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APPARATUS AND METHOD FOR THE 
STERILIZATION, DEGASSING AND 

CONCENTRATION OF VISCOUS PRODUCTS 

TECHNICAL FIELD 

0001. The present invention relates to apparatuses and 
methods for Sterilizing viscous fluids such as, for example, 
cosmetic products, drugs, vegetal and animal extracts, and/or 
food products. Certain embodiments of the present invention 
also relate to an apparatus for degassing or concentrating 
Viscous fluids. This invention relates generally to devices, 
systems, and methods for processing Viscous fluids. 

BACKGROUND ART 

0002 The industrial production of food has faced for years 
the issue of aseptic production and packaging. The aim of 
Such production and packaging is to extend shelflife of prod 
ucts, to preserve nutritional qualities for an extended period 
of time and to kill germs potentially harmful to health. Gov 
ernment regulations have rapidly constrained the range of 
options available to extend product shelf life and specifically 
banned inclusion of many preservatives in foodstuffs destined 
for human ingestion. 
0003 Heat treatment of liquid food products for the pur 
pose of sterilization is a commonly used industrial process. To 
achieve rapid heating up to high temperatures, typically 
exceeding 100° C. Steam is employed. The heating may take 
place either directly or indirectly. In indirect heating, use is 
made of different types of heat exchangers. In direct heating, 
steam is directly incorporated into the product. A direct heat 
ing sterilization process, well known for dairy products, is 
commonly referred to as the UHT process, which stands for 
Ultra Heat Treatment or Ultra High Temperature; an appro 
priate control of both temperature leveland exposure duration 
of the heat treatment allowing the extermination of those 
microorganisms which are found in dairy products. 
0004. There are two types of steam incorporation pro 
cesses, injection and infusion. With injection, Steam is 
injected into the product in a closed system, whereas infusion 
implies that the product is finely sprayed and caused to pass 
through a space filled with steam. In both cases, the Supplied 
steam rapidly and efficiently heats the product to the desired 
temperature and the product is then kept at this temperature 
during a given predetermined exposure duration. The Sup 
plied steam must thereafter be removed from the product in 
order to avoid diluting it. 
0005. This normally takes place by evaporative cooling, 
commonly referred as flash-cooling, in a vacuum chamber. 
During the process, the steam is released and condensed at the 
same time as the product is cooled downto a similar tempera 
ture it had before the heat treatment. The evaporative cooling 
usually takes place by feeding the steamed product, under 
pressure, into a vacuum chamber. When the product enters the 
vacuum chamber, the liquid boils, the steam is released and 
rises upwards in the chamber while the product accumulates 
in the lower region of the chamber. Thus cooled, the product 
may be tapped off from the lower region of the chamber. The 
steam which leaves the product together with incondensable 
gases is to be condensed in order for it to be able to be run off 
to an outlet. 
0006. The cosmetic industry is facing a similar issue. As 
one example, skincare and cosmetic creams are meant to be 
used multiple times, for a use life extended to months. To 
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address that issue, the cosmetic industry includes various 
preservatives, such as parabens, which prevent the growth of 
fungi and bacteria. A number of studies highlighted the poten 
tial harmfulness of such preservatives to human health. Other 
compounds have been investigated as paraben Substitutes, but 
show lower efficiency and/or still carry the risk of long term 
impact on human health. Consequently, regulations are being 
more and more restrictive about preservatives integration into 
cosmetic products. 
0007 As an alternative route to incorporating preserva 
tives, it was thought to sterilize cosmetic products. Several 
methods and devices were investigated. In particular, United 
States Patent Application US 2009/0148343 discloses the 
sterilization of a cosmetic product based upon indirect heat 
ing, by means of circulating the product through a circuit 
traversing heating and cooling baths. 
0008. However, the state of the art apparatus and methods 
suffer from limited efficiency of the sterilization process. 
More specifically, Viscous products show a poorheat penetra 
tion and the heating and cooling durations are long, usually 
above several seconds. It implies a high shear rate during the 
process which may ultimately modify product viscosity. 

SUMMARY OF THE INVENTION 

0009. The incorporation of steam is a good solution to 
bring heat to a viscous product. However, because of the 
specific nature of cosmetic products, their sterilization 
through a direct heating process is a challenge which requires 
solving several technical problems. The heating process 
should be fast and efficient to bring the heat to the fluid 
without damaging it. Also the cooling process should be fast 
and efficient to minimize or eliminate the denaturization of 
sensitive components such as proteins, vitamins, etc. . . . . TO 
maintain a product emulsion, as often encountered in the 
cosmetic industry, and to avoid phase separation (e.g., aggre 
gation and/or precipitation), it is also often desirable, and 
Sometimes required, to bring the final product, after steriliza 
tion, to low temperature, typically in the range of between 40° 
C. and 90° C., which generally means high viscosity of the 
cosmetic product. 
0010. A constraint previously mentioned is to avoid shear 
ing of the fluid to preserve the viscosity of the output product 
to a level substantially equivalent or at least similar to that of 
the input product. Also, the water content after the evapora 
tive cooling step should often preferably be kept in a con 
trolled range. 
0011. The evaporative cooling step is a specific challenge 
when applying a direct heating sterilization process to vis 
cous products: On a first hand, a low vacuum pressure is 
usually required to allow efficient water evaporation from the 
Viscous fluid, and on a second hand, the high viscosity of the 
fluid means low hydrostatic pressure at the bottom of the 
vacuum vessel. For these reasons, the State of the art evapo 
rative cooling devices are not adapted to viscous fluid. In most 
case, they result in obstruction of the pump, potential cavita 
tion issue, and an accumulation of fluid in the evaporative 
cooling device. 
0012. It is one object of the present invention to cope with 
the disadvantages of the State of the art by providing an 
apparatus for the sterilization of a Viscous fluid through a 
direct heating approach. 
0013 To this end, certain embodiments of the present 
invention relate to an evaporative cooling device for a viscous 
fluid including a vacuum chamber, having an upper part 
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wherein the Viscous fluid is injected, a lower part extending 
downwardly from the upper part wherein the viscous fluid is 
collected by gravitational force, and an outlet pipe located at 
bottom of lower part, through which the viscous fluid is 
extracted. The evaporative cooling device further includes an 
extraction device, having a primary pump, fed with Viscous 
fluid from the lower partthrough the outlet pipe, and a feeding 
device, located inside the lower part of vacuum chamber, 
which pushes the viscous fluid from the lower part towards 
the primary pump, through the outlet pipe. 
0014 Certain embodiments of the present invention also 
relate to an apparatus for the sterilization of a viscous fluid, 
including a direct heating device, wherein the viscous fluid is 
heated up to a temperature range of between approximately 
120° C. and 155° C. by incorporating steam into the viscous 
fluid; a high temperature circuitry, fed with heated fluid from 
the direct heating device, wherein the heated fluid is main 
tained in the temperature range of between approximately 
120° C. and 155° C. for a predetermined residence time, 
configured to allow sterilization of the viscous fluid; and the 
evaporative cooling device as previously described, fed with 
the heated fluid from the high temperature circuitry, wherein 
the heated fluid is cooled to a temperature of between 
approximately 40°C. and 90° C. by steam evaporation in the 
vacuum chamber set at a pressure of between approximately 
0.05 and 1 bar (absolute pressure). 
0015. Additionally, certain embodiments of the present 
invention relate to a method for the sterilization of a viscous 
fluid, wherein the viscous fluid circulates throughout a ster 
ilization circuit including the evaporative cooling device pre 
viously described, which method includes the (sometimes 
Successive) steps of heating quickly, (e.g., in less than 1 
second), the fluid by incorporation of steam in the fluid, to a 
temperature range of between approximately 120° C. and 
155° C.; maintaining fluid temperature in the range of 
between approximately 120° C. and 155° C. for a predeter 
mined residence time, to allow sterilization of the fluid; cool 
ing down quickly, (e.g., in less than 1 second), the fluid by 
steam evaporation, down to a temperature range of between 
approximately 40° C. and 90° C., in the evaporative cooling 
device. 

0016. It is another object of certain embodiments of the 
present invention to propose a solution for the degassing or 
water concentration adapted to a viscous fluid. 
0017. To this end, certain embodiments of the present 
invention relate to an apparatus for the degassing of a viscous 
fluid including the evaporative cooling device previously 
described. Certain embodiments of the present invention also 
relate to an apparatus for the concentration of water content of 
a viscous fluid including an evaporative cooling device pre 
viously described. 
0018. There has thus been outlined, rather broadly, certain 
embodiments of the invention in order that the detailed 
description thereof herein may be better understood, and in 
order that the present contribution to the art may be better 
appreciated. There are, of course, additional embodiments of 
the invention that will be described below and which will 
form the subject matter of the claims appended hereto. 
0019. In this respect, before explaining at least one 
embodiment of the invention in detail, it is to be understood 
that the invention is not limited in its application to the details 
of construction and to the arrangements of the components set 
forth in the following description or illustrated in the draw 
ings. The invention is capable of embodiments in addition to 
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those described and of being practiced and carried out in 
various ways. Also, it is to be understood that the phraseology 
and terminology employed herein, as well as the abstract, are 
for the purpose of description and should not be regarded as 
limiting. 
0020. As such, those skilled in the art will appreciate that 
the conception upon which this disclosure is based may 
readily be utilized as a basis for the designing of other struc 
tures, methods and systems for carrying out the several pur 
poses of the present invention. It is important, therefore, that 
the claims be regarded as including Such equivalent construc 
tions insofar as they do not depart from the spirit and scope of 
the present invention. 

BRIEF DESCRIPTION OF THE 
ACCOMPANYING DRAWINGS 

0021. Other features and advantages of the present inven 
tion will become clear from the following detailed description 
of the nonlimitative embodiments of the invention, referring 
to the accompanying Drawings representing schematically 
the apparatus of the invention. In the accompanying Draw 
1ngS. 
0022 FIG. 1 is a flow diagram according to a first embodi 
ment of an apparatus for the sterilization of a viscous fluid; 
and 
0023 FIG. 2 is a flow diagram according to a second 
embodiment of an apparatus for the sterilization of a viscous 
fluid; and 
0024 FIG. 3 is a flow diagram according to a third 
embodiment of an apparatus for the sterilization of a viscous 
fluid; and 
0025 FIG. 4 is a side elevation of an evaporative cooling 
device of the invention; and 
0026 FIG. 5 is a side elevation, partly in section, of an 
extraction device of the invention; and 
0027 FIG. 6 is a scheme of a feeding device for the extrac 
tion device of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0028. A flow diagram of a first embodiment of an appara 
tus for the sterilization of a viscous fluid is shown in detail in 
FIG.1. The apparatus is designed for cosmetic products. Such 
as skincare creams or lotions, including emulsion products. 
However, the present invention is not limited to cosmetic 
products, but more generally covers fluids of high viscosity. 
Other viscous fluids for which the present invention is 
adapted include, for example, drugs, vegetal and animal 
extracts, and food products. Certain embodiments of the 
present invention aim at Sterilizing any type of viscous fluids, 
preferably having a static viscosity exceeding 1500 cp at a 
temperature between approximately 40°C. and 90° C. It has 
been shown that certain embodiments of the present invention 
are especially adapted to fluid for which a static viscosity 
exceeding 1500 cp is measured in this temperature range and 
after an evaporative cooling step, e.g. after Sterilization based 
upon direct heating. 
0029. To allow for a fast heating and fast cooling of the 
viscous fluid to be sterilized, the certain embodiments of the 
present invention relate to the method of steam incorporation 
in the fluid. The method often includes at least three main 
Successive steps, often performed Successively in the order 
listed below: 
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0030 heating quickly the viscous fluid by incorporation of 
steam into the fluid, 
0031 maintaining the heated fluid at high temperature to 
sterilize the fluid, 
0032 quickly cooling the fluid by steam release. 
0033. In a first embodiment of the present invention as 
shown in FIG. 1, the apparatus for the sterilization of a vis 
cous fluid 11 includes: 

0034 a direct heating device 12, wherein the viscous 
fluid 11 is heated up by incorporating steam 13 in the 
viscous fluid 11, to a temperature range of between 
approximately 120° C. and 155° C., 

0035 a high temperature circuitry 14, fed with heated 
fluid from the direct heating device 12, wherein the 
heated fluid 15 is maintained in a temperature range of 
between approximately 120° C. and 155° C. for a pre 
determined residence time to allow sterilization of the 
viscous fluid, 

0036) an evaporative cooling device 16, fed with heated 
fluid from the high temperature circuitry 14, wherein 
steam 13 is released from the heated fluid by evapora 
tion, cooling it down to a temperature of between 
approximately 40° C. and 90° C. 

0037 According to certain embodiments of the invention, 
the inlet viscous fluid 11 is preheated by an indirect heating 
device located upstream of the direct heating device 12 (not 
represented on the figure) to a temperature of between 
approximately 40° C. and 90° C. before it is introduced into 
the direct heating device 12. In the first embodiment as shown 
on FIG. 1, the heating device 12 is a steam infusion device. It 
includes a chamber fed with steam 13, having an upper cylin 
drical part and a lower conical part. The inlet fluid 11 is 
introduced in the upper cylindrical part and finely divided, for 
example by means of a dedicated perforated plate. Steam is 
incorporated into the fluid which is sprayed in the chamber. 
The lower conical part collects the heated fluid before trans 
ferring it to the high temperature circuitry 14. 
0038 An efficient distribution of the steam flow, together 
with an efficient distribution of fluid inside the chamber, lead 
to an efficient heating of the viscous fluid. A temperature in 
the range of between approximately 120° C. and 155° C. is 
reached in less than 1 second. Such values are very attractive 
for the preservation of the viscous fluid characteristics, espe 
cially when compared to state of the art apparatuses based 
upon indirect heating. 
0039. According to certain embodiments of the present 
invention, the temperature of the heated fluid 15 is then main 
tained in the same range throughout the high temperature 
circuitry 14. In the first embodiment as shown in FIG. 1, the 
high temperature circuitry 14 includes successively: 

0040 a centrifugal pump 19, fed with heated fluid from 
the direct heating device, configured to ensure a fluid 
pressure of between approximately 2 and 10 bars (abso 
lute pressure), 

0041 a holding tube 20, configured to maintain the 
heated fluid in a temperature range of between approxi 
mately 120° C. and 155° C. for a predetermined resi 
dence time to allow for sterilization of the viscous fluid, 

0042 a relief valve 21, configured to feed the evapora 
tive cooling device 16 with the 2.0 heated fluid 15, and to 
ensure a fluid pressure of between approximately 2 and 
10 bars (absolute pressure) upstream of the relief valve 
(21). According to certain embodiments of the present 
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invention, pressure of the heated fluid downstream the 
relief valve is between approximately 0.05 and 1.5 bars 
(absolute pressure). 

0043. The above design and physical values of the high 
temperature circuitry 14 are not limitative of the present 
invention. To achieve an expected level of microbial load or 
denaturation of a given molecule, one may adapt temperature 
and exposure duration of the fluid passing through the high 
temperature circuitry. For that matter, other devices and 
physical values may be selected. 
0044 Subsequently, the fluid is cooled down in the evapo 
rative cooling device 16, which includes a vacuum chamber 
29, having an upper cylindrical part 30 and a lower conical 
part 31 extending downwardly from the upper part 30. In the 
upper part 30 is injected the heated fluid 15. The fluid is then 
cooled down by evaporating, at least partially, the steam 
added to the fluid during the direct heating step. The lower 
part 31 collects the cooled down fluid by gravitational force. 
Depending on the vacuum level and the fluid inlet and outlet 
temperatures, the amount of evaporated water can be 
adjusted. It is also expected that the water content of the 
Viscous fluid after sterilization, although in the same range as 
beforesterilization, may be voluntarily modified. This could 
be the case when the evaporative cooling device according to 
certain embodiments of the invention is used in an apparatus 
dedicated to the concentration of water of a viscous fluid. This 
application will be further described in the following. The 
pressure of vacuum chamber is between approximately 0.05 
and 1 bars (absolute pressure). A flash cooling duration of less 
than one second is achieved to cool down the fluid to a 
temperature of between approximately 40° C. and 90° C. 
Such values are very attractive for the preservation of the 
Viscous fluid characteristics, as they limit the product expo 
Sure to elevated temperature. 
0045. However, the high viscosity of the cooled down fluid 
18 at bottom of the lower part 31 of vacuum chamber 29 may 
make it difficult to extract the fluid out of the evaporative 
cooling device 16. Direct pumping could result in obstruction 
of the pump, potential cavitation issue, and an accumulation 
of fluid in the evaporative cooling device. To address these 
potential issues, the evaporative cooling device according to 
certain embodiment of the present invention further includes 
an extraction device 17 to extract the cooled down fluid from 
the lower part 31 and to ensure its transportation to a down 
stream circuit. Such as for example a sterile packaging unit 
(not represented on the figure). The extraction device 17 is 
further described below, with FIGS. 4, 5 and 6. The evapora 
tive cooling device 16 also includes a condenser32 into which 
the steam released from the fluid is condensed to water, using 
a cooling liquid 33. 
0046. A flow diagram of a second embodiment of an appa 
ratus for the sterilization of a viscous fluid is shown in detail 
in FIG. 2. The second embodiment involves a number of 
components which have been described in FIG. 1. The same 
numbers on the figures refer to the same components; these 
components are not detailed again below. 
0047. The second embodiment as shown in FIG. 2 
includes a direct heating device 12, a high temperature cir 
cuitry 40 and an evaporative cooling device 16. The high 
temperature circuitry 40 differs from the first embodiment. In 
this embodiment, it includes a positive displacement pump 
41, fed with heated fluid from the direct heating device, and 
configured to ensure a fluid pressure of between approxi 
mately 2 and 10 bars (absolute pressure) upstream of the 
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positive displacement pump 41. This second embodiment is 
particularly suited for when very short residence time of the 
fluid is expected; the positive displacement pump acting as a 
brake to control back pressure between the circuitry con 
nected to the heating device and the circuitry connected to the 
evaporative cooling device. 
0048 Although it is not represented in FIG. 2, certain 
embodiments of the present invention also include adding a 
holding tube to the high temperature circuitry 40. A similar 
holding tube as described in FIG. 1, and referred holding tube 
20, may be added upstream or downstream the positive dis 
placement pump 41. 
0049. A flow diagram of a third embodiment of an appa 
ratus for the sterilization of a viscous fluid is shown in detail 
in FIG. 3. The third embodiment involves a number of com 
ponents which have been described in FIG. 1 or FIG. 2. The 
same numbers on the figures refer to the same components; 
these components are not detailed again below. 
0050. The third embodiment as shown in FIG.3 includes a 
direct heating device 42, a high temperature circuitry 43 and 
an evaporative cooling device 16. The direct heating device 
42 and the high temperature circuitry 43 differ from the first 
and second embodiment. In this embodiment, the direct heat 
ing device 42 is a steam injector device. The inlet viscous 
liquid 11, having a temperature in the range of between 
approximately 40° C. and 90° C., for example thanks to an 
indirect preheating step (not represented on the figure), is 
brought to pass through a steam injection noZZle in which the 
viscous fluid 11 is mixed with steam 13. The incorporation of 
steam heats up the fluid to a temperature in the range of 
between approximately 120° C. and 155° C. in less than 1 
second. At the outlet of the direct heating device 42, the 
heated fluid 15, under pressure in the range of 2 to 10 bars 
(absolute pressure), feeds the high temperature circuitry 43. 
0051. In the third embodiment, the steam injection device 

is configured to manage pressure of the outlet heated fluid 15, 
so that the high temperature circuitry 43 may not require an 
additional pump. Consequently, the high temperature cir 
cuitry 43 includes a holding tube 20 and a control valve 44, 
configured to control flow rate and pressure of the heated 
fluid. As previously mentioned, typical values of pressure for 
the heated fluid injected into the flash cooling device are 
between approximately 0.05 and 1.5 bars (absolute pressure). 
The design of the high temperature circuitry adapted to steam 
injection is not limited to the design shown on FIG. 3. Other 
designs are possible. As an example the high temperature 
circuitry 14 and 40, as shown on FIG. 1 and FIG. 2, are 
considered. 
0052 A more detailed layout of the evaporative cooling 
device according to certain embodiments of the present 
invention is given in FIG. 4. The evaporative cooling device 
16 includes a vacuum chamber 29, fed with viscous fluid 
having a temperature in the range of between approximately 
120° C. and 155°C., having an upper part 30 and a lower part 
31. In the upper part 30, having a cylindrical shape, Steam is 
released from the heated fluid by evaporation, cooling it down 
to a temperature of between approximately 40°C. and 90° C. 
In the lower part 31, having a conical shape and extending 
downwardly from the upper vacuum chamber 30, the cooled 
down fluid 18 is collected by gravitational force. The lower 
part 31 includes an outlet pipe 60 through which the cooled 
down fluid 18 is extracted. The evaporative cooling device 16 
also includes a top cover 50 onto which is located a released 
steam pipe 52. The evaporative cooling device 16 further 
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includes at least one fluid inlet 51 located on the longitudinal 
wall of the cylindrical upper part 30. The fluid inlet 51 is not 
limited to be located in cylindrical upper part, but may also be 
positioned in lower part 31. The present invention is not 
limited to a vacuum chamber having a cylindrical upper part 
and a conical lower part. In some embodiments, the vacuum 
chamber may have a conical shape for both the upper and 
lower parts. In yet other embodiments, the vacuum chamber 
may include an upperpart and/or a lower part having an ovoid 
shape. 

0053. The heated fluid 15 is injected through the inlet 51 
into the upper part 30. The gap of pressure and temperature 
between the incoming fluid and the vacuum chamber 29, 
leads to release the steam from the viscous fluid. The steam 
rises upwards in the chamber to the released steam pipe 52, 
while the fluid falls down and accumulates at bottom of the 
lower part 31. The released steam collected together with 
incondensable gases by the released steam pipe 52 is con 
densed in the condenser32 previously described. 
0054 Because of fluid viscosity and vacuum level in the 
evaporative cooling device, the Viscous fluid exerts a limited 
hydrostatic pressure on the lower part of the vacuum chamber. 
Gravitation force does not allow for an efficient passive feed 
ing of a pump located at bottom of the lower part 31. Such 
direct pumping would lead to fluid accumulation in the 
vacuum chamber. To overcome the cooled down fluid viscos 
ity, certain embodiments of the invention relate to an evapo 
rative cooling device having an extraction device 17 which 
apply mechanical force to push, in an active manner, the fluid 
collected at bottom of lower part 31, towards a primary pump. 
According to certain embodiments, the extraction device 17 
includes a primary pump 53, fed with the cooled down fluid 
18 from the lower part 31 through the outlet pipe 60. The 
extraction device 17 further includes a feeding device 54, 
located inside the lower part 31 of vacuum chamber 29, which 
pushes the cooled down fluid 18 from the lower part 31 
towards the primary pump 53, through the outlet pipe 60. 
Further details of the extraction device 17 are shown on FIG. 
5 and FIG. 6 and discussed below. 

0055. In a common industrial installation, the sterilization 
apparatus is followed by a packaging unit, for example an 
aseptic packaging unit. To overcome pressure losses of piping 
installation between the evaporative cooling device and the 
packaging unit, the extraction device 17 as shown on FIG. 4. 
further includes a secondary pump 55, for example a positive 
displacement pump or a centrifugal pump, located down 
stream the primary pump 53 which ensures or at least pro 
motes transportation of the cooled down fluid 18 from the 
primary pump 53 to a downstream circuit. The primary pump 
acts as a booster pump to the secondary pump; the secondary 
pump being designed to overcome pressure losses of a down 
stream circuit. 

0056 Details of yet another embodiment of the extraction 
device are shown in FIG. 5 and FIG. 6. In this embodiment, 
the primary pump53 is a centrifugal pump having an impeller 
61 and a driveshaft 62. The feeding device 54 includes a 
propeller 63 located inside the lower part 31 of vacuum cham 
ber 29 and which rotation axis is aligned with the impeller 
rotation axis, referred as X axis on FIG. 5 and FIG. 6. The 
driveshaft 62 passes through the outlet pipe 60 and is linked to 
the propeller 63 so as to drive in rotation both the impeller 61 
and propeller 63. The propeller 63 as shown on FIG. 6 
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includes three blades 64. Other propeller configurations 
including at least two blades are possible according to the 
present invention. 
0057. As a result to the above design, the cooled down 
fluid 18, accumulated at bottom of the lower part 31 of 
vacuum chamber 29, is pushed by the propeller 63 towards 
the primary pump 53. The mechanical action of the propeller 
blades on the fluid generates a local pressure allowing to 
efficiently feed the centrifugal pump, and avoiding cavitation 
issues faced when pump feeding relies only on hydrostatic 
pressure of the fluid and Suction capability of the pump. 
0058. The feeding device 54 further includes an endless 
screw 65 linked to the driveshaft 62, located between the 
impeller 61 and the propeller 63, and at least partially, inside 
the outlet pipe 60. The endless screw rotation axis is aligned 
with the impeller rotation axis X. The driveshaft 62 is able to 
drive in rotation the impeller 61, the endless screw 65 and the 
propeller 63. The use of the endless screw 65 further improves 
the efficiency of the extraction device 17. Referring to the 
NPSH parameter known by the person skilled in the art, and 
standing for NetPositive Suction Head, the use of the endless 
screw is beneficial as it reduces the required NPSH value at 
the pump impeller. 
0059. In the embodiment as shown on FIG. 5, the lower 
part 31 of vacuum chamber 29 further includes a concave 
surface of revolution 70 around a substantially vertical axis, 
onto which surface 70, the cooled down fluid 18 accumulates. 
As shown on FIG. 5, the outlet pipe 60 is located at the bottom 
of the surface 70. The rotation axis X of the driveshaft 62 is 
substantially aligned with the vertical axis of revolution of 
surface 70. Different types of concave surface of revolution 
are considered to be within the scope of the present invention. 
As shown on FIG. 5, the surface 70 may be provided by two 
Successive conical portions. Other configurations include a 
paraboloid surface or a ferrule type surface. A benefit of such 
concave surface 70 is to avoid the bouncing effect of the fluid 
which would occur in a configuration where the fluid is 
pushed by propeller blades against a non concave surface, 
Such as a simple conical Surface. 
0060 Certain embodiment of the present invention also 
relate to a method for the sterilization of a viscous fluid, 
wherein the viscous fluid circulates throughout a sterilization 
circuit including an evaporative cooling device 16 as previ 
ously described, which method includes the following steps, 
which may be performed successively in the order listed 
below: 

0061 heating quickly, in less than 1 second, the fluid by 
incorporation of steam 13 in the fluid, to a temperature 
range of between approximately 120° C. and 155° C., 

0062 maintaining fluid temperature in the range of 
between approximately 120° C. and 155° C. for a pre 
determined residence time, to allow sterilization of the 
fluid, 

0063 cooling down quickly, in less than 1 second, the 
fluid by Steam evaporation, down to a temperature range 
of between approximately 40° C. and 90° C., in the 
evaporative cooling device 16. 

0064. According to certain embodiments of the present 
invention, the method includes an initial step of preheating 
the fluid, by means of an indirect heating device, to a tem 
perature of between approximately 40°C. and 90° C. 
0065. In another embodiment of the present invention, the 
method is applied to a Viscous fluid having a static viscosity 
above 5000 cp at a temperature between approximately 40° 
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C. and 70° C. The method includes the following steps, which 
may be performed successively in the order listed below: 

0.066 heating quickly, in less than 1 second, the fluid by 
incorporation of steam 13 in the fluid, to a temperature 
range of between approximately 120° C. and 155° C., 

0067 maintaining fluid temperature in the range of 
between approximately 120° C. and 155° C. for a pre 
determined residence time, to allow sterilization of the 
fluid, 

0068 cooling down quickly, in less than 1 second, the 
fluid by steam evaporation, down to a temperature range 
of between approximately 40° C. and 70° C., in the 
evaporative cooling device 16, 

and wherein the vacuum level of the vacuum chamber is 
between approximately 0.05 and 0.4bars (absolute pressure). 
0069. In the description above and the accompanying 
drawings, particularly through FIGS. 4, 5 and 6, embodi 
ments of an evaporative cooling device adapted to a Viscous 
fluid have been described. The implementation of such 
evaporative cooling device for the sterilization of viscous 
products has been described, particularly through FIGS. 1, 2 
and 3. The use of the evaporative cooling device for steriliza 
tion purpose is not limitative to the present invention. It has 
been mentioned, for example, that the amount of evaporated 
water during the flash cooling step can be adjusted Voluntar 
ily, by tuning differently some parameters such as vacuum 
level or fluid inlet and outlet temperatures. Independently 
from Sterilization purpose, the evaporative cooling device 
according to certain embodiments of the invention is very 
much adapted to a process aiming at concentrating water 
content of a viscous fluid. Typical examples of industrial 
process where concentration of a viscous fluid is desirable or 
required include the concentration of an emulsion cosmetic 
product, or of animal or vegetal extracts. As a result, certain 
embodiments of the present invention relate to an apparatus 
for the concentration of water content of a viscous fluid, 
including an evaporative cooling device having the previ 
ously described features. 
0070. In a similar approach, the flash cooling method can 
be implemented for degassing purpose. In a direct heating 
sterilization approach, Steam is Voluntarily incorporated into 
the fluid, before it is released in the flash cooling step. In 
another approach, the evaporative cooling device of certain 
embodiments of the invention may be implemented for its 
capability to extract gas contained into a viscous fluid. Typi 
cal examples of industrial process where degassing of a fluid 
is required include the degassing of sparkling beverage or of 
animal or vegetal extract. As a result, certain embodiments of 
the present invention relate to an apparatus for the degassing 
of a viscous fluid, characterized in that it includes an evapo 
rative cooling device having the previously described fea 
tures. 

1. An evaporative cooling device for a viscous fluid, com 
prising: 

a vacuum chamber, having an upper part wherein the Vis 
cous fluid is injected, 

a lower part extending downwardly from the upper part 
wherein the viscous fluid is collected by gravitational 
force, and an outlet pipe located at bottom of lower part, 
through which the viscous fluid is extracted; and 

an extraction device, comprising a primary pump, fed with 
viscous fluid from the lower part through the outlet pipe, 
and a feeding device, located inside the lower part of 
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vacuum chamber, which pushes the viscous fluid from 
the lower part towards the primary pump, through the 
outlet pipe. 

2. The device according to claim 1, wherein the primary 
pump comprises a centrifugal pump having an impeller and a 
driveshaft, wherein the feeding device comprises a propeller 
located inside lower part, and wherein the driveshaft passes 
through the outlet pipe and is linked to the propeller so as to 
drive in rotation both the impeller and propeller. 

3. The device according to claim 2, wherein the feeding 
device further comprises an endless screw linked to the drive 
shaft, located between the impeller and the propeller, and at 
least partially inside the outlet pipe, and wherein the drive 
shaft is able to drive in rotation the impeller, the endless screw 
and the propeller. 

4. The device according to claim 2, wherein the lower part 
further comprises a concave surface of revolution around a 
substantially vertical axis, onto which surface the cooled 
down fluid accumulates. 

5. The device according to claim 2, wherein the propeller 
comprises at least two blades. 

6. The device according to claim 1, wherein the extraction 
device comprises a secondary pump located downstream the 
primary pump which ensures the viscous fluid transportation 
from the primary pump to a downstream circuit. 

7. The device according to claim 6, wherein the secondary 
pump comprises a positive displacement pump or a centrifu 
gal pump. 

8. An apparatus for the sterilization of a viscous fluid, 
comprising: 

a direct heating device, wherein the viscous fluid is heated 
up to a temperature range of between approximately 
120° C. and 155° C. by incorporating steam into the 
viscous fluid; 

a high temperature circuitry, fed with heated fluid from the 
direct heating device, wherein the heated fluid is main 
tained in the temperature range of between approxi 
mately 120° C. and 155° C. for a predetermined resi 
dence time, configured to allow sterilization of the 
Viscous fluid; and 

an evaporative cooling device according to claim 1, fed 
with the heated fluid from the high temperature circuitry, 
wherein the heated fluid is cooled to a temperature of 
between approximately 40° C. and 90° C. by steam 
evaporation in the vacuum chamber set at a pressure of 
between approximately 0.05 and 1 bar (absolute pres 
Sure). 

9. The apparatus according to claim 8, wherein the direct 
heating device comprises a steam infusion device. 

10. The apparatus according to claim 8, wherein the direct 
heating device comprises a steam injection device. 

11. The apparatus according to claim 8, wherein the high 
temperature circuitry comprises a centrifugal pump and a 
relief valve, configured to ensure a fluid pressure of between 
approximately 2 and 10 bars (absolute pressure) upstream of 
the relief valve. 

12. The apparatus according to claim 8, wherein the high 
temperature circuitry comprises a positive displacement 
pump, configured to ensure a fluid pressure of between 
approximately 2 and 10 bars (absolute pressure) upstream of 
the positive displacement pump. 

13. The apparatus according to claim 8, wherein the high 
temperature circuitry comprises a holding tube configured to 
maintain the heated fluid in a temperature range of between 
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approximately 120° C. and 155° C. for the predetermined 
residence time to allow for sterilization of the viscous fluid. 

14. The apparatus according to claim 8, wherein the 
vacuum level of the vacuum chamber is between approxi 
mately 0.05 and 1 bar (absolute pressure). 

15. The apparatus according to claim 8, further comprising 
an indirect heating device located upstream the direct heating 
device, configured to feed the direct heating device with the 
Viscous fluid at a temperature range of between approxi 
mately 40° C. and 90° C. 

16. An apparatus for the degassing of a Viscous fluid com 
prising an evaporative cooling device according to claim 1. 

17. An apparatus for the concentration of water content of 
a viscous fluid comprising an evaporative cooling device 
according to claim 1. 

18. A method for the sterilization of a viscous fluid, 
wherein the viscous fluid circulates throughout a sterilization 
circuit comprising an evaporative cooling device comprising 
a vacuum chamber, having an upper part wherein the Viscous 
fluid is injected, a lower part extending downwardly from the 
upper part wherein the viscous fluid is collected by gravita 
tional force, and an outlet pipe located at bottom of lower part, 
through which the viscous fluid is extracted, and an extraction 
device, comprising a primary pump, fed with Viscous fluid 
from the lower part through the outlet pipe, and a feeding 
device, located inside the lower part of vacuum chamber, 
which pushes the viscous fluid from the lower part towards 
the primary pump, through the outlet pipe, which method 
comprises the steps of 

heating, in less than 1 Second, the fluid by incorporation of 
steam in the fluid, to a temperature range of between 
approximately 120° C. and 155° C.: 

maintaining fluid temperature in the range of between 
approximately 120° C. and 155° C. for a predetermined 
residence time, to allow sterilization of the fluid; and 

cooling, in less than 1 second, the fluid by Steam evapora 
tion, down to a temperature range of between approxi 
mately 40° C. and 90° C., in the evaporative cooling 
device. 

19. The method according to claim 18, further comprising 
the step of preheating the fluid, using an indirect heating 
device, to a temperature of between approximately 40°C. and 
90° C. 

20. An evaporative cooling device for a viscous fluid, com 
prising a vacuum chamber, having an upper part wherein the 
Viscous fluid is injected, a lower part extending downwardly 
from the upper part wherein the viscous fluid is collected by 
gravitational force, and an outlet pipe located at bottom of 
lower part, through which the viscous fluid is extracted, and 
an extraction device, comprising a primary pump, fed with 
viscous fluid from the lower part through the outlet pipe, and 
a feeding device, located inside the lower part of vacuum 
chamber, which pushes the viscous fluid from the lower part 
towards the primary pump, through the outlet pipe, the device 
comprising: 
means for heating, in less than 1 Second, the fluid by incor 

poration of steam in the fluid, to a temperature range of 
between approximately 120° C. and; 155° C.; 

means for maintaining fluid temperature in the range of 
between approximately 120° C.; and 155° C. for a pre 
determined residence time, to allow sterilization of the 
fluid; and 
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means for cooling, in less than 1 Second, the fluid by Steam 
evaporation, down to a temperature range of between 
approximately 40° C. and 90° C., in the evaporative 
cooling device. 


