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Title: DISTILLATION SYSTEM
Bezeichnung : DESTILLATIONSANLAGE

(57) Abstract: The invention relates to a pot distillation system, in particular for whiskey, which comprises a distillation bubble (1)
with a base (5) equipped to heat an alcoholic liquid (13), and a top (7) removing alcohol vapors. The alcoholic liquid (13) in the
base (5) is heated by means of a heating unit (35, 33) having a heat exchanger (35) which is in thermal contact with the alcoholic
liquid (13) and heated by water vapor. A condenser (11) having a cooling water circuit (41) recirculating cooling water across the
condenser condenses the alcohol vapor supplied from the top (7). The cooling water circuit (41) comprises a separator (45) which
removes water vapor from the cooling water circuit. The water vapor removed by the separator (45) is pre-compressed in a
mechanical compressor (49) and supplied to an intake port (51) of a steam jet pump (53) which is driven by water vapor from a
water vapor source (37) and which further compresses the pre-compressed water vapor, said steam jet pump supplying the further
compressed water vapor to the heat exchanger (35) for heating same.

(57) Zusammenfassung:

[Fortsetzung auf der ndchsten Seite]
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Die Blasendestillationsanlage insbesondere fiir Whiskey umfasst eine Destillationsblase (1) mit einem fiir die Erwérmung einer
alkoholhaltigen Fliissigkeit (13) eingerichteten Unterteil (5) und einem alkoholhaltige Dampfe abfithrenden Oberteil (7). Die
alkoholhaltige Fliissigkeit (13) in dem Unterteil (5) wird von einer Heizeinrichtung (35, 33) mit einem in Wéarmetauschkontakt mit
der alkoholhaltigen Fliissigkeit (13) stehenden, mit Wasserdampf beheizten Wérmetauscher (35) erwdrmt. Ein Kondensator (11)
mit einem Kiihlwasser im Kreislauf {iber den Kondensator fithrenden Kiihlwasserkreislauf (41) kondensiert den aus dem Oberteil
(7) zugefiihrten, alkoholhaltigen Dampt. Der Kiihlwasserkreislaut (41) umfasst einen Wasserdampf aus dem Kiihlwasserkreislauf
abtrennenden Separator (45). Der von dem Separator (45) abgetrennte Wasserdampf wird in einem mechanischen Verdichter (49)
vorverdichtet und einem Sauganschluss (51) einer von Wasserdampf aus einer Wasserdampfquelle (37) getriebenen, den
vorverdichteten Wasserdampf nachverdichtenden Dampfstrahlpumpe (53) zugefiihrt, die den nachverdichteten Wasserdampt an
den Wirmetauscher (35) zu dessen Beheizung abgibt.
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Distillation system

Description

The invention relates to a distillation system, in particular a pot still distillation system,

preferably for potable alcohol and specifically, whiskey.

Even though potable alcohol can also be separated into fractions in continuously operating
distillation systems, distillation in portions in pot still distillation systems is used to a large
extent for some types of potable alcohol, especially, however, for whiskey. In the pot stills,
which largely consist of copper, the wort, which has been fermented to make an alcoholic
liquid (wash) by adding yeast, is heated up in a tank-like base of the pot still, whereby
alcohol vaporises out of the fermented liquid. The base of the pot still is covered by a conical

top and connected to a condenser, which condenses alcohol vapour rising out of the base.

Normally, whiskey is distilled in at least two pot stills arranged in succession. In addition to
the raw alcohol, the fermented liquid (wash) to be distilled in a first pot still (wash still) still
contains yeast and some unfermentable substances and by-products of the fermentation.
When boiled, the fermented liquid changes in a manner that is of crucial importance to the
flavour and character of the whiskey. The special characteristic of pot still distillation is that
the condensation does not take place only in the condenser in such a distillation system, but
also on the walls of the pot still, in particular on its top and the arm connecting it to the
condenser (lyne arm) that is normally attached to said top. The (partial) condensation of the
alcoholic vapour and the associated separating effect of the pot still, which is promoted by
absorption and desorption processes on the copper of which the whole system mostly

consists, have a major influence on the quality of the whiskey.

The condensate emerging from the condenser of the first distillation stage (low wines) is fed
into a second distillation pot still (spirit still) for a second distillation stage, in which second
distillation pot still the condensate is separated, during distillation, into three fractions,
namely the foreshot, the potable alcohol and the feint. While the potable alcohol forms the
end product, which might still be blended, when using just two distillation stages, the
foreshot and the feint are introduced back into the distillation process when the second
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distillation pot still is next filled. It should be understood that the distillation can also take
place in more than two distillation stages, in particular in three distillation stages. In the case

of these repeated distillation stages, the potable alcohol is free from sediments.

The energy required by the distillation pot still in the first distiliation stage (wash still) is
conventionally supplied by live water vapour and the amount of energy required is
comparatively high. Energy recovery is not readily possible since the evaporation
temperature in the distillation pot still rises with increasing alcohol depletion of the alcoholic
liquid in the pot still, just as the condensation temperature of the alcoholic vapours rises. A
control system is not desirable since every change in the process parameters can have an
influence on the quality of the whiskey being produced.

A multi-stage pot still distillation system for spirits is known from FR 2 970 479, in which a
first distillation pot still is operated under pressure and a second distillation pot still is
operated under vacuum. Alcoholic vapours from the first distillation pot still are supplied via a
first heat exchanger to a live-steam-operated steam jet pump, which supplies a second heat
exchanger which is intended to heat the first pot stili distillation stage.

The object of the invention is to provide a pot still distillation system which is suitabie for the
distillation of whiskey in particular, which allows the external energy required for the
distillation, in particular the live steam requirement, to be reduced without this having to have
an undesirable effect on process parameters of the distillation, which affect quality
parameters of the potable alcohol, in particular of the whiskey.

The invention is based on a pot still distillation system, in particular for whiskey, which

comprises:

- adistillation pot still comprising a base set up to heat an aicoholic liquid, and a top which
removes alcoholic vapours,

- a heating device which heats up the alcoholic liquid in the base and has a heat
exchanger which is in thermal contact with the alcoholic liquid and is heated by water
vapour, and

- acondenser which condenses the alcoholic vapour supplied from the top and has a
cooling water circuit which circulates cooling water across the condenser.
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The object described above is achieved according to the invention in that the cooling water
circuit comprises a separator which removes water vapour from the cooling water circuit and
in that a mechanical compressor precompresses the water vapour removed by the separator
and supplies said vapour to an intake port of a steam jet pump which is driven by water
vapour from a water vapour source and which post-compresses the pre-compressed water
vapour, said steam jet pump supplying the post-compressed water vapour to the heat

exchanger for heating same.

In such a pot still distillation system, some of the energy supplied to heat said system is
recovered entirely from the energy conducted away from the condenser via the cooling water
circuit. The balance of the energy required to heat the distillation pot still comes from the
water vapour source. The path of the alcoholic vapour in the top of the distillation pot still or
condenser does not have to be interfered with and accordingly, the condensation which
determines quality is essentially not influenced either.

The mass flow of water vapour, which is supplied to the heat exchanger to heat the
distillation pot still, is expediently substantially constant in order to prevent quality changes to
the whiskey. In a preferred embodiment, a control system is provided for this purpose, which
adjusts the speed of a drive motor of the mechanical compressor. In this manner, the intake
pressure of the mechanical compressor and the outlet pressure of the steam jet pump which
performs post-compression can be reduced as the alcohol concentration of the fermented
wort heated up in the distillation pot still decreases, in order to be able to heat with a
substantially constant mass vapour flow over the course of the distillation.

The mechanical compressor is preferably speed-controlled. In this connection, it has proven
expedient for the temperature of the mechanical compressor, in particular of its housing, to
be operated simultaneously in a predetermined temperature range. If the housing is too cold,
it can lead to corrosion damage, whereas if it is overheated, the mechanical compressor can
become thermally damaged. This applies, in particular, if the mechanical compressor is a
rotary blower which is intended to be operated expediently in a temperature range of 120 -
150 °C. In a preferred embodiment, the temperature range is maintained by means of a
temperature control system using the injection of water into the intake flow of the mechanical

compressor or rotary blower.
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The energy requirement of the distillation pot still can be reduced largely without any loss of
quality of the distilled whiskey if the mechanical compressor increases the absolute pressure
of the pre-compressed water vapour in relation to the absolute pressure at the separator by
a factor of 2 to 3, and/or increases the temperature of the pre-compressed water vapour to
more than 100 °C. Accordingly, it is advantageous if the steam jet pump increases the
absolute pressure of the post-compressed water vapour in relation to the absolute pressure
of the pre-compressed water vapour by a factor of 1.1 to 1.4, in particular 1.2 to 1.3, and/or
increases the temperature of the postcompressed water vapour in relation to the
temperature of the pre-compressed water vapour by a factor of 1.05 to 1.3, in particular by a
factor of 1.1 to 1.25. The above values apply in particular if the speed of the mechanical

compressor is at least 60,000 1/min, as described below.

The mechanical compressor is preferably a rotary blower or a roots blower or a turbo
compressor. The rotary blower and also the steam jet pump constitute “volumetric flow
conveyors”, which convey a constant volumetric flow in a first approximation, and specifically
substantially irrespective of the intake pressure. The system consisting of the rotary blower
and steam jet pump can be controlled in an open-loop or closed-loop manner, expediently in
this manner in terms of a constant mass vapour flow. In addition, rotary blowers are
relatively inexpensive. When using a turbo compressor, its speed is preferably more than
20,000 1/min, in particular more than 60,000 1/min and preferably at least 90,000 1/min.

Conventional turbo compressors, as used for energy recovery in distillation or vaporising
systems, are relatively expensive. They usually comprise a housing, welded together from
sheet metal blanks, and their compressor wheel is also welded together from individual
parts. The costs can be reduced considerably if the turbo compressor comprises a housing
designed as a cast metal part and a compressor wheel designed as a milled part which is
driven by an electric motor using a gear system, in particular a planetary gear system. Such
components can be provided cost-effectively, provided their dimensions are relatively small.
Such turbo compressors still supply a sufficiently high mass flow rate if they operate at a
speed of at least 60,000 1/min, preferably at least 90,000 1/min, as described above. When
using turbo compressors of this kind, compressor units can be reverted to, such as those
used in large numbers at relatively low cost as “turbochargers” in internal combustion

engines.
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The concept described above, of using the compressor unit of a “turbocharger” of an internal
combustion engine as the mechanical compressor of a distillation system, can be used
advantageously not only for the pot still distillation system described above but also for
distillation systems or vaporising systems of a general nature. The concept therefore also
has independent inventive importance, in particular in the case of a distillation system having
a distillation apparatus which removes a liquid having a low boiling point, in particular
alcohol, from a blend of liquids formed by a plurality of liquids having different boiling points,
in particular from a fermented blend of liquids, which distillation apparatus has a mechanical
compressor for increasing the pressure and/or the temperature of steam or vapours in the
distillation system. It is also preferably provided in this distillation system for the mechanical
compressor to have a compressor wheel which is driven at a speed of 30,000 1/min or more.
The mechanical compressor is driven by one, if applicable even by more than one, electric
motor, which drives the compressor wheel via a gear system, in particular an epicyclic gear
system, specifically a planetary gear system. The planetary gear system has at least three
gear elements which are coaxial with one another and are rotatable relative to one another
about a common axis: sun gear, ring gear and planet carrier for planet gears connected to
the sun gear and the ring gear. One feature of the planetary gear is that rotary power
supplied to two of said gear elements is transferred to the third gear element additively or
subtractively, relative to the speed and/or torque. In a preferred embodiment, it is therefore
provided for the compressor wheel to be connected to one of the gear elements of the
planetary gear system while one of the two other gear elements is connected to the electric
motor, preferably each of the two other gear elements is connected to separate electric
motors. When the gear element connected to the compressor wheel, for example, the sun
gear, is selected appropriately, the speeds of the two electric motors can be superimposed
on one another additively. This concept is also of particular advantage for the pot still
distillation system described above.

The invention is described in more detail below with reference to a drawing, in which

Fig. 1 shows a pot still distillation system for whiskey, and

Fig. 2 is a schematic view of a mechanical compressor, as can be used in the distillation

system in Fig. 1.



CA 02965864 2017-04-26

Fig. 1 shows a pot still distillation system for whiskey having two distillation pot stills 1, 3
distilling an alcoholic liquid in portions in two successive distillation stages. The distillation
pot still 1 (wash still), which is assigned to the first distillation stage, consists of copper and
has a base 5, which is covered at the top by a helmet-like, tapering top 7 and is connected to
a condenser 11 by means of an arm 9 (lyne arm), which condenser condenses the alcoholic
vapours which rise up when the alcoholic liquid 13 located in the base is heated. The
alcoholic liquid 13 is fermented wort (wash), which is heated up in a manner described
below, and the vapours of which condense on the top 7, the arm 9 and in the present case,
on external surfaces of a bundle of pipes, likewise consisting of copper, of the condenser 11.
The condensate (low wines) of the first distillation stage is supplied via a cooler 15to a
storage tank 17 from which the distillation pot still 3 for the second distillation stage is filled in
portions. The second distillation pot still 3 (spirit still) is similar to the first distillation pot still 1
and preferably likewise consists of copper and comprises a base 19, a top 21 and an arm 27
which supplies a condenser 25 with alcoholic vapours rising out of the alcoholic condensate
23 heated in the base 19. The distillation pot still 3 supplies three fractions, of which the
foreshot, as the first fraction, and the feint, as the third fraction, are introduced back into the
process when the distillation pot still 3 is next filled in order to be distilled again, while the

second fraction, as the potable alcohol, namely whiskey, is supplied to a storage tank 29.

The fermented wort in the first distillation pot still 1 circulates, in a manner driven by a
circulation pump 31, in a forced circuit 33 through a heat exchanger 35, which is supplied
with water vapour from a live steam source 37 in a manner described below for heating the
alcoholic liquid of the distillation pot still 1. Condensate occurring as water in the heat
exchanger 35 is drawn off at 39 and returned to the live steam source 37 for further heating.

The condenser 11 is cooled by cooling water, which is conducted in a forced circuit 41, the
circulation pump of which is shown at 43, through a separator 45, which removes the water
vapour forming in the condenser 11 from the cooling water circulating in the circuit 41 and
supplies said water vapour via a line 47 to a mechanical compressor, in particular a rotary
blower 49. The rotary blower 49 supplies pre-compressed water vapour to an intake port 51
of a steam jet pump 53 acting as a thermal compressor, which steam jet pump in turn is
operated by live steam from the live steam source 37, and supplies water vapour which is
post-compressed at 55 to the heat exchanger 35 for heating the distillation pot still 1.
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The mechanical compressor can also be a roots blower or a turbo compressor. The turbo
compressor is expediently operated at a speed greater than 20,000 1/min, however
preferably greater than 60,000 1/min, in particular at least 90,000 1/min. In the present
embodiment, the heat exchanger 35 is arranged outside of the distillation pot still 1 and is in
thermal contact with said distillation pot still via the forced circuit 33. It should be understood
that the heat exchanger 35 can also be arranged inside the distillation pot still for direct

thermal contact, in which case the forced circuit 33 is omitted.

The second distillation pot still 3 is likewise heated by live water vapour via a heat exchanger
57, by means of which the alcoholic condensate 23 is circulated in a forced circuit 61 in a
manner driven by a circulation pump 59. Here too, the heat exchanger 57 can be arranged
inside the distillation pot still 3, the forced circuit 61 thus being omitted, and can be in direct
thermal contact with the condensate 23.

In order to achieve consistent quality of the whiskey, the distillation pot still 1 should be
heated at an at least approximately constant mass vapour flow at the heat exchanger 35.
However, the condensation properties of the condenser 11 change over the course of the
distillation process and therefore so too does the pressure on the intake side of the
mechanical compressor, in this case the rotary blower 49. In a typical distillation process, the
pressure on the intake side of the mechanical compressor rises, for example, by -500
mbar(g) during vaporisation of fermented wort having a high alcohol concentration and low
condensation temperature and up to as much as -300 mbar(g) during vaporisation of
fermented wort having only low alcohol content. At the same time, however, the required
output pressure of the thermal condenser, i.e. of the steam jet pump 53, would increase from
200 mbar(g) to approximately 300 mbar(g), unless it was ensured elsewhere that the heat
exchanger 35 could be heated at a substantially constant mass vapour flow.

In order to achieve a substantially constant mass vapour flow, the motor speed of the rotary
blower 49 is reduced over the course of the distillation process by means of a contro! system
63 according to the reduction in alcohol concentration of the fermented wort. The reference
variable of the control system 63 can be the alcohol content of the alcoholic liquid 13 which
is heated in the distillation pot still 1; other parameters could, however, also be used for
managing the speed control, for example, the mass vapour flow rate at the inlet of the heat
exchanger 35 or the temperature and/or pressure at the inlet of the heat exchanger 35, as

indicated by a sensor 65.
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In order to ensure properties of the energy recovery which are as consistent as possible on
the one hand, and to prevent temperature-related damage to the rotary blower 49 on the
other hand, the housing temperature of the rotary blower 49 is kept constant within a
predetermined temperature range of, for example, 120 to 150 °C by means of a temperature
control system 67. The temperature control system 67 detects the housing temperature by
means of a temperature sensor 69 and controls the injection of water into the intake flow of

the rotary blower 49 by means of a valve 71.

In order to compensate for water losses in the forced cooling water circuit 41 owing to the
water vapour which is removed via the separator 45 for energy recovery, water is returned
into the forced circuit 41 via a line 73, which is optionally valve-controlled, from the water-
condensate side of the heat exchanger 35.

The rotary blower 49 increases the absolute pressure of the pre-compressed water vapour
at the intake port 51 of the steam jet pump 53 relative to the absolute pressure at the
separator 45 by a factor of 2 to 3. The temperature of the pre-compressed water vapour is
preferably increased in this case to more than 100 °C.

The steam jet pump 53 increases the absolute pressure of the post-compressed water
vapour at the inlet of the heat exchanger 35 relative to the absolute pressure of the pre-
compressed water vapour at the intake port 51 of said pump by a factor of 1.1 to 1.4,
preferably 1.2 to 1.3. The temperature of the post-compressed water vapour is increased in
this case relative to the temperature of the pre-compressed water vapour by a factor of 1.05

to 1.3, preferably by a factor of 1.1 to 1.25.

In a typical embodiment, there is a pressure of 1 bar(a) in the first distillation pot still at a
temperature of 92 to 97 °C. At the cooling water outlet of the condenser 11, the pressure is
0.5 to 0.65 bar(a) at a temperature of between 81 and 88 °C. The rotary blower 49 supplies
pre-compressed water vapour, for example at a pressure of 1 bar(a) and a temperature of
102 to 106 °C. The vapour jet pump 53 is operated by live steam from the live steam source
at approximately 12 bar and increases the pressure of the post-compressed water vapour to
approximately 1.2 to 1.3 bar(a) at a temperature of approximately 120 °C.
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In the case of the conventional structure of a mechanical compressor 49 designed as a turbo
compressor, the dimensions of the turbo compressor are relatively large. Its housing and its
compressor wheel are components which are welded together from individual parts.
Accordingly, such a turbo compressor is expensive. Fig. 2 is a schematic view of a
mechanical compressor 49', which is based on a compressor unit, as is available in large
numbers and cost-effectively in “turbochargers” of internal combustion engines. Such a
mechanical compressor has a housing 75 designed as a cast metal part and a compressor
wheel 77 designed as a milled part. Since the diameter of the compressor wheel of standard
“turbochargers” is relatively small, it is provided for the compressor wheel 77 to be driven by
at least one electric motor via a gear system 79. In the embodiment shown, the gear system
79 is designed as an epicyclic gear system, here in the form of a planetary gear system,
which in the conventional manner has three gear elements interconnected by a drive, 81, 83,
85, in the form of a sun gear, a ring gear and a planet carrier for gears connected to the sun
gear and the ring gear in the drive connection. The sun gear, the ring gear and the planet
carrier are rotatable relative to one another in a manner in which they are coaxial with one
another. While one of the gear elements, here the gear element 81, is coupled to the
compressor wheel 77, each of the other two gear elements 83, 85 is coupled to a separate
electric motor 87, 89, respectively. The gear element 81 is expediently the sun gear such
that the speeds of the gear elements 83, 85 can be superimposed on one another additively.
In this manner, the relatively high speeds described above of the compressor wheel 77 can
be achieved by conventional electric motors. It should be understood that one of the two
electric motors 87 or 89 can be omitted if one of the two gear elements 83 and 85,
respectively, is fastened in a stationary manner to the housing 75. The mechanical
compressor from Fig. 2 can be used instead of the compressor 49 of the pot still distillation
system from Fig. 1. It can, however, also be used for other distillation or vaporising systems,

for example, systems comprising continuously operating columns.
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Claims

1. Pot still distillation system, comprising

- a distillation pot still (1) having a base (5) set up to heat an alcoholic liquid (13), and a top (7)
which removes alcoholic vapours,

- a heating device which heats the alcoholic liquid (13) in the base (5) and has a heat exchanger
(35) which is in thermal contact with the alcoholic liquid (13) and is heated by water vapour, and
- a condenser (11) which condenses alcoholic vapour supplied from the top (7) and has a
cooling water circuit (41) which circulates cooling water across the condenser (11),
characterised in that

the cooling water circuit (41) comprises a separator (45) which removes water vapour from the
cooling water circuit (41),

and in that a mechanical compressor (49; 49') precompresses the water vapour removed by the
separator (45) and supplies said vapour to an intake port (51) of a steam jet pump (53) which is
driven by water vapour from a water vapour source (37) and post-compresses the pre-
compressed water vapour, said steam jet pump supplying the post-compressed water vapour to

the heat exchanger (35) for heating same.

2. Pot still distillation system according to claim 1, characterised in that the pot still

distillation system is whiskey.

3. Pot still distillation system according to claim 1 or 2, characterised in that a control
system (63) is assigned to the mechanical compressor (49; 49'), by means of which control

system the mass flow of pre-compressed water vapour can be adjusted.

4. Pot still distillation system according to claim 3, characterised in that the control system

(63) adjusts the speed of a drive motor of the mechanical compressor (49; 49').
5. Pot still distillation system according to either claim 3 or 4, characterised in that the

control system keeps the mass vapour flow of post-compressed water vapour substantially

constant.
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6. Pot still distillation system according to any one of claims 1 to 5, characterised in that the
mechanical compressor is designed as a rotary blower (49) or as a roots blower or as a turbo

compressor.

7. Pot still distillation system according to claim 6, characterised in that the speed of the

turbo compressor is greater than 20,000 1/min.

8. Pot still distillation system according to claim 7, characterized in that the speed of the

turbo compressor is greater than 60,000 1/min.

9. Pot still distillation system according to claim 7 or 8, characterized in that the speed of

the turbo compressor is greater than 90,000 1/min.

10. Pot still distillation system according to any one of claims 7 to 9, characterised in that the
turbo compressor (49") comprises a housing (75) designed as a cast metal housing part and a
compressor wheel (77) designed as a milled part and driven by an electric motor (87, 89) viaa

gear system (79).

11. Pot still distillation system according to claim 10, characterized in that the gear system is

a planetary system.

12. Pot still distillation system according to any one of claims 1 to 11, characterised in that a
temperature control system (67) is assigned to the mechanical compressor (49), which
temperature control system keeps the temperature of the mechanical compressor (49) within a
predetermined temperature range by injecting water on the intake side of the mechanical

compressor (49).

13. Pot still distillation system according to any one of claims 1 to 12, characterised in that
the mechanical compressor (49) increases the absolute pressure of the pre-compressed water
vapour relative to the absolute pressure at the separator (45) by a factor of 2 to 3 and/or

increases the temperature of the pre-compressed water vapour to more than 100 °C.
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14. Pot still distillation system according to any one of claims 1 to 13, characterised in that
the steam jet pump (53) increases the absolute pressure of the post-compressed water vapour
relative to the absolute pressure of the pre-compressed water vapour by a factor of 1.1 to 1.4,
and/or increases the temperature of the post-compressed water vapour relative to the

temperature of the pre-compressed water vapour by a factor of 1.05 to 1.3.

15. Pot still distillation system according to claim 14, characterised in that the increases of
the factor of the absolute pressure of the post-compressed water vapour relative to the absolute

pressure of the pre-compressed water vapour is 1.2 to 1.3.
16. Pot still distillation system according to claim 14 or 15, characterised in that the
increases of the factor of the temperature of the post-compressed water vapour relative to the

temperature of the pre-compressed water vapour is 1.2 to 1.25.

17. Pot still distillation system according to any one of claims 1 to 16, characterised in that

alcoholic liquid is aqueous fermented wort.
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