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SUMMARY

Two-phase flow is a general phenomenon in a variety of industries
including nuclear power plant. The void fraction and velocity in two-phase
flow 1s one of the most important parameters associated with system analysis
and design. For this reason, many techniques including gamma ray or X-ray
absorption, ultrasonic wave, optical probe, and electrical impedance methods
have been proposed. Among these instruments the electrical impedance
technique has a variety of advantages such as easy implementation, no
intrusiveness of flow field, no radiation, and convenient mobility. In the
impedance sensor, the electrical signals depend on the flow structure as well
as the void fraction. Therefore, the electrical responses to a given void
fraction differ according to the flow pattern. In this study, An impedance
sensor if developed to determine the flow pattern with the three electrodes,
and at the same time, to measure the void fraction. In addition, through the
parallel arrangement of two sensors, a velocity measurement is performed
using the time-averaged void fraction correlation. Prior to the real
applications of the proposed approach, several numerical calculations based on
the finite element method(FEM) are performed to optimize the electrode and
insulator sizes in terms of the sensor linearity and these are verified in
comparison with the data from static experiments. Finally, the sensor system
is applied to horizontal and near—horizontal loops and measuring performance
for the void fraction and velocity is compared with that of a wire-mesh

sensor and high—speed camera system.
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(b) Multi-sensor system

(a) Sectional view of the sensor

[Fig. 1] Concept of the proposed impedance sensor
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(b)

(a)

[Fig. 2] Some typical flow regime in a horizontal(a) and inclined(b) pipe

(stratified, annular flow)
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<Table 1> Conditions for numerical analysis

Condition
Water 0.005
.. Air 0
S
Conductivity (5/m) Electrode 1,000,000
Gap 0
Applied voltage( V) 1
Signal frequency(kHz) 10
0, ~ 0;(rad) 0.1~05 (step : 0.1)
Single 40 (horizontal)
Sensor inner diameter(mm) . oo
Multi 45 (inclined)
Electrode thickness(mm) 15
Averaged mesh number 56,000
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gas phase o,

liquid phase o,

N

(a) Annular flow

gas phase o,

liquid phase o

A - TR
(b) Stratified flow

[Fig. 3] Stratified and annular flow with the impedance sensor installed
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<Table 2> Some geometries of nonlinearity error

Nonlinearity Nonlinearity

Dimension (stratified (annular

flow) flow)
6, = 05 rad, 6, = 0.5 rad, 6, = 0.3 rad 13.2 % 55 %
6, = 05 rad, 6, = 0.2 rad, 6, = 0.3 rad 12.7 % 5.7 %
6, = 04 rad, 6, = 0.4 rad, 6, = 0.3 rad 15.6 % 8.0 %
6, = 04 rad, 9, = 0.3 rad, 6, = 0.3 rad 16.3 % 7.8 %
9, = 0.3 rad, 6, = 0.2 rad, 6, = 0.2 rad 175 % 9.6 %
6, = 05 rad, 6, = 0.2 rad, 6, = 0.2 rad 14.4 % 84 %
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Labview Z=2Z#WS T Aso=z AojEm™, Agilent 4284A LCR meter=
ol Yot T wF AGES QAUFehH NI-2536 =913 FHlE Fste]
St A= Alolddl AYE dojFA Fuh ZF A= Afolo] da = AV|e] A

= 9 AF ddel AdAE At A Atelo] 2= AR AvE &

<Table 3> Specifications of measurement instruments used for experiments

Instruments Accuracy Signal range Time definition
Agilent 4284A _ Upto 20 V
0.05 7 0.5% ) N/A
LCR meter with 1 MHz
Up to £12 V 50,000
NI PXI-2536 N/A .
and 100 mA cross—points/sec
3 mV for 2,000,000
NI PXIe-6368 Up to 10 V
+10V range samples/channel
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[Fig. 10] Acrylic rods for static experiments
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[Fig. 12] Schematic diagram of the measurement system
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[Fig. 21] Photo of sensor installations in the horizontal loop :

(a) test section, (b) impedance sensor, (c) wire-mesh sensor
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[Fig. 22] Photo of sensor installations in the inclined loop : (a) test section,

(b) multi-impedance sensor, (c¢) wire-mesh sensor, (d) high speed camera
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<Table 5> Test matrix for some selected flow conditions in the horizontal loop

Case 4; (m/s) i, (m/s) Flow pattern
01 0.05 79 Stratified flow
02 0.1 7.7 Stratified flow
03 0.4 7.1 Intermittent flow
04 0.56 6.6 Intermittent flow
05 0.76 6.5 Intermittent flow
06 0.9 6.8 Intermittent flow

07-12 02 42,63, 85 108, 1 ittent flow

127, 14.2

<Table 6> Test matrix for flow conditions in the inclined loop

Case 4, (m/s) j, (m/s) Flow pattern
01-05 0.1 0.1, 0.5, 1,5, 10, 12 Stratified flow
06 0.3 18 Stratified flow
07-11 0.5 0.1, 0.5, 1,5, 10, 12 Stratified flow
12-16 1 0.1, 0.5, 1,5, 10, 12 Intermittent flow
17-21 2 0.1, 05, 15, 10, 12 Intermittent flow
22-25 3 0.1, 05, 1, 10 Intermittent flow
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[Fig. 23] Some selected flow conditions on the horizontal flow
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[Fig. 31] Comparison between void fraction of the proposed sensor and WMS
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<Table 7> Structure velocity comparison between proposed sensor and high speed camera

je, (m/s)

.]l .]g
Case (m/s) (m/s) sensor high speed camera
01 3.0 0.5 3.19 3.16
05 3.0 1.0 3.66 3.66

<Table 8> Structure velocities and time—averaged void fraction

Case 4, (m/s) j, (m/s) je (m/s) a
01 0.1 1.15 0.902
02 0.5 1.11 0.897
03 01 1 1.13 0.896
04 ’ 5 1.15 0.898
05 10 1.18 0.905
06 12 1.29 0.920
07 0.1 1.64 0.681
08 0.5 1.64 0.678
09 1 1.66 0.678
10 05 5 1.69 0.702
11 10 1.96 0.751
12 12 2.09 0.761
13 0.1 1.87 0.474
14 0.5 1.95 0.494
15 1 1 2.06 0.513
16 5 2.28 0.573
17 10 2.77 0.644
18 12 3.08 0.685
19 0.1 2.04 0.102
20 0.5 2.29 0.185
21 1 2.49 0.242
22 2 5 4.05 0.444
23 10 4.27 0.585
24 12 4.90 0.607
25 0.1 2.80 0.056
26 3 0.5 3.19 0.101
27 1 3.66 0.183
28 10 6.37 0.543
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