
6.1 DETECTORS FOR HYDRODYNAMICAL PROCESSES IN THE REACTOR CORE, D. Strube, 
(Forschungsreaktor Neuherberg, Neuherberg, Germany) 

The investigation of hydrodynamical prosesses in the reactor core is limit
ed in this report to the measurement of cooling water - and bubble veloci
ties and of void fractions. First of all the method is explained by an out 
of pile experiment. The detector consists of two punctiform electrodes 
which are arranged in the cooling water stream one above the other. They 
are formed by the open ends of a lac isolated copper wire of .o5 mm diame
ter. The distance between the electrodes is 1 mm. Each electrode is con
nected to ground via a Keithly 427 current amplifier and a 1.5 Volt battery. 
The resulting current falls to zero for a short moment if a bubble encloses 
the electrode. Other conductivity changes between electrode and ground lead 
also to current fluctuations. So one gets two signals x(t) and y(t), the 
correlated parts of which are shifted against each other by that time, which 
need bubbles or other conductivity fluctuations to move from one electrode 
to the other. 

This time intervall is easily measured with theLHP correlator 3721 A, wich 
computes on line the crosscorrelation function of the two signals: 

T 
• ( T ) - l i m y T x(t)-y(t+T)dt (1) 

-T 
The crosscorrelation function has a maximum at the mentioned time shift. 
With time shift and electrode distance one gets the velocity of bubbles and 
conductivity fluctuations. If the conductivity changes are generated exclu
sively by bubbles the autocorrelation function of one signal 

i 

j T jx(t)-x( <frx(x) = lim 7 T lx(t)-x(t+T)dt (2) 
T-K» 

-T 
contains also information about the void fraction of the bubble-water 
stream. So far as bubbles of equal diameter have also equal velocities, one 
finds for an arbitrary mixture of bubbles: 
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K • n*V » n«F«l • n«v«F«At x(t) _ x 2(t) _ *x(o) (3) 

K - void fraction 
n • bubble density [cm J 
V • bubble volume [ cm J 

F • bubble cross-section [cm J 
1 • length of a cylinder with volume V and cross-section F [cm] 
v » bubble velocity [cm/sj 
At • mean interruption time of current because of bubbles [s] 

x(t) - fluctuating signal 
x • undisturbed signal 

air flow rate 

[cnr/min] 

bubble velocity 

( cm/s 1 

resulting void 
fraction 

[%1 

void fraction 
from equation(3 

[%] 

100 33 0,6 0.3 

200 40 0,9 0.7 

400 44 1.7 1 - 2 

800 46 3.2 3.0 

1075 48 4.1 1 4,3 

Table 1: Out of pile void fraction measurements 

Measuring values obtained with equation (3) are shown in table 1. The de
tector was located under water at the upper end of a 25 cm long tube with 
3.4 cm diameter. These values are compared with void fractions which result 
from flow meter values of the air, that was blown in the lower end of the 

2 tube, from the tube cross-section of 9.1 cm and the bubble velocity. 

The described detector is not robust enough for use in the reactor core. A 
more stable version, which can be put in all flux measuring positions and 
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vertically moved, is this one: an aluminum tube of 7 mm diameter, 2m length 
and 1 mm wall thickness. Inside the tube are isolated two aluminum wires, 
which are lead out at the side 46o mm above the lower end through a hole of 
5 mm diameter. Their ends however do not extend beyond the tube diameter. 
Against the tube they form two, one above the other, circular electrodes of 
1.2 mm diameter and 1.3 mm distance. With this detector cooling water and 
bubble velocities could be measured, however, no void fractions. 
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Fig. 1 Conductivity of cooling water in axial direction 
in the B-ring at 1 M W 

Fig. 1 shows the increase of conductivity of cooling water in the reactor 
core in axial direction because of increasing temperature. Intermixing ef
fects of differently heated core regions cause conductivity fluctuations, 
which allow cooling water velocity measurements. These are shown in fig. 2. 

At the last core configuration change in December 1975 the number of fuel 
elements was increased from 86 to 96. Thereby the power density at 1 MW 
was lowered so far, that the bubble production in the core was strongly re
duced. Before that time a second maximum at lower delay time was observed 
in the crosscorrelation function which corresponds to bubbles travelling in 
the cooling water. In addition the width of maxima of the crosscorrelation 
function gives a measure for the correlated extension of fluctuations. A 
correlation length of (1.6 + o.3) cm was measured. 
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Fig. 2 Velocity of cooling water in axial direction in 
the B -ring at 1MW 

Velocity measurements of cooling water using the above described method but 
with other detectors were made already at power reactors. As detectors were 
chosen fast thermocouples for the registration of temperature fluctuations 
and SPN-detectors to measure fluctuations of neutron flux because of moving 
bubbles. 
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