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Sealing arrangement for a high pressure pump as well as high pressure pump 5 

having such a sealing arrangement 

The invention relates to a sealing arrangement for sealing a pressure chamber in a 

high pressure pump, as well as to a high pressure pump having such a sealing 

arrangement.  10 

The pressure chamber in a pump, in which a pressurized fluid to be conveyed by 

the pump is present, has to be sealed off with respect to its environment. In this 

connection the environment of the pressure chamber can be the environment of 

the pump typically present at atmospheric pressure, or - in the case of a multi-15 

stage pump - a different pressure chamber of the pump in which the fluid to be 

conveyed is present at a higher or lower pressure. 

The larger the pressure generated by the pump is the more difficult it is to provide 

efficient and reliable sealing arrangements. Having regard to high pressures of, for 20 

example, up to 1000 bar conveying pressure, pressure related elongations or 

deformations of the pump housing or of other components are frequently brought 

about. These can have the consequence that gaps open between components 

which bound the same pressure chamber, for example between the pump housing 

and the pump cover. Such gaps, which amongst other things can also arise due to 25 

different thermal expansions of the components, must then be reliably sealed in 

order to avoid a leakage of the fluid through the gaps.  

The pressure induced opening of such gaps can, for example, be avoided or at 

least be limited to an uncritical degree, in that the components, between which the 30 
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gap arises, are configured so stiff - and this generally means so thick-walled - that 

also for very high pressures only such small gaps arise such that the functionality 

of the sealing arrangement is not endangered. However, this has the disadvantage 

that significantly more material is required with regard to the thick-walled design 

and that the pump has a considerable increased weight. Both are rather disadvan-5 

tageous effects from an economic point of view. 

For this reason one strives to create sealing arrangements which also reliably and 

efficiently seal at very high pressures. Having regard to many sealing arrange-

ments an O-ring is provided which is typically inserted into a groove of a sealing 10 

surface. In the International (PCT) patent application PCT/EP2012/071654, for 

example, a sealing arrangement is suggested having regard to which a groove-like 

recess is provided in one of the components between which the seal should take 

place, the groove-like recess being configured in such a way that on an application 

of pressure of the groove a force is exerted in the direction onto the sealing sur-15 

face of this component, which presses this sealing surface against the sealing 

surface of the component adjacent thereto. In this connection the application of 

pressure of the groove can bring about an elastic deformation or plastic defor-

mation of its walls in order to thus avoid or to reduce the pressure induced opening 

of gaps between the components. An O-ring is provided in one of the two sealing 20 

surfaces contacting one another, the O-ring consisting of an elastomer and being 

arranged in a groove provided in this sealing surface. This O-ring serves for a 

reliable seal between the two sealing surfaces contacting one another. 

Specifically for sealing arrangements with O-rings the danger exists with regard to 25 

the extrusion of the O-ring. In this connection it is meant that the O-ring is de-

formed on the application of pressure in such a way that a part of it is pressed into 

a gap opening under pressure which can have the consequence of a damaging of 

the O-ring and in this way a loss of the sealing effect.  

30 
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Starting from this state of the art it is thus an object of the invention to suggest a 

sealing arrangement for sealing a pressure chamber in a high pressure pump 

which still reliably works also for very high pressures and in which in particular an 

extrusion of a sealing ring, more specifically of an O-ring, into a gap opening under 

pressure is prevented. Furthermore, it is an object of the invention to suggest a 5 

high pressure pump having such a sealing arrangement.  

The subject matter of the invention satisfying this object is characterized by the 

features of the independent patent claims of the respective category. 

10 

In accordance with the invention a sealing arrangement is thus suggested for 

sealing a pressure chamber in a high pressure pump, the pressure chamber being 

bounded by a first and a second bounding element, having a separate sealing 

element which has a first sealing surface for cooperating with the first bounding 

element, as well as having a second sealing surface for cooperating with the sec-15 

ond bounding element; wherein the two sealing surfaces are inclined with respect 

to one another and each have a groove for the reception of a sealing ring; and 

wherein the sealing element is arranged and configured in such a way that it can 

be displaced totally along one of the bounding elements on the application of 

pressure.  20 

Having regard to this sealing arrangement the total sealing element can conse-

quently be displaced on the application of pressure along one of the bounding 

elements. Hereby the effect is achieved that a gap opening on the application of 

pressure between the two bounding elements is reliably covered by the sealing 25 

element through the displacement of the sealing element such that an extrusion of 

a sealing ring into the opening gap is avoided. This ensures an efficient sealing 

effect also with regard to very high pressures of, for example, up to 1000 bar. 
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The provision of a separate sealing element having the grooves for the reception 

of sealing rings moreover has the advantage that a different material can be se-

lected for this sealing element than, for example, the material from which the 

bounding elements are made. For this reason, a material can be selected for the 

sealing element whose mechanical properties, such as e.g. the elastic properties, 5 

are as ideal as possible on the application of pressure.  

Preferably, the two sealing surfaces of the sealing element include an angle of 

substantially 90°. This measure is in particular advantageous with regard to the 

capability of being displaced of the sealing element on the application of pressure.  10 

An advantageous measure is the provision of a support ring for positioning the 

sealing element, in particular in the pressure-less state. It can thereby be realized 

that the sealing element has a defined starting position and/or starting orientation 

such that on the application of pressure it reacts in the desired manner.  15 

In a preferred embodiment the support ring contacts a support surface of the seal-

ing element in the pressure-less state, wherein the support surface is different 

from the two sealing surfaces of the sealing element. Hereby it is ensured that the 

sealing element can be displaced on the application of pressure without the hin-20 

drance by the support ring.  

In accordance with a particularly preferred embodiment which has proven itself in 

practice, the sealing element has a substantially L-shaped cross-section having a 

long shank which forms the first sealing surface and having a short shank which 25 

forms the second sealing surface.  

Preferably the sealing element is arranged in a displaceable manner along the 

second bounding element. This is in particular preferred having regard to the de-

sign having the substantially L-shaped cross-section. The surface of the sealing 30 



5 

element formed by the long shank at which a pressure is applied is larger than the 

surface formed by the short shank at which a pressure is applied. A larger force 

thus results through the pressure that is applied on the first said surface formed by 

the long shank, such that the sealing element is reliably displaced by means of this 

larger force along the second bounding element which cooperates with the sealing 5 

surface formed by the shorter shank. 

It is particularly preferred when the sealing element is arranged in a displaceable 

manner along the first and the second bounding elements, as thereby the sealing 

element can follow pressure induced displacements or bulges both of the first and 10 

also of the second bounding elements. Hereby a reliable seal can be realized in a 

high pressure pump both in the radial direction as well as in the axial direction. 

A further advantageous measure consists therein that the first sealing surface is 

configured conically between the groove provided therein and its end facing the 15 

second sealing surface. In this connection it is meant that the first sealing surface 

is configured inclined between the two sealing surfaces starting from the groove 

provided therein in the direction of the contact line. This has the consequence that 

the first sealing surface moves away even further from the groove in the direction 

of the contact line from the first bounding element. Through this measure it is en-20 

sured that that edge which bounds the groove in the first sealing surface and lies 

closer to the contact line comes into contact with the first bounding elements first 

on the application of pressure and that the highest surface pressure is present at 

this edge respectively in the region of this edge. This measure represents an addi-

tional security such that a sealing ring inserted into the groove, e.g. an O-ring, 25 

does not experience an extrusion on the application of pressure.  

For the same reason it is advantageous when the second sealing surface is of  

conical design between the groove provided therein and its end facing the first 

sealing surface.  30 
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In this connection it has been proven in practice when the angle of the cone re-

spectively amounts to at most 2°, preferably to at most 1°. 

In accordance with a preferred embodiment the sealing arrangement is configured 5 

as a radial seal arrangement.  

Furthermore, a high pressure pump is suggested by the invention comprising a 

sealing arrangement in accordance with the invention. By means of this sealing 

arrangement the high pressure pump can also be operated safely and securely at 10 

very high pressures, for example, of up to 1000 bar. 

Having regard to a preferred embodiment the high pressure pump is provided with 

a pump cover and a pump housing, wherein the sealing arrangement is provided 

for sealing between the pump cover and the pump housing. 15 

In accordance with a preferred application the high pressure pump is configured 

as a multi-stage pump. 

In a preferred embodiment of the high pressure pump the sealing arrangement is 20 

provided for sealing between a pressure chamber and an intermediate pressure 

chamber.  

A further preferred design of the high pressure pump is when the sealing ar-

rangement is provided for sealing between a separation element and the pump 25 

housing or between the pump cover and the pump housing. 

Further advantageous measures and designs of the embodiment result from the 

dependent claims.  

30 
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In the following the invention will be described in detail by means of embodiments 

and with reference to the drawing. In the schematic drawing there is shown, partly 

in section: 

Fig. 1 a sectional illustration of an embodiment of a sealing ar-5 

rangement in accordance with the invention; 

Fig. 2 a schematic illustration of a first variant for the arrangement 

of the sealing element; 

10 

Fig. 3 a schematic illustration of a second variant for the arrange-

ment of the sealing element; 

Fig. 4 a schematic illustration of a third variant for the arrangement 

of sealing elements; 15 

Fig. 5 a schematic illustration of a fourth variant for the arrange-

ment of sealing elements; and 

Fig. 6 a schematic illustration of an embodiment of a high pressure 20 

pump in accordance with the invention; 

In a schematic sectional illustration Fig. 1 shows an embodiment of a sealing ar-

rangement in accordance with the invention which is totally referred to with the 

reference numeral 1 and serves for the sealing of a pressure chamber 2 in a high 25 

pressure pump 100 (see Fig. 6). The pressure chamber 2 is bound by a first seal-

ing element 3 and by a second sealing element 4. The sealing arrangement 1 

further comprises a separate sealing element 5 which has a first sealing surface 

51 for cooperating with the first bounding element 3, as well as a second sealing 

surface 52 for cooperating with the second bounding element 4. The term "sepa-30 
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rate sealing element" in this connection means that the sealing element 5 is not an 

integral component, for example, of one of the bounding elements 3, 4, but is 

configured as its own component.  

As can be clearly be recognized, the illustration of Fig. 1 only shows a part of the 5 

sealing arrangement 1, namely, for example, the upper half. In a high pressure 

pump 100 the sealing element 5 is generally configured rotationally symmetric with 

respect to the pump shaft which is indicated in Fig. 1 by an axis of rotation A about 

which the rotating parts of the pump rotate in the operating state. This means that 

the sealing element 5 is typically of ring-like design. Thus only one cross-section 10 

through the ring-shaped sealing element 5 is illustrated in Fig. 1. Also the pressure 

chamber 2 is typically configured as a ring space which surrounds the pump shaft. 

A respective groove is provided in each of the two sealing surfaces 51, 52 of the 

sealing element 5, namely a first groove 53 and a second groove 54 which each 15 

serve for the reception of a sealing ring 55 which is, for example, configured as an 

O-ring. The sealing rings 55 in a manner known per se serve for the seal between 

the respective sealing surface 51 or 52 and the bounding elements 3 or 4 cooper-

ating therewith and are, for example, manufactured from an elastomer material. 

20 

It is understood that the sealing rings can also be other sealing means known per 

se, for example, metal rings or ring discs or sealing means of a plastic, such as of 

PTFE or of PEEK.  

As is shown in Fig. 1 the two sealing surfaces 51, 52 of the sealing element 5 are 25 

inclined with respect to one another and contact one another along a contact line 

56. More specifically, the two sealing surfaces 51, 52 of this embodiment include 

an angle of substantially 90°. The sealing element 5 in accordance with Fig. 1 has 

a substantially L-shaped cross-section having a long shank 57 which forms the 

first sealing surface 51 and with which the first bounding 3 cooperates and has a 30 
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short shank 58 which forms the second sealing surface 52 and with which the 

second bounding element 4 cooperates. 

In accordance with the invention the sealing element 5 is arranged and configured 

in such a way that it can be displaced totally along at least one of the bounding 5 

elements 3, 4 on an application of pressure. This will be explained in the following 

with reference to Fig. 1. 

In the pressure-less state, this means when no over-pressure is present in the 

pressure chamber 2 relative to its environment, the first bounding element 3 con-10 

tacts the boundary surface 43 of the second bounding element 4. This can be 

realized in a pump, for example, thereby that the component which forms the first 

bounding element 3 is fixedly screwed to that component which forms the second 

bounding element 4. When an ever increasing pressure is now generated in the 

pressure chamber 2, then it can happen that a gap 6 opens between the bounding 15 

elements 3, 4 by means of pressure induced deformations, for example bulges, of 

the first or of the second bounding elements 3, 4. This state is illustrated in Fig. 1. 

As the pressure in the pressure chamber 2 is also applied at the sealing element 5 

and this is totally displaceable along the second bounding element 4, the complete 

sealing element 5 is moved upwardly in accordance with the illustration and there-20 

by closes the gap 6 with respect to the pressure chamber 2 such that no fluid can 

escape from the pressure chamber 2 through the gap 6, but rather the sealing 

effect is maintained also with regard to very high pressures.  

If the second bounding element 4 is displaced under the influence of the pressure 25 

in the pressure chamber 2 relative to the first bounding element 3 along the 

boundary surface 43, for example, to the left in accordance with the illustration of 

Fig. 2, then the sealing element 5 can also follow this movement, namely in that 

the sealing element 5 is totally displaced along the first bounding element 3. Hav-
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ing regard to this displacement the substantially ring-shaped sealing element 5 

expands.  

With respect to the axis of rotation A, the sealing element 5 can thus be displaced 

totally both in the radial direction - this means upwardly in accordance with the 5 

illustration of Fig. 1 (or downwardly) - as well as in the axial direction - this means 

to the right (or to the left) in accordance with the illustration of Fig. 1. The dis-

placement in the axial direction then naturally is associated with an expansion of 

the substantially ring-shaped sealing element 5.  

10 

Through this capability of being displaced both in an axial as well as in a radial 

direction gaps 6 between the bounding elements 3, 4 are not only closed, but it is 

rather advantageously further avoided that a gap opens or is formed between the 

first sealing surface 51 and the first bounding element 3 or between the second 

sealing surface  52 and the second bounding element 4 on an application of pres-15 

sure.  

Through this capability of being displaced of the sealing element 5 it is thus en-

sured that a reliable seal of the pressure chamber 2 is realized also for very high 

pressures in the pressure chamber 2 of, for example, up to 1000 bar. 20 

It in particular ensures the radial capability of being displaced of the sealing ele-

ment 5 such that the gap 6 opening on the application of pressure between these 

two bounding elements 3 and 4 is reliably closed by the sealing element 5. 

Through the closing of the gap 6 by means of the sealing element 5 an extrusion 25 

of the sealing rings 55, in particular of the O-rings 55, into the gap 6 is efficiently 

prevented.  

Having regard to an application of pressure of the sealing element 5 its capability 

of being displaced is generally combined with a deformation of the sealing element 30 
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5, this means besides the displacement of the sealing element 5 or during the 

displacement of the sealing element the sealing element can also be deformed. 

This deformation is preferably an elastic deformation, this means a deformation 

which is completely reversible on the removal of pressure. As the sealing element 

5 is configured as a separate component, this means that it, for example, is not an 5 

integral component of one of the bounding elements 3, 4, one has the largest 

possible degree of freedom with respect to the material selection for the sealing 

element 5. Thus a material can be selected for the sealing element 5 that is ideal 

for the respective case of application with regard to its elastic properties. Titanium 

has been found to be a particularly preferred material for the sealing element 5.  10 

In order to realize an even higher level of protection of the sealing rings 55 respec-

tively of the O-rings 55 against extrusion the measures described in the following 

are advantageous.  

15 

The first sealing surface 51 is of conical design between the first groove 53 and 

the contact line 56 at which the two sealing surfaces 51, 52 contact one another 

and indeed is configured such that in the pressure-less state the spacing between 

the first sealing surface 51 and the first bounding element 3 is minimal with respect 

to that bounding edge of the first groove 53 which is closer to the contact line 56 20 

(in Fig. 1 the left bounding edge in accordance with the illustration) and then in-

creases in the direction of the contact line 56. This inclination of the first sealing 

surface 51 is illustrated in Fig. 1 and the associated angle of the cone is referred to 

with α. Through this measure it is ensured that, on the application of pressure at 

the sealing element 5, this left bounding edge of the first groove 53 respectively of 25 

the region at the bounding edge of the long shank 57 in accordance with the illus-

tration comes into contact first with the first bounding element 3 and that the high-

est contact pressure also exists there (with respect to the first sealing surface 51). 

It can thereby be avoided in an improved manner that an extrusion of the sealing 
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ring 55 from the first groove 53 is brought about between the first sealing surface 

51 and the first bounding element 3.  

Advantageously also the second sealing surface 52 is of conical design between 

the second groove 54 and the contact line 56 at which the two sealing surfaces 51, 5 

52 contact one another and indeed such that in the pressure-less state the spac-

ing between the second sealing surface 52 and the second bounding element 4 is 

minimal at that bounding edge of the second groove 54 which is closer to the con-

tact line 56 (the upper bounding edge in accordance with the illustration of Fig. 1) 

and then increases in the direction of the contact line 56. This inclination of the 10 

second sealing surface 52 is illustrated in Fig. 1 and the associated angle of the 

cone is referred to with β. Through this measure it is ensured that, on an applica-

tion of pressure at the sealing element 5, this first upper boundary edge of the 

second groove 54 respectively of the region at this bounding edge of the short 

shank 58 in accordance with the illustration comes into contact with the second 15 

bounding element 4 and that also there the highest contact pressure exists (with 

respect to the second sealing surface 52). It can thereby be even more reliably 

avoided that an extrusion of the sealing ring 55 from the second groove 54 is 

brought about between the second sealing surface 52 and the second bounding 

element 4. 20 

A further optional advantageous measure is brought about when the long shank 

57 or the short shank 58 or preferably both shanks 57, 58 are respectively cylindri-

cally configured and cut back in the region between the first or the second grooves 

53, 54 and the end disposed remote from the contact line 56 (this means are not 25 

conically and are not inclined). In Fig. 1 this can be recognized in that these re-

gions respectively run in parallel to the first and to the second bounding element 3, 

4 and have a larger spacing from the first and the second bounding element 3, 4 

respectively than the respective bounding edge of the first and the second groove 

53, 54 which lies closer to the contact line 56. Also through this measure the effect 30 
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is supported that the respectively larger contact pressure of the first and the sec-

ond sealing surfaces 51, 52 is present in the region of that bounding edge of the 

first and the second grooves 53, 54 which lies closer to the contact line 56.  

The two angles α and β of the respective cone of the first and of the second seal-5 

ing surfaces 51, 52 can be like or different. In practice it has been proven when α

and β respectively amount to at most 2° and preferably to at most 1°. In particular 

values for α and β of between 1.0° and 1.2° have proven to be successful.  

It is understood that not only a pressure induced gap, but also thermally induced 10 

gaps, such as, for example, those that can be caused by different thermal coeffi-

cients of expansion of components bounding one another can be closed in an 

analogous manner by means of the sealing arrangement by means of the dis-

placement of the sealing element 5.  

15 

Besides the L-shaped cross-section of the sealing element 5 described in this 

context naturally also other geometries are possible as a cross-section of the seal-

ing element, for example the two shanks 57 and 58 can also have an equal length 

such that the cross-sectional surface is like that of an angular section having the 

shape of an isosceles alternatively rounding offs can be provided. 20 

Having regard to the subsequent description of different variants for the arrange-

ment of the sealing element 5 as well as of an embodiment of a high pressure 

pump in accordance with the invention, parts having a like function or equivalent 

function are referred to with the same reference numerals like in Fig. 1 and in this 25 

connection have the same meaning as that described in association with Fig. 1. 

For reasons of better clarity the illustration of different particulars has been omitted 

from the Figs. 2 - 6. Thus, for example, the sealing rings 55 which are provided in 

the grooves 53 and 54, and which are preferably configured as an O-ring, are not 

illustrated. Also the described conical design of the sealing surfaces 51, 52 de-30 
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scribed in connection with Fig. 1 is not illustrated in the Figs. 2 to 6. However, it is 

understood that all measures which are described in connection with Fig. 1, such 

as for example, the cut back and the cylindrical design of the sealing surfaces 51, 

52 in the region between the first and the second grooves 53, 54 respectively and 

its end disposed remote from the contact line 56 can thus also be realized in an 5 

analogous manner with regard to the embodiments illustrated in the Figs. 2 - 6 

respectively on their own or in an arbitrary combination with one another. Vice 

versa the explanations made in connection with the Figs. 2 - 6 are also true in an 

analogous manner having regard to the embodiment in accordance with Fig. 1 and 

with regard to the respective other embodiments of the Figs. 2 - 6. 10 

In Fig. 2 a first variant is illustrated for the arrangement of the sealing element 5. 

More specifically, this is an arrangement for the radial seal such as it can be used 

in a multi-stage pump. Having regard to multi-stage pumps, in particular having 

regard to such pumps having a so-called back-to-back arrangement (see also Fig. 15 

6) at least one intermediate pressure exists between the pressure at the inlet of 

the pump, for example, atmospheric pressure, and the highest pressure in the 

pressure chamber which is typically connected to the outlet of the pump. The in-

termediate pressure typically being present with regard to a back-to-back ar-

rangement in the middle between the pressure at the inlet and the highest pres-20 

sure in the pressure chamber 2, thus, for example, the pressure at the inlet can be 

atmospheric pressure, the pressure in the pressure chamber 2 can amount to, for 

example 1000 bar, and the intermediate pressure can lie at 500 bar. Two interme-

diate pressure chambers 7 and 8 are provided besides the pressure chamber 2 in 

Fig. 2, the pressure of the fluid to be conveyed respectively being approximately 25 

half as large in the intermediate pressure chambers 7 and 8, as compared to the 

pressure chamber 2. Having regard to the variant shown in Fig. 2 the first bound-

ing element 3 is configured as a pump housing 3 and the second housing element 

4 serves the separation between the two intermediate pressure chambers 7, 8, as 

well as the respective separation of each of the intermediate pressure chambers 7, 30 
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8 from the pressure chamber 2. Two sealing elements 5 are provided which are 

each a part of a radial seal arrangement and of which the one sealing element 5 

serves the seal between the pressure chamber 2 and the intermediate pressure 

chamber 7 and the other sealing element serves the seal between the pressure 

chamber 2 and the intermediate pressure chamber 8. In addition to the compo-5 

nents described in Fig. 1, a support ring 9 is respectively also provided for these 

sealing arrangements, the function of the support ring being the positioning of the 

respective sealing element 5 in the pressure-less state. The support ring 9 can, for 

example, be configured as a split ring, this means it can be composed of two or 

more segments which are for example, inserted into the pressure chamber 2 and 10 

are screwed to its wall. In this connection the support ring 9 is screwed and/or 

attached with regard to the sealing element 5 with clearance, as the support ring 9 

should only position the sealing element 5, but not clamp it or prevent or influence 

the capability of being displaced of the sealing element 5 in an undesired manner. 

No sealing function is associated with the support ring 9 it should only ensure that 15 

the sealing element 5 is present in a defined position in the pressure-less state.  

Having regard to the design shown in this example, the support ring 9 respectively 

has a substantially L-shaped cross-section. With one of the shanks of the L the 

support ring supporting itself at the inner wall of the pressure chamber 2, the other 20 

shank forming the surface which supports the sealing element 5 in the pressure-

less state. The support surface of the sealing element 5, which contacts the sup-

port ring in the pressure-less state, in this example respectively is the end face of 

the long shank 57 of the sealing element 5.  

25 

If the pressure chamber 2 is now pressurized, then a bulging or other extent of the 

pump housing 3 can be brought about, whereby a gap can open between the 

pump housing 3 and the second bounding element 4. This is effectively closed - as 

is explained in connection with Fig. 1 through the displacement of the sealing 

elements 5.  30 
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It is understood that also with regard to the embodiments shown in Fig. 1, as well 

as with regard to the embodiments in accordance with Figs. 3 - 6 a support ring 9 

can be provided in an analogous manner. 

5 

A second variant for the arrangement of the sealing element 5 is illustrated in Fig. 

3. Having regard to this variant the sealing element 5 serves for the seal between 

the pump housing which represents the first bounding element 3 in this example 

and a pump cover which in this example represents the second bounding element 

4. Typically, the pump cover 4 is fixedly screwed to the pump housing 3 by means 10 

of a plurality of screws 41 of which only one is illustrated in Fig. 3. Typically at-

mospheric pressure is present outside of the pump housing 3, whereas an in-

creased pressure exists in the pressure chamber 2. Having regard to very high 

pressures in the pressure chamber 2 the pump cover 4 bulges, whereby a gap 

opens between the pump housing 3 and the pump cover 4. As the sealing element 15 

5 can move in the axial direction - this means in the direction of the axis of rotation 

A - the sealing element is displaced to the right on the application of pressure in 

accordance with the illustration and thus reliably closes the gap between the pump 

cover 4 and the pump housing 3. The pump housing 3 can also additionally ex-

pand, this means it can virtually be inflated. Also this movement can be followed 20 

by the sealing element 5 as it can be displaced also with regard to the radial direc-

tion. This displacement with regard to the radial direction is generally associated 

with an expansion of the sealing element 5, as on an expansion of the pump hous-

ing 3, its internal diameter is also enlarged in the radial direction.  

25 

The term according to which the sealing element is "displaceably arranged" should 

thus be understood in the framework of this invention such that an inflation and/or 

an extension of an annular sealing element is meant and/or comprised. 
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Having regard to the third variant illustrated in Fig. 4, the sealing element 5 also 

serves the purpose of sealing the pressure chamber 2 of a pump with regard to an 

intermediate pressure chamber 7. The maximum pressure of, for example, 

1000 bar is present in the pressure chamber 2 and an arbitrary intermediate pres-

sure exists in the intermediate pressure chamber 7, the intermediate pressure 5 

lying between the atmospheric pressure, respectively the ambient pressure, and 

the pressure in the pressure chamber 2, for example, the intermediate pressure is 

half as large as the pressure in the pressure chamber 2. Having regard to this 

variant the pump housing forms the first bounding element 3. The second bound-

ing element 4 is a component, for example a separation element 4, which bounds 10 

the intermediate pressure chamber 7 from the pressure chamber 2.  

The fourth variant illustrated in Fig. 5 for the arrangement of sealing elements 5 is 

illustrated similar to that shown in Fig. 2. This arrangement is specifically suitable 

for multi-stage pumps in back-to-back arrangements. Having regard to these 15 

pumps substantially two identical blocks exist of which each can include a plurality 

of pump stages. These two blocks are arranged with respect to one another in 

mirror symmetry, - this means back to back - such that the pressure chamber 2, in 

which the highest pressure exists and which is connected to the outlet of the 

pump, is typically arranged as an annular space in the center of the pump. Having 20 

regard to this variant two sealing elements 5 are provided. The first bounding ele-

ment 3 is formed by the pump housing 3, whereas the second bounding element 4 

is arranged as a separation element which is the separating wall between the 

blocks arranged back to back. The intermediate pressure chamber 7 is associated 

with one of the blocks, and the intermediate pressure chamber 8 is associated with 25 

the other block. Atmospheric pressure or ambient pressure exists outside of the 

pump housing 3 and substantially the same pressure exists in the two intermediate 

pressure chambers 7 and/or 8, the intermediate pressure respectively typically 

being half as large as the pressure in the pressure chamber 2. 

30 
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An embodiment of a high pressure pump in accordance with the invention is 

schematically illustrated and in section in Fig. 6, the high pressure pump being 

referred to totally with the reference numeral 100. The high pressure pump 100 is 

a multi-stage high pressure pump - in this example a four-stage high pressure 

pump - having a back to back arrangement which is configured as a radial centrif-5 

ugal pump. The high pressure pump 100 has a pump housing 103, a pump cover 

112 for closing the pump housing 103, an inlet 110 through which the fluid to be 

conveyed, for example, a liquid, such as, water or crude oil, can arrive in the high 

pressure pump 100 and an outlet 111 via which the then pressurized fluid exits the 

high pressure pump 100. For driving the high pressure pump 100 a pump shaft 10 

113 is provided which rotates about the axis of rotation A in the operating state 

and which is driven by a non-illustrated drive unit. 

The high pressure pump 100 has four stages substantially of like design, namely a 

first stage 114, a second stage 115, a third stage 116 and a fourth stage 117. 15 

Each of these stages 114 - 117 respectively has an impeller 120. Each impeller 

120 is rotationally fixedly connected to the pump shaft 113. The first and the sec-

ond stages 114, 115 belong to a first block 130. The third and the fourth stage 

116, 117 belong to a second block 140. The two blocks 130, 140 are separated 

from one another by a separation element 104 which is fixed with regard to the 20 

pump housing 103. The two blocks 130, 140 of substantially like design are ar-

ranged in mirror symmetry with regard to the separation element 104, this means 

these are arranged back to back, which is why this assembly is also referred to as 

a back to back arrangement.  

25 

The extent of flow of the fluid through the high pressure pump 100 is illustrated in 

Fig. 6 by means of arrows, of which only the first is referred to at the inlet 110 

using the reference numeral 150. The fluid flows from the inlet 110 in the axial 

direction to the impeller 120 of the first stage 114 and is guided from its outlet in 

the axial direction to the impeller of the second stage 115. From the outlet of the 30 
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second stage 115 which simultaneously also forms the outlet of the first block 130 

the fluid is guided through a flow connection 160 which is provided in the separa-

tion element 104 into an intermediate pressure chamber 108 of the second block 

140 through which the fluid arrives at the inlet to the third stage 116. From the 

outlet of the third stage 116 the fluid is guided in the axial direction to the inlet of 5 

the fourth stage 117 which finally advances the fluid to the high pressure with 

which it is made available at the outlet 111 of the high pressure pump 100. From 

the outlet of the fourth stage 117 a high pressure flow connection 170 leads to the 

pressure chamber 102 which is connected to the outlet 111 of the high pressure 

pump 100. The pressure chamber 102 is substantially configured as a ring space 10 

which radially leads outwardly around the separation element 104.  

Also provided in the first block 130 is an intermediate pressure chamber 107 which 

is substantially configured as a ring space and is arranged lying inwardly at the 

pump housing 103. This intermediate pressure chamber 107 is connected to the 15 

outlet of the second stage 115 via a flow connection not illustrated in Fig. 6 such 

that the same pressure exists in the two intermediate pressure chambers 107 and 

108, the pressure corresponding to approximately half the pressure of the pres-

sure in the pressure chamber 102 due to the substantially like design of the four 

stages 114 - 117. 20 

As is emphasized by the arrows in Fig. 6 the fluid flows through the second block 

140 in a reversed direction with regard to the axial direction, as compared to the 

first block 130. In accordance with the illustration the first block 130 is flowed 

through from right to left, whereas the second block is flowed through from left to 25 

right. 

The separation element 104 on the one hand bounds the pressure chamber 102 in 

which the highest pressure acts and, on the other hand, bounds the two interme-

diate pressure chambers 107 and 108 in which an approximately half as large 30 
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pressure acts as in the pressure chamber 102. This corresponds generally to the 

configuration illustrated in Fig. 2. For sealing the pressure chamber 102 with re-

gard to the intermediate pressure chambers 107 and 108 a sealing element 5 is 

respectively provided which forms an embodiment of the sealing arrangement 1 in 

accordance with the invention having the adjacent bounding elements. In Fig. 6 5 

the pump housing 103 forms the first bounding element 3 and the separation ele-

ment forms the second bounding element 4. This sealing arrangement 1 is suita-

ble for very high pressures. Thus, the pressure in the pressure chamber 102 can, 

for example, amount to 1000 bar. Then the pressure in the intermediate pressure 

chambers 107 and 108 is respectively approximately 500 bar. 10 

It is understood that the sealing arrangement 1 in accordance with the invention 

can also be used at other positions of a high pressure pump. Having regard to the 

embodiment illustrated in Fig. 6, a sealing element 5 can, for example, also be 

provided at the boundary between the pump cover 112 and the pump housing 15 

103.  

20 
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Claims 

1. A sealing arrangement for sealing a pressure chamber (2) in a high pres-

sure pump, the pressure chamber (2) being bounded by a first and a sec-

ond bounding element (3, 4), having a separate sealing element (5) which 5 

has a first sealing surface (51) for cooperating with the first bounding ele-

ment (3), as well as having a second sealing surface (52) for cooperating 

with the second bounding element (4); wherein the two sealing surfaces 

(51, 52) are inclined with respect to one another and each have a groove 

(53, 54) for the reception of a sealing ring (55); and wherein the sealing el-10 

ement (5) is arranged and configured in such a way that it can be displaced 

totally along one of the bounding elements (3, 4) on the application of a 

pressure.  

2. A sealing arrangement in accordance with claim 1, in which the two sealing 15 

surfaces (51, 52) of the sealing element (5) include an angle of substantially 

90°. 

3. A sealing arrangement in accordance with any one of the preceding claims, 

in which a support ring (9) is provided for positioning the sealing element 20 

(5), in particular in the pressure-less state. 

4. An apparatus in accordance with claim 3, in which the support ring (9) con-

tacts a support surface of the sealing element (5) in the pressure-less state, 

wherein the support surface is different from the two sealing surfaces (51, 25 

52) of the sealing element (5). 

5. A sealing arrangement in accordance with any one of the preceding claims, 

wherein the sealing element (5) has a substantially L-shaped cross-section 
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having a long shank (57) which forms the first sealing surface (51) and hav-

ing a short shank (58) which forms the second sealing surface (52). 

6. A sealing arrangement in accordance with any one of the preceding claims, 

wherein the sealing element (5) is arranged in a displaceable manner along 5 

the first and the second bounding elements (3, 4). 

7. A sealing arrangement in accordance with any one of the preceding claims, 

in which the first sealing surface (51) is conically formed between the 

groove (53) provided therein and its end facing the second sealing surface 10 

(52). 

8. A sealing arrangement in accordance with any one of the preceding claims, 

in which the second sealing surface (52) is conically formed between the 

groove (54) provided therein and its end facing the first sealing surface (51). 15 

9. A sealing arrangement in accordance with claim 7 or claim 8, wherein the 

angle of the cone (α, β) respectively amounts to at most 2°, preferably to at 

most 1°. 

20 

10. A sealing arrangement in accordance with any one of the preceding claims, 

configured as a radial seal arrangement. 

11. A high pressure pump having a sealing arrangement in accordance with 

any one of the preceding claims. 25 

12. A high pressure pump in accordance with claim 11, comprising a pump 

cover (4) and a pump housing (3), wherein the sealing arrangement (1) is 

provided for sealing between the pump cover and the pump housing. 

30 
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13. A high pressure pump in accordance with claim 11 or claim 12, configured 

as a multi-stage pump. 

14. A high pressure pump in accordance with any one of the claims 11 to 13, 

wherein the sealing arrangement (1) is provided for sealing between a 5 

pressure chamber (102) and an intermediate pressure chamber (107, 108).  

15. A high pressure pump in accordance with any one of the claims 11 to 14, 

wherein the sealing arrangement (5) is provided for sealing between a sep-

aration element (104) and the pump housing (103) or between the pump 10 

cover (112) and the pump housing (103). 


