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SEVERAL PARTICULAR ASPECTS OF HYDROSTATIC JHAFT
GUIDE BEARINGS IN MECHANICAL LIQUID SOOIUM PUMPS

A certain number of problems arise with immersed hydrostatic shaft

guide bearings in sodium pumps, mainly at high-temperature operation-

Experience has shown that a substantial bearing clearance is required

which, in present designs, takes a considerable amount of fluid

from the pumps. A new design is suggested, resulting in a very

appreciable reduction in the additional flow requirement, while main-

taining a comparable load capacity by a hydrodynamic effect.

Symbols Utilized

H - Height of the shaft guide bearing

D - Diameter of the shaft guide bearing

2h - Diametric clearance

P-P.v - Cavitation number
21/2 f V

P - Pressure

P - Vapor pressure of sodium

f - Sodium density

V - Velocity of flow •

F - Load applied to the shaft guide bearing

Q - Discharge in the shaft guide bearing

£ - Decentering = 1/h x displacement

1. Introduction

The majority of mechanical liquid sodium pumps are at a free surface, the

shaft seal occurring at the level of the cover gas. The length of the shaft

is thus important and it is necessary to use a shaft guide bearing immersed

in sodium. At the present time, in practically all cases, a hydrostatic
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shaft guide bearin-j is being used. Even though this type of shaft guide

bearing functions satisfactorily in its present design, a certain number

of problems could lead to a revision of this design.

2. Present Design of Hydrostatic Shaft Guide Bearings

The sodium feeding of the hydrostatic shaft guide bearing is done

when the pump compre'sses. The sodium spreads into 6 cavities, by means of

feeding nozzles. The pressure differences in the different cavities when the

shaft is decentered creates a return force which tends to bring the shaft

back to its centered position.

Uith the given geometry (height, diameter, diametric clearance), there

exists an optimum nozzle diameter, giving the smallest decentering for a

given load. The relationship H/D (in the order of 1} and the diametric

clearance (greater or equal to 1-5 x 10" 0) being imposed for technological

reasons, as will be seen later, it is seen that the shaft guide bearing

is practically determined once the load to be carried and the maximum decenteripg

permissible are known.

3. Problems Related to This Design

a) Discharge problems

According to their geographical siting, sodium reactors can be

specified in order to resist earthquakes of the intensity of 7 or 8 on the

Mercali scale, a phenomenon which corresponds to the horizontal accelerations

being able to go up to .25g. It is necessary that the hydrostatic shaft

guide bearing withstand this earthquake without friction; indeed, it is not

permissible for all of the pumps of the reactor to stop simultaneously.
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Since the absence of friction cannot be guaranteed in the case of contact

between two surfaces moving at great speed in the sodium at 400°C, the shaft

guide bearings are proportioned so that there is no contact in this ev ntuality.

This leads to an increase in the dimensions of the shaft guide bearing

and, by this fact, the discharge of sodium utilized to feed it. Practically

speaking, according to the pumps, 1 to 3% of the discharge is thus diverted

into the hydrostatic shaft guide bearing, a quantity which is far from being

negligible. For example, for the shaft guide bearing of the primary pumps

of the Phenix reactor, the calculated discharge is on the order of 30 1/s,

that is 2.5% of the discharge of the pump.

b) Cavitation problems

In another connection, the speeds of fluid in the feeding nozzles

and in the lips of the cavities can assume very high values. On the shaft

guide bearing of the primary pumps of the Phenix reactor, the speeds of the

sodium are of the order of 25 m/s in both cases. Cavitation problems can
2

therefore appear. If the cavitation number is calculated o = (P - Pv)/l/2j
JV ,

related to the inlet pressure, it is found that:

a = 1.6 at the nozzle exits;

a = 0.4 at the exit of the shaft guide bearing.

These value5; are very small and cavitation conditions are not removed, especially
. . . i

at the exit of the shaft guide bearing. At this place, cavitation should not be

bothersome, neither for the outputs of the shaft guide bearing, nor for the

risk of erosion; except, the noise could hinder the acoustical detection of the

boiling of sodium in the reactor.
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On the other hand, if the cavitation occurred at the exit of the nozzles,

the consequences would be much more serious: loss of the outputs of the shaft

guide beaming, risk of erosion.

c) Technological problems

The calculation of hydrostatic shaft <iuide bearings shows that the

load capacity is, in the first approximations proportional to the product

H x D.

At a constant HD product and a constant clearance, the geometry which

would use the least discharge would be that with square cavities; as a matter

of fact, the leak discharge of the cavities is proportional to the perimeter

of the cavities. If-the width of the lips is disregarded, the H D product

being constant, the perimeter

(•Ti* D/3 + 2H)

is the minimum for:

H/D ="il* /6

But, for functioning at high temperatures (from 400 to 600°C), it is necessary

to respect the minimum clearances in terms of the height and the diameter. An

examination of the following table shows that it has never been possible to

obtain a satisfactory functioning on shaft guide bearings of mechanical pumps

when one of the following conditions was not respected:

2 h >> 1.S x 10"3 D

2 h > 10"3 H

(see table)
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These limitations can be explained in the following manner:

The slightest asymetricTil deformation of the immovable part of the pump

in relation to ti-.e movable sections results in an angular deviation between

the axes of the shaft and of the bearing. This angular deviation brings

about a relative loss of clearance which is greater as the relationship 2h/H

is smaller. In this connection, the metallic surfaces, with respect to the

level of the shaft guide bearing, are protected by anti-wear claddings, of

which the thickness is in millimeters and of which the expansion coefficients

are much lower than that of the base metal (stainless steel). The constraints

brought about.by these differential expansions can induce deformations and

ecentricities of which the effect is worse as the 2h/D and 2h/ H relationships

are smaller.

• H/D
In practice, the relationship which would permit the smallest clearance

would therefore be, technologically, H/D = 1.5, but it is preferred at the

present time to take a sufficient margin of safety, in particular concerning

the 2h/H relationship. The retained design is thus:

H/D « 1

2h >> 1.5 x 10"3D

4. Possible Modifications of the Shaft Guide Bearing Design

Bearing in mind these problems of minimum clearance, a perceptible re-

duction of the discharge in the hydrostatic shaft guide bearing can only be

obtained by an increase in the load losses, a task which amounts to reducing

the dimensions of the cavities, to increase the width of the lips.
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This diminution of the cavities automatically brings about a loss of the

load capacity of the shaft guide bearing. Actually, since the surface of

the zone at constant pressure (inside the cavities) diminishes, the mean pressure

over the length of a generator is equally diminished.

The tests in water made with three different designs (Figure 2) show

this loss of load capacity (Figure 3). On the other hand, the gain in discharge

is considerable (Figure 4).

This reduction in load capacity is bothersome, for, in the strictest sense,

it will lead to an increase in the diameter of the shaft guide bearing to

recapture with the shaft guide bearings 2 and 3 the same carrying force as with

the classic shaft guide bearing of type 1.

This over-sizing in the case of a reduction of the cavities is meanwhile

perhaps not imperative. Actually, the act of increasing the width of the lips

permits a hydrodynamic effect nonexistant in the classic design. The load

capacity of such a shaft guide bearing with constant fueling pressure increases

therefore with the speed, as shown in Figure 5.

It is seen, therefore, that with a type 3 shaft guide bearing a load

capacity appreciably equal to that of the classic type 1 shaft guide bearing

can be obtained. On the other hand, there appears with the hydrodynamic effedt

a disalignment between the decentering and the load which can pose instability

problems if the shaft guide bearing is subjected to vibrations at certain

critical frequencies. In spite of this vibration risk which is to be evaluated,

the hydrodynamic effect is interesting, especially if one envisions the con-

struction of large pumps with a small discharge pressure. It would actually

compensate for the small capacity of hydrostatic load (proportional to the

height of compression).
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5. Conclusion

From this rapid analysis of several problems related to hydrostatic

shaft guide bearings of mechanical sodium pumps, it is seen that the design

presently in use is perhaps not the best, since it leads to the usage of

significant discharges and it draws very high speeds of sodium into low pressure

zones. Other designs are possible to remedy these disadvantages while main-

taining identical clearances and comparable exterior dimensions.

The results obtained thus far on test machines in water and in sodium with

two different designs have given complete satisfaction in all the ranges of

fueling speed and pressure.
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Fig. 1. Illustration of a Classic Shaft Guide Bearing
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Diameter

mm

60

75

75

75

75

75

no
230

230

250

! Theoretical
Clearance

mm

0,9

unknown

unknown

0.15

0.15

unknown

unknown

.28

.40

.43

Actual
Clearance

mm

unmeasured

0.12

O.2..

0.07

0.06

0.21

0.20

0.22

unmeasured

unmeasured

2h/D

x 103

1,5

1.6

2.7

1.07

0.8

2.8

1.82

0.95

1.75

1.72

2H/H

x 103

1.0

0.6

1.0

0.38

0.3

1.24

1.1
0.95

1.75

3.05

Results

good

wear

wear

friction

wear

good

good

friction

good

good
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1 Type 1
Classic Type

1
Type 2

Type 3

Fig. 2. Different Shaft Guide Bearing Designs
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F/HD D=100/m AP=2 bars
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(1) shaft guide bearing type 1
(2) shaft guide bearing type 2

; (3) shaft guide bearing type 3

Fig;K,3. Reaction'to Decentering of the Three Types
fi of Shaft Guide Bearing
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[1} shaft guide bearing Type 1
(2) shaft guide bearing type 2
(3) shaft guide bearing type 3

Fig. 4. Comparison of the Discharge in the Different
Shaft Guide Bearings
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Direction
of

Rotati on

I v=2000 L/mn

v=10G0 L/mn

D=100 mm
2h=2C0p
AP=2 bars

Fig. 5. Shaft Guide Bearing #3
Decentering in Terms of the Speed with Constant
Load and Pressure


