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AbSTRACT 

Travelling air bubble experiments carried out in a research reactor 
confirm an earlier proposed model. The sink stucture could be found ex
perimentally in APSD of neutron signals and was used to determine the bubble 
velocity. The measurements show that neutron detectors measure the velocity 
of the travelling bubbles, the thermocouples that of the water flow. 

АННОТАЦИЯ 

Эксперименты, которые оыли проведены при помощи воздушных пузырей, про
ходящих через зону исследовательского реактора типа ВВРС-М, подтверждают ра
нее предложенную модель. В автоспектре нейтронных датчиков появляется харак
терная структура с провалами /sink structure/, что было использовано для опре
деления скорости проходящих пузырей. Измерения показывают, что нейтронными 
детекторами можно измерить скорость проходящих воздущнмх пузырей, а термопа
рами - скорость расхода теплоносителя. 

KIVONAT 
A VVRSz-M kutatóreaktor zónáján átáramló levegöbuborékok seg.it8<!<jév&l 

végzett kísérleteink alátámasztják a korábban javasolt modellt. A neutron-
detektorok APSD-jóben megjelent az u.n. slnk-szerkezet, és ezt le fel has/-• 
náltuk a buboréksebeeság meghatározására. Méréseink azt mutatják, hogy л 
neutrondetektorokkal az áramló buborékok sebességét lehet mérni, niij a 
termoelemekkel a hUtöktfzeget. 



INTRODUCTION 

The influence of travelling bubbles on the neutron flux flue» 
tuation in nuclear reactors has been investigated mainly in boil
ing water reactors [ 1 ], [ 2 ]. The concepts of global and local 
noise {3] created for describing the observed phenomena were im
proved by KosAly et al. [4] , who introduced the concepts of "near 
field" and "far field" detectors. The applicability of the model 
was confirmed by experiments, injecting air bubbles into a cri
tical assembly to imitate the boiling [4]. 

The experiment we carried out in 1975 was performed under 
conditions very similar to those under which the University of 
Washington [4] carried out their work. At that time our main aim 
was to investigate the correlations between the thermoelements 
as well as the built-in self-powered neutron detectors (spnd) 
(see ref. 5). In the present paper the correlations measured by 
the neutron detectors and the. power spectral density are dis
cussed. 

EXPERIMENT 

The experiments were performed in the 5 MW research reactor 
of the Central Research Institute for Physics (Budapest). A test 



section consisting of three tubes was placed into the active core 
of the reactor, with one of the tubes leading the air bubbles, 
the second housing an spnd with Hf emitter and another spnd with 
Yt emitter (see Figs. 1 and 2), and the third one for fixing the 
thermocouples and for wiring. An additional Co spnd was located 
at a more distant site of the reactor core (Fig. 2). 

An air pump was used as a means of introducing air bubbles 
into downward-streaming water. Since the amount of the air pumped 
into the water flow was known only nominally, the measurement was 
considered as a qualitative one, and the amount of the bubbles in 
the individual experiments is characterized by a number between 
О and 1 (with 0.0 meaning the bubble-free state and 1.0 the maxi
mum amount of bubbles). 

The measurement data were evaluated using a NIA-200 stochas
tic analyser (APSD data), an evaluation system controlled by a 
TPA-i small computer (coherence and phase) and an HP 3721 Л spec
trum analyser (correlation function). 

RESULTS AND DISCUSSION 

The different amounts of air bubbles passing the reactor 
core caused no change in the APSD of the Co detector (Fig. 3). 
On the contrary, the APSD of the Hf detector (which is a "near 
field" detector) changes markedly (Fig. 4), namely the spectrum 
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is widened. These measurement data are in good agreement with 
the results of other authors [4 j, [7]. 

It is noteworthy that while this change is hard to detect 
in APSD, the variation of the coherence function between the two 
detectors is much more significant. In the bubble-free state we 
have high coherence (at about lOO %) as can be seen in Fig. 5. 
The reason is obvious since both the far field and the near 
field detectors give a signal containing only the global com
ponent. With the appearance of the bubbles a statistically in
dependent noise source is added to the signal of the near field 
detector thereby causing deterioration in the value of the coher
ence in the frequency range where it becomes significant. 

In the cross correlation signal of the two near field detec
tors an asymmetric peak appears characterizing a time delay (see 
Fig. 6). From this peak the delay is calculated to be 

T=0.222 ± 0.025 sec 
Taking into account the distance between the two detectors 

(Fig. 2), we obtain a velocity 

v • 2.06 ±0.23 m/eec 

The nominal velocity of the water flow in the reactor was 2.5 
m/sec. With the help of thermocouples arranged in the measuring 
set at a distance of 7.4 cm a flow velocity of 2.25 m/sec was 
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measured [5). The lower velocity Measured by neutron detector is 
explainable by the bubbles being carried downwards more slowly 
than the actual movement of the water Itself. We thus suppose 
that the neutron detectors measure the velocity of the bubbles 
whereas the thermocouples that of the water. 

The velocity of passing disturbances can be determined by 
the so-called sink method [6] as well. If the travelling charac
ter of the disturbances can be described by an exponential fac
tor [3] 

2-Z_ 
-iw 

<MZ,Ü>) = Ф(го)е 

then in APSD measured by a detector with the length of d (due to 
the integration along its sensitive length d) a factor 

sin-̂ -
ТЙГ 

would appear which has sinks at frequency pointsi 

s»v 1*2/3/ •«• 

It has been pointed out [7] that the first sink has no place 
because of other effects. Figure 7 shows the APSDs of the two 
near field detectors. The sinks are marked by arrows. Using the 
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detector lengths shown in Fig. 2, we obtain: 

vby Hf = 2 , 1 ° n ^ a e c ' 

vby Yt * 2 * 0 7 m / * e c ' 

which are in good agreement with the velocity values determined 
by the cross correlation method. 

Figure 8 shows the coherence and phase measured between the 
two near field detectors. The coherence is low therefore the 
phase is very inaccurate. Nevertheless, it is apparent that 
while the global part is dominant at low frequencies (below 
3 Hz) with a corresponding phase of zero, the local part is sig
nificant enough (at higher frequencies) to build up a linear 
phase behaviour. 
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FIGURE CAPTION 

Fig. 1 Schematic view of reactor 

Fig. 2 Position of neutron detectors in the core 

Fig. 3 Autopower spectral density fro» Co (far field) spnd 
at different amount of air bubbles 

Fig. i Autopower spectral density from near field spnd 
at different amount of air bubbles 

Fig. 5 Phase and coherence between near field and far field 
spnd at different amount of air bubbles 

Fig. 6 Cross correlation function between axially positioned 
near field spnd-s 

Fig. 7 The sinks in the APSDs of near field spnd-» 

Fig. 8 Coherence between two axially placed spnd-s 
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Fig.6. Cross correlation function between axially positioned near field sond-s 
at the maxinun amount of boubbles. 
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