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Fluid-iniected compressor installartion

The present invention concerns a fluld-iniected compressor

installation.

Mora specifically, the inventlon is intended for fluld-
irdected compresscr installaticns that are provided with a

fiuid-ceopoled drive for driving the compressor element.

The aforementioned fluid can be, for example, oll or water.

Such compressor installations are already known from

WC 2013/126%6% and WO 20132/12697C, with the drive being a

motor with a variable rotaticonal speed or a so-called

at

“variabklse speed drive” and with the drive and the compressor
element beling directly coupled to sach other and standing in

a vertical arrvangement with the drive on top.

£33

The housing of the metor and the compressor element forms
whole and there 1s one integrated cooling circuit for coeling
and lubricating both the drive and the compressor element,

with the combination of pressure and gravity being used to

crain the fluid out of the drive.

In this way, s=2als can be saved. Furthermore, no intake valve
iz needed because a motor with a wvarisble rotationasl speed
18 used and a non-return valve in the exhaust is also notb
needed because the housings tegether form a whole in which

the pressure is uniformly saual.
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these are bullt without an elastic coupling. Furthermors,

the drive is not fliuid-cooled, but air-cocled.

Such horizontal set-ups do not make it possible to provide
an integrated fluid cooling for both, since in this case the
houzing of the drive and the compresscr installation are Two
separated parts, with a housing cetween both for the coupling
and possibiy, but ncot necessarily, gears. The housing Ior
the coupling 18 also tyvplically completely free of fluid and

is in contact with the amblent air in the compressor via

ventilation openings. 3Such e2lastic couplings are ftypicalily

not suited to function in an oil-containing atmosphere.

Due to the use of an

m
Qé

stic coupliing, such & set-up 13

relatively voluminous.

The object of the present invention 1s to provide a scolution
for at  lsast one of the aforementicned and other

dizadvantages.

The gpresent invention has a3 fluid-injected compressor
installation as =subject, which is provided with at least:

- a acrew compressory with a compression chamber which i3
formed by a compression heousing in  which a pair  of
cooperating screw-shaped compresscr rolors are rotatably
meunted;

- a drive motor which is provided with a meotor chamber formed
by a wmotor housing, in which a motor shaft is rotatably
mounted which drives at leaszt one of the two aforemantioned

SCrew-- SnupO“ compressorn rotors;
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- an inlet and an outlet on the screw compressor for the
supply of a gas respectively for the discharge of compressed
gas;

with the compression housing and the motor housing being
directly joined to each other to form a compressor housing:
with the characteristic that the compressor installation is
further provided with:

- & gear transmission between the shaift of one of the
compressor rotors and the motor shaft, consisting of a driven
gear on the shaft of the compressor rotor and a driving gear

on the motor shaft;

L

motor bearing on the motcor shaft next o the driving
gear on the drive motor side;

- a dynamic seal next to the aforementioned motor bearing,
on the drive motor side, such that the motor bearing is

between the driving geay and the saal.

An advantage is that becauses the motor housing and the
compression housing are not separated from each other, an
integrated fluid circuit for cooling and/or lubrication can

be implemented.

Another advantage is that becsuse the motor housing and the
compression housing are directly jeined to each other, and
because no elastic coupling ls provided anymore and hecause
the cooling of the drive wmotor is realised with the
integrated cooling circuit and thus there a separate fan
doea not nead to be provided anvmore on the end of the drive
metor for its ceooling, a2 very compach sebt-up 13 achieved:

whereby the entire compressor can also be bullt smallisrx.
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An additional advantage is that the intermediate shaft with
iouble bearings upon which at one end the driving gear and
at the other end the driven part of the ccoupling is mounted,
can be omitted. By omititing the elastic coupling, the driving
gear can in this > be mounted directly on the motor shaft
and an intermediate shaft is no longer needed. Omitiing this
intermaediate shaft with double bearings alsce contributes to
a more compact set-up ¢f the compresscr.

s

another advantage is that by providing & gear transmission
petween the nmotor shaft and the shaft of the compresso
rotor, the aforementioned disadvantages of a direct coupling
in large compressor installations can be avoided and also
that drives having & fized rotational speed can be used.
Due to using the gear transmission, an extra moibor bearing
must ke provided on the motor shaft compared to a direct
coupling between the drive motor and the screw CoOmprassor,
This motor bearing is tygpically, but not necessarily, a
cylindrical bearing.

By providing a dynamic ssal betwesn the motor bearing and
the motor, it is possible to prevent fluid, used to lubricatse
and/or to cool the gear transmission and the bearing, from

being able to flow to the motor housing.

This will allow positioning the aforementioned compresser
instaliation in a horizontal set-up without the risk that
toe much fluid ends up in the motor housing, so that the

height of the compressor installation can be limited.
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Preferably, the motor housing is provided with drainage
channels for the removal of a f£luid,

This will allow fiuid which stiill ends up in the wmotor
nhousing to be removed so that it is avoided that fiuid
accumulates in the motor housing. The problem of the
accunuliation of fluid in the motor housing is twoelfold. On
the one hand, the accumulated amount of fluid will lead to
extra turbulence losses of the rotor if the rotor ends up in
the fluid. On the cther hand, the hot moetor components will
ltead to a faster and thus undesired extra degradaticn of the

accumulated fluid,

—
o
Q

1 A practical embodiment, the aforementioned dynamic seal

e
W

a labyrinth seal.

By using a labyrinth sesal instead of a shaft seal with one
or more sealing lipes, also known as a lip-sesal, the losses
which come with the latter due to the contact and the
corresponding fricticen between the static sealing lips and
the rotating shaft can be avolded.

With a labyrinth seal there is, after all, no coentact with

the rotating shaft so that there 15 no friction loas.

The use of a labyrinth seal alsc has the advantage that this
is maintenance-~fres; while a shaft seal with one or more
gealing lips must ke rvegularly replaced dus to ococurring
wear, which is & vwvery time-consuming and  difficult

intervention in the Compressor.
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m
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figure 1 schematically SNoOWSs a filuvid-injectad
compresscr installation according to the invention;
figures 2 shows the part marked as FZ in figure 1 on a

ilarger scale,

The fluid-iniected compresseor installstion I schematically
shown in figure 1 principally comprises a screw Compressor

Z and a drive motor 3.

The sorew compreszor 2 1s provided with a compression housing
4 which defines the compression chamber & in which two
cooperating sorew-shaped oompressor rotors 6a, €bh are

votatably mounted.

The screw compressocor 2 1ls provided with an inlet 7 for the

supply of a gas, 2.g. alz, and an outlet 8 for the discharge

The drive motor 3 is provided with a2 motor housing 9 which

defines the motor chamber 10 in which a motor shaft 11 is

rotatably mountad. The metor shaft 11 will drive at least

one of the compressor rotors da, 6b.

In the example of figure 1, the drive motor 3 is an electric
motor 3 with a motor rotor 12 and a motor stator 13 wiith the

motor shaft 11 being part of the motor rotor 12,

Praeferably, both the motor housing ¢ and the compression
housing 4 arve cast components. It is not excluded that both
housings are comgosed of several separate components, with

3

nese assembled components belng cast, machined or extruded

E‘i

or produced by means of any other type of production process.
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The compresaion hcousing 4 and the noteor heousing 9 are
directliy “Foined to each other and together form  the
compressoy housing 14, with the motor chamber 108 and the

compression chamber 5 not being sealed relative o each

This dimplies that the pressure which is gpresent in the

compression housing 4 is allowed to prevall also in the motor

housing 9.

As can oo seen in figure 1, the motor housing 9 1s provided
with a flange 15 on the screw compressor 2 side with which
the motor housing 9 is attached to the compression housing

o}
SRS S

4 of the scraw compre:

(t‘

A 230
D&, VD

In this case, the shaftz 1¢ of the compressor roltors

)

angd the motor shaft 11 extend in an awial direction X-XKf

which 1s horizontal.

For the invention, it is nobt excluded that these shafits 6a
oh, 11 extend substantially horizontally, in other words, at

[

an angle to the horizontal directicon that iz less than 457,
According Lo the invention, the nmoteor shaft 11 is nob
directly coupled to the shaft 16 of the compressor rotor 6z
which is driven, but there is a gear tLransmisgsicn 17 provided

hetween the shaft 16 of the compresszor rotor Sa and the motor
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This gear transmission 17 includes a driven gear 18 on the
shaft 16 of the compressor rvotor Ga and a driving gear 19 on

the mobor shaft 11.

The aforementioned flange 15 of the motor housing 9 is mads
such that it can serve as the housing for the driven gear 18
and the driving geary 19.

In other words: the flange 15 is part of or forms the gearbox

v

20,

Due to the fact that the motcr shaft 11 1s not directly
coupled to the shaft 16 of the compressor rotor 6a, there is
also a motor bearing 21 on the motor shaft 11 next to the

driving gear 12 on the side of the drive motor 3.

Next to this motor bearing 23, there iz alsoc a bearing 22
provided on the other end 23 of the motor shaft 11. Further,
the shafts 16 of both compressor rotors éa, 6k are provided

with one or more bearings 24 at their ends.

Further, also a dynamic ssal 2% is provided on the motor
zshaft 11 next to the aforementicned motor bearing 21 which
iz situated on the aide of the drive metor 2 so that the

&3]

n

tor pbearing 21 is between the driving gear 19 and the

This seal 2% can be a shaft sesl with one or more zealing
iipe, alsc called a lip-seal, but is in this case preferably

a labyvrinth seal.
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Boeth the aforementioned motor bearing 21 and the seal 25 are

in the gearbox 20 formed by the flange 15 of the motor

housing 9.

5  Alsw a seal 2¢ is provided next to the bearing 22 which is

provided on the other end 23 of the motor shaft 1l.

Both seals 25, 26 will ensure that ne or almest no fluid
which i1z used to lubricate the oearings 21, 22 can get into

10 the motor housing 9 of the drive motor 3.

The compresser instailation 1 1is further provided with a
fluid by which both the drive motor 3 and the compressor
rotors €a, 6b can be cooled and/or lubricated. This fluid
15 can ke water, a syntnetic or non-asynthetic oll or any other

tyvee of fluid.

For this, the compressor installation 1 is provided with 3
ceoling clreuit 27 which first sends the fluid to the drive
20 motor 3 and then it is injected into the screw Compresscry 2.
The c¢ooling circoult 27 consists oi, among others, cooling
channels which are or are not integrated in the compresso
heusing 14 and with which the fluld is circulated in the

-

compraessor installation 1.

The drive motor 3 ig provided wi a cooling jacket 28 in
which the fluid can flow. The screw compressor 2 is provided
with a number of injection points 29 to allow the fliuild to

30 be injected in the compression housing 4.

w
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The cooling circuit 27 will send the {fluld first o the
cooling jacket 28 and then to the injection points Z2. The
copling civcuit 27 can however also be provided such that
only a portion of the fluid is sent first to the cooling
jacket 28 and then to the injection points 2%, and that the
rest of the fluid is sent directly toe the injection points
2% in order to achileve a smaller fluid flow in the cooling

mantel Z8 in this way.

Further, the screw compresscr 2 is provided with nozzles 30

3

to conduct a portion of the filuid to the aforementioned gear

18, 1%. This means that the nozzles 30 will inject fluid in
the gearbox 20. Via a reservoir 35 in the gearbox 20, a
portion of the oil injected via the nozzles 30 which is
thrown upwards by the gears 18, 1% can alsc he brought to

the bearing 21.

The cooling circuit 27 alsc includes a branch 31 which will
conduct fluld to the bearings 21, 22, 24 of the compressor
installation 1. In this case, the branch 31 comprises two
drzin channels 32 to the motor tearing 21 and the bearing 22

the end 23 of the motor szhaft 11 and also drain channels

—+

33 to the bearings 24 of the compressor rotors ta, &b. These

last drain channels 33 can however also be completely o

e

¥

partially replaced by the nozzles 30 in the case that these

also conduct fluid to the bearing(s) Z4A.

o

In other words, the oil which is gent to the bearings 21,
22, 24 of the compressor installation 1, will not pass
through the cooling circuit 27 via the cocling jacket 23 and

oz

the injection points 2% and the compression housing 4, but

- o~y -

will be conducted directly teo the bearings 21, 22, Z3.



821

(%Y

<

WO 2019/197919 PCT/IB2019/052304
13

By providing an additicnal filter in the branch 31, this
portion of the fiuid can be filtered more and better, which

=

is advantageous but not necessary for ithe service life of

the bearings 21, 22 and 24,

Besides this, an additicnal coocler can also be provided in
the branch 31 which lowers the temperature of the portion of
the fluid which is sent to the bearings 21, 72 and 24, which
provides improved lubricating gproperties of the fluid.
Bacause in this way the entire fluld flow doss noit need o
e cooled to this lower tempevature, the total cooling
capacity of the compresser installaticon 1 is limited and the
formation of condensate in the mixture of compressed gas and
fluld at the outlet 8 of the screw compressor 2 can be

prevented,

further, the motor housing 9 is provided with drain channels

~ 3

4 for the discharge of fluid that ends up in the drive motor

L

3, e.g. as a result of a small leak through the labyrinth
seals 25 and 26 for the lubricaticon and cooling of the moton
bearing 21 and the bearving 22 on the other end 2% of the

motor shaft 11 with the fluid.

These drainage channels 34 may or may noet be part ¢f the

aforementionaed cooling cirouit 27.

The drainage channels 24 enable the fluild to be discharged

=

to the gear transmission 17.

Hereby it ia possible that in the dralinage c¢hannels 34 means

are provide

0
Q.
ot
¢}
@]
H.
€3]
0
oy
{8
[

@]
[0}

or push the fluid to the gear
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transmisasion 17. This can be necessary 1f the drainage

channels 34 are at a lower level than the gear transmission

17 necessitating that the fiuid is pushed upwards.

The functloning of the compresscr installation 1 is

[
<
O
H
G

straightforward and as follows.

During the operation of the compressor installation 1, the
drive motor 3 wilil drive the shafit 16 of the compressor rotor
Ga, with the rotation of the motor shaft 11 being transmitted

via the gears 18, 19 to the zhaft 1o ¢of the compressor rotor

Hereby, the two compressor rotors 6a, 6b will rotate arcund

(SR 5

their respective shafis 16 and compress air which is sucked

[#]

in wvia the inlet 7. The compressaed alr will leave the
compressor installation 1 wvia the outlet 8 and, for example,

be fed to a consumer network.

uring the operaticn of the compressor installation 1, this

will e lubricated and cooled by means of a fiuid.

For this, the fiuid will be circulated in the cooling circult

27.

irst, the fluld is zent to the drive motor 3 where it will

i
fiow through the cooling jacket 28 and ccol the drive motor

Subseguently, it will be conducted to the screw Compressor

o)

via the cooling channels and indscted in the compression
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¥

heusing 4 via the injecticn points 29 to ensure the seallng,

cooling and lubricaticn of the compressor rotors 6a, 6b.

Further, fluid will be injected in the gearbox 20 from the
screw compressor 2 via the nozzles 30, that is to say, Lo

the gears 18, 19 to lubricate the laltter.

T i self-evident that alsc the bearings 21, 22, Z4 of the
compressor installation 1 must be provided with the needed

lubrication and cocling.

For this, the aforementionsad branch 31 is used with the drain
channels 32, 33 which diverts fluld from the cooling circuit

~

27 to send this to the bearings 21, 22, 24.

This means that the fluid for the bearings will not flow via
the drive motor 3. This fluld will re-enter the cooling
circuit of the screw compressor 2 after flowing through the
bearings 21, 22, 24.

The drain channels 37, 33 conduct the fiuld to the motor
bearing 21, the bearing 22 on the other end 23 of the motor

shaft 11 and the bearings 24 of the screw COMPresssr L.

U

by providing a separate branch 31, the fluild that iz

eparated therewith for the bearings 21, 22, 24 can still be

=

6]

additionally filtered by providing a filter in the branch

A a

21
BN

Besides the use of pranch 31 and drain channels 32 to supply
the motor bearing 21 with fluid, this motor bearing 21 can

alea be lubricated with fluid from the ressrvoir 335.
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During the operation of the compressor installation 1, the
gears 18, 19 will rotate and the fluid which ends up in the
gearbox 0 via the norzles 30 will be thrown upwards so that

it ends up in the reservoir 35.

7

tor

Via thiz fluild collected in the reservoly 35, the me

A

bearing 21 can be additionally lubricated.

Despite the facet that the motcr bearing 21 and the other
bearing 22 on the motor shaft 11 are provided with a sgeal
25, 26 to prevent fiuid being intected in these bearings 21,
22 ending up in the motor housing 9, it is still possible
that fiuid leaks into the motor housing 9.

This fluid will be able to flow away via the therete provided
drainage channels 34. The drasinage channels 24 conduct the
filuid to the gearbox 20 where it is taken up in the cooling

circulit 27.

ue to the horlzontal set-up of the compressor installabtilon
1, no use can ke made of gravity to prevent the motor housing
8 kecoming completely filled with the fluld through th
flowing away of the fluid under the influence of gravity,
the

e drainage channels 34 are needed.

1]

fu

Iin this way, the compressor instaliation 1 can be cooled and
lubricated with Just one integrated cooling clroult 2

whereby simultanecusly 1t 13z ensured that the motor housing

U

is not filled with fluid.
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In figure 2, the gear transmission 20 of figure 1 is shown
in more detail, with it being clearly wvisible that the
labyrinth seal 25 iz not made as a separate component that
is mounted on the notor shaft 1%, but as an integrated
component which is realized by giving the motor shaft 11 and
the motor housing % near the motor bearing 21 a gpecial

shape.

A semi-clroular groove 36 is provided in the motor shaft 11,
In the compreszsor housing 14, more specifically in the motox
houzing 9, a recess 37 is provided with a slanting side 38
towards the motor shaft 11 in the direction of the motor

bhearing 21.

The groove 36 1is opposite to the recess 37 so that fluid
which reaches the seal 25 via the motor bearing 21 ends up

in the groove 36 and is pushed back upwards, away from the

in this way, it is sent to the recess 37 whers 1t is sant
via the slanting side 38 back in the directlilon of the motor

bearing 21.

In this way, it is possible to avoid that fluid comes past

£
o

the labyrinth seal 25, i.e. ends up in the drive motor

The present inventicn is in no way limited fo the embodiment
described as an example and shown in the figures, but a

fluid-injected compressor installation according toe the

without

&
invention can be realised in all shapes and si

falling outside the scope of the ilnventlon.
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1.~ Fluid-injected com instaliation (1} which is

o]
-
B
i
U
O
8]

provided with at least:

- & screw compressor {2) with a compression chamber (%) which

,.

is formed by a compression housing (4) in which a pair of
cooperating screw-shaped compresscr rotors (6a, 6b) are

rotatably mounted:;

[

- a drive motor (3) which is provided with & motor chambe

{10y formed by & notor housing (2 in which a motor shaf

ot

(1) iz rotatably mounted which drives at least one of the

two aforementiconed screw-shaped compressor rotors {6a, ob);
- an inlet (7)) and an outlet (&) on the screw compressor {2)
for the supply of a gas respectively for the discharge of
compressed gas;

with the compression housing (4) and the motor housing {(9)
kheing directly Joined to each other to form a compressor
housing (14} characterised in that the COMmPressor
installation (1} is further provided with:

- & gear transmission {20} between the shaft (16} of one of
the compressor rotors (6a, ©b) and the motor shaft (11},

consisting of a driven gear {18) on the shaft Lhe

,,
ik
-
N

e
~
o
e

compressor rotor {6a, 6b) and a driving gear {19} on the

£

motor shaft (11}
- a motoer bearing {(21) on the motcer shaft {11} next to the
driving gear (19} on the drive motor side {3);

S

aal {25} next to the aforementicnsd motor

v

a dynamic
bearing {21}, on the drive motor (3} side, such that the
motor bearing {21} is between the driving gear (1%) and the

s2al (25},



15

"71"\

{at
O

WO 2019/197919 PCT/IB2019/052304
19

2.~ Fluid-injected compressor installstion according to
claim 1, characterised in that the aforementioned dynamic

seal (25} is a labyrinth seal or a shaft sesl with one or

nore sealing lips.

3.~ Fluid-injected compresscor installation according to

claim 2, characterised i1n that the labyrinth seal ({Z5) is
made as a semi-circular groove {38) in the motor shaft {11)
and a recess {37} in the compresscr housing {14) with a
slanting =zide (38} towards the motor shaft (11} in the
direction of the motor bearing (21}, with the recess (37}
being opposite to the groove (36) such that fiuid that
reaches the labyrinth seal (2% via the motor bearing (21}
ends up in the groove (36), 1s pushed back upwards and away

rom the motor shaft (11} to the recess (37) in the
compressor housing {(14), and is sent through this recess

{37y back in the directicon of the motor pearing {21}.

4.- Fluid-injected compressor installation according to one
of the previous ¢laims, characterissd in that it is provided
with a fluid by which both the drive motor {3} and the

compressor rotors (fa, 6b) arse cooled and/or lubricatsd,

o
H

. Fluid-iniected compressor installation according to

claim 4, characteriszsed in that it is provided with a coocling

clroult {27y which first sends the fluid to the drive motor

7

{3) and then it is injected into the screw compreszsor (2).

o
°

- Fluid-inijected compressor instailation according to
claim 5, characterised in that the screw compressor (2} Lz

- . ,»\

provided with nozzles (30) to conduct a portion of the fluid

U}

el

to the gears {18, 1
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7.~ Fluid-in? installiatcion

claim 5

iz provided with a kranch {(31) which wi

the bpearings {21, 22, iy of the

{1).

.- Fluid-injected compressor installation

claim 7, characterised in that the cooling circuit (27)

provided with a £ the branch (31,

Flui installati

7 or B,

EI id=-injescted compressoy s39}

claim characterised in that the cocl

is provided with a cocoler in the branch (31}).

100~ Flui ed compresscoyr installation

of the

d-injec

erevious claims, characterised

housing {9y is provided with drainage

discharging a fluid,

1l.- Fluid-iniected compressor 1nstallation

claim 10, characterisad in that the drainage

the fiuid to the gear transmissicon

Ny

12, Fluid- installatio

10

injectead
13,

COImpre

S5 0X

oy characterised in that in

{34)

ciaim
means are provided in order

(173 .

channels

push the fluid to the gear transmission

-
{ad

o~ Fluid-injected
characterised in

{Ga, ©b;

the previous

= oTe
TAL L

af the compry

characterised in that the cooling circult

P11l conduct

ing ci

in that

channals

e

sressor instalilation according
that

the motor

PCT/IB2019/052304

o
{27}

according

fluid to

compressor installation

&)

according

fodn
&

ot
8}

according

reult (27

~af
——

acoording to ons

LR

the
{343

motor

for

Lo

(34}

according

channels

accerding
the

drainags

discharge or

o one
the shafts

shaft
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{11} ewxtend in an axial direction (X-X°) which is horizontal

or almest horizontal.

14.~ Fluid-intected compressor installaticn accoording Lo one
of the previeus claims, characterised in that a reservolr

LR

{35y ds provided to the motor bearing {(21) for ccllecting

L

fluid.

15.~ Fluid-iniected compresscr insgtallation according to one
of the previocus claims, characterised in that the motor
housing (%) is provided with & flange (135) on the screw
compresscer {2} side, which is made such that it can serve as
the housing for the driven gear {18} and the driving gear

{149

~aar

.
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