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I. Introduction

The components with which cavitation becomes a problem

in FBR sodium cooling systems are impeller of mechanical pump,

core internal structure and fuel subassembly, where local de-

crease of pressure due to high relative velocity or separation

due to abrupt change of flow path possibly occurs.

In case of the fast experimental reactor JOYO, of which

construction has been completed and its functional test is now

in progress, few cavitation test has been conducted on these

components, being designed with sufficient margin against

cavitation occurrence.

Recently, however, a cavitation test was planned for the

main circulating pumps of the primary and secondary systems to

ascertain the operational allowance against cavitation and the

test for the primary pump is now in progress, using a full-

scale model which has passed the characteristic and endurance

tests. The interim result is presented to this meeting.

On the other hand, design is in progress through repetitious

amendment for the fast prototypic reactor MONJU. Although

this reactor has not a little design margin, deliberate con-

sideration have been taken against cavitation as this will be

operated under severer service conditions than that of JOYO.

For instance, a cavitation test in water on the entrance nozzles

of fuel subassemblies was performed in the midst of designing.

II. Design of MONJU

Main features of the cooling system of MONJU in present

stage of designing are shown in Table 1.

Fig. 1 shows the sectional view of MONJU reactor vessel,

of which core internal structure is most probable to be affected

by cavitation.

Sodium that enters the lower plenum is divided into two

parts, one is led from the high-pressure plenum to the core

fuel subassemblies through the lateral holes and the other is

led from the low-pressure plenum to the blanket fuel sub-

assemblies through the openings at their end surfaces.

Besides, a small quantity of flow is portioned for the cooling

of the spent fuel storing pots located at the outer side of

the blanket assembly.



At the secondary stage of the design, the entrance

nozzles were subjected to a cavitation test in water. Its

details will be mentioned in Chapter III.

The main circulating pumps, essentially on the same

design as those of JOYO, have been and/or will be subjected

to the characteristic and endurance tests both in water and

sodium.

Discussion will be made on the necessity of the test

to ascertain the cavitation allowance of these pumps when the

results of the cavitation tests on JOYO primary and secondary

pumps are made known.

III. Cavitation Test on Entrance Nozzles of MONJU Fuel
Subassemblies in Water

A cavitation test was performed in water for the

entrance nossles using some types of full-scale models made of

plastics at the secondary design stage of MONJU core flow

control mechanism.

The flowsheet of the water test loop is shown in Figs.2.

Three types of models were employed in the test: "Type

I" (see Fig. 3 and Table 2) was the standard model and "Type

II" and "Type III" (see Figs. 4 and 5) were made for comparing

purpose.

Number of holes and their location were fixed, while

hole diameter was variable. Each of these cylindrical

models was covered by a sleeve tube perforated in various

pattern so as to simulate the realistic configulation of the

entrance nozzle which is designed to permit the selection of

flow rate by keeping the specified holes open and the others

covered.

The water temperature was adjustable by the immersion

heater in the drain tank (actually, the test was done only

at room temperature).

The back pressure was controlled by the regulating

valve located downstream the test section.

Aii analysis of water sampled after the test revealed

that the quantity of dissolved air in water was in the saturated

state for the water temperature.

Inception of cavitation was visually observed through a

sight window.

Fig. 6 shows, for example , the relations between the

flow rate and the cavitation coefficient of inception for

Type I model of entrance nozzle with No. 5 hole diamter series.

Plotted are measured values of

Pe
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2 file , where,

Pe: static pressure at the exit of entrance nozzle,

Ue: mean velocity.

On the other hand, Pe is expressed as follows:

pe= i p + p _ i ̂ u 2

where,

^P„: pressure loss across subassembly,

P.: hydrostatic head plus cover gas
pressure.

Using design values of Ue, /1PB and PT for each region,
Pe

design points of j. - 2
 a r e also indicated.

This figure shows that the design value of the entrance

nozzle of Type I with hole diamter serivs No. S is in safety

side, at P L = 1 kg/cm2, but the margin is not sufficient only

for the region 5.

With the progress attained in designing, the geometry

of the nozzle and its neighboring part has been improved based

on the above results.

IV. Experience of Troubles

During the R and D activities for FBR no serious troble

caused clearly by cavitation in sodium has been experienced.

In some sodium test loops it was observed that EMPs

caused noise, vibration and deviation of flow rate. Accord-

ingly, these EMPs have been operated under lowered conditions

to prevent the occurrence of such phenomena.

Noise and vibration occurred in a sodium pump test loop

which was supposed to be caused by cavitation. These pheno-

mena were serious in the case of low flow rate. Bubbles

produced at the 12" flow control va]ve seemed to be crushed

at the cooler, but not ascertained. Such phenomena occurred

only when the valve opening was set to a special d«gree for

the purpose of the pump characteristic tests and did not occur

under the rated degree of full opening.

J



V. Fundamental Studies

Fundamental study on cavitation using sodium has not

been made in Japan. However, basic data on orifices and

venturi tubes using water and on venturi tubes using mercury^ ,.

obtained in studies done by Institute of High Speed Mechanics,

Tohoku university are available.

The results of study on prediction of cavitation in
(2)Sodium has recently been reported .

VI. Conclusion

Until the present stage of FBR development in Japan,

namely the design of MONJU, very few of cavitation test have

been carried out under assumption that sodium components had

sufficient allowance against cavitation.

However, coming close to the stage of the design for

a commercial reactor, service condition of sodium cooling

system is supported to be come severer, and therefore, coir-

lection of data on cavitation and accumulation of experience

are deemed necessary to meet such requirement.

In order to obtain design data economically, we are

planning a program in such a way that as many sorts of cavi-

tation tests as possible (partial or integrated mock-up tests

with reduced-scale or full-scale models) are performed for

the components susceptible to cavitation in water and some

among them in sodium for the purpose of confirmation.

As a part of this program, design of a cavitation test

facility is under study for in-sodium cavitation tests on

the entrance nozzle and parts of the core internal structure

of the latest stage of MONJU design.

In parallel, a plan of comparative study of sodium

and water cavitation using test prices in simple configuration

is under consideration.
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Fig. 1 Sectional View of MONJU REACTOR VESSEL
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Table 1. Main Features of MONJU Cooling System
Trubine type flovmetcr

Cavitation test vessel .A?) EX

thermal output

coolant

core

height

equivalent diameter

No. of region

No. of element in Region 1

No. of element in Region 2

blanket

radial thickness

No. of element in radial blanket

total length of element

pitch (in triangular array)

reactor vessel

height

diameter

core inlet temperature

core outlet temperature

coolant flow in reactor

core

radial blanket

bypass

max. flow/fuel subassembly

No. of loop

secondary loop temperature

(IHX inlet)

secondary loop temperature

(IHX outlet)

position of pump

primary loop

secondary loop

coolant flow/loop

primary loop

secondary loop

714 MW

Na

930 mm

1,790 mm

2

108

90

306 im

172

4,200 mm

115.6 mm

17,800 mm

7,100 mm

397° C J]
529°C y

79.7 %

10.3 %

10 %

'-- 20 kg/sec

3

32O"C

510°C

cold leg

cold leg

5.12 x 106 kg/hr

3.53 x 106 kg/hr

Back pressure regulating valve

Heater
AC200V

>oo

IM-
Expansion joint

LflJ

Drain tank
HI—Ä-

Stop valve

-150-

'1 Stop valve

Circulating pump

I Ä-
Strainer

Flow control valve

Fig. 2 FLOWSHEET OF W A m CAVITATION TEST LOOP
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Fig. 3 Typ? I Entrance Noirle
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T a b l e 2 DIAMETERS OF LATERAL HOLES OK ENTRANCE NOZZLE

No
1

2

3
4

d,

13.3
-

15.0

18.0

16.0

d?

5.6
"

5.5

d,

8.2

d4

10.3
-

••

13.0

Q
.

11.8

18.0

d6

11.3

»

18.0

0,5

C 2

J-60-Uo-UoJ

.Fig. 4 Type 1 Entrance Nozzle
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Fig. S Type H Entrance Nozrle

Fig. 6 COMPARISON OF CAVITATION CCEFFICJF.NTS BETWEEN MEASURED
INCEPTION VALUE AND DESIGN VALUE

(Type I model, hole dia. series No. 5)
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Table 3 SELECTION OF OPEN HOLES ON ENTRANCE NOZZLE
ACCORDING TO REGION

di

d2

d3

d<

d5

d«

ZONE I
1

o
o
o
o
o
o

2

o
o
o
o
X

X

3

O

o
o
X

X

X

4

O

o
X

X

X

X

5

O

X

X

X

X

X

ZONE n

6

O

O

o
o
X

X

7

O

o
X

X

X

X

O :
X ". COVER eo

Table 4 DESIGN FLOW DISTRIBUTION IN HONJU CORE ASSEMBLY

(2nd Stage of Design)

TLOW / S U B

RATE/ A S S .

(39 0tNa.)
PRESS. LOSS
ACROSS S/A

ZONE I
l

17B

2.0 7X1Ö2

317

2

165

1.96X10

2.88

3

153

1.84X1~O

2.56

4

145

1.68Xl"^

2.19

5

13.5

1.5 8X102

1.95

ZONEn

6

165

1.9 6X102

238

7

14.4

167X10

2J6

•

" Analogy of Water as Compared to Sodium in
Cavitation », R. BISCI, P. COU11BIERE,
C.E.A., Prance.

ABSTRACT

After outlining the major aspects of the cavitation

research and test program undertaken by the CEA ( 3 ) (survey

of the parameters defining the onset of cavitation in water

and sodium flow, and the consequences of operation under

sustained cavitating conditions on sodium reactor structural

components), this paper describes the Lest and measuring

equipment that has been developed for such studies.

The results of the initial tests in water and in sodium

using a thin 20 mm dia.orifices plate, are then presented.

Except for uncertainties about the measurements themselves,

the cavitation threshold values in cold water and in sodium

at temperatures above 400°C has shown rather good concordan-

ce. Testing is currently in progress to confirm these

findings.

(1) 2EC engineer assigned to DRNR/SEDC

(2) CEA engineer (DRNR/STRS)-

(3) French Atomic Energy Commission

1 - INTRODUCTION

As the high-temperature LMFBR nears commercial feasi-

bility, one of thi major design considerations is now to

master the problems inherent in such reactors - particularly

as regards sodium cavitation.

Cavitating conditions, however sligth, are considered

dangerous because of uncertainty about their possible conse-

quences, whether on structural erosion or reactor noise

levels. Cavitation-free flow is this a fundamental requisite.

As noted in a talk'1' during the Twelth Hydraulics

Conference in June 1972, researchers investigating the onset

of cavitation in equipment prefer to use water loops rather

than sodium loops, which are incomparably more difficult to

operate and test.

This approach however, assumes that the onset of

cavitation in sodium can be deduced from measurements on

water loops. It is widely accepted that the THOMA sigma

parameter characterizing the onset of cavitation is indepen-

dent of the nature of the fluid involved. A research program

has been undertaken at the Cadarache Fast Reactor Department

to confirm this hypothesis by comparative testing in water

and sodium.
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