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Compresgsor installation and method for elivering a

compressed gas.

The present invention relates tce a device for supplying

compressed gas.

Compressor installations are already known which are

let pipe for

provided with a compressor device, an ou
compressed gas and a dryer connecting to said outlet pipe
c¢f  the type which uses a desiccant for drying the
compressed gas coming from the compressor device, whereby

the dryer 1s provided with a drying section and a

regenaration section.

The drying section is provided with a desiccant for drying
the compressed gas which is guided through it and is
provided with an entry which connects to said cutlet pipe
of the compressor device, and with an exit which also
serves as the compressor installation outlet for supplying
compressed and dried gas to a downstream network to which

compressed gas consumers can be connected.

When the compressed gas to be dried flows through the

degiccant in the drying section, moisture from the

compressed gas 1s taken up into the desiccant by adsorption
or absorption.

In the regeneration section, as is known, desiccant is

regenerated which has already been wused for drying
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compressed gas and  which is saturated or partially

saturated with moisture extracted from the gas to be dried.

The desiccant in the regeneration section is hereby
regenerated by means of a regeneration gas which 1s guided
through it wvia an entry and an exit of said regeneration

section.

For liquid~frese compressor devices, a so-called “heat of
compression” dryer (HOC-dzyer) can be used, whereby the
regeneration gas 1s directly tapped off from said
compressor  device  outlet pipe, for example at the

compregsor gdevice ocutlet.

The tapped off regenseration gas has a sufficiently high
temperature to be able to take up wmolsture from the

desiccant te be regenerated.

A digadvantage of such known device 1z that the
regeneration gas has a high absclute humidity and that
after regeneration the desiccant still contains a certain
amount of moelisture, such that when it is used at a later
stage for drying gas, it has a reduced capacity to take up
molsture and therefore needs to be regenerated again

Sooner.

In addition, liguid-injected compressor devices do not lend

themselves to the use ¢f compressicn heat for regeneration,

{

3

because the temperature at the compressor device outlet
will typically be much lower here, such that the compressed
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gas would not e able to dry the desiccant toe be

regenerated, or not sufficiently.

Another disadvantage in ligquid-inijected compressor devices
iz that the compressed gas at the cutlet of the compresscr
device contains a certain amount of liguid which can

contaminate the desicoant.

A sclution to aveid the contamination of the desiccant is
to gulide the entire flow of compressed gas coming from the
compressor  device  to  the drying section, after the
compressed gas is first cooled and passed through a liguid

separator.

Subsequently, regeneration gas can be tapped off at the
drying section cutlet, saild regeneration gas being heated
by means of a hesat exchanger, for example by using the heat
of the compressed gas at the compressor device cutlet or by

using the heat of the injected liguid.

& problem that occurs in such approach is the fact that,
for the operation of the compressor device and the lifetime

>f  the liquid, the temperature of the liguid at the

o

comprassor device outlet must be kept as low as possible,
preferably under 80°C, whereas, to be able to properly
regenerate the desiccant, the vemperaturs of the
regeneration gas is preferably higher than 100°C and even

more preferable hicher than 120°C.
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The purpose of Lhe present invention is to provide a
sclution to one or more of the aforementicned and other

disadvantages.

To this end the present invention relates to a compressor
instaliation provided with a liguid-injected compressor
device with at least one liguid-injected compressor

iet pipe connected to an cutlet of the

element, an ou
compresscr element, whereby a liguld separator is mounted
in the outlet pipe which comprises an inlet and an outlet
for compressed gas and an outlet for separated liguid and
with a dryer connected to said ocutlet pipe of the type that
uzes a desiccant for drying compressed gas coming from the
compressor device, whereby the dryer 1s provided with a
drying section and a regeneration section with an entry and
an exit for regeneration gas, whersby a regeneration pipe
iz connected to the entry of the regeneration secticon,
whereby in sald regeneration pipe a heat exchanger is
provided for heating the regeneration gas with a primary
gection through which the regeneration gas is guided,
characterised in that a secondary section of said heat
exchanger is mounted in the compresser device and that the
compressor installation ils further provided with means to
regulate the amount of liquid injected in the compresscr

slemant,

This provides the advantage that by regulating the liquid

o
(DR

inje on in the compressor element, the temperature at the
outlet of the compressor element, of both the liguid and

the gas, can be regulated.
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By, £for exampie, injecting less liguid, the temperature

will be higher, such that more heat is available to heat

the regeneration gas.

By integrating said secondary section in the outlet pige or
allowing it to connect to sald outlet for the separated
liguid, the heat of the gas, respectively the liguid, can

ve used for heating the regeneration gas.

Another advantage is that by mesns of the heat esmchanger,
heat will be remowved, such that there is no nee for a
separate liquid coocler or aftercocler for the compressed
gas for removing this heat or that said cooler can be much

smaller in size.

The operation of such compresscor installation is comparable

with the known devices for drying compressed gas, whereby

the compressed gas ls gulided through the drying section.
Said dryer can be executed in different ways and can for

example consist of one housing in which both the drying
section and the regeneration section are located or can
congist of two or more vessels at least one

a2 drying section and at least one forms the regeneration

section.

The means to regulate the amount of liguid injected in the
compressor element or in other words the means to regulate
the liguid injection, can be ewecuted in different wavs,

for example by an adjustable valve or adiustable nozzle.
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n a practical embodiment, the compressor installation is
revided with a control unit to control said means, whereby
the contrel unit will regulate the amount of injected
liguid based on one or more of the following criteria:
- the reguired temperature of the gas or the liguid at
the outlet;
- the reqguired temperature of the gas at the inlet or
the oublet of the regeneration section;
the required dew point;
- the temperature and/or the humidity of the
environmant;
- the temperature, humidity and/or pressure at the
inlet of the drver;
~ the stage of the dryer;
~ the run time and/or the lcaded and/or unlcaded time
of the compressor device

-~ the speed of the drive.

It is alsc possible that the control unit will regulate the
amount of injected liquid by reducing the liquid injection
at regular periods of for example one hour, over a fixed
time, for example ten minutes, such that the temperature is
temporarily increased at the outlet toe thus be able to

properly regenerate the desiccant at regular periods.

If the desiccant is mounted in a dryver which comprises
different wessels, the liguid injection can be reduced at
the end of the regeneration step of a vessel to increase

the temperaturs for a final regeneration.
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Preferably, the liquid injection will be reqgulated based on
the temperature of the regensration gas reguired for drying

the desiccant.

The invention also relates to a method for supplying
compressed gas coming from a liguid-injected compressor

device with at least cne liguid-injected compressor alement

A

with a compressed gas outlet, whersby the compressed gas is

€

guided through a desiccant in a drying section for drying
the compressed gas and whereby said desiccant is
subsequently regenerated in a regeneration section by means
of a regeneration gas which is guided through said
regeneraticn section, characterised in that the method
comprises the step of heating the regeneration gas before
it is guided through said regeneration section, using the
heat at the liguid-injected compressor device outlet and
whereby the method further comprises the step of regulating
the amount of liguld that is injected in the compressor

elemant.

An advantage of such method 1s that a sulficientiy high
temperature c¢an be reached for the regeneration gas, such
that all or practically all the moisture can be adsorbed or
absorbed, <onsidering that by regulating the amount of
iiguid which is injected the temperature at the cutlet of
the compressor device can be controlied. In this way it is

possible to ensure sufficient heat is available such that

the regeneration gas is sufficientliy heated.

Preferably, the amocunt of injected liguid is regulated

based on one or more of the following criteria:
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- the reguired temperature of the gas or the liguid at
the cutlet;
~ the regquired temperature of the gas at the inlet or
the outlet of the regeneraticn sectilon;
5 ~- the required dew point;
- the temperature and/or the humidity of the
enviroenmant;
- the temperature, humidity and/or pressure at the
inlet of the dryer;
i0 - the stage of the dryer:;
~ the run time and/or the loaded and/or unloaded time
of the compressor device:

~ the speed of the drive.

feud
83
L]

it is also poessible to regulate the amount of injected
liguid by reducing the liguid injection at regular periods
of for example one hour, over a fiwed time, for example ten
minutes, such that the temperature is temporarily increased
at the outlet to thus be able to properly regenerate the

20 desiccant at regular periods.

If the desiceant is mounted in & dryer which comprises
different vessels, the liguid injection can be reduced at

the end of the regeneration step of a vessel to increase

Wt
[921

the temperature for a final regeneration.

In a preferred embodiment a device accerding to the

invention 18 usad to executs the method.

3¢ The invention also relates to an alternative method

according te claim 22, pessibly in combination with claim
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23  or 24, This alternative metho offers the same
advantages ag the method according to the invention as

described above,

The present invention also relates to an alternative

compressor installation according to one or more of the

N

claims 25 to 4Z. This alternative compressor installation
also shows similar advantages as the SORPressor

instaliation according te the invention as describesd above.

With the intention of better showing the characteristics of
the inventiocn, a few preferred variants of a compressor
installaticn according to the invention as well as a metho
according to the invention for supplving compressed gas are
described heresinafter by way of an example without any
limiting mnature, with reference to the accompanying

drawings, wherein:

figure 1 schematically shows a compressor installation
according toe the invention:

figure 2 shows an alternative embodiment of figure 1;
figures 3 and 4 show variants of figure 2:

figure 5 schematically shows a compressor installation
according to the invention;

figure € shows an alternative embodiment of figure 3,

figures 7 and 8 show varliants of figure &.

The compressor installation 1 accerding to the invention
schematically shown in figqure 1 comprises a compressor
device 2 with in this case one compressocr element 3 which

ig driven by a drive 4 in this case.
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The drive 4 iz for example an electric motor, but can also
be another type of drive such as a thermal motor, a turbine

wheel or the like.

It is not excluded that the compressor device 2 comprises

one compresscr element 3 and/or more than one

I [

¥ The compressor device 2 comprises an outlet pipe 5 which is

connectead to the outlet 6 of the compressor element 3.

b 4

An aftercooler 7 is mounted in said outlet pipe 5 for

cooling the compressed air, however, this iz not necessary

15 fer the invention. Downstream from saild aftercooler 7, a

1

tiguid separator can possibly be mounted in the ocutlet pipe

1

It
e

According to the invention, the compressor device 2 is a
20 liguid-injected compressor device 2, whereby a liguid, for
example o0il, is injected in the compressor element 3. It is
also possible that another type of liguid is inijected, such

az walter or a polymer,

25  In said outlet pipe 5, upstream from said aftercooler 7, an

oll separator § is mounted with a compressed gas inlet 9a

©

and outlet 8b and an outlet 10 for separated oil.

Downstream from the aftercocler 7, a filter 11 is also

3¢ mounted in the outlet pipe 5.

10
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The compressor device 1 further comprises a so-called

(€8]

regeneraticn section 13a, saild section being part of 2
dryer 12, which in addition to the regeneration section 13a
alsc comprises a drying section 13b.

Both in the regeneration section 132 and in the drying

section 13b, a desiccant 14 has been added.

In the example shown, the dryer 12 is provided with a

%

housing 16 within which the drving section 13b and the

regeneration section 13a are located.

A drum 16 containing the desiccant is arrangsd in the
housing 15, said drum 16 being connected to driving means
17 such that the desiccant 14 can be nmoved successively

through the desiccant 13b and the regeneration section 13a.

The degiccant 14 in the drying section 13k will be used for
drying the compressed gas which is guided through it and to
this end the drying section 13b iz in this case provided
with an entry 18a which connects to said ocutlet pipe 5 of
the compressor device 2 and with an exit 18b which serves

as an outlet for supplying compressed and dried gas.

In this case the entire flow of compressed gas coming from
said compresscr slement 3 is gulded te the sntry 18a of the

drying section 13b.

According to the invention the regeneratlon section 132 is
provided with an entry 1% and an exit 1% and a
20 connected to the entry for guilding a

regeneration gas through the regeneration section 13z to be

11



WO 2020/217156 PCT/1B2020/053716

able to regenerate moist desiccant 1

e

located in the

regeneration section i3a.

A heat exchanger 21 is provided in this regeneration pipe
5 20 to heat the regeneration gas with a primary section 22a
through which the regeneratlon gas is guided, whereby the
secondary section 2Z2b of this heat exchanger 21 is mounted

in the compressor device 2.
i0 In the example of figure 1 the outlet 10 for separated
liguid is connected to the secondary section 22k of the

heat exchanger 21,

This means that the warm separated oil is guided to the

Y
(&)

sacondary section 22b, such that this o¢ll c¢an heat the
regeneratlion gas that flows through the primary section

22a.

According to the invention the compresscor installation 1 is
20 further provided with means 23 to regulate the amcunt of

ligquid injected in the compressor element 3.

These meansg 23 can be executed in different ways. In this

case by an adiustable wvalve 24, which can control the

supply of oil. This could alsc be an adjustable nozzle.

3]
(o

The adjustable valve 24 13 provided with a control unit 25

to control it.

30 As can be deduced from figure 1, the oil separator 8, the

secondary section 22k of the heat exchanger 21 and said

12
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means 22 form an injection cirvcult 26. It is not excludad
that in this injection circult 26, for example downstream

from the heat exchanger 21, an oil cooler is mounted.

5 In the example shown, the regeneration pipe 20 is connected
to the exit 18b of the drying section 13k via a tap off
pipe 27 for tapping off regeneration gas at the exit 18b of
the drying section 13h. In other words, part of the dried
compressed gas 1ls used as regeneration gas.

10
The exit 1%k of the regeneration section 13z is connected
via a return pipe 28 to the outlet pipe 5 of the compressor

device 2 at 2 point P near the entry 18a of the dryving

A cooler 2% 1s mounted in sald return pipe 28 for cooling
the regeneration gas after regenerating as well as a liguid
separator 28%a to be able to remove ypossibkly condensed
liguid.

20
The cutlet pipe 5 is alsce connected to the return pipe 28

via a venturi 30.

Instead of a venturi ejector, a so-called blower or booster
25 could alsoc be used for the recombination of the used

regeneration gas with the gas to be dried.

The operation of the compressor installaticon 1 is wvery

simple and as follows,

30 The compresscr element 3 will compress gas, for example

ailr, in the known way.

13
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During the operation, oll will be injected in the

compressoer element 3 for the lubrication, coooling and

sealing thereof.

The temperature of the gas and the oil at the outlet 6 of
the compressocr element 3 will, among other things, depend

on the amount of il injected.

Via the contrel unit 2% the amount of oil injected by the
adjustable wvalve 24 will be regulated based on the
temperature of the regeneration gas nesded for drying the
desiccant 14.

A minimum temperature of the ¢il at the cutlet 6 w:

1
correspond with this reguired temperature of the

regeneration gas, for example at least 10¢°C.

The contrel unit 25 thus ensures that just encugh liguid is
injected such that the oil at the outlet & reaches a

temperature of 100°C.

The compressed gas will pass via the cutlet pipe 5 through
the oll separator B for separating the injected oil Ffrom

the comp‘ressed qgag.

The gas subseguently passes through the aftercooler 7,
whereby the compressed gss will cool to approximately 30°C,
pessibly through a liguid separator after the aftercooler

to be able to separate the condenszed ligquid and finally

14



<

20

[
(621

WO 2020/217156 PCT/1B2020/053716

also thrcough the filter 11 for filtering out any last

impurities.

(=
!..A
0]
[N

The outlet pipe 5 will guide &ll the cocled and purifi

H
3
o

compressed gas to the entry 18a of the drying section

of the dryer.

As the ggas passes through the dryving section 13b, the
desicecant 14 will take up moisture from the gas. In other

words: the desiccant 14 will becoms moist.

When the gas that is now dry leaves the drying section 13b,
it will be transported toe a network of consumers for

example {not shown in

this dry gas will be gulded to the regeneration

ot
jng
[0}

This so-called regeneration gas will hereby pass via

¢t
e
o

primary section 2Z2a of the heat exchanger, 21 to heat

regeneration gas.

Via the heat exchanger 21, the regeneration gas will be

heated using the warm cil.

The regeneration gas will be heated from approximately 30°C
to spproximately 106°¢, which is sufficient for
regeneration.

At the same time the o¢il will be cooled from 100°C to
spproximately 35°C and be reinjected via the adijustable

valve 24 into the compressor element 3.

15
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Via the regeneration pipe 20, the regensration gas is
guided to the entry 1% of the regeneration zone 13a where

it will flow through the mneist desicecant 14 in  the

regeneration zone 13a.

The regeneratlon gas will regenerate the desiccant 14, this

A

means: extract moisture from the moist desiccant 14 or the

desiccant 14 itself will be dried.

Subsequently, the dried desiccant 14 will be moved to the
drying section 13b by means of the driving means 17 of the
drum 16, while at the same time molst desiccant 14 ends up

B

in the regeneraticn section i3a.

The regeneration gas which after passage through the
regengration section 13a containg moisture and has a

temperature of approximately 70°C, will be guided via the

b

5]

raturn pipe 28 to the entry 18a of the drying sectlon 1
and thus dried. It will hereby pass via the cooler 28 and
be cooled to approximately 30°C and wvia the liguid
separator 2% before it is recombined via the venturi 30
with the compressed gas coming from the compressor device

2.

Although in the example described above the means were

regulated such that the reqguired temperature of the

regeneration gas i3 obtained, it is not excluded
regulating occurs on the basis of one or more other

parameters.

16
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The amcunt of liguid injected can also be regulated based

on environment parameters or the dew point of the gas.

Parameterz of the compressor device 2 or of the dryer 12
can alsc be taken inte account for regulating the liguid

injection.

Figure 2 shows a variant according to figure 1, whereby in

this case the dryer 12 is executed differently.

Instead of a rotating or revolving drum 16, the dryver 12
now comprises a number of vessels 31 that are filled with

the desiccant 14.

In the example shown there are two vessels 31, but it can

>r more vessels 31, at lsast one vessel

y

also ke three, four

-~

en 13b and at least one

31 of which forms the drying sect

vessel forms the regeneration section 13a.

F

nooaddition to saild wvessels 31, the dryer 12 further

«

comprises a valve system 12 which connects the outlet pipe

and in this case also at least

5, the

Said walve system 372 comprises twe separate blocks 33a,

Said valve system 32 is a system of different pipes and
vaives that can be regulated such that at least one vessel

31 is always regenerated, while the other vessels 31 dry

17
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the compressed gas, whereby by regulating the valve system

32 the vessels 31 are successively regenerated in turn.

The wcooler 28, the venturi 30, the return pipe 28 and a

()

saction of the tap off pipe 27 are integrated in the valve
system 3Z, but this is not necessary for the invention.
The compressor installation 1 in figure 2 is also provided
with two injection circults 26a, 26k, whereby a first
10 injection circuit 26a runs from the outlet 18 for the
separated liguld of the liguid separator & o the
compressor element 3 and a second dindection circuit Z6b
the

rung from the outlet 10 for the separated liguid of th

fand

igquid geparator B to the bearings of the comgressor device

In this case the sescondary section 22b of said heat

in the first injection circult 26s.

20  An ©il cooler 34 is mounted in the second injection cizcouit

Z6b.

In this case an adiustable valve 24 1s mounted in both
injection circuits 26a, 26b. However, this is not necessary

25 for the invention.

In this way the separvated oil will be divided, whereby part

is injected wia the heat exchanger 21 in the compressor

element 3 and another part i1s szent via the oil cooclesr 34 to

30 the bearings.

18



i

15

25

WO 2020/217156 PCT/1B2020/053716

A

With the adjustable valves 24 both the amount of oil to the

conpressor element 3 and to the bearings can be regulated.

For the rest the operation is analogue to the operation of
the compressor installation 1 in figure 1 described above.

It is «c<lear that din figure 1 and in all embodiments
degcribed below two injection circuits 26a, 26b can also e

applied.

Figure 3 shows a vearlant of figure 2, whereby in this case

the regeneration gas is not tapped off from the driesd,

compressed gas, but comes frowm an external source 35,

The regeneration gas is no longer transported to the inlet
i8a of the drying section 14b via a return pipe 28 either,
but after regeneration of the desiccant will be removad or

blown off, for example by means of a blow-off valwve 36.

(o)

Also, there is only one injection circuit 28, as shown in

figure 1.

The liquild separator 2%a is absent in this smbodiment.

figure 4 shows ancther embodiment, whereby in this case the
regeneration gas is tapped off again at the exit 18b of the
drying section 13k, as shown in figure 2, but whereby the

regeneration gas is blown off after regeneration, for

=

example by means of a blow-off valve 36, as shown in figure

3. In this case too there is only one injection circult 26,

as shown in figure 1.

19
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The liquid separator 2% is also absent in figure 4.

For the rest the embodiments of figures 3 and 4 are

identical to figure 2.

Figure 5 shows a variant of figure 1, whereby in this casse

the primary secticn Z2a of the heat exchanger 21 is mounted

in the outlet pipe 5, downstream from the liquid separator

(>8]

The outlet 10 for separated oil of the oil separator B is
connected with an oil cocler 34 which in turn 1s connected

with the adiustable valve 24.

The regeneration gas will be heated via the heat exchanger

21 using the heat of the compressed gas.

The separated oil will ke cocled with the oil cooler 34.

For the rest, the operation is analoguse to figure 1.
Figure 6 shows a variant of figure 1, whereby the dryer 12

in this case is executed as in figures 2 to 4.

Instead of a rotating or revolving drum 16, the drver 12

now comprises a number of vessels 31 that are filled with

the desiccant 14.

In the example shown there are two vessels 31, but it can
alsv be three, four or more vessels 31, at least one vessel

20
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31 of which forms the drying section 13b and at least one

vesgsel 31 forms the regeneration section 13a.

In addition to said wvessels 31, the dryer 12 further

5 conmprises a valve system 32 which connects the cutlet pipe
5, the regeneration pipe 20, the return pipe 28 and the tap
off pipe 27 to szaild vessels 31,
Sald wvalve system 32 comprises two separate blocks 333,
19 33k,

X7 Fag

Said valve system 32, as shown in figure 2, is a system of
different pipes and wvalves that can be adjusted such that
at least one vessel 31 is alwave regenerated, while the
15  c¢ther wessels 31 dry the compressed gas, whereby in this
case by regulating the valve system 32 the wvessels 31 are

successively regenerated in turn.

The cooler 29, the wventuri 30, the return pipe 28 and a
20 section of the tap off pipse 27 are integrated in the valve
system 32, however, this is not necessary for the

invention.

The liguid separator 2%a is sbsent in this case.

For the rest the operation is analogue Lo the operation of
the compressor installation 1 in figure 5 described above.

Figure 7 shows a variant of figure 6, whereby in this case

30  the regeneration gas 1is not tapped off from the dried,

21
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sed gas, but comes from an external source 35, as

compre

i

shown in figure 3.

The regeneration gas is no longer transported via a return
pipe 28 to the inlet 18a of the drying section 13b either,
but after regeneration ¢f the desiccant 14 will be removed

or blown off, for example by means of a blow-off valve 36.

The liguid separator 2%a is absent in this case.

Figure 8 shows ancther enmbodiment, wherepy in this case the
regeneration gas is tapped off again at the exit 18b of the
drying section 13b, as shown in figure 6, but whereby the

regeneration gas 1s blown off after regeneration, for

exanple by means of a blow-off valve 36, as shown in figure
7. This corresponds with the situation as shown in figure

4.

The liguid separator 2% is alsc absent in this case.

For the rest the embodiments of figures 7 and 8 are

identical to figure 6.

It should be clear that the specific executicn of the valve
system 32 in figures 2 to 4 and 6 to & is not restrictive
for the dinvention and that it can be realised in many

different ways.
The present invention iz by ne means limited to the

embodiments described as an example and shown in  the

figures, however, such a compressor installation and method

22
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according to the invention for supplying compressed gas can
be realiged according to different variants, withcout

degarting from the scope ¢f the invention.

23
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Cilaims.

1.~ Compressor installation provided with a ligquid-injected
compressor device {2) with at least one liguid-injected
compressor element (3}, an outlet pipe (5) connected to an
cutlet (&) of the compressor element ({(3), whereby a liguid
separator (8) is mounted in the outlet pipe {5) which
comprises an inlet {%a) and an outlet {%b) for compressed
gas and an outlet (10} for separated liguid and with a
dryer {12} connected to said outlet pipe (5} of the type

that uses a3 desiccant (14) for drying compressed gas coming

ey

from the compressor device (2), whereby the dryer {12} is
provided with a drying section (13b) and a regeneration
section ({(13a) with an entry {1%) and an exit (1%} for
regeneration gas, whereby a vregeneration pipe (20} is
cennected to the entry (19%a) of the regeneration section
{13a) and whereby a heat exchanger {21) is provided in said
regeneration pipe (20) for heating the regeneration gas
with a primary section {(22a) through which the regeneration
gas 1s gulded, characterised im that a secondary ssection
(22b} of said heat exchanger (21} is mounted in the
compressor device (2} and that the compressor installation
{1} is further provided with means (23) to requlate the
amount of liquid injected in the compressor element (3).

Z.~ Compressor instaliation acceording  to  claim .

characterised in that the secondaryv section {22b) of

o+
T e

e
heat exchanger ({21) is mounted in the outlet pipe (5},

downstream from the liguid separator (8).
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3.~ Compressor installation according to claim 1,
characterised in that the ocutlet {10} for separated liquid
is connected to the secondary section (22b) of the heat

exchanger (21).

4.~ Compressor installation according to any one of the
crevious claims, characterised in that said means (23} are
formed by an adijustable valwve {(24) or adiustable nozzle.
186 5.~ Compressor installation according to any one of the
previous c¢laims, characterised in that the compressor
proevided with & control unit {(25%) for

installation (1) i

/

1]

controlling said means {23}, whereby the control unit {25}
will regulate the amount of liguid injected based on one or
15 more of the following criteria:
- the reqguired temperature of the gas or the liguid at
the cutlet {6);

- the reguired temperature of the gas at the inliet

A
<
2
L3
Q
-

the outlet (18k) of the regeneraticn sec

e
3]
9]
P

~ the reguired dew point:

~ the temperature and/or the humidity of the
environment:

~ the tewperature, humidity and/or pressure at the

25 inlet (18a) of the dryer (12):

- the stage of the dryer {12):

~ the run time and/or the loaded and/or unloaded time
c¢f the compressor device {(2):

.

~ the spesd of the drive {4).
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6.~ Compressor installation according to any one of the
previcus c¢laims, characterised in that the <conpressor
installation (1} is provided with a control unit (235) for
controlling sazid means {23}, whereby the control unit (25)
5 will regulate the amcunt of liguid injected by regularly
reducing the liguid injection over a fixzed period.
7.~ Compressor installstion according to any one of the
previcus c¢laims, characterised in that the compressocr
10 device (2} is provided with two injection circuits (26a,
28p), whereby a first injection circuit (26a) runs from the
outlet ({10} for the separated ligquid of the liguid
separator {8} to the compressor elewment {3) and a second

{13} for the

oy
B
o}
o
jork
}_J
0]
ot

injection circult (2&b) runs from ths
15 separated liguid of the liquid separator {(8) to the

bearings of the compresscr device (2).

8.~ Compressor installation according to claim 7,
characterised in that the secondary section (22b) of said
20 heat exchanger (21} is wmounted in the first injection

circuilt (26a).

9.~ Compressor installation according to any one of the
previcus claims, characterised in that at least one said

25 comprassor element (3} is driven by a drive (4},

10.~ Compressor installation according to any one of the

previous claims, characterised in that the compressor

<

instailation (1) is configured such that the entire flow of

comprassed gas coming from sald compressor element (3} is

]
(]

guided to an entry (18a) of said dryving section {(13b).
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11.~ Compressor installation according to any one of the
previous claims, characterised in that a tap off pige (27}
is provided at an exit {(18b) of the drying section {i3b}
5 which connects to said regeneration pipe (20) for tappin
off regeneration gas at the exit (i8b) of the drying

section (13b}.

12.~ Compressor installation according to any one of the
146 previous claims, characterised in that the ewit {(18%h) of
the regeneration section {(13a} is connected via a return
pipe {28} to the ocutlet pipe (5} of the compressor device
{2} at a point (P} near the entry (i8a} of the drying

section {(i3b).

13.- Compressor installation acceording to claim 12,

characterised in that in said return pipe (27) a cocler

(28) 1s mounted and possibly a ligquid separstor (29a}).
20 14.,- Compressor instaliation according to claim 12 or 13,
characterised in that the return pipe (28) is connected to

the outlet pipe (5) via a wventuri {30).

15.~ Compressor installation according to any one of the

25 previcus claims, characterised in that the drver (12} is

provided with a housing {13} within which dryving

section {13} and the regeneration section {13a} are
located, whereby in the housing (15) a drum {18) 1is
arranged containing the desiccant ({14), said drum ({(16)

20 being connected with driving wmeans (17} such that the
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desiccant (14) can successively move through the dryving
section {13b) and the regeneration section {13a}.

/

16.~ Compressor installation according to any one of the
previous claims 1 to 14, characterised in that the dryver
{12} comprises a number of vessels (31) filled with the
desiccant (14), at least one vessel {31} of which forms the
drying section {13k} and at least one vessel (31) forms the
regeneration section (132a), whereby the dryer (12) further
comprises a valve system (32} which connects the outlet
pipe {5}, the regeneration pipe {20} and possibly the
raturn pipe (2B} and the tap off pipe (27} with said
vegsels (31}, whereby said valilve system {32} is such that
at least one vessel {31} i1s alwayvs regenerated, while the
other wessels ({31) dry the compressed gas, whereby by
regulating the valve system {32) the vessels {31} are =ach

in turn successively regeneratsd.

17.~- Compressor installation according to any one of the
previous claims, characterised in that an aftercocler (7)
and possibly a liqguid separator is mounted in the ocutlet

pipe {5}).

i8.~ Method for supplving a compressed gas coning from a
ligquid-injected compressor device {2) with at least one
liguid-injected compressor element {3} with a compressed
gas outlet (6}, whereby the compressed gas 1z guided
through a desiccant {14} in a dryving section (13b) for
drying the compressed gas and whereby the desiccant is
subseguently regenerated in a regeneraticon section (13a} by

nmeans of a regeneration gas which 1s guided through said
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regenaration section {(13ay, characterised in that the
method comprises the step of heating the regeneration gas
before 1t 1s guided through =said regeneration section

{13a}, wusing the heat at the outlet ({6} of a liguid-

[o5

injected compressor device (&) and whereby the method
1

=

further comprises the step of regulating the amcunt of

iiguid that is injected in the compressor element (3.

18.~ Method according to claim 18, characterised in that

10 the amount of ligquid injected is regulated based on one or
more of the following criteria:

~ the reguired temperature of the gas or the liquid at

the outlet {(&};

- the required temperature of the gas at the inl
15 {1%z) or the outlet {1%b) of the regeneration section:
~ the required dew point:
- the temperature and/or the humidity of the
environment:;
-~ the temperature, humidity and/or pressure at the

20

—~
.

inlet (iBa) of the dryer {12}

- the stage of the dryer {1Z2):

- the run time and/or the lcaded and/or unloaded time
of the compressor device (2}

~ the speed of the drive {4).
20.~ Method according toe claim 18 or 19, characterised in

that the amount of ligquid injected is regulated by

regularly reducing the liguid injection over a fixed
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2i.- Method according to any cne of the previocus claims 18
te 20, characterised in that a device {1} is used according

to any one of the previcus claims 1 to 17.

(631

22.~- Method for supplying a compressed gas coming from a
liguid-injected compressor device (2) with at least one
Liguid-iniected compressor element (3) with a compressed
gas outlet (6}, whereby the compressad gas is guided
through a desiceant (14) in a drying section (13b} for
10 drving the compressed gas and whereby the desiccant is
subseguently regenerated in a regeneration section (13a) by

=

means of a regeneration gas which is guided through said
raegenevation ssaction {13a), characterised in that the
method compriszes the step of heating the regeneration gas
15  before 1t is guilded through said regeneration section
{13a}, wusing the heat at the outliet (6) of the liguid-
injected compresscr device (2} and whereby the method
further comprises the step of regulating the temperaturs of
liguid that is injected in the compresscr element (3).
20
23.- Method according to claim 22, characterised in that
the temperature of the liguild that is inijected 1s regulated
based on one or more of the following criteria:
- the regquired temperature of the gas or the liguid at
25 the outlet (&}
- the regulred temperature of the gas at the inlet
{1%a} or the cutlet (i9b) of the regeneration section:
~ the required dew point:
~ the temperature and/or the Thumidity <f the

30 envivonment
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- the temperature, humidity and/or pressure at the
iniet {18a) of the drver {12);
~ the stage of the drver (12};
- the run time and/or the lcaded and/or unleoaded time
5  of the compressor device {2);

~ the speed of the drive (4},

24.~ Method according toe claim 22 or 23, characterised in
that the temperature of the liguid that is injected is
10  regulated by regularly reducing the temperature over a

fixed pericd.

25.~ Compresscr installation provided with a liguid-

injected compressor device ({2) with at least one liguid-

j—
921

injected compressor element (3}, an outlet pipe (5}
connected to an outlet (&) of the compressor elsement {3},
whereby 2 liguid separator ({8) i1z mounted in the outlet

Lses an inlet (#a) and an outliet (Sb}

pipe {8} which compr]
for compressed gas and with an outlet {(10) for separated
20 liguid and & drver {12} connected to said outlet
of the type that wuses a desiccant {14 for drying
compressed gas coming from the compressor device (2),
whereby the dryer {12} is provided with a drying section

{13k} and a regeneration section (13a) with an entry {1%a}
g ¥

3
o

and an  exit {19b) for regeneration gas, whereby a
regensration pipe (20} Is connected to the entry {20a) of
the regeneratlion section (18z) and whereby a heat exchanger
(21} is provided in said regeneration pipe {(20) for heating
the regeneration gas with a primary section {22a} through
30  which the regeneration gas is guided, charascterised in that

a secondary section (22b} of =aid heat exchanger {21} is

31
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7y

mounted 1n  the compressor device {23 and that the
compressor installation (1) is further provided with means
Lo regulate the temperature of liquid dinjected in the

compressor element (3.

26.- Compressor installation according to claim 25,
characterised in that the secondary section (22b) of the
heat exchangesr (21} is mounted in the outlet pipe {57,

downstream from the liguild separator (8).

27.~ Compressor installation according to claim 25,
characterised in that the cutlet (10} for separated liguld

is connected to the secondary section (22b) of the heat

exchanger {21}).

28.~ Compresscr installation accerding to any one of the
previcus claims 25 to 27, characterised in that said means

for regulating the tenmperature comprisze an adjustable

valve.,

29.~ Compressor installation according to any one of the
previous claims 25 to 28, characterised in that the
compressor installation {1} is provided with a control unit
{25) for contrelling said means for regulating the
temperature, whereby the control unit (25) will regulate
the temperature of the ligquid to be injected based on one
or nmore of the following criteria:

- the reguired temperature of the gas or the liguid at

the outlet {(6);
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- the reguired temperature of the gas at the inlet
or the outlet {18b) of the regeneration section

E4

e
(Yol
53]

.
23
&

~ the reguired dew point;
5 ~ the temperature and/fcr the humidity of the
envirenment;
- the temperature, humidity and/or pressure at the
iniet {18a} of the drver {12);
- the stage of the dryer {(12);
10 - the run time and/or the loaded and/or unlozaded time
of the compressor device (2);

- the speed of the drive {4).

30.~ Compressor installation according to any cne of the

15 srevicus claims 25 to 29, characterised in  that the

conpresgsor installiation (1) is provided with a contrel unit

(25} fer contreiling said means  for  regulating  the

temperature, whereby the control unit {25} will regulate

the temperature of the iiquid to be injected by regularly

20  reducing the temperature of the liguid to be injected over
a fixed periocd.

31.~ Compressor installistion according te any one of the

previous claims 25 to 30, characterised in that the

is provided with twoe injection

N3
(831
]
]
=]
(o]
]
0]
6]
i
[&]
~
fN
&
<
3
o
N

26a, 26b), whereby a first injection circuit

o

clrcuits

{2¢a) runs from the outlet (10} for the separated liquid of

o)

he liquid separator (8) to the compressor element (3} an

a second Iinjection circuit (26b) runs from the outlet (10)

(3]
b

for the separated liguid of the liqguid separator (8) to the

oearings of the compressor device {Z).
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32.- Compressor installation according to c¢laim 31,

characterised in that the secondary section {22k} of said

heat ewchanger (21} is mncounted in the first injection
clircult (26a).

33.~ Compressor installastion according to any one of the
pravious clalms 25 to 32, characterised in that at least

one gaid compressor element (3) iz driven by a drive (4).

34.~ Compressor installation according to any one of the
previous o<laims 25 to 33, characterised din that the
compressor installaticn {1} is configured such that the
entire flow of compressad gas coming from said compressor
element {3) iz guided to an entry (18a) of said drying

section {13b).

35.~ Conpressor installation according to any one of

previous claims 25 te 34, characterised in that a tap off

pipe (27) 1is provided at an exit {18k} of the drving

section (13b)} which connects to the regeneration pipe {20}

for tapping off regeneration gas at the exit {18b) of the
i

drying section {13b).

36.~- Compressor installation according to any one of the
previous cliaims 2% to 35, characterised in that the exit
{1%p} of the regsesneration section (13a} is connected via a
return pipe (28} to the outlet pipe (%) of the compressor
device {(2) at a point (P} nesr the entry (iBa) of the

rying section {13b}.

34



WO 2020/217156 PCT/1B2020/053716

37.~ Compreassor installation according to claim 36,
characterised in that in said return pipe (28) & oooler

(28) and possibly a liguid separator (2%9a3) is wmounted.

5 38.- Compresscr installation according to claim 36 or 37,
characterised in that the return pips (28} is connected to

the cutlet pipe (5) wvia a venturi ({(30).

39, Compressor installation according toe any one of the
10  previcus claims 25 teo 38, characterised in that the dryer
{12} 1s provided with a housing (15} within which the

drying section {13b) and the regeneration section (13a) are
located, whereby in the housing (i5) a drum ({16) is
arranged containing the desiccant (14), said drum (14}
15 being connected with driving means (17} such that the
desiccant (17} can successively move through the dryin

section {13k} and the regeneration section (13a}.

40.~ Compresser installstion according to any one of the

20 previcus ciaims 25 to 38, characterised in that the dryer

3

(12} comprises a number of wvessels (31) filled with the

~
3

desiccant {14}, at least one vesssl (31} of which forms

drving section (13b} and at least one vessel (31} forms
regeneration section (13a), whereby the drver (12} further
25 comprises a valve system (32) which connects the outlet
pipe (5), the regeneration pipe (20} and possibly the

return pige {28) and the tap off pipe {27} with said
vegsels (31), whereby said valve sysztem {32) is such that
at least one vessel {31} 1s always regenerated, while the

30  other wvessels (31} dry the compressed gas, whereby by
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regulating the valve system (32} the vessels (31) are each

in turn successively regenerated.

41.~ Compresser installation according toe any one of the
previocus colaime 2% +to 40, characterised in that an
aftercooler (7} and pessibly a liguid separator is mounted

in the outlet pipe {5).
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