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Experimental Study of Local Sodium Boiling Detection by Use of

Temperature and Flow Fluctuations at the Outlet of Subassembly

Hiroshi INUJIMA, Takamichi OGINO,
Kazuo HAGA, Katsuhisa YAMAGUCHI,
and Koichiro NAKAMOTO

Abstract

Out-of-pile local boiling experiments were carried out with a wire
spacer type 91l-pin bundle. A half edge part of its cross-sectional area
was blocked by a 5mm thick stainless-steel plate. The purpose of the
experiments is to study the feasibility of detecting coolant boiling
accident within a LMFBR fuel subassembly using the temperature and flow
fluctuations at the outlet of individual subassembly.

Initial conditions of the experiment are as followé:

(1) Bundle inlet temperature 400~ 500°C
(2) Heat flux i 72493 W/en?
(3) Coolant flow velocity at the normal bundle section : 0.6441.13 m/s

Local boiling was generated immediately behind the blockage by
increasing heat flux gradually, with inlet sodium temperature and coolant
filow rate being held to be constant.

Specificatioﬁs of the instrumentation system for measuring tempera-
ture and flow fluctuations are listed below:

{1) Thermocouples

» Chromel-Alumel thermocouples, Grounded-type (0.D. 0.3mm) and

ungrounded-type (0.D. 4.8mm)

o Time constant (63.2%) 10 mseec and 2.14 sec respectively
(2) Flowmeter

0 Eddy—current type temperature and flowmeter

o Exciting frequency : 425 Hz
(3) Fluctuation measuring circuit

o Maximum gain : 60 dB
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o Frequency characteristics : flat in the frequency range from 0.01
to 15 Hz, 20 dB/dec attenuation slope below 0.01 Hz and 200 dB/dec

attenuation slope above 15 Hz.

The following subjects have been studied.
(1) To investigate how boiling informations are transferred.
(2) Anomaly detection methods by use of the temperature and flow
fluctuations.
(3) Feasibility of detecting local boiling accident by fluctuation

signals.

These studies yielded the following conclusions.

(1) Spectral peak arround 4 Hz in the power spectral density functions
of the temperature fluctuations was observed at the downstream bundle
section of the blockage. This frequency peak is consistent with that
of void formation and collapse and may strongly depend on the geometry
of the test section and the intensity of hoiling. The temperature
fluctuation due to local boiling became bundle at the outlet of test
section by the violent mixing of sodium. This result was obtained
through the estimation of coherence functions of sodium temperature
fluctuations. On the other hand, the flow fluctuation at the boiling
region was transferred toward the outlet when the local boiling took

place in a fairly large regiom.

(2) In designing the anomaly detection system which uses the temperature
fluctuations at the outlet of the subassembly, the system is needed to
have high sensitivity enough to detect the moderate local boiling.

The most promissing way within the capability of recent instrument
system will be to use the flow fluctuation measured by eddy current-
type flowmeter. Out of many anomaly detection method by use of
fluctuations, the whiteness test method of residual random process was

proved to have the best sensitivity and responsibility.
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Fig. 23(a) Effect of averaging time on AR-index of flow fluctuation
measured by the outlet eddy current type flowmeter, FEC4,
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Table 1 Experimental condition of local boiling
Run number
Ttem Unit
91WLB-101 | 91WLB-102 | 91WLB-103 | 91WLB-104 | 91WLB-105
Inlet flow velocity m/s 0.64 0.66 0.81 1.03 0.81
Inception of local beoiling 74
Heat | Data acquisition start point 72 81 97 93 79.5
flux | Local boiling I W/em? 74 84 99 96 83,85
at Local boiling IT —_— 86 101 100 87
Local boiling I — 89 97 104 91
Cover gas pressure kg/cm?abs 1.005 1.04 1.00 1.00 1.00
Inlet temperature °C 500 400 400 500 500
Maximum outlet temperature °C 657 705 686 657 723
Heated pin number —— 89 81 31 75 75
Bypass flow/test section flow e 0.975 0.975 0.850 1.450 0.970
Date Apr.21,1982 {May 20,1982 |May 20,1982 [May 21,1982 May 21,1982
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Fig 8(a) Temperature field behind edge blockage observed
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Fig.12 Power spectral densities of temperature fluctuations at the position downstream from the blockage
under Local Boiling ConditionIl : Run 91 WLB-105
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Fig.17(b) Coherence functions between temperature fluctuation immediately behind the blockage, TOSH,
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Fig.17(c) Coherence functions between temperature fluctuation immedigtely behind the blockage, TOSH,
and that in the downstream fromtheblockage under “Local BoilingI” :Run 91 WLB-105
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Fig17(d) Coherence functions between temperature fluctuation immediately behind the blockage,TO8H,
and that in the downstream from the blockage under “Local Boiling II” :Run 91 WLB-105
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Fig.23(b) Eftect of averaging time on AR-index of flow fluctuation measured by the outlet eddy-current type
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