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Abstract

Two sets of experiments have been performed in sodium

with two seven pin electrically heated bundles: the first

with a nominal arrangement, the second with one dummy pin

enlarged 20% in diameter in peripheral position.

In this paper a rapid review of experimental results

and theoretical works, related to the temperature distri-

bution in these geometries, is presented together with a

short description of the developed test section technology.

*) VEL RIS Casaccia- Lab. Valutazione Nocciolo e Canali

**)VEL RIS Casaccia- Lab. Dinaffica e Sicurezza

Introduction

The needs of a precise knowledge of three-dimensional

temperature fields in LHFBR subassemblies v/as already ex-

pressed by different authors and particular attention was

recommended to the description of thermohydraulic behaviour

of fuel elements during operation under conditions of geo-

metrical anomalies arising from thermal and irradiation

effects. This knowledge is extremely important to improve

design, economy and operating safety of the reactor system.



To betcer understand the thermohydraulic behaviour

in tightly packed rod bundles and to validate the hypotheses

to be utilized in the computation codes for subassembly

design, out of pile tests in simple bundle geometries were

performed as a direct way to experience, under the optimum

conditions of hydraulic and thermal simulation, the tempe-

"rature distribution in such complicated configurations.

This experimental program and the related theoretical

work are carried out by the Research & Development Division

of the CNEN Fast Reactor Department, in the context of the

CNEN-CEA Agreement on FBR.

Utilizing a well qualified technology developed in the

past years for the fabrication of electrical graphite RAF

heaters, simulating fuel pin actual diameters and linear

powers, two seven pin bundles were tested in sodium in. no-

minal and deformed geometric conditions.

In this paper an up to dated review of experimental

results and theoretical works is presented, together with

a short description of the developed test section technology.

Technology and Instrumentation for electrically heated

Rod Bundles

The study of the thermohydraulic behaviour of a fuel

element under real operating conditions requires, from an

experimental point of view, a through examination of many

practical problems involving the sodium loop technology,

heater development, instrumentation and test section assembly.

The experimental approach was possible thanks to the

technological effort performed in the past years by the

Sodium Laboratories of CSN Casaccia (now in the R & D 262

Division of DRV) v/ith the cooperation of other laborato-

ries of the Casaccia Center.

V/ith regard to instrumented, electrically heated rods

and test section assembly, the principal results obtained

so far are:

- Development and testing of the RAF electrically heating

rods. The rod has a graphite resistor, heating length

of 300 mm, insulated by boron nitride in a stainless-

steel clad, with total O.D. 0.8 mm, total length 700 mm

/ 1 /. These pins were already used for in sodium boiling

tests up to 600 W/cm in single pin geometry, up to 300 W/cm

in 7 pin bundle geometry, 1050°C surface temperature.

Axial heat flux distribution with cosinus form was also

realized and tested in sodium / 1 /,/ 2 /.

- Instrumentation of the RAF heater cladding. Particular

techniques have been developed for embedding three or

four thermocouples 0 0.25 mm in the clad of each heating

pin without perturbing sodium flow and surface continuity.

Since measurements of temperature differences of few

degrees are expected in a very compact geometry, a complex

of experimental procedures and computation technics was

set up for the calibration of these thermocouples. Various

heaters were individually calibrated in a water loop, under

tieat flux conditions similar to those of sodium experiments,

by comparing the values indicated by each thermocouple with

the wall incipient boiling temperature. Data were compared

with the results of a finite element computation code

simulating the real location of the thermocouple in the

clad.



- Rod bundle assembly. Using RAF heaters, two seven pin

bundles were firstly realized in the CNEN laboratories,

and already tested in sodium. Other two seven pin bundles

have been delivered by FIAT S.P.A.-Torino, within a CNEN-

FIAT contract, and will be utilized in the next experimental

program. The seven rods are arranged in a S.S.hexagonal

box, produced by extrusion with close tolerances, spaced

by helical wires. Besides the instrumentation in the clads

of the heaters, 25 thermocouples are penetrating in the

hexagonal box using small passage tubes brazed with nickel-

base alloys and 7 thermocouples are placed one in each

spacer wire (see Tab. 1 for bundle characteristics).

For what concerns characterization of the test section,

a complex of technics was set up to carry out pre- and

post-test examination (e.g. dimensional analysis, infra-

red thermovision tests to reveal thermal inomogeneities

in the heaters, distillation and cleaning after in sodium

tests, plastic filling and cutting technics for post-test

inspection -see Fig. 1-).

- Fabrication of deformed pins for non-nominal geometry si-

mulation. The specifications to be attained for the con-

struction of a deformed pin for significant thermohydraulic

tests were:

a) choice of the pin design as close as possible similar

to the deformation expected in wire wrapped pins;

b) possibility of arrangement in a bundle without modifying

the hexagonal array of undeformed pins;

c) characterization of the geometry for a suitable mathe-

matical modeling in the computation codes.

As a first stage, a dummy pin was realized in the shape

sketched in Fig. 2, and placed in the periphery of the

second seven pin bundle tested in sodium. This form was

already produced on the cladding tube of an heating pin,

giving the possibility of utilizing deformed heating rods

for the next experimental program.

263

Experimental program

Two sets of experiments were performed in the EMA 2

sodium loop at CSN Casaccia with two different seven pin

bundles: the first with an arrangement of seven heated pins

in nominal configuration, the second with one dummy pin, en-

larged 20% in diameter in the shape described above, placed

in a corner position.

The aim of these tests can be summarized as follows:

- measurements of temperature peripheral distribution on

the cladding, in particular for the pins under dissymmetry

conditions of heat flux and sodium flow (peripheral pins);

- measurements of temperature differences on the box walls,

to be related to helical wire recirculation effects and,

in the deformed situation, to the swelling phenomena;

- analysis and evaluation of thermal and hydraulic parame-

ters for the goal to produce a mixing model in nominal

and deformed situation.

A large number of tests has been performed changing the

power configuration (each pin can be heated indipendently),

varying test parameters in the following ranges:

sodium velocity

Re number

linear power/pin

0.15 + 3 m/sec

1500+ 30000

max 320 W/cm (4 pins heated)



Inlet temperature was 400°C, the mean axial temperature

increase of 100°C was generally reached.

Temperature data by thermocouples, flow rate signals by

electromagnetic flow-meter and inlet-outlet differential

pressure data were multiplexed at a rate of 50 data/sec and

collected on magnetic tape Ampex recorder. Temperature distri-

bution was then obtained after decoding procedures and data

elaboration done by computer.

Analysis of the experimental results

The thermocouple data, giving the temperature in the

real location point, cannot be directly utilized for the

comparison •. ith thermohydraulic codes,e.£. COSMO and IDRAX

codes developed in this laboratory, in which the temperature

field (together with velocity and pressure) is described as

mean values in different subchannels. Large differences can

arise for several reasons:

- large radial temperature gradients, in particular in the

seven pin geometry, but in any case present in larger bun-

dle peripheral subchannels;

- non uniformity of circumferential heat flux distribution

in the rods subjected to large radial temperature gradients;

- effects of temperature profile in the cladding when embed-

ded thermocouples are considered.

The above described effects reveal that the classical

heat transfer coefficient concept is not adequate for a fine

analysis of the temperature field in pin bundle geometry.

To relate the thermocouple data to the mean temperature

distribution in the near subchannel, a finite element two- 264

dimensional code NCEL / 3 / was developed, which gives the

temperature distribution over the whole section of the seven

pin bundle (Fig. 3). The following hypotheses were made:

- the axial heat removal is simulated by heat sinks in the

coolant region under conditions of subchannel slug-flow

approximation and axially stabilized thermal profile;

- anisotropy in the thermal conductivity was introduced in

the peripheral and corner subchannels, to simulate a dif-

fuse turbulent effect of the swirl flow induced by wire-

wrap in the periphery of the bundle.

The results obtained by this code cannot account for the

local effects induced by the wire wrap, depending on the axial

coordinate not considered here; nevertheless temperature dif-

ferences between adjacent measuring points were compared with

the computation differences with a good agreement (Fig. 4)i

This result confirms that the correlation of one local tempe-

rature to the temperature distribution in the adjacent re-

gion, obtained by the code, can be extrapolated to the expe-

rimental results as far as each thermcouple is related to

the facing subchannel.

From the measured values and for the conditions of each

test, the mean temperature of subchannels was then derived.

In Fig. 5 the radial temperature distribution on three instru-

mented planes is sketched. The sequence in the abscissa was

chosen according to the wire position, from the subchannel

left by the wire to that where the v/ire is going. Along this

direction a negative temperature gradient between the opposite

wall subchannels is evident, related to the helical flow in-

duced by the wire.



Deformed geometry tests

Having only one deformed pin, unheated, in a corner po-

sition (Fig. 6), no large effects in the temperature distri-

bution were expected. Furthermore a lot of informations were

lost, due to the failure of the thermocouples in the deformed

pin. Nevertheless very interesting results have been obtained.

From the hydraulic point of view, a notable increase in

the pressure losses was observed, as reported in Fig. 7.

This effect can be explained taking into account the reduction

of the peripheral gaps near the deformed pin and the conse-

quent disturbance induced in the helical recirculation around

the box walls.

The modification of the temperature map agrees with this

hypothesis. Following the rotation of the wire, a temperature

decrease in the subchannel before the obstacle, where the

axial velocity is expected to increase, has been observed;

in the stagnant region behind the deformed pin, a consequent

temperature increase has been detected. These results are

summarized in Fig. 8, where the data in nominal and defor-

med conditions are compared.

Conclusions

The work presented here is the first approach of this

laboratory to the thermohydraulic studies in nominal and

deformed pin bundles; the activity is in progress following

two main directions:

- development of the test section technologies; a 19 pin bun-

dle has been designed and heating deformed pins, already

mentioned, will be used for a more realistic simulation

of the non-nominal conditions expected in FBR subassemblies;

- improvement of the mathematical models describing hydraulic 265

and thermal behaviour in multichannel geometry. The local

effects described above cannot be satisfactory accounted

by the actual codes developed in this laboratory. For thi;;

reason, no comparison was presented here.
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Tab. 1 - FAF 7/1 PIN BUNDLE CHARACTERISTICS

GEOMETRY INSTRUMENTATION

Outer pin diameter 6.78 mm Clad temperature n.22 T/C 0=0.25 mm
*. , -i o„r, i n t n e clads, at 3Total length 817 mm n .levels in the heated

Heated length 300 mm region

Lower unheated length 267 mm Fluid temperature n.7 T/C 0=0.25 mm
. . . in the wires

P/D ratio
, n.25 T/C 0=0.25 mm

Spacer type wire wrap *.*... • J-V.
H J penetrating in the

Spacer pitch 152 mm hexagonal tube
Hexagonal tube inner key 23.25 mm Flow rate electromagnetic flow

meter
Pressure inlet-outlet diffe-

rential pressure
transducer



SKETCH OF THE ASSUMED

SHAPE FOR SWELLED ROD

SIMULATION



Fig. 3 Seven pin bundle geometry adopted in the IMCEL code



Fig.5 Transverse temperature profile vs. wire axial position

Fig. 6 Photograph of the deformed 7 pin bundle section C



Fig.7 Pressure losses (experimental) in 7 pin bundles

Fig.8 Deformed pin effects on temperature map vs. velocity


