection Invention
A 60-62% 320 195
5 B 56-58% 330 195
C 58-60% 330 195
D 58-60% 335 | 200
E 60% 350 215
F 56-58% 355 200

10



fluid g d conprising the steps of supplylnq a fluid
-productf i | ¢hdnber through a product inlet, i nj ecting
st eam ifng i I d preduct through a ste |nject|on in

‘m Xi ng ch*‘r?b'é‘r F=wi=th] M Xi ng chanber bei ?1081 di sposed a rtilmlllﬂllm1lmu " |II|
and a plural of discsfeach conprising at | east one product passag® s *
openi ng, said discs permy di sposed substantially 20 co-axially on said

shaft, while passing at |east part of the fluid product through said
product passage openings while rotating said shaft with said discs, and
CLAIMS

1. Apparatus for heat treating a fluid product by
injecting steam into the fluid product, said apparatus
5 comprising _

a mixing chamber comprising a ' steam injection
inlet, a product inlet, and an outlet for the treated
product,

a rotatable shaft disposed within said mixing

10 chamber,

a plurality of discs each comprising at least one
product passage opening, said discs being disposed
substantially co-axially on said shaft, and

means for.rotating said shaft with said discs.

15
2. Bpparatus according to claim 1, wherein the apparatus
comprises a back-pressure valve for regulating the flow
through the outlet.

20 3. Apparatus according to claims 1 and 2, wherein the
mixing chamber is substantially cylindrical and the
rotatable shaft is substantially co-axially disposed
within said mixing chamber.

25 4. Apparatus according to claims 1 and 3, wherein at
least one disc is disposed between the product inlet and

the steam inlet.

5. Apparatus according to any'of claims 1 to 4, wherein
30 a plurality of steam inlets are positioned along the
rotatable shaft.

6. Apparatus according to any of the claims 1 to 5,

wherein the apparatus is provided with 5 to 15 discs.
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11

7. Apparatus- according to any of the claims 1 to 6,
wherein each disc is provided with 2 to 50 product

passage openings.

8. Apparatus according to any of the claims 1 to 7,
wherein the openings have a diameter in the range from 2

to 10 mm.

10 9. Method for heat treating a fluid product by injecting
steam into the fluid product, said method comprising the
steps of

supplying a fluid product into a mixing chamber
through a product inlet,

15 injecting steam into said fluid product through a
steam injection inlet in said mixing chamber, in which
mixing chamber being disposed a rotatable shaft and a
plurality of discs each comprising at least one product
passage opening, said discs being disposed substantially

20 co-axially on said shaft, while

passing at least part of the fluid product through
said product passage openings while rotating said shaft
with said discs, and
' discharging the treéted fluid product through an
25 outlet in said mixing chamber. |

10. A shaft to be used for homogenising and mixing in an
apparatus or a process for heating by steam injection a
fluid product, said shaft comprising a plurality of
30 discs each comprising at least one product passage
opening, said discs being disposed substantially co-

axially on said shaft.
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" APPARATUS AND METHOD FOR TREATING A FLUID PRODUCT

ABSTRACT

The present invention relates to an apparatus and a
method for heat treating a fluid product by injection of
steam therein in order to provide a sterilisation,
pasteurisation and/or a homogenisation of the product.
Said apparatus comprising a mixing chamber comprising a
steam injection inlet; a product inlet, and an outlet
for the treated product, a rotatable shaft disposed
within said mixing chamber, a plurality of discs each
comprising at lgast one product passage opening, said
discs being disposed substantially co-axially on said
shaft, and means for rotating said shaft with said

discs. The invention also relates to a shaft to be used -

for homogenising and mixing in an apparatus or a process

for heating by steam injection a fluid product.

Figure 1



