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(54) PUMP CASING FOR A CENTRIFUGAL PUMP AND CENTRIFUGAL PUMP

(57) A pump casing for a centrifugal pump is pro-
posed, the pump casing extending in an axial direction
(A) and having a first housing part (2), a second housing
part (3) for being sealingly attached to the first housing
part (2), a plurality of securing elements (4) for linking
the first and the second housing part (2, 3), and a radial
sealing element (5) for sealing between the first and the
second housing part (2, 3), wherein the first housing part
(2) has a first axial end surface (21), and the second
housing part (3) has a second axial end surface (31),

said first and second axial end surfaces (21, 31) facing
each other, and wherein the first axial end surface (21)
comprises an annular protrusion (22) extending in the
axial direction (A) and the second axial end surface (31)
comprises an annular recess (32) configured for engag-
ing with the annular protrusion (22), wherein the annular
protrusion (22) is arranged radially inwardly with respect
to the securing elements (4). In addition, a centrifugal
pump is proposed.
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Description

[0001] The invention relates to a pump casing for a
centrifugal pump and to a centrifugal pump in accordance
with the preamble of the respective independent claim.
[0002] The pump casing of a centrifugal pump typically
comprises a plurality of housing parts that are secured
to each other to form the pump casing. For example, in
a barrel casing pump the housing parts comprise a barrel,
in which the impeller(s) of the pump is/are arranged, and
an end cover for closing the barrel with respect to the
axial direction. The end cover is firmly secured to the
barrel, usually by means of a plurality of bolts and nuts.
A very important aspect regarding the operating reliability
and the performance of the pump is the sealing between
the individual housing parts. As an example, in a barrel
casing pump the outlet pressure of the fluid that may be
1000 bar or even more is also acting upon the connection
between the barrel and the end cover at the inside of the
pump. At the outside of the pump there is in many cases
ambient pressure, so that the sealing between the barrel
and the end cover has to reliably seal a huge pressure
difference.
[0003] Known sealing arrangements for the sealing be-
tween the housing parts are for example designed as
radial sealing arrangements or axial sealing arrange-
ments. In both sealing arrangements the sealing element
for sealing between the adjacent housing parts are typ-
ically designed as ring-shaped or annular sealing ele-
ments and arranged coaxially with the shaft of the pump.
In a radial sealing arrangement the sealing element is
arranged in a curved surface, in particular in a surface
having a surface normal vector directed in radial direc-
tion. Said curved surface is e.g. concentric with the shaft
of the pump. In an axial sealing arrangement the sealing
element is arranged in a planar, i.e. non-curved, surface.
Usually said surface has a surface normal vector directed
in the axial direction. The axial direction is defined by the
longitudinal axis of the shaft, i.e. the rotational axis about
which the impeller(s) of the pump rotate(s) during oper-
ation.
[0004] Fig. 1 is a schematic representation illustrating
a known radial sealing arrangement for the sealing be-
tween a first housing part 2’, for example a barrel of a
barrel casing pump, and a second housing part 3’, for
example an end cover for closing the barrel with respect
to the axial direction A. The axial direction defined by the
longitudinal axis of the shaft (not shown) of the pump is
indicated by the line with the reference numeral A. The
first and the second housing part 2’, 3’ are firmly secured
to each other by a plurality of securing elements 4’, of
which only one is shown in Fig. 1. The securing element
4’ is for example a bolt 41’ cooperating with a nut 42’ in
a known manner. The centerline of the bolt 41’ is desig-
nated with reference numeral 4C’. Between the first and
the second housing part 2’, 3’ a sealing gap 10’ is formed
which is ring-shaped and which is coaxially arranged with
the shaft of the pump. The sealing gap 10’ is sealingly

closed by means of a radial sealing element 5’, for ex-
ample an self-sealing O-ring type seal, inserted in an
annular sealing groove 6’ provided in the second housing
part 3’. Both the sealing element 5’ and the groove 6’
completely surround the shaft of the pump in the circum-
ferential direction. During operation of the pump the in-
terior of the pump is exposed to a very high pressure
indicated by the reference numeral HP, whereas at the
outside of the pump a considerably lower pressure indi-
cated by the reference numeral LP exists. The low pres-
sure LP may be ambient pressure and the high pressure
may be for example 500 bar or even more. Typically the
first and the second housing part 2’, 3’ have a different
stiffness. In the example mentioned hereinbefore the bar-
rel (first housing part 2’) is usually the weaker part and
the end cover (second housing part 3’) is the stronger or
stiffer part.
[0005] This may result in the following problem.
[0006] Due to the high pressure HP the first housing
part 2’ is expanding in radial direction as indicated by the
arrow M1 in Fig. 1. Since the first housing part 2’ is fixed
with respect to the second housing part 3’ the radial ex-
pansion of the first housing part 2’ results in an opening
or an enlargement, respectively, of the sealing gap 10’
in particular at the high pressure side HP. This increase
in the sealing gap 10’ may lead to a failure of the seal.
In addition and particularly for sealing arrangements with
O-rings as sealing elements the danger exists with regard
to the extrusion of the O-ring. This means that the O-ring
is deformed on the application of pressure in such a way
that a part of it is pressed into the gap 10’ opening under
pressure which can have the consequence of a damag-
ing of the O ring and in this way a loss of the sealing effect.
[0007] Two additional effects tend to support the open-
ing or the increase of the sealing gap 10’. Due to the
radial expansion of the first housing part 2’ and the rigid
connection by means of the securing elements 4’ the
second housing part 3’ may be bent towards the first
housing part 2’ as indicated by the arrow with reference
numeral M2 in Fig. 1. Furthermore, the high pressure HP
acting on the central part of the second housing part 3’
as indicated by the arrow with reference numeral M3 in
Fig. 1 supports the bending of the second housing part
3’. Both effects may increase the opening or the enlarge-
ment of the sealing gap 10’ and thus additionally jeop-
ardize the reliable sealing action of the sealing arrange-
ment with the radial sealing element 5’.
[0008] An analogous problem may occur with sealing
elements 5’ that are not self-sealing but require a preten-
sioning such as metallic or graphite sealing elements.
The functioning of these sealing elements is based upon
the surface pressure with which the sealing element is
pressed against one or more surface(s) belonging to one
or more housing part(s) 2’, 3’. The gasket factor of such
arrangements defined by the ratio of the surface pressure
to the pressure difference that has to be sealed usually
should be considerably larger than one, for example five
or even more. The different expansion or deformation of
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the housing parts 2’, 3’ as described hereinbefore may
result in a considerably reduction of the surface pressure
or even to an opening of the sealing gap so that a reliable
sealing function is no longer ensured. In addition, it is
also possible that the different deformations of the hous-
ing parts 2’, 3’ cause an uneven load of the sealing ele-
ment 5’, meaning that different parts of the sealing ele-
ment 5’ are exposed to different surface pressures. De-
pending on the geometry of the sealing element 5’ this
may result in a bending or a tilting or a rotation of the
sealing element 5’ which jeopardizes a proper sealing
function.
[0009] Problems very similar to these pressure in-
duced problems may arise when the pump is used for
applications in which the fluid to be pumped has a very
high temperature. Strong temperature gradients or tem-
perature transients may cause different thermal expan-
sions of the first and the second housing part 2’, 3’, re-
spectively. These thermally induced effects may have
the same result as it has been described hereinbefore
for the pressure induced effects, namely the opening or
the enlargement of the sealing gap 10’ or the reduction
of the surface pressure, respectively.
[0010] One example for such high temperature appli-
cations are so-called ebullator pumps. These are pumps
which are used for fluidized bed processes or ebullated
bed processes in the hydrocarbon processing industry.
These processes serve, for example, to purify heavy hy-
drocarbons, e.g. heavy fuel oil, or to purify refinery resi-
dues or to break them down into more easily usable, more
highly volatile hydrocarbons. This is frequently done by
applying hydrogen to the heavy hydrocarbons, wherein
the mixed components are swirled in a reactor and the
heavy hydrocarbons are there broken down with the aid
of catalysts. To circulate the process fluid, which typically
mainly consists of heavy hydrocarbons, in an ebullated
bed reactor or fluidized bed reactor, special pump drive
units are used for which the name ebullating pump has
become common. These ebullating pumps are as a rule
provided directly at the reactor as circulation pumps for
the process fluid and are configured for process reasons
such that the pump is arranged above the drive with re-
spect to the vertical. Ebullating pumps have to work as
reliably as possible and over a long time period in per-
manent operation under extremely challenging condi-
tions, because the process fluid is typically at a very high
pressure for example, 200 bar or more and additionally
has a very high temperature of more than 400°C, e.g.
460°C.
[0011] The high temperature of the process fluid caus-
es strong thermal gradients as well as considerable tem-
perature transients that may result -as explained before
- in the opening or the enlargement of the sealing gap
between housing parts that are sealed with radial sealing
arrangements between the two housing parts.
[0012] The invention addresses these pressure and/or
temperature induced problems.
[0013] Starting from this state of the art it is therefore

an object of the invention to propose a pump casing for
a centrifugal pump having at least two housing parts and
a radial sealing element for sealing between the housing
parts, wherein the pressure and/or temperature induced
opening or increasing of a sealing gap between the hous-
ing parts is at least considerably reduced. It is a further
object of the invention to propose a centrifugal pump hav-
ing such a pump casing.
[0014] The subject matter of the invention satisfying
these objects is characterized by the features of the re-
spective independent claim.
[0015] Thus, according to the invention a pump casing
for a centrifugal pump is proposed, the pump casing ex-
tending in an axial direction and having a first housing
part, a second housing part for being sealingly attached
to the first housing part, a plurality of securing elements
for linking the first and the second housing part, and a
radial sealing element for sealing between the first and
the second housing part, wherein the first housing part
has a first axial end surface, and the second housing part
has a second axial end surface, said first and second
axial end surfaces facing each other, and wherein the
first axial end surface comprises an annular protrusion
extending in the axial direction and the second axial end
surface comprises an annular recess configured for en-
gaging with the annular protrusion and providing an out-
side centering, wherein the annular protrusion is ar-
ranged radially inwardly with respect to the securing el-
ements.
[0016] By providing the first axial end surface of the
first housing part with the annular protrusion that engages
with the annular recess provided in the second axial end
surface of the second housing part, the opening or the
increasing of a sealing gap between those two adjacent
radial surfaces of the first and the second housing part,
between which the radial sealing element is arranged, is
effectively prevented or at least considerably reduced.
This applies in particular even if pressure induced or tem-
perature induced deformations of the first and the second
housing part occur that are different for the first and the
second housing parts, respectively.
[0017] The radially outer surface of the annular protru-
sion abuts a surface delimiting the annular recess so that
a sealing gap cannot open or at least cannot open to
such an extent that the function of the sealing element
is jeopardized. Thus, the sealing function of the radial
sealing element is reliably ensured also in such applica-
tions with high pressure and/or high temperature of the
fluid to be pumped.
[0018] By the engagement of the annular protrusion
with the annular recess an outside centering of the an-
nular protrusion is achieved. The radially outer wall of
the annular recess functions as an external line-up clamp
acting upon the radially outer surface of the annular pro-
trusion, therewith centering the annular protrusion from
the outside - as seen in the radial direction. The second
housing part encompasses the annular protrusion of the
first axial end surface of the first housing part by means
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of the annular recess. Thus, with respect to the axial di-
rection there is an overlap between the radially outer wall
of the annular protrusion and the radially outer wall of the
annular recess.
[0019] Furthermore, the engagement of the annular
protrusion with the annular recess has a centering effect
ensuring that the radial sealing element is always evenly
loaded along the entire circumference of the sealing el-
ement. This centering effect is an outer or outside center-
ing effect, meaning that the centering is achieved by the
engagement of the radially outer wall of the annular pro-
trusion and the radially outer wall of the annular recess,
wherein the radially outer wall of the annular recess en-
compasses the radially outer wall of the annular protru-
sion around the radially outer surface of the annular pro-
trusion. The outer or outside centering of the radial seal-
ing element prevents or at least considerably reduces an
opening of the sealing gap under pressure. In addition
the outside centering ensures an even load of the sealing
element, meaning that different parts of the sealing ele-
ment are exposed to essentially the same surface pres-
sures even upon large pressure differences over the
sealing element. A bending or a tilting or a rotation of the
sealing element is prevented therewith ensuring a proper
sealing function.
[0020] According to preferred embodiments, the annu-
lar recess is designed such, that the radially outer wall
of the annular recess extends beyond the radial sealing
element when viewed in the axial direction, so that the
annular recess surrounds the radial sealing element. In
such embodiments the radial sealing element is located
within the annular recess.
[0021] It is a preferred measure when the annular re-
cess is configured as a ring-shaped groove.
[0022] It is another preferred measure that the sealing
element is arranged in an annular sealing groove.
[0023] According to a first embodiment the annular
sealing groove is arranged in the first housing part.
[0024] According to a second embodiment the annular
sealing groove is arranged in the second housing part.
[0025] According to a third embodiment the sealing
groove is commonly formed by the first and the second
housing part.
[0026] Furthermore, it is preferred, that the protrusion
forms a part of the radially inner surface of the first hous-
ing part.
[0027] In particular when the protrusion forms a part
of the radially inner surface of the first housing part the
sealing groove is preferably arranged in the protrusion.
[0028] According to a preferred configuration, the sec-
ond housing part comprises an inner section extending
into the first housing part such that the first housing part
encloses the inner section of the second housing part,
wherein the sealing element is arranged between the in-
ner section of the second housing part and the first hous-
ing part.
[0029] According to a forth embodiment, the sealing
element is arranged in the annular recess of the second

housing part.
[0030] In particular with respect to the fourth embodi-
ment, it is preferred that the sealing element is a conical
sealing element having an essentially T-shaped cross-
section. This means, that the sealing element has a gen-
erally T-shaped cross-section, wherein the transition re-
gion between the longer bar of the T and the shorter bar
of the T as well as the bottom side of the shorter bar
joining the longer bar of the T is configured to have a
conical shape.
[0031] It is a further preferred measure, which is appli-
cable to all embodiments, that an annular gap is formed
between the first axial end surface and the second axial
end surface in the region located radially outwardly of
the securing elements. Thus, the first and the second
axial end surface are only in contact with each other with-
in that area that is radially outwardly delimited by the
securing elements. By this measure the contact surface
between the first and the second axial end surface is
reduced. This has the advantage that the force required
for realizing a desired tension is reduced.
[0032] Preferably the sealing element is made of a me-
tallic material, or a plastic, or a rubber, or graphite.
[0033] In addition, according to the invention a centrif-
ugal pump is proposed, which pump comprises a pump
casing in accordance with the invention.
[0034] In view of important applications the centrifugal
pump may be designed as a boiler feed pump, or as an
ebullator pump for circulating a process fluid.
[0035] Further advantageous measures and embodi-
ments of the invention will become apparent from the
dependent claims.
[0036] The invention will be explained in more detail
hereinafter with reference to embodiments of the inven-
tion and to the drawings. There are shown in a schematic
representation:

Fig. 1: a schematic representation of a radial sealing
arrangement for the sealing between a first
housing part and a second housing part ac-
cording to the prior art,

Fig.2: a cross-sectional view of an embodiment of a
centrifugal pump according to the invention
comprising a first embodiment of a pump cas-
ing according to the invention,

Fig. 3: an enlarged view of detail I in Fig. 2 illustrating
the first embodiment of the pump casing,

Fig. 4: a schematic representation of a second em-
bodiment of a pump casing according to the
invention,

Fig. 5: a schematic representation of a third embodi-
ment of a pump casing according to the inven-
tion,
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Fig. 6: a schematic representation of a fourth embod-
iment of a pump casing according to the inven-
tion, and

Fig. 7: an enlarged view of the radial sealing element
of the fourth embodiment.

[0037] Fig. 1 shows a schematic representation of a
pump casing 1’ according to the prior art with a radial
sealing arrangement for the sealing between a first hous-
ing part 2’ and a second housing part 3’ of the pump
casing 1’. Since Fig. 1 has already been explained here-
inbefore in the description of the prior art no further ex-
planations are necessary. In order to differentiate the pri-
or art arrangement over the embodiments according to
the invention, the components of the pump casing 1’ rep-
resenting prior art are designated in Fig. 1 with reference
numerals having a prime (inverted comma) behind the
respective reference numeral.
[0038] In the following description of embodiments of
the invention reference is made by way of example to
one important application, namely to a centrifugal pump
that is designed as an ebullator pump for circulating a
process fluid.
[0039] Fig. 2 shows a cross-sectional view of an em-
bodiment of a centrifugal pump according to the invention
which is designated in its entity with reference numeral
100. The centrifugal pump 100 comprises a first embod-
iment of a pump casing according to the invention which
is designated in its entity with reference numeral 1. In
addition, Fig. 3 shows an enlarged view of detail I in Fig.
2 illustrating the first embodiment of the pump casing 1.
The centrifugal pump 100 shown in Fig. 2 is designed as
an ebullator pump 100 for circulating a process fluid.
[0040] It goes without saying that the invention is not
restricted to this specific type of a centrifugal pump shown
in Fig. 2 but is related to centrifugal pumps 100 in general.
In particular, the invention is suited for centrifugal pumps
100 that are designed for conveying hot fluids of e.g. at
least 200°C or even more and/or for generating high pres-
sures of e.g. up to 200 bar or 500 bar or 1000 bar or even
more. By way of example the centrifugal pump 100 may
be designed as a barrel casing pump, as a single or multi-
stage pump, as a single or multiphase pump.
[0041] Firstly the ebullator pump 100 will be described
referring to Fig. 2. As initially mentioned, ebullator pumps
100 are used for fluidized bed processes or ebullated
bed processes in the hydrocarbon processing industry.
These processes are used to purify, for example to des-
ulfurize, heavy hydrocarbons which remain, for example,
in the petroleum refinery in the bottom of the seperation
columns and/or to break them down into lighter hydro-
carbons which can then be used more economically as
distillates. Heavy oil which remains in the refining of pe-
troleum can be named as an example for heavy hydro-
carbons here. In a known process, the starting sub-
stance, that is the heavy hydrocarbons such as heavy
oil, is heated, is mixed with hydrogen and is then supplied

as process fluid into the fluidized bed reactor or ebullated
bed reactor. The purification or breaking down of the
process fluid then takes place in the reactor with the aid
of catalysts which are held in suspension in the reactor
to ensure a contact which is as intimate as possible with
the process fluid. The ebullator pump 100 which is typi-
cally installed directly at the reactor is used for the supply
of the reactor with the process fluid or for the circulation
of the process fluid.
[0042] The ebullator pump 100 comprises the pump
casing 1 having an inlet 103 and an outlet 104 for the
process fluid to be conveyed. Inside the pump casing 1
an impeller 105 is provided for acting on the fluid. The
impeller 105 is mounted on a shaft 106 for rotating the
impeller 5 about an axial direction A. The axial direction
A is defined by the longitudinal axis of the shaft 106, i.e.
the rotational axis about which the impeller 105 of the
pump 100 rotates during operation.
[0043] The pump casing 1 comprises a first housing
part 2 and a second housing part 3 which are sealingly
connected an fixed to each other by a plurality of securing
elements 4 (Fig. 3). According to the representation in
Fig. 2 the first housing part 2 is the upper housing part
housing the impeller 105 and comprising both the inlet
103 and the outlet 104. The second housing part 3 is the
lower housing part in Fig. 2 and houses a drive unit 108
for driving the shaft 106 and therewith rotating the impel-
ler 105 about the axial direction A.
[0044] With respect to ebullator pumps 100 it is a com-
mon measure to integrate the drive unit 108 into the pump
casing 1 in an analogous manner as submersible pumps
are usually configured. Of course, the invention is not
restricted to pumps with a drive unit integrated into the
pump casing 1.
[0045] The drive unit 108 is preferably an electric motor
and for example designed as a canned motor, comprising
an inwardly disposed rotor 118 as well as an outwardly
disposed stator 128 surrounding the rotor 118. A can 138
is provided between the rotor 118 and the stator 128 and
seals the stator 128 hermetically in a known manner with
respect to the rotor 118. The rotor 118 is rotationally fix-
edly connected to the shaft 106 which extends in the axial
direction A and which is connected, on the other hand,
to the impeller 105 in a torque-proof manner.
[0046] Fig. 2 shows the ebullator pump 100 in its nor-
mal operating position. The pump 100 is configured as
a vertical pump, i.e. with the shaft 106 extending in the
vertical direction (direction of gravity). The inlet 103 is
located at the top side of the pump 100 and the drive unit
108 is located below the impeller 105.
[0047] Since the process fluid pumped by the ebullator
pump is at a very high pressure of, for example, at least
200 bar and at a very high temperature of, for example,
more than 400°C due to the process, the ebullator pump
100 also has to be designed for such pressures and tem-
peratures. In this respect, the pump casing 1 of the ebul-
lator pump 100, which also encloses the drive unit 108,
is designed as a pressure casing which can safely with-
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stand these high operating pressure of, for example, 200
bar or more. In addition, the ebullator pump is also de-
signed such that it can convey the hot process fluid with-
out risk. The process fluid usually has a temperature of
more than 400°C.
[0048] As already mentioned, the axial direction A is
defined by the longitudinal axis of the shaft 106 of the
pump 100. A direction perpendicular to the axial direction
A is referred to as ’radial direction’. The term ’axial’ or
’axially’ is used with the common meaning ’in axial direc-
tion’ or ’with respect to the axial direction’. In an analo-
gous manner the term ’radial’ or ’radially’ is used with the
common meaning ’in radial direction’ or ’with respect to
the radial direction’. With respect to a surface the term
’axial’ or ’radial’ designates the direction of the surface
normal vector of the surface. E.g. an axial surface is a
surface having a surface normal vector directed in the
axial direction A.
[0049] Referring particularly to Fig. 3, the first embod-
iment of the pump casing 1 will now be explained in more
detail. The pump casing 1 comprises the first housing
part 2 and the second housing part 3, which are sealingly
attached to each other by the securing elements 4. A
radial sealing element 5 is provided between the first
housing part 2 and the second housing part 3 for sealing
between the first and the second housing part 2, 3. The
radial sealing element 5 is preferably designed as a ring-
shaped sealing element 5. The sealing element 5 in Fig.
3 is for example a self-sealing O-ring seal.
[0050] The term "radial sealing element" designates a
sealing element that is configured and arranged to func-
tion as a radial seal. As commonly used in the art a radial
seal is a sealing arrangement having a sealing element
that is arranged in or on a curved surface. In particular
the curved surface is a radial surface, i.e. a surface hav-
ing a surface normal vector that is directed in radial di-
rection. Usually the sealing element 5 of a radial seal is
arranged in or on a curved surface that encloses the shaft
106 of the pump 100. The radial sealing element 5 is ring-
shaped and preferably arranged concentrically with the
shaft 106.
[0051] In a section perpendicular to the circumferential
direction of the sealing element 5, the sealing element 5
may have a circular cross-sectional area, or an oval, or
a rectangular, or a D-shaped, or a T-shaped or any other
cross-sectional area that is known in the art for ring-
shaped sealing elements 5.
[0052] The sealing element 5 may be made for exam-
ple of a metal or a metallic material or a plastic or a rubber
or graphite.
[0053] The first housing part 2 has a first axial end sur-
face 21 and the second housing part 3 has a second axial
end surface 31. The first and the second axial end surface
21, 31 are facing each other.
[0054] The second housing part 3 comprises an inner
section 35 being located radially inwardly with respect to
the second axial end surface 31. The inner section 35
extends into the first housing part 2 such that the first

housing part 2 encloses the inner section 35 of the sec-
ond housing part 3. The inner section 35 is delimited with
respect to the radial direction by a radially outer surface
351 facing a radially inner surface 25 of the first housing
part 2. The radially inner surface 25 delimits the first hous-
ing part 2 in radial direction.
[0055] The radial sealing element 5 is arranged be-
tween the radially outer surface 351 of the inner section
35 of the second housing part 3 and the radially inner
surface 25 of the first housing part 2. The radially inner
surface 25 of the first housing part 2 is provided with an
annular sealing groove 6 extending along the entire inner
circumference of the first housing part 2. The radial seal-
ing element 5 is inserted into the annular sealing groove
6 and seals between the first and the second housing
part 2, 3.
[0056] The area between the radially inner surface 25
of the first housing part 1 and the radially outer surface
351 of the inner section 35 of the second housing part 3
where the first and the second housing part 2, 3 are over-
lapping with respect to the axial direction A is referred to
as sealing gap 10, because in this area the sealing ele-
ment 5 is located for sealing between the first and the
second housing part 2, 3.
[0057] More generally the sealing gap 10 designates
the separation between those adjacent surfaces of the
first housing part 2 and the second housing part 3, in or
on which the sealing element 5 is arranged.
[0058] Usually, the sealing gap 10 has a very small
extension in radial direction, which does not exceed the
required clearance for inserting the inner section 35 of
the second housing part 3 into the first housing part 2.
[0059] It is also possible that the sealing gap 10 is com-
pletely closed after the mounting when the first and the
seconded housing part 2, 3 are fixed to each other. In
particular, in some embodiments where the sealing ele-
ment 5 is not self-sealing but requires a pretensioning,
for example when the sealing element 5 is made of a
metallic material or graphite, the sealing gap 10 is usually
completely closed after the first and the second housing
part 2, 3 are fixed to each other, so that the desired sur-
face pressure between the sealing element and the hous-
ing part(s) is achieved.
[0060] Particularly referring to the first embodiment il-
lustrated in Fig. 3 a closed sealing gap 10 means that
the radially outer surface 351 and the inner surface 25
are in contact with each other. However, at least during
the operation of the pump there is a considerable risk in
the prior art arrangements that the sealing gap 10 opens
or increases due to pressure and/or temperature induced
deformations of the first and/or the second housing part
2, 3 as it has been explained hereinbefore referring to
Fig. 1. This opening or increasing of the sealing gap 10
under high pressure and/or under high temperature is
avoided or at least considerably reduced in the pump
casing 1 according to the invention as it will be explained
in more detail later on.
[0061] The high pressure side located inside the pump
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casing 1 is designated with HP in Fig. 3 and the low pres-
sure side is designated with LP. The low pressure LP is
for example ambient pressure. In the ebullator pump 100
the high temperature side is the same side as the high
pressure side HP and the low temperature side is the
same side as the low pressure side LP.
[0062] In the mounted state of the pump casing 1 the
first and the second axial end surface 21, 31 of the first
and the second housing part 2, 3, respectively, are in
contact and pressed against each other by means of the
securing elements 4. Preferably, each securing element
4 comprises a bolt 41 and a nut 42 that is screwed onto
the bolt 41. Reference numeral 4C designates the cen-
terline of the respective bolt 41. For linking the first and
the second housing part 2, 3 the bolts 41 are tensioned
and fastened by means of the nuts 42 to generate the
desired contact pressure, with which the first and the sec-
ond housing part 2, 3 are pressed together. Preferably
the securing elements 4 are equidistantly arranged about
the shaft 106.
[0063] Preferably, the first and the second axial end
surface 21, 31 are not in contact over the entire respective
surface 21, 31, but an annular gap 11 is formed between
the first axial end surface 21 and the second axial end
surface 31 in the region that is located radially outwardly
of the securing elements 4. That is, with respect to the
radial direction the annular gap 11 extends from an im-
aginary circle on which all the centerlines 4C of the bolts
41 are located to the radially outer rim of the first or the
second housing part 2, 3. In other words, the first and
the second axial end surface 21, 31 are only in contact
in an area that is located radially inwardly with respect
to the centerlines 4C of the securing elements 4.
[0064] According to the invention the first axial end sur-
face 21 comprises an annular protrusion 22 extending in
the axial direction A and the second axial end surface 31
comprises an annular recess 32 configured for engaging
with the annular protrusion 22 and for providing an out-
side centering, wherein the annular protrusion 22 is ar-
ranged radially inwardly with respect to the securing el-
ements 4. By these features the opening or the increasing
of the sealing gap 10 under high pressure and/or under
high temperature is avoided or at least considerably re-
duced, because the interaction between the annular pro-
trusion 22 and the annular recess 32 prevents the open-
ing of the sealing gap 10 and functions as an outer center-
ing.
[0065] In the first embodiment the annular recess 32
is configured as a ring-shaped groove 32. The ring-
shaped groove 32 has an essentially rectangular profile
in a cross-section perpendicular to the circumferential
direction and is delimited by a radially outer wall 322, a
radially inner wall 321 and an axial bottom wall 323 ex-
tending between the radially inner wall 321 and the radi-
ally outer wall 322. In the mounted state the ring-shaped
groove 32 encloses the shaft 106 of the pump 100. The
ring-shaped groove 32 is arranged adjacent to and con-
centrically with the inner section 35 of the second housing

part 3, such that the radially inner wall 321 is aligned with
or forms an integral part of the radially outer surface 351
of the inner section 35 of the second housing part 2.
[0066] It is also possible to arrange the ring-shaped
groove 32 further outwardly with respect to the radial di-
rection, i.e. closer to the securing elements 4, but in any
case the ring-shaped groove 32 is located radially in-
wardly with respect to the securing elements 4.
[0067] The annular protrusion 22 at the first axial end
face 21 of the first housing part 2 extends along the entire
inner circumference of the first housing part 2 and has
an essentially rectangular profile in a cross-section per-
pendicular to the circumferential direction. The protrusion
22 is located at the radially inner rim of the first housing
part 2, so that the protrusion 22 forms a part of the radially
inner surface 25 of the first housing part 2. The annular
protrusion 22 is aligned with the ring-shaped groove 32
and configured such that it fits into the ring-shaped
groove 32. Preferably the annular protrusion 22 and the
ring-shaped groove 32 are designed for a clearance fit.
[0068] The radial sealing groove 6, into which the seal-
ing element 5 is inserted, is arranged in the annular pro-
trusion 22.
[0069] In the mounted state the annular protrusion 22
engages with the ring-shaped groove 32. This engage-
ment results in an advantageous outer centering of the
radial seal. Furthermore, the coaction of the protrusion
22 and the groove 32 ensures that the sealing element
5 and the entire sealing arrangement are always evenly
loaded, particularly with respect to the circumferential di-
rection.
[0070] In particular, upon pressure or temperature in-
duced deformations, for example a radial expansion of
the first housing part 2, the engagement of the protrusion
22 with the groove 32 prevents or at least considerably
reduces the opening or the increase of the sealing gap,
thus ensuring a reliable and safe sealing action. Since
the protrusion 22 is abutting the radially outer wall 322
of the ring-shaped groove 32 even a deformation of the
first housing part 2 will not result in a significant opening
or increase of the sealing gap 10.
[0071] The engagement of the protrusion 22 and the
groove 32 has an additional positive effect with respect
to openings in the pump casing 1 that are arranged near
the boundary between the first and the second housing
part 2, 3. As an example reference is made to the outlet
104 (Fig. 1) provided in the first housing part 2 and ar-
ranged near the contact area of the first and the second
housing part 2, 3. The outlet 104 has to comprise an
opening in the wall of the first housing part 2 for discharg-
ing the fluid. From the mechanical point of view the open-
ing of the outlet 104 constitutes a weak spot in the first
housing part 2. In the prior art arrangements the pressure
or temperature induced expansion or deformation of the
first housing part may result in a deformation of the open-
ing, for example an originally circular opening may be
deformed to become oval or of any other shape. This
may have a negative impact, for example to the connec-
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tion of the outlet 104 with a piping.
[0072] The design according to the invention with the
protrusion 22 engaging with the groove 32 prevents or
at least considerably reduces such deformations of open-
ings that are located near the contact area of the first and
the second housing part 2, 3 and therewith also ensures
an even load of the sealing element 5 with respect to the
circumferential direction.
[0073] The outer or outside centering of the annular
protrusion 22 and the sealing element 5, respectively, is
achieved by the radially outer wall 322 of the groove 32
acting upon the radially outer wall of the protrusion 22.
[0074] In the following description of further embodi-
ments of the pump casing 1 according to the invention
only the differences to the first embodiment are explained
in more detail. The explanations with respect to the first
embodiment are also valid in the same way or in analo-
gously the same way for the other embodiments. Same
reference numerals designate the same features that
have been explained with reference to Fig. 2 and Fig. 3
or functionally equivalent features. Of course, it is also
possible to combine specific features of the different em-
bodiments.
[0075] Fig. 4 shows a schematic representation of a
second embodiment of a pump casing 1 according to the
invention. In Fig. 4 the securing elements 4 are not shown
in detail, but only represented by the centerline 4C of the
bolt 41. In the second embodiment of the pump casing
1 the annular sealing groove 6 for receiving the radial
sealing element 5 is arranged in the second housing part
3. More precisely, the annular sealing groove 6 is pro-
vided in the radially outer surface 351 of the inner section
35 of the second housing part 3 and facing the annular
protrusion 22 of the first housing part 2.
[0076] As a variant to the first or the second embodi-
ment, respectively, it is also possible to provide both the
radially outer surface 351 of the inner section 35 of the
second housing part 3 and the radially inner surface 25
of the first housing part 1 with a respective circumferential
groove, wherein both grooves are facing each other and
commonly form the annular sealing groove 6 for receiving
the radial sealing element 6.
[0077] Fig. 5 shows a schematic representation of a
third embodiment of a pump casing 1 according to the
invention. In Fig. 5 the securing elements 4 are not shown
in detail, but only represented by the centerline 4C of the
bolt 41. In the third embodiment of the pump casing 1
the annular sealing groove 6 for receiving the radial seal-
ing element 5 is commonly formed by the first and the
second housing part 2, 3.
[0078] The sealing element 5 is designed as a profile
seal, also referred to as profile gasket, having a rectan-
gular cross section and is made for example of graphite.
This type of sealing element 5 usually requires a preten-
sioning to generate a surface pressure between the seal-
ing element 5 and surfaces of the first and the second
housing part 2, 3 being in contact with the sealing ele-
ment.

[0079] In the third embodiment, the annular protrusion
22 of the first axial end surface 21 of the first housing
part 2 is not aligned with the radially inner surface 25 of
the first housing part 1 but arranged further outwardly
with respect to the radial direction, so that a shoulder 24
is formed between the annular protrusion 22 and the ra-
dially inner surface 25.
[0080] The annular recess 32 of the second axial end
surface 31 of the second housing part 3 is arranged fur-
ther outwardly with respect to the radial direction, so that
the annular recess 32 is aligned with the annular protru-
sion 22. Therefore the radially inner wall 321 delimiting
the annular recess 32 is not aligned with the radially outer
surface 351 of the inner section 35 of the second housing
part 2, but staggered with respect to the radially outer
surface 351, so that the second axial end surface 31 com-
prises an annular region 34, which is arranged between
the annular recess 32 and the radially outer surface 351
of the inner section 35 with respect to the radial direction.
Thus, the annular sealing groove 6 is delimited by the
shoulder 24 and the annular region 34 with respect to
the axial direction A. With respect to the radial direction
the annular sealing groove 6 is delimited by the annular
protrusion 22 and the radially outer surface 351 of the
inner section 35 of the second housing part 3.
[0081] In the mounted state with the radial sealing el-
ement 5 inserted in the sealing groove 6 the sealing el-
ement 5 abuts both the annular protrusion 22 and the
inner section 35 of the second housing part 3 with respect
to the radial direction. In addition, the sealing element 5
abuts the annular region 34 of the second axial end sur-
face 31 and the shoulder 24 with respect to the axial
direction A.
[0082] The sealing gap 10 comprises a step at the seal-
ing element 5. On the high pressure side HP of the sealing
element 5 the sealing gap 10 is delimited with respect to
the radial direction by the radially outer surface 351 of
the inner section 35 of the second housing part 3 and by
the radially inner surface 25 of the first housing part 2.
On the low pressure side LP of the sealing element 5 the
sealing gap 10 is delimited with respect to the radial di-
rection by the radially inner wall 321 delimiting the annular
recess 32 and by the protrusion 22. In such an arrange-
ment as shown in Fig. 5 the more critical part of the seal-
ing gap 10 is the one on the low pressure side LP of the
sealing element 5. By the engagement of the protrusion
22 with the groove 32 an opening or a considerable in-
crease of the sealing gap 10 in particular on the low pres-
sure side LP of the sealing element 5 is reliably prevent-
ed.
[0083] Fig. 6 shows a schematic representation of a
fourth embodiment of a pump casing 1 according to the
invention. In Fig. 6 the securing elements 4 are not shown
in detail, but only represented by the centerline 4C of the
bolt 41. For a better understanding Fig. 7 shows an en-
larged view of the radial sealing element 5 of the fourth
embodiment.
[0084] Different from the first three embodiments the
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fourth embodiment does not comprise an inner section
35 (Fig. 2-5) extending into the first housing part 2. In
addition, the annular recess 32 in the second axial end
surface 31 of the second housing part 3 is open at the
radially inner side, i.e. the annular recess 32 is only de-
limited by the radially outer wall 322 and by the axial
bottom wall 323. But there is no radially inner wall like
the radially inner wall 321 in the first, second and third
embodiment.
[0085] The protrusion 22 is located at the radially inner
rim of the first housing part 2, so that the protrusion 22
forms a part of the radially inner surface 25 of the first
housing part 2.
[0086] The radial sealing element 5 is arranged in the
annular recess 32 of the second housing part 3. In par-
ticular, the sealing element 5 is arranged between the
protrusion 22 and the axial bottom wall 323 delimiting the
annular recess 32 with respect to the axial direction A.
[0087] The radial sealing element 5 (see also Fig. 7)
is designed as an annular sealing element 5 with an es-
sentially T-shaped cross-sectional area perpendicular to
the circumferential direction. The sealing element 5 com-
prises a ring-shaped axial leg 51 extending in the axial
direction A and a ring-shaped radial leg 52 extending in
radial direction, i.e. perpendicular to the axial leg 51. As
can be best seen in Fig. 7 the axial leg 51 is configured
to taper towards the radial leg 52 thus forming two conical
surfaces 53, 54 that provide the most essential contribu-
tion to the sealing action. Due to the conical surfaces 53,
54 such sealing elements 5 are also referred to as conical
sealing elements 5. The conical sealing element 5 is pref-
erably made of a metal or a metallic material. The first
conical surface 53 connects the axial leg 51 and the radial
leg 52 of the sealing element 5 on the low pressure side
LP, i.e. the first conical surface 53 contacts the second
housing part 3 in the mounted state. The second conical
surface 54 connects the axial leg 51 and the radial leg
52 on the high pressure side HP, i.e. the second conical
surface 54 contacts the first housing part 2 in the mounted
state. The overall shape of the conical sealing element
5 does not considerably change when the sealing ele-
ment is pressurized. Thus, the general shape, in partic-
ular the cross-section, of the sealing element 5 shown in
Fig. 7 is essentially the same prior to and after the mount-
ing or the pressurizing of the sealing element 5.
[0088] Those areas of the protrusion 22 and the annu-
lar recess 32 that are in contact with the conical surfaces
53, 54 in the mounted state are adapted to receive the
axial leg 51 of the sealing element 5, i.e. said areas are
also configured in a tapering manner for forming a conical
contact face abutting the first and the second conical sur-
face 53, 54, respectively, of the sealing element 5.
[0089] The conical sealing element 5 usually requires
a pretensioning to generate a surface pressure between
the conical surface 53, 54 of the sealing element 5 and
the conical contact faces of both the protrusion 22 and
the annular recess 32 abutting the conical surface 53, 54
of the sealing element 5.

[0090] For a reliable sealing action the surface pres-
sure between the second conical surface 54 and the first
housing part 2 (here the conical contact face of the pro-
trusion 22) should be at least essentially the same as the
surface pressure between the first conical surface 53 and
the second housing part 3 (here the conical contact face
of the annular recess 32).
[0091] In prior art arrangements (as it has been ex-
plained with reference to Fig. 1) comprising such conical
sealing elements the pressure and/or temperature in-
duced deformations in particular of the first housing part
2’ usually result in a decrease of the surface pressure in
particular between the conical surface of the sealing el-
ement and the first housing part 2’, whereas the surface
pressure between the conical surface of the sealing el-
ement and the stiffer second housing part 3’ remains es-
sentially unchanged or even has the tendency to in-
crease. Therefore, upon occurrence of deformations of
the first housing part 2’ the part of the conical surface of
the sealing element contacting the second housing part
3’ is subjected to a considerably stronger surface pres-
sure than the part of the conical surface of the sealing
element contacting the first housing part 2’. This differ-
ence in surface pressure has the detrimental effect that
the sealing element is unevenly loaded which can result
in a tilting of the sealing element or a bending or a rotation
or a deformation. These effects may considerably jeop-
ardize a reliably sealing function.
[0092] In the fourth embodiment of the pump casing 1
such negative effects are prevented or at least consid-
erably reduced. By the interaction of the protrusion 22
and the annular recess 32, and in particular by the outside
centering, it is ensured that the surface pressure between
the second conical surface 54 and the first housing part
2 (here the conical contact face of the protrusion 22) is
always at least approximately the same as the surface
pressure between the first conical surface 53 and the
second housing part 3 (here the conical contact face of
the annular recess 32).
[0093] With respect to the radial direction, the radial
leg 52 of the sealing element 5 does not extend to the
radially outer wall 322 delimiting the annular recess 32.
This has the advantage that the sealing element 5 and
in particular the radial leg 52 may expand in radial direc-
tion, for example due to a high temperature, without abut-
ting against the radially outer wall 322.
[0094] Regarding the axial direction A it is a preferred
measure that the radial leg 52 of the sealing element 5
is not clamped between the annular protrusion 22 and
the axial bottom wall 323 of the annular recess 32. There-
fore the sealing element 5, the protrusion 22 and the re-
cess 32 are configured in such a manner that a clearance
exists both between the protrusion 22 and the radial leg
52 and between the axial bottom wall 323 of the annular
recess 32 and the radial leg 52. In particular said clear-
ance also exists in the mounted state when the first and
the second housing part 2, 3 are pressed together.
[0095] The advantage of the clearance on both sides
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of the radial leg 52 is that the radial leg 52 can freely
expand and contract in the radial direction. Thus, espe-
cially when the sealing element 5 and its adjacent com-
ponents are exposed to high temperatures, strong tem-
perature gradients or temperature transients the sealing
element 5, in particular the radial leg 52, can change its
extension in radial direction without being clamped in ax-
ial direction A between the protrusion 22 and the axial
bottom wall 323 of the annular recess 32. Therefore, by
providing said clearance in axial direction A the so-called
slip stick effect can be avoided. In addition, the clearance
ensures that the sealing element 5 is always self-cen-
tered, evenly loaded and prevented from tilting or rotat-
ing. The clearance is for example between 0.1 and 0.2
mm on each side of the radial leg 52 of the sealing ele-
ment, preferably approximately 0.15 mm.
[0096] Even though the invention has been described
referring to the specific embodiment of a pump designed
as an ebullator pump it goes without saying, that the in-
vention is not restricted to this type of pumps but is ap-
plicable to all other types of pumps.
[0097] As an example, in case the centrifugal pump
100 is configured as a barrel casing pump the first hous-
ing part 2 of the pump casing 1 is the barrel casing, in
which the impeller or the impellers is/are arranged, and
the second housing part 3 is the end cover, which closes
the casing in axial direction.

Claims

1. A pump casing for a centrifugal pump, the pump cas-
ing extending in an axial direction (A) and having a
first housing part (2), a second housing part (3) for
being sealingly attached to the first housing part (2),
a plurality of securing elements (4) for linking the first
and the second housing part (2, 3), and a radial seal-
ing element (5) for sealing between the first and the
second housing part (2, 3), wherein the first housing
part (2) has a first axial end surface (21), and the
second housing part (3) has a second axial end sur-
face (31), said first and second axial end surfaces
(21, 31) facing each other, characterized in that the
first axial end surface (21) comprises an annular pro-
trusion (22) extending in the axial direction (A) and
the second axial end surface (31) comprises an an-
nular recess (32) configured for engaging with the
annular protrusion (22) and providing an outside
centering, wherein the annular protrusion (22) is ar-
ranged radially inwardly with respect to the securing
elements (4).

2. A pump casing in accordance with claim 1, wherein
the annular recess (32) is configured as a ring-
shaped groove (32).

3. A pump casing in accordance with anyone of the
preceding claims, wherein the sealing element (5) is

arranged in an annular sealing groove (6).

4. A pump casing in accordance with claim 3, wherein
the annular sealing groove (6) is arranged in the first
housing part (2).

5. A pump casing in accordance with claim 3 or claim
4, wherein the annular sealing groove (6) is arranged
in the second housing part (3).

6. A pump casing in accordance with anyone of claims
3-5, wherein the sealing groove (6) is commonly
formed by the first and the second housing part (2, 3).

7. A pump casing in accordance with anyone of the
preceding claims wherein the protrusion (22) forms
a part of the radially inner surface (25) of the first
housing part (2).

8. A pump casing in accordance with claim 7, wherein
the sealing groove (6) is arranged in the protrusion
(22).

9. A pump casing in accordance with anyone of the
preceding claims, wherein the second housing part
(3) comprises an inner section (35) extending into
the first housing part (2) such that the first housing
part (2) encloses the inner section (35) of the second
housing part (3), and wherein the sealing element
(5) is arranged between the inner section (35) of the
second housing part (3) and the first housing part (2).

10. A pump casing in accordance with anyone of the
preceding claims, wherein the sealing element (5) is
arranged in the annular recess (32) of the second
housing part (3).

11. A pump casing in accordance with claim 10, wherein
the sealing element (5) is a conical sealing element
(5) having an essentially T-shaped cross-section.

12. A pump casing in accordance with anyone of the
preceding claims, wherein an annular gap (11) is
formed between the first axial end surface (21) and
the second axial end surface (31) in the region lo-
cated radially outwardly of the securing elements (4).

13. A pump casing in accordance with anyone of the
preceding claims, wherein the sealing element (5) is
made of a metallic material, or a plastic, or a rubber,
or graphite.

14. A centrifugal pump, characterized in that the pump
comprises a pump casing (1) according to anyone
of the preceding claims.

15. A centrifugal pump in accordance with claim 14, de-
signed as a boiler feed pump, or as an ebullator pump
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for circulating a process fluid.
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