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Description

[0001] The present invention relates to a vacuum
pump comprising a housing and a cooling element.
[0002] Common cooling elements for vacuum pumps
are built by pressedin or castin stainless steel pipesinan
aluminum block. However, the mating face contact be-
tween aluminum and the stainless steel pipe in the cool-
ing block is not perfect neither if pressed in or cast into the
aluminum block. Therefore, the thermal transfer from the
housing of the vacuum pump to the coolant flowing
through the pipe is not sufficient. Further, the thermal
transfer is further reduced since usually there is a laminar
flow within the pipe diminishing the heat conductance
from the vacuum pump to the coolant.

[0003] Further, the aluminum blocks are assembled to
the housing of the vacuum pump by alloy steel bolts at
room temperature. During operation, the cooling block
temperature cycles between usually 20 to 160 °C. Since
the alloy steel bolts have a lower thermal expansion than
the aluminum, stress is induced into the bolts causing
fatigue failure on the bolt. Thus, cooling effect can be
diminished, and service of the vacuum pump may be-
come necessary.

[0004] Thus, it is an object of the present invention to
provide a cooling element providing an efficient heat
transfer of the heat to the coolant and performing its
function more reliably.

[0005] DE 20 2013 009 654 describes a prior art va-
cuum pump having the features of the preamble to claim
1.US 2020/106146 discloses a cooling plate for a traction
battery cell.

[0006] A solution to the given problem is provided by
the vacuum pump according to claim 1.

[0007] Inaccordance to the presentinvention the cool-
ing element for vacuum pump comprises a base element
wherein by the base element an internal void is defined.
Further, aninletis connected to the base elementandisin
fluid connection with the void. An outlet is connected to
the base element and is in fluid connection with the void
such thata coolant can flow from the inlet through the void
to the outlet to dissipate the heat transferred from the
housing of the vacuum pump to the coolant. Therefore,
the base element is connectable to the housing of the
vacuum pump. Due to the coolant flowing through the
internal void of the base element heat produced by the
vacuum pump is dissipated and reliably carried away
from the vacuum pump.

[0008] According to the invention, the void has a flat
shape. In this sense flat means that the height of the void
is smaller than the width of the void. The width is more
than twice as large as the height, preferably more than
four-times as large as the height and even more prefer-
ably more than 10-times as large as the height.

[0009] The height of the void is less than 3 mm, pre-
ferably less than 2 mm and even more preferably less
than 1 mm. In comparison the width of the void can be
several tens of mm, preferably more than 25 mm and
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more preferably more than 40 mm. Thus, by the flat void a
large surface is created that is in contact with the coolant
when the coolant is flowing through the void. Thus,
efficiency of the heat transfer from the vacuum pump
to the coolant may be improved.

[0010] Preferably, alsothe base elementhas flat shape
thereby reduction of the amount of material and thus the
costs of fabrication may be achieved. Therein, the shape
of the base element may be adapted to the shape of the
void. Therein, the term flat has the same meaning, i.e.
that the base element has a height which is much smaller
than the width of the element.

[0011] Preferably, the void has a length exceeding the
width of the void, preferably exceeding the width of the a
factor of two, more preferably by a factor of 4 and most
preferably by a factor of 8. Thus, the coolant may have a
sufficient time in order to take up the heat from the
vacuum pump which is then dissipated by the coolant.
[0012] Preferably, the base element comprises a bot-
tom surface to be directly attached to the surface of the
housing of the vacuum pump. Thus, the base element is
in direct contact with the housing of the vacuum pump
which may provide sufficient heat conductivity in order to
transfer the heat from the housing of the vacuum pump to
the bottom surface of the base element, to the coolant in
the internal void that is defined by the base element. In
particular, the bottom surface is flat in order provide full
contact with the surface of the housing of the vacuum
pump.

[0013] Inparticular, the material thickness between the
bottom surface of the base element and the void is less
than 3 mm, preferably less than 2 mm and more pre-
ferably less than 1 mm. Thus, sufficient heat conductivity
may be provided. Even if the base element is made from
stainless steel, there might be sufficient heat conductivity
due to the small material thickness of the bottom of the
base element.

[0014] The internal void comprises at least one corru-
gated surface to create turbulent flow within the void, the
corrugated surface might be provided at least at the
upper surface which is at the opposite site of the bottom
surface away from the surface of the housing of the
vacuum pump. More preferably, the upper surface as
well as the bottom surface might comprise a corrugated
surface.

[0015] Therein the corrugated surface is provided by
grooves which are arranged perpendicular to the direc-
tion of flow through the void. Alternatively or additionally,
the corrugated surface might be provided by ribs ar-
ranged perpendicular to the direction of flow. Thus, if
only one corrugated surface is present, the corrugated
surface can be built as grooves or ribs. If two corrugated
surfaces are present, the two surfaces can be built both
with grooves or both with ribs or one corrugated surface
can be built as ribs and one corrugated surface can be
built as grooves.

[0016] Preferably, if no connecting element is present,
the corrugated surface of the upper surface is built as
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grooves wherein the corrugated surface of the bottom
surface is built as ribs. In particular, if the base elementis
surrounded by a connecting element as described below
then the bottom surface may be built as grooves or ribs in
order to ensure turbulent flow within the void. By the
turbulent flow in the void heat transfer to coolant might
be improved.

[0017] Preferably the features of the corrugated sur-
face of the upper surface and the features of the corru-
gated surface of the bottom surface are arranged alter-
nating along the direction of flow.

[0018] Preferably, a turbulator element is disposed
within the void to create turbulent flow within the void.
Preferably, the turbulator element is built as wire mesh
introduced into the void as separate element. In particu-
lar, if the void is constructed as pipe the turbulator ele-
ment can be easily introduced into the pipes in order to
ensure turbulent flow within the pipes enhancing the heat
transfer to the coolant.

[0019] Preferably, the base element is built as one
piece. Thus, there is no possibility of leakage of the
coolant. Alternatively, the base element is composed of
two pieces or more which are glued, welded, screwed or
otherwise leaktight attached together.

[0020] Preferably, the base elementis fabricated by 3D
printing. In particular, if the base element is built in one
piece by 3D printing it may provide the possibility to
create internal voids with complex shapes such as a
corrugated surface. Thus, 3D printing facilitates fabrica-
tion of the cooling element.

[0021] Preferably, the base elementis surrounded by a
connecting element. In particular, if the base element is
not directly connected to the housing of the vacuum
pump, the connecting element connects the base ele-
ment with the housing of the vacuum pump. Therein,
preferably, the connecting element is made from alumi-
num wherein the connecting element is directly con-
nected to the housing of the vacuum pump. Therein,
the base element can be cast-in or pressed-in into the
connecting element to provide sufficient contact between
the base element and the connecting element.

[0022] Preferably, the base element is made of stain-
less steel. In particular, if aggressive coolants are used
stainless steel provides the benefit of being in urge and
long-lasting. Thus, if the cooling element is attached by
alloy steel screws, cooling element and screws have the
same or similar thermal expansion. Thus, thermal stress
induced might be reduced.

[0023] The presentinvention will be described in detail
with reference to the embodiments according to the
accompanied drawings.

[0024] Itis shown:

Figure 1 a perspective view of the cooling element in
accordance to the present invention,

Figure 2 a cross section of the cooling element
according to figure 1,
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Figure 3 another embodiment of the cooling element
according to the present invention and

Figure 4 an exemplary turbulator element.

[0025] The cooling element 10 according to the pre-
sent invention comprises a base element 12 which is
according to Figure 1 built as flat base element 12.
Further, to the base element an inlet 14 and an outlet
16 is connected. A coolant is flowing through the inlet 14
as depicted by the arrow 18, flowing through an internal
void 20 built in the base element (Figure 2) and leaving
the cooling element 10 through the outlet 16 as depicted
by the arrow 22. Therein the base element 12 comprises
a bottom surface 24 which is in direct contact with the
surface 26 of the housing 28 of the vacuum pump as
depicted in figure 2.

[0026] Due to the flat shape of the void 20 in the base
element 12 most of the coolant is close to the bottom
surface 24 and able to take up heat energy transferred
from the housing 28 of the vacuum pump to the cooling
element 10. Therein, the cooling element 10 might be
built from stainless steel. Even though stainless steel has
a low heat conductivity, enough heat is transferred from
the vacuum pump to the coolant since the material thick-
ness D between the bottom surface 24 of the cooling
element 10 and the lower surface of the internal void 20 is
small and in particular less than 2 mm.

[0027] Inaccordance tothe presentinvention an upper
surface 30 of the internal void 20 is built as corrugated
surface by a plurality of grooves 32 which are perpendi-
cular to the direction of flow (as indicated by arrow 34). In
addition, the lower surface 31 of the internal void 20 also
comprises a corrugated surface as depicted in Fig. 2,
wherein the corrugated surface in Fig. 2 is built by ribs 33
arranged perpendicular to the direction of flow and inter-
changeably arranged to the grooves 32 of the upper
surface 30. Thereby, the coolant is forced into turbulent
flow enhancing the possibility of the coolant to take up
heat from the vacuum pump.

[0028] Preferably, the base element 12 is built as one
piece by 3D printing. Thereby, the complex shape of the
void 20 can be easily achieved and further a leak tight
design is provided.

[0029] The method of fabrication of the cooling ele-
ment comprises the steps of:

a) Printing a base element by 3D printing from stain-
less steel, wherein the base element comprises an
internal void; and

b) Attaching an inlet and an outlet to the base ele-
ment in fluid communication to the internal void
either also by 3D printing of any other method, such
as welding, brazing or the like.

[0030] Therein the cooling element may have the fea-
tures as described above or below.
[0031] Figure 3 shows another embodiment wherein
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the base element 12 comprises a first corrugated surface
32 as the embodiment of Figures 1 and 2 and also has a
second corrugated surface 36 opposite to the first corru-
gated surface 32 wherein both are built identically by
grooves. Thus, the opposite surface, i.e. the lower sur-
face defining the void in between are built as corrugated
surfaces. Therein, the base element 12 is placed into a
connecting element 38 which is then connected to the
surface 26 of a housing 28 of the vacuum pump. Therein
the base element 12 might be casted into the connecting
element 28 which is preferably made from aluminum.
Thereby, both surfaces can be built as corrugated sur-
faces enhancing the possibility to take up heat by the
coolant. In addition, features of Figure 3 which are the
same or similar to features of the former figures are
indicated by the same reference numbers.

[0032] Therein, in Figure 3, the flat base element is
parallel arranged in the connecting element 38 to the
surface 26 of the housing of the vacuum pump. Therein,
parallel means that the bottom surface 24 and/or the top
surface 30 of the base element 12 are parallel to the
surface of the housing of the vacuum pump. Alternatively,
the base element 12 can be arranged perpendicular
within the connecting element 38 relative to the surface
of the housing of the vacuum pump.

[0033] Figure 4 shows a wire mesh turbulator as tur-
bulator element 40 which can be introduced into the void,
in particular, if the void is built as pipe in order to ensure
turbulent flow within the void, i.e. pipe.

Claims
1. A vacuum pump comprising:

a housing (28) and a cooling element (10), the
cooling element comprising:

a base element (12), wherein by the base
element (12) aninternal void (20) is defined,
an inlet (14) connected to the base element
(12) and in fluid connection with the void
(20) and

an outlet (16) connected to the base ele-
ment (12) and in fluid connection with the
void (20) such that a coolant can flow from
the inlet (14) through the void (20) to the
outlet (16) to dissipate heat,

wherein the base element (12) is connected
to the housing (28) of the vacuum pump,

characterized in that

the void (20) has a flat shape such that the
width of the void (20) is more than twice as
large as the height of the void (20), and the
height of the void (20) is less than 3mm; and
in that
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the internal void (20) comprises at least one
corrugated surface (32, 36) to create turbu-
lent flow within the void (20), wherein the at
least one corrugated surface (32, 36) pro-
vides grooves (32) or ribs (33) which are
arranged perpendicular to the direction of
flow through the void (20).

2. The vacuum pump according to claim 1, character-
ized in that the base element (12) has a flat shape.

3. Thevacuum pump according to any of claims 1 or 2,
characterized in that the base element (12) com-
prises a bottom surface (24) to be directly attached to
a surface (26) of the housing (28) of the vacuum

pump.

4. The vacuum pump according to claim 3, character-
ized in that the material thickness between the
bottom surface (24) and the void (20) is less than
3mm, preferably less than 2mm and more preferably
less than 1mm.

5. The vacuum pump according to any of claims 1 to 4,
characterized by a turbulator element (40) dis-
posed within the void (20) to create turbulent flow
within the void (20).

6. The vacuum pump according to any of claims 1 to 5,
characterized in that the base element (12) is one
piece.

7. The vacuum pump according to any of claims 1 to 6,
characterized in that the base element (12) is fab-
ricated by 3D printing.

8. The vacuum pump according to any of claims 1to 7,
characterized in that the base element (12) is sur-
rounded by a connecting element (38) directly con-
nected to the housing (28) of the vacuum pump.

9. The vacuum pump according to claim 8, character-
ized in that the connecting element (38) is made
from aluminum.

10. The vacuum pump according to any of claims 1t0 9,
characterized in that the base element (12) is made
of stainless steel.

Patentanspriiche
1. Vakuumpumpe umfassend:
ein Gehause (28) und ein Kuhlelement (10), wobei

das Kihlelement umfasst:

ein Basiselement (12), wobei durch das Basis-
element (12) eininterner Hohlraum (20) definiert
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ist,

einen Einlass (14), verbunden mit dem Basis-
element (12) und in Fluidverbindung mit dem
Hohlraum (20), und

einen Auslass (16), verbunden mit dem Basis-
element (12) und in Fluidverbindung mit dem
Hohlraum (20), sodass ein Kiihimittel vom Ein-
lass (14) durch den Hohlraum (20) zum Auslass
(16) stréomen kann, um Warme abzufiihren,
wobei das Basiselement (12) mit dem Gehause
(28) der Vakuumpumpe verbunden ist,
dadurch gekennzeichnet, dass

der Hohlraum (20) eine flache Form aufweist,
sodass die Breite des Hohlraums (20) mehr als
doppelt so gro3 wie die Hohe des Hohlraums
(20) istund die Hohe des Hohlraums (20) kleiner
als 3 mm ist; und dadurch, dass

der interne Hohlraum (20) mindestens eine ge-
wellte Oberflache (32, 36) umfasst, um in dem
Hohlraum (20) eine turbulente Strémung zu er-
zeugen, wobei die mindestens eine gewellte
Oberflache (32, 36) Rillen (32) oder Rippen
(33), die senkrecht zur Strémungsrichtung
durch den Hohlraum (20) angeordnet sind, be-
reitstellt.

Vakuumpumpe nach Anspruch 1, dadurch gekenn-
zeichnet, dass das Basiselement (12) eine flache
Form aufweist.

Vakuumpumpe nach einem der Anspriiche 1 oder 2,
dadurch gekennzeichnet, dass das Basiselement
(12) eine Unterseite (24), die direkt an einer Ober-
flache (26) des Gehauses (28) der Vakuumpumpe
anzubringen ist, umfasst.

Vakuumpumpe nach Anspruch 3, dadurch gekenn-
zeichnet, dass die Materialdicke zwischen der Un-
terseite (24) und dem Hohlraum (20) kleiner als 3
mm, vorzugsweise kleiner als 2 mm und starker
bevorzugt kleiner als 1 mm ist.

Vakuumpumpe nach einem der Anspriiche 1 bis 4,
gekennzeichnet durch ein Turbulatorelement (40),
angeordnetinnerhalb des Hohlraums (20), uminner-
halb des Hohlraums (20) turbulente Strémung zu
erzeugen.

Vakuumpumpe nach einem der Anspriiche 1 bis 5,
dadurch gekennzeichnet, dass das Basiselement
(12) ein Stuck ist.

Vakuumpumpe nach einem der Anspriiche 1 bis 6,
dadurch gekennzeichnet, dass das Basiselement
(12) durch 3D-Drucken hergestellt ist.

Vakuumpumpe nach einem der Anspriiche 1 oder 7,
dadurch gekennzeichnet, dass das Basiselement
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10.

(12) von einem direkt mit dem Gehause (28) der
Vakuumpumpe verbundenen Verbindungselement
(38) umgeben ist.

Vakuumpumpe nach Anspruch 8, dadurch gekenn-
zeichnet, dass das Verbindungselement (38) aus
Aluminium hergestellt ist.

Vakuumpumpe nach einem der Anspriiche 1 bis 9,
dadurch gekennzeichnet, dass das Basiselement
(12) aus nicht rostendem Stahl hergestellt ist.

Revendications

1.

Pompe a vide comprenant:
un boitier (28) et un élément de refroidissement (10),
I'élément de refroidissement comprenant:

un élément de base (12), dans laquelle par
I'élément de base (12) un vide interne (20) est
défini,

une entrée (14)reliée al’élémentde base (12) et
en liaison fluidique avec le vide (20) et

une sortie (16) reliée a I'élément de base (12) et
en liaison fluidique avec le vide (20) de sorte
gu’un fluide de refroidissement peut s’écouler
depuis I'entrée (14) a travers le vide (20) jusqu’a
la sortie (16) pour dissiper la chaleur,

dans laquelle I'élément de base (12) est relié au
boitier (28) de la pompe a vide,

caractérisée en ce que

le vide (20) a une forme plate de sorte que la
largeur du vide (20) est plus de deux fois supé-
rieure a la hauteur du vide (20), et la hauteur du
vide (20) est inférieure 8 3 mm; et en ce que
le vide interne (20) comprend au moins une
surface ondulée (32, 36) pour créer un écoule-
ment turbulent a l'intérieur du vide (20), dans
laquelle la au moins une surface ondulée (32,
36) présente des rainures (32) ou des nervures
(33) qui sont disposées perpendiculairement a
la direction d’écoulement a travers le vide (20).

Pompe avide selon larevendication 1, caractérisée
en ce que 'élément de base (12) a une forme plate.

Pompe a vide selon I'une quelconque des revendi-
cations 1 ou 2, caractérisée en ce que I'élément de
base (12) comprend une surface inférieure (24) des-
tinée a étre fixée directement a une surface (26) du
boitier (28) de la pompe a vide.

Pompe a vide selon larevendication 3, caractérisée
en ce que I'épaisseur de matériau entre la surface
inférieure (24) etle vide (20) estinférieure a 3 mm, de
préférence inférieure a 2 mm, et de préférence en-
core inférieure a 1 mm.
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Pompe a vide selon I'une quelconque des revendi-
cations 1 a 4, caractérisée par un élément turbula-
teur (40) disposé a l'intérieur du vide (20) pour créer
un écoulement turbulent a l'intérieur du vide (20).

Pompe a vide selon I'une quelconque des revendi-
cations 1 a 5, caractérisée en ce que |'élément de
base (12) est monobloc.

Pompe a vide selon I'une quelconque des revendi-
cations 1 a 6, caractérisée en ce que |'élément de
base (12) est fabriqué par impression 3D.

Pompe a vide selon I'une quelconque des revendi-
cations 1 a 7, caractérisée en ce que |'élément de
base (12) est entouré par un élément de liaison (38)
relié directement au boitier (28) de la pompe a vide.

Pompe avide selon larevendication 8, caractérisée
en ce que I'élément de liaison (38) est en aluminium.

Pompe a vide selon 'une quelconque des revendi-
cations 1 a 9, caractérisée en ce que I'élément de
base (12) est en acier inoxydable.
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