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Abstract. 

A test section including the GR.19 heating pin bundle has been 
designed in ord«.r to simulate a fast reactor jub-assembly. 
A first series of boiling experiments was performed with this 
text section on the CFNa II loop of the Service des Transferts 
Thermiques. 
Differences oi temperature in the hottest section of the bundle 
were such that boiling was detected whereas the mean outlet temperature 
was more than 100° C below saturation. A study of the different aspects 
of undersaturated boiling was performed. 



Introduction 

Many results have been obtained on sodium boiling experiments in 
single channel configuration. It is now interesting to go further 
and to attempt experiments with test sections more representative 
of fast reactor subassemblies. Working towards this end, the GR.ll* 
19 heating pin bundle has been developed by the Service des Transferts 
Thermiques and at present is being successfully subjected to boiling 
experiments on the CFNa II loop. 

http://GR.ll*


3. 

THE CFNa II LOOP. 
The CFNa loop has already been used for many single pin and some 
reven-pin bundle experiments presented at previous meetings of 
the L.M.B.W.G. It vas recently modified in order to use it 
for forced convection sodium boiling experiments through larger 
sized test sections. 
Fig n* 1 shows the modified loop which is now called CFNa II. Its 
main characteristics are : 

- storage tank : 500 1, 
- constant speed mechanical pump : 3 600 rpm, 15 mr/h, with 

100 m pressure head, 
- two air cooled exchangers : total maximum cooling capacity 
1 000 kw, 

- preheater to adjust the temperature at the inlet of the test 
section, 

- two rectifiers providing electrical power for the test 
section : maximum power 400 kw each, 

- gas circuit : providing argon cover, vacuum, and atmospheric 
air, 

- water circuit : ?or cooling of the frozen sodium seal of the 
bundles. (This technological device is used in order to 
assemble the heating pins together.) 

* B. MENANT and J. COSTA : preliminary results of sodium boiling iii a 
seven pin bundle. 

Paper presented at the 5th L.M.B.W.G. Meeting. 
GRENOBLE France April 24.26 1974 
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THE GR.19 TEST SECTION. 
The GR.19 bundle was presented* at the previous meeting of L.M.B.W.G. 

We will now recall some of its characteristics : 
- it is built with 19 tantalum sheathed high flux 

electrically heated pins of 8.65 mm outer diameter joined together 
at their base by a frozen sodium seal. Each pin is wrapped round 
with one spacer wire of 1.3 mm diameter aiP 180 mm helical pitch. 

- it can produce a maximum power of 500 w/cm per 
pin over the 600 mm of their heating length which lies between 
the upstream tic* ̂ utilization length (100 mm) and the downstream non 
heating length (A94 mm). 

- the electrical power is supplied by two rectifiers 
through a special connection box to two indépendant parts of 
the bundle containing respectively 10 pins and 9 pins, chcosen 
in such a way that non-uniform transverse heat flux can be grossly 
simulated (fig 2). 

- the bundle is provided with numerous thermocouples 
located alon£ the last downstream quarter of the heating length inside 
the sheaths of the pins and inside the helical spacer wires. 
The GR.19 test section (fig 3) has been designed to represent as 
closely as possible a sub-assembly of the Super Phénix fast reactor. 
The GR.19 bundle with its heating length simulating respectively the 
fissile and fertile parts of the fuel assembly is contained in an 
hexagonal duct (45.85 mm across between opposite faces). Above the 
top of this hexegon (i. e. downstream frcin it) a tube of 19.3 ntn 
diameter and 910 mm length simulates the integrated radiation shiel
ding. 
The outlet tube and hexagonal cladding are fitted with an instrumentation 

* A. TF.YTU : development studies and construction of a 19 pin bundle 
for sodium boiling experiments. 
Paper presented at the 5th L.M.B.W.G. Meeting 
CRENOBLE France April 24.26 1974 
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similar to that used on the CFNa rig for single pin experiments, 
i. e. some electromagnetic flowmeters, and some pressure transducers 
associated with probes bearing thermocouples. Moreover several 
thermocouples are located in grooves in the hexagonal duct, especially 
along two adjacent face*. 

EXPERIMENTS PERFORMED. 
General : the first experiments were performed during the early summer 
of 1975 under the following conditions : 

- inlet temperature 400° C, 
- argon cover pressure : 1 bar (abs.), 
- total power representative of power at the begin

ning of boiling during pump coastdown without scram (i. e. 1/5 of no
minal power). The two cases of uniform power (6.3 kw per pin) and of 
important power skew (7.5 kw on each of the 10 pins in the first half of the 
bundle and 5 kw on each of the 9 pins in the second half) were studied 

- flow rate imposed at plateaus of decreasing level from 
2 300 g/s (liquid flow) to 170 g/s (boiling under conditions of mean 
saturation at outlet). 
Results concerning the single phase flow. Temperature maps in the 
instrumented section located 90 mm upstream from the end of the 
heating length were plotted for different flow plateaus. We noticed 
different aspects according to the importance of the flow rate. 1° 
the case of uniform heat flux : 

- for flows greater than 450 g/s (i. e. mean Reynolds 
number greater than 10 000) we note (fig 4), as could be expected, that 
the region of highest temperature is around the central pin. 

- for flows lower lhan 220 g/s (i. e. mean Reynolds 
number lower than 5 000) we note (fig 5) that the region of highest 
temperature is the subchannel determined by pins 16, 5 and 6, 

- the highest temperature region shifts from the center 
of the bundle to the off-center position mentioned above when the flow 
decreases from 500 g/s to 200 g/s. 
The same phenomenon was noticed in the case of non uniform heating. 
The hottest region it; displaced to the maximum powei half-bundle ; 
it occupies almost the center of this half for high flow rates. 



Nevertheless it is located in the minimum power half-bundle for low 
flow rates (fig 2). 
We suppose that a modification of the flow regime occurs in the 
bundle for Re numbers between 10 000 and 5 000, At the present time, 
we have no other explanation for this phenomenon. Since, for the 
experiments described, it occur, for flow rates slightly greater than 
those of incipient boiling, we believe that it could be of importance 
for the development of boiling. 
Results concerning the two phase flow. The outstanding observation on the 
experiments we performed was the importance of the boiling phase under 
mean conditions of undersaturation. The flow-rate for which saturation 
is obtained at the outlet of the test section is only about 70 Z 
of the flow rate for which the first bubbles are detected in the hea
ting bundle (fig 6). Three stages of subcooled boiling can be discerned 
for the GR.1.9 test section : 

- boiling around a hot spot, 
- local boiling under conditions of mean undersatu-

ration : liquid flow at the outlet of the adiabatic pipe, 
- local boiling in the heating bundle, and saturated 

boiling (due to depressurization) at the top end of the outlet pipe. 
We may add that no consequent incipient boiling superheat was detected. 
Boiling around a hot spot. 
The first manifestation of boiling consisted in very slight oscillations 
appearing from time to time during about one second on recordings of 
signals of flowmeters and pressure transducers located downstream 
from the heating length. An explanation of these oscillations was 
that a little bubble of vapor developed around a superheated hot spot 
and collapsed in the surrounding under-saturated coolant. 
We must note th3t this phenomenon appeared when the mean outlet tempera
ture vras 760" C whereas the saturation temperature at the end of the 
heating length was about 920° C. So it can be assumed that more than 
160° C temperature dispersion existed in one cf the sections of the 
bundle. 



Since no thermocouples were located in the vicinity of the hot 
spot, it could not be localised and the initial boiling superheat 
could not be estimated. As the perturbation occurring during the 
growth and collapse of the initial bubble is just discernable, we 
can say that either the initial boiling superheat, or the amount of 
superheated coolant, or more likely both, are very low. 
In any case, the initial boiling superheats observed during the hot 
spot boiling stage in GR.19 experiments were of no consequence. 
Local boiling. 
When the flow-rate decreases, the oscillations due to hot spot boiling 
become more and more frequent, and their amplitude increases. When 
the flow-rate reaches 80 Z of the flow-rate for which the first bubble 
was detected, boiling is continuous, but all vapour recondenses in the 
non-heating bundle : this is the beginning of a new stage that we 
have called local boiling. 
The recorded signals (fig 7) from electromagnetic flowmeters show 
nat the inlet flowrate D 2 is constant, whereas the signals of 
both the D 9 and D 10 flowmeters located along the outlet tube 
oscillate in identical fashion. This indicates that an oscillatory volume 
of vapor is localised between D 2 and D 9. In other words, all the 
vapour produced at the top end of the heating bundle recondenses when 
crossing the non-heating bundle. 
Since, the pressure in the expansion tank is known and the oscillatory 
flow through the test section is negligible compared to the constant 
flow through the by-pass, pressure P 24, at the downstream end of the 
outlet pipe, is uniform : the pressure oscillations recorded by 
transducers P 22 and P 20 are due to the acceleration of the liquid 
column which separates them fror P 24. 
Flash boiling and saturated boiling. When the flow rate is decreased 
again, the mean liquid temperature increases to the temperature of 
saturation in the non heating bundle. As the degree of undersaturation 
decreases in the non heating parts of the test section, recondensation 
becomes less and less violent, and the amplitude and sharpness of the 
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recorded signals attenuate. 
As a consequence of the depressurization along the outlet tube, under 
the experimental conditions, the saturation temperature is about 15* C 
lower at the top of the outlet tube than at the top of the heating 
length. Under these conditions the first bubbles of vapour detectable 
at the outlet of the adiabatic pipe were associated with flash boiling. 
The boiling sequence along the test section was the following : 

- local boiling in the heating bundle, 
- recondensation in the non-heating bundle, 
- liquid flow through the top of the non heating 

bundle and the bottom of the adiabatic tube, 
- flash boiling at the top of the adiabatic tube. 

Voidage of the outlet tube occurred for a slightly lower flow-rate, 
and the first step of what could be called saturated boiling was 
recorded. Boiling regime through the non-heating lengthes was then 
of an intermediate type between slug and annular mist flow (fig 8). 
As the test section could have failed quite early when submitted to 
such an oscillatory regime, it was estimated advisable to analyse these 
first experiments r "ore going any further. 



Conclusions. 

The major result of the first series of experiments performed with 
the GR.19 test section is the importance of undersaturated boiling. 
Saturation occurs for flow rates of 70 Z that for which the firet 
bubble is detected. 
The internal characteristic curve of the test section (i. e. pressure 
drop versus flow-rate) is rather flat and there is no risk of global 
flow excursion during all this stage of boiling. 
The importance of undersaturated boiling is correlated to the surpri
sing evolution of temperatures in the heating part of the bundle for low 
flow-rates at the approach of boiling. Further boiling experiment» should 
be performed at higher power and higher flow-rates in order to clarify 
this point ; they should also provide some evidence on the local flow 
excursion predicted by calculations. 

* See other communication at this meeting. 
B. MENANT : permanent boiling in rod bundles : calculations with the 

FLICA II B code. 
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