Cooling device

The present invention relates to a closed circuit
cooling device for a vacuum pump with moving elements housed
in a pump body, the closed circuit having cooling chambers
with a fluid flowing through, made in the walls of the pump
body, a heat exchanger supplied on one side with the cooling
fluid coming from said chambers and on the other with an air
flow, and a fluid return between the exchanger and the

cooling chambers.

The device is intended in particular for a vacuum pump
with two twin screws housed in one and the same cylinder,
engaging with one another, and having a motor connected to

one of the screws.

Vacuum pumps designed for high performance require
cooling, and implementation of cooling devices in accordance
with the above definition is known. In general the cooling
fluid is water. These closed circuit devices are
distinguishable from lost water systems, which at present are
no longer acceptable for ecological and economic reasons.
They are also distinguishable from direct air systems which
are inadequate given the requirements of wvacuum pumps from

the point of view of the amounts of heat to be removed.

However, the closed circuit devices known until now
also have failings when it is a question of equipping vacuum
pumps of high performance and compact construction, as are
the pumps with two twin screws housed in one and the same

cylinder, especially when the profile of the screws is



designed so as to obtain maximum efficiency, with a high
speed of rotation and as small a size as possible. At any
rate, the known closed circuit cooling systems have the
drawback of requiring a circulating pump. Moreover, the high
performance pumps require a radiator of particularly large

dimensions.

The aim of the present invention is therefore to create

a cooling device which avoids the above-mentioned failings.

To that end, the device according to the invention is
characterised in that the heat exchanger is a condenser, in
that the flow of cooling air is generated by a fan driven by
the pump motor, and in that the cooling chambers are
dimensioned so that the fluid has reached its boiling point

at the output thereof.

According to one embodiment, the fan is mounted
directly on the shaft of one of the screws and may be placed

between the driven screw and the motor.

The condenser can be of the crossed circulation type
and have a chamber containing a network of tubes, at least
part of which is in an inclined position so as to have the
vaporized cooling fluid flowing through from top to bottom,
said chamber capable of having a lateral opening in its upper
part for input of the air flow and, in its lower part, a

connection to the input duct of the fan.

The invention also relates to a vacuum pump with two

twin screws housed in one and the same cylinder, engaging



with one another, and having a motor connected to one of the
screws, and having a cooling device according to the

invention.

There will be described below, by way of example, one
embodiment of the object of the invention, referring to the

accompanying drawing in which:

Figure 1 is a schematic view of the device,

Figure 2 is a perspective view of the pump assembly

with its cooling circuit, and

Figure 3 is a sectional view through a horizontal plane

at screw axis level, of the pump of Figure 2.

The vacuum pump cooling device depicted in the drawing
operates as a closed circuit according to the vaporization or

beiling principle.

The means used for this are depicted schematically in
Figure 1. The main elements consist simply of a condenser 1
disposed in the upper part of the device and a set of cooling
chambers 2, an expansion vessel 1’ being disposed between the
cooling chambers and the condenser. The cooling chambers are
disposed in the walls of the cylindrical pump body and in its
cover. They are dimensioned so that the heat given off by
the vacuum pump in normal operation brings the cooling fluid,
which is water, to boiling temperature, that is 100°C if the
pressure is close to atmospheric pressure. There therefore

forms in the chambers 2 a flow of water vapour 7 which is



conveyed by pipes 4 to the input, that is to say to the upper
part, of the condenser 1. Under the effect of an air flow 5
which passes through the condenser 1 in crossed circulation,
the water vapour condenses in the lower part of the
condensation tubes and returns by gravity through the return
pipe 6 to the input of the chambers 2. In order to create
forced circulation of the air flow 5, a fan 3 is incorporated
in the pump, driven by the pump motor. A temperature sensor
17 monitors the operation of the assembly and intervenes in
the event of an abnormal situation. According to a variant,
the assembly can be constructed so that the air flow passes
through the condenser in the opposite direction to that

depicted by the arrows in Figure 2.

Figure 2 shows the constructional disposition of the
elements described above. The pump cylinder 8 has a
horizontal disposition with a discharge pipe 9 and an inlet
pipe 10. A motor 11 directly drives the shaft of one of the
screws. Water jackets 2 are made in the form of channels in
the thickness of the walls of the cylinder 8 and the vapour
produced is brought by the pipe 4, outside the cylinder, to
the condenser 1. Said condenser has a chamber 13 whose lower
part 14 rests on the cylinder 8, in transverse disposition,
and whose obliquely disposed upper part 15 is connected by
its upper end to the vapour pipe 4. In the inclined part 15
and in the transverse part 14 of the chamber 13 there are

disposed networks of tubes which end at the return duct 6.

The inclined upper wall of the chamber 13 has an

opening 16 made in it, through which there enters the air



flow 5 whose output is represented under the pump unit by the

arrows b5a.

For further details, reference will now be made to
Figure 3 which shows the cylinder 8 cut through a horizontal
plane at the level of the axis of the screws 18 and 19,
supported by the four bearings 20 and connected to one
another by the pinions 21. The shaft of the screw 18 is
extended in the direction of the motor 11 to which it is
directly coupled and this extension carries the wheel 22 of
the fan 3 whose output volute 24 opens downward, under the
pump. There should be noted, in the thickness of the lateral
walls of the cylinder 8, the water jackets 2 which surround
the turns and bearings of the screws 18 and 19 close to the
discharge, where the maximum amount of heat develops. In the
embodiment described here, the turns of the screws close to
the inlet turn in a part of the cylinder which is provided
with ambient air cooling fins 25. Furthermore, the wall of
the cylinder 8 has passing through it, in the vicinity of the
jackets 2, a safety valve device 26 making it possible, if
required, to break the vacuum in the space to be evacuated,
possibly by making nitrogen enter therein. The temperature
sensor 17 is placed immediately above this safety device.
Should excessive heating arise in the pump, which is likely
to make the level of the water/vapour boundary layer in the
jackets 2 fall, this sensor can either trigger an alarm, or

stop the motor or intervene in some other way.

The device described has the combined advantage of a
very high cooling efficiency in a small volume, and great

simplicity. The high efficiency is due to the fact that the



heat is captured in the cooling fluid by the change of state
thereof. 1In the case of water, it is known that the
vaporization heat is 2250 kJ/kg and that, if the pressure
remains close to atmospheric pressure, the temperature will
remain constantly at 100°C as long as not all the water has
vaporized. In order to calculate the system data, a start
will be made with the power Pm {watts) which the motor has to
supply. The release of heat comes, on the one hand, from the
losses in the motor and the friction in the pump, and, on the
other hand, from the compression of the evacuated gas. In
fact, for the heat Pc (watts) to be removed, it is necessary

to allow for a value of:

Pc = 0.8 Pm

The above figures make it possible to calculate the
vapour flow rate which must be produced to remove this heat
under stable conditions, and consequently to dimension the
jackets 2. For calculating the dimensions of the condenser
and the fan, an ambient air temperature of 30 to 50°C will be

taken into account.

The practical tests showed that, with these conditions,
the cooling device worked perfectly reliably while being much
smaller in size than a water circulating cooler of the usual
type. The cooling circuit is created entirely by gravity,
without the circulation having to be forced. Since the
condenser fan is driven directly by the pump motor, no
additional drive is necessary. Moreover, the good
transmission of heat by the condensation effect makes it

possible to use a small-sized condenser. This cooling device



has proved completely effective with pumps of the type
described above, whose screw threads have a conformation
specially designed for achieving a very high extraction

throughput.

In order to avoid any problems of freezing of the
cooling liquid, when the pumps are intended to be used in
places where the temperature can fall below 0°C, a mixture of
25% ethylene glycol or propylene glycol and 75% water or any
other mixture of water and suitable antifreeze liquid can be

used as the cooling liquid.
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Claims

1. A closed circuit cooling device for a vacuum pump
with moving elements housed in a pump body, the closed
circuit having cooling chambers with a fluid flowing through,
made in the walls of the pump body, a heat exchanger supplied
on one side with the coocling fluid coming from said chambers
and on the other with an air flow, and a fluid return between
the exchanger and the cooling chambers, characterised in that
the heat exchanger is a condenser, in that the flow of
cooling air is generated by a fan driven by the pump motor,
and in that the cooling chambers are dimensioned so that the

fluid has reached its boiling point at the output thereof.

2. A device according to claim 1, characterised in
that the condenser is disposed above the cylinder, the fluid

return taking place by gravity.

3. A device according to claim 1, characterised in
that said fan is mounted directly on the shaft of one of the

SCrews.

4, A device according to claim 3, characterised in
that the fan is placed between the driven screw and the

motor.

5. A device according to claim 1, characterised in
that the condenser is of the crossed circulation type and has
a chamber containing a network of tubes, at least part of
which is in an inclined position so as to have the vaporized

cooling fluid flowing through from top to bottom, said
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chamber having a lateral opening in its upper part for input
of the air flow and, in its lower part, a connection to the

input duct of the fan.

6. A device according to any one of the preceding

claims, characterised in that the cooling fluid is water.

7. A device according to claim 6, characterised in
that the circuit is arranged according to the amount of heat
to be removed so that the pressure of the water is close to
atmospheric pressure, the boiling temperature then being
around 100°C.

8. A device according to any one of claims 1 to 5,
characterised in that the cooling fluid is water mixed with

an antifreeze liquid.

9. A device according to any one of the preceding
claims, characterised in that it comprises a temperature
sensor capable of triggering an alarm signal in the event of

a limit value being exceeded.

10. A vacuum pump with two twin screws housed in one
and the same cylinder, engaging with one another, and having
a motor connected to one of the screws, characterised in that
it has a cooling device according to any one of claims 1 to
9.
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