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(}l (57) Abstract: The invention relates to a method for regulating a compressor installation with at least one compressor element (6)

driven by a motor and, in the pressure conduit (11) thereof, a dryer (2) of the type comprising a pressure vessel (24) with a drying
zone (3) and a regeneration zone (4), and a rotor (25) continuously rotated in this pressure vessel (24) by a motor (33), which rotor
is filled with a regenerable drying agent. A portion of the compressed air is supplied, by means of a branch (15), to the regeneration
g zone (4) and, after cooling down and separation of the condensed water, is fed back to the pressure conduit (11). The speed of both
motors (9, 33) is regulated by a regulation device (13) in function of the pressure in the pressure conduit (11).

00



w0 02/38251 A1 0D 0000 OO O

ZW, ARIPO patent (GH, GM, KE, LS, MW, MZ, SD, SL, Published:

SZ, TZ, UG, ZW), Eurasian patent (AM, AZ, BY, KG, KZ, —  with international search report

MD, RU, TJ, TM), European patent (AT, BE, CH, CY, DE,

DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, TR),

OAPI patent (BE, BJ, CE, CG, CI, CM, GA, GN, GQ, GW,  For two-letter codes and other abbreviations, refer to the "Guid-

ML, MR, NE, SN, TD, TG) ance Notes on Codes and Abbreviations" appearing at the begin-
—  of inventorship (Rule 4.17(iv)) for US only ning of each regular issue of the PCT Gazette.



10

15

20

25

30

35

WO 02/38251 PCT/BE01/00187

1

Method for regulating a compressor installation with a
dryer and compressor installation used therewith.

This invention relates to a method for regulating a
compressor installation with at least one compressor
element and, in the pressure conduit thereof, at least
one cooler, at least one water separator and a dryer of
the type comprising a pressure vessel with a drying zone
and a regeneration zone, a vrotor rotating in this
pressure vessel, which rotor is filled with a regenerable
drying agent, whereby the compressor element 'is driven by
an electric motor, a portion of the compressed air
delivered by this compressor element is branched off in
the cooler before being cooled, is supplied, by means of
a branch, towards the regeneration zone and, after
cooling down and separation of the condensed'water, is
fed back to the pressure conduit, and whereby the rotor
in the dryer is continuously ‘rotated by means of an
electric motor, such that the drying agent is continuous-
ly moved from the drying zone to the regeneration zone
and back to the drying zone.

Compressor installations provided with an adsorption
dryer are described, for example, in, the patent documents
US~A-5.385.603 and GB-A-1.349.733.

In these compressor installations, the compressor element
as well as the rotor are continuously driven at the same
sSpeed.

This means that the flow rate delivered by the compressor
element remains constant or varies only within certain

limits.

Increasingly, however, use 1is made of energy-saving
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compressor installations, whereby the flow rate delivered
by the compressor element is adjusted to consumption. The
compressor element thus is driven at a varying speed in
function of said flow rate, as a result of which the
power consumed by the motor of the compressor element can

be restricted to a minimum.

This is achieved, for example, by driving the compressor
element by an electric motor which is controlled by a

frequency converter.

As the flow rate may vary within a broad range of 20% to
100%, these energy-saving compressor installations can
not comprise a dryer of the aforementioned type. With a
low flow rate delivered, the flow rate through the

regeneration zone is too small to allow for a sufficient

' regeneration of the drying agent within the period of

time during which the latter is present in the

regeneration zone.

Due to the high dew point, an insufficient regeneration
results in a shorter service life of the dryer.

The invention aims at a method for regulating a compres-
sor installation with a dryer of the type described in
the first paragraph, which allows to save energy.

According to the invention, this aim is achieved in that
the speed of the motor driving the compressor element is
regulated in function of the consumption of compressed
gas, whereas the speed of the motor driving the rotor of
the dryer is regulated in function of at least oOne
parameter of the compressed gas which is fed through the

dryer.

The speed of the motor of the compressor element can be
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regulated such that the pressure measured at the outlet
of the compressor element or at the outlet of the dryer
remains almost constant.

The speed of the motor driving the rotor of the dryer
also can be regulated in function of the consumption of
compressed air.

Thus, the motor driving the compressor element, as well
as the motor driving the rotor of the dryer can be
regulated by one and the same regulation device in

- function of the consumption.

To this aim, this regulation device can regulate in
function of the pressure prevailing in the pressure
conduit, either between the compressor element and the
dryer, preferably between the water separator and the
dryer, or at the outlet of the dryer, whereby then the
measured pressure is the parameter. - ‘

In another form of embodiment, the speed of the motor of
the rotor of the dryer is regulated in function of the
temperature drop in the regeneration zone of the dryer,
whereby thus the temperatures at the inlet and outlet of
the regeneration zone form the parameters for regulating
the speed of the motor of the rotor.

The invention also relates to a compressor installation
which is particularly suitable for applying said method.

The invention thus also relates to a compressor installa-
tion with at least one compressor element, driven by ah
electric motor, and in the pressure conduit of said
element at least one cooler, at least one water separator
and a dryer of the type comprising a pressure vessel with
a drying zone and a regeneration zone, a rotor rotating
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in this pressure vessel, which rotor is filled with a
regenerable drying agent, and an electric motor for
continuously rotating said rotor, such that the drying
agent successively is moved through the drying zone and
the regeneration zone, whereby a branch extends from the
portion of the pressure conduit, situated between the
compressor element and the cooler, towards the inlet of
said regeneration zone, and a return conduit extends over
a cooler and a second . water separator from the outlet of

said regeneration zone towards the pressure conduit.

According to the invention, said compressor installation
is characterized in that the motor driving the compressor
element as well as the motor driving the rotor is a motor
with adjustable speed, whereby the motor driving the
compressor element is coupled to a regulation device
which regulates the speed of this motor in function of
the cohsumption, whereas the motor driving the rotor of
the dryer also is coupled to a regulation device which
regulates the speed of this motor in function of at least
one parameter of the compressed gas which is fed through
the drying zone or the regeneration zone of the dryer.

The motor driving the compressor element, as well as the
motor driving the rotor of the dryer can be coupled to
one and the same regulation device which regulates the
speed of both motors in function of the consumption.

To this aim, this regulation device preferably is coupled
to a pressure gauge installed in the pressdre conduit,
either between the compressor element and the dryer,
preferably between the water separator and the dryér, or
at the outlet of the dryer, whereby then the measured
pressure is the parameter. |

When the consumption of compressed air increases, the
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pressure measured by the pressure gauge will tend to
drop, as a consequence of which the regulation device
will have the motor of the compressor element go faster
and the air production or air flow rate consequently
increases. The regulation device provides for that the

pressure remains constant.

In another form of embodiment of the 1nvent10n, the
regulatlon device regulating the speed of the motor which
drives the rotor of the dryer, is coupled to temperature
meters situated upstream or downstream from the

' regeneration zone of the dryer, respectively.

The compressor installation may comprise a multistage
compressor with more than one compressor element. In this
case, the compressor element intended in the aforegoing
is the last or the high-pressure stage.

With the intention of better showing the characteristics

of the invention, hereafter, as an example without any

limitative character, four preferred forms of embodiment

of a method for regulating a compressor installation with
a dryer and a compressor installation used therewith are
described, with reference to the 'accompanying drawings,
wherein:

Figure 1 schematically represents a compressor

installation with a dryer according to the invention:

Figure 2 represents a diagram with ‘the speed of the

rotor in function of the delivered flow rate;

Figure 3 represents the dew‘point of the'outgoing‘dry
~air in function of the flow rate, with a constant as

well as a variable rotor speed;

Figures 4 and 5 schematically represent a compressor

installation analogous to that of figure 1, however,

relating to two other forms of embodiment.
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The compressor installation with dryer, represented in
figure 1, substantially comprises a two-stage compressor
1 and a dryer 2 with a drying zone 3 and a regeneration

zone 4.

The two-stage compressor 1 comprises a low-pressure
compressor element 5, a high-pressure compressor element
6 with in between an intermediate cooler 7, followed by a
water separator 8, and a drive consisting of an electric
motor 9 and a transmission 10 for driving the two
compressor elements 6 and 7.

To the outlet of the two-stage compressor 1, the pressure
conduit 11 is connected, in which a pressure gauge 12 is
installed which 1is coupled to a regulation device 13
which, by means of a frequency converter 14, regulates
the number of revolutions of the motor 9 in function of
the pressure measured by the pressure gauge 12 or, in
other words, of the consumption of compressed air.

Still before the pressure gauge 12, a branch 15 is
connected to the pressure conduit 11, which branch gives
out to the inlet of the regeneration zone 4 of the dryer
2 and which comprises a throttle valve 16. The pressure
of the compressed air entering the regeneration zone 4
can be regulated by the throttle valve 16.

Further, a cooler 17, a water separator 18, an ejector
pipe 19 and a second water separator 20 are installed in
the pressure conduit 11 before the pressure conduit gives
out into the inlet of the drying zone 3 of the dryer 2.

A return conduit 21 connected to the outlet of. the
regeneration zone 4 gives out in the low-pressure zone of
the ejector pipe 19. In this return conduit 21, between
the regeneration zone 4 and the ejector pipe 19,
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successively a cooler 22 and a water separator 23 are
installed.

The dryer 2 is of the type comprising a pressure vessel
24 in which a rotor 25 is rotatably installed, which
rotor consists of a bundle of tubes which are filled with
regenerable drying agent, such as, for example,; silica

gel.

The pressure vessel 24 is separated into a drying zone 3
and a regeneration zone 4, and to this end the
extremities of the pressure vessel 24 are separated in
two compartments, by means of partitions 26 and 27.

In the figure, the pressure vessel 24 and the rotor 25
are installed vertically, and the two compartments 28 and
29 which are situated below and above the rotor 25,
respectively, form part of the drying zone 3.

The pressure conduit 11 gives out in the compartment 28,
whereas the compartment 29 is provided with an outlet 30
for connecting the compressed air net for the consumers.
The portion of the rotor 25 situated between these

compartments 28 and 29 thus is situated in the drying

zone 3, and the drying agent present in this portion
therefore is used for drying the compressed air..

In an analogous manner, the compartments 31 and 32"which,

in the figure, are situated above and below the rotbr’25,
respectively, form part of the regeneration zone 4, as
well as the portion of the rotor 25 situated between
these compartments 31 and 32.

The branch 15 gives out in the compartment 31, whereas
the return valve 21 starts from the compartment 32.
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The rotor 25 is continuously rotated around its axis by

an electric motor 33.

The motor 33 is controlled, by the intermediary of a
frequency converter 34, by the regulation device 13 in
function of the number of revolutions of the motor 9.

The control of the compressor installation is performed
as follows:

By means of the frequency converter 14, the regulation
device 13 regulates the number of revolutions of the
motor 9 in function of the consumption. When the consump-
tion of compressed air increases, then the pressure
measured by the pressure gauge 12 will start to drop.
Therefore, the regulation device 13 immediately provides

- for that the frequency of the frequency converter 14 is

increased and the motor 9 rotates faster, such that the
air yield or the air flow rate Q increases and the
pressure again rises to its initial value and therefore,
seen over a period of time, practically remains constant.

The ratio between the speed of the motor and the flow
rate Q is linear. With a frequency of, for example, 60
Hz, the speed of the motor is maximum, and the two-stage
compressor 1 delivers its maximum flow rate. With a
frequency of, for example, 20 Hz, the speed of the motor
and the flow rate are minimum, for example, 30% of the
maximum.

Via the branch 15, one to 40% of said flow rate is
branched off and supplied to the regeneration zone 4,
where the hot compressed air provides for the regenera-
tion of the drying agent. This moisture-laden compressed
air is directed over the cooler 22, where a part of the

taken-up moisture condenses. The condensate is separated
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The air, which now is dryer and cold, is blended in the
ejector pipe 19 with the not-branched off compressed air
which has been cooled in the cooler 17 and from which the
condensate has been separated in the water separator 18.

Possible droplets which still 'are present are separated
from the mixture in the water separator 20 before being
dried in the drying zone 3.

The rotor 25 is continuously rotated, such that drying
agent from the drying zone 3 is continuously brought into

the regeneration zone 4.

This rotation, however, is not performed at a constant
speed, but also is regulated, by the intermediary of the
frequency converter 34, by the regulation device 13.

The number of revolutions N of the motor 33 and, there-
fore, of the rotor 25 is regulated such that the pressure
measured by the pressure gauge 12 remains constant, which
means that this number of revolutions in fact is
regulated in function of the consumption or, in other
words, the flow rate Q. Thus, the number of revolutions N
of the motor 33 in fact is parallel to the flow rate Q,
as represented in figure 2, in which this number of
revolutions N is represented in revolutions per minute,
in function of the flow rate Q in liters per second.

In consideration of the fact that also the mbtdr 9 is
regulated in function of the flow rate Q or, in other
words, the consumption of compressed air, the motors 9
and 33 in practice are regulated in a similar manner,
which therefore may' be performed by one and the same
regulation device 13.
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When, thus, the flow rate Q of the compressed air drops
as a result of a lower speed of the motor 9, there is a
smaller air flow rate available for regeneration in the
dryer 2. In order to still be able to regenerate an équal
volume with drying agent, the rotor 25 is rotating slower
as the motor 33 is running slower, such that the limited
flow rate of air for the regeneration now is given more

time for performing such regeneration.

Also in the drying zone 3, with a dropping compressed air
flow rate Q less compressed air is supplied, however, as
a result of the lower speed of the rotor 25, the compres-
sed air remains in longer contact with the drying agent.

With any consumption or air flow rate Q delivered by the
two~-stage compressor 1, regulation device 13 chooses the
optimum speed for the rotor 25, such that drying and
regeneration is performed in a sufficient manner.

Thus, the dryer 2 can operate efficiently, this is with a
sufficiently low dew point of the dried air at the outlet
of dryer 2, with a broad range of air flow rates Q.

With a constant number of revolutions N of the rotor 25,
this would not be the case, as is represented in figure

3, in which the dew point in °C is represented for the

outgoing dry air in function of the flow rate Q delivered
by the compressor 1 in l/s, with a constant speed of the
rotor 25 (line 35) and with a speed regulated in the
manner described heretofore (line 36), respectively.

In this latter case, the dew point ‘varies relatively
little and remains sufficiently low for different flow

rates Q.

In another form of embodiment, the pressure in the
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pressure conduit can be measured at the outlet of dryer 2

instead of between the compressor 1 and said dryer 2.

Thus, in figure 4 a form of embodiment of the compressor
installation is represented which only differs from the
one according to figure 1 in that the pressure gauge 12
coupled to the regulation device 13 is replaced by a
pressure gauge 37 which is installed at the outlet 30 of
the compartment 29 and, therefore, at the outlet of dryer
2.

Also in this embodiment, the regulation device 13
regulates the speed of the motors 9 and 33 such that the
pressure remains approximately constant and, therefore,
in function of the consumption of compressed air.

Instead of using the pressure in the préssure conduit as
a parameter for regulating the speed of motor 33 driving
dryer 2, other parameters may be used, such as parameters
which are a measure for the quality of the regeneration
process in the regeneration zone 4.

An indication of this quality is the temperature

‘difference AT = Ty, - T; between the inlet and the outlet

of the regeneration zone 4. During the regeneration
process, the compressed air, which flows into the dryer
and, thus, the regeneration zone 4, at a temperature Ty,
cools down to a temperature T, which it has at the outlet
of this regeneration zone 4.

The larger the temperature difference AT, the less
regeneration still is possible. '

Generally, it is presumed.‘that, in order to obtain a
sufficient regeneration, this temperature difference
maximum may be 70°C, whereas the temperature at the
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outlet of the regeneration zone 4 must be minimum 60°C.

An insufficient regeneration results in a disadvantageous
dew point and a short service life of the rotor 25 of the
dryer 2.

The speed of the motor 33 driving the rotor 25 now can be
regulated by means of a separate regulating device 38 in
function of this temperature difference AT.

In figure 5, a compressor installation is represented
differing from that according to figures 1 and 4 in that
it comprises a separate regulation device 38 which
regulates the speed of the motor 33 by means of'frequency
converter 34 and which is coupled to a temperature meter
39 which is installed downstream of the regeneration zone
4, to wit in the branch 15, before compartment 31, and to
a temperature meter 40 which is installed downstream of
regeneration zone 4, to wit in the return conduit 21,

beyond compartment 32.

The speed of the motor 9 of the compressor 1 remains
regulated by the regulation device 13 in the above-
described manner, however, the speed of motor 33 is
regulated by regulation device 38 in function of the
difference between the temperature T; measured by the
temperature meter and the temperature T, measured by

temperature meter 40.

In still another form of embodiment, the dew point may be
used as a parameter for regulating the speed of motor 33,
in which case the regulation device 38 is coupled to a
dew pdint meter. '

The compressor 1 does not necessarily have to be‘é‘two—
stage compressor. It may, for example, comprise only one
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compressor element 6.

The driving of motor 25 must not necessarily be performed
axially, such as represented. The rotor 25 can be
provided at its circumference with teeth and can be
driven by means of a gearwheel transmission and those
teeth. The motor then may be installed next to the

pressure vessel 24.

This pressure vessel 24 does not necessarily have to be
installed vertically. It may also be in horizontal
position.

The invention is in no way 1limited to the forms of
embodiment described in the aforegoing and represented in
the figures, on the contrary, such method for regulating
a compressor installation with a dryer and compressor
installation used therewith may be realized in various
variants, without leaving the scope of the invention.
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Clainms.

1.~ Method for regulating a compressor installation with
at least one compressor element (6) and, in the pressure
conduit (11) thereof, at least one cooler (17), at least
one water separator (18) and a dryer (2) of the type
comprising a pressure vessel (24) with a drying zone (3)
and a regeneration 2zone (4), a rotor (25) rotating in
this pressure vessel (24), which rotor is filled with a
regenerable drying agent, whereby the compressor element
(6) is driven by an electric motor (9), a portion of the
compressed air delivered by this compressor element (6)
is branched off in the cooler (17) before being cooled,
is supplied, by means of a branch (15), to the regenera-
tion 2zone (4) and, after cooling down and separation of
the condensed water, is fed back to the pressufe conduit
(11), and whereby the rotor (25) in the dryer (2) is

‘continuously rotated by means of an electric motor (33),

such that the drying agent is continuously moved from the
drying zone (3) to the regeneration zone (4) and back to
the drying zone (3), characterized in that the speed of
the motor (9) driving the compreésor element (6) is
regulatéd in function of the consumption of compressed
gas, whereas the speed of the motor (33) driving the
rotor (25) of the dryer (2) is regulated in function of
at least one pérameter of the compressed gas which is fed
through the dryer (2). ‘

2.- Method according to claim 1, characterized in that
the speed of the motor (9) of the compressor element (6)
is regulated such that the pressure measured at the
outlet of the compressor element (6,7) or at the outlet
of thé dryer (2) remains approximately constant.

3.~ Method according to claim 1 or 2, characterized in
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that the speed of the motor (33) driving the rotor (25)
of the dryer (2) 1is regulated in function of the
consumption of compressed air.

4.- Method according to claims 2 and 3, characterized in
that the motor (9) driving the compressor element (6) as
well as the motor (33) driving the rotor (25) of the
dryer (2) are regulated by one and the same regulation
device (13) in function of the consumption.

5.— Method according to claim 4, characterized in that
this regulation device (13) regulates the speed of the
motors (19 and 33) in function of the pressure prevailing
in the pressure conduit (11), either between the
compressor element (6) and the dryer (2), or at the
outlet of the dryer (2), whereby then the measured
pressure is acting as the parameter.

6.— Method according to any of the claims 1 or 2, charac-

'terized in that the speed of the motor (33) of the rotor

(25) of the dryer (2) is regulated in function of the
temperature drop in the regeneration 2zone (4) of the,
dryer (2), whereby thus the temperatures at the inlet and
the outlet of the regeneration zone (4) form the
parameters for the regulation of the speed of the motor
(33) of the rotor (9). |

7.~ Compressor installation with at least one compressor
element (6) driven by an electric motor (9) and in the
pressure conduit (11) of said element at least one cooler
(17), at least one water separator (18) and a dryer (2)
of the type comprising a pressure vessel (24) with a
drying zone (3) and a regeneration zone (4), a rotor (25)
rotating in this pressure vessel (24), which rotor is
filled with a regenerable drying agent, and an electric
motor (33) for continuously rotating this rotor (25),
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such that the drying agent successively is moved 'through
the drying zone (3) and the regeneration =zone (4),
whereby a branch (15) extends from the portion of the
pressure conduit (11) which is situated between the
compressor element (6) and the cooler (17) towards the
inlet of said regeneration zone (4), and a return conduit
(21) extends from the outlet of this regeneration zone
(4) over a cooler (22) and a second water separator (23)
back to the pressure conduit (11), characterized in that
the motor (9) driving the compressor element (6), as well
as the motor (33) driving the rotor (25) is a motor with
adjustable speed, whereby the motor (9) driving the
compressor element (6) is coupled to a regulation device
(13) which regulates the speed of this motor (9) in
function of the consumption, whereas the motor (33)
driving the rotor (25)‘of the dryer (2) also is coupled
to a regqulation device (13,38) which regulates the speed
of this motor (9) in function of at least one parameter
of the compressed gas which is fed through the drying
zone (3) or the regeneration zone (4) of the dryer (2).

8.~ Compressor installation according to claim 7, charac-
terized in that the motor (9) driving the compressor
element (6), as well as the motor (33) driving the rotor
(25) of the dryer (2) are coupled to one and the same
regulating device (13) which regulates the speed of both
motors (9,33) in function of the consumption.

9.- Compressor installation according to claim 7 or 8,
characterized in that the regulating device (13) is
coupled to a pressure dJauge (12) installed in the
pressure conduit (11) between the compressor element (6)
and the dryer (2), preferably between the water separator
(18) and the dryer (2), or at the outlet of the dryer
(2), whereby then the measured pressure is the parameter.:
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10.- Compressor installation according to claim 7 or 8,
characterized in that the regulation device (13) is
coupled to a pressure gauge (12) installed in the
pressure conduit (11) at the outlet of the dryer (2),
whereby then the measured pressure is the parameter.

11.- Compressor installation according to claim 7 or 8,
characterized in that the regulation device (14) regula-
ting the speed of the motor (33) which drives the rotor
(25) of the dryer (2), is coupled to temperature meters
(39,40) which are situated upstream and downstream of the
regeneration zone (4) of the dryer (2), respectively.

12.- Compressor installatibn according to any of the
claims 7 to 11, characterized in that it comprises a
multistage compressor with more than one , compressor
element and that said compressor element (6) driven by
the motor (9) is the last or the high~-pressure stage.

13.- Compressor installation according to any of the
claims 7 to 12, characterized in that it comprises an
ejector pipe (19) in the pressure conduit (11), after the
cooler (17) and the water separator (18), and that the
return conduit (21) gives out onto the vacuum portion of
said ejector pipe (19).
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