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A basic option for the French fast breeder reactors is to maintain the
whole main vessel of the reactor block at a uniform temperature below
400° under normal operating conditions.

This paper describes the design evolution of the main vessel thermal
protection in the preliminary design studies and particulary the lessons
drawn from the vibration phenomena detected during the Superphenix
reactor startup tests.

1 INTRODUCTION

2 THE "SPILLWAY" OPTION BASES

According to the present design, the RNR main vessel of French design
must play a double part : *

- the supporting of structure and sodium

- the second containment barrier

With respect to these safety functions, it was decided to maintain
this structure in conditions with no significant creep.

The solution retained in Creys-Malville, as well as in the first stage
of the RNR 1500 design studies, consists in deriving part of the core
inlet sodium flow to direct it along the vessel. This option supposes a
cold sodium flowback to the cold plenum (figure 1) and it was decided to
select a spillway-type system allowing to stabilize the free level and
thus to avoid any risk of sodium free level variation along the vessel.

In addition to the mechanical behavior-related studies, it appeared
necessary to design the first spillway implemented in Creys-Malville
taking account of the functional problems. The main of these studies is
to find a system that allows not only a good adhesion of the flow in
order to avoid any  risk of gas carryover, but also a balanced
circumferential flow distribution. Lastly the system design should be
such that the flow can be compatible with the vibration instability
risks.

The main stages of these studies which were carried out in a
theoretical way, and validated by mock-up tests are summarized
hereafter:

- Definition of the edge profile : the studies undertaken in order to

obtain an appropriate flow adhesion as regards the risk of gas
carryover, resulted in adopting a modified CRAEGER profile (figure 2)
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- Selection of the cooling flow : as far as concerns SPX1l ,the
originally provided flow rate had to be increased in order to solve the
internal structures vibration problems.

- The edge horizontality defects
These defects can result in two kinds of problen :
* an unbalanced circumferential flow distribution likely to give rise to
thermal assymetries which can imply risks of structures fatigue

* the lack of adhesion of the overflow likely to induce some gaz
carryover which would then be sucked by pumps.

The various studies achieved on different systems were discarbed in
benefit of a uniform theoretical altitude edge.

- The risks of gas carryover : a great number of tests have allowed to
determine the evolution of the amount of gas carried over.
* water and air mock-up
* argon submerged sodium mock-up

It allowed to draw the following lessons :

- in sodium, the volume ratios of the carried gas are five times as
low as in water

- in the investigated head range (more than 0.5 m) the gas ratio
increases as a function of the head.

3 THE VIBRATION PROBLEMS OF THE SPX1 REACTOR BLOCK

The first run up tests of the primary pumps (november 84) demonstrated
that internal structures were subject to low frequency vibrations, whose
nature and intensity were different from those anticipated by
calculations. The first analyses rapidly showed that this phenomenon was
likely to question the structures mechanical behavior at the nominal
flowrate. Under such circumstances, it was decided :

- to carry on the hydraulic tests with a wide range of parameters
likely to interfere (temperature, flowrate, levels...)

- to achieve hydraulic mock-ups representing the overflow area, in the
CEA (DEMT) and EDF (LNH).

-~ to develop a theoritical modelling of the hydroelastical coupling
combined to an overflow, in the CEA (DEMT) and in EDF (LNH). The CEA
model was subsequently validated by on site testing and by the various
mock-ups achieved (1) (2) (3).

- to study an hydraulic remedial solution designed to modify the
spillway operating conditions.

The hydraulic tests carried out from January to May 1985 brought out
the existence of a critical head below with the phenomenon is no longer
observed. An hydraulic modification consisting in reducing the head by
increasing the cooling flowrate was successfully tested at the beginning
of May 1985. The hydraulic, thermohydraulic and mechanical consequences
were then studied and on the basis of their results, the selected
solution was then considered as the final and satisfactory solution.
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4 DESIGN OF A WEIR APPLICABLE TO THE RNR 1500
4.1 The initial design

The first contemplated concept consisted in a simple spillway, of a type
similar to that of the SPX1l reactor. Various solutions were studied
(figure 3). The sheet metal thickness parametric studies, as regards
buckling resistance under earthquake conditions, as well as the economic
and comparative achievement studies (steel mass, welding volume,
feasability) allowed to retain solution 1 (figure 3) as the best one.

Following the vibration problems that occurred during the SPX1l reactor
testing, the lessons drawn from the experience in this field were taken
into account. The RNR 1500 design was then modified by developping a
solution called "spillway with adjustable pressure drop".,

4.2 Design of a spillway with adjustable pressure drop
4.2.1. The principle description

It should be remembered that a fluidelastic instability was observed
during the SPX1l reactor startup tests. It results from the amount of
energy provided by the sodium overflowing at the weir level. Therefore,
this is a self-maintaining phenomenon induced by an hydroelastic
coupling of the weir feeding and the sodium overflowing, and enhanced by
the weir shell flexibility. It was shown by analyses that an efficient
solution would be to adopt such an hydraulic configuration that the weir
would be stable. This is what was achieved by reducing the overflow head
by the addition of a shell providing a recovery plenum with an
adjustable pressure drop at the bottom (figure 4).

4.2.2. The CEA theoritical model (DEMT) (Reference -4)

A theoritical model of the fluidelastic instability observed in SPX1 was
set up by the CEA (DEMT).

This model was validated by on site testing and by the various
mock-ups achieved (2). The methodology developped by the CEA involves
two main steps, which are summarized below.

STEP 1
VIBRATION MODES COMPUTATION
I
Mesh | Finite elements mesh with shell elements thick and
| thin fluid elements and free surface elements (fig.5)
|
l
Vibration | - Sloshing modes of plena
modes | - free surface vibration modes
computation | - coupled fluid-structure vibration modes
! |
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STEP 2

METHODS OF ANALYSIS

The theoretical and experimental analysis of the weir
fluidelastic instability allowed to derive a basic
parameter g.

l
Basic
parameter
I I
Fg = Sloshing eigen frequency

Fs Coupled fluid-structure vibration eigenfrequency
| for the weir shell

It allows to estimate the magnitude order of the minimum|
| head of the unstable system.

| * Type 1 instability |
The major effect is gravity, instability involves
Simplified | lower resonance frequencies and coupled sloshing modes
| linear of weir system plena.

analysis

* Type 2 instability
The major effect is the weir shell flexibility,
| | inducing fluidelastic instability

This interpretation completes the previous one and takes|
| account of various complex effects such as :

| - viscosity in the fluid overflow |

Complete - critical flowrate relation, as a function of the |

linear overflowing edge shape.

modelling

analysis Determination of unstable ranges in a head flowrate
diagram.

or two coupled modes

| I
| |
I The model limits : can only deal with one isolated mode,|
| [
| I

4.2.3 Analysis of the contemplated solutions

The analysis of the initial solution (Mo) (figure 4) with the complete
model showed that there might be some instability risks.

Instability was obtained on a "n" mode, with low flowrate and for a
low head (see diagram figure 6).

These results led to the decision of modifying the solution in the aim
of stiffening .the most possible the weir shell on the one hand, and
uncoupling the eigenfrequencies of the weir shell and the shell in the
recovery plenum on the other hand (figure 4). Solution Ml was then
analyzed as well as a variant M2 (the weir shell thickness is doubled).

The resulting instability diagram (figure 7) shows that solution M1
increases the instability minimum heads up to more than 2 m.
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What emerged from the study of solution M2 is that this is a perfectly
stable solution for the whole range of head ans flow investigated.

All these results led to the selection of solution M1 which is
economically attractive with respect to solution M2.

4,2.4 Analysis of buckling risks

Since the weir shell is a structure immersed in cold sodium, the design
criterion is besides variation related problems, the risk of instability
under earthquake conditions. In such a case, the initial hydrostatic
pressure can be significantly increased by addition of an earthquake
induced dynamic pressure (a factor 3 to 4 increase) and more especially
on the internal shell of the recovery plenum where there is the highest
initial pressure (sodium level in the recovery plenum with respect to
the cold plenum level).

An assessment of the buckling risks was achieved. The model is shown
in figure 8.

Computations were made according to an elastic bifurcation method, and
the determined safety factors amount to 4 - 5 approximately, with
respect to pressure loading.

In this area, the thermal loads influence is low, but it will be
analyzed. It should be noted that geometrical imperfections can
significantly reduce the critical load, which requires a narrow control
of manufacturing tolerances.

To conclude, this is a satisfactory solution as regards buckling
risks.

5 CONCLUSION

As far as the RNR 1500 design is concerned, the simple spillway-type
studies led to the selection of a solution called "spillway with
adjustable pressure drop" in the aim of reducing the risks of vibrations
induced by an hydroelastic coupling between the weir supply and the
sodium overflowing, and enhanced by the weir shell flexibility.

The comparative study of the various contemplated solutions allowed to
select solution M1 which is provided with satisfactory features as
regards constraints relating to vibration risks.

As compared to solution Mo, this solution offers the following
advantages

1. A material economy

2. An appropriate stiffness of the weir shell

3. A favorable solution as regards buckling (a shorter shell).

4. Since the recovery area is located far more higher, problems
related to degazing and risks of gas suction by pumps are therefore
limited.
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