
DESCRIPTION 

"INTERNAL COOLING SYSTEM FOR MECHANICAL SEALS AND USE 

THEREOF" 

Technical Field of the Invention 

The present invention relates to a internal cooling system 

for a mechanical seal with the main objective to provide 

thereto conditions of greater reliability and longer service 

life periods, in particular, when applied to rotating 

pumping devices operating at temperatures lower than 420 °C, 

preferably between 200 °C and 420 °C, and pressures of less 

than 3,3 MPa, preferably between 1,2 MPa and 3,3 MPa, 

depending on the diameter of the mechanical seal. 

Background of the Invention 

The sealing systems for rotating equipment with main 

incidence in centrifugal pumps which move chemical or 

petrochemicals products, such as for example pumping of 

crude oil and derivatives thereof at high temperatures and 

pressure, have been over the years the subject of various 

studies, in order to improve its efficiency, so that the 

pumping equipment where they are applied are more productive 

to avoid downtimes and maintenance services and serious 

environmental problems originated by the leaks caused as 

well as the ineffectiveness of non-productive equipment, 

which have high costs. 

The problem of high pressures, when the equipment operates 

at temperatures lower than 250 °C, has been solved with 

hydraulic compensation techniques and appropriate generic 

dimensions and also with compatible materials. 
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The technical problem with highest difficulty of resolution 

is when the equipment is operating at pressures exceeding 

1,6 MPa and temperatures above 250 °C, with viscous products 

of easy hardening and coking, if for any reason, there is a 

stop and respective cooling of the product. 

Some manufacturers have developed a sealing system - a 

mechanical seal, called bellows - that has behaved with 

reasonable levels of efficiency at temperatures above 250 

°C, but not enough to prevent ruptures of these bellows with 

very short intervals when the equipment operates at 

pressures exceeding 1,6 MPa. This rupture will inevitably 

cause a spill of the product to be pumped, which in addition 

to the economic loss could represent a serious environmental 

problem. 

A mechanical seal is essentially made of a static ring with 

faceted face, which is pressed by another ring equally with 

faceted face, rotating, having as a pressure aid one or 

several springs, which urges the faces, both stationary and 

rotating, never to deviate from one another, which we call 

the main seal. This seal must be co-assisted by the 

designated secondary seals, which may be made of polymeric 

materials, preferable dynamic or static elastomer, without 

which the sealing is not achieved. The limit of temperature 

resistance of these secondary seals, depending on their 

intrinsic characteristics, extends up to maximum 250 °C, in 

non-continuous service, being the limiting factor of the 

mechanical seal. 

In its axial movement, which 

faces to seal, the rotating 

is 

or 
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have in the axial sliding area, also referred to as 

compensation diameter, an O-ring seal, which can be made of 

polymeric material, preferably an elastomer, that, as 

mentioned above, has limits of temperature resistance. The 

pumps where these rings are integrated work at temperatures 

that may reach between 370 °C and 400 °C, not allowing the 

use of an elastomer type material. 

The bellows eliminate the use of polymeric materials as 

secondary seal and in its place graphite rings are used that 

support higher temperatures, but they can only be used as 

static joints and they also replace the spring or springs 

applied. However, its frail construction cannot take 

pressures above 1,5 MPa, which very quickly causes fatigue 

and consequently rupture of the material. This type of 

mechanical seals is called bellows seals. 

Another drawback is that the bellows are in contact with the 

product to be pumped, and when it cools, it hardens and 

encrusts in the interstices of the bellows, making it a 

rigid body, inoperative in its axial movement by a 

phenomenon of swaying, which gives rise to their "rupture" 

and consequent escape of the product to the exterior. A 

rotating rigid body in contact with another stationary rigid 

body, by friction, develops an elevation of temperature 

between the faces in contact, creating a phenomenon of 

dilation that could lead to its adhesion, commonly known as 

seizing, and its breakdown. 

Likewise, the increase of pressure above 1,5 MPa causes the 

rapid rupture of the bellows and respective leakage of the 

product - bellows are made of steel with very thin blades 

that do not support pressures above 1,5 MPa. Its design is 
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specified for use with pressures up to a maximum of 1,5 MPa 

under conditions of very low aggressiveness and, even then 

with premature fatigue of the material. 

Thus, the present invention is concerned to the development 

of a mechanical seal with an internal cooling system, whose 

design and characteristics promote substantial improvements 

in the functioning of pumping equipment such as: 

• Elimination of the bellows system; 

• Application of metallic alloy springs that are totally 

insulated from the product to be pumped and consequent 

guarantee of its operability; 

• Use of secondary seals made of polymeric materials, 

preferably elastomer, that should be selected taking into 

account parameters such as temperature reached by the pump 

and the product to be pumped; 

• Possibility to use graphite seals that should be 

applied in static locations and the areas most susceptible 

to temperature, such as for example the rotating part of the 

main mechanical seal - product side-rotating-sealing side; 

• Allow the use of elastomeric gasket in the sealing -

shaft/sleeve. 

General characteristics mentioned above allow the mechanical 

seal to operate at pressures, which may go up to 3,3 MPa and 

temperatures up to 420 °C. 

Summary of the Invention 

It is an object of the present invention to describe an 

internal cooling system for mechanical seals comprising: 
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- an internal circuit in the body of the mechanical seal 

that consists of a connection effected in the larger 

diameter of the seal with a diameter of between 2,5 and 6,0 

mm that will connect to a chamber previously implemented 

inside the body, involving in its periphery the area where 

the secondary seal will be applied and where a cooling 

fluid circulates; 

- at least one entry point of the cooling fluid; 

- at least one exit point of the cooling fluid; 

- at least two protective scraper rings. 

In a preferred embodiment, the internal cooling system for 

mechanical seals has a cooling fluid induced in the 

mechanical seal at a stable pressure of 0,7 MPa. 

In still another preferred embodiment, the internal cooling 

system for mechanical seals has entry and exit points of the 

cooling fluid connected to the respective supply network. 

In a preferred embodiment, the internal cooling system for 

mechanical seals has entry and exit points of the cooling 

fluid with the same diameter. 

In yet another preferred embodiment, the internal cooling 

system for mechanical seals has entry and exit points of the 

cooling fluid with diameters different to each other and 

comprised between 2,0 and 4,0 mm. 

In a preferred embodiment, the internal cooling system for 

mechanical seals has a separator between the entry and exit 

points of the cooling fluid. 
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In yet another preferred embodiment, the internal cooling 

system for mechanical seals has a derivation with a diameter 

between 2,5 and 6,0 mm for the zone of stationary ring and 

lid seal. 

In a preferred embodiment, the internal cooling system for 

mechanical seals has protective scraper rings applied to the 

stationary part next to the product to be pumped and the 

sleeve/shaft joint. 

In yet another preferred embodiment, the internal cooling 

system for mechanical seals has a sprinkle type system, 

where the cooling fluid is projected by pulverization to the 

area of the secondary seal from the shaft the sleeve. 

In a preferred embodiment, the internal cooling system for 

mechanical seals can be applied to simple mechanical seals 

not compensated, simple compensated, double back-to-back and 

double in tandem. 

It is also an object of the present invention to present the 

use of the internal cooling system for mechanical seals on 

centrifugal pumps, which move chemical or petrochemical 

products. 

General Description of the Invention 

The design and development of an internal cooling system for 

a mechanical seal aims mainly to promote thereto, conditions 

for greater reliability and longer service life periods, 

especially when applied to rotary pump equipment operating 

at temperatures lower than 420 °C, preferably between 200 °C 

and 420 °C, and at pressures of less than 3,3 MPa, 
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preferably between 1,2 MPa and 3,3 MPa, depending on the 

size of the mechanical seal. 

When applied to this type of equipment and under the 

conditions described above, bellows seals are the only ones 

capable to solve the problem of temperature, but not 

pressures, which usually are around 1,8 to 2,0 MPa, which 

leads to a substantial reduction in their lifetime in 

service and consequent sealing faults, which can be severe. 

The internal cooling system will create conditions for 

application of seals with more robust features when compared 

to bellows seals so that they can operate at pressures up to 

3,3 MPa, depending on the size of the mechanical seal and 

temperatures lower than 420 °C, preferably between 200 °C 

and 420 °C. 

In order to achieve this objective it will be necessary that 

certain critical areas of temperature such as areas where 

secondary seals are applied, the temperature is reduced to 

levels at which it is possible to use the usual secondary 

seals, namely polymeric materials, preferably elastomer. 

A practical and non-limiting example to the scope of this 

invention is the application of this mechanical seal in a 

centrifugal pump operating at 250 °C forcing that on 

identified areas there is a need to reduce the temperature 

to values lower than 180 °C. 

To reduce the operating of the mechanical seal a system must 

be elaborated comprising the implementation of an internal 

circuit in the body of the mechanical seal, through which a 

cooling fluid will circulate, preferably an inert gas or 

even more preferably compressed air or liquid nitrogen, at a 
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stable pressure of 0,7 MPa, which will cool the critical 

areas, thus preventing that the temperature exceeds 180 °C 

in these points. This system can also be applied to an 

already existing metallic seal as long as the service 

conditions are known. 

The internal circuit consists of, through a connection 

implemented in the larger diameter of the seal body, with 

continuity of implementing a hole of between 2,5 and 6,0 mm 

diameter, which will connect to a chamber previously 

implemented inside the body, and which involves in its 

periphery the area where the secondary seal will be applied, 

said seal being protected in relation to the temperature 

which operates in the seal box. This is, in fact, the most 

critical area where it will be necessary to control the 

temperature. 

The cooling fluid that passes through this circuit and that 

is fully insulated from the product to be pumped has at 

least one exit to the exterior, which is located very near 

the entry which can also be more than one. These points of 

entry and exit of the cooling system are connected to the 

mains supply of the cooling fluid. Both entry and exit 

points have the same dimension. In some preferred cases, 

there can be applied exit diameter between 2,0 to 4,0 mm, or 

preferably, 2,0 mm to increase the speed of extractions of 

the cooling fluid. 

Given that the entry and exit points of the cooling fluid 

have some proximity, a separator can also be applied in the 

chamber, made of machined plate, thus avoiding the transfer 

of heat between the exiting and the entering fluid. 
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The temperatures developed inside the pump by thermal 

conduction are transmitted through the shaft and the sleeve 

of the seal, which are directly in contact with the product 

and that at exit of the sleeve located on the back of the 

seal, is also reflected at this point, where it is also 

necessary to apply secondary seals. 

From the primary circuit of the incoming cooling fluid, 

there is a derivation with a hole having a diameter between 

2,5 and 6,0 mm and a chamber whose cooling fluid that 

circulates therethrough, cools all this area - stationary 

ring seal and lid seal. 

It was further anticipated the application of at least two 

protective scraper rings to avoid the passage of the product 

into the critical seals - the stationary side of the product 

and the sleeve joint/shaft on the same side. 

In the interior periphery of the last closing lid, a 

sprinkle type system was created, where the cooling fluid is 

projected by pulverization to area of the secondary seal 

from the shaft to the sleeve. As the lid is static and the 

shaft/sleeve are rotating, the cooling is constant in its 

periphery. 

This system can be applied to any type of mechanical seal 

known, simple not compensated, simple compensated, double 

back-to-back and double in tandem. Its application is 

however dependent to the existence of physical spaces for 

their insertion. 

In double seals, such as for example shown in Figure 2, seal 

A is designated as the main seal because it is the one that 
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is directly in contact with the product to be pumped, being 

seal B designated as a gland packing or leakage alarm seal. 

On the seal A, the joint (2) cannot be in graphite, since 

the same will have to seal and at the same time facilitate 

the axial displacement, essential of the stationary ring 

(1) . This joint seal - the dynamic joint - must be very 

compressed, which inhibits the displacement of the ring -

the critical point - only with the use of elastomeric joint 

the sealing/axial movement can be combined. 

As the existing elastomer does not support temperatures 

above 180 °C, there was a need to innovate or develop a 

system where its use was possible. 

In a development phase of testing a preferred embodiment was 

elaborated wherein the mechanical seal was submitted to 

temperatures of 360 °C but these critical areas did not 

exceeded 95 °C. 

Brief Description of the Drawings 

For an easier understanding of the invention attached are 

the Figures, which represent preferred embodiments of the 

invention, which, however, are not intended to limit the 

object of this invention. 

Figure 1: Cross sectional view of a mechanical seal with 

cooling system. 

Figure 2: View of a double cartridge seal in tandem wherein 

the existence of multiple stationary springs can be seen, 

insulated from the product to be pumped, and with 

centrifugal rotating ring. 



Figure 3: View of a mechanical seal with cooling system with 

details of the critical areas wherein the cooling system 

will represent an asset. 

The following claims are additionally preferred embodiments 

of the present invention. 
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CLAIMS 

1. Internal cooling system for mechanical seals comprising: 

- an internal circuit in the body of the mechanical seal 

that consists of a connection effected in the larger 

diameter of the seal with a diameter of between 2,5 and 

6, 0 mm that will connect to a chamber previously 

implemented inside the body, involving in its periphery 

the area where the secondary seal will be applied and 

where a cooling fluid circulates; 

- at least one entry point of the cooling fluid; 

- at least one exit point of the cooling fluid; 

- at least two protective scraper rings. 

2. Internal cooling system for mechanical seals according 

to the previous claim, wherein the cooling fluid is 

induced into the mechanical seal at a stable pressure of 

0,7 MPa. 

3. Internal cooling system for mechanical seals according 

to the previous claims, wherein the entry and exit 

points of the cooling fluid are connected to the 

respective supply network. 

4. Internal cooling system for mechanical seals according 

to the previous claims, wherein the entry and exit 

points of the cooling have the same diameter. 

5. Internal cooling system for mechanical seals according 

to the previous claims, wherein the entry and exit 

points of the cooling have different diameters comprised 

between 2,0 and 4,0 mm. 

12 



6. Internal cooling system for mechanical seals according 

to the previous claims, wherein a separator is applied 

between the entry and exit points of the cooling fluid. 

7. Internal cooling system for mechanical seals according 

to the previous claims, wherein has a derivation with a 

diameter between 2,5 and 6,0 mm for the zone of 

stationary ring seal and lid seal. 

8. Internal cooling system for mechanical seals according 

to the previous claims, wherein protective scraper rings 

are applied to the stationary part next to the product 

to be pumped and the sleeve/shaft joint. 

9. Internal cooling system for mechanical seals according 

to the previous claims that has a sprinkle type system, 

where the cooling fluid is projected by pulverization to 

the area of secondary seal from the shaft to the sleeve. 

10. Internal cooling system for mechanical seals according 

to the previous claims, which is applied to simple 

mechanical seals not compensated, simple compensated, 

double back-to-back and double in tandem. 

11. Use of the internal cooling system for mechanical seals 

according to claims 1 to 10, applied to centrifugal 

pumps, which move chemical or petrochemical products. 
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