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Rotary machine and method for the heat exchange in a rotary machine

The invention relates to a rotary machine for conveying a fluids as well as to a 

method for the heat exchange in such a rotary machine in accordance with the 

10 preamble of the independent patent claim of the respective category.

Rotary machines, such as, for example pumps, are used for the conveyance of 

fluid media in various technological fields. In the industry of processing hydrocar-

bons pumps play an important role in the overall processing chain which typically 

15 starts at the oil field or at the gas field and must frequently work in conditions 

which are very challenging from a technical point of view. Thus, it is possible that 

the medium to be conveyed is present at very high temperatures of up to 200°C, 

for example, on the conveyance of crude oil. Such high temperatures represent 

large demands in effort and cost with respect to the pump and in particular also 

20 with respect to the mechanical seals in such a pump.

Mechanical seals are typically used for the sealing of the shaft which supports the 

impeller of the pump and which is driven by the drive unit, for example by a motor. 

These seals should avoid an emergence of the fluid to be conveyed at or along the 

25 shaft. Typically, mechanical seals are configured as sliding seals or sliding ring 

seals which comprise a stator and an impeller. In this connection the impeller is 

rotationally fixedly connected to the shaft, whereas the stator is fixed with respect 

to the pump housing in such a way that it is secured against rotation. During the 

rotation of the shaft the impeller and the stator thus slide with respect to one an-

30 other from which a high mechanical loading of these parts results. Having regard 
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to an orderly operation of such mechanical seals it is necessary that these seals 

are not subjected to too high thermal loads in the operating state. For this reason, 

in particular for those fluids which are conveyed at a high temperature, the me-

chanical seals have to be cooled. A too high a temperature in the region of the 

5 mechanical seal can lead to material degradation at the sliding surfaces or at other 

parts of the seal, to damages of the secondary seals, to undesired phase transi-

tions in the fluid to be conveyed, or to changes brought about by thermal effects at 

the shafts, e.g. deflections.

10 By the same token with respect to such applications in which the fluid to be con-

veyed is very cold, for example, in the cryo-technology during the conveyance of 

liquefied gases, the seals have to be warmed and/or heated in order to ensure an 

orderly operation. 

15 Thus, depending on the application, it has to be ensured that the mechanical seal 

and/or its environment is cooled or heated, this means that it is maintained in the 

correct temperature range via a heat exchange. 

Having regard to this heat exchange at mechanical seals, this means to the lead-

20 ing away of or the supply of heat, two possibilities are known in the state of the art. 

In the first method a heat exchange jacket is provided in the environment of the 

mechanical seal which, depending on the application, is a cooling jacket for the 

dissipation of heat or is a heating jacket for the supply of heat. This jacket com-

prises a hollow space which, for example, surrounds the mechanical seal in the 

25 form of a ring space and through which a fluid heat carrier flows which supplies or 

dissipates the heat. The hollow space has no connection to the space in which the 

mechanical seal is arranged so that no direct contact is brought about between the 

heat carrier and the mechanical seal. Having regard to this kind of heat dissipation 

or heat supply external auxiliary systems, e.g. an external pump, are typically 
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used, in order to convey the fluid heat carrier into the hollow space of the heat ex-

change jacket and/or to circulate the heat carrier. 

The second possibility for the heat exchange is based on a direct contact of the 

5 mechanical seal with a fluid heat carrier and is typically referred to as flushing. 

Hereby the mechanical seal or at least parts thereof are directly applied with a fluid 

heat carrier in order to dissipate their heat thereby or to supply heat. Having re-

gard to this kind of heat exchange it is known to circulate the fluid heat carrier in a 

closed circuit which then comprises an external heat exchanger to which the heat 

10 carrier dissipates the heat received at the mechanical seal (cooling of the seal), or 

at which the heat carrier receives the heat which it supplies to the mechanical seal 

(heating of the seal). The circulation of the heat carrier is in this connection driven 

by an external pump. Alternatively, or in addition to the external pump also a fan 

wheel can be provided e.g. at the mechanical seal, the fan wheel being driven by 

15 the rotation of the shaft and circulates the fluid heat carrier. 

As an alternative to the closed flushing system it is also known to use open sys-

tems in which the heat carrier is not circulated in a closed circuit, but rather is 

extracted from a source and is dissipated after running through the pump, for ex-

20 ample, a waste water disposal. Having regard to these open systems one can 

usually omit an external heat exchanger. 

It is further known to provide two separate cooling systems working independently 

from one another for pumps in which one cooling system works with a cooling 

25 jacket and the other one is configured as a flushing system. The two systems can 

in this connection be operated with different heat carriers. Such solutions are, 

however, very demanding from a construction point of view, cost intensive and 

usually have a large demand in space. 
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Starting from this state of the art it is thus an object of the invention to suggest a 

rotary machine having a new heat exchange system for a mechanical seal which 

is simple from a construction point of view and ensures an efficient cooling or heat-

ing of the mechanical seal also for high temperature loads through the heat of or 

5 the cold of the fluid to be conveyed. The rotary machine should in particular be 

suitable for high temperature applications in which the fluid to be conveyed is very 

hot. Furthermore, it is an object of the invention to suggest a corresponding 

method for the heat exchange in a rotary machine.

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

features of the independent patent claims of the respective category.

Thus, a rotary machine for conveying a fluid is suggested in accordance with the 

invention having a drive unit for driving a shaft, having an impeller arranged at the 

15 shaft for conveying the fluid, having at least one mechanical seal for sealing the 

shaft, having a first and a second heat exchange system for cooling or for heating 

the mechanical seal, wherein the first heat exchange system is configured for the 

direct application of a fluid heat carrier at the mechanical seal and the second heat 

exchange system comprises a heat exchange jacket which can be flowed through 

20 by a fluid heat carrier without direct contact with the mechanical seal. The first and 

the second heat exchange system form a common heat exchange system in which 

a common fluid heat carrier can be circulated and a fan wheel for the circulation of 

the fluid heat carrier is provided in the heat exchanger system. 

25 In accordance with the invention it is thus suggested to combine a heat exchange 

system, which works in accordance with the principle of flushing, with a heat ex-

change system, which works with a jacket, to a common overall system in which 

only one fluid heat carrier is circulated whose circulation is driven by the rotary 

machine itself. This heat exchange system thus combines the advantages of two 

30 heat exchange systems without an external circulation apparatus, such as external 
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pumps, being required for this purpose. Therefrom, a very simple compact and ef-

ficient solution results from an apparatus point of view by means of which also 

large amounts of heat can be reliably dissipated (cooling) from the region of the 

mechanical seal and/or can be supplied to this region (heating).

5

Due to the high efficiency of the heat exchange the rotary machine in accordance 

with the invention is in particular suitable also for high temperature applications in 

which the fluid to be conveyed can have temperatures of up to 200°C.

10 Having regard to a preferred embodiment the rotary machine is configured as a 

pump, wherein the drive unit comprises a motor which is arranged in a motor 

housing. 

In this connection it is advantageous when the impeller is arranged in a pump 

15 housing which is connected to the motor housing to form an overall housing such 

that the pump including the motor is enclosed in a single housing. This compact 

design and outwardly closed design allows the operation of the pump also under 

complicated environmental conditions.

20 Depending on the application it can be of advantage when the rotary machine 

works in a vertical arrangement. It is then preferred that the drive unit is arranged 

above the pump unit in the normal position of use, since then the drive unit is not 

loaded by the weight of the impeller.

25 A further advantageous measure with regard to the cooling, the lubrication and the 

protection of the drive unit, e.g. with respect to the fluid to be conveyed, is that the 

motor housing is filled with a sealing liquid in the operating state. 

Particularly preferably the fluid heat carrier is then provided as the sealing liquid. 

30
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From an apparatus point of view it is advantageous when the impeller is driven for 

the circulation of the heat carrier by the drive unit and is preferably provided at the 

side of the drive unit remote from the impeller.

5 In accordance with a particularly preferred application, the rotary machine in ac-

cordance with the invention is configured as an undersea pump.

A preferred use of the rotary machine is for the conveyance of hot fluids whose 

temperature amounts to at least 150°C.

10

In accordance with the invention a method is suggested for the heat exchange in a 

rotary machine for conveying a fluid which has a drive unit for driving a shaft, an 

impeller arranged at the shaft for the conveying of fluid, as well as at least one 

mechanical seal for sealing the shaft in which method the mechanical seal is 

15 cooled or heated with a first and a second heat exchange system, wherein the 

mechanical seal is directly applied with a fluid heat carrier by means of the first 

heat exchange system and a heat jacket is flowed through by a fluid heat carrier 

without direct contact with the mechanical seal in the second heat exchange sys-

tem. The first and the second heat exchange systems are connected to a common 

20 heat exchange system in which a common fluid heat carrier is circulated, wherein 

the fluid heat carrier is circulated by a fan wheel in the heat exchange system.

The advantages of this method correspond to those which have already been 

explained in connection with the rotary machine in accordance with the invention.

25

In a preferred embodiment the common heat exchange system is a cooling sys-

tem.

The method is particularly suitable when the rotary machine is a pump, wherein 

30 the drive unit comprises a motor which is arranged in a motor housing, wherein the 
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fluid heat carrier is used as a sealing liquid with which the motor housing is filled 

and wherein the fan wheel is preferably driven by the drive unit.

It is an advantageous measure when the fluid heat carrier is a water-based liquid, 

5 since these liquids are generally cost-effective, have a sufficient heat capacity and 

are not pollutive. In particular, mixtures of water and glycol are suitable as heat 

carriers.

The method in accordance with the invention is in particular suitable for high tem-

10 perature applications in which the liquid to be conveyed has a temperature of at 

least 150°C.

In particular the method in accordance with the invention is also suitable for such 

applications in which the rotary machine is an undersea pump.

15

Further advantageous measures and embodiments of the invention result from the 

dependent claims. 

In the following, the invention will be described in detail both from an apparatus 

20 point of view and also from a process engineering point of view by means of an 

embodiment and with reference to the drawing. In the schematic drawing there is 

shown, partly in section:

Fig. 1 a schematic illustration of an embodiment of a rotary ma-

25 chine in accordance with the invention configured as a pump; 

and

Fig. 2 a schematic partly sectioned illustration of a mechanical seal 

with components of a heat exchange system.

30
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In the following description of a rotary machine in accordance with the invention 

and of a method in accordance with the invention for the heat exchange, reference 

is made with an exemplary character to the case of application particularly relevant 

in practice, in which the rotary machine is a pump. It is however understood that 

5 the invention is not limited to such cases, but rather also comprises all other rotary 

machines in which a mechanical seal is provided for the sealing of the shaft. The 

rotary machine can, for example, also be a compressor, a turbine or a generator.

Furthermore, it is assumed with respect to the heat exchanger having an exem-

10 plary character that the heat exchange is a cooling in which heat is thus extracted 

from the system. It is understood that the invention also comprises applications in 

an analogous manner in which the heat exchange is a heating, this means appli-

cations in which heat is supplied to the system.

15 In a very schematic illustration Fig. 1 shows a rotary machine which is configured 

as a pump and is totally referred to with the reference numeral 1. The pump 1 

comprises a drive unit 2 having a motor 21 which is arranged in a motor housing 

22 and in the present instance is configured as an electric motor. The motor 21 

has a motor shaft 25 which represents the rotor of the electric motor.

20

The pump 1 further comprises a pump unit 3 having a pump housing 32 in which 

an impeller 31 is provided for conveying a fluid. The impeller 31 is arranged at a 

shaft 5 which is connected to the motor shaft 25 by means of a clutch 9 and is thus 

driven by the motor 21 and is displaced into a rotation about its longitudinal axis A 

25 (Fig. 2).

The motor housing 22 and the pump housing 32 are fixedly connected to one 

another, for example are screwed to one another with a plurality of screws and 

thus form an overall housing 4 for this drive unit 2 and the pump unit 3.

30
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The shaft 5 and the motor shaft 25 are supported in a manner known per se by a 

plurality of axial bearings 7 and radial bearings 8.

The pump unit 3 further comprises an inlet 33 through which the fluid to be con-

5 veyed is sucked into the pump housing 32 through the effect of the impeller 31, as 

well as an outlet 34 through which the fluid to be conveyed is pushed out.

In order to seal the shaft 5, two mechanical seals 6 are provided in the pump, 

namely a first seal, which seals the shaft 5 at the boundary between the pump unit 

10 3 and the drive unit 2, such that the fluid to be conveyed cannot arrive along the 

shaft 5 in the drive unit 2 and a second seal which is provided beneath the impeller 

31 in accordance with the illustration and which prevents the penetration of the 

fluid to be conveyed along the shaft 5 into a storage space 35 provided beneath 

the impeller 31 in accordance with the illustration in which storage space a radial 

15 bearing 8 is arranged.

The embodiment of the rotary machine in accordance with the invention explained 

in this instance is a multistage process pump for high temperature applications, in 

which the fluid to be conveyed has very high temperatures of, for example, 150°C, 

20 180°C, 200°C or even more. Such high temperatures can, for example, arise dur-

ing the extraction of natural gas or crude oil, since oil fields exist in which the oil is 

present at temperatures of 200°C.

More specifically the embodiment described in this instance is configured as a 

25 subsea pump which is mounted at the bottom of the sea and works there, e.g. for 

the extraction of crude oil or natural gas. Specifically for such applications an ex-

tremely compact manner of construction and an as high as possible operational 

safety and reliability are indispensable.
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As is common for subsea applications the pump 1 is configured in a vertical ar-

rangement having an above lying drive unit 2, this means that the pump 1 is illus-

trated in its usual position of use in Fig. 1. The motor housing 22 of the drive unit 2 

is filled with a sealing liquid 23 in a manner known per se, the sealing liquid serv-

5 ing for the cooling of the mechanical components and of the electrical components 

of the motor 21, as well as for their lubrication. The storage space 35 arranged 

beneath the impeller 31 is also filled with the sealing liquid 23.

In Fig. 2 one of the mechanical seals 6 is illustrated in a starkly simplified 

10 schematic manner. Mechanical seals are generally well known to a person of 

ordinary skill in the art and for this reason do not require an in-depth explanation. 

For this reason and because it is sufficient for the explanation, many details, such 

as for example, the fixation of the parts of the seal 6 or secondary seals, e.g. O-

rings, are not illustrated in Fig. 2.

15

Typically mechanical seals are configured as sliding seals or as sliding ring seals 

which comprise a stator 61 and a rotor 62. In this connection the rotor is rotation-

ally fixedly connected to the shaft 5, whereas the stator 61 is fixed with respect to 

the overall housing 4 and/or with respect to the pump housing 32 in such a way 

20 that it is secured against rotation. During the rotation of the shaft 5 the rotor 62 and 

the stator 61 thus glide with respect to one another.

Having regard to the orderly functioning of the mechanical seals 6, it is essential 

that the seal 6 does not become too hot (with respect to high temperature applica-

25 tions) or not to cold (with respect to low temperature applications). For this pur-

pose a new method for the heat exchange with the mechanical seal 6 is suggested 

in accordance with the invention that will now be explained in the following with 

reference to the embodiment illustrated in the Fig. 1 and Fig. 2.
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A first heat exchange system 41 and a second heat exchange system 42 are pro-

vided - in this instance cooling systems - which are connected to a common heat 

exchange system 40. This integrated heat exchange system 40 serves for the 

cooling of the mechanical seal 6.

5

The first heat exchange system 41 for the cooling of the mechanical seal 6 is a so-

called flushing system in which the mechanical seal 6 or at least parts thereof are 

directly supplied with a fluid heat carrier - in this instance a cooling liquid. As is 

shown in Fig. 2 the mechanical seal is arranged in a sealing space 63 which, for 

10 example is configured as a ring space and which surrounds the shaft 5. The heat 

carrier is introduced into the sealing space 63 through an inlet opening 64. Fur-

thermore, a non-illustrated outlet opening is provided at the sealing space 63 

through which the heat carrier can exit the sealing space 63 again. The outlet 

opening is, for example, rotated by 45° or by 90° with respect to the longitudinal 

15 axis A of the inlet opening 64. During the operation of the pump 1 the sealing 

space 63 is substantially completely filled with the heat carrier, this means that as 

much coolant (heat carrier) flows through the inlet opening 64 into the sealing 

space 63 per unit time, as exits from the sealing space 63 through the outlet open-

ing. The heat exchange - in this instance thus the cooling - therefore takes place 

20 through the direct contact of the heat carrier with the mechanical seal 6 and with 

the heat carrier dissipating heat from the seal 6 and thus cooling this.

The second heat exchange system 42 for the cooling of the mechanical seal 6 

comprises a heat exchange jacket 421 which in the present embodiment is a cool-

25 ing jacket 421. Having regard to this kind of heat exchange no direct physical 

contact of the mechanical seal 6 with the heat carrier - in this instance the coolant 

- is brought about. The cooling jacket 421 comprises a hollow space 422 which is, 

for example, configured as a ring space and surrounds the complete shaft 5. An 

inlet 43 is provided through which the heat carrier can be introduced into the hol-

30 low space 422 and an outlet 44 is provided through which the heat carrier can exit 
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the hollow space 422. The hollow space 422 is completely filled with the heat car-

rier during the operation, the heat carrier being circulated through the hollow space 

422. Having regard to this kind of heat exchange and/or cooling there is no direct 

physical contact between the heat carrier and the mechanical seal 6.

5

As is evident in particular from Fig. 1 the jacket 421 is respectively arranged at the 

hotter side of the mechanical seal 6, this thus means at the side of the seal 6 at 

which the higher temperature is present in the operating state. The pump housing 

32 is filled in the operating state with the fluid to be conveyed. This means, for 

10 example, with the hot crude oil - with the exception of the bearing space 35. The 

fluid to be conveyed is in particular also cooled in the vicinity of the seal 6 through 

the coolant jacket 421, this means, for example, also in the gap 51 which leads to 

the seal 6. Through this cooling of the fluid to be conveyed in the direct vicinity of 

the mechanical seal 6, the introduction of heat into the seal 6 is thus significantly 

15 reduced by the fluid to be conveyed, this corresponds to a cooling of the seal 6.

In accordance with the invention the first heat exchange system 41 and the sec-

ond heat exchange system 42 are now combined to the integrated common heat 

exchange system 40. This has the consequence that a common fluid heat carrier 

20 must be made available for the common heat exchange system 40. Whereas also 

different fluid heat carriers could be used for first and second heat exchange sys-

tems separate from one another, in accordance with the solution of the invention a 

common fluid heat carrier is thus required which can, for example, be the same 

heat carrier as that of the first or of the second heat exchange system.

25

Particularly preferably the sealing liquid 23 is provided as a fluid heat carrier for 

the common heat exchange system 40 which is also used for the lubrication and 

for the cooling of the motor 21 and/or of the drive unit 2. This has the advantage 

that only one single liquid has to be provided which is used both as a sealing liquid 

30 23, as well as as a fluid heat carrier for the heat exchange system 40. Specifically 
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for subsea applications this measure is very positive with regard to the demand 

from an apparatus point of view.

Water-based liquids, such as, for example, a mixture of water and glycol are In 

5 particular suitable as a fluid heat carrier.

As is illustrated in Fig. 1 the common heat exchange system 40 is configured as a 

closed system, this thus means a cooling system or a cooling circuit in which the 

fluid heat carrier is circulated. Having regard to the circulation of the heat carrier a 

10 fan wheel 44 is provided which is arranged at the motor shaft 25 and is thus driven 

by the drive unit 2, specifically by the rotation of the motor shaft 25 of the motor 

21. 

The fan wheel 44 conveys the heat carrier via a main line 45 to a heat exchanger 

15 43 in which the heat carrier dissipates heat present at the mechanical seal 6 or in 

the drive unit 2 or in the storage space 35 and is cooled thereby. Downstream of 

the heat exchanger 43 a plurality of lines now branch away from the main line 45, 

initially a first line 451 through which the heat carrier enters into the motor housing 

22, as is symbolically indicated by the arrow at the line 451. The heat carrier fills 

20 the motor housing and in this instance serves as the sealing liquid 23 in this in-

stance. 

Further downstream a second line 452 branches away from the main line 45 

through which the heat carrier arrives at the cooling system for the mechanical 

25 seal 6. The second line 452 in turn branches away into a branch which leads to 

the inlet 423 (Fig. 2) of the cooling jacket 421 and into a branch which leads to the 

inlet opening 64 of the sealing space 63. From the outlet opening (not illustrated) 

out of the sealing space 63 and the outlet 424 of the hollow space 422 of the cool-

ing jacket 421, the fluid heat carrier respectively arrives in the return line 46 via 

30 respective lines which are combined to the line 461.
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Finally, the main line 45 transitions into a third line 453 through which the heat 

carrier arrives at the cooling system for the lowest mechanical seal from an illus-

tration point of view. The third line 453 in turn branches into a branch which leads 

5 to the inlet 423 (Fig. 2) of the cooling jacket 421 and into a branch which leads to 

the inlet opening 64 of the sealing space 63. Having regard to the embodiment 

described in this example, this sealing space 63 is connected to the bearing space 

35, such that the heat carrier can also arrive in the storage space 35 via the same 

line which leads to the inlet opening 64 of the sealing space 63. From the outlet 

10 opening of the sealing space 63 and the outlet 424 of the hollow space 422 of the 

cooling jacket 421, the fluid heat carrier arrives in the return line 46 via respective 

lines which are combined to the line 462.

The heat carrier again arrives in the region of the fan wheel 44 which drives the 

15 circulation of the heat carrier in the closed circuit through the return line 46. Also 

the heat carrier introduced into the motor housing 22 via the first line 451 is recir-

culated by the effect of the fan wheel 44 as is indicated by the arrow having the 

reference numeral 463.

20 The fan wheel 44 for the circulation of the fluid heat carrier is preferably provided 

at the side of the drive unit 2 remote from the impeller 31 of the pump unit 3 or at 

the side of the motor 21 remote from the impeller 31 respectively. 

In this manner the first heat exchange system 41 for the mechanical seal 6 and the 

25 second heat exchange system 42 for the mechanical seal 6 are connected to a 

common heat exchange system 40, such that an integral heat exchange system 

for the mechanical seal 6 is formed. At the same time the common heat exchange 

system 40 also serves the purpose of supplying the motor housing with the sealing 

liquid 23 which is identical to the fluid heat carrier.

30
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As is common, in particular for subsea applications and/or for subsea pumps, the 

sealing liquid 23 is maintained at a higher pressure in the pump housing 22 than 

the fluid to be conveyed in the pump housing 32. The pressure of the sealing liquid 

23 in the motor housing 22 is, for example, 20 - 25 bar higher than the pressure in 

5 the pump housing 32. 

The method in accordance with the invention and/or the rotary machine in accor-

dance with the invention are suitable for a numerous number of applications. Thus, 

they are in particular suitable for high temperature applications and specifically for 

10 such applications in the subsea region. The rotary machine in accordance with the 

invention configured as a pump can be used for the conveyance of oil, gas, sea 

water or also so-called produced water. The pump can be configured as a single 

stage pump, as a multi-stage pump or also as a hybrid pump having the corre-

sponding impellers adapted thereto. Designs as single stage pumps and also as 

15 multi-stage pumps are possible.

In particular for subsea applications the solution provided in accordance with the 

invention represents an efficient, reliable, simple and compact possibility from an 

apparatus point of view for cooling and/or for the heating of mechanical seals by 

20 means of its integrated heat exchange system.

As has already been mentioned with regard to an embodiment of the pump as a 

subsea pump, a vertical arrangement is preferred in which the drive unit 2 is ar-

ranged above the pump unit 3. Naturally also horizontal arrangements are possi-

25 ble in which the drive unit 2 and the pump unit 3 are arranged next to one another. 

Such an arrangement is frequently preferred when the pump is not used in the 

subsea operation, but rather, for example, on the land, or at ships or on bore plat-

forms.
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As already mentioned the rotary machine in accordance with the invention and/or 

the method in accordance with the invention are also suitable for low temperature 

applications, for example, for the pumping of liquid gases in cryo-technology. Hav-

ing regard to such applications, the mechanical seals are warmed or heated by the 

5 heat carrier. The heat exchanger 43 then serves the purpose of supplying heat to 

the heat carrier and to then transport this in an analog manner to the mechanical 

seals. Having regard to such applications the heat exchange jacket of the second 

heat exchange system is then arranged at the colder side of the mechanical seal 

6, this means at that side of the mechanical seal 6 which faces the region of lower 

10 temperature in the operating state.

Naturally, the invention is not limited to pumps, but it also suitable for all other 

kinds of rotary machines in which mechanical seals are provided, for example 

compressors, turbines or generators. 

15








