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Prediction of EMP Cavitation Threshold from other than Sodium Testing

M.KAMBE, M.KAMEI, PNC, Japan.

ABSTRACT

An experimental study has been performed to predict the cavitation threshold of
electromagnetic pumps from measurements on test models using water and alcohol.
Cavitation tests were carried out using water and alcohol test loop on subscale
ducts of transparent acrylic resin with reference to an actual pump (l.lm^/min).
These data were compared to those obtained from the in-sodium tests on the actual
pump.

The investigation revealed that the value of Thoma's dimensionless parameter : a
applied to the test model for water and alcohol is quite higher than that of
corresponding a on the actual pump. To minimize the incipient cavitation safety
margin, more accurate prediction must be required.

In view of this, the authors proposed the dimensionless parameter :oT= o /Tie
where ¥e denotes the Weber number. This parameter was confirmed to predict the
cavitation threshold of electromagnetic pumps with much accuracy than ever before.
It can also be adopted to predict cavitation threshold of other FBR components.
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1. Introduction

At the design stage of LMFBR sodium systems, it is preferable to use water loops
rather than sodium loops to investigate the cavitation threshold in the equipment.

Since electromagnetic pumps (EMP), however, cannot pump water, no any procedure
to predict the condition of cavitation onset in sodium from measurements on water
mockup, as conventional as for mechanical pumps, has been established so far. On
the other hand, in spite of extensive research works on the flow channels*^) other
than EMP, direct transfer of a cavitation value for flow channels of similar
configulation and different fluids varying in their physical and thermodynamic
properties, is not exactly determinate except for venturi tubes.3)

In view of this, the authors conducted the cavitation tests using water and alcohol
test loop on sublcale ducts with referecne to an FLIP (l.lnvfymin) in which pumping
pressure development is simulated. These data were compared to those obtained from
sodium testing on the actual pump. The investigation revealed that the value of
Thoma's parameter o , widely accepted as characterizing the onset of cavitation,
applied to the water and alcohol testing was quite higher than that of corresponding
a on the actual pump in sodium at the onset of cavitation.

The focus of this paper is to find the parameter defining the similarities in the
onset of EMP cavitation in sodium flow and other fluid flows.

2. Cavitation Test of Electromagnetic Pump

2.1 Pump characteristics

The electromagnetic pump of flat linear induction type for "JOYO" secondary
auxiliary circuit was tested.

Its nominal working conditions are as follows :
Flowrate l.lm-fymin
Total head 46mNa (340°C)
Operating temperature 340°C
Input voltage 340V
Power consumption 130KVA

Schematic of the pump duct is shown in Fig.l.
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2.2 Sodium cavitation loop

The test installation includes 12in-main circuit, heater, heat exchanger,

air cooler, sodium purification circuit and covergas system (Fig.2). The loop

is a closed circuit provided with free surface level to obtain equilibrium

condition for the gas content in sodium.

2.3 Experimental procedure

The experimental procedure chosen to determine the onset of cavitation is the

following :

- sodium temperature is stabilized throughout the loop at a given value ; 280

and 330°C.

- flowrate was set by adjusting both the input voltage of the pump (170 - 380V)

and the flow control valve on the downstream piping.

- the phenomenon of cavitation is produced by adjusting the covergas pressure.

From an operating condition without cavitation, the covergas pressure is

decreased progressively until cavitation is detected.

- the cavitation threshold is determined by noise detection through the duct wall

The frequency bands between approximately 300Hz and 300KHz should be recorded.

Also the inlet and outlet pressure gauge are monitored to detect the pumping

head decrease due to the onset of cavitation.

3. Cavitation Test of Subscale ducts on Water and on Alcohol

3.1 Subscale ducts

Two subscale ducts, 1/2.6 and 1/3.7 reduction, are provided to examine scaling

effect. The geometric similarity between models and prototype is given except

for downstream from the duct outlet (i.e. outlet reducer as well as outlet

piping). Such portion of the subscale ducts are designed to avoid cavitation

since no cavitation is expected to occur in the duct outlet of electromagnetic

pumps due to the fact that pumping pressure develops there.

Subscale ducts are made of transparent acrylic resin to observe cavitation

bubble formation. In addition, to deduce the cavitation damage on the duct wall,

pressure sensible sheet "Prescale" was attatched inside the duct to visualize

impulsive pressure distribution.
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3.2 Test installation

(1) Principles of the experiment

Fig.3 shows suggested pressure distribution along the electromagnetic pump

in which pumping pressure develops steeply in the duct. Since electromagnetic

pumps, however, cannot pump non-conducting fluid such as water, no any pro-

cedure to realize pumping pressure development in the duct on water test loop

has been achieved so far.

The authors succeeded in sumulating pumping pressure development by setting

the subscale duct vertically so that water flows downward (i.e. put duct inlet

above). Circulation of the testing fluid is done by mechanical pump equipped

on the loop. In this arrangement, static head gradually increases along the

flow direction due to mass of the fluid. So long as flow velocity in the duct

is restricted to certain limited value, resultant pressure distribution along

the duct on considering frictional head loss should gradually increase as fluid

flows downward (Fig.4-a). In this case, pressure distribution of the electro-

magnetic pump duct is simulated and incipient cavitation takes place at the

duct inlet. To the contrally, if the flow velocity exceeds certain limited

value, resultant pressure distribution should gradually decrease as fluid flows

downward because the frictional head loss dominates over increasing static head

(Fig.4-b). Thus incipient cavitation takes place at the duct outlet.

In the extreme case when increasing static head and frictional head loss

coincide (Fig.4-c), incipient cavitation may occur everywhere in the duct.

In our experiment, only data of incipient cavitation observed at the duct

inlet can be accepted.
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(2) General description of the water cavitation loop

A schematic of the test installation is shown in Fig.5. The hydrodynamic

loop includes the mechanical circulation pump, upstream vessel, test section,

flow control 1 valves and covergas system. The loop is a closed circuit

provided with free surface level on upstream of the test section to prevent

pump induced pressure variation in the loop and to obtain equilibrium conditions

for the gas dissolved in the test fluid. The loop also includes measuring

equipment such as flow meter, pressure gauges, fluid level and temperature

probes.

3.3 Experimental procedure

The following test procedure was selected to determine the onset of cavitation :

- To release the gas dissolved in the test fluid, covergas is exhausted with a

vacuum pump for about few minutes while circulating the test fluid slowly.

- fluid temperature is stabilized throughout the loop at a given value ; from 10°C

to 40°C.

- flowrate was set by adjusting both circulation pump speed and the flow control

valve on the downstream piping.

- the phenomenon of caviataion is produced by adjusting the covergas pressure.

From an normal condition without caviataion, the covergas pressure is decreased

progressively until cavitation is detected.

- the cavitation threshold is determined by observation of the bubble formation

at the duct inlet. In addition, the difference pressure between the inlet and

outlet of the subscale duct is recorded which will increase when the incipient

cavitation takes place in the duct.

3.4 Property of working fluid tested

It is widely accepted that the Thoma's parameter a characterizing the onset of

cavitation is independent of the fluid properties. In the research program,

attention was focused on confirmation of this hypothesis by adopting water and

ethyls alcohol as working fluid because the fluid properties are quite different

from one another. Surface tension, kinematic viscosity, saturation vapor pressure

and specific weight of the fluid tested are represented in Figs.6,7,8 and 9

respectively.
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4. Proposed Model of Cavitation and Dimensional Analysis

4.1 Preliminary test results

The onset of cavitation is conventionally characterized by the Thoma's

dimensionless parameter :

P - Psat

where P : time averaged static pressure at the duct inlet

Psat : saturation vapor pressure

p : fluid density

V : fluid velocity at the duct inlet

The result of sodium, water and alcohol testing are presented in Fig.10 where

a are plotted with respect to V. In the figure the a worths are quite scattered,

especially in water testing data. The a worth of water testing reflect the

influence of fluid temperature on the cavitation threshold : tends to increase

as the fluid temperature increases. In addition, an observation of the trans-

parent subscale duct of water and alcohol testing revealed that the incipient

cavitation bubble tends to smaller as fluid temperature increases.

Thus the authors conceived the assumption that this temperature dependent

behavior may be due to variations in surface tension of the fluid, which is left

out in Thoma's parameter.

4.2 Proposed model of cavitation

Based on the assumption mentioned above, the following model of cavitation is

proposed in which incipient cavitation is considered as cavitation bubble

detachment from the duct surface as shown in Fig.11.

The validity of the model is explained as follows :

In the flow channel of relatively smooth geometry such as venturi tube, the

incipient cavitation bubbles would grow not on the throat surface, but in the

stream since the minimum vapor pressure is found on the axis of the throat.

To the contrary, in case of the electromagnetic pump, the incipient cavitation

bubbles should grow on the duct surface. In this case much disturbance is made

near the duct surface because the geometry of the flow channel (i.e. duct inlet)

is so abrupt. (Even if the cavitation bubble would grow in the stream, less

influence is expected from the view point of cavitation damage.)
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This is the most likely case of cavitation inception in practical LMFBR
situations (e.g. entrance nozzle of the fuel assembly, flow-impedence orifice as
well as electromagnetic pump duct).

4.3 Dimensional analysis

As illustrated in Fig.11, the drag force, buoyancy force and surface tension
are exerted on the bubble. Among them, the drag force and surface tension are
dominant. The buoyancy force is negligibly small in practical turbulent flow.

The drag force is expressed as ;

where

A
P

V
V

p ( V + V )
D 2

drag force exerted on the bubble
drag coefficient
projected area of the bubble
fluid density
flow velocity averaged with respect to time (scalar)
fluctuating component of fluid velocity (vector)

(2)

V and V are correlated as

V
T (3)

where V is a scalar quantity of V , and T (constant) denotes the intensity of
turbulence characteristic to the flow channel.

Coincidence of V and flow direction yields instantaneous maximum drag force.
In this case Eq.(3) reduces to

V'= TV ••• (4)
Substituting above expression into Eq.(2) one gets

F D = C D A
P { ( 1 +T ) V }

(5)

Now the following parameters are nominated for dominant factors of bubble
detachment ;
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and

P : fluid density

V : flow velocity

l : characteristic length

P : pressure

S : surface tension of the fluid in comparison with gas.

Dimensional analysis to obtain the cavitation parameter based on the proposed

model is then conducted.

Introducing dimensionless parameters defined by

= pal V

/ 7 2 = p
az

1 rx P

1 r 2 S
(6)

Dimensions of p , V, l , P and S are represented in

Table 1 where L, M and T denote the dimension of length,

mass and time respectively, so that indices in Eq.(6) are

obtained on solving

Table 1 Dimension
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Moreover n l of Eq.(7) can be modified as Thoma's dimensionless parameter.

P - P
/ 7 . = l

sat

P V
(8)
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The cavitation parameter is generally expressed as

[Cavitation parameter] - fl 1
m n2

 n

where m and n denote arbitrary figures.

On physical consideration that cavitation initiate more easily as S decreases,

let m=n=l then

[Cavitation parameter] = n x • u2

p

1
2

P

= 0

—

9

V

T

P

V

D

sat

2

a
2 I

9

/s

S

V 2 I

(9)

where a T denotes dimensionless parameter proposed by authors named after

surface Tension.

The denominator in Eq.(9) appeared to be Weber number, so that

Weber number is a dimensionless parameter to characterize the ratio between

surface and dynamic lift force generated in the flow.

Characteristic length in Weber number is expressed as

v g ( i° - p v )

(v p > P v )

where PV : vapor density

g : gravitational acceleration

Substituting Eq.(ll) into Eq.(9), final expression for dimensionless parameter

yields

a S I9 g
/

(11)

o = = Y~ / = a= = Y / = a
W e P V V S V

( '.' r = p g )

where r : specific weight of the fluid
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5. Results

5.1 ffT - V relation

The results of tests are presented in Fig.12 where the dimensionless
parameter o T are plotted with respect to duct velocity. The data of sodium,
water and alcohol are in good agreement in the Figure.

In addition to the electromagnetic pump itself, a T was also adopted to the
cavitation test data of fuel subassembly entrance nozzle in sodium and water
(Fig. 13). Both data almost coincide each other. Hence the dimensionless
parameter ̂ T can define the similatiries in the onset of cavitation in sodium
flows and other fluid flows.

5.2 Scaling effect of the subscale duct

In-water test was conducted on two kinds of subscale ducts, 1/2.6 and 1/3.7
reduction. No scaling effect was perceived so long as these data are concerned.

5.3 Impulsive pressure distribution

Fully developed water cavitation bubbles in the inlet reducer of subscale
duct is shown in Fig.14. Also impulsive pressure due to cavitation was
measured during the test. Fig.15 represents a pressure sensible sheet
"Prescale" having exposed to fully developed water cavitation for a few minutes
on which impulsive pressure is visualized by dye intensity. In general, region
of the inlet reducer reveals comparatively high pressure. The maximum pressure
was found on the duct inlet, amount to 60kg/cm2. Further more the second peak
appears on the region 10cm downstream from the duct inlet beyond which impulsive
pressure decrease. It seems that cavitatioh bubbles that grow at the duct inlet
should travel almost 10cm, then violently collapse there. Judging from the flow
velocity in the duct, bubble life is of the order of O.Olsec.

It is concluded that cavitation damage is expected to occur in the inlet
reducer and in the vicinity of duct inlet.
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6. Conclusion .

1) For practical FBR components, the dimensioniess parameter a T proposed by
authors can define the similarities in the onset of cavitation.

2) No scaling effect was perceived so long as subscale ducts of 1/2.6 and 1/3.7
reduction are concerned.

3) In case of electromagnetic pumps, cavitation damage is expected to occur in
the inlet reducer and in the vicinity of duct inlet.

7. References

1. R.BISCI et al., "Analogy of Water as Compared to Sodium in Cavitation," IAEA
IWGFR Specialists Meeting, Cadarache, 1976, Paper 7.

2. A.BENEMANN et al., "Cavitation Problems in Mixing Devices of SNR-300 Fuel
Elements," IAEA IWGFR Specialists Meeting, Cadarache, 1976, Paper 1.

3. J.BONNIN et al., "Comparaison des ses seuils d'apparition de la cavitation
dans un tube venturi dans l'eau et le sodium liquide, "EdF, Bull, de la
Direction des Etudes et Recherches, Serie A, Nucleaire, Hyd. Thermique, 1971,
No.l, P.5-12.



Thermocouple Heater

Diffuser ,,

Thermocouple
Heater

Thermocouple
/ Reducer

Outlet
Pressure Gauge

Inlet
Pressure Gauge

6

All dimensions in millimeters.
Nominal flow velocity : 6.2 m/s
(Nominal flow rate : 1.1 m3/min)

-0

Fig.1 Pump Duct



Covergas
System

Electromagnetic
Pump

H3—i

X

- M -
Purification Unit

- M -

(0

© X

Dump Tank

00

Fig.2 Flow Diagram of the Test Loop



- 159 -

max

(ft
w
o
a
"8
a
o
"3
o>o

mm Diff user Outlet piping

50
Duct inlet

All dimensions in millimeters

Fig.3 Deduced Pressure Distribution along the FLIP Duct



- 160 -

Duct inlet

Flow
direction

Static head H

Fig.4 Pressure Distribution along the Subscale Duct



- 161 -

Covergas Line

Head Tank

Pressure Gauge

Subscale Duct

1/2.6 and 1/3.7 reduction

All dimensions in millimeters
otherwise indicated

Circulation Pump

Fig.5 Test Installation



- 162 -

CO

<0

O

X

180

150

I 100
-

2.0

50

Water

Alcohol

50 100 300 350 400 450 500 550

Tern peratu re( ° C)

Fig.6 Surface Tension

Sodium

50 100 300 350 400 450 500 550

Temperature (°C)

Fig.7 Kinematic Viscosity



0.20

0.15

<M

o
3> 0.10

W
Q.

0.05

T 163 -

1000

950

900

850

800

750

50
—<»—0-

100 300

Sodium

350 400 450 500 550

Temperature (°C)

Fig.8 Saturation Vapor Pressure

Water

Alcohol

Sodium

«
50 100 300 350 400 450 500 550

Temperature (°C)

Fig.9 Specific Weight



- 164 -

0
+••
0

CO
k.
CDa
c
.o

CO
+«•

CO
u
w
ĉo
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