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(54) Title: METHOD OF PASTEURIZING, MONITORING PU-UPTAKE, CONTROLLING PU-UPTAKE AND APPARATUS
FOR PASTEURIZING

(57) Abstract: Method and apparatus for pasteurizing a liquid, such as beer, by leading it through a regenerative heat exchanger
(11) comprising two zones (12, 13) wherein the cold beer is pre-heated by exchanging heat with hot pasteurized beer flowing in

~~ counterflow through the heat exchanger (11), the pre-heated beer being conducted to a pasteurizing heat exchanger (15) comprising

four plate heat exchanger sections (18 - 21) arranged in series, wherein each of the sections (18 - 21) is connected to sources of hot
and cold water through a conduit (22) for heating or cooling, respectively, the beer flowing in counterflow thereto, throttle valves (23
- 26) regulating the flow of either cold or hot water through each of the sections (18 - 21), the pasteurized beer being transferred from
the pasteurizing heat exchanger section (21) to the regenerative heat exchanger section (13), temperature sensors T1 - T10 being
arranged along the flow of beer for monitoring the beer temperature so as to control the uptake of pasteurizing units by the beer.
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METHOD OF PASTEURIZING, MONITORING PU-UPTAKE, CONTROLLING PU-
UPTAKE AND APPARATUS FOR PASTEURIZING

The present invention relates to a method of pasteurizing a flow of a liquid product con-
sisting of beer, milk, milk products, fruit juice, fruit juice products or similar consumable
liquids, the amount of such liquid product to be pasteurized being at least around 1,000
Ihr. |

In connection with heat treating such liquid products to eliminate the bacterial content
thereof, a measure of the effectiveness of the heat treatment or pasteurization is the
uptake of Pasteurizing Units, PU's. The uptake of PU'’s is a function of the temperature
of the liquid product and the time period in which the liquid product is at a temperature at

which PU'’s are taken up.

It is essential for most applications that a minimum number of PU’s be taken up, but on
the other hand over-pasteurization should not happen as it will be detrimental to the

quality of the pasteurized product.

Many pasteurizing methods and apparatus have a heat exchanger for heating the prod-
uct up to a certain pasteurizing temperature at which the product is maintained for a pe-
riod of time. Two conventional types of such apparatus are described in the following in
connection with Figs. 1 and 2 in the accompanying drawings. These known pasteurizers
as well as the pasteurizer disclosed in US patent No. 4997662 to Alfa-Laval AB have a
holding tube in which the liquid product flows at a certain temperature to which it has

been heated before entering the holding pipe.

In case of an anomaly in the operation of the pasteurizer such as a stoppage or a sharp
decrease in flow rate of the product, the product in the holding pipe is subjected to over-
pasteurization or under-pasteurization so that it has to be discarded. A by-pass can be

established or water can substitute the product until normal operation is obtained again.

A main object of the invention is to provide a method wherein the above drawbacks
have been eliminated and wherein a more secure pasteurization is achieved where un-
der-pasteurization can be avoided under substantially all conditions, anomalous or not.

According to the invention, this object is achieved by providing one or more heat ex-
changers for exchanging heat between the flow of liquid product and heating and/or

cooling means, respectively, and maintaining the flow of liquid product inside said one or
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more heat exchangers during a period of time and at temperatures sufficient for the up-
take of Pasteurizing Units, PU’s, the majority of a desired predetermined amount of PU’s

being taken up by the flow of liquid product during said period of time.

Hereby, the pasteurizing takes place in a region of the pasteurizer where it is possible to
regulate the temperature of the product and thus avoid over and under-pasteurization

when operational anomalies such as stoppages occur.

The advantages of the method according to the invention are greater the greater the de-
gree of pasteurization is carried out in said region and therefore the said majority ad-
vantageously is at least 51% of said desired amount of PU’s, preferably at least 55%,
more preferably at least 60 %, even more preferably at least 65%, even more preferably
at least 70%, even more preferably at least 75%, even more preferably at least 80%,
even more preferably at least 85%, even more preferably at least 90% and even more

preferably at least 95%.

The invention also relates to a method of pasteurizing a flow of a liquid product consist-
ing of beer, milk, milk products, fruit juice, fruit juice products or similar consumable lig-
uids, the amount of such liquid product to be pasteurized being at least around 1,000

I/hr, the method comprising the steps of:

- providing a pasteurizing heat exchanger for exchanging heat between the liquid
product and a flow of fluid, preferably water, so as to heat or cool the liquid product
during the passage thereof through the pasteurizing heat exchanger, introducing the
flow of liquid product at a product inlet temperature into an inlet of the pasteurizing heat
exchanger, introducing the flow of fluid at a fluid inlet temperature into the pasteurizing
heat exchanger, discharging the flow of liquid product from an outlet of the pasteurizing
heat exchanger at a product outlet temperature, and controliing the rate of flow of the
flow of fiquid product and/or said product inlet temperature and/or the rate of flow of the
flow of fluid and/or said fluid inlet temperature and/or said product outlet temperature
such that the flow of liquid product takes up the majority of the Pasteurizing Units, PU'’s,
required for obtaining a desired degree of pasteurization during the passage of said flow
of liquid product through the pasteurizing heat exchanger.

Advantageously said majority is at least 51% of saic desired amount of PU’s, preferably
at least 55%, more preferably at least 60 %, even more preferably at least 65%, even
more preferably at least 70%, even more preferably at least 75%, even more preferably
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at least 80%, even more preferably at least 85%, even more preferably at least 90% and

even more preferably at least 95%.

In most cases it is advantageous to provide several pasteurizing heat exchangers so as
to be able to regulate the temperature and PU uptake more efficiently and quickly, and
therefore the method according to the invention preferably further comprises the steps

of:

- providing one or more additional pasteurizing heat exchangers comprising the
features of the pasteurizing heat exchanger according to claim 3, all the pasteurizing
heat exchangers being arranged in series such that the flow of liquid product is con-
ducted from the outlet of one pasteurizing heat exchanger to the inlet of the succeeding
pasteurizing heat exchanger, and controlling the rate of flow of the flow of liquid product
through the series of pasteurizing heat exchangers and/or said product inlet temperature
of at least the first of the heat exchangers in said series and/or the rate of flow of the
flow of fluid through at least one and preferably all the heat exchangers in said series
and/or said fluid inlet temperature of the flow of fluid introduced into at least one and
preferably all the heat exchangers in said series and/or said product outlet temperature
of at least the last of the heat exchangers in said series such that the entire flow of liquid
product takes up a majority of the Pasteurizing Units, PU’s, required for obtaining a de-
sired degree of pasteurization during the passage of said liquid product through said se-

ries of pasteurizing heat exchangers.

Hereby, it is achieved that the PU’s taken up by the product in the pasteurizing heat ex-

changers may be regulated more accurately and rapidly.

Advantageously, said majority is at least 51% of said desired amount of PU's, preferably
at least 55%, more preferably at least 60 %, even more preferably at least 65%, even
more preferably at least 70%, even more preferably at least 75%, even more preferably
at least 80%, even more preferably at least 85%, even more preferably at least 90% and

even more preferably at least 95%.

So as to maximize the volume of product being heat treated in a region where the tem-
perature can be regulated, preferably the length of the path of the flow of liquid product
from the outlet of one of the pasteurizing heat exchangers in said series to the inlet of
the succeeding pasteurizing heat exchanger in said series is substantially as short as
possible so as to minimize the volume of liquid product that is not in heat exchange rela-
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tionship with a flow of fluid.

In most cases it is advantageous to provide a heat recuperating section to recuperate
heat from the hot pasteurized product and therefore the method preferably further com-

prises the steps of:

- providing one or more heat recuperating or regenerative heat exchangers for ex-
changing heat between the unpasteurized liquid product flowing into the one or
more pasteurizing heat exchangers and the pasteurized liquid product flowing from
the one or more pasteurizing heat exchangers so as to cool the pasteurized liquid
product, pre-heat the unpasteurized liquid product to product inlet temperature and
recuperate heat energy from the pasteurized liquid product, and determining the
number of PU’s taken up by the liquid product when flowing through the one or
more regenerative heat exchangers in both directions and when flowing along
paths of flow leading to and from the one or more pasteurizing heat exchangers
from and to, respectively, the one or more regenerative heat exchangers such that
the amount of additional PU’s to be taken up by the liquid product in the one or
more pasteurizing heat exchangers can be determined.

Hereby, the influence of the regenerative heat exchangers may be taken into account in
the regulation of the temperature in the pasteurizing heat exchangers in a manner not

subject to inaccuracies because of the effect of said regenerative heat exchangers.

So as to reduce the volume of liquid product in a region without temperature regulation

possibility, the method preferably comprises the further step of:

- providing one or more heat recuperating or regenerative heat exchangers for ex-
changing heat between the unpasteurized liquid product flowing into the one or
more pasteurizing heat exchangers and the pasteurized liquid product flowing from
the one or more pasteurizing heat exchangers so as to cool the pasteurized liquid
product, pre-heat the unpasteurized liquid product to said first temperature and re-
cuperate the heat energy from the pasteurized liquid product, wherein the length
of said paths of flow to and from the one or more pasteurizing heat exchangers
from and to, respectively, the one or more regenerative heat exchangers are sub-
stantially as short as possible so as to minimize the volume of liquid product that is

not in heat exchange relationship with a flow of said fluid.
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In a further aspect the inventior. relates to a method of monitoring the uptake of Pas-
teurizing Units, PU'’s, of a flow of liquid product consisting of beer, milk, milk products,
fruit juice, fruit juice products or similar consumable liquids, the amount of such liquid
product to be pasteurized being at least around 1,000 /hr, in a pasteurizing apparatus
comprising means for exchanging heat between one or more flows of a fluid, preferably

water, and the flow of liquid product.

In the known methods of pasteurization the monitoring of the PU uptake is very coarse
and inaccurate, and therefore the security against deficient pasteurization is relatively

low.

An object of the invention is to provide a method of monitoring the PU uptake that is
much more secure and accurate so as to be able to provide a pasteurized product with a

consistently high quality.

This object is achieved according to the invention by the method comprising the steps

of:

- measuring consecutive values of the temperature and of the rate of flow of the
fiuid and the liquid product at first points along the paths of flow thereof through
the apparatus, establishing a mathematical model of the apparatus and, based on
said measured consecutive values and the parameters for the heat transfer be-
tween the flows of fluid and the flow of liquid product at a number of second points
along said paths of flow, calculating the number of PU’s taken up by a portion of

liquid at any or all of said second points.

Hereby, the PU uptake may be monitored in an accurate and rapid manner, the accu-
racy depending on the number of second points in the model and therefore preferably
the number of second points is sufficiently large for obtaining a desired accuracy of the
monitoring of said uptake of PU’s, the number of second points advantageously being at
least 5, preferably at least 25, more preferably at least 50, even more preferably at least
100, even more preferably at least 150, even more preferably at least 200, even more
preferably at least 300, even more preferably at least 400, even more preferably at least
500, even more preferably at least 600, even more preferably at least 700, even more
preferably at least 800, even more preferably at least 900, even more preferably at least
1,000, the maximum number of said second points being determined by the calculating
capacity of a computing means utilized for calculating said number of PU’s.
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The number of second points chosen will be a trade off between the desired accuracy of

the monitoring and the cost of the calculating capacity.

A further aspect of the invention is to provide a method of controlling the uptake of Pas-
teurizing Units, PU's, of a flow of liquid product consisting of beer, milk, milk products,
fruit juice, fruit juice products or similar consumable liquids, the amount of such liquid
product to be pasteurized being at least around 1,000 I/hr, in a pasteurizing apparatus
comprising means for exchanging heat between one or more flows of a fluid, preferably
water, and the flow of liquid product.

In the known methods of pasteurizing such liquid products, the method of controlling the
uptake of PU’s by the product is very simple and coarse and therefore the security
against under and over-pasteurization is relatively low, particularly in connection with

operational anomalies such as stoppages and re-starts.

An object of the invention is therefore to provide a method of controiling said PU uptake
that is accurate, rapid and allows fine-tuning of the pasteurizing process.

According to the invention this object is achieved by the method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of the
fluid and the liquid product at first points along the paths of flow thereof throughout
the apparatus, establishing a mathematical model of the apparatus and, based
on said measured consecutive values and the parameters for the heat transfer
between the flows of fluid and the flow of liquid product at a number of second
points along said paths of flow, calculating the number of PU's taken up by a por-
tion of liquid at any of said second points, and altering the temperature and/or rate
of flow of one or more of the flows of fluid and/or the rate of flow of the flow of the
liquid product such that any unacceptable difference between the calculated up-
take of PU’s and a desired uptake of PU’s for one or more portions of liquid prod-
uct at corresponding one or more second points is eliminated before said one or

more portions exit the apparatus.

The invention further relates to a method of monitoring the operation of a pasteurizing
apparatus for pasteurizing a flow of liquid product consisting of beer, milk, milk products,
fruit juice, fruit juice products or similar consumable liquids, the amount of such liquid
product to be pasteurized being at least around 1,002 I/hr, said apparatus comprising
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the following elements:
- one or more heat exchangers for heating and/or cooling the flow of liquid product,

- sources of flows of heating and/or cooling fiuid for heating and/or cooling the flow
of liquid product by means of heat exchange between the flows of fluid and the
flow of liquid product, a source of the flow of liquid product to be pasteurized, re-

ceiving means for receiving the pasteurized flow of liquid product,
the apparatus further comprising:
- conduits for flow communication between said elements of the apparatus,

- temperature sensing means for sensing the temperature of the liquid product and
of said fluid at first points along the flow paths of the liquid product and the fluid,

respectively,

- flow rate sensing means for sensing the flow rate of the flows of fluid and of the
flow of liquid product,

- computing means connected to said temperature sensing means and said flow
rate sensing means for receiving measured values of temperatures and flow rates,

respectively,
the method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of the
fiuid and the liquid product at said first points, establishing a mathematical model
of the apparatus, and, based on said measured consecutive values and the pa-
rameters for the heat transfer between the flows of fluid and the flow of liquid
product at a number of second points along said paths of flow, calculating the
number of PU's taken up by a portion of liquid at any or all of said second points,
the number of second points preferably being sufficiently large for obtaining a de-
sired accuracy of the monitoring of said uptake of PU’s.

Advantageously, the number of second points is at least 5, preferably at least 25, more
preferably at least 50, even more preferably at least 100, even more preferably at least
150, even more preferably at least 200, even more preferably at least 300, even more
preferably at least 400, even more preferably at least 500, even more preferably at least
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600, even more preferably at least 700, even more preferably at least 800, even more
preferably at least 900, even more preferably at least 1,000, the maximum number of
said second points being determined by the calculating capacity of a computing means

utilized for calculating said number of PU’s.

In a currently preferred embodiment of the method according to the invention, said sec-
ond points consist of sections, cells or finite elements into which at least part and pref-
erably substantially the entire lengths of the paths of flow of the flows of fluid and the
flow of liquid product have been subdivided, each such finite element comprising a cer-
tain volume of fluid and/or liquid product and being allocated certain parameters for the
heat transfer to and from the liquid product and/or to and from the fluid in said each finite

element.
Hereby a particularly accurate and rapid method is obtained.

The invention further relates to a method of controlling the operation of a pasteurizing
apparatus for pasteurizing a flow of liquid product consisting of beer, mitk, milk products,
fruit juice, fruit juice products or similar consumable liquids, the amount of such liquid
product to be pasteurized being at least around 1,000 I/hr, said apparatus comprising

the following elements:

one or more heat exchangers for heating and/or cooling the flow of liquid product,

- sources of flows of heating and/or cooling fluid for heating and/or cooling the flow

of liquid product by means of heat exchange between the flows of fluid and the

flow of liquid product,
- a source of the flow of liquid product to be pasteurized,
- receiving means for receiving the pasteurized flow of liquid product,
the apparatus further comprising:
- conduits for flow communication between said elements of the apparatus,

- temperature sensing means for sensing the temperature of the liquid product and
of said fluid at first points along the flow paths of the liquid product and the fluid,

respectively,
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- temperature control mear:s for controlling the temperature of the flows of fluid,

- flow rate sensing means for sensing the flow rate of the flows of fluid and of the

flow of liquid product,

- flow rate control means for controlling the flow rate of the flows of fluid and of the

flow of liquid product,

- computing means connected to said temperature sensing means and said flow
rate sensing means for receiving measured values of temperatures and flow rates,
respectively, to said flow control means for sending signals thereto for controlling
said rates of flow and to said temperature control means for sending signals
thereto for controlling said temperature of the flows of fluid,

the method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of the
fluid and the liquid product at said first points, establishing a mathematical model
of the apparatus, based on said measured consecutive values and the parame-
ters for the heat transfer between the flows of fluid and the flow of liquid product at
a number of second points along said paths of flow, calculating the number of
PU's taken up by a portion of liquid at any or all of said second points, and by
means of said signals sent by the computing means regulating the temperature
and/or the rate of flow of one or more of the flows of fluid and/ or the rate of flow of
the flow of the liquid product such that any unacceptable difference between the
calculated uptake of PU's and a desired uptake of PU’s for one or more portions of
liquid product at corresponding one or more second points is eliminated before

said one or more portions exit the apparatus.

Hereby a particularly accurate method is obtained for ensuring that no portion of the lig-
uid product is under-pasteurized while at the same time limiting the extent of the corre-
sponding over-pasteurization. In conventional methods the product is often severely

over-pasteurized as a general operational principle so as to avoid under-pasteurization.

Advantageously, the number of second points is sufficiently large for obtaining a desired
accuracy of the controlling of said uptake of PU’s, and the number of second points is at
least 5, preferably at least 25, more preferably at least 50, even more preferably at least
100, even more preferably at least 150, even more preferably at least 200, even more
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preferably at least 300, even more preferably at least 400, even more preferably at least
500, even more preferably at least 600, even more preferably at least 700, even more

preferably at least 800, even more preferably at least 900, even more preferably at least
1,000, the maximum number of said second points being determined by the calculating

capacity of a computing means utilized for calculating said number of PU’s.

In a currently preferred embodiment of the method according to the invention, said sec-
ond points consist of sections, cells or finite elements into which at least part and pref-
erably substantially the entire lengths of the paths of flow of the flows of fluid and the
flow of liquid product have been subdivided, each such finite element comprising a cer-
tain volume of fluid and/or liquid product and being allocated certain parameters for the
heat transfer to and from the liquid product and/or to and from the fluid in said each finite

element.

The invention further relates to a method of controlling the uptake of Pasteurizing Units,
PU's, of a flow of liquid product consisting of beer, milk, milk products, fruit juice, fruit
juice products or similar consumable liquids, the amount of such liquid product to be
pasteurized being at least around 1,000 V/hr, in a pasteurizing apparatus comprising
means for exchanging heat between one or more flows of a fluid, preferably water, and
the flow of liquid product, said method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of the
fluid and the liquid product at first points along the paths of flow thereof throughout
the apparatus, establishing a mathematical model of the apparatus, based on said
measured consecutive values and the parameters for the heat transfer between
the flows of fluid and the flow of liquid product at a number of second points along
said paths of flow, calculating the number of PU'’s taken up by a portion of liquid
product at any of said second points, establishing an ideal PU-uptake value for
each of said second points for the uptake of PU's by the liquid product along the
path of flow thereof through the apparatus for a given rate of flow of the flow of lig-
uid product, for given rates of flow of the flows of fluid and for given temperatures
of the flows of fluid, and altering the temperature and/or rate of flow of one or more
of the flows of fluid and/or the rate of flow of the flow of the liquid product such that
all portions of liquid product at the corresponding one or more second points have
a PU-uptake at least equal to said ideal PU-urtake value at the corresponding
second point.
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Hereby a method is achieved for ensuring that no portion of the product is under-pas-

teurized.

The invention also relates to a method of controlling the uptake of Pasteurizing Units,
PU's, of a flow of liquid product consisting of beer, milk, milk products, fruit juice, fruit
juice products or similar consumable liquids, the amount of such liquid product to be
pasteurized being at least around 1,000 l/hr, in a pasteurizing apparatus comprising the

following elements:

one or more heat exchangers for heating and/or cooling the flow of liquid product,

sources of flows of heating and/or cooling fluid for heating and/or cooling the flow
of liquid product by means of heat exchange between the flows of fluid and the

flow of liquid product,
a source of the flow of liquid product to be pasteurized,

receiving means for receiving the pasteurized flow of liquid product,

the apparatus further comprising:

conduits for flow communication between said elements of the apparatus,

temperature sensing means for sensing the temperature of the liquid product and
of said fluid at first points along the flow paths of the liquid product and the fluid,

respectively,
temperature control means for controlling the temperature of the flows of fluid,

flow rate sensing means for sensing the flow rate of the flows of fluid and of the

flow of liquid product,

flow rate control means for controlling the flow rate of the flows of fluid and of the

flow of liquid product,

computing means connected to said temperature sensing means and said flow
rate sensing means for receiving measured values of temperatures and flow rates,
respectively, to said flow control means for sending signals thereto for controlling
said rates of flow and to said temperature control means for sending signals
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thereto for controlling said temperature of the flows of fiuid,

the method comprising the steps of measuring consecutive values of the temperature
and of the rate of flow of the fiuid and the liquid product at said first points, establishing a
mathematical model of the apparatus, based on said measured consecutive values and
the parameters for the heat transfer between the flows of fluid and the flow of liquid
product at a number of second points along said paths of flow, calculating the number of
PU's taken up by a portion of liquid at any or all of said second points, establishing an
ideal PU-uptake value for each of said second points for the uptake of PU's by the liquid
product along the path of flow thereof through the apparatus for a given rate of flow of
the flow of liquid product, for given rates of flow of the flows of fluid and for given tem-
peratures of the flows of fluid, and by means of said signals sent by the computing
means regulating the temperature and/or the rate of flow of one or more of the fiows of
fluid and/or the rate of flow of the flow of the liquid product such that all portions of liquid
product at the corresponding one or more second points have a PU-uptake at least

equal to said ideal PU-uptake value at the corresponding second point.

Advantageously, the number of second points is sufficiently large for obtaining a deéired
accuracy of the controlling of said uptake of PU’s, and the number of second points is at
least 5, preferably at least 25, more preferably at least 50, even more preferably at least
100, even more preferably at least 150, even more preferably at least 200, even more
preferably at least 300, even more preferably at least 400, even more preferably at least
500, even more preferably at least 600, even more preferably at least 700, even more
preferably at least 800, even more preferably at least 900, even more preferably at least
1,000, the maximum number of said second points being determined by the calculating
capacity of a computing means utilized for calculating said number of PU’s.

In a currently preferred embodiment of the method according to the invention, said sec-
ond points consist of sections, cells or finite elements into which at least part and pref-
erably substantially the entire lengths of the paths of flow of the flows of fluid and the
flow of liquid product have been subdivided, each such finite element comprising a cer-
tain volume of fluid and/or liquid product and being allocated certain parameters for the
heat transfer to and from the liquid product and/or to and from the fiuid in said each finite

element.

In a further aspect the invention relates to an apparatus for pasteurizing a flow of a liquid
product consisting of beer, milk, milk products, fruit juice, fruit juice products or similar
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consumable liquids, the amount of such liquid product to be pasteurized being at least

around 1,000 I/hr, the apparatus comprising:

- a pasteurizing heat exchanger for exchanging heat between the flow of liquid
product and a flow of fluid, preferably water, so as to heat or cool the liquid product
during the passage thereof through the pasteurizing heat exchanger

- first conduit means for introducing the flow of liquid product at a product inlet tem-

perature into an inlet of the pasteurizing heat exchanger,

- second conduit means for introducing the flow of fluid at a fluid inlet temperature

into the pasteurizing heat exchanger,

- third conduit means for discharging the flow of liquid product from an outlet of the

pasteurizing heat exchanger at a product outlet temperature, and

- control means for controlling the rate of flow of the flow of liquid product and/or
said product inlet temperature and/or the rate of flow of the flow of fluid and/or said
fluid inlet temperature and/or said product outlet temperature such that the flow of
liquid product takes up the majority of the Pasteurizing Units, PU’s, required for
obtaining a desired degree of pasteurization during the passage of said flow of lig-

uid product through the pasteurizing heat exchanger.

Hereby, an apparatus is provided allowing correct pasteurization of the product under all

operational conditions including anomalous conditions such as stoppages and re-starts.

Advantageously, said majority is at least 51% of said desired amount of PU’s, preferably
at least 55%, more preferably at least 60 %, even more preferably at least 65%, even
more preferably at least 70%, even more preferably at least 75%, even more preferably
at least 80%, even more preferably at least 85%, even more preferably at least 90% and

even more preferably at least 95%.

In a currently preferred embodiment, the apparatus according to the invention further

comprises:

- one or more additional pasteurizing heat exchangers comprising the features of
the pasteurizing heat exchanger according to claim 24, all the heat exchangers
being arranged in series and having intermediate conduits for conducting the flow
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of liquid product from the outlet of one pasteurizing heat exchanger to the inlet of

the succeeding pasteurizing heat exchanger, and

- control means for controlling the rate of flow of the flow of liquid product through
the series of pasteurizing heat exchangers and/or said product inlet temperature of
at least the first of the heat exchangers in said series and/or the rate of flow of the
flow of fluid through at least one and preferably all the heat exchangers in said se-
ries and/or said fluid inlet temperature of the flow of fluid introduced into at least
one and preferably all the heat exchangers in said series and/or said product out-
let temperature of at least the last of the heat exchangers in said series such that
the entire flow of liquid product takes up a majority of the Pasteurizing Units, PU’s,
required for obtaining a desired degree of pasteurization during the passage of
said liquid product through said series of pasteurizing heat exchangers, said ma-
jority advantageously being at least 51% of said desired amount of PU's, prefer-
ably at least 55%, more preferably at least 60 %, even more preferably at least
65%, even more preferably at least 70%, even more preferably at least 75%, even
more preferably at least 80%, even more preferably at least 85%, even more pref-

erably at least 90% and even more preferably at least 95%.

Furthermore, in the currently preferred embodiment of the apparatus according to the
invention, the lengths of said intermediate conduits are substantially as short as possible
so as to minimize the volume of liquid product that is not in heat exchange relationship

with a flow of fluid, and advantageously, the apparatus further comprises:

- one or more heat recuperating or regenerative heat exchangers for exchanging
heat between the unpasteurized liquid product flowing through said first conduit
means into the one or more pasteurizing heat exchangers and the pasteurized lig-
uid product flowing through said third conduit means from the one or more pas-
teurizing heat exchangers so as to cool the pasteurized liquid product, pre-heat
the unpasteurized liquid product to product inlet temperature and recuperate heat

energy from the pasteurized liquid product,

- the lengths of said first and third conduit means extending between the one or
more pasteurizing heat exchangers and the ore or more regenerative heat ex-
changers being substantially as short as possiole so as to minimize the volume of
liquid product that is not in heat exchange rela:ionship with a flow of said fluid.
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The invention further relates to an apparatus for pasteurizing a flow of a liquid product
consisting of beer, milk, milk products, fruit juice, fruit juice products or similar consum-
able liquids, the amount of such liquid product to be pasteurized being at least around

1,000 l/hr, the apparatus comprising:

- a pasteurizing heat exchanger for exchanging heat between the flow of liquid
product and a flow of fluid, preferably water, so as to heat or cool the liquid product
during the passage thereof through the pasteurizing heat exchanger

- first conduit means for introducing the flow of liquid product at a product inlet tem-

perature into an inlet of the pasteurizing heat exchanger,

- second conduit means for introducing the flow of fluid at a fluid inlet temperature

into the pasteurizing heat exchanger,

- third conduit means for discharging the flow of liquid product from an outlet of the

pasteurizing heat exchanger at a product outlet temperature

- one or more heat recuperating or regenerative heat exchangers for exchanging
heat between the unpasteurized liquid product flowing through said first conduit
means into the pasteurizing heat exchanger and the pasteurized liquid product
flowing through said third conduit means from the pasteurizing heat exchanger so
as to cool the pasteurized liquid product, pre-heat the unpasteurized liquid product
to product inlet temperature and recuperate heat energy from the pasteurized lig-

uid product,

- the lengths of said first and third conduit means extending between the pasteuriz-
ing heat exchanger and the one or more regenerative heat exchangers being sub-
stantially as short as possible so as to minimize the volume of liquid product that is

not in heat exchange relationship with a flow of said fluid.

Preferably, the apparatus according to the invention further comprises one or more ad-
ditional pasteurizing heat exchangers comprising the features of the above mentioned
pasteurizing heat exchanger, all the pasteurizing heat exchangers being arranged in se-
ries and having intermediate conduits for conducting the flow of liquid product from the
outlet of one pasteurizing heat exchanger to the inlet of the succeeding pasteurizing
heat exchanger, and the lengths of said intermediate conduits being substantially as
short as possible so as to minimize the volume of liquid product that is not in heat ex-
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change relationship with a flow of fluid

in the following, the methods and the apparatus according to the present invention will
be described more in detail by way of example only and with reference to the accompa-

nying drawings where:

Fig. 1 shows a diagrammatic view of a conventional pasteurizer for liquid products such

as beer,

Fig. 2 shows a similar view of another conventional pasteurizer for liquid products such

as beer,

Fig. 3 shows a diagrammatic view of an embodiment of a pasteurizer according to the
invention, the view being simplified so as to render the principle of the invention more

clear,

Figs. 4 - 5 taken together show a diagrammatic view of an embodiment similar to the
one shown in Fig. 3, but more in detail and showing more of the elements comprised by
the pasteurizer and forming part of the monitoring and control system for PU uptake ac-
cording to the invention, Figs. 4 and 5 being intended for being viewed together by
matching the references A and B in the two Figures,

Fig. 6 shows diagrammatic vertical elevational view of a pasteurizing heat exchanger

with one zone and two strokes, i.e. corresponding for example to section 18 in fig 3 or 4,

Fig. 6a shows a flow-diagram illustrating the flow paths of beer and water through a se-

ries of two-stroke heat exchangers,
Fig. 7 shows an enlarged view of a detail of the heat exchanger in Fig. 6,

Fig. 8 is an illustration of the parameters determining the heat transfer and PU-uptake in

the heat exchanger shown in Fig. 6,

Fig. 9 is a simplified diagrammatic graph showing the result of the conventional pas-

teurizers’ control system for controlling the uptake of PU’s,

Fig. 10 is an illustration similar to Fig. 9 illustrating the result of a PU-control system ac-

cording to the invention,

Figs 11 and 12 show graphs similar to Figs 9 and 10 for two different flow-rates of beer,
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Fig. 11 for 380 hl/hr and Fig. 12 for 120 hl/hr, the temperature of the beer at various po-

sitions through the pasteurizer also being shown,

Fig. 13 is a table showing values for beer temperature, PU-uptake, heat treatment,

number of finite elements and end-of-zone positions,

Fig. 14 is a graph similar to Figs 11 and 12 showing a simulated situation where an

anomaly in the flow of liquid product has taken place and how the control system reacts,

Fig. 15 shows a block diagram of control loops for controlling the PU-uptake according

to the invention, and

Figs 16 and 17 are isometric views from two sides of a pasteurizing apparatus according

to the invention.

Referring now to Fig. 1, the illustrated plate pasteurizer comprises a plate heat exchang-
er consisting of two sections, a regenerative or heat recuperating section 2 and a heat-
ing section 3. The plate pasteurizer further comprises a so-called holding pipe 4, a liquid
product feed pump 5, a booster pump 6, a temperature sensor 7, a flow control vaive 8,
a not shown buffer tank and a not shown filling apparatus for filling the pasteurized liquid
product into containers. Hot water is supplied to the heating section 3 of the plate heat
exchanger in a not shown manner such that heat exchange may take place between the
hot water and the liquid product in the section 3. The cold liquid product is supplied to
the regenerative section 2 by means of the feed pump 5, and hot pasteurized liquid
product is also supplied to the regenerative section 2 in counter-flow with the cold un-
pasteurized liquid product so that the cold liquid product is pre-heated and the hot pas-
teurized product is cooled by recuperating the heat from the hot product and transferring

it to the cold product.

The thus pre-heated product is transferred to the heating section 3 by means of the
booster pump 6, and the product is heated up to a pre-determined pasteurizing tempera-
ture by means of heat exchange in section 3 with the hot water supplied in counter-flow
to said section. The temperature of the heated product supplied to the holding pipe 4 is
monitored by the temperature sensor 7 so that the pre-determined temperature of the
heated product may be maintained by altering the temperature of the hot water supplied
to the heating section as a function of the rate of flow of the product through the pasteur-
izer. The length of the holding pipe 4, which often is configured as an elongate helix, to-
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gether with the rate of flow and the temperature of the heated product will determine the
amount of pasteurizing units, PU’s, that is taken up by the product during its passage

through the holding pipe.

When the product exits the holding pipe 4 it is assumed to have taken up the required
amount of PU'’s for the degree of pasteurization desired. The product is conducted into
the regenerative regenerative 2 where it is cooled to the exit temperature by transferring
heat to the cold product in counter-flow. The pasteurized product may then be trans-
ferred to the filling station to be filled into containers.

To coordinate the capacity of the filling station with the capacity of the pasteurizer, the

flow-control valve 6 and the not shown buffer tank are utilized.

If a production stop occurs, for instance if other machines such as the filling station or a
succeeding packing station stops, this constitutes a problem for the conventional pas-
teurizing apparatus shown in Fig. 1 which is dependent on a continuous process to
achieve the correct heat treatment of the product.

During stop there will be no possibility of cooling the product in the holding pipe 4 and
therefore the product therein will remain at the pasteurizing temperature. The product
will therefore be over-pasteurized and will normally be discarded before re-starting the

pasteurizer.

Another problem is to attain the correct temperatures of the product and in the rest of
the system during re-start. The regenerative section 2 has the average temperature
between the cold and the hot product at the same time that heat supply to the heating
section 4 is closed down. Therefore, the “new” product must be discarded until the tem-
perature measured by the temperature sensor is correct, or aiternatively, the product

must be replaced by water which is also discarded.

The above causes waste of resources and, not least, delays re-start of the production.
These problems can be reduced by utilizing a buffer tank with a large capacity after the
plate pasteurizer. If the buffer tank, as is normal, contains up to 30 minutes of produc-
tion, the number of stops of the pasteurizer may be reduced. However, the size of the
buffer tank may not be very large because of space constraints and loss of the contents

thereof at the end of the working day.

This conventional pasteurizer furthermore has a very simple system for controlling the
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amount of PU’s taken up by the liquid product. The PU-control system consists in meas-
uring the temperature at the inlet of the holding pipe by means of the temperature sen-
sor and supposing that all the liquid product in the pasteurizer will be treated correctly. If
one or more portions of the product have been under-pasteurized, for instance in con-
nection with a stop, the control system will have no possibility of reacting to ensure that
all portions of the liquid product have received the required amount of PU's. It is very
important that all portions of the product be pasteurized correctly, as otherwise serious

quality problems will arise.

Referring now to Fig. 2, the pasteurizer 1 comprises a regenerative section 2, a heating
section 3, a holding pipe 4, a feed pump 5, a booster pump 6, a temperature sensor 7
and a flow-control valve 8. This pasteurizer further comprises a cooling section 9 and a
bypass valve 10. The bypass valve 10 may open for circulation such that the pasteur-
ized product exiting from the cooling section 9 may be used as input to the pasteurizer

again.

During bypass the function of the cooling section 9 is to cool the pasteurized product
down to the normal input temperature such that the temperature balance through the
entire pasteurizer may be maintained. This entails that the same product is pasteurized
again and again and therefore becomes over- pasteurized. Therefore, the pasteurizer
will often be filled with water just before it is stopped. Before re-start, the water is to be
replaced by the product again. This procedure takes time and entails a large consump-
tion of water. Therefore it is necessary to have a quite large buffer tank after the pas-

teurizer to reduce the number of stops of the pasteurizer.

The bypass furthermore entails that during a stop the same energy as during normal
operation is used to heat and additional corresponding energy is used to cool the prod-

uct or the water that is being circulated.

This pasteurizer with bypass has the same simple PU-control system as the pasteurizer
shown in Fig. 1 and therefore it has the same disadvantages.

In connection with such heat exchanger pasteurizers having a holding pipe wherein the
pasteurization takes place, a PU-control system may be based on the following supposi-

tions:

The temperature is constant during the whole course of the pasteurizing treatment.
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The region of the pasteurizer wherein PU’s are taken up by the liquid product, i.e. the
holding pipe, is constant so that the volume of the product taking up PU's is constant.

When suppositions 1.1 and 1.2 are complied with and when the temperature T and the
flow are known, the PU-uptake can be calculated according to the following equation:

PU = volume/flow *exp((T-X)/Z),

where X and Z are constants.

The PU's taken up, the temperature and the rate of flow are controlled in three control

loops:

The level in the buffer tank is compared with the desired value for the level. The desired

rate of flow is calculated by means of a reguiator.

Based on the desired rate of flow, the desired PU's and the constant treatment volume,
a desired temperature is calculated. The temperature is altered very slowly so as to
maintain supposition 1.1, i.e. that the temperature is constant throughout the entire

holding pipe.

The rate of flow is regulated such that the error between the calculated and the desired
PU-uptake is minimized, i.e. the rate of flow is increased to reduce PU-uptake or the rate
of flow is decreased to increase the PU-uptake.

This control systerﬁ is based on averages and cannot compensate for anomalies in the
operation or anomalous conditions in connection with a stoppage or a re-start so that no
security is to hand that all portions of the liquid product have taken up the desired
amount of PU’s. In connection with pasteurizing of beer where over-pasteurization is
quite detrimental to the quality of the beer as regards taste, it is desirable to ensure that
the required amount of PU’s is taken up without over-pasteurizing the rest of the beer

more than absolutely necessary.

This is an important aspect of the present invention whereby it is ensured that all por-
tions of the liquid product to be pasteurized have received the desired amount of PU's
without subjecting the rest of the liquid product being pasteurized to more over-pasteur-

ization than absolutely necessary.

Referring now to Fig. 3 and to a certain extent to Figs. 4-5, the pasteurizer according to
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the present invention comprises a heat recuperating or regenerative heat exchanger 11
comprising two zones 12 and 13 into which cold beer is introduced by means of a feed-
ing pump 14, the cold beer being pre-heated in zones 12 and 13 of the regenerative
heat exchanger 11 by exchanging heat with hot pasteurized beer flowing in counter-flow
through the heat exchanger 11. The pre-heated beer is conducted to a pasteurizing heat
exchanger 15 through a conduit 16 by means of a booster pump 17.

The pasteurizing heat exchanger comprises four double stroke plate heat exchanger
sections 18-21 arranged in series. Each of the sections 18-21 is connected to supplies
of hot and cold water from not shown sources of hot and cold water through a conduit
22. The hot and cold water flows through the sections 18-21 so as to heat or cool, re-
spectively, the beer flowing in counter-flow thereto. Throttle valves 23-26 regulate the
flow of either cold or hot water through each of the sections 18-21, respectively.

The heated and pasteurized beer is transferred from the outlet of the pasteurizing heat
exchanger section 21 to an inlet of the regenerative heat exchanger section 13 by
means of a conduit 27. The cool beer leaves an outlet of the regenerative plate heat ex-
changer section 12 and is directed to a cooling heat exchanger 28 wherein the beer is
cooled to a temperature suitable for being filled into containers. From the cooling heat
exchanger 28 the cool beer is transferred to a beer buffer tank 29 and from the beer
buffer tank by means of an output pump 30 to a not shown filling device.

Temperature sensors T1, T2 ... T10 are arranged along the flow of beer for monitoring

the temperature of the beer at different points along the flow path of the beer through the

pasteurizer.

The conduit 16 and especially the conduit 27 are as short as possible so that the volume
of beer in a region without possibility of regulating the temperature of the beer is kept to
a minimum. [t is especially important that the connecting conduit between the pasteur-
izing section 21 and the regenerating section 13 is as short as possible because the

temperature of the beer is highest here.

Contrary to all the known pasteurizing devices, the pasteurizer according to this inven-
tion has no holding tube in which the pasteurizing takes place. It could be argued that
the conduits 16 and 27 are short holding tubes, but according to the invention the func-
tion of a holding tube in conventional pasteurizers is not desirable in the pasteurizer ac-
cording to the invention for the reasons set out above.
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Even though a small proportion of the required PU’s is taken up by the beer in the re-
generating heat exchanger section 13, the great majority of the PU's taken up by the
beer takes place in the pasteurizing heat exchanger 15 where the temperature can be
regulated both upwards and downwards such that, as will be explained in the following,
a PU-control system can be implemented, that can ensure that all portions of the beer

flow have taken up the required amount of PU’s.

If the conditions during operation, during a stoppage or during a re-start after a stoppage
require a regulation of the temperature of the beer in the pasteurizing heat exchanger
15, the temperature of the beer may be regulated by heating or cooling the beer in the
sections 18-21 as is required by the PU-control system chosen for a particular applica-

tion.

In broad terms, during normal operation anomalies may occur giving rise to variations in
the flow-rate of the beer which will require a fine-tuning of the temperatures in the sec-
tions 18-21, or a total stop of the operation may be required because of for instance
stoppage of the filling station and excessive filling of the buffer tank 29, and this latter
situation requires more radical regulation of the temperature of the beer in various parts
of the pasteurizer. When re-starting after a stop or at the beginning of a working day,
more radical regulation of the temperature of the beer must also take place.

All the necessary regulations of the temperature of the beer can be carried out by sup-
plying either hot water or cold water to various or all of the pasteurizing heat exchanger
sections 18-21 and/or by varying the rate of flow of the beer. When a stoppage occurs, it
is for example necessary to cool the beer in the pasteurizing heat exchanger according
to a certain procedure, the simplest procedure being to cool the beer in all the sections

18-21 by supplying cold water to the sections so as to cool the beer therein.

Another procedure could be to continue the flow of beer for a small period of time corre-
sponding to the volume of beer in the last pasteurizing heat exchanger section 21 and
solely cooling the beer in said section 21. Thereby cooler beer that does not take up
PU's is transferred to the regenerator section 13 and no over-pasteurization of this vol-

ume will take place.

If the stop is of a longer duration, a cooling of the se<tions 20-18 takes place to a tem-
perature reducing or totally eliminating the uptake of PU’s in said sections so as to avoid
over- pasteurization in said sections. It vill be clear to those skilled in the art that many
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different PU-control procedures may be applied depending on the circumstances, the

duration of the stoppage, reduced capacity of the filling station etc.

When re-starting after a stop or a sharp reduction in the flow rate of the beer, various
strategies may be adopted because of the various possibilities of regulating the tem-

perature in the pasteurizing sections 18-21.

Normally, the first pasteurizing section 18 will be heated to a higher temperature than
under normal operation so as to ensure that a sufficient number of PU’s may be taken
up by the first portion of beer pasteurized after a stop. However, this depends on the
temperature of the beer in the rest of the pasteurizer sections 18-21 and other factors
such as allowable flow and therefore different strategies may be adopted or a combina-
tion of strategies may be adopted so as to ensure that all portions of the beer has taken

up the required amount of PU’s.

Referring now to Figs 4 and 5, a more detailed view of the pasteurizing apparatus ac-
cording to the invention shown in Fig. 3 is illustrated, there also being a difference as re-
gards the flow regulation of cold and hot liquid to the four pasteurizer sections 18-21.
The difference consists in that in the embodiment according to Figs 4-5 hot water may
be supplied from a hot water tank 31 to the zones 18-20 simultaneously or to zones 18-
21 simultaneously while cold water may be supplied from a cold water tank 32 either to

all zones 18-21 or solely to zone 21.

In the following a list is given of the various positions of the various elements shown in
Figs 4-5, the position number being indicated by a numeral in a circle, the corresponding
explanation as regards function and capacity being given including an item No. which
refers to the same type of element, for instance item No. 13 is a temperature sensor with

a maximum of 75 °C.

Flow Positions

Pos PosName Item
1 Feeding pump 2 Beer Pump, 200 hi/h, 9,2 bar
2 Pressure Isolation 3 Shut off Valve

3 Infeed flow 1 Flow Meter, beer 0 - 200 hl/h
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Pos

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

PosName

Conductivity

T supply

Infeed Pressure

Reg. 1/8

T Zone 1
Reg. 2/7
Booster Pump
T Zone 2

T Zone 3
Tref Zone 3
T Zone 4
Tref Zone 4
T Zone 5
Tref Zone 5
Zone 3 (past)
Zone 4 (past)
Zone 5 (past)
Zone 6 (past)
T Zone 6
Tref Zone 6

Past. Pressure

24

Item

30

13

10

13

13

13

13

13

13

13

13

13

13

10

PCT/DK00/00686

Conductivity Sensor

PT100 Sensor, Tmax = 75°C

Pressure sensor 0 - 10 bar

Heat Exchanger, Regenerative A=35 m2

PT100 Sensor, Tmax = 75°C

Heat Exchanger, Regenerative A=35 m2

Beer Pump, 200 hl/h, 2,2 bar
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C
Heat Exchanger, Pasteurizing
Heat Exchanger, Pasteurizing
Heat Exchanger, Pasteurizing
Heat Exchanger, Pasteurizing
PT100 Sensor, Tmax = 75°C
PT100 Sensor, Tmax = 75°C

Pressure sensor O - 10 bar
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Pos

25

26

27

28

29

30

31

32

33

40

41

42

43

44

45

46

47

48

49

50

51

PosName
T Zone7
T Zone 8
Output cooler
T output
Beer flow control
Pressure sensor
Pressure Isolation
Flow out
Filler Flow
Fresh Water to hot tank
Hot Water Buffer Tank
Cleaning Nozzle
Hot Water Level
Drain Cold Tank
Clean Hot Tank
Shut off Hot Water
Water pump
HE Hot Water
T Water
Hot by-pass

Heating all zones

25

Item

13

13

21

13

10

16

31

32

14

37

37

17

18

13

14

14
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PT100 Sensor, Tmax =75°C
PT100 Sensor, Tmax = 75°C
Heat Exchanger Glycol/Beer
PT100 Sensor, Tmax = 75°C
Control Valve, Beer

Pressure sensor 0 - 10 bar
Shut off Valve

Fiow Meter, beer 0 - 200 hi/h
Fiow Meter, beer 0 - 200 hi/h
Ball Valve, On/Off

Tank, Water, 10 hl, Open
Tank Cleaning Nozzle

Tank Level (Pressure)

Ball Valve, On/Off

Manual Ball Vaive

Manual Ball Valve

Pump, Water, 1200 hi/h, 2 bar
Heat Exchanger, Steam/water.
PT100 Sensor, Tmax = 75°C
Ball Valve, On/Off

Ball Vaive, On/Off
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52 Flow zone 3 38
53 Flow zone 4 38
54 Flow zone 5 38
55 Flow zone 6 38
56 Cooling all zones 14
57 Cooling Zone 6 14
58 T Cold Water 13
59 Heat Exchanger Glycol/
Water 26
60  Shut off Hot Water 37
61 Clean Hot Tank 37
62 Cold Water Level 32
63 Cold Circulation Pump 17
64 Cleaning Nozzle 31
65 Cold Water Buffer Tank 16
66 Fresh Water to cold tank 14
67 Cold by-pass 14
68 Cold return Zone 6 14
69 Cold return all Zones 14
70 Hot return all zones 14
71 Drain Hot Tank 14

Flow meter for water 0 - 1000 hl/h
‘Flow meter for water 0 - 1000 hi/h
Flow meter for water 0 - 1000 hi/h
Flow meter for water 0 - 1000 hi/h
Ball Valve, On/Off
Ball Valve, On/Off

PT100 Sensor, Tmax = 75°C

Heat exchanger, Glycol/Water
Manual Ball Valve

Manual Ball Valve

Tank Level (Pressure)

Pump, Water, 1200 hl/h, 2 bar
Tank Cleaning Nozzle

Tank, Water, 10 hl, Open

Ball Vaive, On/Off

Ball Valve, On/Off

Ball Valve, On/Off

Ball Valve, On/Off

Ball Valve, On/Off

Ball \ialve, On/Off
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Pos PosName Item
72 T Cold Tank 13 PT100 Sensor, Tmax = 75°C
73 T Cold Tank 13 PT100 Sensor, Tmax = 75°C
80 Glycol Shut Off 37 Manual Ball Valve
81  Glycol Shut Off 37 Manual Ball Valve
82 Glycol control valve 22 Control valve 3-way, Glycol
83 Glycol pump 23 Glycol circulation pump
84  Glycol Shut Off 37 Manual Ball Vailve
85 Glycol Shut Off 37 Manual Ball Valve
86 Glycol control valve 22 Control valve 3-way, Glycol
87 Glycol Pump 23 Gilycol circulation pump
88 Condensate Shut Off 37 Manual Ball Valve
89 Steam Trap 20 Steam Trap
90 Water Take Out, Steam 36 Water Take OUT, Steam
91  Steam Shut Off 37 Manual Ball Valve
92  Strainer Steam 35 Strainer for Steam
93 Steam Trap 20 Steam Trap
94  Steam valve 19 Control valve, Steam

Those skilled in the art will readily understand the possibilities of regulating flows and
temperatures on the basis of Figs 4-5 and the above listing of elements.

However, those skilled in the art will also readily understand that many modifications are
possible as regards the number of sections or zones in the pasteurizing heat exchanger,
the number of regenerative zones, the combination possibilities of supplying cold and
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hot water to the various zones in the pasteurizing heat exchanger and possibilities of

adding special heat exchangers for special purposes.

Those skilled in the art will readily appreciate that the more temperature and flow sen-
sors are installed in the system, the better the possibilities are of monitoring and control-
ling the uptake of PU’s by the liquid product being pasteurized. The important features to
keep in mind when modifying or supplementing the shown and described embodiments
of a pasteurizing apparatus according to the invention are that the great majority of the
uptake of PU’s by the liquid product should take place in the pasteurizing zone, and the
volume of liquid product contained in the conduits 17 and 27 leading to the regenerative

zones 12 and 13 should be as small as possible.

In the following, methods according to the invention for monitoring and controlling the
pasteurizing process will be explained, it being understood that said methods may be
applied to many different configurations of pasteurizing apparatus according to the in-
vention and in fact for some of the methods also to conventional pasteurizing apparatus
having a holding pipe wherein the pasteurizing takes place without possibility of regulat-
ing the temperature during said pasteurization.

The methods according the invention for monitoring and controlling the uptake of PU’s
by the liquid product to be pasteurized are based on establishing a mathematical model
of the apparatus and measuring temperatures and rates of flow at different points of the
apparatus such as indicated in figs. 4-5 and defining a number of other points or sec-
tions of the flow-paths of the liquid product and/or the flow-paths of the heat transfer fiu-
ids. By applying the mathematical model containing parameters for the heat transfer at
the different points or sections, the uptake of PU’s by the volume of liquid product in said
sections or points may be calculated such that the total uptake of PU’s by said volumes
may be monitored and controlled throughout the pasteurizing process.

Referring now to Figs 6 and 7, a plate heat exchanger 18 with two strokes has channels
between thin vertical plates 33 having an embossed pattern, the plates defining chan-
nels for heating or cooling water and for beer. The plate heat exchanger 18 is a well-
known conventional plate heat exchanger. The beer and the water flow through the heat
exchanger in mutual counter-flow so as to afford the most efficient heat exchange be-

tween the beer and the water.

For the purposes of the mathematical model mentioned above, the heat exchanger 18 is
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considered as consisting of a number of sections, cells or finite elements as shown in
Fig. 7, where finite element n is bounded by two cross-sections through an entire stroke
of the heat exchanger such that the volume in said finite element n of water and beer,
respectively, is considered for that finite element. The number of finite elements into
which each stroke or for that matter the entire heat exchanger may be considered as
being sub-divided for the purposes of the mathematical model is chosen considering a
trade-off between the accuracy of the mathematical model and the calculation of the PU-
uptake for each volume of beer in each finite element and the calculating capacity of a
computing means employed to perform the necessary calculation with a frequency also

determined by such a trade-off.

The element n contains beer from all the beer plate spaces in one stroke and water from
all the plate spaces in the same stroke as well as the stainless steel of all the plates in
the stroke comprised between said boundaries. It is supposed that the temperature of
the beer, of the water and of the steel plate does not vary across the stroke, i.e. that the
flow of beer and water is evenly distributed in all the channels. Therefore the volumes of
beer and water and steel may be added together within the boundaries of given element

n.

Referring now to Fig. 6a, the flow of beer and water through the system of heat ex-
changers shown in Figs 3, 4 and 5 so as to illustrate the flow of water and beer through

the system in another way.

Referring now to Fig. 8, the volume Vb of beer, Vp of steel plate, Vw water represents
the total volume of beer, plate and water within the boundaries of element n. Therefore
each calculation element is characterized by a constant beer volume (VB), water volume
(VW) separated by a plate with width equal to the thickness of a single plate and an area
corresponding to the areas of all the plates in the element n, as well as a heat transfer
coefficient. The element has four operational data, accumulated PU-uptake (PU) for the
beer, the temperature of the beer (Tb), the temperature of the water (Tw) and the tem-
perature in the center of the plate (Tp). Each element furthermore contains the PU-val-
ues of a number of ideal PU-curves (ideal set curve 1-X) for a number of ideal curves as

discussed in the following.

The heat transfer coefficient is calculated based on a supposition that both the flow of
water and beer is very turbulent and thereby maintains the same temperature in the
whole element. The heat transfer thus consists of a heat transmission from beer to the
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plate, a heat transmission through the plate to the center of the plate, a heat transmis-
sion from the center of the plate to the surface of the plate and a heat transmission to
the water. This is shown by the temperature gradient uppermost in Fig. 8 and the arrows
at the bottom part of Fig. 8. The heat transfer coefficient is determined by experiments
as a function of beer flow-rate and water flow-rate as will be explained in the following in
connection with the explanation of the “adaptive adjustment of the heat transfer coeffi-

cient”.

The calculation of the operational data in the elements is updated for each sample (cal-
culation cycle). The calculation is to be performed as often as necessary to be able to
suppose that the heat transmission is constant, i.e. that the temperatures only change

slowly compared to the frequency of sampling or calculation.

After each calculation/sample the liquid and fluid volumes are moved a number of finite
elements in the flow direction corresponding to the measured flow and the frequency of
calculation/sampling. The calculated number of elements that the volumes are to be
moved in the flow-direction is rounded up or down to the closest integral number. The
error introduced by this rounding up or down is stored and is added to a next calculation

before said calculation is rounded up or down, and so on.

The calculation is carried out as follows for each finite element and for each sample/

calculation:
Calculate the heat transmission from beer to plate based on the start temperatures.
Calculate the heat transfer from the plate to water based on the start temperatures.

Calculate the total energy transmission in the course of one sample (3.1 and 3.2 are as-

sumed to be constant during the sampling period).

Calculate PU-uptake and add same to the accumulated value of PU-uptake for the finite

element in question.

Calculate the PU-error as the difference between the actual PU-value and an ideal PU-

value.
Calculate the new temperatures of the beer, the water and the plate.

Move the beer (Tb, PU) and the water (Tw) a number of finite elements in the flow-di-
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rection thereof corresponding to the respective flow-rates thereof.
The above calculation sequence is repeated for each element and for each sample.

In this manner data is constantly generated for allowing monitoring of the PU-uptake of
all the volumes defined by the finite elements n such that various strategies for control-

ling the pasteurizing process may be implemented.

The “adaptive adjustment of the heat exchange coefficients” mentioned above takes

place as described in the following.

The heat transfer coefficient can be determined by operating the pasteurizing apparatus
while adjusting the heat transfer coefficient with the purpose of minimizing the difference
between the calculated and the measured output temperatures at the discharge of each
heat exchanger. Manual adjustment of the heat transfer coefficient can be done during
commissioning or at any time in order to minimize the errors. Adaptive adjustment (auto
tuning) can be done during normal operation or in a specially designed start-up se-
quence. The purposes of a regular adaptive adjustment of the heat exchange coeffi-

cients are:
Adapt to any minor changes in the system due to scaling, wear etc.
In case of a major change in the coefficients, the system will go into alarm mode.

The development over time will provide information about necessary cleaning and

maintenance.

Referring now to figs. 9 and 10, the graphs therein illustrate the uptake of PU by the lig-
uid product as a function of the position of the finite element along the flow-path of the
liquid product, in this case the number of finite elements being 300. In both graphs an
ideal curve 34 for the uptake of PU’s as a function of the position of the portion of liquid
product in question along the path flow of the liquid product is shown. The curve 35
shows the actual PU-uptake, and the dip 36 indicates a certain volume of the liquid
product that has received too few PU’s because of some anomaly such as a stop or a
sharp reduction in flow-rate of the qu'uid product. In the conventional control system for
conventional pasteurizers having a holding pipe, the temperature will be measured at
the entrance to the holding pipe and it will be assumed that all beer in the pasteurizer
will be treated correctly. If an anomaly such as 36 occurs, the control will not have any
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possibility to react and, as illustrated in Fig. 9, a certain volume 36 will be under-pas-

teurized when it exits the pasteurizer.

In the control system according to the invention, an ideal curve 34 is calculated for a
given flow and the flow-rate of the liquid product and/or of the heat transfer fluid as well
as the temperature thereof may be controlled such that the volume being treated having
the worst discrepancy as regards PU-uptake compared with the ideal value is compen-
sated for by increasing the PU-uptake generally in the pasteurizer with a value just suffi-
cient to bring the volume with the worst discrepancy up to the ideal curve. The control
system according to the invention will calculate that there is liquid product that does not
follow the ideal curve and will for instance decrease the flow-rate thereof until the worst

portion is on the ideal curve.

The ideal curve employed may be calculated or measured. The measured ideal curve

can be established in the following manner.

The pasteurizer is operated with a constant flow until thermal balance is obtained and
the correct PU-uptake is calculated in the simulation for the pasteurized beer. The cal-
culated PU-uptake value and the measured treatment temperature for all the positions in
the pasteurizer are stored in the computer whereby an ideal curve is established.

Alternatively a calculated ideal curve can be used, the calculated ideal curve being es-

tablished by a simulation of the system or a traditional calculation of the heat transfer.

It is necessary to use different ideal curves corresponding to different flows as the shape
of the curve changes with varying flow-rate. This will be explained more detailed in the

following.

Referring now to Fig. 11, 12 and 13, two different ideal curves for a flow-rate of 380 hi/hr
and 120 hi/hr 37, 38, respectively, are shown for different positions along the flow-path
of the beer to be pasteurized, the flow-path being sub-divided into 1,600 finite elements.
The number of PU’s taken up is indicated muitiplied by 5 for better clarity. The graphs
also show the temperature of the beer as a function of the position along the flow-path,
i.e. in each of the 1,600 finite elements. The ends of the two heating regenerating zones,
the four pasteurizing zones and the two cooling regenerative zones are shown with re-
spect to the position, i.e. the end of the first pasteurizing zone, reference No. 18 in Fig. 3
and 4 and “past.3” in the table in Fig. 13 is positioned at position or finite element No.
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640, and similarly, the temperature curves 39 and 40 in Figs 11 and 12, respectively,
show that the temperature of the beer along the flow-path is different for different flow-
rates, and consequently, the ideai curves for PU-uptake 37, 38, respectively, are aiso

different.

The ideal curves may be calculated or measured. A measured ideal curve can be estab-
lished by operating the pasteurizer with a constant flow until balance has been obtained,
and the correct PU-uptakes are calculated in the simulation for the pasteurized beer.
The calculated PU-uptake value and the measured heat treatment temperature (the
temperature of the water flowing in) for all positions in the pasteurizer are stored in the
memory of the calculator whereby an ideal curve is established. Alternatively, a calcu-
lated ideal curve can be employed, said calculated ideal curve being established by

simulating the pasteurizer or by a traditional calculation of heat transmission.

For different flow-rates, a number of ideal curves and heat treatment temperatures are
stored, and the ideal curve and treatment temperature corresponding to a specific flow-
rate is found by interpolating between the thus established ideal curves, whether they be

measured or calculated.

The table in Fig. 13 shows, as mentioned above, possible ideal curves with a nominal
flow-rate of 380 hl/hr, and 120 hi/hr with a desired PU-uptake value of 10.

During stable operation at a certain flow-rate of beer, the actual PU-uptake curve for the
beer will follow the ideal curve for that flow-rate. However, if for instance a stoppage oc-
curs, several strategies may be employed. For instance the flow-rate may be reduced
and the last pasteurizing zone (past.6) is cooled so that the PU-uptake level in the first
three zones are raised and at the same time a colder pasteurized beer flow is created to
the first cooling regenerative zone (reg.7/2) having the highest temperatures. During re-
start after a stop all four pasteurizing zones (past.6) may be used to heat at constant
temperature such that a “flat” curve results for ensuring that finite elements with PU-up-
take values higher than the required minimum holds back the flow-rate from increasing.

As mentioned above, many different strategies may be employed depending on the
situation, the number of pasteurizing zones, the required minimum PU-uptake, the char-
acter of the liquid product to be treated and so on.

Referring now to Fig. 14, the graph shows the ideal curve for a flow-rate of 380 hi/hr and
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the corresponding temperature curve 39. The curve 40 shows the actual uptake of PU’s
after the flow-rate suddenly is reduced from 380 hi/hr to 300 hl/hr. The control system is
then allowed to automatically adjust for this sudden decrease in flow-rate and it can be
seen from the curve 40 that the actual uptake of PU’s is above the ideal curve at the
outlet of the last pasteurizing heat exchanger (past.6) while the PU-uptake at the inlet to
the first pasteurizing heat exchanger (past.3) is very proximate to the ideal curve. The
control method or system according to the invention regulates the flow-rate of the beer
and of the heat transfer fluid such that the actual PU-uptake curve 40 quickly moves

back to coincide with the ideal PU-uptake curve 38.

In the following, one embodiment of control loops pertaining to the PU-uptake control
method according to the invention will be described in connection with Fig. 15, which is
a block diagram of three novel control loops for controlling a pasteurizer according to the

invention.

The control loops shown in Fig. 15 are applicable to the pasteurizing apparatus shown in
Figs 4-5.

Flow demand/set-point [4]:
The flow demand from the filler station [2] is added to the flow demand form the level

regulator in the buffer tank [1] [3]

Temperature set-point 1 (optimal) [6]
From the above flow demand the control will interpolate [5] between the flow-value for

the ideal curves and find the corresponding temperature, called temp set-point 1 [6].

Temperature set-point 2 (limited) [8]
Limitations to temperature changes [7] are made in order to ensure that the physical
system can follow the setpoint 2 with a small temperature error. This is important to en-

sure stable temperatures and a stable PU-uptake.

Hot water temperature [9]
The regulator for the steam heat exchanger controls the temperature of the hot water.
The set-point for the regulator is the above set-point 2 (limited) [8]

The ideal PU-curve [14] is interpolated [13] from the temperature set-point 2 (limited) in

order to make the ideal curve match the actual conditions as well as possible.
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The PU error [15] is found as the actual calculated value [12] minus the interpolated

ideal PU-value [14].

The most important PU error [15] is the smallest value of the PU error present in the

pasteurizer within the current sample time.

The beer flow [18] is controlled by a regulator [16] which uses the most important PU er-
ror (15) as input. If the most important PU error is negative, the flow is reduced and if the

error is positive, the flow is increased.

Hereby an embodiment of an automatic PU-uptake control system according to the in-
vention has been described, but as mentioned above, other possible control systems will
be obvious to those skilled in the art based on the principles of the invention.

Thus, a much simpler control method could be by basing the control system on a pre-
determined sequence under certain anomalous conditions while utilizing the monitoring
method for PU-uptake according to the invention such that for example under a stop, a
pre-determined sequence for closing down the flow of beer and cooling of the pasteur-
izing zone may be utilized, the sequence being developed based on a series of test runs
where the finite element mathematical model is used to monitor the result and ensure
that no beer is under-pasteurized. Under operation the monitoring method according to
the invention based on the finite element mathematical model will also monitor the op-
eration and give an alarm if the chosen pre-determined sequence results in under-pas-

teurization of the beer.

Referring now to Figs 16 and 17 which are isometric views from two sides of a pasteur-
izing apparatus according to the invention and generally corresponding to the flow-dia-
gram or diagrammatic view in Figs 4 and 5 with the difference that in this embodiment
shown in Figs 16 and 17 cooling and heating, respectively, may only take place in all the
pasteurizing heat exchanger (past.1 — past .4) simuitaneously. The flow of water and
beer, respectively, is shown by means of the arrows. The apparatus is quite compact
and is mounted on a base plate 50 having a cabinet 51 for all the regulating and com-
puting equipment, the base plate 50 being of a size allowing the entire apparatus to be
transported in a commercially available 40 ft marine container. This is of great impor-
tance for the economical aspects of the apparatus according to the invention as the
compactness allows shop-floor construction, trial operation and even part commission-
ing which entails large savings both as regards installation time and costs.
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The above embodiments and the apparatus according to the invention have been de-
scribed by way of example and various modifications and amendments will be obvious
to those skilled in the art without departing from the scope of the appended claims.
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CLAIMS

A method of pasteurizing a flow of a liquid product consisting of beer, milk, milk
products, fruit juice, fruit juice products or similar consumable liquids, the amount
of such liquid product to be pasteurized being at least around 1,000 I/hr, the

method comprising the steps of:

- providing one or more heat exchangers for exchanging heat between the

flow of liquid product and heating and/or cooling means, respectively, and

- maintaining the flow of liquid product inside said one or more heat exchang-
ers during a period of time and at temperatures sufficient for the uptake of
Pasteurizing Units, PU’s, the majority of a desired predetermined amount of
PU’s being taken up by the flow of liquid product during said period of time.

A method according to claim 1, wherein said majority is at least 51% of said de-
sired amount of PU'’s, preferably at least 55%, more preferably at least 60 %, even
more preferably at least 65%, even more preferably at least 70%, even more pref-
erably at least 75%, even more preferably at least 80%, even more preferably at
least 85%, even more preferably at least 90% and even more preferably at least

95%.

A method of pasteurizing a flow of a liquid product consisting of beer, milk, milk
products, fruit juice, fruit juice products or similar consumable liquids, the amount
of such liquid product to be pasteurized being at least around 1,000 l/hr, the

method comprising the steps of:

- providing a pasteurizing heat exchanger for exchanging heat between the
liquid product and a flow of fluid, preferably water, so as to heat or cool the
liquid product during the passage thereof through the pasteurizing heat ex-

changer

- introducing the flow of liquid product at a product inlet temperature into an

inlet of the pasteurizing heat exchanger,

- introducing the flow of fluid at a fluid inlet temperature into the pasteurizing

heat exchanger,
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discharging the flow of liquid product from an outlet of the pasteurizing heat

exchanger at a product outlet temperature, and

controlling the rate of flow of the flow of liquid product and/or said product
inlet temperature and/or the rate of flow of the flow of fiuid and/or said fluid
inlet temperature and/or said product outlet temperature such that the flow of
liquid product takes up the majority of the Pasteurizing Units, PU's, required
for obtaining a desired degree of pasteurization during the passage of said
flow of liquid product through the pasteurizing heat exchanger.

4. A method according to claim 3, wherein said majority is at least 51% of said de-
sired amount of PU's, preferably at least 55%, more preferably at least 60 %, even
more preferably at least 65%, even more preferably at least 70%, even more pref-
erably at least 75%, even more preferably at least 80%, even more preferably at
ieast 85%, even more preferably at least 90% and even more preferably at least

95%.

5. A method according to claim 3 or 4 further comprising the steps of:

providing one or more additional pasteurizing heat exchangers comprising
the features of the pasteurizing heat exchanger according to claim 3, all the
pasteurizing heat exchangers being arranged in series such that the flow of
liquid product is conducted from the outlet of one pasteurizing heat ex-
changer to the inlet of the succeeding pasteurizing heat exchanger, and

controlling the rate of flow of the flow of liquid product through the series of
pasteurizing heat exchangers and/or said product inlet temperature of at
least the first of the heat exchangers in said series and/or the rate of flow of
the flow of fluid through at ieast one and preferably all the heat exchangers
in said series and/or said fluid inlet temperature of the flow of fluid introduced
into at least one and preferably all the heat exchangers in said series and/or
said product outlet temperature of at least the last of the heat exchangers in
said series such that the entire flow of liquid product takes up a majority of
the Pasteurizing Units, PU’s, required for obtaining a desired degree of
pasteurization during the passage of said liquid product through said series

of pasteurizing heat exchangers.
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A method according to claim 5, wherein said majority is at least 51% of said de-
sired amount of PU's, preferably at least 55%, more preferably at least 60 %, even
more preferably at least 65%, even more preferably at least 70%, even more pref-
erably at least 75%, even more preferably at least 80%, even more preferably at
least 85%, even more preferably at least 90% and even more preferably at least

95%.

A method according to claim 5 or 6, wherein the length of the path of the flow of
liquid product from the outlet of one of the pasteurizing heat exchangers in said
series to the inlet of the succeeding pasteurizing heat exchanger in said series is
substantially as short as possible so as to minimize the volume of liquid product

that is not in heat exchange relationship with a flow of fluid.

A method according to any of the claims 3-7, the method further comprising the

steps of:

- providing one or more heat recuperating or regenerative heat exchangers for
exchanging heat between the unpasteurized liquid product flowing into the
one or more pasteurizing heat exchangers and the pasteurized liquid prod-
uct flowing from the one or more pasteurizing heat exchangers so as to cool
the pasteurized liquid product, pre-heat the unpasteurized liquid product to
product inlet temperature and recuperate heat energy from the pasteurized

liquid product, and

- determining the number of PU’s taken up by the liquid product when flowing
through the one or more regenerative heat exchangers in both directions
and when flowing along paths of flow leading to and from the one or more
pasteurizing heat exchangers from and to, respectively, the one or more re-
generative heat exchangers such that the amount of additional PU's to be
taken up by the liquid product in the one or more pasteurizing heat exchang-
ers can be determined.

A Method according to any of the claims 3-8, the method comprising the further

step of:

- providing one or more heat recuperating or regenerative heat exchangers for
exchanging heat between the unpasteurized liquid product flowing into the
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one or more pasteurizing heat exchangers and the pasteurized liquid prod-
uct flowing from the one or more pasteurizing heat exchangers so as to cool
the pasteurized liquid product, pre-heat the unpasteurized liquid product to
said first temperature and recuperate the heat energy from the pasteurized

liquid product,

wherein the length of said paths of flow to and from the one or more pas-
teurizing heat exchangers from and to, respectively, the one or more regen-
erative heat exchangers are substantially as short as possible so as to mini-
mize the volume of liquid product that is not in heat exchange relationship

with a flow of said fluid.

A method of monitoring the uptake of Pasteurizing Units, PU’s, of a flow of liquid

product consisting of beer, milk, milk products, fruit juice, fruit juice products or

similar consumable fiquids, the amount of such liquid product to be pasteurized

being at least around 1,000 I/hr, in a pasteurizing apparatus comprising means for

exchanging heat between one or more flows of a fluid, preferably water, and the

flow of liquid product, said method comprising the steps of:

measuring consecutive values of the temperature and of the rate of flow of
the fluid and the liquid product at first points along the paths of flow thereof
through the apparatus, and

establishing a mathematical model of the apparatus and, based on said
measured consecutive values and the parameters for the heat transfer be-
tween the flows of fluid and the flow of liquid product at a number of second
points along said paths of flow, calculating the number of PU’s taken up by a
portion of liquid at any or all of said second points.

A method according to claim 10, wherein the number of second points is suffi-

ciently large for obtaining a desired accuracy of the monitoring of said uptake of

PU’s.

A method according to claim 10 or 11, wherein the number of second points is at

least 5, preferably at least 25, more preferably at least 50, even more preferably at

least 100, even more preferably at least 150, even more preferably at least 200,

even more preferably at least 300, even more preferably at least 400, even more
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preferably at least 500, even more preferably at least 600, even more preferably at
least 700, even more preferably at least 800, even more preferably at least 900,
even more preferably at least 1,000, the maximum number of said second points
being determined by the calculating capacity of a computing means utilized for

calculating said number of PU'’s.

A method of controlling the uptake of Pasteurizing Units, PU’s, of a flow of liquid
product consisting of beer, milk, milk products, fruit juice, fruit juice products or
similar consumable liquids, the amount of such liquid product to be pasteurized
being at least around 1,000 l/hr, in a pasteurizing apparatus comprising means for
exchanging heat between one or more flows of a fluid, preferably water, and the
flow of liquid product, said method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of
the fluid and the liquid product at first points along the paths of flow thereof
throughout the apparatus,

- establishing a mathematical model of the apparatus and, based on said
measured consecutive values and the parameters for the heat transfer be-
tween the flows of fluid and the flow of liquid product at a number of second
points along said paths of flow, calculating the number of PU’s taken up by a

portion of liquid at any of said second points, and

- altering the temperature and/or rate of flow of one or more of the flows of
fluid and/or the rate of flow of the flow of the liquid product such that any un-
acceptable difference between the calculated uptake of PU’'s and a desired
uptake of PU’s for one or more portions of liquid product at corresponding
one or more second points is eliminated before said one or more portions

exit the apparatus.

A method of monitoring the operation of a pasteurizing apparatus for pasteurizing
a flow of liquid product consisting of beer, milk, milk products, fruit juice, fruit juice
products or similar consumable liquids, the amount of such liquid product to be
pasteurized being at least around 1,000 I/hr, said apparatus comprising the fol-

lowing elements:

- one or more heat exchangers for heating and/or cooling the flow of liquid
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- sources of flows of heating and/or cooling fluid for heating and/or cooling the
flow of liquid product by means of heat exchange between the flows of fluid

and the flow of liquid product,
- a source of the flow of liquid product to be pasteurized,
- receiving means for receiving the pasteurized flow of liquid product,
the apparatus further comprising:
- conduits for flow communication between said elements of the apparatus,

- temperature sensing means for sensing the temperature of the liquid product
and of said fluid at first points along the flow paths of the liquid product and

the fluid, respectively,

- flow rate sensing means for sensing the flow rate of the flows of fluid and of

the flow of liquid product,

- computing means connected to said temperature sensing means and said
flow rate sensing means for receiving measured values of temperatures and

flow rates, respectively,
the method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of
the fluid and the liquid product at said first points, and

- establishing a mathematical model of the apparatus and,

- based on said measured consecutive values and the parameters for the heat
transfer between the flows of fluid and the flow of liquid product at a number
of second points along said paths of flow, calculating the number of PU’s
taken up by a portion of liquid at any or all of said second points.

15. A method according to claim 14, wherein the number of second points is suffi-
ciently large for obtaining a desired accuracy cf the monitoring of said uptake of
PU’s.
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A method according to claim 14 or 15, wherein the number of second points is at
least 5, preferably at least 25, more preferably at least 50, even more preferably at
least 100, even more preferably at ieast 150, even more preferably at least 200,
even more preferably at least 300, even more preferably at least 400, even more
preferably at least 500, even more preferably at least 600, even more preferably at
least 700, even more preferably at least 800, even more preferably at least 900,
even more preferably at least 1,000, the maximum number of said second points
being determined by the calculating capacity of a computing means utilized for

calculating said number of PU'’s.

A method according to any of the claims 14-16, wherein said second points con-
sist of sections, cells or finite elements into which at least part and preferably sub-
stantially the entire lengths of the paths of flow of the flows of fluid and the fiow of
liquid product have been subdivided, each such finite element comprising a certain
volume of fluid and/or liquid product and being allocated certain parameters for

the heat transfer to and from the liquid product and/or to and from the fluid in said

each finite element.

A method of controliing the operation of a pasteurizing apparatus for pasteurizing
a flow of liquid product consisting of beer, milk, milk products, fruit juice, fruit juice
products or similar consumable liquids, the amount of such liquid product to be
pasteurized being at least around 1,000 V/hr, said apparatus comprising the follow-

ing elements:

- one or more heat exchangers for heating and/or cooling the flow of liquid

product,

- sources of flows of heating and/or cooling fluid for heating and/or cooling the
flow of liquid product by means of heat exchange between the flows of fluid
and the flow of liquid product,

- a source of the flow of liquid product to be pasteurized,

- receiving means for receiving the pasteurized flow of liquid product,

the apparatus further comprising:

- conduits for flow communication between said elements of the apparatus,
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temperature sensing means for sensing the temperature of the liquid product
and of said fluid at first points along the flow paths of the liquid product and

the fluid, respectively,

temperature control means for controlling the temperature of the flows of
fluid,

flow rate sensing means for sensing the flow rate of the flows of fluid and of

the flow of liquid product,

flow rate control means for controlling the flow rate of the flows of fluid and of

the flow of liquid product,

computing means connected to said temperature sensing means and said
flow rate sensing means for receiving measured values of temperatures and
flow rates, respectively, to said flow control means for sending signals
thereto for controlling said rates of flow and to said temperature control
means for sending signals thereto for controlling said temperature of the

flows of fluid,

the method comprising the steps of:

measuring consecutive values of the temperature and of the rate of flow of

the fluid and the liquid product at said first points,
establishing a mathematical model of the apparatus,

based on said measured consecutive values and the parameters for the heat
transfer between the flows of fluid and the flow of liquid product at a number
of second points along said paths of flow, calculating the number of PU’s
taken up by a portion of liquid at any or all of said second points, and

by means of said signals sent by the computing means regulating the tem-
perature and/or the rate of flow of one or more of the flows of fluid and/or the
rate of flow of the flow of the liquid product such that any unacceptable dif-
ference between the calculated uptake of PU’s and a desired uptake of PU’s
for one or more portions of liquid product at corresponding one or more sec-
ond points is eliminated before said one or more portions exit the apparatus.
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A method according to claim 18, wherein the number of second points is suffi-
ciently large for obtaining a desired accuracy of the controlling of said uptake of

PU’s.

A method according to claim 18 or 19, wherein the number of second points is at
least 5, preferably at least 25, more preferably at least 50, even more preferably at
least 100, even more preferably at least 150, even more preferably at least 200,
even more preferably at least 300, even more preferably at least 400, even more
preferably at least 500, even more preferably at least 600, even more preferably at
least 700, even more preferably at least 800, even more preferably at least 900,
even more preferably at least 1,000, the maximum number of said second points
being determined by the calculating capacity of a computing means utilized for

calculating said number of PU'’s.

A method according to any of the claims 18-20, wherein said second points con-
sist of sections, cells or finite elements into which at least part and preferably sub-
stantially the entire lengths of the paths of fiow of the flows of fluid and the flow of
liquid product have been subdivided, each such finite element comprising a certain
volume of fluid and/or liquid product and being allocated certain parameters for
the heat transfer to and from the liquid product and/or to and from the fluid in said

each finite element.

A method of controlling the uptake of Pasteurizing Units, PU’s, of a flow of liquid
product consisting of beer, milk, milk products, fruit juice, fruit juice products or
similar consumable liquids, the amount of such liquid product to be pasteurized
being at least around 1,000 V/hr, in a pasteurizing apparatus comprising means for
exchanging heat between one or more flows of a fluid, preferably water, and the
flow of liquid product, said method comprising the steps of:

- measuring consecutive values of the temperature and of the rate of flow of
the fluid and the liquid product at first points along the paths of flow thereof
throughout the apparatus,

- establishing a mathematical model of the apparatus,

- based on said measured consecutive values and the parameters for the heat
transfer between the flows of fluid and the flow of liquid product at a number
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of second points along said paths of flow, calculating the number of PU’s

taken up by a portion of liquid product at any of said second points,

- establishing an ideal PU-uptake value for each of said second points for the
uptake of PU's by the liquid product along the path of flow thereof through
5 the apparatus for a given rate of flow of the flow of liquid product, for given
rates of flow of the flows of fluid and for given temperatures of the flows of
fluid, and

- altering the temperature and/or rate of flow of one or more of the flows of
fluid and/or the rate of flow of the flow of the liquid product such that all por-
10 tions of liquid product at the corresponding one or more second points have
a PU-uptake at least equal to said ideal PU-uptake value at the correspond-

ing second point.

23. A method of controlling the uptake of Pasteurizing Units, PU's, of a flow of liquid
product consisting of beer, milk, milk products, fruit juice, fruit juice products or
15 similar consumable liquids, the amount of such liquid product to be pasteurized
being at least around 1,000 l/hr, in a pasteurizing apparatus comprising the follow-
ing elements:

- one or more heat exchangers for heating and/or cooling the flow of liquid

product,

20 - sources of flows of heating and/or cooling fluid for heating and/or cooling the
flow of liquid product by means of heat exchange between the flows of fluid
and the flow of liquid product,

- a source of the flow of liquid product to be pasteurized,

receiving means for receiving the pasteurized flow of liquid product,
25 the apparatus further comprising:
- conduits for flow communication between said elements of the apparatus,

- temperature sensing means for sensing the temperature of the liquid product
and of said fluid at first points along the ‘low paths of the liquid product and
the fluid, respectively,
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temperature control means for controlling the temperature of the flows of
fluid,

flow rate sensing means for sensing the flow rate of the flows of fluid and of

the flow of liquid product,

flow rate control means for controlling the fiow rate of the flows of fluid and of

the flow of liquid product,

computing means connected to said temperature sensing means and said
flow rate sensing means for receiving measured values of temperatures and
flow rates, respectively, to said flow control means for sending signals
thereto for controlling said rates of flow and to said temperature control
means for sending signals thereto for controlling said temperature of the

flows of fluid,

the method comprising the steps of:

measuring consecutive values of the temperature and of the rate of flow of
the fluid and the liquid product at said first points,

establishing a mathematical model of the apparatus,

based on said measured consecutive values and the parameters for the heat
transfer between the flows of fluid and the flow of liquid product at a number
of second points along said paths of flow, calculating the number of PU’s
taken up by a portion of liquid at any or all of said second points,

establishing an ideal PU-uptake value for each of said second points for the
uptake of PU's by the liquid product along the path of flow thereof through
the apparatus for a given rate of flow of the flow of liquid product, for given
rates of flow of the flows of fluid and for given temperatures of the flows of
fluid, and

by means of said signals sent by the computing means regulating the tem-
perature and/or the rate of flow of one or more of the flows of fluid and/or the
rate of flow of the flow of the liquid product such that all portions of liquid
product at the corresponding one or more second points have a PU-uptake
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at least equal to said ideal PU-uptake value at the corresponding second

point.

A method according to claim 23, wherein the number of second points is suffi-
ciently large for obtaining a desired accuracy of the controlling of said uptake of

PU's.

A method according to claim 23 or 24, wherein the number of second points is at
least 5, preferably at least 25, more preferably at least 50, even more preferably at
least 100, even more preferably at least 150, even more preferably at least 200,
even more preferably at least 300, even more preferably at least 400, even more
preferably at least 500, even more preferably at least 600, even more preferably at
least 700, even more preferably at least 800, even more preferably at least 900,
even more preferably at least 1,000, the maximum number of said second points
being determined by the calculating capacity of a computing means utilized for

calculating said number of PU's.

A method according to any of the claims 23-25, wherein said second points con-
sist of sections, cells or finite elements into which at least part and preferably sub-
stantially the entire lengths of the paths of flow of the flows of fluid and the flow of
liquid product have been subdivided, each such finite element comprising a certain
volume of fluid and/or liquid product and being allocated certain parameters for the

heat transfer to and from the liquid product and/or to and from the fluid in said

each finite element.

An apparatus for pasteurizing a flow of a liquid product consisting of beer, milk,
milk products, fruit juice, fruit juice products or similar consumable liquids, the
amount of such liquid product to be pasteurized being at least around 1,000 l/hr,

the apparatus comprising:

- a pasteurizing heat exchanger for exchanging heat between the flow of liquid
product and a flow of fluid, preferably water, so as to heat or cool the liquid

product during the passage thereof through the pasteurizing heat exchanger

- first conduit means for introducing the flow of liquid product at a product inlet
temperature into an inlet of the pasteurizing heat exchanger,

- second conduit means for introducing the flow of fluid at a fluid inlet tem-
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perature into the pzsteurizing heat exchanger,

third conduit means for discharging the flow of liquid product from an outlet
of the pasteurizing heat exchanger at a product outlet temperature, and

control means for controlling the rate of flow of the flow of liquid product
and/or said product inlet temperature and/or the rate of flow of the flow of
fluid and/or said fluid inlet temperature and/or said product outlet tempera-
ture such that the flow of liquid product takes up the majority of the Pasteur-
izing Units, PU’s, required for obtaining a desired degree of pasteurization
during the passage of said flow of liquid product through the pasteurizing

heat exchanger.

28. An apparatus according to claim 27, wherein said majority is at least 51% of said
desired amount of PU’s, preferably at ieast 55%, more preferably at least 60 %,
even more preferably at least 65%, even more preferably at least 70%, even more
preferably at least 75%, even more preferably at least 80%, even more preferably
at least 85%, even more preferably at least 90% and even more preferably at least

95%.

29. An apparatus according to claim 27 or 28 and further comprising:

one or more additional pasteurizing heat exchangers comprising the features
of the pasteurizing heat exchanger according to claim 27, all the heat ex-
changers being arranged in series and having intermediate conduits for con-
ducting the flow of liquid product from the outlet of one pasteurizing heat ex-
changer to the inlet of the succeeding pasteurizing heat exchanger, and

control means for controlling the rate of flow of the flow of liquid product
through the series of pasteurizing heat exchangers and/or said product inlet
temperature of at least the first of the heat exchangers in said series and/or
the rate of flow of the flow of fluid through at least one and preferably all the
heat exchangers in said series and/or said fluid inlet temperature of the flow
of fluid introduced into at least one and preferably all the heat exchangers in
said series and/or said product outlet temperature of at least the last of the
heat exchangers in said series such that the entire flow of liquid product
takes up a majority of the Pasteurizing Units, PU’s, required for obtaining a
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desired degree of pasteurization during the passage of said liquid product

through said series of pasteurizing heat exchangers.

An apparatus according to claim 29, wherein said majority is at least 51% of said
desired amount of PU’s, preferably at least 55%, more preferably at least 60 %,
even more preferably at least 65%, even more preferably at least 70%, even more
preferably at least 75%, even more preferably at least 80%, even more preferably
at least 85%, even more preferably at least 90% and even more preferably at least

95%.

An apparatus according to claim 29 or 30, wherein the lengths of said intermediate
conduits are substantially as short as possible so as to minimize the volume of lig-

uid product that is not in heat exchange relationship with a flow of fluid.

An apparatus according to any of the claims 29-31, the apparatus further com-

prising:

- one or more heat recuperating or regenerative heat exchangers for exchang-
ing heat between the unpasteurized liquid product flowing through said first
conduit means into the one or more pasteurizing heat exchangers and the
pasteurized liquid product flowing through said third conduit means from the
one or more pasteurizing heat exchangers so as to cool the pasteurized lig-
uid product, pre-heat the unpasteurized liquid product to product inlet tem-
perature and recuperate heat energy from the pasteurized liquid product,

- the lengths of said first and third conduit means extending between the one
or more pasteurizing heat exchangers and the one or more regenerative
heat exchangers being substantially as short as possible so as to minimize
the volume of liquid product that is not in heat exchange relationship with a

flow of said fluid.

An apparatus for pasteurizing a flow of a liquid product consisting of beer, milk,
milk products, fruit juice, fruit juice products or similar consumable liquids, the
amount of such liquid product to be pasteurized being at least around 1,000 I/hr,

the apparatus comprising:

- a pasteurizing heat exchanger for exchanging heat between the flow of liquid
product and a flow of fluid, preferably wa:er, so as to heat or cool the liquid
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product during the passage thereof through the pasteurizing heat exchanger

- first conduit means for introducing the flow of liquid product at a product inlet

temperature into an inlet of the pasteurizing heat exchanger,

- second conduit means for introducing the flow of fluid at a fluid inlet tem-
perature into the pasteurizing heat exchanger,

- third conduit means for discharging the flow of liquid product from an outlet
of the pasteurizing heat exchanger at a product outlet temperature,

- one or more heat recuperating or regenerative heat exchangers for exchang-
ing heat between the unpasteurized liquid product flowing through said first
conduit means into the pasteurizing heat exchanger and the pasteurized
liquid product flowing through said third conduit means from the pasteurizing
heat exchanger so as to cool the pasteurized liquid product, pre-heat the
unpasteurized liquid product to product inlet temperature and recuperate

heat energy from the pasteurized liquid product,

- the lengths of said first and third conduit means extending between the pas-
teurizing heat exchanger and the one or more regenerative heat exchangers
being substantially as short as possible so as to minimize the volume of lig-
uid product that is not in heat exchange relationship with a flow of said fluid.

An apparatus according to claim 33, further comprising one or more additional
pasteurizing heat exchangers comprising the features of the pasteurizing heat ex-
changer according to claim 33, all the pasteurizing heat exchangers being ar-
ranged in series and having intermediate conduits for conducting the flow of liquid
product from the outlet of one pasteurizing heat exchanger to the inlet of the suc-
ceeding pasteurizing heat exchanger, and the lengths of said intermediate con-
duits being substantially as short as possible so as to minimize the volume of lig-
uid product that is not in heat exchange relationship with a flow of fluid.

An apparatus for pasteurizing a flow of a liquid product consisting of beer, milk,
milk products, fruit juice, fruit juice products or similar consumable liquids, the
amount of such liquid product to be pasteurized being at least around 1,000 I/hr, in
a continuous flow and having a heating area, a pasteurizing area and a cooling
area, and pump elements for feeding the product in a given flow from the admis-
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sion opening in the apparatus to its discharge opening, through the above areas in
the order in which they are mentioned, whereby the heating, the pasteurizing and
the cooling is effected by the transfer of heat between the product itself in cold and
in hot condition and a liquid, preferably water, which flows through one or more
heat exchangers and a holding pipe without temperature regulation, in the said ar-
eas, the areas being divided into zones which extend in the flow direction of the
product, and the temperature of the water is adjusted in accordance with the
course of the heat transfer aimed at in the zone, wherein one of the part zones is
connected to hot and cold water, characterized in that the apparatus between the
cold and the hot part of the regenerative heat exchanger contains a pasteurizing
part consisting of heat exchangers, said heat exchangers being divided into zones,
each of which has a connection for both a heating medium and a cooling medium,
or only for a cooling medium in one or more of the zones, the pasteurizing part
being connected to the cold and the hot part of the regenerative heat exchanger
by means of conduits and the holding pipe solely consisting of said conduits.

A method for the pasteurization of a continuous flow of a liquid product consisting
of beer, milk, milk products, fruit juice, fruit juice products or similar consumable
liquids, the amount of such liquid product to be pasteurized being at least around
1,000 I/hr, in an apparatus which has a heating area, a pasteurizing area and a
cooling area, and pump elements for feeding the product in a given flow from the
admission opening in the apparatus to its discharge opening, through the above
areas in the order in which they are mentioned, whereby the heating, the pasteur-
izing and the cooling is effected by the transfer of heat between the product itself
in cold and in hot condition and a liquid, preferably water, which flows through one
or more heat exchangers and a holding pipe without temperature regulation, in the
said areas, the areas being divided into zones which extend in the flow direction of
the product, and the temperature of the water is adjusted in accordance with the
course of the heat transfer aimed at in the zone, characterized in that

- one of the pasteurizing zones is connected to hot and cold water,

- the pasteurizing area is divided into a number of individual pasteurizing
zones with connection for both heating and cooling or, in the event of a stop
in production, for cooling of the product in order to hold the temperature un-
der the pasteurizing temperature, and upon restarting to heat the product
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again to a temperature close to the pasteurizing temperature,

- the pasteurizing area is connected to the heating area and the cooling area

by means of conduits, and

- the holding pipe solely consists of said conduits.
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