(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

(10) International Publication Number

6 March 2003 (06.03.2003) PCT WO 03/019010 A1

(51) International Patent Classification”: F04C 29/00,
29/10, 29/04, 18/16

(21) International Application Number: PCT/BE02/00141
(22) International Filing Date: 29 August 2002 (29.08.2002)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
2001/0566 30 August 2001 (30.08.2001) BE

(71) Applicant (for all designated States except US): AT-
LAS COPCO AIRPOWER [BE/BE]; Naamloze Ven-
nootschap, Boomsesteenweg 957, B-2610 Wilrijk (BE).

(72) Inventor; and

(75) Inventor/Applicant (for US only): TALBOOM, Bart,
Anton, Lode [BE/BE]; Duivenstraat 26, B-2550 Kontich
(BE).

(74) Agent: DONNE, E.; Bureau M. F. J. Bockstael nv., Aren-
bergstraat 13, B-2000 Antwerpen (BE).

(81) Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, IL,, IN, IS, JP, KE, KG, KP, KR, KZ, 1.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ,NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SL SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

(84) Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),

[Continued on next page]

(54) Titlee METHOD FOR THE PROTECTION OF A VOLUMETRIC LIQUID-INJECTED COMPRESSOR

70

-

= BEE E%@—4/'9

/’7

\

RTHI
ITHTIT
UL
i
1]
Il
T

T

1)

1000

I

BT i
LT
[T

By

e

<

—

-— s a4 -
S

=) 7

hom 7]

o

~

e

(57) Abstract: This invention relates to a method for the protection of a volumetric liquid-injected compressor of the type comprising

& a compressor element (1) driven by a motor (2), a pressure conduit (3), a separator (4) for injection liquid erected in this pressure

cooler (7) in this injection conduit (6). The outlet

WO

conduit (3), an injection conduit (6) for injecting the separated injection liquid into the compressor element (1), and a liquid-cooled
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temperature of the compressed gas is measured and, depending on at least this temperature and on a limit value, it is determined
whether the motor (2) has to be stopped. Also, the environmental temperature in the outlet (5) for the cooling water of the radiator
(9) is measured and the limit value is rendered dependent on this environmental temperature.
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Method for the protection of a volumetric liquid injected

compressor.

This invention relates to a method for the protection of
a volumetric 1liquid-injected compressor of the type
comprising a compressor element driven by a motor, a
pressure conduit connected to the compressor element, a
separator for injection liquid erected in this pressure
conduit, an injection conduit for injecting the separated
injection liquid into the compressor element, and a
cooler in this injection conduit, according to which
method at least the outlet temperature of the compressed
gas 1s measured and, depending on at 1least this
temperature and on a 1limit value, it is determined
whether the motor has to be stopped.

In such compressors, injection 1liquid, for example,
water, is injected into the compressor element in order
to lubricate and cool the rotor or rotors thereof. This
injection liquid also serves as a sealing agent between
the two rotors of the compressor element. This liquid is
discharged along with the compressed gas and separated
from the gas in a separator or vessel and re-used for
injection. '

When the injection fails or is too low, the internal
cooling during compression fails, and the temperature of
the compressed gas, when exiting the compressor element,
immediately becomes very high. Depending on the internal
pressure ratio of the compressor element, this
temperature can reach 250 to 300°C.

Therefore, such compressors are protected by measuring
the outlet temperature of the outgoing compressed gas

and, if this temperature exceeds a certain fixed limit
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value, stopping the motor.

In most of the oil-injected volumetric compressors, a
thermostatic valve in the injection conduit provides for
that the compressor elenment reaches its normal
temperature as soon as possible, which temperature can be
set closely to the aforementioned limit value.

With compressors without such thermostatic valve, for
example, water-injected compressors in which such valve
in practice is not usual and desirable, the injection
temperature and, consequently, also the temperature of
the compressed gas at the outlet of the compressor
element depend on the environmental temperature. It is,
in fact, desirable to keep the temperature of the
injection water as low as possible in order to approach
an isothermic compression as closely as possible. This

has a favourable influence onto the energy output of the

" compression.

The invention in particular relates to such compressors

without thermostatic regulation.

When the outlet temperature of the compressed gas in a
compressor, said cooler of which is cooled by cooling
liquid, mostly cooling water, suddenly starts to rise,
this will be measured, with a certain delay, by a
temperature sensor, and, also with a certain delay, a
reaction upon this temperature increase will take place.

In particular if the environmental temperature is low,
this may form a problem. In this case, the normal outlet
temperature of the compressor element also is low, such
that, with a sudden increase of this outlet temperature,
the temperature measured by the temperature sensor will
follow only slowly, which may lead to temperature peaks.
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With a high environmental temperature, this problem will
occur less. The outlet temperature of the compressed gas
then will be in the proximity of the set protection
temperature. Sudden temperature increases only result in
a limited delay, such that major temperature peaks will
be avoided.

When, in compressors in which the cooler is cooled with
cooling 1ligid, mostly water, the temperature of the
cooling liquid is very low, or if the cooling liquid flow
rate is very hign, then in that type of compressors the
normal temperathfe level is very remote from the set
protection value, which in the case of sudden temperature

increases may lead to high temperature peaks.

The present invention aims at offering a solution for the
above-mentioned problem and at providing a method for
protecting a volumetric compressor, in which said
temperature peaks are avoided.

In a compressor of the type as determined in the first
paragraph, and with a liquid-cooled cooler, provided with
an in- and outlet for cooling liquid, according to the
invention said problem is solved in that the outlet
temperature of the compressed gas, as well as the
temperature and the flow rate of the cooling liquid are
measured and that the temperature protection is rendered
dependent on this temperature and the flow rate.

It is also recommended for 1liquid-injected compressors
with a 1liquid-cooled cooler, to maintain an absolute
limit for the outlet temperature of the compressed gas.

It may, in fact, happen that that the cooler does not
work optimum and the flow of cooling water is hampered,
as a result of which the temperature of the injection
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liquid rises. The protection temperature, which depends
thereupon, also will rise, which might 1lead to
inacceptably high temperatures at the outlet of the

compressor element.

With the intention of better showing the characteristics
of the invention, hereafter, as an example without any
limitative character, a preferred form of embodiment is
described, with reference to the accompanying drawings,
wherein the figure schematically represents a volumetric
water-injected screw-type compressor according to the
invention. |

The volumetric water-injected compressor with, thus,
water as an injection liquid, represented in the figure,
substantially consists of a compressor element 1, a motor -
2 driving this compressor element 1, a pressure conduit 3
which 1s connected to the compressor element 1 and in
which successively a vessel which is a water separator 4
and a cooler 5 are erected, and an injection conduit 6,
for returning the separated water and injecting it into

the compressor element 1, in which a cooler 7 is erected.

The coolers 5 and 7 are liquid-cooled coolers with
separate radiators 8 and 9, which are erected in the
pressure conduit 3 and the injection conduit 6,
respectively.

The radiators 8 and 9 are connected with their inlet to a
common supply conduit 10 for cooling liquid, mostly
cooling water, and connected with their outlet to a

common discharge conduit 11 for this cooling liquid.

The compressor comprises a protection against excessive
temperatures by means of an electronic control device 12

which controls the motor 2 and to Which two temperature
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sensors 13 and 14 are connected.

Temperature sensor 13 is arranged at the outlet of the
compressor element 1 in the pressure conduit 3, and
temperature sensor 14 is provided in the outlet 15 for
the cooling water of the radiator 9 and, thus, of the
cooler 7.

Protecting takes place as follows:

When the compressor is operating, the outlet temperature
of the compressed gas is measured by means of temperature
sensor 13, as well as the outlet temperature of the
cooling water of the cooler 7 is measured by means of
temperature sensor 14.

By the control device 12, the difference between these
two temperatures is determined and compared to a put-in
limit value of the temperature difference. If this limit
value is reached or exceeded, then the control device 12
stops the motor 2.

In this manner, a limitation of the temperature increase
or, in other words, a relative temperature 1limit is
obtained. ‘

As the protection 1is related to the environmental
temperature, the protection level at which the motor 2 is
stopped, for the entire range of operation or temperature
range, is closer to the normal value of the outlet
temperature of the air, at the outlet of the compressor
element, as a consequence of which the influence of a
sudden temperature increase only results in a minor delay
of the protection.

The control device 12 also adds said limit value for the
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temperature difference to a chosen limit value of the
environmental temperature. The sum thereof provides an
absolute limit and, when it is reached or exceeded, the
control device 12 also commands the stopping of the motor
2.

This last-mentioned outlet temperature of the cooling
water is a measure for the cooling water temperature at

the inlet and of the cooling water flow rate.

When the outlet temperature of the cooling water exceeds
a certain pre-set value, the control device 12 commands

to stop the motor 2.

For each type of cooler, there is, for a certain output,
a certain ratio between the outlet temperature of the
cooling water and that of the compressed gas at the

outlet of the compressor element 1.

In consideration of the fact that the cooling water might
fail or be strongly reduced in an undesired manner, an.
absolute limit for the outlet temperature is maintained.
The control device 12 also stops the motor 2 when this
absolute limit is reached or exceeded.

The present invention is in no way limited to the form of
embodiment described as an example and represented in the
figure; on the contrary, such method may be realized
according to different variants, without leaving the

scope of the invention.
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Claims.

1.- Method for the protection against excessive
temperatures of a volumetric liquid-injected compressor
of the type comprising a compressor element (1) driven by
a motor (2), a pressure conduit (3) connected to the
compressor element (1), a separator (4) for injection
liquid erected in this pressure conduit (3), an injection
conduit (6) for injecting the separated injection liquid
into the compressor element (1), and a cooler (7) in
this injection Eonduit (6), according to which method at
least the outlet temperature of the compressed gas is
measured and, depending on at least this temperature and
on a limit value, it is determined whether the motor (2)
has to be stopped, characterized in that the temperature
and the flow rate of the cooling liquid are measured and
the temperature protection is rendered dependent on this
temperature and this flow rate.

2.- Method according to claim 1, characterized in that
the temperature and the flow rate of the cooling liquid
in the cooler (7) are measured indirectly by measuring
the temperature of the cooling liquid of the cooler (7)
in the outlet (18), said temperature depending on said
parameters, and in that the temperature protection is
rendered dependent on this temperature in the outlet
(18).

3.- Method according to claim 1 or 2, characterized in
that the protection takes place additionally in function
of a set absolute limit for the outlet temperatufe of the

compressed gas.
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